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GENERAL RADIO COMPANY 

Main OHice 
275 MASSACHUSETTS AVENUE, CAMBRIDGE 39, MASSACHUSETTS 

Telephone (Boston) TRowbridge 6-4400 

Factory 

WEST CONCORD, MASSACHUSETTS 

Telephone (Concord) EMerson 9-4400 

DISTRICT OFFICES 

General Radio sales engineering offices are maintained in 
the following cities. These offices are staffed by com­

petent factory-trained engineers. We invite your in­
quiries for technical, commercial, and service information. 

Office Telephone 

New York (N. Y.) WOrth 4-2722 
(N. J.) WHitney 3-3140 

Broad Avenue at linden, Ridgefield, N. J. 

Philadelphia HAncock 4-7419 
1150 York Road, Abington, Pa. 

Washington and Baltimore JUniper 5-1088 
8055 13th Street, Silver Spring, Md. 

Chicago Village 8-9400 
6605 West North Avenue, Oak Park, III. 

San Francisco WHitecliff 8-8233 
1182 los Altos Avenue, los Altos, Calif. 

los Angeles HOllywood 9-6201 

Staff 

George G. Ross, Manager 

leo J. Chamberlain 

Kipling Adams, Manager 
John E. Snook 

C. William Harrison, Manager 
John C. Held 

William M. Ihde, Manager 
Robert E. Bard 

James G. Hussey, Manager 

William R. Saylor, Manager 
Alan O. Abel 

1000 North Seward Street, los Angeles 38, Calif. Frank J. Thoma 

Toronto CHerry 4-6221 Arthur Kingsnorth, Manager 
Richard J. Provan 

99 Floral Parkway, Toronto IS, Ontario, CANADA 

West Coast 

Western Instrument Co. 

. REPAIR SERVICES 

826 North Victory Boulevard, Burbank, California 
Telephone: Victoria 9-3013 

Midwest 

General Radio Company 
6605 West North Avenue 
Oak Park, Illinois 
Telephone: Village 8-9400 

Canada 

Bayly Engineering, ltd. 
First Street, Ajax, Ontario 
Telephone: EMpire 8-6866 

EXPORT DISTRIBUTORS 

For a list of distributors in other countries see inside back cover 



EXPORT DISTRIBUTORS 

AUSTRALIA 
HAYWARD C. PARISH 
Box 2148 G.P.O. 
Sydney, Australia 
WARBURTON, FRANKl, LIMITED 
380 Bourke Street 
Melbourne, Australia 

BELGIUM 
GROENEVELD, VAN DER POLL & CO'S. 
Electrotechnische Fabriek N.V. 
de Ruyterkade 41-43 
Amsterdam, Holland 

CANADA 
(See inside front cover) 

DENMARK 
MOGENS BANG & COMPANY, INC. 
91 Ryvangsalle 
Hellerup 
Copenhagen, Denmark 

EGYPT 
MOUSTAPHA EZZAT ABDEL WAHAB & COMPANY 
106, Mohamed Bey Farid Street 
Post Office Box 1537 
Cairo, Egypt 

FINLAND 
K. L. NYMAN 
11 Meritullinkatu 
Helsinki, Finland 

FRANCE 
ETS. RADIOPHON 
50, Rue duFaubourg Poissonniere 
Paris 10, France 
RADIOPHON CORPORATION 
509 Madison Ave. 
New York 22, New York 

GERMANY 
DR.-ING. NUSSLEIN 
Eltlingen-Karlsruhe 
Diirnigweg 6 

GREECE 
K. KARA Y ANNIS 
Karitsi Square 
Athens, Greece 

INDIA 
EASTERN ELECTRIC & ENGINEERING CO. 
127 Mahatma Gandhi Road 
P. O. Box 459 
Bombay, India 

ISRAEL 
LANDSEAS EASTERN COMPANY 
P. O. Box 2554 
Tel Aviv, Israel 
LAND$EAS PRODUCTS CORPORATION 
48 West Forty-Eighth St. 
New York 36, New York 

ITALY 
ING. s. & DR. GUIDO BELOTTI 
Piazza Trento, 8 
Milan, Italy 

JAPAN 
MIDORIYA ELECTRIC COMPANY, LTD. 
3, 4-Chome Ginzanishi 
Chuo-ku 
Tokyo, Japan 

LA TIN AMERICA 
AD. AURIEMA, INC. 
89 Broad Street 
New York 4, New York 

Resident offices in principal cities of South 
America, Central America, Mexico, and the 
Caribbean area. 

NETHERLANDS 
GROENEVELD V AN DER POLL & CO'S. 
Electrotechnische Fabriek N. V. 
de Ruyterkade 41-43 
Amsterdam, Holland 

NEW ZEALAND 
HAYWARD C. PARISH 
Box 2148 G.P.O. 
Sydney, Australia 
SPEDDING, LIMITED 
Cor. Beach Road & Anzac Avenue 
Auckland, C. 1, New Zealand 

NORWAY 
MASKIN-AKTIESELSKAPET ZETA 
Drammensveien 26 
Oslo 22, Norway 

SOUTH AFRICA 
G. H. LANGLER & COMPANY, LTD. 
249 Main Street 
Johannesburg, South Africa 

SPAIN and PORTUGAL 
AD. AURIEMA, INC. 
89 Broad Street 
New York 4, New York 

Resident offices in Madrid and Lisbon. 

SWEDEN 
JOHN C. LAGERCRANTZ 
Vartavagen 57 
Stockholm, Sweden 

SWITZERLAND 
SEYFFER AND COMPANY, INC. 
Badenerstrasse 265 
Zurich, 3/40, Switzerland 

TURKEY 
ETABLISSEMENT MEHMET VASFI 
Boite Postale Istanbul 143 
Istanbul, Turkey 

UNITED KINGDOM 
CLAUDE LYONS, LIMITED 
76 Old Hall Street 
Liverpool, England 
CLAUDE LYONS, LIMITED 
Valley Works 
4-10 Ware Road 
Hoddesdon, Herts, England 

G ENE R A L RA D I 0 COM P A NY 
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6 BRIDGES 

44 COAXIAL ELEMENTS 

62 DETECTORS 

90 STANDARD-SIGNAL 
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The QUICK INDEX listed 

here and on the back cover 

is for your convenience in 

finding sections of this catalog 

quickly. 

Bend the catalog as shown 

in the sketch above. The ar­

rows point to the black tabs 

on tl:e first page of each 

section. Run your thumb acrass 

the edge of the pages to the 

tab for the section you want, 

and open the catalog to the 

general introduction which 

starts each section. 

A complete INDEX BY TITLE 

and an INDEX BY TYPE NUM­

BER are given in the last 

pages of the catalog. 

HOW TO ORDER • • ........ ~ 
AMPLIFIERS. • • • .~ 

-BR-ID-GE-S-.-•. -.-.-.---.-.-.-.-•• -.-.~ 

COAXIAL ELEMENTS ...... ~ 
DETECTORS. • • • • ... ~ 
------------------------

.~ FREQUENCY AND TIME • 
----------,-----------------

.~ STANDARD-SIGNAL . 
r----------------

GENERATORS OSCILLATORS. . • • • • • • • ~ 
PULSE AND RANDOM NOISE. . • • ~ 

METERS ................ ~ 

MONITORS FOR RADIO AND TV STATIONS ..•. ~ 
POWER SUPPLIES . . . . . . . . .. ~ 

-R-EA-C-TA-N-CE--------;;-;CA~PA~CI=TO=-=-:RS;;------. ~ 
. . . . . INDUCTORS • ..............-

------------------------

RESISTORS . . . . . . • • • •• • • ~ 
-----------------------

SOUND AND VIBRATION .••••••••• ~ 

STROBOSCOPES • • • • • • • • • • ~ 

SWEEP DRIVES . . . . . . .. ~. 
-----------------------

- ~ UNIT INSTRUMENTS . ....... ~ 
---~AU=TO=TR~AN=SFO~RM=ER~S-----------~ 

VARIAC@< AUTOMATIC VOLTAGE REGULATOR • • '. 
MOTOR SPEED CONTROLS • • • • 

WAVEFORM·M[ASURING EQUlPM[NT ••• ; .~ 

PARTS AND ACC[SSORI[S ••••••• ; .~ 

CHARTS, TABLES, AND INDEXES •••• : .~ 



We Sell Direct • • • 
To develop the type of product manufactured by the General Radio Company requires 

a large staff of engineers, eaeh a specialist in one or more branches of electronic engineering 
and science. 

There has always been clo e contact between our Company and our customers, many 
of whom are themselves engineers and scientists. To maintain and to further this contact 
is the responsibility of our stat! of field engineers. This group has the principal function of 
working directly with the customer for the best selection of instruments for the job with 
the minimum expenditure. The advice of our development engineering staff is available 
for expert consultation when the need arises. 

Because of the technical nature and diverse uses of our equipment we feel that a direct 
method of distribution is the most efficient. Consequently, the General Radio Company 
sells its products directly to the user in the United States, with no intermediary distribut­
ing organization, on a net, no discount basis. The buyer is thus assured of receiving the 
lowest possible price and one that he can immediately find by consulting a current price 
list. We have always felt that price is as much a part of specifications as is a technical 
description. 

In several major cities of the United States the Company maintains factory branch 
offices, which are stat!ed by skilled factory-trained engineers who are in a position to speak 
directly for the factory, and who are conveniently available for consultation on all tech­
nical and commercial questions. The locations of these offices are given in the inside front 
cover. 

In order that customers outside the United States may receive equivalent technical 
service, exclusive distributors have been appointed in many foreign countries, each cap­
able of giving technical and commercial information regarding General Radio products. 
For a list of export distributors, see the inside back cover of this catalog. In all matters 
regarding General Radio apparatus, the customer should communicate with the appro­
priate distributor. Prices listed in the catalog are for domestic use only. Costs in countries 
abroad, where import duty, freight, and taxes must be added, may be obtained from the dis­
tributors in those countries. 

GENERAL RAD I O COMPANY 
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THE HALLMARK OF QUALITY 
Quality is traditional in products that bear 

the ~ label. General Radio instruments are 
quality instruments, built from quality com­
ponents for reliable service and long life. 

Performance specifications are one yard­
stick for quality. General Badio specificatiol1f'; 
are conservative and honest. Each instrument 
is calibrated to tolerances at least 25% tighter 
than published. Temperature rises during 

For more than 40 years, General nadio has been manu­
r acturing standards for the electronics industry­
resistance, capacitance, inductance, and frequency. 
Above is shown the primary frequency standard in the 
General lladio development laboratories. Tbe fre­
quency of this standard is known a t all times to two 

parts in one hundred million. 

The accuracy of a precision air capacitor depends upon 
the maintenance of close mechanical tolerances - from 
the fabrication of cach part to thc final asscmbly. Here, 
the capacitors undergo adjustment and alignment in a 
jig to assure linearity of the capacitance characteristic. 

operation are generally kept below 40° so as 
to eliminate heat deterioration as a factor in 
instrument life. 

Although published specifications attest the 
accuracy, range, and versatility of GR prod­
ucts and indicate the ingenuity and care which 
go into their design and development, they 
cannot disclose all the attention to detail 
which makes for customer satisfaction and 
long and useful service. 

Tangible evidence of these quality details 
is readily seen in a typical instrument. The 
panel and cabinet are of exceptionally heavy 
gauge aluminum alloy (usually Ys to .J.i in.) 
so that they will not hum, dent, burkle, rattle 
or rust. Relay-rack cabinets readi ly adapt 
from drawer-slide rack mounting to neat 
looking bench units by the addition of end 
frames which provide feet and handles. Dials 
are a sturdy .050" thick, have low-reflective 
backgrounds with markings carefu lly propor­
tioned for easy reading and have concentric 
lathe-turned edges. The rugged phenolic 
knobs with reamed brass inserts are a widely 
copied design of General Radio origin. Binding 
posts, coaxial connectors, handles, panel 
screws and other items are of proprietary GR 
design and were created to provide instrument 
components of instrumenL grade rather than 
ordinary commercial grade. 

Inside the instrument are precision com­
ponents, air capacitors, potentiometers, and 
transformers, developed and manufactured at 
General Radio specifically for instrument use. 
The special qualities of all these parts are 
proved by the fact that they are widely pur-

To speed production on the thousands of control knobs 
that go into GB. instruments, the semi -automatic 
machine shown at left bores, drills, counterbores, taps, 

and inserts setscrews in to each knob. 

iv GENERAL RADIO COMPANY 



chased as individual components by other 
manufacturers. The etched circui ts found in 
more recent instruments have 0.003 in. copper 
on %2 in . mi nimu m phenolic and carry 
miniature sockets, made exclusively t o Genera l 
R adio specifications, which provide tube 
shields a nd satisfactorily resilient terminals. 
Rugged chasses and brackets are buil t to 
withsta nd military vibration tests as insurance 
against shipping and handling damage. 
Shielded leads are permanent ly terminated 
with a novel crimped-ferrule construction. 

Cables, which add so mu ch to the appear­
ance of an instrument, are nylon-braided by 
a machine especially designed at GR for t he 
purpose. F rom t he many materials tested , 
nylon has proved to be t he best materia l, 
not only for its abili ty to wrap t ight ly a nd 
uniformly around any dia meter, bu t also for 
its non-hygroscopi c property, whi ch insures 
against t rapping moisture wit hin the cable. 

All these parts and compOlients and all the 
design practices characteristic of General 
R adio instruments are controlled by a compre­
hensive standards program, which keeps t he 
number of different pieces, tools and proced­
ures to an economic minimum, thereby making 
possible high quality at moderate prices. The 
stand ards program also in cludes constant 
study and testing to evaluate and to maintain 
quali ty. The manufacture of the products is 
carried out by skilled workmen, and quality is 
further assured by frequent stages of inspec­
t ion. 

Addi tional evidence of General Radio thor­
oughness a nd attention to detail is obtained 
by actually doing business with t he Company. 

This machine, designed and built a t Genera l Rad io, 
automatica lly mills from blocks o f aluminum comp le te 

ro tors and s ta tors for variable capacitors. 

GR offers expert technical sales-engineering 
consultants, a ll graduate engineers and factory 
t rained ; con venient district offices; efficient 
ha ndling of com mercial paper-work; special 
handling for non-catalog items; useful tech­
nical publi cations, including the monthly 
E xperimenter, reprints of technical papers, 
catalogs, bulletins, and t he instruction man­
uals whi ch accompany each instrument; and a 
competent service organization for repairs and 
replacement parts. 

T he General Radio Company zealously 
guards its repu tation fo r in tegri ty, abili ty, and 
quality. 

Tbe coils for Va riac ® auto tra nsformers a re wound on 
the G R.designed m achine, shown a bove, which applies 

an evenl y sp aced wind ing, accura tely banked. ' 

In the assembly depar tment, each m an assembles a 
group of ins truments, performing opera tions on each 
successive ly. Versa tility is a prime requirement, beca use 
in the course o f a ~ea r a man will assemble dozens of 

different produc ts . 

... ! I t I ~ I.~ ~ '; --
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I 
SUGGESTIONS FOR ORDERING 

ORDER BY TYPE NUMBER 

Always order by catalog type number, and, 
whenever possible, mention name of item, 
ranges, or other significant specifications as 
protection against misunderstanding. 

Be sure to include orders for any accessories 
desired or for calibrations which must be made 
before shipment. When minor modifications 
are desired to adapt Lhe equipment to the cus­
tomer's purposes, our Sales Engineering De­
partment will be glad to discuss the detai ls. 

For EXPORT ORDERS please state the desired 
line-voltage and frequency. For example: 230 
volts/ 50 c; 115 volts / 50 c. 

TELEGRAPH AND CABLE ORDERS 

We have direct telegraph printer connec­
tions with Western Union for the prompt han­
dling of messages. 

Use the code words accompanying each 
catalog description. Our cable address is 
GE RADCO BOSTON. 

2 POUNDS 5 POUNDS 

Air Air Rail Air Air 
Air Ex- Parcel Ex- Air Ex- Parcel 

CITY Freight press Post press Freight press Post 
-- ------ ----

BUFFALO . . . .... . . $6.60 $2.50 $1. 15 $1.93 $6.60 $2.57 $2.65 
DETROIT. .... 7.70 2.50 1.26 1.93 7.70 2.89 2.94 
CHICAGO . . ... . . S.65 2.55 1.26 1.93 S.65 3 .37 2.94 
ST. LOUIS. 9.25 2 .6 1 1.39 1.93 9.25 3 .53 3 .31 
ATLANTA .. 11 .35 2.55 1.26 1.93 11.35 3 .37 2 .94 
HOUSTON. 15 .35 3.00 1.47 1.93 15 .35 4.49 3 .63 
DALLAS ...... . 12 .25 3.00 1. 47 1.93 12 .25 4 .49 3 .63 
LOS ANGELES. .. ' 1S .65 3 .51 1.60 1.96 1S.65 5 .77 4 .00 
SEATTLE ... .. 21.35 3 .51 1.60 1.95 21 .35 5 .77 4.00 
CLEVELAND. 7. 10 2.50 !.I 5 1.93 7.10 2 .89 2 .65 

\ 
75 POUNDS 100 POUNDS 

Air Atr RaIL AIT AIT 
Air Ex- Parcel Ex- AlT Ex- Parcel 

CITY Freiyht press Post preilS Freight press Po,t 
--

BUFFALO ... $7 .87 $10 .55 $5 60 $7 87 $13 40 
DETROIT .. ... 9.15 15 .35 6 96 9 15 19 80 
CHICAGO . . 10 .35 22 .55 7 74 10 35 29 40 
ST. LOUIS . . . . 12 .75 24 .95 S 51 13 45 32 60 
ATLANTA . . . . . . . . 13 .50 22 .55 - 6 76 14 18 29 40 -
HOUSTON . .. . 22 .77 39 .35 - 11 .24 22 .77 51.80 -
DALLAS ......... .. 17 .25 39 .35 - 11 .03 19 .29 51.80 -
LOS ANGELES. 25 .50 58. 55 - 15 .45 25 .50 77 .40 -
SEATTLE .. ... . . 25 .90 58 .55 - 15 .31 25.90 77 .40 -
CLEVELAND. 9 .35 15 .35 - 6 .38 9.60 19 .80 -

I Rate per CWT. All rates subject to 3% Government tax. 

ADDRESS 
All communications, except when otherwise 

advised, should be sent to 275 Massachusetts 
Avenue, Cambridge 39, Massachusetts, to one 
of our district offices (see inside front cover), 
or to the appropriate export representative. 

PACKING 
There is no charge for our regular or domes­

tic or export packing and no charge for ship­
ping containers or cases. Cases are not return­
able. 

SHIPPING INSTRUCTIONS 
Unless specific instructions accompany the 

order, we shall use our judgment as to the best 
method of shipment. Repair parts or other 
items needed quick ly can be shipped by ai r if 
requested . The fo llowing tab le shows approxi­
mate cost of four different methods of ship­
ment to major cities in the United States, 
door-to-door. 

Export Shipments via air-freight under 35 
pounds are advantageous in many cases. They 
save transport costs and time. For example: 
the estimated charges, factory to Mi lan, Italy 
for the Type 1551-A Sound-Level Meter (Ship­
ping weight, 16 pounds by air, 24 pounds by 
ocean freight) are $24.25 for air-freight and 
$46.96 for ocean carrier via New York. Air 
shipping weight is approximately 50 percent 
more than the net weight. 

25 POUNDS 40 POUNDS 

Rail Air Air Rail Air Air Rail 
Ex- Air Ex- Parcel Ex- Air Ex- Parcel Ex-

press Freight press Post press Freigld press Post press 
---------- -_. -- -- --
$1.93 $6 .60 $4 .85 $12 .65 $2.92 $6 .60 $6 .56 $20 .15 $3 .72 

1.95 7.70 6.45 14 . 14 3 .38 7.70 9.12 22 .54 4 .45 
2 .00 8.65 8.85 14 . 14 3 .64 8.65 12 .96 22.54 4 .S7 
2 .04 9 .25 9 .65 16 . 11 3 .S9 9.25 14 .24 25 .71 5 .28 
202 11.35 S.S5 14.14 3 .77 11.35 12 .96 22 .54 5 .07 
2 .23 15 .35 14.45 1S.03 4 .80 15 .35 21.92 2S .63 6 .73 
2 .21 12 .25 14.45 1S .03 4 .74 12 .25 21.92 2S .83 6 .62 
2.51 18 .65 20 .85 20 .00 6 .21 18.65 32 . 16 32 .00 8.9S 
2.50 21.35 20 .85 20 .00 6 . 16 21 .35 32 . 16 32 .00 S.90 
1.93 7.10 6.45 12.65 3 . 18 7.10 9 . 12 20 . 15 4 . 14 

200 POUNDS 400 POUNDS 

Ratl AIT AIT RaIl I AIT A tT Rail 
Ex- AlT Ex- Parcel Ex- AIT Ex- Parcel Ex-

pre88 Freluht press Post press Fretght press Po,t press 
------

$6 93 $13 14 $26 80 $13 86 $6 07r 13 40# $6 93# 
8 75 15 60 39 60 17 50 7 45H 19 80# 8 75# 
9 78 1805 58 80 19 56 8 70f 29 40# 9 78# 

10 82 24 65 65 20 21 64 12 00# 32 60# 10 82# 
R 49 26 11 58 80 - 16 98 22 83H 29 40# - 8 49# 

14.45 43.19 103 .60 - "'" "~r'"' 
- 14 .45# 

14 . 19 36 .33 103 .60 - 28 .38 17 .84# 51.80# - 14 . 19# 
20 .07 48.35 154 .80 - 40 . 14 23 .85# 77 .40# - 20 .07# 
19 .88 49 .95 154 .80 - 39 .76 24 .50H 77 .40# - 19 .88# 
7.97 16.60 39 .60 - 15 .94 7.95# 19 .80# - 7.97# 

TERMS 
All prices are F .O.B. Cambridge or West 

Concord, Massachusetts. 

Domestic Terms: Net 30 days if credit has 
been arranged; otherwise unless payment is 
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received before shipment, shipment will be 
made C.O.D. 

When full payment accompanies an order 
for equipment, except for repairs, we pay trans­
portation charges to any point in the conti­
nental United States (not including Alaska and 
the Canal Zone) on carrier of our choice. 

Export Terms : Full payment in advance of 
shipment or by sight-draft against irrevocable 
letter of credit at New York or Boston bank. 

REMITT ANCES 

Should be made payable at par in Boston or 
N ew York funds. 

PRICE CHANGES 

All prices are subject to change without 
notice. Formal price quotations remain open 
for 30 days. 

Prices shown will be increased by the 
amount of any applicable sales, use, excise, or 
similar taxes that are now in effect or that may 
hereafter be imposed by Federal, State, or 
local governments. 

NO TRADE OR EDUCATIONAL DISCOUNTS 

Our prices are established on a direct-to­
customer basis, which permits no special dis­
counts. By the elimination of distribution or 
special discounts, all users pay the lowest 
possible prices. 

QUANTITY DISCOUNTS 

When 10 or more identical parts (not in­
struments) are ordered at the same time for 
single shipment to a single destination in the 
continental United States (not including 
Alaska and the Canal Zone) and Canada, the 
following quantity discounts are allowed ex­
cept as noted otherwise: 

10-19 ... . ........... . . 5 percent 
20-99 ................. 10 percent 

100 or more .... . . .. .. .. 15 percent 

Questions regarding the applicability of 
quantity discounts to any item in this catalog 
will be answered promptly by our Sales 
Engineering or Commercial Departments. 

SPECIFICATION CHANGES 

We reserve the right to discontinue any 
item without notice and to change specifica­
tions at any time without incurring any obli-

gation to incorporate new features in instru­
ments or parts previously sold. 

WARRANTY 

We warrant that each new instrument sold 
by us is free from defects in material and work­
manship and that properly used it will perform 
in full accordance with applicable specifica­
tions for a period of two years after original 
shipment. Any instrument or component that 
is found within the two-year period not to 
meet these standards after examination by our 
factory, district office, or authorized repair 
agency personnel will be repaired or, at our 
option, replaced without charge, except for 
tubes or batteries that have given normal 
service. 

REPAIR PARTS 

When ordering repair parts, be sure to de­
scribe completely the parts required, a lso 
refer to the symbol numbers and description 
from the parts list, and give the type num bel' 
and serial number from the panel of the in­
strument. 

RETURNED MATERIAL 

Repair service is available from the factory, 
Cambridge, Mass., or from the Repai r Serv­
ices listed on the inside front cover of this 
catalog. 

When returning instruments for repair, re­
calibration, or for any other reason, please 
ask for Return Material Tag and shipping in­
stru ctions. P lease state type number and 
serial number of the instrument and date of 
purchase. 

DOMESTIC SALES AGENCIES 

Because of our direct-sales policy no gen­
eral sales agencies are appointed . Complete 
stocks are carried only at the factory ware­
house. Partial stocks are maintained at Los 
Angeles, New York, Philadelphia, and Wash­
ington branch offices. 

EXPORT DISTRIBUTORS 

Export sales are handled by resident repre­
sentatives in most foreign countries. Complete 
technical and commercia l information is avail­
able from these representatives, at the ad­
dresses listed on the inside back cover of the 
catalog. 
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• VISIT OUR LABORATORIES AND FACTORY 
We cordially invite you to visit our engi­

neering laboratories and main factory the 
next time that you are in the vicinity of 
Cambridge. 

Our main plant is located in Cambridge 
(across the Charles River from Boston) at 
275 Massachusetts Avenue. This is half way 
between the Massachusetts Institute of Tech­
nology and Central Square, Cambridge. 

Hot,1 
OContinentol 

Hotll (\ <:\~!~~98 
commoncllr ~ 

H~~DJ-: 

CAMBRIDGE 

Subw"y from Ha,yord 

The accompanying map gives details for 
reaching the plant by public transportation or 
automobi le. 

HOURS FOR VISITORS : 10:00 A.M. to 4 :00 P.M. 

every day except Saturdays, Sundays, and 
legal holidays in Massachusetts. 

SqUQI'Il, Com brid98 10 SalIII S l a tion, 80slon 

---------

BOSTON 

To 80S Ion and 
Combrid(/8 by Tax/ 
01' Limousf'n. "'" 

~l~0 
Logon In/~rnollonf11 

AIrport 

PATENTS 

Many of our products are manufactured and sold 
under United Ht~tes Letters Patent owned by the 
Genera l Radio Compa ny or under license grants from 
other companies. To simplify the listing of these 
patents t hey a re given here in a single list a nd referred 
to at e~ch instrument only by appropriate reference 
number. 

1. "Certain vacuum-tube a mplifier devices, electric 
wave fil ters, vacuum-t ube oscillators, a nd sound-level 
meters arc licensed by Western Electric Compa ny, Inc., 
under a ll Un ited States Letters Patent owned or con­
trolled by American Telephone and Telegraph Com­
pany, or Western Electric Company, Inc., a nd an.\' or 
a ll other United States patents with respect to which 
Western Electric Company, Inc., has t he right to grant 
a license, solely for utilization in research, investigat ion , 
measurement, testing, instruction, and development 
work in pure and applied science, in cluding engineering 
and industria l fields." 

2. " This apparatus uses inventions of United States 
Patents licensed by Radio Corporation of America. 

Patent numbers supplied upon request. Licensed only 
for use in measuring or testing electronic devices, elec­
tron tube circuits, parts of such devices and circuits, and 
elements for use in such devices and circuits." 

3. Patent D 161,030. 
4. Patent 2,548,457. 
5. Licensed under a ll patents and patent applications 

of Dr. G. "V. Pierce pertaining to piezo-electr ic crysta ls 
a nd their associated circuits. 

6. Licensed under designs, patents a nd patent appli-
cations of Edgerton , Germeshausen and Grier. 

7. Patent 2,294,941. 
8. Patent Applied For. 
9. Patent 2,173,427. 

10. Patent 2,367,68l. 
11. Patent 2,374,248. 
12. Patent 2.376,394. 
13. Patents D 142,777 and D 143,807. 
14. Patent 2,173,426. 
15. Patent 2,298,177. 
16. Patent 2,362,503 . 
17. Patent 2,354,718. 
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o U Ie K 
IN 0 EX 

The QUICK INDEX listed 

here and on the back cover 

is for your convenience in 

finding sections of this catalog 

quickly. 

Bend the catalog as shown 

in the sketch above. The ar­

rows point to the black tabs 

on tl:e first page of each 

section. Run your thumb acrass 

the edge of the pages to the 

tab for the section you want, 

and open the catalog to the 

general introduction which 

starts each section. 

A complete INDEX BY TITLE 

and an INDEX BY TYPE NUM­

BER are given in the last 

pages of the catalog. 

HOW TO ORDER • • ........ ~ 
AMPLIFIERS. • • • .~ 

-BR-ID-GE-S-.-•. -.-.-.---.-.-.-.-•• -.-.~ 

COAXIAL ELEMENTS ...... ~ 
DETECTORS. • • • • ... ~ 
------------------------

.~ FREQUENCY AND TIME • 
----------,-----------------

.~ STANDARD-SIGNAL . 
r----------------

GENERATORS OSCILLATORS. . • • • • • • • ~ 
PULSE AND RANDOM NOISE. . • • ~ 

METERS ................ ~ 

MONITORS FOR RADIO AND TV STATIONS ..•. ~ 
POWER SUPPLIES . . . . . . . . .. ~ 

-R-EA-C-TA-N-CE--------;;-;CA~PA~CI=TO=-=-:RS;;------. ~ 
. . . . . INDUCTORS • ..............-

------------------------

RESISTORS . . . . . . • • • •• • • ~ 
-----------------------

SOUND AND VIBRATION .••••••••• ~ 

STROBOSCOPES • • • • • • • • • • ~ 

SWEEP DRIVES . . . . . . .. ~. 
-----------------------

- ~ UNIT INSTRUMENTS . ....... ~ 
---~AU=TO=TR~AN=SFO~RM=ER~S-----------~ 

VARIAC@< AUTOMATIC VOLTAGE REGULATOR • • '. 
MOTOR SPEED CONTROLS • • • • 

WAVEFORM·M[ASURING EQUlPM[NT ••• ; .~ 

PARTS AND ACC[SSORI[S ••••••• ; .~ 

CHARTS, TABLES, AND INDEXES •••• : .~ 



We Sell Direct • • • 
To develop the type of product manufactured by the General Radio Company requires 

a large staff of engineers, eaeh a specialist in one or more branches of electronic engineering 
and science. 

There has always been clo e contact between our Company and our customers, many 
of whom are themselves engineers and scientists. To maintain and to further this contact 
is the responsibility of our stat! of field engineers. This group has the principal function of 
working directly with the customer for the best selection of instruments for the job with 
the minimum expenditure. The advice of our development engineering staff is available 
for expert consultation when the need arises. 

Because of the technical nature and diverse uses of our equipment we feel that a direct 
method of distribution is the most efficient. Consequently, the General Radio Company 
sells its products directly to the user in the United States, with no intermediary distribut­
ing organization, on a net, no discount basis. The buyer is thus assured of receiving the 
lowest possible price and one that he can immediately find by consulting a current price 
list. We have always felt that price is as much a part of specifications as is a technical 
description. 

In several major cities of the United States the Company maintains factory branch 
offices, which are stat!ed by skilled factory-trained engineers who are in a position to speak 
directly for the factory, and who are conveniently available for consultation on all tech­
nical and commercial questions. The locations of these offices are given in the inside front 
cover. 

In order that customers outside the United States may receive equivalent technical 
service, exclusive distributors have been appointed in many foreign countries, each cap­
able of giving technical and commercial information regarding General Radio products. 
For a list of export distributors, see the inside back cover of this catalog. In all matters 
regarding General Radio apparatus, the customer should communicate with the appro­
priate distributor. Prices listed in the catalog are for domestic use only. Costs in countries 
abroad, where import duty, freight, and taxes must be added, may be obtained from the dis­
tributors in those countries. 

GENERAL RAD I O COMPANY 
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THE HALLMARK OF QUALITY 
Quality is traditional in products that bear 

the ~ label. General Radio instruments are 
quality instruments, built from quality com­
ponents for reliable service and long life. 

Performance specifications are one yard­
stick for quality. General Badio specificatiol1f'; 
are conservative and honest. Each instrument 
is calibrated to tolerances at least 25% tighter 
than published. Temperature rises during 

For more than 40 years, General nadio has been manu­
r acturing standards for the electronics industry­
resistance, capacitance, inductance, and frequency. 
Above is shown the primary frequency standard in the 
General lladio development laboratories. Tbe fre­
quency of this standard is known a t all times to two 

parts in one hundred million. 

The accuracy of a precision air capacitor depends upon 
the maintenance of close mechanical tolerances - from 
the fabrication of cach part to thc final asscmbly. Here, 
the capacitors undergo adjustment and alignment in a 
jig to assure linearity of the capacitance characteristic. 

operation are generally kept below 40° so as 
to eliminate heat deterioration as a factor in 
instrument life. 

Although published specifications attest the 
accuracy, range, and versatility of GR prod­
ucts and indicate the ingenuity and care which 
go into their design and development, they 
cannot disclose all the attention to detail 
which makes for customer satisfaction and 
long and useful service. 

Tangible evidence of these quality details 
is readily seen in a typical instrument. The 
panel and cabinet are of exceptionally heavy 
gauge aluminum alloy (usually Ys to .J.i in.) 
so that they will not hum, dent, burkle, rattle 
or rust. Relay-rack cabinets readi ly adapt 
from drawer-slide rack mounting to neat 
looking bench units by the addition of end 
frames which provide feet and handles. Dials 
are a sturdy .050" thick, have low-reflective 
backgrounds with markings carefu lly propor­
tioned for easy reading and have concentric 
lathe-turned edges. The rugged phenolic 
knobs with reamed brass inserts are a widely 
copied design of General Radio origin. Binding 
posts, coaxial connectors, handles, panel 
screws and other items are of proprietary GR 
design and were created to provide instrument 
components of instrumenL grade rather than 
ordinary commercial grade. 

Inside the instrument are precision com­
ponents, air capacitors, potentiometers, and 
transformers, developed and manufactured at 
General Radio specifically for instrument use. 
The special qualities of all these parts are 
proved by the fact that they are widely pur-

To speed production on the thousands of control knobs 
that go into GB. instruments, the semi -automatic 
machine shown at left bores, drills, counterbores, taps, 

and inserts setscrews in to each knob. 
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chased as individual components by other 
manufacturers. The etched circui ts found in 
more recent instruments have 0.003 in. copper 
on %2 in . mi nimu m phenolic and carry 
miniature sockets, made exclusively t o Genera l 
R adio specifications, which provide tube 
shields a nd satisfactorily resilient terminals. 
Rugged chasses and brackets are buil t to 
withsta nd military vibration tests as insurance 
against shipping and handling damage. 
Shielded leads are permanent ly terminated 
with a novel crimped-ferrule construction. 

Cables, which add so mu ch to the appear­
ance of an instrument, are nylon-braided by 
a machine especially designed at GR for t he 
purpose. F rom t he many materials tested , 
nylon has proved to be t he best materia l, 
not only for its abili ty to wrap t ight ly a nd 
uniformly around any dia meter, bu t also for 
its non-hygroscopi c property, whi ch insures 
against t rapping moisture wit hin the cable. 

All these parts and compOlients and all the 
design practices characteristic of General 
R adio instruments are controlled by a compre­
hensive standards program, which keeps t he 
number of different pieces, tools and proced­
ures to an economic minimum, thereby making 
possible high quality at moderate prices. The 
stand ards program also in cludes constant 
study and testing to evaluate and to maintain 
quali ty. The manufacture of the products is 
carried out by skilled workmen, and quality is 
further assured by frequent stages of inspec­
t ion. 

Addi tional evidence of General Radio thor­
oughness a nd attention to detail is obtained 
by actually doing business with t he Company. 

This machine, designed and built a t Genera l Rad io, 
automatica lly mills from blocks o f aluminum comp le te 

ro tors and s ta tors for variable capacitors. 

GR offers expert technical sales-engineering 
consultants, a ll graduate engineers and factory 
t rained ; con venient district offices; efficient 
ha ndling of com mercial paper-work; special 
handling for non-catalog items; useful tech­
nical publi cations, including the monthly 
E xperimenter, reprints of technical papers, 
catalogs, bulletins, and t he instruction man­
uals whi ch accompany each instrument; and a 
competent service organization for repairs and 
replacement parts. 

T he General Radio Company zealously 
guards its repu tation fo r in tegri ty, abili ty, and 
quality. 

Tbe coils for Va riac ® auto tra nsformers a re wound on 
the G R.designed m achine, shown a bove, which applies 

an evenl y sp aced wind ing, accura tely banked. ' 

In the assembly depar tment, each m an assembles a 
group of ins truments, performing opera tions on each 
successive ly. Versa tility is a prime requirement, beca use 
in the course o f a ~ea r a man will assemble dozens of 

different produc ts . 

... ! I t I ~ I.~ ~ '; --
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SUGGESTIONS FOR ORDERING 

ORDER BY TYPE NUMBER 

Always order by catalog type number, and, 
whenever possible, mention name of item, 
ranges, or other significant specifications as 
protection against misunderstanding. 

Be sure to include orders for any accessories 
desired or for calibrations which must be made 
before shipment. When minor modifications 
are desired to adapt Lhe equipment to the cus­
tomer's purposes, our Sales Engineering De­
partment will be glad to discuss the detai ls. 

For EXPORT ORDERS please state the desired 
line-voltage and frequency. For example: 230 
volts/ 50 c; 115 volts / 50 c. 

TELEGRAPH AND CABLE ORDERS 

We have direct telegraph printer connec­
tions with Western Union for the prompt han­
dling of messages. 

Use the code words accompanying each 
catalog description. Our cable address is 
GE RADCO BOSTON. 

2 POUNDS 5 POUNDS 

Air Air Rail Air Air 
Air Ex- Parcel Ex- Air Ex- Parcel 

CITY Freight press Post press Freight press Post 
-- ------ ----

BUFFALO . . . .... . . $6.60 $2.50 $1. 15 $1.93 $6.60 $2.57 $2.65 
DETROIT. .... 7.70 2.50 1.26 1.93 7.70 2.89 2.94 
CHICAGO . . ... . . S.65 2.55 1.26 1.93 S.65 3 .37 2.94 
ST. LOUIS. 9.25 2 .6 1 1.39 1.93 9.25 3 .53 3 .31 
ATLANTA .. 11 .35 2.55 1.26 1.93 11.35 3 .37 2 .94 
HOUSTON. 15 .35 3.00 1.47 1.93 15 .35 4.49 3 .63 
DALLAS ...... . 12 .25 3.00 1. 47 1.93 12 .25 4 .49 3 .63 
LOS ANGELES. .. ' 1S .65 3 .51 1.60 1.96 1S.65 5 .77 4 .00 
SEATTLE ... .. 21.35 3 .51 1.60 1.95 21 .35 5 .77 4.00 
CLEVELAND. 7. 10 2.50 !.I 5 1.93 7.10 2 .89 2 .65 

\ 
75 POUNDS 100 POUNDS 

Air Atr RaIL AIT AIT 
Air Ex- Parcel Ex- AlT Ex- Parcel 

CITY Freiyht press Post preilS Freight press Po,t 
--

BUFFALO ... $7 .87 $10 .55 $5 60 $7 87 $13 40 
DETROIT .. ... 9.15 15 .35 6 96 9 15 19 80 
CHICAGO . . 10 .35 22 .55 7 74 10 35 29 40 
ST. LOUIS . . . . 12 .75 24 .95 S 51 13 45 32 60 
ATLANTA . . . . . . . . 13 .50 22 .55 - 6 76 14 18 29 40 -
HOUSTON . .. . 22 .77 39 .35 - 11 .24 22 .77 51.80 -
DALLAS ......... .. 17 .25 39 .35 - 11 .03 19 .29 51.80 -
LOS ANGELES. 25 .50 58. 55 - 15 .45 25 .50 77 .40 -
SEATTLE .. ... . . 25 .90 58 .55 - 15 .31 25.90 77 .40 -
CLEVELAND. 9 .35 15 .35 - 6 .38 9.60 19 .80 -

I Rate per CWT. All rates subject to 3% Government tax. 

ADDRESS 
All communications, except when otherwise 

advised, should be sent to 275 Massachusetts 
Avenue, Cambridge 39, Massachusetts, to one 
of our district offices (see inside front cover), 
or to the appropriate export representative. 

PACKING 
There is no charge for our regular or domes­

tic or export packing and no charge for ship­
ping containers or cases. Cases are not return­
able. 

SHIPPING INSTRUCTIONS 
Unless specific instructions accompany the 

order, we shall use our judgment as to the best 
method of shipment. Repair parts or other 
items needed quick ly can be shipped by ai r if 
requested . The fo llowing tab le shows approxi­
mate cost of four different methods of ship­
ment to major cities in the United States, 
door-to-door. 

Export Shipments via air-freight under 35 
pounds are advantageous in many cases. They 
save transport costs and time. For example: 
the estimated charges, factory to Mi lan, Italy 
for the Type 1551-A Sound-Level Meter (Ship­
ping weight, 16 pounds by air, 24 pounds by 
ocean freight) are $24.25 for air-freight and 
$46.96 for ocean carrier via New York. Air 
shipping weight is approximately 50 percent 
more than the net weight. 

25 POUNDS 40 POUNDS 

Rail Air Air Rail Air Air Rail 
Ex- Air Ex- Parcel Ex- Air Ex- Parcel Ex-

press Freight press Post press Freigld press Post press 
---------- -_. -- -- --
$1.93 $6 .60 $4 .85 $12 .65 $2.92 $6 .60 $6 .56 $20 .15 $3 .72 

1.95 7.70 6.45 14 . 14 3 .38 7.70 9.12 22 .54 4 .45 
2 .00 8.65 8.85 14 . 14 3 .64 8.65 12 .96 22.54 4 .S7 
2 .04 9 .25 9 .65 16 . 11 3 .S9 9.25 14 .24 25 .71 5 .28 
202 11.35 S.S5 14.14 3 .77 11.35 12 .96 22 .54 5 .07 
2 .23 15 .35 14.45 1S.03 4 .80 15 .35 21.92 2S .63 6 .73 
2 .21 12 .25 14.45 1S .03 4 .74 12 .25 21.92 2S .83 6 .62 
2.51 18 .65 20 .85 20 .00 6 .21 18.65 32 . 16 32 .00 8.9S 
2.50 21.35 20 .85 20 .00 6 . 16 21 .35 32 . 16 32 .00 S.90 
1.93 7.10 6.45 12.65 3 . 18 7.10 9 . 12 20 . 15 4 . 14 

200 POUNDS 400 POUNDS 

Ratl AIT AIT RaIl I AIT A tT Rail 
Ex- AlT Ex- Parcel Ex- AIT Ex- Parcel Ex-

pre88 Freluht press Post press Fretght press Po,t press 
------

$6 93 $13 14 $26 80 $13 86 $6 07r 13 40# $6 93# 
8 75 15 60 39 60 17 50 7 45H 19 80# 8 75# 
9 78 1805 58 80 19 56 8 70f 29 40# 9 78# 

10 82 24 65 65 20 21 64 12 00# 32 60# 10 82# 
R 49 26 11 58 80 - 16 98 22 83H 29 40# - 8 49# 

14.45 43.19 103 .60 - "'" "~r'"' 
- 14 .45# 

14 . 19 36 .33 103 .60 - 28 .38 17 .84# 51.80# - 14 . 19# 
20 .07 48.35 154 .80 - 40 . 14 23 .85# 77 .40# - 20 .07# 
19 .88 49 .95 154 .80 - 39 .76 24 .50H 77 .40# - 19 .88# 
7.97 16.60 39 .60 - 15 .94 7.95# 19 .80# - 7.97# 

TERMS 
All prices are F .O.B. Cambridge or West 

Concord, Massachusetts. 

Domestic Terms: Net 30 days if credit has 
been arranged; otherwise unless payment is 
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received before shipment, shipment will be 
made C.O.D. 

When full payment accompanies an order 
for equipment, except for repairs, we pay trans­
portation charges to any point in the conti­
nental United States (not including Alaska and 
the Canal Zone) on carrier of our choice. 

Export Terms : Full payment in advance of 
shipment or by sight-draft against irrevocable 
letter of credit at New York or Boston bank. 

REMITT ANCES 

Should be made payable at par in Boston or 
N ew York funds. 

PRICE CHANGES 

All prices are subject to change without 
notice. Formal price quotations remain open 
for 30 days. 

Prices shown will be increased by the 
amount of any applicable sales, use, excise, or 
similar taxes that are now in effect or that may 
hereafter be imposed by Federal, State, or 
local governments. 

NO TRADE OR EDUCATIONAL DISCOUNTS 

Our prices are established on a direct-to­
customer basis, which permits no special dis­
counts. By the elimination of distribution or 
special discounts, all users pay the lowest 
possible prices. 

QUANTITY DISCOUNTS 

When 10 or more identical parts (not in­
struments) are ordered at the same time for 
single shipment to a single destination in the 
continental United States (not including 
Alaska and the Canal Zone) and Canada, the 
following quantity discounts are allowed ex­
cept as noted otherwise: 

10-19 ... . ........... . . 5 percent 
20-99 ................. 10 percent 

100 or more .... . . .. .. .. 15 percent 

Questions regarding the applicability of 
quantity discounts to any item in this catalog 
will be answered promptly by our Sales 
Engineering or Commercial Departments. 

SPECIFICATION CHANGES 

We reserve the right to discontinue any 
item without notice and to change specifica­
tions at any time without incurring any obli-

gation to incorporate new features in instru­
ments or parts previously sold. 

WARRANTY 

We warrant that each new instrument sold 
by us is free from defects in material and work­
manship and that properly used it will perform 
in full accordance with applicable specifica­
tions for a period of two years after original 
shipment. Any instrument or component that 
is found within the two-year period not to 
meet these standards after examination by our 
factory, district office, or authorized repair 
agency personnel will be repaired or, at our 
option, replaced without charge, except for 
tubes or batteries that have given normal 
service. 

REPAIR PARTS 

When ordering repair parts, be sure to de­
scribe completely the parts required, a lso 
refer to the symbol numbers and description 
from the parts list, and give the type num bel' 
and serial number from the panel of the in­
strument. 

RETURNED MATERIAL 

Repair service is available from the factory, 
Cambridge, Mass., or from the Repai r Serv­
ices listed on the inside front cover of this 
catalog. 

When returning instruments for repair, re­
calibration, or for any other reason, please 
ask for Return Material Tag and shipping in­
stru ctions. P lease state type number and 
serial number of the instrument and date of 
purchase. 

DOMESTIC SALES AGENCIES 

Because of our direct-sales policy no gen­
eral sales agencies are appointed . Complete 
stocks are carried only at the factory ware­
house. Partial stocks are maintained at Los 
Angeles, New York, Philadelphia, and Wash­
ington branch offices. 

EXPORT DISTRIBUTORS 

Export sales are handled by resident repre­
sentatives in most foreign countries. Complete 
technical and commercia l information is avail­
able from these representatives, at the ad­
dresses listed on the inside back cover of the 
catalog. 
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• VISIT OUR LABORATORIES AND FACTORY 
We cordially invite you to visit our engi­

neering laboratories and main factory the 
next time that you are in the vicinity of 
Cambridge. 

Our main plant is located in Cambridge 
(across the Charles River from Boston) at 
275 Massachusetts Avenue. This is half way 
between the Massachusetts Institute of Tech­
nology and Central Square, Cambridge. 

Hot,1 
OContinentol 

Hotll (\ <:\~!~~98 
commoncllr ~ 

H~~DJ-: 

CAMBRIDGE 

Subw"y from Ha,yord 

The accompanying map gives details for 
reaching the plant by public transportation or 
automobi le. 

HOURS FOR VISITORS : 10:00 A.M. to 4 :00 P.M. 

every day except Saturdays, Sundays, and 
legal holidays in Massachusetts. 

SqUQI'Il, Com brid98 10 SalIII S l a tion, 80slon 

---------

BOSTON 

To 80S Ion and 
Combrid(/8 by Tax/ 
01' Limousf'n. "'" 

~l~0 
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AIrport 

PATENTS 

Many of our products are manufactured and sold 
under United Ht~tes Letters Patent owned by the 
Genera l Radio Compa ny or under license grants from 
other companies. To simplify the listing of these 
patents t hey a re given here in a single list a nd referred 
to at e~ch instrument only by appropriate reference 
number. 

1. "Certain vacuum-tube a mplifier devices, electric 
wave fil ters, vacuum-t ube oscillators, a nd sound-level 
meters arc licensed by Western Electric Compa ny, Inc., 
under a ll Un ited States Letters Patent owned or con­
trolled by American Telephone and Telegraph Com­
pany, or Western Electric Company, Inc., a nd an.\' or 
a ll other United States patents with respect to which 
Western Electric Company, Inc., has t he right to grant 
a license, solely for utilization in research, investigat ion , 
measurement, testing, instruction, and development 
work in pure and applied science, in cluding engineering 
and industria l fields." 

2. " This apparatus uses inventions of United States 
Patents licensed by Radio Corporation of America. 

Patent numbers supplied upon request. Licensed only 
for use in measuring or testing electronic devices, elec­
tron tube circuits, parts of such devices and circuits, and 
elements for use in such devices and circuits." 

3. Patent D 161,030. 
4. Patent 2,548,457. 
5. Licensed under a ll patents and patent applications 

of Dr. G. "V. Pierce pertaining to piezo-electr ic crysta ls 
a nd their associated circuits. 

6. Licensed under designs, patents a nd patent appli-
cations of Edgerton , Germeshausen and Grier. 

7. Patent 2,294,941. 
8. Patent Applied For. 
9. Patent 2,173,427. 

10. Patent 2,367,68l. 
11. Patent 2,374,248. 
12. Patent 2.376,394. 
13. Patents D 142,777 and D 143,807. 
14. Patent 2,173,426. 
15. Patent 2,298,177. 
16. Patent 2,362,503 . 
17. Patent 2,354,718. 
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AMPLI FI ERS 
The General Radio Company manufactures 

a variety of laboratory amplifiers, which range 
from general-purpose, wide-range instruments 
to units specialized to perform a particular 
group of functions. Many of the needs for 
amplification which arise in measurements in 
research, engineering, and industry can be met 
with one of t hese instruments. The following 
amplifiers are described in this section: 

The TYPE 1230-A D-C Amplifier and Elec­
trometer is a new instrument replacing the 
well-known TYPE 715-A Direct-Current Am­
plifier. It is basically a millivoltmeter with an 
extremely high input resistance. It is also ar­
ranged to be used very conveniently as a 
micro-microammeter and mega-megohm me­
tel'. Because of these features, together with its 
high sensitivity and excellent stability, this 
new instrument has a wide range of app lica­
tions in d-c measurements. 

The TYPE 1233-A Power Amplifier provides 
several watts of power over a wide frequency 
range. In addition to its uses at audio and 
ultrasonic frequencies, it can be used as a wide­
band voltage amplifier at frequencies up to 3 
Mc, and, with external tuning, as a tuned 
amplifier up to 5 Mc. 

View of the TYPE 1206·A Unit Amp lifier with tbe 
TYPE 1210·B Unit Oscillator. This combination delivers 
3 watts Over a range of 20 cycles to 50 kilocycles and 0.1 

watt at 500 kilocycles. 

The TYPE 1206-B Unit Amplifier is a gen­
eral-purpose, 3-watt amplifier, which is useful 
over t he audio and low-ultrasonic frequency 
ranges, and which has excellent transient re­
sponse. It is housed in the compact Unit 
Instrument cabinet. 

Type Name Page 
1230-A 
1233-A 
1206-8 

D-C Amplifier and Electrometer ...... ................... '1 
Power Amplifier ......... ~ ............................ . 
Unit Amplifier .................. ...................... . 

2 
4 
5 

OTHER GR AMPLIFIERS 

Those amplifiers which, because of their 
specialized function, belong more properly in 
another section of this catalog, are listed in 
the table below. 

PULSE AMPLIFIER: The TYPE 1219-A Unit 
Pulse Amplifier, designed to work with the 
TYPE 1217-A Unit Pulser, the TYPE 1391-A 
Pulse, Sweep, and Time-Delay Generator, 
and other pulse sources, is listed on page 123. 

I-F AMPLIFIER: The TYPE 1216-A Unit I-F 
Amplifier, listed on page 68, is the basic unit in 
a heterodyne detector operating from 50 to 
5000 Mc. Use it to measure gain, attenuation, 

crosstalk, and signal level; also as a null 
detector. Has built-in, calibrated attenuator 
and meter. 

NULL DETECTOR: TYPE 1231-B Amplifier and 
Null Detector, a high-gain audio amplifier for 
use as a null detector and standing-wave indi­
cator is described on page 64. 

The TYPE 1212-A Unit Null Detector (page 
66) has an approximately logarithmic response 
over an input-signal range of 120 db and a fre­
quency range extending to 5 Mc. While de­
signed primarily for use as a nu ll detector, it 
can also be used for the approximate measure­
ment of relative signal levels. 

Type Name Page 

1212-A 
1216-A 
1219-A 
1231-8 

Unit Null Detector ..... ................................ . 66 
68 

123 
64 

Unit I-F Amplifier ...... ............................... . 
Unit Pulse Amplifier ................................... . 
Amplifier and Null Detector ............................ . 
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AMPLI FI ERS 
The General Radio Company manufactures 

a variety of laboratory amplifiers, which range 
from general-purpose, wide-range instruments 
to units specialized to perform a particular 
group of functions. Many of the needs for 
amplification which arise in measurements in 
research, engineering, and industry can be met 
with one of t hese instruments. The following 
amplifiers are described in this section: 

The TYPE 1230-A D-C Amplifier and Elec­
trometer is a new instrument replacing the 
well-known TYPE 715-A Direct-Current Am­
plifier. It is basically a millivoltmeter with an 
extremely high input resistance. It is also ar­
ranged to be used very conveniently as a 
micro-microammeter and mega-megohm me­
tel'. Because of these features, together with its 
high sensitivity and excellent stability, this 
new instrument has a wide range of app lica­
tions in d-c measurements. 

The TYPE 1233-A Power Amplifier provides 
several watts of power over a wide frequency 
range. In addition to its uses at audio and 
ultrasonic frequencies, it can be used as a wide­
band voltage amplifier at frequencies up to 3 
Mc, and, with external tuning, as a tuned 
amplifier up to 5 Mc. 

View of the TYPE 1206·A Unit Amp lifier with tbe 
TYPE 1210·B Unit Oscillator. This combination delivers 
3 watts Over a range of 20 cycles to 50 kilocycles and 0.1 

watt at 500 kilocycles. 

The TYPE 1206-B Unit Amplifier is a gen­
eral-purpose, 3-watt amplifier, which is useful 
over t he audio and low-ultrasonic frequency 
ranges, and which has excellent transient re­
sponse. It is housed in the compact Unit 
Instrument cabinet. 
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Those amplifiers which, because of their 
specialized function, belong more properly in 
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the table below. 

PULSE AMPLIFIER: The TYPE 1219-A Unit 
Pulse Amplifier, designed to work with the 
TYPE 1217-A Unit Pulser, the TYPE 1391-A 
Pulse, Sweep, and Time-Delay Generator, 
and other pulse sources, is listed on page 123. 

I-F AMPLIFIER: The TYPE 1216-A Unit I-F 
Amplifier, listed on page 68, is the basic unit in 
a heterodyne detector operating from 50 to 
5000 Mc. Use it to measure gain, attenuation, 

crosstalk, and signal level; also as a null 
detector. Has built-in, calibrated attenuator 
and meter. 

NULL DETECTOR: TYPE 1231-B Amplifier and 
Null Detector, a high-gain audio amplifier for 
use as a null detector and standing-wave indi­
cator is described on page 64. 

The TYPE 1212-A Unit Null Detector (page 
66) has an approximately logarithmic response 
over an input-signal range of 120 db and a fre­
quency range extending to 5 Mc. While de­
signed primarily for use as a nu ll detector, it 
can also be used for the approximate measure­
ment of relative signal levels. 
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AMPLIFIERS ---~ D-C 

TYPE 1230-A D-C AMPLIFIER AND ELECTROMETER 
USES : The D-C Amplifier and Electrometer is 
basically a millivoltmeter with extremely high 
input resistance. It measures: 

Voltage - as low as 0.5 millivolt. 
Current - as low as .5 x 10-15 amperes. 
Resistance - up to 5 X 1014 ohms. 

These quantities arc indicated on a panel 
meter, and output is available to operate 
recorders and other equipment. 

Because of its high sensitivity and excellent 
stability, this instrument has a wide range of 
applications in s~ience, engineering, and in­
dustry. Typical examples include the measure­
ment of: 

Ionization currents, photo currents, grid 
currents in electron tubes, and time-current 
curves of capacitors during charge and dis­
charge. 

Piezo-electric potentials, bioelectric poten­
tials, contact potentials, electrostatic field 
potentials, and pH indications. 

Back resistance of silicon-junction diodes, 
interconductor resistance of cables, insulation 
resistance of electrical equipment, and voltage 
coefficient of resistance. 

DESCRIPTION: The cirCUIt is a three-stage 
direct-coupled amplifier that acts as a highly 
degenerated cathode follower and has high 
overall transconductance. Excellent linearity 
is obtained even on the lowest scales. 

Voltage is measured directly; current is 
measured in terms of the voltage drop across 
a standard resistor, through which the current 
flows; and resistance in terms of a standard 
voltage source connected in series with the 
standard and unknown resistors. 

To achieve maximum stabilit.y, power-sup­
ply voltages are stabilized; components are 
carefu lly chosen and well aged; chassis and 
sub-assemblies are shock mounted. 

High input resistance, even under conditions 
of high humidity is achieved by use of an elec­
trometer tube and by enclosure of the input 
grid lead in silicone-treated glass. Input re­
sistance selector has switch contacts that are 
mounted on individual teflon bushings set in a 
metal base that connects to a guard point. 

Input stage is completely shielded, and the 
coaxial input terminal permits this shielding 
to be extended to the unit under test. A fu lly 
shielded chamber, the TYPE I230-PI Com­
ponent Shield, is available as an accessory, 
within which components to be measured can 
be quick ly and easi ly connected. 

Guard terminals are provided. The low input 
terminal can be grounded or not, as desired. 

The output meter has two voltage scales and 
two resistance scales, which provide two 
ranges per decade. Terminals are provided for 
connecting an external meter or recorder. The 
Esterline-Angus (or equi valent) 5-ma and 
I -ma Graphic Recorders are recommended, 
and the TYPE I230-AE D-C Amplifier and 
Electrometer is installed in an Esterline­
Angus case to match the recorder. 

SPECIFICATIONS 
Voltage Ranges : ±30, ]00 and 300 mill ivolts; ±1, 3 
and 10 volts; dc, full-scale. Accuracy is ±2% of full 
scale on the fivc highest ranges ; ±4% of full scale on 
the 30-mv range. 
Current Ranges: ±1 milliampere d-c (10- 3 amp.) full 
scale to ±300 milli-micromicroamperes (3 x 10- 13 amp.) 
full scale, in twenty ranges (two per decade). Accuracy 
is ±3% of full scale from 10- 3 amp to 3 x 1O-9amp; 
± 10% of full scale from 10-10 amp to 3 x 10-13 amp. 

Frequency Characteristic: Wi th a 1500-ohm load at the 
OUTPUT terminals, the frequency characteristic is flat 
within 5% from zero to 10, 30, 100, 300, 1000 and 3000 
cycles at the 30-, 100-, 300-millivolt, 1-, 3-, and 10-volt 
ranges, respectively. 
Resistance Ranges : Direct reading in resistance from 
300 kilohms to 10 mega-megohms (1013 ohms) at full 
scale (5 x 1014 ohms at smallest meter division). There 
are sixteen ranges (two per decade). At full scale (low-

2 GENERAL RADIO COMPANY 



D-C 

TYPE 1230-Pl Componenl Sh ield (wilh shield cover re­
moved) plugged into the input terminal at the rear of 

lhe eleclromeler. 

resistance end ) accuracy is ±3 % from 3 x 10' ohms to 
1010 ohms; ±8% from 3 x 1010 ohms to 10" ohms. The 
voltage across the unknown resistance is 9. 1 volts. 

The resistance range may be extended considerably, 
and voltage coeffi cients of resistors determined, by 
the use of external batteries. With a 300-volt battery, 
the higlwst resistan ce rangc is 10" ohms fu ll scale 
(6 x 1016 ohms at the smallest meter division) . The 
full battery voltage appears across the unknown 
resistance. 
Resistance Standards: 10' , 10', 106, 107, 108, J0 9, 1010, 
and lO" ohms. The switch also includes "zero" and 
" infinity " positions. The 1 0 1- and 1 O'-ohms resistors 
are wire wound and a rc accurate to ± 0.25%. The 
106-, 107_ and 108-ohm resistors are of deposited­
carbon construction and are accurate to ± 1 'fa . The 
109, 1 01u and 10" resistors are carbon, have been treated 
to prevent adverse humidi ty effects, and are accurate 
to ±5% . A switch position permits quick checking of 
the higher-resistance standards in terms of the wire­
wound uni ts. 
Input Resistance: The input resistance is determined by 
the setting of the resistance standards switch. In the 
infinity position, it is approximately 1014 ohms. 
Drift: Less than 2 mv per hour after one-hour warmup. 
Output: Voltage, current and resistance are indicated 
on a panel meter. Terminals are avai lable for connecting 
a recorder (such as the Esterline-Angus 5-ma or I-rna 
graphic recorder). The recorder can have a resistance 
of up to 1500 ohms. 

'l'ype 

AMPLIFIERS 

TYPE 1230-AE D-C Amplifier and E lectrometer with a 
recorder. 

Input Capacitance: Less than 35 )L)Lf. 

Terminals: The input is connected through an 874-type 
coaxia l termina l assembl.v. In addition, there a re three 
"low" terminals to provide versati li ty in guard and 
ground connections, as requ ired, for example, in three­
terminal network measurements. 
Input Switch: A panel switch permits disconnec tion of 
the unknown without transient elect rical disturba nces in 
either the unknown or the measuring circuit. 
Input Insulation: Entirely teflon or silicone-treated glass. 
Temperature, Humidity, line Voltage Effects: Negligible. 
Tube Complement: One 5886 electrometer, one CI(6418, 
one 6AN5, one 6AL5, one 6627, and three OB2. 
Accessories Supplied: One TYPE 87-1-411 Adaptor, one 
TYPE 1230-Pl-300 P anel Adaptor Assembly, two TYPE 
274-MB Plugs, one TYPE 274-SB Plug, spare fuses and 
TYPE CAP-:35 P ower Cord. 
Accessories Available: TYPE 1230-Pl Component Shield. 
Mounting: Aluminum front and rear panels finished in 
black-crackle lacquer and encased in an a luminum 
black-wrinkle-finished sleeve-like cabinet. The instru­
ment is also ava ilable mounted inside a recorder case. 
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 
60 cycles. Power input is approximately 35 watts at 
115 volts. 
Dimensions: (height) 13~ x (width) 7% x (depth) 9 
inches, over-all. 
Net Weight: 15~ lbs. 

Code W01·d Price 

1230-A 
1230-AE 

D-C Amplifier and Electrometer ....... . ..... . MASON $440.00 
D-C Amplifier and Electrometer in Esterline-
Angus Case ............... . .. . ........... . 

1230-Pl Component Shield ... . . . . ............. .... . 
PATENT NOTICE. See Notes 2 and 4, page viii. 

MISTY 

MANOR 
502.00 

40.00 

E lementary schematics showing, lefl to right, the circuils for measuring current, resistance, and voltage. The bat­
teries :Ire symbol ic only; the instrument is entirely a-c operated. 
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AMPLIFIERS ~------- Power 

TYPE 1233 -A POWER AMPLIFIER 
20 e to 20 ke 20 ke to 1.5 Me 20 e to 3 Me 

USES: The wide frequency range and high 
power output of this amplifier make it adapt­
ab le to many uses in electronic and electro­
acoustic laboratories. Typical uses are: 

Driving acoustic generators. 
Exciting antennas for radiation-pattern and 

impedance measurements. 
Amplifying received signals for operating 

remote modulation and frequency monitors. 
Amplifying weak signals for osci lloscope 

deflection. 

DESCRIPTION: The excellent frequency reo 
sponse of this amplifier is obtained in three 
push-pull, broad-band circuits with series­
peaked interstage couplings. The two power 
ranges use toroidal output transformers; the 
voltage-amplification range uses a series­
peaked video-output network with gradual 
roll-off above 3 Me. Ranges are selected by 
panel switch. Meter reads output volts and 
can be switched to read plate current of out­
put tubes. 

SPECIFICATIONS 
Input Voltage : Less t han 0.2 volt for fu ll output. 60 c ; 120 watts at lIiero output: 1~0 watts maximum. 

Voltmeter: Full-wave-average type: 150, 50, and J 5 
volts f.s.: Ac("urar~' ±5 %; Impedance 15,000 ohms, 
compensated to 5 Me. 

Input Impedance : 100,000 ohms in parallel with 37 J1-J1-f 
(grounded). 
Power Supply: 105 to 125 (or 210 to 250) volts, 40 to 

Range Switch 
Position 

Operating 
F1"eq Range 

OUTPUT 
Distortion 

OptimulIL Load R ise at Rated 
Power * Voltage I mpeclance Time Output 

20 c to 20 -;-k-c ---, 20 c - 20 kc 8 wa tts 600 or 150n 3% 
50 c -15 kc 15 watts 

20 kc to 1.5 Mc 20 kc - 1.5 Mc 8 watts 50n grounded 3% 
20 kc - 0.5 Mc 15 watts 

20 c to 3 Mc 20 c - 3 Mc 150 v 0 It s, eRO deflec- 0.1J1- 3 % 
peak-to-peak, tion p lates; 1 sec. 
bal; 50 volts Mfl, 36" leads 
grounded 

Disconnec ted Any single frc- 15 watts; with external tuned output transformer 
quency, 20 c to 
5 i\lc 

* Rated output is obtainable at 105 volts line; output is greater for higher line voltages. 

0.2 J1-sec 1 J1-sec 2 J1-sec 

4 GENERAL RADIO COMPANY 

Noise Level 
60 db below 15 
wattR, or equiv-
a lent to 200 !LV 
input 
70 db below 15 
watts or equiv-
alent to 63 J1-V 
input 
0.6V, peak to 
peak , bal, or equiv-
alent to 600 J1-V 
p-t-p, input 

Output pulse wave· 
form s 20c to 3 Mc 
range: input pul se 
ri se time, 0.03 J1-sec; 
three pu Ise lengths 
shown. 



Unit 

~g ~;~~--+-+-+--r-r~-T-T-T-~~.~--+-+-~~~ 
~L:HH--+-j-I--j-H--+-j--I - '- -- -c- -\--

Typica l "espouse curves Jor the three amplifier ra uges. 
The 20-cycle-to-3-megacycle range is given a smooth 
roll -off at the high end to assure good transient response. 

Freque ncy Response: See plot. 
Phase Shift : See plot. 
Tube Complem e nt : 2 -- oAC7 

2 - 807 
2 -GAC7 
1 -6Jo 

Te rm ina ls: Input and output TyPIC 87-1 Coaxial Termi­
nals, with ground post for double-plug connection; 
TYPE 938 Binding Posts for balanced output. 

AMPLIFIERS 

Phase Shift versus frequeucy for TYPE 1233-A Power 
Amplifier. 

Accesso ries Supplied: Two TYPE 27,J-MB Double Plugs; 
two TYPE 87-l-C59 Cable Connectors; two spare line 
fuses; TYPE CAP-:35 Power Cord. 
Dimensions: Relay-rack panel, 19 x 7 inches; over-all, 
19% x 15.J;2 x 7.J;2 inches. 
Net Weight: 46.J;2 pounds. 

____ ~1~'yp~e~--_.~------~--~~----------------------------_.----C~oG~le~Tr-10~1~·d~-. __ ~~P~r_i~ce~ __ __ 
1233-A 1 Power Amplifier .... . . .... . ... . .. . .. . ... . .. 1 ANGER $560.00 

PATENT NOTICE. See Note 4. page viii. 

TYPE 1206-8 UNIT AMPLIFIER 
This well-designed, compact amplifier de­

livers 3 watts at audio and ultrasonic frequen­
cies. It has many uses in the laboratory-­
as a bridge amplifier, a driver for low-power 
electronic and electro-acoustic devices, and 
as an amplifier for use with the TYPE 121O-B 
Unit Oscillator and other low-power oscil­
lators. 

The Unit Amplifier plugs conveniently into 
a Unit Power Supply (pages 144- 146) and uses 
the single-ended push-pull circuit. * 
* A. P. G . Peterson and D. B. Sinclai r ... A Single-Ended Push-Pull 
Audio Amplifier," Proe. I.R.E .• January. 1952. pp. 7- 11. 

Power Output : 'Vi th 300-volt plate supply, 600-fl load: 
3 watts from 10 cycles to 50 kc. 
1.5 watts from 5 cycles to 100 kc. 
0.5 watts at 250 kc. 

Distort io n : Less than 1% harmonic distortion with 2 
watts output (2% with 3 watts) into 600 ohms from 20 
cycles to <10 kc. 
Pulse Respon se: No Load 600n 
Droop in 30-cycle square wave 15 % 20 % 
Approx. Rise time: 50 v peak-to-peak 1 }lsec . 2 }lsec . 

100 v peak-to-peak 2 }lsec . 4 }lsec . 
Max. output, peak-to-peak magnitude: 2(;0 v 120 v 
Load Impedance : 600 ohms optimum. Blocking capaci­
tor is 100 }I f. (Internal impedance about 100 ohms. ) 

10 

-
to / <:',,-
If' ,.--. :1 ',,-'" 

~ 
~"'IU L. IN~~N~~;;U~N;~~~REAOING '1QLTMETERI 

, OASH[o ",,, "AX . OVTP\JT H,. 'GOOO OUT"'" WA""""" 

" , .. 00., '0""" 
f REOUENcY "" 00." .. 

Input Impedance: 100,000 ohms in parallel with 35 }l}lf. 
Freque ncy Res ponse: Down less than 3 db at 2 cycles 
and 500 kc at ]0 volts (or less) output with gain control 
set at maximum. See also power output specification. 
Voltage Ga in : Continuously adj ustable. Maximum gain 
is 50 to 1, (34 db) with no load. '/"2.., .... 
A-C Hum in Output : Less than 10 mv, rms, with TYPE 
1203-A Unit Power Supply; less than 3 mv, rms, with 
TyPE 1201-A Unit Regulated Power Supply. 
Power Requirements: 6.3 volts, 2.7a; 300 volts, 50 mao 
TYPE 120:3-A Unit Power Supply is recommended. 
Power Supply : The amplifier plugs directly into any 
one of the Unit Power Supplies (pages 144- 146). It can 
be permanently attached with bolts supplied to form a 
complete assembly. 
Accessories Supplie d : Multipoint connector. 
Tube Complement : One 12AX7 and two 6W6-GT. 
Te rminals : J ack-top binding posts with standard ~-inch 
spacing. 
Mounting: Black-crackle finished panel and sides. 
Aluminum cover finished with clear lacquer. Relay-rack 
panel available; see price table below. 
Dimens ions : (wid th) 9% x (height) 5~ x (depth) 6X 
inches, over-all. 
Net Weigh t: 4 pounds. 

_____ '1_'ype Code Word P rice 
1206~-B~*---'~U~n~i~t ~A~m--p~lif~ie-r-. -.-.. -.-.-. -.-.. -.-.-.-. -.-.. - .- .-.-.-. -.-.. -.-.-.-.'-~A~R=B~O~R~~'---·$~8~5~.0~0~--
1203-B Unit Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . ALIVE 40.00 
480-P4U3 Relay Rack Panel for above Amplifier and 

Power Supply ......... . .. . ... .. ...... . ... . UNIPANCART 10.85 
* PATENT NOTICE. See Notes 1 and 8, page viii. 

GENERAL RAD I O COMPANY 5 



AMPLIFIERS ---~ D-C 

TYPE 1230-A D-C AMPLIFIER AND ELECTROMETER 
USES : The D-C Amplifier and Electrometer is 
basically a millivoltmeter with extremely high 
input resistance. It measures: 

Voltage - as low as 0.5 millivolt. 
Current - as low as .5 x 10-15 amperes. 
Resistance - up to 5 X 1014 ohms. 

These quantities arc indicated on a panel 
meter, and output is available to operate 
recorders and other equipment. 

Because of its high sensitivity and excellent 
stability, this instrument has a wide range of 
applications in s~ience, engineering, and in­
dustry. Typical examples include the measure­
ment of: 

Ionization currents, photo currents, grid 
currents in electron tubes, and time-current 
curves of capacitors during charge and dis­
charge. 

Piezo-electric potentials, bioelectric poten­
tials, contact potentials, electrostatic field 
potentials, and pH indications. 

Back resistance of silicon-junction diodes, 
interconductor resistance of cables, insulation 
resistance of electrical equipment, and voltage 
coefficient of resistance. 

DESCRIPTION: The cirCUIt is a three-stage 
direct-coupled amplifier that acts as a highly 
degenerated cathode follower and has high 
overall transconductance. Excellent linearity 
is obtained even on the lowest scales. 

Voltage is measured directly; current is 
measured in terms of the voltage drop across 
a standard resistor, through which the current 
flows; and resistance in terms of a standard 
voltage source connected in series with the 
standard and unknown resistors. 

To achieve maximum stabilit.y, power-sup­
ply voltages are stabilized; components are 
carefu lly chosen and well aged; chassis and 
sub-assemblies are shock mounted. 

High input resistance, even under conditions 
of high humidity is achieved by use of an elec­
trometer tube and by enclosure of the input 
grid lead in silicone-treated glass. Input re­
sistance selector has switch contacts that are 
mounted on individual teflon bushings set in a 
metal base that connects to a guard point. 

Input stage is completely shielded, and the 
coaxial input terminal permits this shielding 
to be extended to the unit under test. A fu lly 
shielded chamber, the TYPE I230-PI Com­
ponent Shield, is available as an accessory, 
within which components to be measured can 
be quick ly and easi ly connected. 

Guard terminals are provided. The low input 
terminal can be grounded or not, as desired. 

The output meter has two voltage scales and 
two resistance scales, which provide two 
ranges per decade. Terminals are provided for 
connecting an external meter or recorder. The 
Esterline-Angus (or equi valent) 5-ma and 
I -ma Graphic Recorders are recommended, 
and the TYPE I230-AE D-C Amplifier and 
Electrometer is installed in an Esterline­
Angus case to match the recorder. 

SPECIFICATIONS 
Voltage Ranges : ±30, ]00 and 300 mill ivolts; ±1, 3 
and 10 volts; dc, full-scale. Accuracy is ±2% of full 
scale on the fivc highest ranges ; ±4% of full scale on 
the 30-mv range. 
Current Ranges: ±1 milliampere d-c (10- 3 amp.) full 
scale to ±300 milli-micromicroamperes (3 x 10- 13 amp.) 
full scale, in twenty ranges (two per decade). Accuracy 
is ±3% of full scale from 10- 3 amp to 3 x 1O-9amp; 
± 10% of full scale from 10-10 amp to 3 x 10-13 amp. 

Frequency Characteristic: Wi th a 1500-ohm load at the 
OUTPUT terminals, the frequency characteristic is flat 
within 5% from zero to 10, 30, 100, 300, 1000 and 3000 
cycles at the 30-, 100-, 300-millivolt, 1-, 3-, and 10-volt 
ranges, respectively. 
Resistance Ranges : Direct reading in resistance from 
300 kilohms to 10 mega-megohms (1013 ohms) at full 
scale (5 x 1014 ohms at smallest meter division). There 
are sixteen ranges (two per decade). At full scale (low-

2 GENERAL RADIO COMPANY 
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TYPE 1230-Pl Componenl Sh ield (wilh shield cover re­
moved) plugged into the input terminal at the rear of 

lhe eleclromeler. 

resistance end ) accuracy is ±3 % from 3 x 10' ohms to 
1010 ohms; ±8% from 3 x 1010 ohms to 10" ohms. The 
voltage across the unknown resistance is 9. 1 volts. 

The resistance range may be extended considerably, 
and voltage coeffi cients of resistors determined, by 
the use of external batteries. With a 300-volt battery, 
the higlwst resistan ce rangc is 10" ohms fu ll scale 
(6 x 1016 ohms at the smallest meter division) . The 
full battery voltage appears across the unknown 
resistance. 
Resistance Standards: 10' , 10', 106, 107, 108, J0 9, 1010, 
and lO" ohms. The switch also includes "zero" and 
" infinity " positions. The 1 0 1- and 1 O'-ohms resistors 
are wire wound and a rc accurate to ± 0.25%. The 
106-, 107_ and 108-ohm resistors are of deposited­
carbon construction and are accurate to ± 1 'fa . The 
109, 1 01u and 10" resistors are carbon, have been treated 
to prevent adverse humidi ty effects, and are accurate 
to ±5% . A switch position permits quick checking of 
the higher-resistance standards in terms of the wire­
wound uni ts. 
Input Resistance: The input resistance is determined by 
the setting of the resistance standards switch. In the 
infinity position, it is approximately 1014 ohms. 
Drift: Less than 2 mv per hour after one-hour warmup. 
Output: Voltage, current and resistance are indicated 
on a panel meter. Terminals are avai lable for connecting 
a recorder (such as the Esterline-Angus 5-ma or I-rna 
graphic recorder). The recorder can have a resistance 
of up to 1500 ohms. 

'l'ype 

AMPLIFIERS 

TYPE 1230-AE D-C Amplifier and E lectrometer with a 
recorder. 

Input Capacitance: Less than 35 )L)Lf. 

Terminals: The input is connected through an 874-type 
coaxia l termina l assembl.v. In addition, there a re three 
"low" terminals to provide versati li ty in guard and 
ground connections, as requ ired, for example, in three­
terminal network measurements. 
Input Switch: A panel switch permits disconnec tion of 
the unknown without transient elect rical disturba nces in 
either the unknown or the measuring circuit. 
Input Insulation: Entirely teflon or silicone-treated glass. 
Temperature, Humidity, line Voltage Effects: Negligible. 
Tube Complement: One 5886 electrometer, one CI(6418, 
one 6AN5, one 6AL5, one 6627, and three OB2. 
Accessories Supplied: One TYPE 87-1-411 Adaptor, one 
TYPE 1230-Pl-300 P anel Adaptor Assembly, two TYPE 
274-MB Plugs, one TYPE 274-SB Plug, spare fuses and 
TYPE CAP-:35 P ower Cord. 
Accessories Available: TYPE 1230-Pl Component Shield. 
Mounting: Aluminum front and rear panels finished in 
black-crackle lacquer and encased in an a luminum 
black-wrinkle-finished sleeve-like cabinet. The instru­
ment is also ava ilable mounted inside a recorder case. 
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 
60 cycles. Power input is approximately 35 watts at 
115 volts. 
Dimensions: (height) 13~ x (width) 7% x (depth) 9 
inches, over-all. 
Net Weight: 15~ lbs. 

Code W01·d Price 

1230-A 
1230-AE 

D-C Amplifier and Electrometer ....... . ..... . MASON $440.00 
D-C Amplifier and Electrometer in Esterline-
Angus Case ............... . .. . ........... . 

1230-Pl Component Shield ... . . . . ............. .... . 
PATENT NOTICE. See Notes 2 and 4, page viii. 

MISTY 

MANOR 
502.00 

40.00 

E lementary schematics showing, lefl to right, the circuils for measuring current, resistance, and voltage. The bat­
teries :Ire symbol ic only; the instrument is entirely a-c operated. 
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AMPLIFIERS ~------- Power 

TYPE 1233 -A POWER AMPLIFIER 
20 e to 20 ke 20 ke to 1.5 Me 20 e to 3 Me 

USES: The wide frequency range and high 
power output of this amplifier make it adapt­
ab le to many uses in electronic and electro­
acoustic laboratories. Typical uses are: 

Driving acoustic generators. 
Exciting antennas for radiation-pattern and 

impedance measurements. 
Amplifying received signals for operating 

remote modulation and frequency monitors. 
Amplifying weak signals for osci lloscope 

deflection. 

DESCRIPTION: The excellent frequency reo 
sponse of this amplifier is obtained in three 
push-pull, broad-band circuits with series­
peaked interstage couplings. The two power 
ranges use toroidal output transformers; the 
voltage-amplification range uses a series­
peaked video-output network with gradual 
roll-off above 3 Me. Ranges are selected by 
panel switch. Meter reads output volts and 
can be switched to read plate current of out­
put tubes. 

SPECIFICATIONS 
Input Voltage : Less t han 0.2 volt for fu ll output. 60 c ; 120 watts at lIiero output: 1~0 watts maximum. 

Voltmeter: Full-wave-average type: 150, 50, and J 5 
volts f.s.: Ac("urar~' ±5 %; Impedance 15,000 ohms, 
compensated to 5 Me. 

Input Impedance : 100,000 ohms in parallel with 37 J1-J1-f 
(grounded). 
Power Supply: 105 to 125 (or 210 to 250) volts, 40 to 

Range Switch 
Position 

Operating 
F1"eq Range 

OUTPUT 
Distortion 

OptimulIL Load R ise at Rated 
Power * Voltage I mpeclance Time Output 

20 c to 20 -;-k-c ---, 20 c - 20 kc 8 wa tts 600 or 150n 3% 
50 c -15 kc 15 watts 

20 kc to 1.5 Mc 20 kc - 1.5 Mc 8 watts 50n grounded 3% 
20 kc - 0.5 Mc 15 watts 

20 c to 3 Mc 20 c - 3 Mc 150 v 0 It s, eRO deflec- 0.1J1- 3 % 
peak-to-peak, tion p lates; 1 sec. 
bal; 50 volts Mfl, 36" leads 
grounded 

Disconnec ted Any single frc- 15 watts; with external tuned output transformer 
quency, 20 c to 
5 i\lc 

* Rated output is obtainable at 105 volts line; output is greater for higher line voltages. 

0.2 J1-sec 1 J1-sec 2 J1-sec 

4 GENERAL RADIO COMPANY 

Noise Level 
60 db below 15 
wattR, or equiv-
a lent to 200 !LV 
input 
70 db below 15 
watts or equiv-
alent to 63 J1-V 
input 
0.6V, peak to 
peak , bal, or equiv-
alent to 600 J1-V 
p-t-p, input 

Output pulse wave· 
form s 20c to 3 Mc 
range: input pul se 
ri se time, 0.03 J1-sec; 
three pu Ise lengths 
shown. 



Unit 

~g ~;~~--+-+-+--r-r~-T-T-T-~~.~--+-+-~~~ 
~L:HH--+-j-I--j-H--+-j--I - '- -- -c- -\--

Typica l "espouse curves Jor the three amplifier ra uges. 
The 20-cycle-to-3-megacycle range is given a smooth 
roll -off at the high end to assure good transient response. 

Freque ncy Response: See plot. 
Phase Shift : See plot. 
Tube Complem e nt : 2 -- oAC7 

2 - 807 
2 -GAC7 
1 -6Jo 

Te rm ina ls: Input and output TyPIC 87-1 Coaxial Termi­
nals, with ground post for double-plug connection; 
TYPE 938 Binding Posts for balanced output. 

AMPLIFIERS 

Phase Shift versus frequeucy for TYPE 1233-A Power 
Amplifier. 

Accesso ries Supplied: Two TYPE 27,J-MB Double Plugs; 
two TYPE 87-l-C59 Cable Connectors; two spare line 
fuses; TYPE CAP-:35 Power Cord. 
Dimensions: Relay-rack panel, 19 x 7 inches; over-all, 
19% x 15.J;2 x 7.J;2 inches. 
Net Weight: 46.J;2 pounds. 

____ ~1~'yp~e~--_.~------~--~~----------------------------_.----C~oG~le~Tr-10~1~·d~-. __ ~~P~r_i~ce~ __ __ 
1233-A 1 Power Amplifier .... . . .... . ... . .. . .. . ... . .. 1 ANGER $560.00 

PATENT NOTICE. See Note 4. page viii. 

TYPE 1206-8 UNIT AMPLIFIER 
This well-designed, compact amplifier de­

livers 3 watts at audio and ultrasonic frequen­
cies. It has many uses in the laboratory-­
as a bridge amplifier, a driver for low-power 
electronic and electro-acoustic devices, and 
as an amplifier for use with the TYPE 121O-B 
Unit Oscillator and other low-power oscil­
lators. 

The Unit Amplifier plugs conveniently into 
a Unit Power Supply (pages 144- 146) and uses 
the single-ended push-pull circuit. * 
* A. P. G . Peterson and D. B. Sinclai r ... A Single-Ended Push-Pull 
Audio Amplifier," Proe. I.R.E .• January. 1952. pp. 7- 11. 

Power Output : 'Vi th 300-volt plate supply, 600-fl load: 
3 watts from 10 cycles to 50 kc. 
1.5 watts from 5 cycles to 100 kc. 
0.5 watts at 250 kc. 

Distort io n : Less than 1% harmonic distortion with 2 
watts output (2% with 3 watts) into 600 ohms from 20 
cycles to <10 kc. 
Pulse Respon se: No Load 600n 
Droop in 30-cycle square wave 15 % 20 % 
Approx. Rise time: 50 v peak-to-peak 1 }lsec . 2 }lsec . 

100 v peak-to-peak 2 }lsec . 4 }lsec . 
Max. output, peak-to-peak magnitude: 2(;0 v 120 v 
Load Impedance : 600 ohms optimum. Blocking capaci­
tor is 100 }I f. (Internal impedance about 100 ohms. ) 

10 

-
to / <:',,-
If' ,.--. :1 ',,-'" 

~ 
~"'IU L. IN~~N~~;;U~N;~~~REAOING '1QLTMETERI 

, OASH[o ",,, "AX . OVTP\JT H,. 'GOOO OUT"'" WA""""" 

" , .. 00., '0""" 
f REOUENcY "" 00." .. 

Input Impedance: 100,000 ohms in parallel with 35 }l}lf. 
Freque ncy Res ponse: Down less than 3 db at 2 cycles 
and 500 kc at ]0 volts (or less) output with gain control 
set at maximum. See also power output specification. 
Voltage Ga in : Continuously adj ustable. Maximum gain 
is 50 to 1, (34 db) with no load. '/"2.., .... 
A-C Hum in Output : Less than 10 mv, rms, with TYPE 
1203-A Unit Power Supply; less than 3 mv, rms, with 
TyPE 1201-A Unit Regulated Power Supply. 
Power Requirements: 6.3 volts, 2.7a; 300 volts, 50 mao 
TYPE 120:3-A Unit Power Supply is recommended. 
Power Supply : The amplifier plugs directly into any 
one of the Unit Power Supplies (pages 144- 146). It can 
be permanently attached with bolts supplied to form a 
complete assembly. 
Accessories Supplie d : Multipoint connector. 
Tube Complement : One 12AX7 and two 6W6-GT. 
Te rminals : J ack-top binding posts with standard ~-inch 
spacing. 
Mounting: Black-crackle finished panel and sides. 
Aluminum cover finished with clear lacquer. Relay-rack 
panel available; see price table below. 
Dimens ions : (wid th) 9% x (height) 5~ x (depth) 6X 
inches, over-all. 
Net Weigh t: 4 pounds. 

_____ '1_'ype Code Word P rice 
1206~-B~*---'~U~n~i~t ~A~m--p~lif~ie-r-. -.-.. -.-.-. -.-.. -.-.-.-. -.-.. - .- .-.-.-. -.-.. -.-.-.-.'-~A~R=B~O~R~~'---·$~8~5~.0~0~--
1203-B Unit Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . ALIVE 40.00 
480-P4U3 Relay Rack Panel for above Amplifier and 

Power Supply ......... . .. . ... .. ...... . ... . UNIPANCART 10.85 
* PATENT NOTICE. See Notes 1 and 8, page viii. 
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• 
IMPEDANCE-MEASURING INSTRUMENTS 

METHODS 

For the measurement of all types of imped­
ance, resistive or reactive, inductive or ca­
pacitive, at frequencies ,yell up into the u-h-f 
band, null methods have proved to be the 
most acceptable on grounds of both precision 
and convenience. Most of the null methods 
used from dc to radio frequencies of the order 
of 100 megacycles are adaptations of the fun­
damental Wheatstone bridge circuit, although 
other types of networks which can be adjusted 
to give zero transmission for a particular con­
figuration of circuit elements are sometimes 
used. Other systems, usually resonant circuits, 
using deflection-type instruments also have 
advantages for certain applications. 

At very high frequencies where impedances 
can no longer be treated as lumped elements, 
coaxial-line techniques offer greater promise 
than bridge circuits made up of lumped ele­
ments, and null methods employing these 
techniques have been developed. 

DIRECT -CURRENT BRIDGES 

The so-called Wheatstone bridge, Figure I, 
has been used for over a century for the 
measurement of direct-current resistance and 
is still considered the fundamental circuit for 
the purpose. It measures an unknown resist­
ance in terms of calibrated standards of re­
sistance from the relationship 

RA RN 
RB = Rp (1) 

which is satisfied when the voltage across the 
detector terminals is zero. 

The General Radio Company manufac­
tures three d-c bridges using the Wheatstone 
circuit: (1) the TYPE 650-A Impedance Bridge, 
which includes a d-c resistance measuring 
circuit with a d-c galvanometer as the detec­
tor; (2) the TYPE 544-B Megohm Bridge, 
designed for the measurement of very high 
resistances, in which the necessary sensitivity 

~----~GEN.O-----~ 

(Left) FIGURE 1. Tbe 
general Wbeatstone 
bridge circui t. (Right ) 
FIGURE 2. Circuits for 
capacitance bridges in 
whicb like reactances, 
CN and Cp, or unlike 
reactances, LA and Cp, 

are compared. 

is obtained by using as a detector a vacuum­
tube voltmeter with extremely high input 
resistance; and (3) the TYPE 1652-A Resist­
ance Limit Bridge, designed primarily for 
production testing, lJUL also capable of labo­
ratory resistance measurements over a wide 
range. 

ALTERNATING-CURRENT BRIDGES 

The basic circuit of Figure 1 is also applic­
able to a-c measurements. With impedances 
substituted for resistances, two conditions of 
balance must be satisfied simultaneously, one 
for the resistive component and one for the 
reactive component. The fundamental equa­
tions of balance can be written in either of 
the following forms: 

RN + jXN = ZAZpYB (2) 
GN+ JBN = YAYpZB (3) 

Equation (2) is most convenient when it is 
desired to express the unknown in terms of 
its impedance components, while Equation (3) 
is used when the unknown is considered in 
terms of its admittance components. In order 
to satisfy these equations, at least one of the 
three arms A, P, or B must be complex. 

The reactance X N can be measured in terms 
of a similar reactance in an adjacent arm. Of 
the bridges described on the following pages, 
TYPES 716, 740, 1611, and 650 use this method 
for the measurement of capacitance, while 
TYPE 667 uses it for the measurement of in­
ductance. In the TYPE 1604-B Comparison 
Bridge this method is adapted to the rapid 
measurement of resistors, capacitors, or in­
ductors by comparison with a standard 
sample. The reactance of the unknown can 
also be measured in terms of an unlike re­
actance in the opposite arm. The TYPE 650 
measures inductance in this manner, using a 
capacitor in the opposite arm as the standard . 

The TYPE 1603-A Z-Y Bridge for audio 
frequencies and the TYPES 1606-A and 916-AL 
for radio frequencies employ a substitution 
technique in the circuit shown on page 36. 

,-----<0 G EN.O-----, ,-----oG EN. 0------, 
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able to a-c measurements. With impedances 
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tions of balance can be written in either of 
the following forms: 

RN + jXN = ZAZpYB (2) 
GN+ JBN = YAYpZB (3) 
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desired to express the unknown in terms of 
its impedance components, while Equation (3) 
is used when the unknown is considered in 
terms of its admittance components. In order 
to satisfy these equations, at least one of the 
three arms A, P, or B must be complex. 

The reactance X N can be measured in terms 
of a similar reactance in an adjacent arm. Of 
the bridges described on the following pages, 
TYPES 716, 740, 1611, and 650 use this method 
for the measurement of capacitance, while 
TYPE 667 uses it for the measurement of in­
ductance. In the TYPE 1604-B Comparison 
Bridge this method is adapted to the rapid 
measurement of resistors, capacitors, or in­
ductors by comparison with a standard 
sample. The reactance of the unknown can 
also be measured in terms of an unlike re­
actance in the opposite arm. The TYPE 650 
measures inductance in this manner, using a 
capacitor in the opposite arm as the standard . 

The TYPE 1603-A Z-Y Bridge for audio 
frequencies and the TYPES 1606-A and 916-AL 
for radio frequencies employ a substitution 
technique in the circuit shown on page 36. 
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Introduction ~----- BRIDGES 

In the radio-frequency bridges the capacitors 
in the A and P arms are variable and measure 
the reactance and resistance, respectively, of 
an unknown connected in the P arm. In the 
TYPE 1603-A the resistive elements in A and 
P arm are variable and serve a dual purpose. 
For an unknown connected in parallel with 
the A arm, the variable resistors measure the 
conductance and susceptance components, 
while for an unknown connected in series 
with the P arm, these same resistors measure 
reactance and resistance. The circuit constants 
are so chosen that this bridge possesses the 
ability, unique among available a-c bridges, 
of balancing for any impedance presented to 
its terminals. 

Resistive Balance 

Four basic methods are in common use. 
These are (1) resistance in series with the 
standard reactance, (2) resistance in parallel 
with the standard reactance, (3) capacitance 
in parallel with a resisti ve arm, and (4) capaci­
tance in series with a resistive arm. 

The series-resistance method (1) is usecl in 
the TYPES 740-B, 1611-A, 667-A, and 650-A. 
The parallel-resistance method (2) is used for 
some of the circuits in the TYPE 650-A. The 
TYPE 1603-A uses both series and parallel re­
sistance. The parallel capacitance method (3) 
is used in the TYPES 716-C, 1601-A, 1606-A, 
and 916-AL. As used in the TYPE 716-0, the 
circuit is commonly referred to as the Schering 
bridge, with the controls calibrated in capaci­
tance and dissipation factor. The circuit used 
in the 1601, 1606, and 916-AL, although simi­
lar in configuration, is used in a different 
manner, with the controls calibrated in terms 
of resistance and reactance. 

Dissipation Factor and Storage Factor 

An important characteristic of an inductor 
or a capacitor is the ratio of resistance to re­
actance or of conductance to susceptance. 
This ratio is termed dissipation factor, D, 
and its reciprocal is storage factor, Q. These 

F IGURE 3. Four basic methods of obtaining res istance 
ba lance. 

,...-----<> GE N. 0-------, ~---<>GE N.o--- ---, 

x B 

R G 

0 - ." R G - cot <7 :X = B 

Power Factor = 

cos8: ~ 

X B 
Q: ton 8 = -:­R G 

FIGURIl 4. Vector diagram showing the re lations 
between factors D and Q, and angles 0 and 5. 

ratios are defined as follows: 
1 R G 1 X B 

D = Q = X = B Q = D = R = G (4) 

where R and X are the series resistance and 
reactance, and G and B are the parallel con­
ductance and susceptance of the impedance 
or aclmittance involved. Dissipation factor is 
directly proportional to the energy dissi­
pated, and storage factor to the energy stored, 
per cycle. The relation of these factors to 
phase angle and loss angle is shown in Figure 4. 

1 
D = Q = cot 8 = tan 0 (5) 

Power factor is defined as 
P.F. = cos 8 = sin 0 (6) 

and differs from dissipation factor by less 
than 1% when their values are less than 0.15. 

FIGURIl 5. Paralle l·T circuit for measuring impedance 
a t radio frequencies. 
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BRIDGES 

Dissipation factor is commonly used for 
capacitors and, to a lesser extent, for inductors 
because it varies directly with the loss. Stor­
age factor Q is often used for indu ctors because 
it is a measure of t he voltage step-up in a 
tuned ci rcuit. 

The bridge control for the resistive balance 
can be calibra ted in dissipation factor, or in 
storage factor, for a given frequency. The 
TYPES 740 and 1611 have dials cali brated in 
dissipation factor at 60 cycles, and t he TYPE 
716 is direct reading at 100 cycles, 1, 10 and 
100 kilocycles. The TYPE 650 reads directly 
the dissipation factor of capacitors and the 
storage factor of inductors, at 1000 cycles. 

OTHER NULL TRANSMISSION NETWORKS 
The Twin-T 

In addit ion to the bridge circuits described 
above there are a number of other networks 
that can be ad justed to give zero transmis­
sion. One of t hese, the Twin-Tor Parallel-l' 
illustrated in Figure 5, has proved to be of 
great value for admittance measurements at 
high radio frequencies. This circuit is used in 
the TYPE 821 for impedance measurements 
from 0.5 to 40 megacycles. 

In t his circuit t he conductive component of 
the unknown is measured in terms of a fixed 
resistance and a variable capacitance, thus 
avoiding t he enors inherent in variable re­
sistors at high frequencies 

The AdmiHance Meter 

The upper-frequency limit of conventional 
bridge circui ts using lumped-parameter ele­
ments is determined by the magnitude of the 
residual impedances of the elements and 
leads, and, in general, t he cor rections for 

FIGURE 6. Schematic diagram of admillance meter cir­
cuit, with sta ndards, genera tor, and null de tec tor con­

nected for admittance measurements. 

~----- General 

these become unmanageable at frequencies 
higher than about 150 megacycles, and cir­
cuits based on coaxial-line techniques are 
more satisfactory. 

The TYPE 1602-B U-H-F Admittance Meter 
(see page 40) is a null device based on these 
techniques. Through ad justable loops, it sam­
ples the cu rrents flowing in three coaxial lines 
fed from a common source at a common junc­
tion point and terminated, respectively, in the 
unkn own element, a standard conductance, 
and a standard susceptance. The outputs of the 
loops are combined, and when the loops are 
properly oriented, the combined output be­
comes zero, so t hat a null balance is produced. 
Scales associated with the three loops give the 
value of the unknown directly. 

SLOTTED LINE 

One of the important basic measuring in­
struments used as ul t ra-high frequencies is the 
slotted line, which can be used to determine the 
characteristics of an unkno\\"J1 impedance 
from t he change in the stand ing-wave pattern 
of the electric field in the line produced by con­
necting the unknown to the load end of the 
lin e. The TYPE 874-LBA Slotted Line, a pre­
cise, but moderately priced instrument, with 
an operating range of 300 to 5000 megacycles 
is described in the section on U-H-F Coaxial 
Elements, page 45 et seq. 

VACUUM-TUBE BRIDGE 

Using a null transmission circuit, the TYPE 
561 Vacuum-Tube Bridge measures three 
fundamental vacuum-tube parameters: ampli­
fication factor, transconductance, and plate 
resistance. It can also measure the correspond­
ing quantities for transistors. Each of the three 
coefficients is obtained in terms of the ratio of 
two WOO-cycle test voltages. A third voltage 
is used in a capacitance-balancing circuit. 

LIMIT BRIDGES AND COMPARATORS 

Limit testing at several frequencies is made 
possible by the TYPE 1604-B Comparison 
Bridge and the TYPE 1605-A Impedance Com­
parator. The TYPE 1604 uses a null-balance 
circuit in which balance is achieved by adjust­
ment of two dials, one of which varies the 
bridge ratio arms either side of unity, while 
the other changes the phase balance. Balance 
is indicated on a cathode-ray tu be. 

The Impedance Comparator, which is cap­
able of extreme precision, indicates impedance 
difference and phase-angle difference directly 
on two panel meters. 

This bridge, which uses a balanced trans-
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GUARD 

FIGURE 7. E lementary schematic circuit diagram of the 
TYPE 7l6-P4 G uard Circuit con nected to the TYPE 

7l6-C Capacitance Bridge showing the unknown 
capacitance and its terminal impedances. 

former as the ratio arms, is as useful for labor­
atory measurements as it is in production 
testing. 

GUARD CIRCUIT 

With the addition of a fifth point to a con­
ventional four-arm bridge network, it be­
comes possible to measure the direct imped­
ance between two points of a three-terminal 
network. Such a network is shown in F igure 
8, with impedances between the fifth point 
and each of the four corners of the bridge. 
It can be shown that the network is in balance 
if either of the following conditions are met: 

A B F 
N P Ii 
A N S 
B=p=r 

(1) 

(2) 

Obviously these conditions include the 
ordinary equation of balanc~ of the four-arm 
network A-B-N- P. 

Figure 7 shows the schemati c diagram of 
the TYPE 716-P4 Guard Circuit, designed 
specifi cally for use with the 716-C Capaci­
tance Bridge. In this circuit the guard point 
is brought to ground potential, as is the de­
tector terminal. This particular type of guard 
circuit has been frequently referred to in 
li terature as a "Vagner Ground. 

The use of the guard circuit permits the 
accurate measurement of the direct capaci­
tance and dissipation factor between two 
terminals of a three-terminal network. One 
of the most important applications of such a 
measurement arises in the determination of 
the properties of dielectric materials. A guard 
electrode, which forms, with the two measur­
ing electrodes, a three-terminal system, is 
often employed in such determinations to 
eliminate effects of variable lead parameters 
as temperature or other conditions are 
changed. 

FIGURE 8. General bridge network with guard ci rcu it, 
and unknown three-terminal impedance. 

DETECTORS 
(See also the discussion of detectors on page 63) 

To obtain the maximum precision of bal­
ance with any bridge or null-balance circuit, 
it is necessary to obtain a virtually complete 
null balance. With modern vacuum-tube cir­
cuits, however, sufficient sensitivity can be 
obtained to utilize all the potential precision 
of any null-balance network. 

In some bridge circuits the balance is de­
pendent upon frequency, and the value of t he 
unknown impedance usually varies with fre­
quency. Consequently, the presence of har­
monics in the input to the bridge or their 
production in a non-linear impedance within 
the bridge may obscure the fundamental 
balance. A null balance may also be masked 
by the residual noise level of t he oscillator and 
amplifier used. For these reasons it is usually 
advisable to employ a selective detector, 
tuned to the frequency at which it is desired 
to balance the bridge. 

Conventional cathode-ray oscillographs and 
sensitive vacuum-tube voltmeters, although 
often used as bridge null detectors (as a result 
of being on hand when needed), are not al­
ways satisfactory for the purpose, for several 
reasons. 

(1) Sensitivity: High sensitivity is needed 
to obtain a high precision of balance in order 
not to limit the accuracy of measurement. 
This is particularly important when a "slid­
ing balance" condition exists, as when meas­
uring inductors with low Q values. Even 
the better cathode-ray oscillographs have sen­
sitivities little or no better than that of head 
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telephones without amplification at 1000 cy­
cles. Sensitive vacuum-tube voltmeters are 
somewhat better. A good null detector, on the 
other hand, can detect levels of a few micro­
volts. 

(2) Selectivity: In most instances it is 
good practice to use a null detector with a 
fi lter tuned to t he frequency of measurement, 
and in many instances it is essential. Osci llo­
scopes and voltmeters are broad-band devices 
unable to discriminate well between a desired 
signal and hum, noise, 01' harmonics, all of 
which reduce precision of balance. General 
Radio null detectors have accessory filters 
especially designed for bridge measurements. 

(3) Logarithmic amplitude response: This 
type of response is a great convenience and 
time-saver, since it reduces or eliminates com­
pletely any adj ustment of null-detector gain 
during balance. General Radio bridge null 
detectors have logarithmic response, while 
osci lloscopes and voltmeters do not. 

(4) Size complexity: An osci lloscope is un­
necessarily large and complex for null detector 
work. 

Audio and Sub-Audio Frequencies 

The TYPE 1231-B Amplifier and Null De­
tector has a panel meter which can be used 
as a self-contained null indicator. This in­
strument can also be made selective by t he 
addition of the TYPE 1231-P2, -P3, -P5, or 
TYPE 1951-A Tuned-Circuit Filters. 

The TYPE 1212-A Unit Null Detector is 
somewhat less sensitive than the TYPE 1231-B 
but covers a much wider frequency range. It 
is usable up to 5 megacycles and has logarith­
mic response. TYPES 1951-A, 1212-P1, and P2 
Filters are available for use with this detector. 

The TYPE 736-A Wave Analyzer and the 
TYPE 760-A Sound Analyzer, in conjunction 
with an amplifier, are also satisfactory selective 
bridge detectors. The wave analyzer is par­
ticu larly useful when extreme selectivity at 
the higher audio frequencies is required, 
while the sound analyzer provides good selec­
tivity at low audio frequencies. For measure­
ments over a wide range of frequencies, these 
instruments have the advantage of being con­
tinuously variable in frequency. 

At audio frequencies, a vacuum-tube ampli­
fier can also be used as a detector. Where a 
visual indication of balance is desired, as is 
necessary at frequencies below about 300 
cycles, a rectifier-type voltmeter 01' a vacuum­
tube voltmeter can be substituted for the 
head telephones. 

General 

Radio Frequencies 

At radio frequencies, any well-designed 
commercial radio receiver can be used. Ear­
phones, a loudspeaker, or a meter can be used 
as the actual balance indicator. Since radio re­
ceivers are inherently selective, the problem 
of radio-frequency harmonics is not signi ficant. 
The receiver should be well shielded and 
should preferably have an r-f sensitivity con­
trol and provision for disconnecting the a-v-c 
circui t, in order to facilitate the approach to 
balance. 

Ultra-High Frequencies 

The most useful detector at ultra-high fre­
quencies is the heterodyne TYPE DNT using 
a crystal mixer, a beating oscillator, and an 
i-f amplifier; see page 69. 

POWER SOURCE 

The main considerations in the selection of 
a power source for a-c bridge measurements 
are frequency stability, power output, and 
harmonic content. 

The TYPES 740-B and 161l-A are designed 
for 60-cycle measurements and operate di­
rectly from the a-c power line. The TYPE 
650-A has a self-contained 1000-cycle micro­
phone hummer or t he TYPE 650-P1 Amplifier­
Oscillator, and no external oscillator is re­
quired unless it is desired to make measure­
ments at frequencies other than 1000 cycles. 
All the other bridges described in this section 
require some type of external oscillator. 

For single-frequency measurements at 400 
and 1000 cycles, the TYPE 1214-A is very 
satisfactory. The TYPE 723-C Vacuum-Tube 
Fork is also satisfactory provided the power 
requirements are low. 

When a continuously variable frequency 
is needed, the TYPE 121O-B Unit Oscillator, t he 
TYPE 1304-A Beat-Frequency Osci llator, or 
the TYPE 1302-A Oscillator is recommended. 

For measurements at radio frequencies with 
the TYPE 1606-A and TYPE 916-AL Radio­
Frequency Bridges, or t he TYPE 821-A Twin­
T Impedance-Measuring Circuit, the TYPE 
1330-A Bridge Oscillator or the TYPE 1211 
Unit Oscillator should be used. For driving 
t he TYPE 1601-A V-H-F Bridge and the TYPE 
1602 U-H-F Admittance Meter, the TYPES 
1208, 1209, 1218-A and 1215-A Unit Oscilla­
tors are excellent power sources. 

Modulation 

For radio-frequency measurements, it is 
preferable that t he power source be unmodu­
lated. Distortion in the modulating system, 
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telephones without amplification at 1000 cy­
cles. Sensitive vacuum-tu be voltmeters are 
somewhat better. A good null detector, on the 
other hand, can detect levels of a few micro­
volts. 

(2) Selectivity: In most instances it is 
good practice to use a null detector with a 
filter tuned to the frequency of measurement, 
and in many instances it is essential. Oscillo­
scopes and voltmeters are broad-band devices 
unable to discriminate well between a desired 
signal and hum, noise, or harmonics, all of 
which reduce precision of balance. General 
Radio null detectors have accessory filters 
especially designed for bridge measurements. 

(3) Logarithmic amplitude response: This 
type of response is a great convenience and 
time-saver, since it reduces or eliminates com­
pletely any adjustment of nu ll-detector gain 
during balance. General Radio bridge null 
detectors have logarithmic response, while 
oscilloscopes and voltmeters do not. 

(4) Size complexity: An oscilloscope is un­
necessarily large and complex for null detector 
work. 

Audio and Sub-Audio Frequencies 

The TYPE 1231-B Amplifier and Null De­
tector has a panel meter which can be used 
as a self-contained nu ll indicator. This in­
strument can also be made selective by the 
addition of the TYPE 1231-P2, -P3, -P5, or 
TYPE 1951-A Tuned-Circuit Fi lters. 

The TYPE 1212-A Unit Null Detector is 
somewhat less sensitive than the TYPE 1231-B 
but covers a much wider frequency range. It 
is usable up to 5 megacycles and has logarith­
mic response. TYPES 1951-A, 1212-P1, and P2 
Filters are available for use with this detector. 

The TYPE 736-A Wave Analyzer and the 
TYPE 760-A Sound Analyzer, in conjunction 
with an amplifier, are also satisfactory selective 
bridge detectors. The wave analyzer is par­
ticularly useful when extreme selectivity at 
the higher audio frequencies is required, 
while the sound analyzer provides good selec­
tivity at low audio frequencies. For measure­
ments over a wide range of frequencies, these 
instruments have the advantage of being con­
tinuously variable in frequency. 

At audio frequencies, a vacuum-tube ampli­
fier can also be used as a detector. Where a 
visual indication of balance is desired, as is 
necessary at frequencies below about 300 
cycles, a rectifier-type voltmeter or a vacuum­
tube voltmeter can be substituted for the 
head telephone:s. 

Radio Frequencies 

At radio frequencies, any well-designed 
commercial radio receiver can be u ed. Ear­
phones, a loudspeaker, or a meter can be used 
as the actual balance indicator. Since radio re­
ceivers are inherently selective, the problem 
of radio-frequency harmonics is not significant. 
The receiver should be well shielded and 
shou ld preferab ly have an r-f sensitivity con­
trol and provision for disconnecting the a-v-c 
circuit, in order to facilitate the approach to 
balance. 

Ultra-High Frequencies 

The most useful detector at ultra-high fre­
quencies is the heterodyne TYPE DN l' using 
a crystal mixer, a beating oscillator, and an 
i-f amplifier; see page 69. 

POWER SOURCE 

The main considerations in the selection of 
a power source for a-c bridge measurements 
are frequency stabi lity, power output, and 
harmonic content. 

The TYPES 740-B and 1611-A are designed 
for 60-cycle measurements and operate di­
rectly from the a-c power line. The TYPE 
650-A has a self-contained 1000-cycle micro­
phone hummer or the TYPE 650-Pl Amplifier­
Oscillator, and no external osci llator is re­
quired unless it is desired to make measure­
ments at frequencies other than 1000 cycles. 
All the other bridges described in this section 
require some type of external oscillator. 

For single-frequency measurements at 400 
and 1000 cycles, the TYPE 1214-A is very 
satisfactory. The TYPE 723-C Vacuum-Tube 
Fork is also satisfactory provided the power 
requirements are low. 

When a continuously variable frequency 
is needed, the TYPE 1210-B Unit Oscillator, the 
TYPE 1304-A Beat-Frequency Oscillator, or 
the TYPE 1302-A Osci llator is recommended . 

For measurements at radio frequencies with 
the TYPE 1606-A and TYPE 916-AL Radio­
Frequency Bridges, or the TYPE 821-A Twin­
l' Impedance-Measuring Circuit, the TYPE 
1330-A Bridge Oscillator or the TYPE 1211 
Unit Oscillator should be used. For driving 
the TYPE 1601-A V-H-F Bridge and the TYPE 
1602 U-H-F Admittance Meter, the TYPES 
1208, 1209, 1218-A and 1215-A Unit Oscilla­
tors are excellent power sources. 

Modulation 

For radio-frequency measurements, it is 
preferable that the power source be unmodu­
lated. Distortion in the modulating system, 
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frequency modulation, and assymetrical side­
band cutting in the receiver can produce 
appreciable error in the balance point. In 
addition, maximum sensitivity is obtained 
with an unmodulated signal and an oscillating 
detector. 

CONNECTIONS 
To achieve maximum freedom from electro­

static pickup, it is desirable to use shielded 
leads betwcen generator and bridge and be­
tween bridge and detector. At audio and 1011'­
radio frequencies the reactance of the leads 
and terminals is unimportant, and electro­
static shieldi ng is all that is necessary to pre­
vent the introduction of extraneous voltages 
into the detector or the unknown impedance. 
At frequencies above a few megacycles, the 
reactance of the interconnecting leads also 
becomes a potential source of error. This is 
illustrated by the block diagram of Figure 9. 

The mall series inductance in the ground 
side of the generator cable is designated as 
La, simi lar inductances in the receiver cable 
and the common ground lead as La and Lft[. 
The voltage drop in La produces a flow of 
current around the loop consisting of the 
cable sheath, the ground lead, Lu , and the 
ground capacitance of the oscillator. Similarly, 
current flows in the right-hand loop that in­
cludes Ln. 

The voltage applied to the receiver has, 
therefore, two components, one from the 
bridge, the other from the drop across Ln. 
When a null point is reached, therefore, the 
bridge is out of balance by an amount neces­
sary to cancel the effect of the extraneous 
voltage from Ln, that is, to make the vector 
sum of the bridge output voltage and the 
extraneous voltage equal to zero. 

The errol' in measurement caused by this 
series inductance is one of the mo t serious 
encountered in null measurements at radio 
frequencies, but it can be avoided if coaxial 
terminals are used on both generator and 
reCClver. 

The TYPES 1606-A, 821-A, 916-AL, 1601-A, 
and 1602-B are equipped with TYPE 874 Co-

BRIDGES 

axial Terminals, and coaxial leads are supplied 
with these instruments to plug into the 
oscillator and detector, and a coaxial panel 
connector is supplied for mounting on any re­
ceiver used as a null detector. 

CLASSIFICA TlON 

The table on the next two pages briefly sum­
marizes the operating ranges, accuracy, and 
other pertinent data regarding the bridges 
listed in this section. From this tab le the most 
su itable instrument for any given measure­
ment can be determined at a glance, while 
detailed specifications for each bridge are 
given on t he subsequent pages. 

FIGUHE 10. Illustrating tbe shielding arrangement of the 
TYPE 7l6-C Capacitance Bridge. The ratio arms witb 
thei r compensating capacitor, the dissipation factor 
capacitor, and the input transformer a ,'e all mounted on 
insulated subpa nels and completely sbield ed. Tbe sbield 
is connected to tbe junction of the ra tio arms, thereby 
placing its capacitance to ground across the detector 
terminals. 

Tbe shie ld around each transformer winding is con­
nected to the windin~, eliminatin~ the terminal capaci­
tances. A third shield, betwecn the windinl7, sbields, is 
connected to the junction of the ra tio arms. fhe capaci­
tance bctwcen the third shicld and tbe second ary wind ­
ing sbie ld is thus placed across the right-hand ratio arm, 
and its effect ca n be elimin ated in the initia l balancc. 
Similarly, tbe capacitance between thc primary shic ld 
a nd the in terwinding sbield goes across tbe detector 
terminals and does not a ffcct thc balance. 

No capacitances are placed across the standard and 
unknown arms othcr than tha t o f thc Icads a nd of tbe 
panel binding posts. Tbe sma ll amount placed across the 
standard capacitor is taken into account in tbe ca libra ­
tion, wbile tbat across tbe unknown terminals is one 

micromicrofarad. 

FIGURE 9. Showing bow series inductance in the gen-
erator and detector leads can cause crrors in measure- DET. 

ment at radio f requencies. 

TYPE 805-C TYPE 821-A 

STANDARD T~N-T RECEIVER 
SIGNAL IMPEDANCE 
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Type 

1652-A 

544-B 

740-B 

1611-A 

650-AP 
and-A 

1603-A 

716-C 

1611-AS2 

667-A 

BRIDGES AND OTHER IMPEDANCE-MEASURING INSTRUMENTS 

Name Measll1·es 

Resistance-Limit Bridge R 
R 

Megohm Bridge R 

Capacitance Test Bridge C 
D 

Capacitance T est Bridge C 
D 

Impedance Bridges R 
- L 

C 
D 
Q 

Z-Y Bridge R&X 
G&B 

Capacitance Bridge C 
C 
C 
D 

Capacita nce Test Bridge C 
D 

Inductance Bridge L 

Range of 
NI easurement 

Nominal 
Accuracy 

DIRECT-CURRENT BRIDGES 

1 to 1,111,111n 0.5 % as limi t bridge 
1 to 1,111,llHl 0.25 % by null method 

-
0.1 to 1,000,000Mn ±3 % up to lO00Mn 

±4% up to 100,000Mn 

60-CYCLE BRIDGES 

5 /l/lf to 1100 /If ±1 % 
o to 50% ± 1.5% of fu ll scale 

o to 11,000 /If ±1 % 
o to 60 % ±2 % 

AUDIO-FREQUENCY BRIDGES 

O.OOHl to 1M!! ±1 % 
1 /lh to 100h ±2% 
1 /l/lf to lOO /If ±1 % 
0.002 to 1 ±20% 
0.02 to 1000 ±20% 
o to ± 1000!! ± 1% 
o to ± 1000 /lmhos ± 1% 
100 /l/lf to 1 /If ± 0.2 % of fu ll scale 
100 /l/lf to 1000 /l/lf ±0.2% of fu ll scale 
0.1 /l/lf to 1000 JJ./lf ±0.2 % 
0 .00002 to 0.56 ±2 % 
o to 11,000 /If ±1 % 
o to 120 % at 120c ±1 % 

0.1 /lh to 1 h ±0.2 % 

Measurement 
Freqllency 

dc 
dc 

dc 
de 

60 c 
60 c 

60 c 
60 c 

dc 
1 kc 
1 kc 
1 kc 
1 kc 

20 c to 20 kc 
20 c to 20 kc 

1 kc 
0.1 , 10,100 kc 
0.1,1 , 10, ]00 kc 
0.1, I , 10, 100 kc 

60 c and 120 c 
GO c and 12~ 

60 c to 10 kc 

Remarks 

Equally useful as production-
test or laboratory bridge. 
Self-contained. 

For measurements on high-
va lued resistors, insulation re-
sistance of machines, a ppli-
a nces, cables a nd volume re-
sistivity, etc. Self-contained. 

See 
Page 

14 

16 

- ------

Measures ungrounded capac i-
tors. For production test ing. 
Will measure pola rized elec- 25 tro ly tic capacito rs of the t.vpe 
used 111 electronic circuits. 

- --
For testing insulators, bush-
ings, capacitors, cables, etc. 26 Measures grou nded capacito rs. 

---

Completely self-con tai ned, 
general pu rpose, laboratory 
a nd production bridge. Belongs 
in every laboratory. 28 

- -
Ba la nr-es any unknown. Be-
longs in eve,:.\' laboratory. 34 

- -
Direct-Reading 
Direct-Reading 
Su bsti tu tion Method 

18 

For precise measurements. 
Intended prima rily for meas-
uring electrolytic capacitors 

27 at 120c with applied D-C po-
larizing voltage. 

- -
' Videly used for measuring in-
ductance of r-f coils. Measure- 30 
ment at 1 kc eliminates efTect 
of distribu ted capacitance. 

-. 
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HIGH - FREQUENCY BRIDGES -
716-CSI Capacitance Bridge C 0.1 to 1l00J.LJ.Lf ±0.2% 

D 0.00002 to 0 . .'16 ±2% 
916-Al Radio-Frequency Bridge - X ±ll,OOOn tt ±2% 

R o to 100011 ±1 % 

1606-A Radio-Frequency Bridge X ±5000nt ±2 % 
--R-· o to 1000n ±1 % 

821 - A Twin-T C o to 1000 J.LJ.L f ±0.2% 
- C- O to 100 J.Lmhosi ±2 % 

1601-A V-H-F Bridge X ±20011** ±5 % 
R o to 200n ±2 % 

1602-B U-H-F Admittance i\Ieter B ±0.2 to ± 1000 mmho ±3 % 
C 0.2 to 1000 mmho ±3% 
X W to 500011 ±3 % 
R W to 500011 ±3 % 

COMPARISON BRIDGES 

1604-B Comparison Bridge LlZ ±5%, ± 20% ±0.1 % 
±0.006 at 400c 

LlD ±0.015 at 1 kc 
±0.075 at 5 kc 
Absolute impedance 
ra nge: 211 to 20 MI1 

1605- A Impedance Comparator ..\z ±0.3 % to ±lO% , ±0.01 % 
full scale 

Ll8 ± 0.003 to ± 0.1 
radian , full scale 
Absolute impedance 
range: 212 to 20 lYlrl 

- -- -- -----_._-

OTHER INSTRUMENTS 
874- lBA Slotted Line VSlrR 3% or better 

561-0 Vacuum-Tube Bridge J.L 0.001 to 10,000 ±2 % 
l·p 50n to 20:\lrl ±2% 
gm 0.02 to 50,000 J.Lmho ±2% 

-_.-

0.5 to 3 i\lc 
of I High-frequency model 

0.5 to 3 Me TYPE 7J6-C 
50 ke to 5 :'lie i\ieasures low impedances, 
50 ke to 5 :'lIe such as antennas, lines, and 

filters, simply and directly. 
400 kc to 60 Mc Same uses as TYPE 9J6-AL tn;t 
~Oo kc to 60 :'IIc for higher frequencies. 

460 kc to 40 i\Ic :'IIeasures high impedances, 
460 kc to 40 l\fc parallel components, parallel 

resistance, resonant imped-
ance. 

10 to 165 i\Ic I For measurements on either 
10 to 165:'1~ lumped or coaxia l circuits. 
20 to 1500 :'lie 
20 to 1500 Me 
20 to 1500 i\l c 
20 to 1500 i\le 

400 e, 1 ke, 5 kc 

100 c, 1 kc, 
10 kc, 100 kc 

300 to 5000 i\ Ie 

Ike 
1 ke 

For measurement of coaxia l 
I lines, antennas, networks and 

components. Also measures 
VSWR. 

Indi cates on dials at balance 
percentage differenc-e between 
unknown and a standard 
sample. Also gives instantan-
eous "go-no-go" indication on 
bu il t-in oscilloscope with re-
spect to a ny preset toleranc-es. 
Indi cates percent ..\Z and ..\8 
between unknown a nd a stand-
ard sample on two meters si-
multaneouslv wi thout bala nc-
ing. Can me~lsure remote eom-
ponents, as in environmental 
tests, wi th reeorde,·. For rapid 
and accurate laboratory and 
production test ing. 

Tf he standard tool for uhf im­
dance measurement. ~)r.' 

A 
f, 

so measures transistor low­
equency param('ters. Adap-

20 
--

38 

36 

42 

39 

40 

31 

32 

46 

1 ke t< ·s are furnished for standard 43 
I"( reiving tube bases and for 

ansistors. tL 
t At I 1\1c; Range varies in versely as the frequency. tt At 100 kc ; Range varies inversely as the frequency . 

versely as the f feq ueney. 
tAt 1 1\lc; Range varies directly as the frequency. ** At 100 ':\l c; Range varies in-
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BRIDGES ~----- Resistance 

TYPE 1652-A RESISTANCE LIMIT BRIDGE 

A LIMIT BRIDGE FOR RAPID TESTING 
A WHEATSTONE BRIDGE FOR THE LABORATORY 

USES : The Resistance Limit Bridge is intended 
primarily for the production testing of resis­
tors. It can be used to indicate on a meter the 
percentage deviation from an internal stand­
ard, to match pairs of resistors, and to com­
pare resistors to a standard sample. It is also 
a precision Wheatstone bridge for general re­
sistance measurement by the null method. 

For manufacturers and users of resistors, 
this bridge offers an accurate and rapid means 
of separating resistors into tolerance classi­
fications, and for selecting resistors to close 
tolerances. The manufacturer of electronic 
equipment can use it to advantage in match­
ing pairs of resistors for operation in balanced 
circuits. Its accuracy is adequate for all but 
the most exacting requirements in the labo­
ratory, and its ability to measure resistors as 
large as one megohm without the inconveni­
ence of adding booster batteries makes it 
much more convenient than the ordinary 
decade bridge. 

The bridge can also be adapted for use as 
the control unit in automatic sorting or in­
specting. A relay, in conjunction with external 
amplification, can be substituted for the in­
dicating meter, to actuate various types of 
rejection mechanisms. By adjustment of the 
sensitivity of the relay, end points can be 
established to determine tolerances such as 
±5%, ±10% , and ±20% . 

DESCRIPTION: The TYPE 1652-A Resistance 
Limit Bridge uses the conventional equal-arm 
Wheatstone bridge circuit. The bridge is 
supplied from a constant-voltage d-c source, 
and its indicating meter is calibrated in per­
centage difference between the unknown and 
the standard over a range of ± 20%. 

A bui lt -in standard consisting of seven 
TYPE 510 Decade Resistors is adjustable from 
one ohm to 1,111,111 ohms in O.l-ohm steps. 

Measurements are made simply by setting 
the standard to the nominal value of th() 
resistor under test and reading the percentage 
difference on the meter. This test procedure 
can be greatly faci litated by the use of a test 
fixture into which the resistors can be plugged. 
and which can be operated in conjunction 
with .a switch that shorts the meter circuit 
prior to removing the resistor from the jig. 
Panel terminals for such a switch are provided. 

For the matching of resistors, the resistor 
to be matched is connected to terminals pro­
vided and the internal standard is set to zero. 

Used as a conventional Wheatstone bridge, 
the circuit is balanced by adjusting the inter­
nal standard to equality with the unknown 
resistor, using the calibrated meter as a nu ll 
indicator. 

FEA TURES: ~ Rapid and accurate for limit 
tests. 
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Resistance 

~ Extreme simplicity of operation. Large 
meter colored gold for 5% limits and silver 
for 10% limits. 

~ Equally useful for general resistance meas­
urement. 

~ Covers a wide resistance range - one ohm 
to one megohm. 

BRIDGES 

~ No batteries required. Operates from 115-
volt or 230-volt, 60-cycle line. 
~ Rugged construction and enclosed in welded 
aluminum cabinet. 
~ Accuracy - can measure resistors to an 
accuracy of ± 0.25% . 
~ Indi cating meter can not be da maged by 
unbalance of bridge. 

SPECIFICATIONS 
Resistance Range: As a limit bridge, 1 ohm to 1,111,111 
ohms, with internal standard; for null measurement, 1 
ohm to 1,111,111 ohms with in ternal standard ; 1 ohm 
to 2 megohms with external standard. 
Limit Range: Meter reads from -20 % to +20 %, with 
the standard RETMA tolerance range of ±5% and 
± 10% clearly indicated by gold and sil ver coloring, 
respectively . 
Accuracy: As a limi t bridge, ± 0.5% or bet~er; for 
matching, ± 0.2%; fo r null measurement, with internal 
standard, ±0.25 % above 10 ohms and ± O..+ % between 
1 ohm and 10 ohms; with an external standard, from 1 
ohm to 2 megohms ±(0.2% + accuracy of standard ). 
Voltage Applied to Unknown : The voltage across the un­
known resistor is exactly one volt when the meter in-

dication is zero. As the meter indication varies from 
-20% to +20 % t he voltage across the unknown will 
vary from 0.89 volt to lolO volts. 
Power Supply: 105 to 125 volts or 210 to 250 volts, 60 
cycles. The power input is approximately 30 watts. 
Accessories Supplied : Type CAP-35 Power Cord and spare 
fuses. 
Tube Complement: One TYP E 6X4 and two TYPE 6SU7-
GTY's. All are supplied with the instrument. 
Mounting : The bridil;e is supplied for either relay rack 
or tab le mounting. Cabinet has black wrink le finish. 
Dimensions: Over-a ll, (widt h) 19 inches x (height) 8~ 
inches x (depth ) 10),1 inches. 
Net Weight: 29 pounds. 

Type Code Word Price 
~1~6~5~2~-A~M~--'-~R-e-s~is~ta-n-c-e~L~im~it~B~r~id~g-e~(~C~a7b7in-e~t~M~o-d~e~I~).-.-.'---~B~U~X~O~M~--'----$495.00 

1652-AR Resistance Limit Bridge (Relay Rack Model). BADGE 495.00 
1652-AQ1(M) Resistance Limit Bridge (115 and 230 volts, 

50 cycles) ............................. . BUXOMPASHA 620.00 
1652-AQ 1 (R) Resistance Limit Bridge (115 and 230 volts, 

50 cycles) ............................. . BADGEPASHA 620.00 

MEGOHM BRIDGE: A Wheatstone bridge for the megohm range, capable of measurements from 
0.1 megohm to 1,000,000 megohms, is described on page 16. 

OTHER LIMIT BRIDGES: The TYPE 1604-B Comparison Bridge (page 31) and the TYPE 1605-A 
Impedance Comparator (page 32) a re designed for t he rapid comparison of resistors, capacitors 
and inductors. 

OVERLOAD 
SWITCH 

Schematic circuit diagram of the TYPE 1652·A Resis tance Limit Bridge. 

~------------~-B+ 

~~ _____ M~ETE~R ______ ~, 
SWITCH 

o 
cr 
W 
N 

~--------------~B-
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BRIDGES ~----- Megohm 

TYPE 544-8 MEGOHM BRIDGE 

USES: The megohm bridge is very useful for 
measuring all types of resistances in the 
megohm ranges. These uses include not only 
the resistance of cartridge-type resistors, but 
also the insulation resistance of electrical 
machinery such as generators, motors, and 
transformers; of electrical equipment such as 
rheostats and household app liances; of single 
conductors, cables, and capacitors; of suffi­
ciently long sections of high-voltage cables; 
of paper capacitors; and of slabs of insulating 
materials. Volume resistivity and its change 
with temperature and humidity can be de­
termined . Guard connections are provided for 
the measurement of three-terminal resistors 
such as multi-wire cables, three-termina l ca­
pacitors, networks, and guarded specimens 
of insulating materials. 

This bridge has been widely used for meas­
uring the dielectric absorption effects in the 
insulation of electrical machinery, transfor­
mers, and cables. Charging-current curves 
can be easily obtained over t ime intervals 
from one second to many hours. 

DESCRIPTION: The TYPE 544-B Megohm 
Bridge is a combination of Wheatstone bridge 
and vacuum-tube voltmeter. 

The bridge is composed of the four arms, 
A, B, N, P, as shown for the OPERATE po­
sition in the diagram at the bottom of the 
next page, with the power applied across the 
arms, A and B , and the vacuum-tube volt­
meter connected across the conjugate pairs, 
A-N and B-P. For checking the galvanometer 
zero, the tube is isolated from the bridge volt­
age as shown in the CHECK position, with 
the high resistors, Nand P, connected to the 
grid exactly as in the OPERATE position. 
The effects of any voltages, alternating or 
direct, in the unknown resistor, P, and of 
any grid current of the tube will not appear 
in the bridge balance because they are bal­
anced out in the zero adjustment. There is 
also a CHARGE position, in which the un­
known resistor, P, is placed across the arm, B. 
This is valuable in measuring the resistance of 
large capacitors because full voltage is applied 
directly to the capacitor which can then 
charge at a maximum rate. The zero of the 
galvanometer can also be checked at any 
time without being affected by the residual 
charge in the capacitor. 

FEATURES: ~ The direct measurement of re­
sistances up to 1,000,000 megohms is made 
possible by the use of a vacuum-tube de­
tector, which absorbs a negligible amount of 
power. 

~ Constant fractional accuracy, regardless of 
setting, is obtained by using a resistance scale 
that is approximately logarithmic over one 
decade. The effective scale length for the 
range from 100,000 ohms to 10,000 megohms 
is 35 inches. 

~ The voltage applied to the unknown resist­
ance is held approximately constant, regard-

Schematic cir~lIit diagram of the megohm bridge. 

BRIDGE 

+ GUARD t
CHARGE 

OPERATE 

CHECK 
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Megohm 

less of the value of the unknown resistance. 
This condition is necessary to measure insula­
tion resistance properly. 
~ Voltage stabilization is used in the a-c power 
supply to prevent surges in charging current 
when the leakage resistance of capacitors is 
measured. 

SPECIFICATIONS 
Range: 0.1 megohm to 1,000,000 megohms, covered by 
a dia l and a S-position multiplier switch. A resistance of 
1,000,000 megohms can be dist inguished from infinit.,·. 
Accuracy: ±3% on the 0.1, 1, and 10 multipliers; ± -l % 
on the 100 and 1000 multipliers. Above 10,000 megohms, 
the accuracy is essentia ll~' that with which the scale on 
the MEGOHMS dia l can be read. 
Terminals : All high-voltage terminals a re insula led as a 
protection to the operator. 
Power Supply: Two types of power supply a re available: 
(l ) an a-c unit delivering d-c test voltages of SOO volts 
and 100 volts to the bridge, and (2) a batte ry power 
supply of 90 volts. The a-c unit operates from a 10S- to 
12S-volt (or 210- to 2S0-volt ), 40- to 60-cycle line. The 
battery power supply consists of 1 No.6 Dry Cell and 
3 4S-volt batteries. This supplies 4S volts for the tube 
anode and 90 volts for the test voltage. 
Power Input: 60 watts at lIS volts, 60 cycles; with bat­
tery supply, approximate cUt'rent requirements a re 60 
ma for cathode heaters and 7.S ma for anode. 
External Bridge Voltage : Terminals are provided so that 
the bridge voltage can be obtained from a n extel'l1al 
soUt'ce if desired. Up to SOO volts can be applied . 
Tube Complement : With battery po\\'er supply, a lL.J de­
t.ector tube is used ; t1~e SOO-volt power supply us.es a 
6K7-G detector, a 6XS-G rectifier, a SU.J-G rectifier, 
and, in t he voltage regulators, a 6J S-G, a 6K6-G, a 4Al 
ballast tube, and two TYPE TE-48 neon lamps. 
Accessories Supplied: T est probe. With a-c power supply, 

Type 

BRIDGES 

Tbe MEGOH.\f S dial of TYPE 544-B Megohm Bridge. 
Tbe sca le is approximately logarithmic over the main 

decade from 1 to 10. 

a TYPE CAP-3S Power Cord, spare fuses, and spare neon 
ballast tube. Batteries a re supplied wit h the battery­
operated model. 
Mounting : Shielded oak cabinet with cover. 
Dimensions: Cabinet with cover closed, (width) 8Y2 x 
(length) 22Y2 x (height) 8 inches, over-all. 
Net Weight: With battery power supply, 29 Y2 pounds; 
with a-c power supply, 26% pounds; TYPE S-l4-PlO, 
1474 pounds; TYPE SH-P3, ll Ys pounds. 

Code TVol·d 
544-BA 
544-BB 

Megohm Bridge, with A-C Power Supply. . . AGREE $365.00 

250.00 
155.00 

40.00 
544-P3 
544-P10 

Megohm Bridge, Battery Operated 
(Incl. Batteries). . . . . . . . . . . . . . . . . . . . . . . . ALOOF 

A-C Power Supply Unit Only......... ..... AGREEAPACK 
Battery Power Supply Unit Only........ . . . ALOOFAPACK 

Two direct-indicating instruments for measuring resistances in the megohm range are the 
TYPE 1862-B Megohmeter, described on page 132, and the TYPE 1230-A D-C Amplifier and 
Electrometer, described on page 2. 

These diagrams show t he bliclge connections fo r t he three positions of the CIIECK-OPERATE-CII ARGE switch. 

LOW LOW 

CH!:CK OPERATE CHARGE 
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BRIDGES -----~ ------ Capacitance 

TYPE 716-C CAPACITANCE BRIDGE 

USES: This preci e, direct-reading, capacitance 
bridge can be used for a \ride variely of capaci­
tance and di sipation-faetor measurement. 
Within its cope are the determination of di­
electric con tant, di ipation fartor, loss fac­
lor, phase angle, and other dielectric proper­
ties of insulating material:, a \\'ell a: their 
change \rith such factors as frequency, tem­
perature, and humidity. 

In addition to direct-r acling capacitance 
mea ·urement., the bridge is capable of mea -
uring other impedance by. ubstitution meth­
od , Among the e are the inductance and 
torage factor of larg inductors, up to se\'eral 

thousand henry .. ; the i nd uclan ce and resist­
ance of cable. at frequencie up to 300 kc; the 
re istance and parallel capacitance of high­
valued re i. tors, up to se\'eral thou and meg­
ohm ; and capacitance up to everal thousand 
microfarad. 

By adding an external decade resi tor, the 
bridge can be converted to a series- or parallel­
resistance bridge, which laUer is especially 
u cfulin measuringthere i:tanceofelectrolytes, 

In the General Radio laboratories the TYPI~ 
716 Capacitance Bridge i. u ed for all capaci­
tance standardization measurement', In pro­
duction it i used for the testing and adju t­
ment of all precision fixed capacitors, 

DESCRIPTION: The TYPE 716-C Capacitance 
Bridge is a modified chering bridge, direct 

reading in capacitance at any frequency, and 
in di sipation factor at 100 cycles, altd 1, la, 
and 100 kilocycles. 

A \ride capacitance range at 1 kilocycle is 
obtained by four I)ct of ratio arm giving 
multiplying fartor from 1 to 1000 in decade 
steps. The built-in tandard i a TYPE 722 
Precision Capacitor, calibrated to read di­
rectly in total capacitance. The zero capaci­
tance aero' the unknown terminals i ap­
proximately 1 J.LJ.Lf. All capacitance. to ground 
of th input transformer and ratio arms arc 
removed from the capacitance arms by placing 
them in a hielded compartment in'ldated 
from the grounded panel and connected to the 
junction of the ratio arms. 

Dissipation factor is read directly from the 
dial etting of an air capacitor and from a 
decade-step capacitor connected acros: the' 
fixed ratio arm. The 12-inch scale of the air 
capacitor i approximately logarithmic, so 
that, while having a maximum reading of 
0.06, its smallest clivi. ion near zero is 0.0001, 
thus allowing the e:timation of 0.00002. The 
accuracy of the di:sipation factor reading 0\'('(' 

the wide capacitance range i· made posl'lible 
by adding capacitance across the lower-\'alued 
ratio arn1.', so that the product He of all the 
ratio arms is the same. 

A schematic diagram of the bridge circuit 
i shown on page 11. 
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Capacitance 

\ 
FEATURES: ~ Wide capacitance and frequency 
ranges, high accuracy, and direct -reading dials 
are three very desirable features found in this 
bridge. 

~ Operation is simple, and both terminals and 

BRIDGES 

controls are arranged for convemence and 
flexibi lity of operation. 

~ Operation up to 300 kilocycles is made 
possible by careful design of the shielded 
transformer to minimize leakage impedan ces 
and dielectric losses. 

SPECIFICATIONS 

Ranges : Direct reading: capacitance, 100 I"I"f to 1 I"f at 
1 kc; 100 I"I"f to 1150 I"I"f at LOO c, 10 kc, and 100 kc; 
dissipation factor, 0.00002 to 0.56. 

Substitution Method: capacitance, 0.1 I"I"f to 1050 I"I"f 
wi th in ternal standard ; to 1 I"f wi th external standards; 

dissipation factor, 0.55 x Cc: where C' is the capacitance 
x 

of the standard capacitor and Cx that of the unknown . 
Accuracy: Direct Reading: capacitance, ± 0.1 % ±(l I"I"f 
x capacitance mu ltipl ier setting ) when the dissipation 
factor of the unknown is less than 0.01 ; dissipation fac­
tor, ±0.0005 or ±2% of dial reading, whichever is the 
la rger, for values of D below O.l. 

Substitution Method: capacitance, ±0.2% or ± 21"I"f, 
whichever is the larger ; dissipation factor, ±0.00005 or 
±2% for the change in dissipation factor observed, 
when the change is less than 0.06. 

A correction chart for t he precision capacitor is sup­
plied, giving scale corrections to 0.1 I"I"f at multiples of 
100 I"I"f. By using these data substitution measurements 
can be made to ± 0.1 % or ± 0.8 I"I"f, whichever is the 
larger. For capacita nce less than 25 I"I"f, the error wi ll 
decrease linearly to ± 0.1 I"I"f. It is also possible to ob­
tain , at an extra charge, a worm-correction calibration 
with which substitution measurements can be made to 
an accuracy of 0.1 % or ± 0.2 I"I"f, whichever is the 
larger. 

When the dissipation factor of the unknown exceeds 
the limits given above, additional errors occur in both 
capacitance and dissipation-factor readings. Correction 
formulae a re supplied, by means of which t he accuracy 
given above can be maintained over a ll ranges of the 
bridge. 
Ratio Arms: The a rm across which the dissipation factor 
capacitor is normally connected at 1 kc has a resistance 
of 20,000 ohms. The other arm has four va lues, 20,000 
ohms, 2000 ohms, 200 ohms, 20 ohms, providing the 
four multiplying factors 1, 10, 100, 1000. Suitable 
capaci tors are placed across these a rms so that t he product 
RC is constant. At 100 c, 10 kc, and 100 kc t he ratio 
a rms are equal and have resistances of 200,000 ohms, 
2000 ohms, and 200 ohms, respectively. 
Shielding : Ratio arms, dissipation-facto r capacito rs, a nd 
shielded transformer a re enclosed in an insulated shield. 
The UNKNOWN DIRECT terminals are shielded so 
that the zero capacitance across t hem is approximately 
1 I"I"f. A metal dust cover and the a luminum panel form 
a complete external shield. 

Type 

Frequency Range : The accuracies given above hold for 
operating frequencies from 30 e to 300 kc, provided the 
operating frequency does not differ from the range selec­
tor frequency by more than a factor of three. Dis3ipa­
tion-factor readings must be corrected by multiplying 
the dial reading by t he ratio of operating frequency to 
the range-selector frequency . 
Voltage : Voltage applied at the GENERATOR ter­
minals is fed to the bridge t hrough a I-to-l shielded 
transformer. A maximum of 1 watt can be applied, 
allowing a maximum of 200 volts at 1 kc, but only 50 
volts at 60 cycles. If generator and detector are inter­
changed, 750 volts can be applied. 
Temperature and Humidity : Variations of temperature 
over normal ranges (65 0 F to 950 F ) have no significant 
effect on the accuracy of the bridge, but precise meas­
urements of dissipation fact01' should not be a ttempted 
when t he bridge has been ex posed to condi t ions of ab­
normally high relative humidity, unless it is dried by 
heat or a desiccan t. 
Mountin :;!, The bridge is supplied either for mounting 
on a 19-inch relay rack or in a walnut cabinet. 
Accessorie s Required : Oscillator and high impedance de­
tector. For the power source the TYPE 1302-A Oscillator 
(page 108) is recommended . TYPE 1231-B Amplifier and 
Nu ll D etector (page 6-1-) with TYPE 1231-P F il ters (page 
65), or the TYPE 1212-A Unit Nu ll D etector with TYPE 
1951-A Filter (page 66) is recommended for use as the 
detector at audio frequencies. At low radio frequencies 
a radio receiver is satisfactory for aura l null indications. 

For substitution measurements, a balancing capacitor 
is needed. This may be a TYPE 722 Precision Capacitor 
or a fi xed capacitor, TYPES 505, 509, 1401, pages 151-
156. The TYPE 1610 Capacitance-Measuring Assembly 
which includes generator, detector, guard circuit and 
other accessories, is described on page 2 L 
Accessories Supplied : Two TYPE 274-NEO Shielded 
Patch Cords. 
Other Accessories Available : For measurements on un­
guarded dielectric specimens, the TYPE 1690-A Dielec­
t ric S:unple Holder (page 2.3) is recommended. For 
measurements of small capacitors having parallel side­
by-side leads, t he TYPE 1691-A Capacitor Test Fixture 
(page 21) is recommended. 
Dimens ions : ( Lengt h) 19 x (height) H x (depth) 9 
inches, over-all. 
Net We ight: 4-1-~ pounds, relay-rack model; 5 ~~ 
pounds, cabinet model. 

Code lVord Price 

716-CR 
716-CM 

For Relay-Rack Mounting . . . .. . .. .. . .. .. . BONUS 

BOSOM 

$565.00 
600.00 Mounted in Walnut Cabinet . . ... . .. . .... . . 

Worm-Correction Calibration for Internal 
Precision Capacitor . . .. . ... ... . ... . . .. . WORMY 50.00 

Type 1610 Capacitance Measuring Assembly 

A complete capacitance measuring assembly, including bridge, guard circuit, generator, and 
detector is listed on page 24. 
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BRIDG E S ----~ Capacitance 

TYPE 716-C51 CAPACITANCE BRIDGE 
Both commercial and military specifications and above, and the input transformer has 

for capacitors of 1000 /l-/l-f and less call for been redesigned for high-frequency operation. 
measurements of capacitance and dissipation With these changes, the bridge gives sub-
factor at a frequency of one megacycle. The stantiall y the same performance at one mega-
TYPE 716-CSI Capacitance Bridge has been cycle as cloes the stanclard model at one ki lo-
designed specifically for these measurements. cycle. 
This bridge, a modification of the standard In addition to its use in testing capacitors, 
TYPE 716-C model, has unity ratio arms, a the TYPE 716-CSI Capacitance Bridge is satis-
single capacitance range, and a limited fre- factory for measuring dielectrics with the 
quency range. The standard capacitor is a TYPE 1690-A Dielectric Sample Holder at the 
TYPE 722-N, designed for use at 1 megacycle ASTM test frequency of one megacycle. 

SPECIFICATIONS 
Capacitance Range : Direct Method, 100 to 1150 JLJLf; 
Substitution Method, 0.1 to 1050 /'JLf. 
Dissipation Factor Range: Direct ~Iethod, 0.00002 to 

Cf Cf 
0.56; Substitution Method, 0.00002 X C

x 
to 0.56 X Cx' 

where Cf is the capacitance of the standard capacitor 
and Cx that of the unknown. 
Frequency Ra nge: Calibrated for one megacycle, the 
bridge operates satisfactorily at frequencies between 
0.5 and 3 megacyeles. 
Accuracy : At one megacycle, the bridge is adjusted to 
have the same accuracy as the standard TYPE 716-C at 
low frequencies. This same accuracy can be obtained at 
other frequencies between 0.5 Mc and 3 Mc, if corrcc­
tions are made for the effects of residual impedance. 
Accessories Required : Oscillator and detector. Any of 
the following is satisfactory as the oscillator: TYPE 
1:3:30-A Bridge Oscillator (page 110); TYPE 1211-B Unit 
Oscillator with unit power supply (page 113), TYPES 

Type 

1001-A and 805-C Standard-Signal Generators. For the 
detector at 1 Mc the TYPE 1212-A Unit Null Detector 
(page 66) with TYPE 1212-P2 One-Megacycle Fi lter 
and Unit Power Supply is recommended. For operation 
at freq uencies other than 1 Mc, a well-shielded com­
munications receiver should be used. 

For substitution measurements, a balancing capacitor 
is needed. This may be a fixed TYPE 505, 509, or 1401 
Capacitor (pages 15i to 155) or a variable TYPE 722 
Precision Capacitor (page 151). 
Accessories Supplied : Two TYPE 874-R:32A Cables. 
Other Accessories Available: For measurements on un­
guarded dielectric specimens, the TYPE 1690-A D ielec­
tric Sample Holder (page 23) is recommended. For 
measurements of small capacitors having parallel, 
side-by-side leads, the TYPE 1691-A Capacitor Test 
Fixtlll'e (page 21) is recommended. 

Other specifications are the same as those for thc 
standard TYPE 716-C. 

Code Word Price 

716-CMSl 
716-CRSl 

Capacitance Bridge (Mounted in Cabinet) .. 1 

Capacitance Bridge For Relay-Rack Mount-
ing) .. .. . . . . .. . . ... . .. ...... . . . ..... . 

BOGEY 

BACON 

$580.00 

545.00 
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Fixture ------~ BRIDGES 

TYPE 1691-A CAPACITOR TEST FIXTURE 

(Above) View of the Type 
1691-A Capacitor Test Fixture. 
(.Right) View showing disc-type 
ceramic capaci tor inserted in 

fixture . 

USES: In the measurement of small capacitors, 
the re ults can be affected by the method of 
attaching the wire leads to the measuring in­
strument. This fixture assures reproducible re­
sults for capacitors having closely spaced 
parallel leads, by providing a standard method 
of attachment that eliminates variable lead 
capacitance. It is particularly useful with the 
TYPE 716-CSI Capacitance Bridge in the 

CAPACITOR 
UNDER TEST 

i !i 1:: Ii: I I 
I ..JI , IL I I 
1-- ,r-l t--"-1 I I c, I I Cz I I -
I I I j..!; "" 

l---l--~ 
G 

co' C, +Cz' 8.7 ~~f 

Sketch showing the nature and 
magnitude of the zero capaci­
tance. This capacitance does not 
en ter the measuremen t when a 

substitution method is used. 

measurement of disc-ceramic capacitors at 
one megacycle. 

DESCRIPTION: The fixture consists of two 
hollow shields, into which the test capacitor 
leads are fully inserted and held by spring 
clips, surrounded by another shield. Two ba­
nana plugs allow the fixture to be plugged into 
the measuring instrument. Losses are negli­
gible, owing to the use of Teflon insulation. 

SPECIFICATIONS 
Zero Capacitance: 9 ± 1 micro microfarads. 
Terminals: TYPE 274 Plugs on ;!i-inch spacing. 
Insulation: T eflon . 

Type . 

Dimensions: 1Yz X 1Yz X 2Yz inches, over-all, including 
plugs. 
Net Weight: 4 ounces. 

Code Word Price 

1691-A I Capacitor Test Fixture ... ....•...•...•.•• EDIc'r $22.50 

The plugs on the test fIXture easi ly fit into the terminals 
of General Radio bridges or into other equipment 
having jack-top binding posts, spaced ;!i inch. The 
bridge shown here is a Type 161l-A Capacitance Test 

Bridge, and the capacitor is a tubular paper type. 

The Capacitor Test Fixtnre will accept all of the types 
of capacitors shown here. 

GENERAL RADIO COMPANY 21 



BRIDGES -----~----- Guard Circuit 

TYPE 716-P4 GUARD CIRCUIT 

USES: The Guard Circuit is designed for use 
with the TYPE 716-C Capacitance Bridge to 
facilitate the measurement of guarded dielec­
tric samples and of other small capacitances 
where a three-terminal measurement is neces­
sary. It is particularly useful for the measure­
ment of components and materials over wide 
ranges of temperature and humidity, because 
it eliminates from the measurement the effects 
of the leads from the bridge to the sample in 
its conditioning apparatus, and permits the 
same accuracy of measurement that would be 
obtained if the sample were positioned directly 
at the bridge terminals. 

DESCRIPTION: A basic schematic diagram of 
the capacitance bridge with guard circuit is 
shown on page 9. The guard arms Sand T make 
it possible to balance any combination of 
capacitance and loss normally encountered in 
the terminal impedance of t he unknown. 
The impedance of Sand T is relatively high 
compared to the ratio arms of the bridge, 
which makes the guard-circuit balance less 
critical than it would be if both sets of arms 

were of the same order of magnitude. The 
coupling circuit, F, consisting of a pair of ad­
justable resistors, permits partial balancing 
of the guard-to-ground terminal impedance 
thus facilitating the balance of arms Sand T. 

The circuit and switching are arranged for 
either direct reading or substitution methods. 
When measurements are to be made by sub­
stitution methods, i.e., by the precision ca­
pacitor of the bridge, it is necessary to connect 
a balancing capacitor in the adjacent arm of 
the bridge. A variable air capacitor (SUBST. 
CAPACITOR) with a maximum capacitance 
of 1150 J1.J1.f is built into the guard circui t for 
this purpose. Appropriately shielded and 
guarded switching is provided for connecting 
or disconnecting this capacitor as required. 
Thus the only external connection required is 
that to the unknown itself, whether direct­
reading or substitution methods are employed. 

Four pairs of ratio arms are provided in 
the bridge, for direct-reading operation at 
100 cycles, 1 kc, 10 kc, and 100 kc. Corre­
spondingly, four sets of resistive guard arms 
are provided in the guard circuit, se lected by 
a panel switch. Four adjustab le resistors are 
provided, with the switching so arranged that 
they are used in pairs for each switch setting, 
one "coarse" and one "fine" adjustment. 

FEATURES: ~ Makes possible three-terminal 
capacitance measurements with the TYPE 
716-C Capacitance Bridge. 
~ Wide frequency range. 
~ Couplin g circuit facilitates guard balance. 
~ Careful shielding assures accuracy of meas­
urement. 
~ Connections are so arranged that bridge can 
also be used for two-terminal measurements. 
~ Guard cable included for connection to 
sample. 

SPECIFICATIONS 

Capacitance Range: Designed for use with the xl multi­
plier ranges of the TYPE 716-C Capacitance Bridge, i.e., 
a range of 0-1050 p.p.f. The range can be extended by 
adding external capacitance to the standard arm of the 
bridge. 
Frequency Range: Corresponds to that of TYPE 716-C. 
Guard Balance Capacitor: Any value of capacitance be­
tween the guard point and the high measuring terminal 
up to 1000 p.p.f can be balanced out. 
Mounting: Available in two models: TYPE 716-P4M in 

Type 

hardwood cabinet matching cabinet of TYPE 716-CM; 
TYPE 7·16-P4R for relay-rack mounting. Leads are 
arranged for placing the guard circuit directly above 
the bridge. 
Acce:;sories Supplied: One TYPE 87J-Q2 Coaxial Adaptor. 
One TYPE 838-B Alligator Clip. 
Net Wei3ht: TYPE 716-P-tR, 17 Ibs.; TYPE 716-P4:\f, 
231bs. 
Dimensions: 19 X 8U x 9Ys inches. 

Code Word Price 

716·P4M 
716·P4R 1 Guard Circuit (in Walnut Cabinet) ········ 1 BOSOMGUARD I 

Guard Circuit (for Relay-Rack Mounting).. BONUSGUARD 

$315.00 
295.00 

PATENT NOTICE. See Note 4, page viii. 
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Sample Holder BRIDGES 

TYPE 1690-A DIELECTRIC SAMPLE HOLDER 

USES : The TYPE 1690-A D ielectric Sample Holder is a 
micrometer-driven sample bolder of the Hartshorn 
type, * intended primarily for measmement of die lectric 
constant and dissipation factors of specimens of dielec­
tric materials in the form of standard ASTM 2- inch 
diameter discs. It is suitable for any flat sample whose 
largest dimension is not greater than 2 inches and thick­
ness not greater than 0.3 inch. It can be used, fo r exam­
ple, with resonant circuits for susceptance-variation or 
frequency-variation measurements, with t he TYPE 
716-C Capacitance Bridge or the TYPE 821-A Twin-T; 
with the TYPE 87,1-LBA Slotted Line; or with the TYPE 
1602-B Admittance Meter. 
DESCRIPTION: A precision micrometer screw drives t he 
movable grounded electrode with respect to a fixed 
insu lated electrode. The screw adjustment control is a 
large instrument knob, in contrast to the small thimble 
employed in the usual machinist's micrometer. Attached 
to the knob is an accmately divided drum which indi­
cates the spacing between electrodes. The micrometer 
screw is electrically shunted by a metal bellows, assming 
positive low-resistance connection at all t imes. A release 

mechanism is incorporated in the design of the movable 
electrode, so that when fu ll positive contact is made 
between the two electrodes, the drive disengages, thus 
protecting the mechanism against mechanical stress. 
T he same design featm e also provides better contact 
between electrodes and specimens when the smfaces of 
t he latter are not exactly parallel, since the movable 
electrode will adj ust itse lf to the plane of the specimen 
surface. 

A vernier capacitor with a capacitance range of 5 p.p.f 
is also provided, for use in determin ing capacitance 
increments in the susceptance-variation method. This 
capacitor is of t he cylindrical type, the movable cylinder 
being a precision micrometer screw. Ten t urns of the 
screw cover the range of 5 p.p. f, and t he drum attached to 
t he screw is accurately divided into 50 divisions, each 
corresponding to .01 p.p.f. 

The assembly is mounted in a rugged a luminum cast­
ing, which shields it on four sides. The shielding is 
completed by two removable cover plates, which permit 
access to the electrodes. 

Connection to t he electrodes may be made by TYPE 
874 Coaxial Connectors or by T YPE 274 P in Connectors. 
Adaptors are provided fo r mounting the TYPE 1690 
Dielectric Sample Holder on the TYPE 716-C Bridge 
and on the TYPE 821-A Twin-T. An additional adaptor 
for connection to the TYPE 874-LBA Slotted Line and 
TYPE 1602 Admittance Meter is also available. T he 
arrangement of the terminals is such that the holder can 
be mounted on a bridge with t he panel in either the 
horizontal or vertical di rection. 
FEATURES : ~ A dielectric specimen can be measmed 
over a wide range of frequencies using the same holder 
but different measuring circuits. 
~ Corrections for edge fringing and stray capacitance 
are taken care of by the calibration. 
~ Rigid casting supports entire structure. 
~ Large easily read dials. 
~ Complete shielding. 
~ Flexibili tv - can be used with a number of different 
bridges or other measuring circuits. 
~ Precision calibration provided. 
~ "Floating" electrode protects precision d rive against 
inj ury . 

* L. Hartshorn and W. H. Ward. Proceedings of the Institution 
of E lectrical Engineers, v. 79, PP. 597-609 (1936). 

SPECIFICATIONS 
Electrodes : Diameter, 2.000 inches "=0.0025. Smfaces 
are ground optically flat within a few wavelengths. 
Electrode Spacing : Adjustable from zero to 0.3-inch 
maximum. The spacing is indicated directly by the 
micrometer reading in mils. 
Vernier : Incremental capacitance is 5 p.p. f, nominal. 
Calibration : For the main capacitor, a chart is provided 
giving the calcu lated air capacitance as a function of 
spacing. A correction cmve is a lso provided with each 
holder, giving the measured deviations from calcu lated 
values over the range from 300 mils to 10 mils spacing. 
In accordance with recommended ASTM practice, th is 
calibration is referred to the calcu lated geometric value 
at a spacing of JOO mils. 

For the vernier capaci tor, a correction chart is pro­
vided, from which capacitance differences can be deter­
mined to an accuracy of "=0.004 p.p.f. 
Zero Capacitance : Approximately 11 p.p.f. 
Frequency : This type of specimen holder introduces no 

Type 

significant error at frequencies below 100 Mc. The tech­
nique of its use at higher frequencies has not been firm ly 
estab lished, but satisfactory results oan be obtained fo r 
many types of measurements. 
Accessories Supplied: TYI'E 1690-Pl Adaptor Assembly 
for mounting to t he TYPES 71fi-C Capacitance Bridge 
and the TYPE 821-A Twin-T. Hardware is supplied for 
mounting sample holder on TYPES 740-B, Ifill-A, 
l fi04-B, 544-B Bridges and TYPE 1862-B Megohm-meter. 
Accessories Available : TYPE 1690-P2 Adaptor Assembly 
for connecting to TYPE 874-LBA Slotted Line or TYPE 
1602 Admittance Meter. 
Mounting: Supplied with a wooden carrying case. A 
drawer in the case provides storage for hardware, and a 
spring clip holds the calibrations, which are mounted in 
aluminum holders. 
Dimens ions : Over-a ll , mounted on adaptor, fi~ x 5%; x 
472 inches. 
Net Weight: 3%; pounds. 

Code Word 

1690-A 
1690-P2 

I 

Dielectric Sample Holder ...... ........... \ L OYAL 
Adaptor Assembly... . ........ . .. . ...... LOYALMOUNT 

(for Type 874-LBA SloHed Line) 

$435.00 
20.00 

PATENT NOTICE. See Note 4, page viii. 
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BRIDGES -----~ ------- Assembly 

TYPE 1610-A CAPACITANCE MEASURING ASSEMBLY 
USES: The TYPE 1610-A Capacitance Measur­
ing Assembly is a conveniently arranged unit 
containing complete equipment for highly 
precise measurement of capacitance and dissi­
pation factor. Both two-terminal and three­
terminal capacitances (two-terminal capaci­
tances only with TYPE 161O-A2, see below) 
can be measured, either by direct or substitu­
tion methods, over the frequency range from 
30 cycles to 100 kilocycles. In addition, in­
ductance, storage factor, and resistance can 
be measured by substitution methods. 

The guard circuit included as part of the 
161O-A Assembly also permits the measure­
ment of two-terminal capacitance at a con­
siderable distance from the unit with the 
same precision that cou ld be obtained with 
the unknown located at the bridge terminals. 

DESCRIPTION: The TYPE 161O-A consists of: 
1 TYPE 716-C Capacitance Bridge 
1 TYPE 716-P4 Guard Circuit. 
1 TYPE 1302-A Oscillator. 
1 TYPE 1231-BRFA Amplifier and Null 

Detector (includes 1 TYPE 1231-P5 Filter) 
Rack cabinet and connecting cables. 

The TYPE 1610-A2 is identical except the 
TYPE 716-P4 Guard Circuit is omitted and a 
blank panel substituted. 

Complete descriptions of each of the five 
instruments indicated above can be found on 
pages 18, 22, 64, 65, and 108 respectively of 
this catalog. 

The oscillator frequency range is from 10 
cycles to 100 kc. The fi lter in the assembly is 
tuned to 11 fixed frequencies as selected by a 
switch, and any other frequency in the range 
from 20c to 100 kc with the addition of ex­
ternal capacitance. 
FEATURES: ~ Complete assembly for direct 
and substitution capacitance measurements, 

two-terminal or three-terminal, from 30c to 
100kc. 

~ Instrumellts can be used separately with­
out electrical or mechanical changes. 
~ TYPE 1690-A Dielectric Sample Holder can 
be mounted directly on Capacitance Bridge. 

A one-megacycle assembly is also available; write for details. 

SPECIFICATIONS 
See specifications fo r TYPE 716-C Capacitance Bridge, 
TYPE 71o-P4 Guard Circuit, TYPE 1231-BRFA Ampli­
fier and Nu ll Detector (includes TYPE 1231-P5 F il ter), 
and TYPE 1302-A Oscillator. 
Accessories Requ ired : None, except a balancing ca­
pacitor for substitution measurements when the Guard 
Circuit is not used. This may be the TYPE 722-D Preci­
sion Capacitor (page 151), t he TYPE 509 Standard Ca­
pacitor (page 156), or the TYPE 505 FLxed Mica Ca­
pacitor (page 155). 

Type 

Accessories Supplied : Necessary cables, adaptor, alliga­
tor clip, and spare fuses. 
Accessories Available: For measurements on unguarded 
dielectric specimens, the TYPE 1690-A Dielectric Sam­
ple Holder (page 23) is recommended. 
Dimensions: (Height) 43 x (width) 2231 x (depth) 
20 inches, over-all. 
Net Weight : 20231 pounds for TYPE 161O-A, 180 pounds 
for TYPE 161O-A2. 

Code Word Price 
1610-A 
1610-A2 

Capacitance Measuring Assembly ••• . . . . . 
Capacitance Measuring Assembly 

SEDAN $2050.00 

1755.00 (less Guard Circuit) . • •.••• • ••• •• •• • ••• SABER 

PATENT NOTICE. See Notes 1, 2, and 9, page viii. 
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Capacitance -----~ BRIDGES 

TYPE 740-8 CAPACITANCE TEST BRIDGE 

USES: The TYPE 740-B Capacitance Test 
Bridge is a 60-cycle capacitance and dissipa­
tion-factor bridge for use in both laboratory 
and production testing of paper, mica, and 
electrolytic capacitors. The capacitor manu­
facturer can use it for production tests, the 
capac itor user for acceptance tests. It is 
particu la rl y useful in testing polarized elec­
trolytic capacitors, because the test condi­
tiOJ:~ approximate the normal operating con­
dit ions of use. 

DESCRIPTION: The circuit used in this instru­
men t is that of a series-resistance capacitance 
brid;.;e. It is similar to the capacitance portion 
of the Typg 650-A Impedance Bridge, but 
adapted for 60-cycle use. One ratio arm is 
vari:1ble in decade steps, and the other is 

continuously variable and calibrated directly 
in capacitance. 

The TYPE 740-B Capacitance Test Bridge 
is a simpler instrument than the TYPE 1611-A, 
with a smaller capacitance range and lacking 
some of the features of the latter instrument. 

FEATURES: ~ Measures the d irect capacitance 
of ungrounded capacitors. 
~ \ ' isual null indicator makes the bridge use­
ful for production testing in noisy locations. 
~ Simple to operate. 
~ X ormal operating conditions can be rep ro­
duced when testing polarized electrolytic 
capacitors by using a d-c polarizing voltage. 
The a-c voltage impressed by the bridge itself 
is small and simulates the ripple usually en­
countered in power-supply filters . 

SPECIFICATIONS 
Capacitance Range : 5/L/Lf to 1100 /Lf in sevcn rangcs. 
Capaeitancc vallies arc read directly from a logarithmic 
dial and multipli('r switch . 
Capacitance Accuracy : \ri th in ± 1 ~ over the main 
decade (l to ll ) of the CAPACITA~CE dial for all 
mliltip lier settings except .0001 Within ± 1.5 c~ or 
=,,:3 /L/Lf, whichevcr is the larger, on t he .000 l multiplier 
on the main decade of the CAPACITA~CE dial. 
Bclow 100 /L/Lf the crror graduall.I' increases to ± 5 /L/Lf 
as z(' ro is approached. 
Dissipation Faclor Range: 0 to 50% in t\\·o rangcs. Scale 
has 50 divisions. 
Dissipation Factor Accuracy: \\~ithin ± 1.570 or 1'1111-
scale rcading for a ll capacitancc multipliers except .0001. 

On the .0001 capacitance multip lier a correction of 
0.:3 % should be subtracted from the dissipation-fador 
dialrf'ading. "Vhen this correction is made the accurac.v 
i, within ±2 divisions on the xl multiplier and within 
± 1 division on t he xlO mlii tiplier. 
Voltage Applied to Unknown : The voltage impres8ed 

'l'iJpe 

a('ro~s t he unknown tcrminals varics continuously with 
the bridgc sctting. For vcr~' small capacitances in the 
lowcst range, this voltage is approximately 35 volts, 
"nd it decreases with incrcasing capacitance, so that 
at 100 /Lf it is approximatcl.\' one volt. 
Polarizing Voltage : T erminal;; for connecting a d-c 
pola ri zing voltage are provided on t he panel. 
Power Supply: 105 to 125 (or 2 10 to 250) volts, 60 
c.l-cles. The powcr in put is 1.5 watts. 
Controls: Capacitancc dial and multiplicr, dissipation­
faclor contro l and multiplier, scnHitivit.1' control. 
Accessories Supplied: TYPE CAP-35 Power Cord and 
sparc fuses. 
Tube CDmplement : One each 6X5GT / G, 6J7, 6E5. 
Mounting : Portable carry ing case, of a irplane-luggage 
construction. 
Dim~ nsions: (Length) 1-+ 1 2 x (width ) 15 x (height) 97,4 
inches, over-all , inrlucling cover and ha ndles. 
Net Weight : l \) pounds. 

Code Word Price 
--740-B---1 Capacitance Test Bridge ............... . B_\'BEL 

--------------~----~ 

$265.00 
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BRIDGES -----------Capacitance 

TYPE 1611-A CAPACITANCE TEST BRIDGE 

USES: The TYPE 1511-A Capacitance Test 
Bridge is designed for 50-cycle capacitance 
and dissipation-factor measurements over 
very wide ranges. It is suitable for laboratory 
or shop testing of all kinds of paper and mica 
capacitors, as well as polarized electrolytic 
capacitors. It also meets the requirements of 
the electric-power industry for shop testing 
of insulators, particu larly for measurement of 
dissipation factor of bushings, insulators, the 
insulation of transformers, rotating machin­
ery and cables. It can be used in such meas­
urements even where there are adjacent bus 
potentials of several thousand volts . 

For the wire and cable manufacturer, this 
bridge offers a convenient anq rapid means 
for locating breaks in cable, and for labora­
tory and production tests of dissipation factor 

and capacitance on all kinds of cable. 
The communications industry will find it 

useful, not only for routine capacitance and 
dissipation-factor tests on component capaci­
tors, but also for checking capacitance to 
ground of transformer windings, shields, and 
circui t elements. 

DESCRIPTION: The circuit used is the series­
resistance capacitance bridge. One ratio arm 
is continuously variable and calibrated to 
read directly in capacitance. The other ratio 
arm is variable in decade steps and serves as 
a multiplier for the direct-reading dial. The 
variable resistors in series with the standard 
capacitors are calibrated directly in dissipa­
t ion factor . 

A visual null indicator is used, consisting 
of a tuned amplifier and an electron-ray tube. 

A portable luggage-type carrying case 
houses the complete instrument. 

FEATURES: ~ Will measure any capacitor up 
to 11,000 microfarads. There is no fixed lower 
limit. The range extends down to zero. 
~ Visual null indicator is an advantage in 
noisy locations. 
~ Detector sensitivity increases as balance 
point is approached, which greatly simplifies 
process of locating balance. 
~ Use of low test voltage results in consider­
able saving in cost over equipment operating 
at several kilovolts. Tests have proved that 
capacitance and dissipation factor do not 
depend upon voltage if no corona occurs. 
~ Moderate external electrostatic fields do 
not affect results, since connection to gen­
erator can be reversed and the observed 
results averaged . 
~ A d-c polarizing voltage can be introduced 
from an external d-c source. 
~ Requires no accessories - ready tor opera­
tion when connected to power line. 

SPECIFICATIONS 
Capacitance Range: 0 to 11,000 p.f, covered by eight 
multiplier steps and an approximately logarithmic, 
direct-reading dia l. 
Dissipation-Factor Rang e: 0 to 60 % (at 60 cycles). A dial 
having a scale characteristic approximately logarithmic 
covers the range 0 to :30 % . An additional range of 30 % 
can be added by a panel switch. 
Capacitan ce Accuracy : ±(1 % + 1p.p.f) over the entire 
range of the bridge. 
Dissipat ion-Faclor A ccura cy : ±(2% of dial reading 

f) 
+ 0.05% dissipation factor). Power Factor = -:- / ' 

v 1 +D2 
where D = dissipaLion factor. Below 100 p.p.f, the aCCll-
1":.l("Y is limited by the decreasing sensit ivity of balance. 
Sens itivity : Tl~e sensitivity is such that any capacitance 

in the range 100 p.p.f to 10,000 p.f can be balanced to a 
precision of at least 0.1 % . 
Temperature and Humidity Effects: The readings of the 
bridge are unaffected by temperature and humidity 
variations over the range of room conditions normally 
encountered (65 0 F to 95 0 F, 0 to 90 % RH ). 
A - C Voltage Applied to Capacitance under Test : The 
voltage impressed on the unknown capacitance varies 
from a maximum of approximately 125 volts at 100 p.p.f 
to less than 3 volts at 10,000 p.f. The circuit is so ar­
ranged that a maximum of one volt-ampere of reactive 
power is delivered to the sample. 
Exte rnal Fi e lds: For bushing testing, the fields usually 
encountered in shop and laboratory, even up to several 
thousand volts, will not affect the accuracy. For meas­
urements in locations where the overhead voltages are 
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Test 

very high, the unknown should bo shielded. 
Polarizing Voltage: Terminals a re provided for COI1nort­
ing an C'xternal d-c polarizing voltage. The maximum 
voltage t hat should be impressed is 500 volts. 

One of the terminals is grounded so t hat, any a,-c oper­
aled power supply wi t h grounded output can be used. 
The terminal capacitances of t he po,yer supply do not 
affect t ho bridgo circui t. 
Power Supply Voltage: 105 to 125 (or 210 to 250) volts, 
(10 cyc les. Power Input: 15 \'·atts. 

Type 

BRIDGES 

Accessories Supplied: TYPE CAP-35 P OII'or Cord a nd 
spare fuses. 
Mounting : Portable carrying case of luggage-type con­
struction. Case is completely shielded to insuro freedom 
from electrostatic pickup. 
Tube Complement: Ono each 6Xt'-GT / 0, 68J7, ami 
6U5. 
Net Weight: ~~O Yz pounds. 
Dimensions: ( Width ) l-I-Yz X (depth ) 16 x (height) 10 
inches, over-all , including cover and handles. 

Code TVm'd 
1611-A 
1611-AS1 I 

Capacitance Test Bridge (115 and 230v, 6oc)1 
Capacitance Test Bridge (115 and 230v, SOc) 

FORUM 

FORUMPASHA 

$550.00 
575.00 

TYPE 1611-AS2 CAPACITANCE TEST BRIDGE 
USES: Current RETMA standards call for the 
measurement of electrolytic capacitors at 120 
cycles. The TYPE 1611-AS2 Bridge, which is a 
modification of the TYPE 1611-A Bridge de­
scribed above, is especially designed for t he 
measurement of electrolytic capacitors from 
1 J.Lf to 11,000 J.Lf at 120 cycles and to 0.1 J.Lf 
with somewhat less t ha n rated accuracy. A d-c 
polarizing voltage can be applied. 

DESCRIPTION: Similar to the TYPE 1611-A 
Bridge for 60 cycles except that provision is 
a lso made for the use of an external 120-cycle 
supply with t he upper four multiplier ra nges, 
and the detector filter is tuned eit her to 60 or 
120 cycles as selected . Polarizing voltage must 
be supolied from an external source. 

SPECIFICATIONS 
Capacitance Range: 0 to 11,000 Ilf at 60 cycles. 1 Ilf to 
11,000 Ilf at 120 cycle or other external frequency. 
Dissipation-Factor Range: 0 to 60% at 60 cycles. Range 
proportional to frequency. (0 to 120 % at 120 cycles.) 

Dial readings must be multiplied by the ratio fo for 

frequencies other than 60 cycles. 
Accuracy: Capacitance ± 1 % . Dissipation factor ±(2% 

Type 

of dial reading +0.05 % x fa dissipation factor) . 

Detector Filter: T uned to 60 or 120 cycles, selected by 
switch. J ack provided for use of an external fi lter for 
other frequencies. 
External Generator: Required for froquencies other t han 
60 cn·los. TYPE 121·I-A82 Oscillator described below is 
recoin mended fo r 120-rycle measurements. 

Othor specifications a rc identical to those for TYPE 
1611-A Bridge described above. 

TYPE 1611·AS2 Capaci tance Test Bridge used with the 
TYPE 1214·AS2 Osci ll ator to measure an electroly tic 
capacitor. The TYPE 1204·B Unit Variable Powcr' 
Supply on the right supplies the d·c polarizing voltagp.. 

Code TV m'd Price 
1611-AS2 I Capacitance Test Bridge ...... ........... . I FA VOR $570.00 

TYPE 1214-AS2 120-CYCLE OSCILLATOR 
This oscillator is intended to drive the 

TYPE 1611-AS2 Capacitance Bridge at 120 
cycles. It is very similar to the TYPE 1214-A 
U nit Oscillator (page 112) except forfrequency 
and output circuit. The output control is a 
four-position switch to provide four different 
output impedances, to match the T YPE 1611-
AS2 Bridge at each of its four 120-cycle multi­
plier settings, and is marked in terms of 
bridge multipliers. 

Type 

1214-AS2 

PATENT NOTICE. See Note 2, page viii. 

A jack is provided for plugging in an ex­
ternal oscillator so t hat the output transformer 
and switching can be used at frequencies 
other than 120 cycles. 

SPECIFICATIONS 
Frequency: 120 cycles ± 2% . 
Output: At least 200 milliwatts into matched load. 
Controls: Output impedance switch and power switch. 

Other specifications are identical to those for TYPE 
1214-A Unit Oscillator (see page 112). 

Code Word Price 

ABBOT $100.00 
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BRIDGES Impedance 

TYPE 650 IMPEDANCE BRIDGE 

USES: The TYPE 650 Impedance Bridge 'rill 
measure the inductance and storage factor, 
Q, of coi ls, the capacitance and dissipation 
factor, D, of capacitors, and the a-c and d-c 
resistance of all types of resistors. 

In t he laboratory it is extremely useful for 
measuring the ci rcuit constants in experi­
mental equipment, testi ng preliminary sam­
ples, and identIfying unlabeled parts. In the 
shop and on the test bench it has many 

appli cations in routine testing and fault loca­
tion. Thousands of these bridges are in use a ll 
over the world , in government a nd industrial 
laboratories, educational institutions, electr ic 
generating stations, and radio broadcasting 
stations. 

DESCRIPTION: The Bridge is a conventional 
4-arm impedance bridge. It is entirely self­
contained, in cluding standards and tone 
source, and is direct reading over wide ranges 
of resistance, capacitance and dissipation 
factor, and inductance and storage factor. 

Results are read directly from dials having 
logari thmi c scales. The position of t he decimal 
point and the electri cal uni t in terms of 
which the measurement is made arc indirated 
by the positions of two selector switches. 

Resistance is measured in terms of a stand­
ard resistance arm ; inductance and capaci­
tance are measured in terms of mica capaci­
tance standards, similar in construction to the 
TYPE 505 Capacitors 

A built-in galvanometer is used as the 
detector for d-c work, and head telephones, 
usually preceded by an amplifi er, are used for 
a-c measurements. 

Two Models are available. TYPE 650-AP is 
a-c operated, has a vacuum-tube I-K C oscilla­
tor and an amp li fier ,,-hi ch can be operated 
wi th a flat characteristic or be peaked at 1 kc. 
TYPE 650-A operates from self-contained bat­
teries and mi crophone hummer for 1 kc signa l. 
The TYPE 650-P1 Oscillator-Amplifier is avai l­
ab le separately and cOlwerts TYPE 650-A into 
TYPE 650-..\.P. 

FEATURES: ~ Wide ranges of all kinds of im­
pedances ca n be measured simply and rapid ly . 
~ Convenience, com bined with sufficient ac­
curacy for a ll but very precise ,rork, makes the 
TYPE 650-A invaluable in any laboratory con­
cer'ned with electri cal measurements. 

~ Direct-reading dia ls eliminate add iti onal 
time and t rouble wit h calcu lations. The panel 
photograph shows the simplicity of the 
controls, 

SPECIFICATIONS 

Ranges: 

Resistance 
Capacitance 

Inductance 

Dissipation FactoT (~) 

Storage FactoT (i or Q) 

28 

Minilllwlt 
1 milliohm 
1 micromicro­

farad 
1 microhenry 

. 002 

.02 

JI,f a:rilllwn 
1 megohm 
100 micro­

farads 
100 henrys 

1000 

Accuracy : Accurac~' of readings for capacitance and d-c 
resi~tan('e is l % for the intermediate multiplier decades: 
for inductance, 2% . The accuracy falls off in the lo\\'er 
ranges because of the extremel.,· small values to be 
measured. The error increases to 2% for very larpe 
values of capaci tanec and d-c resistance, and to 10 10 
for la rge values of inductance . 

Accuracy of reading for dissipation factor or for stor­
age factor in terms of its reciprocal is either 20 % or 
0.005, whichever is the larger. For dissipation factors 
larger than 0.05 and for corresponding storage factors, 
the accuracy is 10% . For capacitances of less than 500 
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Impedance 

p.p.f and for inductances greater t han 10 henrys, the 
('1'1'01' increases, reaching 20 % ±O.O I at the ext l'emes of 
range (l00 p.p.f or JOO henrys) . 

T he frequency of t he microphone hummel' is 1000 
cycles within ±5 '70 in TYPE 650-A. The vacuum-tube 
o.,cillator frequency in the TYPJ~ 650-AP is \\'it hin 
± I '70. 
Power Supply: Fou l' No. (j dr.v cells with connectors a re 
supplied with TYPE 650-A Bridge inside cabinet. For 
Typ!!] 650-AP B ridge, 105 to 125 (0 1' 210 to 250) volts, 
50 to 60 cyeies, 10 watts. 
External Generator: For measurements at frequencies 
other than 1 kc a nd up to 10 kc, a n extel'lla l generator 

BRIDGES 

can be used. An external TYPE 578 Shielded Trans­
Jonner is recommended. 
Acce ssories Required : High-impedance earphones; B rush 
model 200 arc recommended. 
Tube Complement: TYPE 650-AP, 1 - 6H6, 2 -
tiSL7GT; TYPE 650-A, none. 
Mounting : Black-crackle-finish aluminum pa nel; shielded 
hardwood cabinet. 
Dimensions : (width ) 12 X (depth) 20 x (height) 8)1 
inches, over-a ll. 
Net Weight: TYPE 650-AP, :30 pounds; TYPE 650-A 
31Yz pounds including batteries. 

SPECIFICATIONS FOR TYPE 650-P1 OSCILLATOR-AMPLIFIER 

Oscillator: 
F req uency : 1 kc ± 1 % . 
H a rmonics : less than -l% at full output. 
Open-circuit Voltage: continuously adjustable up 

to maximum of 10 to 15 volts. 
Interna l Impedance: 2000 ohms. 
Hum Level: 15 mv . 

Amplifier: 
Voltage Gain : continuously adjustable up to about 

.J 5 db (with average headphones). 
Selectivity: approximately 15 db attenuation to 

sec'ond ha rmon ic when t uned to 1 kc. 
Hum Level: ina udible. 

D-C Output: 
Open-circu it Voltage: 180 volts, approximately. 
Inte l'l1a l R esistance: 23,000 ohms. 

Type DeSC1ipiion 

M aximum CUt'rent : 8 ma, no adjustment provided. 
Can be short-circuited without damage. 

Hum Level: less than 100 mv, no load. 
Power Supply: 105 to 125 (01' 2 10 to 250) volts, 50 to 
60 cycles. 
Power Input : 10 watts. 
Tube Complement: 

1 - 6H6 2 - 6SL7-GT 
Accessorie s Supplie d : Connector for use between 
oscil lato r-amplifier a nd bridge, a nd CAP-35 Power 
Corcl. 
Accessories Recommended : H eadphones or a-c output 
meter for use \\'ith a mplifier on a-c measllJ'ements. 
Dimensions : Cabinet: JOYz x 2)1 x 6%; inches. 

P a nel: 12 x 3% in ches. 
Net Weight : 9 pounds. 

rode 11' o1'd 

650-AP 
650-A 

Impedance Bridge, A-C operated .... . .... . FILLY 

BEAST 

TELLO 

$425.00 
270.00* 

12.00 
Impedance Bridge, Battery operated ... ... . 
Model 200 Earphones .. .. . . .. ...... .. . . . 

650-P1 Oscillator-Amplifier only, for converting 
Type 650-A into Type 650-AP .. ......... . BOGUS 155.00 

* \rithout earphones, but including batteries. 
PATENT NOTICE. Fo/' TYI'>: 6.50-AP and TYPE 650-P1, see Notes 9 and 14, page "iii. 

Schematic diagrams of the circ ui ts used in the TYPE 650-A I mpedance B ridge. 

RES ISTANCE 
(WHEATSTONE ) CAPACITANCE 

INDUCTANCE 
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BRIDGES Inductance 

TYPE 667 -A INDUCTANCE BRIDGE 

USES: This bridge is designed for accurately 
measuring the audio-frequency inductance of 
small coils, \\"hich have a low value of storage 
factor, Q, at audio-frequencies. It is used by 
many coil and receiver manufacturers for all 
audio-frequency measurements on the tuning 
coils for radio receivers. It is also capable of 
measuring higher values of inductance (up to 
1 henry) and hence can be used as a general­
purpose inductance bridge. When connected 
as a Campbell mutual-inductance bridge, it 
can be used to measure mutual inductance in 

terms of the internal standard. Terminals are 
provided so that the bridge can be connected 
as a resonance bridge for such measurements 
as the ratio of a-c to d-c resistance. The d-c 
resistance can be determined by using a 
battery and galvanometer in place of the 
usual a-c generator and detector. 

DESCRIPTION : The TYPE 667-A Inductance 
Bridge is a conventional impedance bridge 
specifically designed for inductance measure­
ments. The necessary design features to 
eliminate residual sources of errol' and to make 
the bridge direct reading have been incor­
porated. The variable resistors in both the 
standard and the unknown arms are induct­
ance compensated, identical in construction 
,,·ith TYPE 670 Compensated Decade Resistor. 

A variable inductor in series with the 
unknown makes it possible to obtain a final 
inductance bala nce independent of the re­
sistive balance of the bridge. The standard 
inductor is wound on a ceramic toroidal form 
in order to minimize magnetic coupling with 
the variable inductor. 

FEATURES: ~ High accuracy (within 0.1 Mh) 
for the measurement of small inductances is 
one of the outstanding features of this bridge. 
~ Errors introduced by a sliding-zero balance 
and the variation of inductance with setting 
of the decade resistors have been eliminated. 
Thus inductors of a few microhenrys can be 
measured accurately. 
• An internal standard is provided for con­
venience, but terminals are available for ex­
ternal standards when necessary to extend the 
range of the bridge. 

SPECIFICATIONS 

Range: Inductance, 0.1 microhenry to 1 henry. The 
range can he extended by using TYPE 1-182 Standard 
Inductors as external standards. When the internal 
standard is used, the bridge will balance for storage 
factors between 0.06 and infinity at 1 kc. 
Accuracy : Inductance, ±(0.2 % ·+ 0.1 I'h ). The capaci­
tance across the UNKNOWN terminals is about 60 1'1'1". 
Specific valu!' is given for each bridge. This capacitance 
will increase the measured v,tlue of large inductors 
fractionally by the a mount w2LC. At 1 kc and 1 h the 
increase is about 0.24% . By direct substitution , two 
nearly equal external inductors can be compared to 
±0.02% . 
Frequency Range: All calibration adj ustments are made 
at a frequency of 1 kc. The bridge can be used at any 
frequ ency between 60 cydes and 10 kilocycles, but err·ors 
resulting from stray capacitance increase with fre­
quency. 'Vhen la rge values of inductance are measured 

Type 

\\·ith external standards, the frequency should be 101V­

ered to avoid resonance effects. 
Standards : The standard inductor is a I-millihenry 
toroid wound on a ceramic form. Resistance balance of 
the bridge is made by means of resistors having small 
residual inductances. 
Mounting: The bridge is supplied in a shielded hardwood 
cabinet. 
Accessories Required : Oscillator, amplifier, and ear­
phones. TYPE 121-1-A Oscillator (page 112 ) and TYPE 
1231-B Ampli fier and ~ull Detector (page 6-1 ), or the 
TYPE 1212-A Unit Null Detector (page 66 ) are reco m­
mended \\·ith the TYPE HJ51-A Filter. 
Accessories Supplied : T\\·o TYPE 27.J-NCO Shielded 
Connectors. 
Dimensions : (Length) 17 Y2 x (width) 16 x (height)!lY2 
inc hes, over-all. 
Net Weight : 33 pounds. 

Code Word Prire 

667-A Inductance Bridge .. .. .. . . .... ...... . .... 1 AERIE $5 10.00 
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Comparison BRIDGES 

TYPE 1604-B COMPARISON BRIDGE 

USES: The TYPE 1604-B Comparison Bridge is 
designed for the rapid testing of components 
at audio frequencies, by comparison ,,·ith an 
appropriate standard . Typical measurements 
for which this versatile instrument is particu­
larly suited include: production test.ing of 
ganged potentiometers or capacitors for track­
ing; measurement of small values of capaci­
tance; checking center-tapped windings for 
proper location of tap, the rapid matching of 
component.s for use in critical circuits. 

DESCRIPTION: This instrument is completely 
self-contained, consisting of a bridge circuit, 
an oscillator operating at 400 c, 1000 c, or 
5 kc, and a sensitive cathode-ray-tube visual 
detector. 

The bridge circuit consists of a pair of re­
sistive ratio arms, with a potentiometer pro­
viding a calibrated variation from unity. A 
differential capacitor across the ratio arms 
provides the phase-angle balance. Measure­
ments can be made with the unknown either 
grounded or not, as desired. 

The detector is non-linear, and permits the 
bridge to be balanced without continual re­
setting of the gain controL 

FEATURES: ~ Rapid measurements. 

~ Three measuring frequencies. 
~ II igh accuracy. 
~ Wide impedance range. 
~ Requires no accessories other than appro­
priate standard of reference - ready for oper­
ation when connecLed Lo power line. 
~ Visual llull indicator. 

SPECIFICATIONS 

Deviation Range: For impedance difference, ±5% and 
±20 %, selected by a panel switch. For dissipation 
factor difTerence, ± .006 at 400 c, ± .015 at 1 kc, ± .075 
at 5 kc. 
Impedance Range and Accuracy: Over the following 
ranges the accuracy is ±0.1 % for the 5% deviation 
range, and ±0.5 % for the 20 % range, when dissipation­
factor differenccs do not exceed 0.02. 

Ji'Tequency R L C 
400 c 1211 to 20 Mn 2 mh to 1500 hl]OO I-'f to 50 I-'I-'f 

] kc 211 to 20 iVW! 1 mh to 250 h 30 I-'f to 50 I-'I-'f 
5 kc 4S2 to 2 MI1 200 J-Lh to 10 h 2 J-Lf to 50 J-LJ-Lf 

Dissipation Factor Accuracy: 

Ji'Teqllency Accumcy 
@O c I ±(0.0002 +2 % of the impedance difference) 

1 kc ±(0.0005 +2% of the impedance difference) 
5 kc ±(0.0025 +2% of the impedance difference) 

Frequency: 400 c, 1 kc, and 5 kc, as selected by panel 
switch. All ±3 % . 
Grounding: Two ground positionR are provided ; one 
grounds the junction of the standard and unknown 
impedances, so that the total impedances between the 
high terminals and ground are compared. In the other 
connection the junction of the ratio arms of the bridge 
is grounded, and the direct impedance between ter­
minals of a component is measured; terminal im-

Type 

pedances to ground, within certain limits, will not 
affect the bridge balance. 
Voltage Applied to Unknown: Approximately one volt, 
for impedances above 5001l. For 10ll"er values of imped­
ance the voltage is deerC'uRcci, ("orresponding to a 
source impedance of the order of 100\!. 
Zero Adjustment: An adjuRtablc index mark is provided 
with locking means so that the zero (":In be offset. 
Tube Complement: Two 6AUti, thrce J2AT7, one 2PB1, 
one 117-Z6-GT. 
Power Supply : J05-125 (or 210-250) volts, 50 to 60 cycles. 
Accessories Supplied: TYPE CAP-35 Power Cord; spare 
fuses. 
Accessories Required: Adjustable calibrated standards 
such as the TYPE 1,132 Decade H,psistors, Typ],; 211) 
Decade Capacitors, and TYP8 1 ~00 Decade Inductors 
may be used. FLxed standards such as the TYPE 509 
Standard Capacitors, TYPE 1481 and TYP8 1482 In­
ductors, and TYPE 500 Resistors ma~' also be useu 
whenever appropriate values are available. 

For production te ts, the standard is often a compo­
nent of the type to be tested, that has been measureJ 
independently or othen\·ise selected. 
Accessories Available: TYP]';f; 12:3J-P2 and 1231-1'3 
Filters (pages 108 and 109 ) for frequency discriminatio:I. 
Mounting: Welded a luminum cabinet. 
Dimensions: ( \Vidth) 12 inches, (height) 14;i inches, 
(depth) 10 inches, over-all. 
Net Weight : 22Yz pounds. 

Code lVord Price 
1604-B 1 Comparison Bridge ...................... 1 FATTY $450.00 
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BRIDGES Comparator 

TYPE 1605 -A IMPEDANCE COMPARATOR 

ACCURATE AND VERSAT I LE O N THE PRODUCTION LINE AND 
I N TH E L ABORATOR Y 

USES : Typical uses includC' rapid testing, 
sorting, and matching of prf'cision com­
ponents, either manually or in comhination 
I\'ith automatic sorting equipment. 

Checking effects of timf', t emperature, hu­
mid i ty, and pressure on com ponen ts, I\"i th 
high precision and continllolls indication. 

Rapid checking of trae-king of ganged po­
tentiometers and variable capacitors. 

Frequency characteristics of components, 
Easy comparison of quanti ties usually re-

quiring laboratory tec'hniques, such as: 
Impedance difference to 0.01 %. 
D of lo,,'-Ioss dielectric materials, 
D of Inductors, 
Q or phase angle of ,,'ire-\round resistors 

or potentiometers. 
Balance of transformer " 'i ndings. 

DESCRIPTION: This completely self-contained 
impedance comparator indicates directly on 
h\'o panel meters the differcnce in impedancc 
'and phase angle between a pair of element~ 
('onnectcd to its terminals. Three highly 
desirable characteristics not usually obtained 
together are combined in this unique inst ru­
ment: 

- high accuracy 
- high speed 
- wide ranges of impedance and fl'equene? 

. \.~ a result, not only does it bring laboratory 
aCCU1'acy to production-line inspection, but, 
('onversely, it brings the speed of the produc'­
lion test to measurements in the laboratory, 

The basic circuit of the comparator is a 
bridge circuit, with the unknOl\"ll aile! standard 

impedances scrving as tIro of the bridge a rms 
and the hah'es of a center-tapped transformer 
secondary winding serving as the other tIro 
arms. An internal R-C oscillator driving the 
transformer primary winding provides fre­
quencies at 100 c, 1 kc, 10 kc , and 100 kc. The 
bridge unbalance I'o ltage, resulting f rom in­
equality of standard and unknown imped­
ances, is separated into in-phase and out-of­
phase components that are amplified and 
indicated directly by t,,'o meters reading, re­
spectiYely, impedance magnitude differene-e 
in per cent and phase-angle difference in 
radians. 

The transformer is especially designed to 
have as high a degree of coupling as possible 
bet,,'een the t,,'o hah'e ' of its secondary wind­
ing. The coefficient of coupling achiel'ed is 
greater than 0,9997, and the open-circuit 
\'oltages of the two halves are balanced to 
"'ithin 1 part in 106 , This makes possible 
measurement of differences as 10\\' as 0.01 % 
and minimizcs the loading effeet of external 
impedances on the bridge transformer. 

A special cathode-follol\'er-type circuit pro­
"ides a \'ery high input impedance for the 
bridge detector and also a guard terminal. 
This shield makes possible the measurement 
of high impedances at a distance from the 
instrument, as in an ell\'ironmentaJ test cham­
ber. 

Fo)' operating external selector circuits, 
meter voltages are a\'ailable at the rear of the 
instrument; a plug connector is supplied. 

Calibration can quickly he ('hccked at any 
time by means of a simple built-in network. 
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Comparator BRIDGES 

C lose-up views of the ml'l('r sca les and I·ange switches. 

FEATURES: ~ High-speed meter indicatioll: 
X 0 balancing operation required. 
~ Wide frequency range: 100 cyc les to 100 kc. 
~ High accuracy: measuremen ts to 0.01 % 
~ Versatile: compares impedances of any 
phase angle. 

~ Wide impedance range: 2 ohms Lo 20 me­
gohms 
~ Compares both magnitude and phase angle 
simulta neously 
~ Guard point available 
~ Completely self contained 

SPECIFICATIONS 

Impedance Ranges: 
H.e~istan('e or impedance magnitude: 2 !1 to 20 l\I!1 
Capacitance : 40 J-LJ-Lf to 500 J-Lf; to 0.1 J-LJ-Lf with reduced 

sensitivity_ 
Inductance: 20J-Lh to 10,000 h. 

Internal Oscillator Frequencies : 100 c, 1 kc, 10 kc, 100 
kc; all ± 3%. 
Meter Ranges: 

Impedance Magnitude Difference: ± 0.3 %, ± 1 %, 
~ :~%, ± 10% full scale. 

Phase Angle Difference: ± 0.003, ± 0.01, ± 0.03, 
-" 0.1 radian full scale. 

Accuracy of Difference Readings: 3% of full scale; i.e., for 
lhe ±0.3 % impedance-difference scale, accuracy is 
0.009% of the impedance magnitude being measured. 
Voltage Across Standard and Unknown : approx. 0.3 volts 
Accessories Supplied : TYPE CAP-35 Power Cord, tele-

Block schematic of thc TYPE J605-A Impedancc 
Comparator. 

Type 

phone plug, pxternal-meter plug, adaptor plate asse m­
bly (fils panel terminals) and spare fuses. 
Tube Compleme nt : 1-5651 5-12AT7 

1-5751 :~-6UR 
:~-12AX7 1-6AS7G 
.J-(iAL5 J-:3AIO 

I-VE65A1 
Power Supply: 10.5 to 125 (or 210 to 250) vol L~, .50 to 
GO 1'.\"(" 1('5; 100 \\"ntts inpul at ll5v linl'. 
Mounting : H('lay-ntek pancl ,,· ith cabinct; TYI'I;; Ili05-
AU, has fit tings to permit. cither instrument or cabinct 
to be removed from mel;: \\·ilhout disturbing the other: 
TYI'I;; lU05-A:\[ has ellli supports for table or bench 
w'e. 
Dimensions : Panel ]f) x 8~ inches; depth behin I panel, 
12 inehes. 
Net Weight : 2U.Y:i pOllnds. 

The built-in gual·d circuit permits the use of long leads 
from Comparator to sa lllple insid e conditioning charn­

Lcr, as shown above_ 

Code lVord Price 

160S-AR 
160S-AM I 

Impedance Comparator (relay-rack mounting) 
Impedance Comparator (bench mounting) 

GUNNY 

GIPSY 

$790.00 
790.00 

PATENT NOTICE . See Note 4, page ,·iii . 
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BRIDGES -----~ Z-y 

TYPE 1603-A Z-Y BRIDGE 

A NEW APPROACH TO AUDIO-FREQUENCY IMPEDANCE 

MEASUREMENTS 

USES: This remarka ble new bridge can easi ly 
be balanced for any impedance connected to 
its terminals - from short circuit to open 
circuit, real or imaginary, positi\-e or negative. 
Thus it can make not only the usual routine 
measurements but can also solve many diffi­
cult problems beyond the capabi lities of other 
measuring instruments. Clearly, such versa­
t ility belongs in any laboratory where elec­
trical impedance measurements are made. A 
few of this instrument' s manifold applications 
are: 

Checking or identifying R, L, and C compo­
nents, or any arbitrary combinations of them. 

Reactance-resistance curves for electro­
acoustic transducers, such as loudspeakers, 
microphones, magnetic recorder heads. 

Open- and short-circuit measurements on 
transformers to determine leakage reactance, 
self and mutual inductance, and coefficient of 
coupling. 

FrequC'llcy cha racteriRtici:i of electrolytic ca­
pacitors. 

Measuring rei:ionances of indu ctors and 
transformers. 

Complex input, output, and characteristic 
impedances of filters and other transmission 
net\yorki:i. 

Transistor input and output impedance. 

Conductivity of liquids. 
In electro-chemical research, circular arc 

plots of solids or liquids having lossy polari­
zations. 

Negative resistance of active circuits, such 
as feedback loops. 

DESCRIPTION : The TYPE 1603-A Z-Y Bridge 
measures directly the quadrature components 
of a complex impedance Z = R + jX, or a 
complex admittance Y = G + jB. Low im­
pedances are measured in terms of series R 
and X, while high impedances, i.e., low ad­
mittances, are measured in terms of parall el 
G and B. With overlapping R and X ranges 
from 0 to ± 1050 ohms and G and B ranges 
from 0 to ± 1050 micromhos, any value of 
unknown can be balanced as either an imped­
ance or an admittance. * 

The basic circuit is the fami liar resistance­
capacitance bridge, but it is used in an en­
t irely new manner. A substitution technique 
is employed whereby an initial balance, with­
out the unknown element, is followed by a 
final balance with the unknown in the circuit. 
The difference in setting of the controls be­
tween these two balances measures the com­
plex components of the unknown. 

In the simplified circuit shown, the series 
rheostats provide the R balance for imped­
ance and the B balance for admittance, while 
the parallel rheostats provide the G balance 
for admittance and the X balance for imped­
ance. Rand G readings are independent of 
frequency, whi le X and B read ings are direct 
at any of three reference frequencies -100 c, 
1 kc, and 10 kc as selected by a s\yitch that 
changes certain bridge components. At fre­
quencies other than these three, X and B 
readings must be, respectively, divided and 
multiplied by the ratio 

(operating frequency) f 
(reference frequency) = J. ' 

The details of the controls and switching 
have been worked out to provide the utmost 
in convenience of operation. The unknown 
element is always connected to a single pair 
of terminals, and a main selector switch con­
nects it internally for either impedance or 
admittance measurement and disconnects it 
during the initial balance. The final balance 
controls need !lot be set to zero for initial bal-
* For a more detailed description consult General Radio Experi­
menter for July, t955. 
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ance, because the main selector switch inserts 
fixed resistors in their place equal to the value 
they would have when set to read zero. This 
is a convenient feature in making frequ ency 
runs on the unknowll. 

The reference-frequency s\\'iLch may be 
used as a multiplier for the X and 13 ranges 
by setting it to a value other than nearest the 
actual operating frequency. For measurement 
of very lOll' impedances or admittances, the 
functions of the II'ide-range final halanre ron­
trois and thp nat'l'ow-range initial balane-c 
controls may be interchanged, and , to a ll O\r 
this use, the initial balance controls han> ac­
curately calibrated dial~ with about 15% 
the range of the main dials and Il'ith the 
lower range of their scales expanded . 

By selecting the appropriate method of COIl­
necting the external detector to the bridge 
detector terminals provided , onp can measure 
(1) the grounded, (2) the direct, or (3) the 
total delta value, balanced or unbalan ced, of 
the unknown element - a " aluab le ab ility 
IlOt possessed by most othcr instruments. 

FEATURES: ~ 'Will ahmys ~il'e an ans\\'cr no 
matter what the unknO\\'ll IS. 

~ Switching and controls provide fast, con­
I'enient operation , 

BRIDGES 
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takell \lilh TYPE J603-A Z-Y Bridge. 

~ 1 r;o accuracy. 
~ ('ol'e rs entire audio frequency range. 
~ Gives ans\\'ers di rectly in ohms or ml­
cromhos. 
~ Can measure grounded, direct, or balanced 
impedan ces or admittances. 

SPECIFICATIONS 
Frequency Range: 20 (',\'('Ies to 20 kc. 
Impedance and Admittance Range: If the ab~olu te re­
sistanee is less than 1000 ohms and the absoilite 

reactanc'c is less t han 1000 'j ohms, the unkno\\'n is 

measurpd as an impedance. If the absolute ('onductanee 
is leAS than 1000 micromhos and the absolute suseep-

tance is less than 1000 t mieromhos, the unknown is 

mpa~ured as an admittance. Under certain limi ted con­
ditions, a ('hoice of Z or Y measurements is possible. 
Accuracy: For real eomponents, R 01' G: ±(J % +[2 
ohms or 2 micl'omhos)) for the main dials: ('omponents 
of less than about 100 ohms (or 100 micl'Omhos) can be 
measured on the auxi liary dials \\'ithin ±(l % +[0.2 
ohm 01' 0.2 micromhoJ). For imaginary component, 

X or B: ± (l '70 + [2j" ohm or t. micl'Omho J) for the 

main dials ; 

±(1 7p+[0 .2~ ohm or 0.2.!, micromhoJ) for the 

auxiliary dials, To obtain this accuracy in the measure­
ment oi' small quadrature componel1 ts at the higher 
frequencies, cOl'I'ection data, supplied in the operating 
instruetions, must be applied. The absolute measUI'e­
ments of X and B, but not Rand G, involves the fre­
queney error of the excit ing generator. 
Maximum Applied Voltage: 130 volts nus on bridge, 
giving less than 32 volts on unkno\\'n. 
Accessories Required: A calibrated oscillator Ot' other 
suitable a-c generator, and a null detector. The TYPB 

1210-B Unit O~cillator (page 114) and t he TYI'B 1212-A 
Unit~ull D etecto r, (page 66) are rc('ommendcd. 
Accessories Supplied: 2 TYPB 2H-NCO Shielded Cables, 
for connections to generator and detc(·tor. 
Mounting: Aluminum ('abinet and pancl. Black crackle 
finish. Carrying handle pl'Ovided. 
Dimensions: Panel: (Width) 12;..-2 x (height) 13;..-2 x 
(depth) 8;..-2 inches, over-all. 
Net Weight: 21 ;..-2 pounds. 

-<..,"tf'V 

~~"'~'* ~ So B BALANCE 
CLOS~O CONTROLS 
FOR " 

y~ 
_ _ "..."T~y,-,:p __ e~_---.-_=-::--_--,-__ ~ ____________ ~_--,Code 11'01'£1 

1603-A Z-Y Bridge ............................. 1 CATER 

Pl'ice 
-I - $370.00 

GENERAL RADIO COMPANY 35 



BRIDGES Radio-

TYPE 1606-A RADIO-FREQU ENCY BRID_GE 

USES: The Typg 1606-A Radio-Frequency 
Bridge measures impedances simply and ac­
curately at frequencics from 400 kc to 60 Mc. 
lt measures directly the rcsistance and re­
actance of antennas, transmission lines, net· 
works, and components. Although designed 
primarily for measuring the 10 \\' values of 
impedance most often encountered in r-f de­
vices, its range can be extended by means of 
an external parallel capacitor so as to meaSUl'e 
high impedances, such as tuned circuits. 

This bridge is a ne\\' and improved model 
superseding the very popular Typg 016-A­
for many years the standard of the radio in­
dustry for r-f impedance measurements. 

DESCRIPTION: The bridgc circuit used is 
sho \\'n schematically in the diagl:am belo\\'. 
Measurements are made by a series-substitu­
tion method. The components of the unknOlnl 
impedance are determined from the change in 
settings of capacitors Gtl and Gp . The unknown 
reactance at 1 Mc is read directly in ' ohms 
from the dial of Cp , and the unknown resist­
ance in ohms from the dial of GIl. 

In making measurements the bridge is first 
balanced by means of capac itors Gp and GA 

Irith a short-circuit across the unknown ter­
minals. The short is then removed, the un­
knolrn impedance connected, and the bridge 
rcbalanced. The resistance is then given by 

R = R (CA' - G.41) 
. x n G

N 

and t he reactance by 

Xx = ~ ( ~P2 - ~pJ 
\\'here the subscripts 1 and 2 denote the dial 
readings for the initial and final balances, 
respecti vely. 

The resistive component is measured in 
terms of a .fi:red resistor (Rn), a fixed capacitor 
(('N) , and a variable capacitor (GA). This 
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Frequency 

feature is an important factor in the high­
frequency performance of the bridge because 
residua l parameters can be made much smaller 
in a fixed resistor and a variab le capacitor 
t han in a variable resistor. 

The TYPE 1606-A Bridge incorporates sev­
eral important new advances in bridge design. 
A single, internal bridge transformer, used to 
couple an external generator to the bridge 
circuit, covers t he ent ire 150:1 frequency 
range of t he instrument while its triple shield­
ing keeps undesired coupli_ngs to an insign if­
icant level. A new type of variab le air capaci­
tor, having very lo\\" losses a nd indu ctance, is 
used for t he reactance balances a nd the initi a l 
resistance balance. In t his capacitor the com­
plete rotor and stator sections are milled 
out of solid blocks of a luminum , a construction 
t hat avoids losses at t he joints between plates 
and spacers and provides the utmost stabi li ty. 
Finally, the entire mechanical design is suc h 
that the instrument can operate uncleI' difficult 
environm enta l conditions simila r to t hose 
specifi ed for testing military electroni cs equip­
ment, \\'hich makes the TYPE 1606-A Bridge 
an exce llent instrument for portable field usc. 

FEATURES: ~ High accurn ey and reliability 
~ Fast, simple operation 
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FREQUENCY IN Me 

Iteactance and resis tance o f an an tenna sys tem measured 
wi Lh the Rarlio-Frequency Brid ge. 

~ Wide frequency range 
~ Measures most impedances directly 
~ Small , light, and rugged for field use ­
carrying case avai lab le 
~ Initial balance controls have clamps to pre­
vent accidental movement. 
~ Represents the best, most progressive prac­
tice in bridge design. 

SPECIFICATIONS 

Frequency Range: -100 Kc to tiO i\[C. 
Reactance Range: ±5000Q at 1 :'IIc. This range varies 
inversely as the frequency; a nd at othrr fref]ue ncies 
the dial reading; must be divided hy tIl!' fl'('<I UPIH'Y in 
megacydcs. 
Resistance Range: 0 to 1000Q. 
Accuracy: For reactance at frequellcies up to 50 :'I fe, 
± (2 % + Hl + 0.0008 X R X f), \I'here I? is thE' meas­
ured resistance in ohms and ! is the frequenc:-' in :'Ife . 

For resistance, at freq llencies up to 50 :'I f (' , 

[ 
R 10- 1 X ] 

± 1% +0.00U1'(1+1000) % ± ! I!+O. I I! 

subject to correction for residua l parameters. R is the 
measured resistance in ohms, X is the measured 1'1'­

actance in ohms, and! is thl' frequency in :'Ilc. At 
high frequencies, the correct ion depends upon the fre­
quency and magnitllde of the unkno\l'n resistan('C 
component. A cha rt from which the corre(·tion can he 
detcrmined is given in the instruction book supplied 
with the bridge. 

Satisfactory operation can be obtained at frequeneies 
as low as 100 Kc and somewhat above 60 J\Ic \\'ith not 
quite as good accUI"acy as indicated above. The f' term 
is important only at frequencies above 10 Mc. The 1 II 
term is important on ly at very low frequ encies II"lwn 
the resistance of a high-reactance, low-loss capacitor is 
measured. 
Terminals : Generator and detector terminals are TYPE 

Type 

87~ Coaxial Connectors. Adaptors to all commonly 
used coaxia l eonnectors arc available (see page 62 ). 
Accessories Supplied: Two leads of different lengths for 
con nedi ng til(' unknow n impedance to the bridge ter­
minals, one 1 z" spacer and one %;", 6-:32 sereII' for 
mounting components directl.v on the bridge terminals, 
two TYPE 87~-R22 Coaxial Cables for connecting the 
generator and detector, a nd one TYPE 87-I-PB58 Panel 
Con nector. 
Other Accessories Required: Radio-frequency generator 
and detector. The TYPI" l:nO-A Bridge Oscillator and 
the TYPE 1211-B Un it Oscillator arc atisfactor.v gen­
enl,tors, as are the TYPE 1001-A and the Type; 805-C 
,'t~\l1dard-Si g n al Generators. At freqllencie~ above 
50 :'Ilea TYP812l5-B UnitOscillatorol"tL TYPE 1021-AV 
Standard-Signal Generator is recommended. 

A well-shielded communi('ations receiver covering 
th(' desired freqllency mngC' makes a satisfactory de­
tector. It is recommended that t he receiver be fitted 
with the Type; 87-+-PB58 Panel Connector or other 
coaxial conneetor to avoid leakage at the input con­
nection. 
Mounting: \\ 'elded aluminum cabinet supp lied. A 
luggage-type carry ing Cllse is available separately a nd 
is recommended if the bridge' is to be used as 11 portable 
field instrument. 
Dimensions : 1212 X 9 12 X 101~ inches, over-all. 
Net Weight: 2:3 pOllnds without carrying case ; 29 pounds 
with carrying case. 

1606-A 
1606-P1 

Radio Frequency Bridge* .•...•.......... '1 
luggage-type Carrying Case ......•...... 

('ode "_11 -=" o-'-rd"-_-;-_---:;c-P~n=-·c"-:e ~ __ 
CIGAR $620.00 
BILLY 17.50 

* PATENT NOT [C'E. See Notes 4 and 12, pa/l:C ,"iii. 
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BRIDGES 

USES: The TYPE 9I6-AI, Bridge measures 
impedances quickly and accurately at fre­
quencies from 50 kc to 5 !Ic. It measures 
directly the resistance and reactance of an­
tennas, transmission lines, networks, a nd 
compon ents. Although designed primarily for 
measuring the low values of impedance most 
often encountered in its frequency range, its 
impedance range can be extended by means 
of an external parallel capacitor so as to 
measure high impedances, such as tuned 
circuits. 

Radio-Frequency 

TYPE 916-AL 

RADIO-FREQUENCY 

BRIDGE 

DESCRIPTION: The circuit is simila r to that of 
the TYPE 1606-A H-F Bridge used at higher 
frequencies (see page 36). T,yo transformers 
are used to cover the entire frequency range, 
the 100\"er limit of ,\"hi ch can be extended down 
to 15 kc for many measurements. 

FEATURES: ~ High accuracy and reliability 

~ Fast, simple operation 

~ Measures most impedances directly 

~ Suitable for field use 

SPECIFICATIONS 

Frequency Range: 50 kc to 5 Mc. SatisfactOlY operation 
for many measurements can be obtained at frequenc ies 
as low as 15 kc. 
Reactance Range: ± ll,ooon at 100 kc. This range varies 
inversely as the frequency, and at other frequenc ies t he 
dial readings must be divided by t he frequency in hun­
dreds of kilocycles. To facilitate the measurement of 
small reactances, the instrument is provided lI"ith an 
incremental reactance dial " 'hich has a range of 100 
ohms at 100 kc. 
Resistance Range : 0 to 1000n. 
Accuracy : For reactance at frequencies up to 3 1\[c, 

± (2% + 0.2 X lrOO f! + 3.5j"k;R X 10-'0\1) II"herc R 
. kc 

is the measlll"ed resistance in ohms and h, is the fre­
quency in kilocycles. Thc crro rs in reactance inerea~e 
relativel." rapidly at frequencies above:l ;\'[e: and at 51\ [c 
the aecume.,· is ±(2'/6 + 0.01 n + 2.:l R'· ' + 10-'11). 

Fo r resiskLlH"c, at frequ l' ll cies up 10 5 1\ I{", ±( J ('~ + 
O.I!! ), subject to ('o 'TP(' Lion for residual paranwters at 
low freq urneirs. The corrrcLion depends uJlon tite 
frpquellcy a nd upon tite magnitud e of titl' ul1knol\'" 

Type 

reactance component. A plot of this correction is given 
in t he instruct ion book supplied with the bridge. 
Accessories Supplied: Two input transformers, one 
covering the lower portion of the frequency range, t he 
otber t he higher portion; two leads of different lengths 
(for connecting the unknown impedance); two 87-l-R22 
Coaxial Cables for connecting generator and detector; 
one TYPE 874-PB58 Panel Connector. 
Other Accessaries Required: Radio-frequency generator 
and detector. The TYPE 1330-A Bridge Oscillator and 
the TYPE 1211-B Unit Osci llator are satisfactory gen­
erators as a re the TYPE 100l-A and the TYPE 805-C 
Standard Signal Generators. A lI"ell-shielded radio re­
eeiver covering t he desired frequenc~' range makes a 
satisfactory detector. It is recommended t bat the 
rerpiver be fitted lI"i th t he TYPE 874-PB58 Panel Con­
nector supplied to avoid leakage at the input connectio n. 
Mounting : Airplane-luggage type rase wit h carrying 
handle. Both input transformers arc stored inside the 
easc. Coaxial ('lib le~, IClids, and instruction book lLre 
Hto rpcl in tbe ('ove,' of the instrument when not in lise. 
Dimensions : 17 x J:~ ):2 x J I Ys inches, over-all. 
Net Weight : J-l)'.J poullds. 

Code Word 
91 6-A'-:L:---'---=R-a-:d::-j o- --=F:-re- q- u- e- n- c-y-=S-:r jC-:d:-g-e (50 keto 5 Mc) ••• 1 CLUCK $620.00 

P .-l.TENT NOTICE. See Notes 4 and 12, page ,·iii. 
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V-H-F BRIDGES 

TYPE 1601-A V- H- F BRIDGE 

USES: The Tn!!.: HiOl-A V-H-F Bridge is de­
signed for the direct measuremenL of relatively 
low impedances at frequencies between 10 
and 165 megacycles. It will measure high 
impedances indirectly. Among it:; applicaLions 
are measurements on antennas, lines, net­
works, and components. It is particularly 
well adapted for the accurate measurement 
of 50 ·ohm coaxial systems, and ilil supplied 
\\"ith a coaxial adaptor to fit the bridge un­
known terminal. For measurements on com­
ponents and other lumped impedances, a 
pair of terminals (one grounded) or a single 
terminal with ground plane are provided. 

DESCRIPTION: The measurement is made by 
a series substitution method using the same 
basic bridge circui t as the Tug 1606-1\ 
Radio-Frequency Bridge (see page 36). T lw 
resistive and reactive compon ents of the un­
known impedance are measured in terms of 
incremental capacitances, and the magnitude 
of each is indicated on a separate dial. Cali­
brations are in ohms resistance and in ohms 
reactance at 100 megacycles. 

Particular attention has been paid to the 
design of the bridge transformer and of the 
terminal structure to which the unknown 
impedance is connected , in order that the 
bridge be direct-reading, with a minimum of 
corrections. 

FEATURES: ~ This hridge is :1S con venient to 
usc a~ those operating a t mu ch lower fre­
quencies. 
~ Terminal arrangement permits both coaxial 
a nd lumped circuits to be measm ed. 
~ Bridge is small enough and light enough to 
permit its woe in locations such as antenna 
towers which would be inaccessible to heavier 
equipment. 
~ Accuracy is better than that obtainable 
with other methods at these frequencies. 
~ Dials are direct-reading in both resistance 
and reactance. 

SPECIFICATIONS 

Freque ncy Range: 10 Mc to 165 :\[c. Satisfactory opera­
t ion can, for some measurements, be obtained at fre­
quencies as low as 2 Mc and as high as 175 Mc. 
Reactance Rang.. ±200 ohms at 100 Mc. D ia l range 
varies inversely with frequency and is calibrated at 
100 file. 
Res is tance Range: 0 to 200 ohms, independent of fre­
quency. 
Accuracy: For resistance, ± (2% + 1 Q) subject to cor­
rection for inductance in the capacitor used to measure 
resistance. The correction increases wi th frequency and 
with the magnitude of the resistive component. A cor­
rection chart is supplied with t he instrument. The ohmic 
uncertainty indicated in the accuracy statement, namely 
1 ohm, is roughly proportional to the magnitude of the 
reactive component of the unknown impedance. The 
indicated value is the maximum obtainable, and the 
minimum is 0.1 ohm. 

For reactance, ±(5 % + 2 n). The ohmic uncertainty 
is roughly proportional to frequency and to the magn i­
tude of the resistive component. The maximum value is 
indicated, and the minimum value is 0.1 ohm at 100 Mc. 
Accessories Supplied: Two TYPE 874-R22 Cables; one 
TYPE 1601-204 Coa.xial Extension Assembly; one TYPE 

Type 

8J.+-WN Short-Circuit Termination ; one Short-Circuit­
ing Cap; one TY PE 874-PB58 Panel Con nector ; Smith 
Charts . 
Other Accessories Required: R-F generator and receiver 
covering the desired frequency range; TY PES 1208-B, 
1215-B, and 1330-A Oscillators are recommended, de­
pending on frequency range. At frequencies above 40 
:'IIc, the TYPE DNT-l or -2 D etector is a satisfactory 
receiver. Both oscillator and receiver should be reason­
ably well shielded. It is recommended t hat t he receiver 
be fitted with the TYPE 8U-PB P anel Connector sup­
plied to avoid leakage at the input connection. 
Additional Accessories Recommended: A TYPE 874-\VM 
50-ohm Termination is useful in checking the bridge ad­
justments. The generator and detector terminals are 
TYPE 874 Coaxial Connectors. Adaptors for connection 
to the various types of military con nectors and to 
V-H-F and U-H-F rigid l %-inch transmission lines a re 
listed on page 62. An additional adapter will be needed 
when coaxial systems to be measured are fitted with 
military connectors. 
Dimens ions: (Length ) 13Y2 x (height) 9 x (depth) 1O Y2 
inches, over-all. 
Ne t W eight: 18 pounds. 

Code Word Price 

1601-A 
874-WM \ 

V -H-F Bridge*t . . ..... .... ..... .... . ... .. \ 
50-Ohm Termination* . . . ... . .. . ........ . . 

FLORA 

COAXMEETER 
$520.00 

12.50 
PATENT NOTICE . • See Note 4, page viii .t See Note 12, page viii. 
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BRIDGES Admittance 

TYPE 1602 - 8 U-H-F ADMITTANCE METER 

USES : The Admittance Meter i" a ]lull-type 
instrument for determining the components of 
an unknown admittance in the VHF-UHF 
range. It is designed primarily for measure­
ments on coaxial systems: antennas, lines, 
coaxial components, etc. It can be used as an 
indicator for adjusting a network to a prede­
termined admittance or for matching one net­
work to another and is particularly useful in 
matching antennas and other networks to 
50-ohm circuits. 

As a comparator, the Admittance Meter can 
be used to determine impedance magnitude, 
reflection-coefficient magnitude, and voltage 
standing-wave ratio. 

The usefulness of the Admittance Meter is 
greatly enhanced by the many accessories 
available for use with it. Among these are: 

The TYPE 874-LK Constant Impedance Ad­
justable line (page 54), which can be set to 
one-half wavelength to eliminate corrections 
for the length of transmission line between 
the unknown and the measuring point. When 
the line is set to one-quarter wavelength, the 

Admittance Meter dials read directly in im­
pedance parameters, i.e., the series resistance 
and reactance of the unknown. 

The TYPE 874-UB Balun (page 52), for 
use in measuring balanced impedances, such 
as TV receiving antennas and transmission 
lines. 

The TYPE 874-M Component Mount (page 
59), which provides a convenient means of 
connecting lumped elements (resistors, capaci­
tors, or inductors) to the Admittance Meter 
for measurement. 

Adaptors (page 62) for all commonly used 
types of military connectors. 

Adaptors (page 62) for Rigid VHF (1%­
inch) and UHF transmission lines used with 
TV transmitting antennas. With these adapt­
ors and the adjustable line mentioned above, 
the over-all accuracy of measurement is more 
than adequate for antenna measurements in 
design, test, and installation. 
DESCRIPTION: The TYPE 1602-B Admittance 
Meter comprises a coaxial line to which the 
unknown is connected and has a shielded 
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Meter ------~ BRIDGES 

Admitlance :Meter set up with component mount and 
adJllstable line to measure resistors at 500 megacycles. 

pickup loop to sample the current, a second 
Ii ne, and loop, terminated in a pure resistance, 
and a third line, and loop, terminated in a 
pure reactance. All are fed from the same 
voltage source, so that their input voltages 
arC' in phase, and the current in each line is 
proportional to the admittance. The voltage 

induced in each loop is proportional to the 
current in the corresponding lin e and is de­
pendent upon the orientation of the loop, 
which is adjustable. 

The three loops are connected in parallel, 
and the voltage from the loop in the unknown 
line is canceled by adjusting the loops coupled 
to the standard lines unti l a nu ll is reached. 
The conductan ce and susceptance of the un­
known are read directly from the scales of the 
standard loops, while the scale of the loop in 
the unknown line indicates mu ltiplying factor. 

FEATURES: ~ Dial scales are direct-reading, 
independent of frequency. 
~ No sliding balance; conductance and sus­
ceptance adjustments are independent. 
~ No in itial balance is necessary. 
~ Wide-frequ e ncy range - direct- reading 
from 41 to 1500 megacycles; can be used at 
frequencies as low as 20 Mc. 
~ Covers completely both V-H-F and U-H -F 
television bands. 
~ Accurate, rapid, and easy to use. 

SPECIFICATIONS 
Range : Theoret ically, zero to infinity; practically, the 
lower limi t is determined bv the smallest readable incre­
ml'nt on the Heale \\·hieh is J 00 mi rromhos (0. 1 millimho). 
The upper limit is JOOO millimhoH. Range is the same for 
hoth conduetance and su~("eptanc(', but susceptance can 
he either positive or ne~ative, i.e., the susceptance dial is 
ealihrated from -20 to +20 millimhos. Multiplying fac­
lors from 1 to 20 are provided, and factors from 20 to 
100 can be determined approximately. 
Freque ncy Range: .j J to 1500 i\[c, direct-reading. Range 
('an be exlended downward to 20 '\[c, if a frequency 
(·orrection is applied to t he susceptance reading, and 
ean be used to 2000 ?lIe for imppdance matching. 
Accuracy: For hoth condurtance and susceptance (up to 
1000 M c): 

[rom 0 to 20 millimhos ±( ;~% +0.2 millimho) 
[rom 20 to 00 millimhos ±(;~Vhl% + 0.2 millimho) 
where i\[ is t he seale multiplying factor. Above 1000 
i\Ic, errors increase slightly, a nd, at 1500 Mc, the 
basic figure of 3% in the expression above becomes 
5% . For matching impedances to 50 ohms, the accu­
racy is 3% up to 1500 i\[c. 

Accessories Supplied : One TYPE 1602-P4 50-n Termina­
tion, for use as condu ctance standard, and one TYPE; 
1602-Pl Adjustable Stub and one TYPE 1602-P3 Vari­
able Air Capac-itor, for suseeptance standards; two 
TYPE 87-1-R22 Patch Cords for connections to genera­
tor and detector; and one TYPE 874-PB58 Panel Con­
nector for installation on detector. A wooden storage 
c-ase is furnished. 
Ad d itional Accessories Requi red : Generator and de­
lector. Generator should cover desired frequency range 
and deliver between 1 volt and 10 volts. TYPE 1208-A 
(65 to 500 Mc), TYPE; 1215-A (50 to 250 i\[c), TYPE; 
1209-A (250 to 920 Mc) and TYPE 1218-A (900 to 2000 
\[c) Unit Oscillators (see page 117), are recommended. 
The TYPE 1021-AU and AV Standard-Signal Genera­
lors a re a lso satisfactory. 

Detector sensitivi ty shou ld be better than lO micro-

volts. TYPE DNT Detectors (page 69) are recom­
mended, consisting of the TYPE; 874-MR Mixer Rectifier 
(page 51), the TYrI, J 216-A Unit I-F Ampli fier (page 
68) and a second Unit Oscillator to provide the hetero­
dyning frequency. 
Othe r Accessories Available : Coaxial adaptors (page 
62); line streteher (page 540); balun (page 52); and com­
ponent mount (page 59). 
Terminals : All terminals are TYPE 87.1, Coaxial Con­
nectors. Adaptors are available for other coaxial systems 
(page 62). 
Dimensions : 7Y2 X 5Y2 x 5Y2 inches, without standards 
and unknown con nected. 
Net W e ight : 87:1: pounds. 

Schematic diagram of admilla nce meter ci ,·cuit, with 
standards, generator, and nu ll detector connected for 

admittance measurements. 

Code Word P rice -----.I..ype 
1602-8 1 U-H-F Adm ittance Meter .. .. ·· ·· ·· ·· ·· ···1 HONEY 

--..,.--
$295 .00 

PATENT NOTICE. See Note 4, page viii. 
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BRIDGES Twin-T 

TYPE 821-A TWIN-T IMPEDANCE MEASURING CIRCUIT 

USES: With t he Twin-T, accurate measure­
ments can be made of impedances having 
small phase differences from 0° or 90°, such as 

Low-loss capacitors. 
Inductance and Q of coi ls. 
Resonant impedance of parallel circuits. 
Magnitude and phase angle of high-valued 

resistors. 
In the chemical laboratory it is used for 

accurately determining titrat ion end points. 

MEASURES 

HIGH IMPEDANCES 

460kc to 40 Me 

CIRCUIT AND CONSTRUCTION: The circuit of 
the Twin-T minimizes the effects of unwanted 
residual impedances. Generator, detector, and 
unknown have a common ground connection, 
and ail' capacitors are used for both the capaci­
tance and the conductance balances. The 
standard capacitor is a highly stable and pre­
cise model, similar to the TYPE 722 (see page 
151). Capacitance and conductance dials are 
direct reading. 

SPECIFICATIONS 
Frequency Range: 460 kc to -10 Mc. 
Capacitance Range: 0 to 1000 J.LJ.Lf. 
Susceptance Range: -6000 J.L m ho to +6000 J.Lmho at 
1 :vIc. T he range varies directly as the frequency, and at 
other frequencies t he dia l reading must be multiplied 
by the frequency in megacycles. 
Conductance Range: D irect Reading: 
0- 100 J.Lmho at 1 Mc 0 - 1000 J.Lmho at 10 1\1c 
o - 300 J.Lmho at 3 Mc 0 - 3000 J.Lmho at 30 Mc 

Between these direct-reading ranges the range of the 
conductance dial varies as the square of the frequency. 
Accuracy: For capacitance, ± (0.1 % + 2 J.LJ.Lf), direct­
reading; ±0.1 % or ±0.8 J.LJ.L f, whichever is larger, after 
scale correction data is applied. For conductance, 
± (2 % of dial reading +0.1 % of full scale). At the 
higher frequencies, corrections for residual impedances 
mllst be applied. All correction data is furnished. 
Accessories Supplied : Two TYPE 874-R22 coaxial cables 
for connections to generator and detector ; TYPE 
874-PB58 Panel Connector. 
Other Accessories Required: A suitable radio-frequency 
generator and a detector are required. The TYPE 
1330-A Bridge Oscillator (page 110) is recommended as 
a generator, and a well-shielded radio receiver covering 
the desired frequency range is a satisfactory detector. It 
is recommended that the receiver be fitted with the 

Type 

TYPE 874-PB58 Panel Connector supplied to avoiJ 
leakage at the input connection. 
Other Accessories Available : For measurements on un­
guarded dielectric specimens, the TYPE 1690-A D ieleC'­
tric Sample Holder is recommended. 
Mounting: The instrument is mounted in a shielded, 
airplane-luggage type of case with carrying hand le. 
Dimensions: 17% x 12 x 97'2 inches, over-all . 
Ne t Weight: 29 pounds. 

C' 

o~------Z1)-------~~----~ 

POWER SOURCE 

ell! 

d 
Code Word 

COO 

}------1 c 

R 

Price 

821-A Twin-T . .... . .......... .. .............. . 1 LAGER $620~OO-
PATENT NOTICE. See Notes 4, and 7, page viii. 
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Vacuum-Tube ----~ BRIDGES 

TYP E 561-0 VACUUM-TUBE BRIDGE 

USES: The TYPE 561-D Vacuum-Tube Bridge 
makes possible the measurement of the 10\\'­

frequency dynamic coefficients of vacuum 
tubes and transistors over very wide ranges 
of values and under a wide variety of operat­
ing conditions. The circuits used are such that 
independent, direct-reading measurements of 
forward and reverse voltage-amplification 
factor, resistance, and transconductance can 
be made quickly and easily. Interelectrode 
and other stray capacitances are balallced out 
in such a manner that awkward correction 
factors, common to most vacuum-tube bridge 
circuits, are unnecessary. 

In the field of development and research, 
the instrument, in addition to providing 
accurate measurements of the usual par­
ameters, affords a means of studying the be­
havior of tubes and transistors used in 
unconventional and special circuits, where 
anyone of the electrodes may be used as the 
control electrode and where the parameters 
may have negative values. 

The circuits have large enough current­
carrying capacity and sufficient insulation so 
that lo\\"-po\\'er transmitting tubes may be 
tested, in add ition to receiving tubes and 
transistor::;. 

DESCRIPTION : The bridge make::; u::;e of alLpr­
llati ng-current Ilull methods of measuremell t, 
ill which phase-shift and capacitance errors 
hLwe oecll giYCll ::;pecial consideration in order 

Left. Pa nel v iew of tbe TYPE 561-D 
Vacuum-Tube Bridge. 

Below. Adaptors, leads a nd patcb cords 
supplied wi th the Vacuum-Tube 
Brid ,"e. T hese permit connection to a ll 
standard receiving tubes a nd tra nsis­
tors. Tubes with non-standard bases 
ca n a lso be measured using the Univer­
sa l adaptor eq uipped with solder lugs. 

that the operating range of the bridge may be 
as wide as possible. Each of the three coeffi­
cients is obtained in terms of the ratio of two 
alternating test voltages. A third voltage is 
employed in the capacitance balancing circuit, 
but its value does not enter into the resu lts. 

An extremely flexible arrangement of the 
control circuits makes it possible to measure 
the parameters referred to any pair of elec­
trodes. Connections from the tube or transis­
tor under test to the measuring ci rcui t 
are made by means of coaxial cables and jacks 
connected to a nine-terminal jack plate 
mounted on the panel. Sixteen coaxial p lugs 
are mounted on the panel, permitting a wide 
variety of interconnections between the jack 
plate, the measuring circuit, and external 
power supplies. 

Eleven adaptor plates are provided. Ten of 
these carry different standard tube sockets, 
and one is a "universal" adaptor furnished 
with soldering lugs. Socket adaptors and 
sockets that can be mounted on the universal 
adaptor are furnished for sub-miniature tubes 
and transistors. 

FEATURES: ~ A simple and straightforward 
measurement procedure is used and is exactly 
the same for all three coefficien ts. A three­
position switch is turned to the desired quall­
tity, mult iplier switches are set at the appro­
priatp Yalup, and a null balance is obtained 
by adj u::;tillg a three-decade attenuator alld a 
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BRIDGES 

STANDARD 
/ RESISTANCE 

CAPACITANCE 
BALANCE 

DECIMAL 
./ATTENUATDR 

~II~GC. 

variable capacitor. At hdance, the decades 
rpad the quantity being measured directly to 
three significant figures. 
~ Independent measurements of the three 
main parameters are possible, i.e. , none of 
the balanceR depends in allY way on any 
other. Therefore independent cross checks can 
be obtained from the kllOlrn relationship 
involving the three coefficients (J.L = 1'1' gm). 
~ Kegative yalues of the coefficients can be 
measured as rcaclily as positi\'e \·alues. 

Vacuum-Tube 

Simplified diagram of the circuit employed for the meas­
urement of transconductance with the TYPE 561-D 
Vacuum-Tuhe Bridge. The a-c plate current resulting 
from the application of e, to the grid is balanced by an 
equa l and opposite current applied to the p late from the 
source e" througb the standard resistance. The se tting of 
the decimal altenuator at the boLlom of the panel gives 
tbe significant figures in the result, and the se ttings of 
the s tep attenuators (el and e,) indicate multiplying 
factors CUULTTPLY BY amI DIVIDE BY on the panel 
switches). 

Any quadrature component through the output trans· 
former resu lting from the tube interelec trode capaci­
tances ca n be balanced Ollt by tbe vo ltage of tbe eXU'a 
sp lit seconda ry, acting through the double·s tator capac· 
itor. This balance does not affect the halance conditions 
for the in.phase components a nd conseqllently has no 
cffect on tbe measurement. 

The points of introduction of the tes t vo ltages 1'1 and 
e, are changed by a swi tch wben the other coeffici en ts 
are measured. Another swi tch reverses the polari ty of 
el when negative values of the coefficients are to bc 
measnred. 

~ Interelectrode capacitance effects are bal­
anced out by a method \\"hich makes poss ihle 
the independent measurement of all three 
parameters over ve ry wide ranges. Errors 
have thus been reduced, and it is possible to 
measure the transconductance of a tu be 
haying a high value of grid to plate capaci­
tance \\"ithout any errol' from this capacitance. 
~ Transisors can be measured as \\'e ll as 
vacuum tubes. 

SPECIFICATIONS 

Range : Amplification factor (",), 0.00 I to 10,000. 
Dynamic inte l'l1a l plate resistance (rp), 50 ohms to 

20 megohms. 
Transconductance (0",), 0.02 to 50,000 micromhos. 
Under proper ('onditions, the above ranges can he 

pxceeded. The various parameters can also be measu red 
\\'ith respect. to various elements, such as screen grids, 
ete . X egat ive as \\'ell as positive values can be measured. 
Accuracy: Within ='=2% for rcsistances ( 1' /, s\\' it(' h posi­
tion) from 1000 to 1,000,000 ohms. At 10\\'cr and 
higher values the crror incrpascs s lightly . 

The cxpressio n '" = rpg", will check to ='=2% when 
the quantities a rc a ll measured b.1' the bridgc, a nd 
\\'hen rp is bf't\\'een 1000 a nd 1,000,000 ohms. 
Tube Mounting : Adaptors a rc provided as follo\\'s: 
~-pin, 5-pin, 6-pin, sma ll 7-pin, la rgc 7-pin, octal, loctal, 
miniature button 7-pin , miniatlll'e button 9-pin (noval), 
aeol'll (5- ,Lilli 7-pin ), flat-pross sub-miniature up to 
7 wires, and 8-wirc HlIb-minar. In addition, a universal 
adaptor, \\'ith nine ~oldering lugs, is providcd RO t.hat 
unbased tranRistors, unmounted tuhes, 01' tubeR \\'ith 
non-standa rd bases, ('an he measurcd convenientl.,·. 
For short-lead sub-miniatlll'P tubes and for transistors, 
sockets a re supplied \\'hich can be mountcd on t he 
universal adaptor. Thus a ll standard commer(' ia l rc­
ceiving tubes and transistors can bc measlII'ed. The 
panel jack plate and the adaptors a re made of yellow 
phenolic, reducing to a minimum the shunting effect 
of dielectric losses on the dynamic resistance being 
measured. 

Type 

Current ond Voltage Ratings: The circuits have large 
enough clll'rent-calTying ('apa('it~, and sufficient insu la­
tion so that 10\\'-po\\'er transmitting tubcs may be 
tested in addition to rccciving tubes a nd transistors. 
i\raximull1 a llo\\'ab le p la.te (,lIl'rcnt is 150 ma, a nd 
maximum plate voltagc is 1500 volts. 
Electrode Voltage Supply: Batteries 01' su itab le po\\'cr 
supplies are necessary for providing the various voltages 
rcqu ircd by the device under test. 
Bridge Source : A sourcc of 1000 cyeil'H is required. 
The Typg 1214-A Oscillator (page 112 ), 0 1' thc Typ," 
72:3-A Va<'llllm-Tubc Fork (pagc lOn ) is suitab le for 
this purpose. 
Null Indicator : Thc Tvp," 1212-A Uni t Null Deteetor 
with t he TYPE In51-A Filter or the TVPE 12:31-B Am­
plifier with the TVPE 12:31-P2 Filtcr arc recommendcd 
(sec pagcs 63 to 67). 
Accessories Supplied : Adaptorcl as listed above, all 
necessary plug-in lcads, and shielded patch cords 1'01' 
connec·ting genC'rator and detector. 
Mounting : The instrument is mounted in a hardwood 
cabinet. A wooden storage case is provided for the 
adaptors and lead.' . Storage space is provided for a 
spare Un iversal adaptor, on which any type of socket 
can bc permanently mounted. 
Dimensions: (Length) 18% x (width) 15% x (height) 
12 inches. 
Net Weight: 60 pounds. 

('ode W ord Price 

561-0 Vacuum-Tube Bridge ................. .... I $850.00 
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Introduction ~----- BRIDGES 

In the radio-frequency bridges the capacitors 
in the A and P arms are variable and measure 
the reactance and resistance, respectively, of 
an unknown connected in the P arm. In the 
TYPE 1603-A the resistive elements in A and 
P arm are variable and serve a dual purpose. 
For an unknown connected in parallel with 
the A arm, the variable resistors measure the 
conductance and susceptance components, 
while for an unknown connected in series 
with the P arm, these same resistors measure 
reactance and resistance. The circuit constants 
are so chosen that this bridge possesses the 
ability, unique among available a-c bridges, 
of balancing for any impedance presented to 
its terminals. 

Resistive Balance 

Four basic methods are in common use. 
These are (1) resistance in series with the 
standard reactance, (2) resistance in parallel 
with the standard reactance, (3) capacitance 
in parallel with a resisti ve arm, and (4) capaci­
tance in series with a resistive arm. 

The series-resistance method (1) is usecl in 
the TYPES 740-B, 1611-A, 667-A, and 650-A. 
The parallel-resistance method (2) is used for 
some of the circuits in the TYPE 650-A. The 
TYPE 1603-A uses both series and parallel re­
sistance. The parallel capacitance method (3) 
is used in the TYPES 716-C, 1601-A, 1606-A, 
and 916-AL. As used in the TYPE 716-0, the 
circuit is commonly referred to as the Schering 
bridge, with the controls calibrated in capaci­
tance and dissipation factor. The circuit used 
in the 1601, 1606, and 916-AL, although simi­
lar in configuration, is used in a different 
manner, with the controls calibrated in terms 
of resistance and reactance. 

Dissipation Factor and Storage Factor 

An important characteristic of an inductor 
or a capacitor is the ratio of resistance to re­
actance or of conductance to susceptance. 
This ratio is termed dissipation factor, D, 
and its reciprocal is storage factor, Q. These 

F IGURE 3. Four basic methods of obtaining res istance 
ba lance. 

,...-----<> GE N. 0-------, ~---<>GE N.o--- ---, 
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0 - ." R G - cot <7 :X = B 
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cos8: ~ 

X B 
Q: ton 8 = -:­R G 

FIGURIl 4. Vector diagram showing the re lations 
between factors D and Q, and angles 0 and 5. 

ratios are defined as follows: 
1 R G 1 X B 

D = Q = X = B Q = D = R = G (4) 

where R and X are the series resistance and 
reactance, and G and B are the parallel con­
ductance and susceptance of the impedance 
or aclmittance involved. Dissipation factor is 
directly proportional to the energy dissi­
pated, and storage factor to the energy stored, 
per cycle. The relation of these factors to 
phase angle and loss angle is shown in Figure 4. 

1 
D = Q = cot 8 = tan 0 (5) 

Power factor is defined as 
P.F. = cos 8 = sin 0 (6) 

and differs from dissipation factor by less 
than 1% when their values are less than 0.15. 

FIGURIl 5. Paralle l·T circuit for measuring impedance 
a t radio frequencies. 
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BRIDGES 

Dissipation factor is commonly used for 
capacitors and, to a lesser extent, for inductors 
because it varies directly with the loss. Stor­
age factor Q is often used for indu ctors because 
it is a measure of t he voltage step-up in a 
tuned ci rcuit. 

The bridge control for the resistive balance 
can be calibra ted in dissipation factor, or in 
storage factor, for a given frequency. The 
TYPES 740 and 1611 have dials cali brated in 
dissipation factor at 60 cycles, and t he TYPE 
716 is direct reading at 100 cycles, 1, 10 and 
100 kilocycles. The TYPE 650 reads directly 
the dissipation factor of capacitors and the 
storage factor of inductors, at 1000 cycles. 

OTHER NULL TRANSMISSION NETWORKS 
The Twin-T 

In addit ion to the bridge circuits described 
above there are a number of other networks 
that can be ad justed to give zero transmis­
sion. One of t hese, the Twin-Tor Parallel-l' 
illustrated in Figure 5, has proved to be of 
great value for admittance measurements at 
high radio frequencies. This circuit is used in 
the TYPE 821 for impedance measurements 
from 0.5 to 40 megacycles. 

In t his circuit t he conductive component of 
the unknown is measured in terms of a fixed 
resistance and a variable capacitance, thus 
avoiding t he enors inherent in variable re­
sistors at high frequencies 

The AdmiHance Meter 

The upper-frequency limit of conventional 
bridge circui ts using lumped-parameter ele­
ments is determined by the magnitude of the 
residual impedances of the elements and 
leads, and, in general, t he cor rections for 

FIGURE 6. Schematic diagram of admillance meter cir­
cuit, with sta ndards, genera tor, and null de tec tor con­

nected for admittance measurements. 

~----- General 

these become unmanageable at frequencies 
higher than about 150 megacycles, and cir­
cuits based on coaxial-line techniques are 
more satisfactory. 

The TYPE 1602-B U-H-F Admittance Meter 
(see page 40) is a null device based on these 
techniques. Through ad justable loops, it sam­
ples the cu rrents flowing in three coaxial lines 
fed from a common source at a common junc­
tion point and terminated, respectively, in the 
unkn own element, a standard conductance, 
and a standard susceptance. The outputs of the 
loops are combined, and when the loops are 
properly oriented, the combined output be­
comes zero, so t hat a null balance is produced. 
Scales associated with the three loops give the 
value of the unknown directly. 

SLOTTED LINE 

One of the important basic measuring in­
struments used as ul t ra-high frequencies is the 
slotted line, which can be used to determine the 
characteristics of an unkno\\"J1 impedance 
from t he change in the stand ing-wave pattern 
of the electric field in the line produced by con­
necting the unknown to the load end of the 
lin e. The TYPE 874-LBA Slotted Line, a pre­
cise, but moderately priced instrument, with 
an operating range of 300 to 5000 megacycles 
is described in the section on U-H-F Coaxial 
Elements, page 45 et seq. 

VACUUM-TUBE BRIDGE 

Using a null transmission circuit, the TYPE 
561 Vacuum-Tube Bridge measures three 
fundamental vacuum-tube parameters: ampli­
fication factor, transconductance, and plate 
resistance. It can also measure the correspond­
ing quantities for transistors. Each of the three 
coefficients is obtained in terms of the ratio of 
two WOO-cycle test voltages. A third voltage 
is used in a capacitance-balancing circuit. 

LIMIT BRIDGES AND COMPARATORS 

Limit testing at several frequencies is made 
possible by the TYPE 1604-B Comparison 
Bridge and the TYPE 1605-A Impedance Com­
parator. The TYPE 1604 uses a null-balance 
circuit in which balance is achieved by adjust­
ment of two dials, one of which varies the 
bridge ratio arms either side of unity, while 
the other changes the phase balance. Balance 
is indicated on a cathode-ray tu be. 

The Impedance Comparator, which is cap­
able of extreme precision, indicates impedance 
difference and phase-angle difference directly 
on two panel meters. 

This bridge, which uses a balanced trans-

8 GENERAL RADIO COMPANY 
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GUARD 

FIGURE 7. E lementary schematic circuit diagram of the 
TYPE 7l6-P4 G uard Circuit con nected to the TYPE 

7l6-C Capacitance Bridge showing the unknown 
capacitance and its terminal impedances. 

former as the ratio arms, is as useful for labor­
atory measurements as it is in production 
testing. 

GUARD CIRCUIT 

With the addition of a fifth point to a con­
ventional four-arm bridge network, it be­
comes possible to measure the direct imped­
ance between two points of a three-terminal 
network. Such a network is shown in F igure 
8, with impedances between the fifth point 
and each of the four corners of the bridge. 
It can be shown that the network is in balance 
if either of the following conditions are met: 

A B F 
N P Ii 
A N S 
B=p=r 

(1) 

(2) 

Obviously these conditions include the 
ordinary equation of balanc~ of the four-arm 
network A-B-N- P. 

Figure 7 shows the schemati c diagram of 
the TYPE 716-P4 Guard Circuit, designed 
specifi cally for use with the 716-C Capaci­
tance Bridge. In this circuit the guard point 
is brought to ground potential, as is the de­
tector terminal. This particular type of guard 
circuit has been frequently referred to in 
li terature as a "Vagner Ground. 

The use of the guard circuit permits the 
accurate measurement of the direct capaci­
tance and dissipation factor between two 
terminals of a three-terminal network. One 
of the most important applications of such a 
measurement arises in the determination of 
the properties of dielectric materials. A guard 
electrode, which forms, with the two measur­
ing electrodes, a three-terminal system, is 
often employed in such determinations to 
eliminate effects of variable lead parameters 
as temperature or other conditions are 
changed. 

FIGURE 8. General bridge network with guard ci rcu it, 
and unknown three-terminal impedance. 

DETECTORS 
(See also the discussion of detectors on page 63) 

To obtain the maximum precision of bal­
ance with any bridge or null-balance circuit, 
it is necessary to obtain a virtually complete 
null balance. With modern vacuum-tube cir­
cuits, however, sufficient sensitivity can be 
obtained to utilize all the potential precision 
of any null-balance network. 

In some bridge circuits the balance is de­
pendent upon frequency, and the value of t he 
unknown impedance usually varies with fre­
quency. Consequently, the presence of har­
monics in the input to the bridge or their 
production in a non-linear impedance within 
the bridge may obscure the fundamental 
balance. A null balance may also be masked 
by the residual noise level of t he oscillator and 
amplifier used. For these reasons it is usually 
advisable to employ a selective detector, 
tuned to the frequency at which it is desired 
to balance the bridge. 

Conventional cathode-ray oscillographs and 
sensitive vacuum-tube voltmeters, although 
often used as bridge null detectors (as a result 
of being on hand when needed), are not al­
ways satisfactory for the purpose, for several 
reasons. 

(1) Sensitivity: High sensitivity is needed 
to obtain a high precision of balance in order 
not to limit the accuracy of measurement. 
This is particularly important when a "slid­
ing balance" condition exists, as when meas­
uring inductors with low Q values. Even 
the better cathode-ray oscillographs have sen­
sitivities little or no better than that of head 
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telephones without amplification at 1000 cy­
cles. Sensitive vacuum-tube voltmeters are 
somewhat better. A good null detector, on the 
other hand, can detect levels of a few micro­
volts. 

(2) Selectivity: In most instances it is 
good practice to use a null detector with a 
fi lter tuned to t he frequency of measurement, 
and in many instances it is essential. Osci llo­
scopes and voltmeters are broad-band devices 
unable to discriminate well between a desired 
signal and hum, noise, 01' harmonics, all of 
which reduce precision of balance. General 
Radio null detectors have accessory filters 
especially designed for bridge measurements. 

(3) Logarithmic amplitude response: This 
type of response is a great convenience and 
time-saver, since it reduces or eliminates com­
pletely any adj ustment of null-detector gain 
during balance. General Radio bridge null 
detectors have logarithmic response, while 
osci lloscopes and voltmeters do not. 

(4) Size complexity: An osci lloscope is un­
necessarily large and complex for null detector 
work. 

Audio and Sub-Audio Frequencies 

The TYPE 1231-B Amplifier and Null De­
tector has a panel meter which can be used 
as a self-contained null indicator. This in­
strument can also be made selective by t he 
addition of the TYPE 1231-P2, -P3, -P5, or 
TYPE 1951-A Tuned-Circuit Filters. 

The TYPE 1212-A Unit Null Detector is 
somewhat less sensitive than the TYPE 1231-B 
but covers a much wider frequency range. It 
is usable up to 5 megacycles and has logarith­
mic response. TYPES 1951-A, 1212-P1, and P2 
Filters are available for use with this detector. 

The TYPE 736-A Wave Analyzer and the 
TYPE 760-A Sound Analyzer, in conjunction 
with an amplifier, are also satisfactory selective 
bridge detectors. The wave analyzer is par­
ticu larly useful when extreme selectivity at 
the higher audio frequencies is required, 
while the sound analyzer provides good selec­
tivity at low audio frequencies. For measure­
ments over a wide range of frequencies, these 
instruments have the advantage of being con­
tinuously variable in frequency. 

At audio frequencies, a vacuum-tube ampli­
fier can also be used as a detector. Where a 
visual indication of balance is desired, as is 
necessary at frequencies below about 300 
cycles, a rectifier-type voltmeter 01' a vacuum­
tube voltmeter can be substituted for the 
head telephones. 

General 

Radio Frequencies 

At radio frequencies, any well-designed 
commercial radio receiver can be used. Ear­
phones, a loudspeaker, or a meter can be used 
as the actual balance indicator. Since radio re­
ceivers are inherently selective, the problem 
of radio-frequency harmonics is not signi ficant. 
The receiver should be well shielded and 
should preferably have an r-f sensitivity con­
trol and provision for disconnecting the a-v-c 
circui t, in order to facilitate the approach to 
balance. 

Ultra-High Frequencies 

The most useful detector at ultra-high fre­
quencies is the heterodyne TYPE DNT using 
a crystal mixer, a beating oscillator, and an 
i-f amplifier; see page 69. 

POWER SOURCE 

The main considerations in the selection of 
a power source for a-c bridge measurements 
are frequency stability, power output, and 
harmonic content. 

The TYPES 740-B and 161l-A are designed 
for 60-cycle measurements and operate di­
rectly from the a-c power line. The TYPE 
650-A has a self-contained 1000-cycle micro­
phone hummer or t he TYPE 650-P1 Amplifier­
Oscillator, and no external oscillator is re­
quired unless it is desired to make measure­
ments at frequencies other than 1000 cycles. 
All the other bridges described in this section 
require some type of external oscillator. 

For single-frequency measurements at 400 
and 1000 cycles, the TYPE 1214-A is very 
satisfactory. The TYPE 723-C Vacuum-Tube 
Fork is also satisfactory provided the power 
requirements are low. 

When a continuously variable frequency 
is needed, the TYPE 121O-B Unit Oscillator, t he 
TYPE 1304-A Beat-Frequency Osci llator, or 
the TYPE 1302-A Oscillator is recommended. 

For measurements at radio frequencies with 
the TYPE 1606-A and TYPE 916-AL Radio­
Frequency Bridges, or t he TYPE 821-A Twin­
T Impedance-Measuring Circuit, the TYPE 
1330-A Bridge Oscillator or the TYPE 1211 
Unit Oscillator should be used. For driving 
t he TYPE 1601-A V-H-F Bridge and the TYPE 
1602 U-H-F Admittance Meter, the TYPES 
1208, 1209, 1218-A and 1215-A Unit Oscilla­
tors are excellent power sources. 

Modulation 

For radio-frequency measurements, it is 
preferable that t he power source be unmodu­
lated. Distortion in the modulating system, 
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telephones without amplification at 1000 cy­
cles. Sensitive vacuum-tu be voltmeters are 
somewhat better. A good null detector, on the 
other hand, can detect levels of a few micro­
volts. 

(2) Selectivity: In most instances it is 
good practice to use a null detector with a 
filter tuned to the frequency of measurement, 
and in many instances it is essential. Oscillo­
scopes and voltmeters are broad-band devices 
unable to discriminate well between a desired 
signal and hum, noise, or harmonics, all of 
which reduce precision of balance. General 
Radio null detectors have accessory filters 
especially designed for bridge measurements. 

(3) Logarithmic amplitude response: This 
type of response is a great convenience and 
time-saver, since it reduces or eliminates com­
pletely any adjustment of nu ll-detector gain 
during balance. General Radio bridge null 
detectors have logarithmic response, while 
oscilloscopes and voltmeters do not. 

(4) Size complexity: An oscilloscope is un­
necessarily large and complex for null detector 
work. 

Audio and Sub-Audio Frequencies 

The TYPE 1231-B Amplifier and Null De­
tector has a panel meter which can be used 
as a self-contained nu ll indicator. This in­
strument can also be made selective by the 
addition of the TYPE 1231-P2, -P3, -P5, or 
TYPE 1951-A Tuned-Circuit Fi lters. 

The TYPE 1212-A Unit Null Detector is 
somewhat less sensitive than the TYPE 1231-B 
but covers a much wider frequency range. It 
is usable up to 5 megacycles and has logarith­
mic response. TYPES 1951-A, 1212-P1, and P2 
Filters are available for use with this detector. 

The TYPE 736-A Wave Analyzer and the 
TYPE 760-A Sound Analyzer, in conjunction 
with an amplifier, are also satisfactory selective 
bridge detectors. The wave analyzer is par­
ticularly useful when extreme selectivity at 
the higher audio frequencies is required, 
while the sound analyzer provides good selec­
tivity at low audio frequencies. For measure­
ments over a wide range of frequencies, these 
instruments have the advantage of being con­
tinuously variable in frequency. 

At audio frequencies, a vacuum-tube ampli­
fier can also be used as a detector. Where a 
visual indication of balance is desired, as is 
necessary at frequencies below about 300 
cycles, a rectifier-type voltmeter or a vacuum­
tube voltmeter can be substituted for the 
head telephone:s. 

Radio Frequencies 

At radio frequencies, any well-designed 
commercial radio receiver can be u ed. Ear­
phones, a loudspeaker, or a meter can be used 
as the actual balance indicator. Since radio re­
ceivers are inherently selective, the problem 
of radio-frequency harmonics is not significant. 
The receiver should be well shielded and 
shou ld preferab ly have an r-f sensitivity con­
trol and provision for disconnecting the a-v-c 
circuit, in order to facilitate the approach to 
balance. 

Ultra-High Frequencies 

The most useful detector at ultra-high fre­
quencies is the heterodyne TYPE DN l' using 
a crystal mixer, a beating oscillator, and an 
i-f amplifier; see page 69. 

POWER SOURCE 

The main considerations in the selection of 
a power source for a-c bridge measurements 
are frequency stabi lity, power output, and 
harmonic content. 

The TYPES 740-B and 1611-A are designed 
for 60-cycle measurements and operate di­
rectly from the a-c power line. The TYPE 
650-A has a self-contained 1000-cycle micro­
phone hummer or the TYPE 650-Pl Amplifier­
Oscillator, and no external osci llator is re­
quired unless it is desired to make measure­
ments at frequencies other than 1000 cycles. 
All the other bridges described in this section 
require some type of external oscillator. 

For single-frequency measurements at 400 
and 1000 cycles, the TYPE 1214-A is very 
satisfactory. The TYPE 723-C Vacuum-Tube 
Fork is also satisfactory provided the power 
requirements are low. 

When a continuously variable frequency 
is needed, the TYPE 1210-B Unit Oscillator, the 
TYPE 1304-A Beat-Frequency Oscillator, or 
the TYPE 1302-A Osci llator is recommended . 

For measurements at radio frequencies with 
the TYPE 1606-A and TYPE 916-AL Radio­
Frequency Bridges, or the TYPE 821-A Twin­
l' Impedance-Measuring Circuit, the TYPE 
1330-A Bridge Oscillator or the TYPE 1211 
Unit Oscillator should be used. For driving 
the TYPE 1601-A V-H-F Bridge and the TYPE 
1602 U-H-F Admittance Meter, the TYPES 
1208, 1209, 1218-A and 1215-A Unit Oscilla­
tors are excellent power sources. 

Modulation 

For radio-frequency measurements, it is 
preferable that the power source be unmodu­
lated. Distortion in the modulating system, 
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frequency modulation, and assymetrical side­
band cutting in the receiver can produce 
appreciable error in the balance point. In 
addition, maximum sensitivity is obtained 
with an unmodulated signal and an oscillating 
detector. 

CONNECTIONS 
To achieve maximum freedom from electro­

static pickup, it is desirable to use shielded 
leads betwcen generator and bridge and be­
tween bridge and detector. At audio and 1011'­
radio frequencies the reactance of the leads 
and terminals is unimportant, and electro­
static shieldi ng is all that is necessary to pre­
vent the introduction of extraneous voltages 
into the detector or the unknown impedance. 
At frequencies above a few megacycles, the 
reactance of the interconnecting leads also 
becomes a potential source of error. This is 
illustrated by the block diagram of Figure 9. 

The mall series inductance in the ground 
side of the generator cable is designated as 
La, simi lar inductances in the receiver cable 
and the common ground lead as La and Lft[. 
The voltage drop in La produces a flow of 
current around the loop consisting of the 
cable sheath, the ground lead, Lu , and the 
ground capacitance of the oscillator. Similarly, 
current flows in the right-hand loop that in­
cludes Ln. 

The voltage applied to the receiver has, 
therefore, two components, one from the 
bridge, the other from the drop across Ln. 
When a null point is reached, therefore, the 
bridge is out of balance by an amount neces­
sary to cancel the effect of the extraneous 
voltage from Ln, that is, to make the vector 
sum of the bridge output voltage and the 
extraneous voltage equal to zero. 

The errol' in measurement caused by this 
series inductance is one of the mo t serious 
encountered in null measurements at radio 
frequencies, but it can be avoided if coaxial 
terminals are used on both generator and 
reCClver. 

The TYPES 1606-A, 821-A, 916-AL, 1601-A, 
and 1602-B are equipped with TYPE 874 Co-

BRIDGES 

axial Terminals, and coaxial leads are supplied 
with these instruments to plug into the 
oscillator and detector, and a coaxial panel 
connector is supplied for mounting on any re­
ceiver used as a null detector. 

CLASSIFICA TlON 

The table on the next two pages briefly sum­
marizes the operating ranges, accuracy, and 
other pertinent data regarding the bridges 
listed in this section. From this tab le the most 
su itable instrument for any given measure­
ment can be determined at a glance, while 
detailed specifications for each bridge are 
given on t he subsequent pages. 

FIGUHE 10. Illustrating tbe shielding arrangement of the 
TYPE 7l6-C Capacitance Bridge. The ratio arms witb 
thei r compensating capacitor, the dissipation factor 
capacitor, and the input transformer a ,'e all mounted on 
insulated subpa nels and completely sbield ed. Tbe sbield 
is connected to tbe junction of the ra tio arms, thereby 
placing its capacitance to ground across the detector 
terminals. 

Tbe shie ld around each transformer winding is con­
nected to the windin~, eliminatin~ the terminal capaci­
tances. A third shield, betwecn the windinl7, sbields, is 
connected to the junction of the ra tio arms. fhe capaci­
tance bctwcen the third shicld and tbe second ary wind ­
ing sbie ld is thus placed across the right-hand ratio arm, 
and its effect ca n be elimin ated in the initia l balancc. 
Similarly, tbe capacitance between thc primary shic ld 
a nd the in terwinding sbield goes across tbe detector 
terminals and does not a ffcct thc balance. 

No capacitances are placed across the standard and 
unknown arms othcr than tha t o f thc Icads a nd of tbe 
panel binding posts. Tbe sma ll amount placed across the 
standard capacitor is taken into account in tbe ca libra ­
tion, wbile tbat across tbe unknown terminals is one 

micromicrofarad. 

FIGURE 9. Showing bow series inductance in the gen-
erator and detector leads can cause crrors in measure- DET. 

ment at radio f requencies. 

TYPE 805-C TYPE 821-A 

STANDARD T~N-T RECEIVER 
SIGNAL IMPEDANCE 

,--G_E_NE_R_A_rO_R--!~ LG ME AS. OOCUIT LR "-+-___ --' 
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Type 

1652-A 

544-B 

740-B 

1611-A 

650-AP 
and-A 

1603-A 

716-C 

1611-AS2 

667-A 

BRIDGES AND OTHER IMPEDANCE-MEASURING INSTRUMENTS 

Name Measll1·es 

Resistance-Limit Bridge R 
R 

Megohm Bridge R 

Capacitance Test Bridge C 
D 

Capacitance T est Bridge C 
D 

Impedance Bridges R 
- L 

C 
D 
Q 

Z-Y Bridge R&X 
G&B 

Capacitance Bridge C 
C 
C 
D 

Capacita nce Test Bridge C 
D 

Inductance Bridge L 

Range of 
NI easurement 

Nominal 
Accuracy 

DIRECT-CURRENT BRIDGES 

1 to 1,111,111n 0.5 % as limi t bridge 
1 to 1,111,llHl 0.25 % by null method 

-
0.1 to 1,000,000Mn ±3 % up to lO00Mn 

±4% up to 100,000Mn 

60-CYCLE BRIDGES 

5 /l/lf to 1100 /If ±1 % 
o to 50% ± 1.5% of fu ll scale 

o to 11,000 /If ±1 % 
o to 60 % ±2 % 

AUDIO-FREQUENCY BRIDGES 

O.OOHl to 1M!! ±1 % 
1 /lh to 100h ±2% 
1 /l/lf to lOO /If ±1 % 
0.002 to 1 ±20% 
0.02 to 1000 ±20% 
o to ± 1000!! ± 1% 
o to ± 1000 /lmhos ± 1% 
100 /l/lf to 1 /If ± 0.2 % of fu ll scale 
100 /l/lf to 1000 /l/lf ±0.2% of fu ll scale 
0.1 /l/lf to 1000 JJ./lf ±0.2 % 
0 .00002 to 0.56 ±2 % 
o to 11,000 /If ±1 % 
o to 120 % at 120c ±1 % 

0.1 /lh to 1 h ±0.2 % 

Measurement 
Freqllency 

dc 
dc 

dc 
de 

60 c 
60 c 

60 c 
60 c 

dc 
1 kc 
1 kc 
1 kc 
1 kc 

20 c to 20 kc 
20 c to 20 kc 

1 kc 
0.1 , 10,100 kc 
0.1,1 , 10, ]00 kc 
0.1, I , 10, 100 kc 

60 c and 120 c 
GO c and 12~ 

60 c to 10 kc 

Remarks 

Equally useful as production-
test or laboratory bridge. 
Self-contained. 

For measurements on high-
va lued resistors, insulation re-
sistance of machines, a ppli-
a nces, cables a nd volume re-
sistivity, etc. Self-contained. 

See 
Page 

14 

16 

- ------

Measures ungrounded capac i-
tors. For production test ing. 
Will measure pola rized elec- 25 tro ly tic capacito rs of the t.vpe 
used 111 electronic circuits. 

- --
For testing insulators, bush-
ings, capacitors, cables, etc. 26 Measures grou nded capacito rs. 

---

Completely self-con tai ned, 
general pu rpose, laboratory 
a nd production bridge. Belongs 
in every laboratory. 28 

- -
Ba la nr-es any unknown. Be-
longs in eve,:.\' laboratory. 34 

- -
Direct-Reading 
Direct-Reading 
Su bsti tu tion Method 

18 

For precise measurements. 
Intended prima rily for meas-
uring electrolytic capacitors 

27 at 120c with applied D-C po-
larizing voltage. 

- -
' Videly used for measuring in-
ductance of r-f coils. Measure- 30 
ment at 1 kc eliminates efTect 
of distribu ted capacitance. 

-. 
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HIGH - FREQUENCY BRIDGES -
716-CSI Capacitance Bridge C 0.1 to 1l00J.LJ.Lf ±0.2% 

D 0.00002 to 0 . .'16 ±2% 
916-Al Radio-Frequency Bridge - X ±ll,OOOn tt ±2% 

R o to 100011 ±1 % 

1606-A Radio-Frequency Bridge X ±5000nt ±2 % 
--R-· o to 1000n ±1 % 

821 - A Twin-T C o to 1000 J.LJ.L f ±0.2% 
- C- O to 100 J.Lmhosi ±2 % 

1601-A V-H-F Bridge X ±20011** ±5 % 
R o to 200n ±2 % 

1602-B U-H-F Admittance i\Ieter B ±0.2 to ± 1000 mmho ±3 % 
C 0.2 to 1000 mmho ±3% 
X W to 500011 ±3 % 
R W to 500011 ±3 % 

COMPARISON BRIDGES 

1604-B Comparison Bridge LlZ ±5%, ± 20% ±0.1 % 
±0.006 at 400c 

LlD ±0.015 at 1 kc 
±0.075 at 5 kc 
Absolute impedance 
ra nge: 211 to 20 MI1 

1605- A Impedance Comparator ..\z ±0.3 % to ±lO% , ±0.01 % 
full scale 

Ll8 ± 0.003 to ± 0.1 
radian , full scale 
Absolute impedance 
range: 212 to 20 lYlrl 

- -- -- -----_._-

OTHER INSTRUMENTS 
874- lBA Slotted Line VSlrR 3% or better 

561-0 Vacuum-Tube Bridge J.L 0.001 to 10,000 ±2 % 
l·p 50n to 20:\lrl ±2% 
gm 0.02 to 50,000 J.Lmho ±2% 

-_.-

0.5 to 3 i\lc 
of I High-frequency model 

0.5 to 3 Me TYPE 7J6-C 
50 ke to 5 :'lie i\ieasures low impedances, 
50 ke to 5 :'lIe such as antennas, lines, and 

filters, simply and directly. 
400 kc to 60 Mc Same uses as TYPE 9J6-AL tn;t 
~Oo kc to 60 :'IIc for higher frequencies. 

460 kc to 40 i\Ic :'IIeasures high impedances, 
460 kc to 40 l\fc parallel components, parallel 

resistance, resonant imped-
ance. 

10 to 165 i\Ic I For measurements on either 
10 to 165:'1~ lumped or coaxia l circuits. 
20 to 1500 :'lie 
20 to 1500 Me 
20 to 1500 i\l c 
20 to 1500 i\le 

400 e, 1 ke, 5 kc 

100 c, 1 kc, 
10 kc, 100 kc 

300 to 5000 i\ Ie 

Ike 
1 ke 

For measurement of coaxia l 
I lines, antennas, networks and 

components. Also measures 
VSWR. 

Indi cates on dials at balance 
percentage differenc-e between 
unknown and a standard 
sample. Also gives instantan-
eous "go-no-go" indication on 
bu il t-in oscilloscope with re-
spect to a ny preset toleranc-es. 
Indi cates percent ..\Z and ..\8 
between unknown a nd a stand-
ard sample on two meters si-
multaneouslv wi thout bala nc-
ing. Can me~lsure remote eom-
ponents, as in environmental 
tests, wi th reeorde,·. For rapid 
and accurate laboratory and 
production test ing. 

Tf he standard tool for uhf im­
dance measurement. ~)r.' 

A 
f, 

so measures transistor low­
equency param('ters. Adap-

20 
--

38 

36 

42 

39 

40 

31 

32 

46 

1 ke t< ·s are furnished for standard 43 
I"( reiving tube bases and for 

ansistors. tL 
t At I 1\1c; Range varies in versely as the frequency. tt At 100 kc ; Range varies inversely as the frequency . 

versely as the f feq ueney. 
tAt 1 1\lc; Range varies directly as the frequency. ** At 100 ':\l c; Range varies in-
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BRIDGES ~----- Resistance 

TYPE 1652-A RESISTANCE LIMIT BRIDGE 

A LIMIT BRIDGE FOR RAPID TESTING 
A WHEATSTONE BRIDGE FOR THE LABORATORY 

USES : The Resistance Limit Bridge is intended 
primarily for the production testing of resis­
tors. It can be used to indicate on a meter the 
percentage deviation from an internal stand­
ard, to match pairs of resistors, and to com­
pare resistors to a standard sample. It is also 
a precision Wheatstone bridge for general re­
sistance measurement by the null method. 

For manufacturers and users of resistors, 
this bridge offers an accurate and rapid means 
of separating resistors into tolerance classi­
fications, and for selecting resistors to close 
tolerances. The manufacturer of electronic 
equipment can use it to advantage in match­
ing pairs of resistors for operation in balanced 
circuits. Its accuracy is adequate for all but 
the most exacting requirements in the labo­
ratory, and its ability to measure resistors as 
large as one megohm without the inconveni­
ence of adding booster batteries makes it 
much more convenient than the ordinary 
decade bridge. 

The bridge can also be adapted for use as 
the control unit in automatic sorting or in­
specting. A relay, in conjunction with external 
amplification, can be substituted for the in­
dicating meter, to actuate various types of 
rejection mechanisms. By adjustment of the 
sensitivity of the relay, end points can be 
established to determine tolerances such as 
±5%, ±10% , and ±20% . 

DESCRIPTION: The TYPE 1652-A Resistance 
Limit Bridge uses the conventional equal-arm 
Wheatstone bridge circuit. The bridge is 
supplied from a constant-voltage d-c source, 
and its indicating meter is calibrated in per­
centage difference between the unknown and 
the standard over a range of ± 20%. 

A bui lt -in standard consisting of seven 
TYPE 510 Decade Resistors is adjustable from 
one ohm to 1,111,111 ohms in O.l-ohm steps. 

Measurements are made simply by setting 
the standard to the nominal value of th() 
resistor under test and reading the percentage 
difference on the meter. This test procedure 
can be greatly faci litated by the use of a test 
fixture into which the resistors can be plugged. 
and which can be operated in conjunction 
with .a switch that shorts the meter circuit 
prior to removing the resistor from the jig. 
Panel terminals for such a switch are provided. 

For the matching of resistors, the resistor 
to be matched is connected to terminals pro­
vided and the internal standard is set to zero. 

Used as a conventional Wheatstone bridge, 
the circuit is balanced by adjusting the inter­
nal standard to equality with the unknown 
resistor, using the calibrated meter as a nu ll 
indicator. 

FEA TURES: ~ Rapid and accurate for limit 
tests. 

14 GENERAL RADIO COMPANY 



Resistance 

~ Extreme simplicity of operation. Large 
meter colored gold for 5% limits and silver 
for 10% limits. 

~ Equally useful for general resistance meas­
urement. 

~ Covers a wide resistance range - one ohm 
to one megohm. 

BRIDGES 

~ No batteries required. Operates from 115-
volt or 230-volt, 60-cycle line. 
~ Rugged construction and enclosed in welded 
aluminum cabinet. 
~ Accuracy - can measure resistors to an 
accuracy of ± 0.25% . 
~ Indi cating meter can not be da maged by 
unbalance of bridge. 

SPECIFICATIONS 
Resistance Range: As a limit bridge, 1 ohm to 1,111,111 
ohms, with internal standard; for null measurement, 1 
ohm to 1,111,111 ohms with in ternal standard ; 1 ohm 
to 2 megohms with external standard. 
Limit Range: Meter reads from -20 % to +20 %, with 
the standard RETMA tolerance range of ±5% and 
± 10% clearly indicated by gold and sil ver coloring, 
respectively . 
Accuracy: As a limi t bridge, ± 0.5% or bet~er; for 
matching, ± 0.2%; fo r null measurement, with internal 
standard, ±0.25 % above 10 ohms and ± O..+ % between 
1 ohm and 10 ohms; with an external standard, from 1 
ohm to 2 megohms ±(0.2% + accuracy of standard ). 
Voltage Applied to Unknown : The voltage across the un­
known resistor is exactly one volt when the meter in-

dication is zero. As the meter indication varies from 
-20% to +20 % t he voltage across the unknown will 
vary from 0.89 volt to lolO volts. 
Power Supply: 105 to 125 volts or 210 to 250 volts, 60 
cycles. The power input is approximately 30 watts. 
Accessories Supplied : Type CAP-35 Power Cord and spare 
fuses. 
Tube Complement: One TYP E 6X4 and two TYPE 6SU7-
GTY's. All are supplied with the instrument. 
Mounting : The bridil;e is supplied for either relay rack 
or tab le mounting. Cabinet has black wrink le finish. 
Dimensions: Over-a ll, (widt h) 19 inches x (height) 8~ 
inches x (depth ) 10),1 inches. 
Net Weight: 29 pounds. 

Type Code Word Price 
~1~6~5~2~-A~M~--'-~R-e-s~is~ta-n-c-e~L~im~it~B~r~id~g-e~(~C~a7b7in-e~t~M~o-d~e~I~).-.-.'---~B~U~X~O~M~--'----$495.00 

1652-AR Resistance Limit Bridge (Relay Rack Model). BADGE 495.00 
1652-AQ1(M) Resistance Limit Bridge (115 and 230 volts, 

50 cycles) ............................. . BUXOMPASHA 620.00 
1652-AQ 1 (R) Resistance Limit Bridge (115 and 230 volts, 

50 cycles) ............................. . BADGEPASHA 620.00 

MEGOHM BRIDGE: A Wheatstone bridge for the megohm range, capable of measurements from 
0.1 megohm to 1,000,000 megohms, is described on page 16. 

OTHER LIMIT BRIDGES: The TYPE 1604-B Comparison Bridge (page 31) and the TYPE 1605-A 
Impedance Comparator (page 32) a re designed for t he rapid comparison of resistors, capacitors 
and inductors. 

OVERLOAD 
SWITCH 

Schematic circuit diagram of the TYPE 1652·A Resis tance Limit Bridge. 

~------------~-B+ 

~~ _____ M~ETE~R ______ ~, 
SWITCH 

o 
cr 
W 
N 

~--------------~B-
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BRIDGES ~----- Megohm 

TYPE 544-8 MEGOHM BRIDGE 

USES: The megohm bridge is very useful for 
measuring all types of resistances in the 
megohm ranges. These uses include not only 
the resistance of cartridge-type resistors, but 
also the insulation resistance of electrical 
machinery such as generators, motors, and 
transformers; of electrical equipment such as 
rheostats and household app liances; of single 
conductors, cables, and capacitors; of suffi­
ciently long sections of high-voltage cables; 
of paper capacitors; and of slabs of insulating 
materials. Volume resistivity and its change 
with temperature and humidity can be de­
termined . Guard connections are provided for 
the measurement of three-terminal resistors 
such as multi-wire cables, three-termina l ca­
pacitors, networks, and guarded specimens 
of insulating materials. 

This bridge has been widely used for meas­
uring the dielectric absorption effects in the 
insulation of electrical machinery, transfor­
mers, and cables. Charging-current curves 
can be easily obtained over t ime intervals 
from one second to many hours. 

DESCRIPTION: The TYPE 544-B Megohm 
Bridge is a combination of Wheatstone bridge 
and vacuum-tube voltmeter. 

The bridge is composed of the four arms, 
A, B, N, P, as shown for the OPERATE po­
sition in the diagram at the bottom of the 
next page, with the power applied across the 
arms, A and B , and the vacuum-tube volt­
meter connected across the conjugate pairs, 
A-N and B-P. For checking the galvanometer 
zero, the tube is isolated from the bridge volt­
age as shown in the CHECK position, with 
the high resistors, Nand P, connected to the 
grid exactly as in the OPERATE position. 
The effects of any voltages, alternating or 
direct, in the unknown resistor, P, and of 
any grid current of the tube will not appear 
in the bridge balance because they are bal­
anced out in the zero adjustment. There is 
also a CHARGE position, in which the un­
known resistor, P, is placed across the arm, B. 
This is valuable in measuring the resistance of 
large capacitors because full voltage is applied 
directly to the capacitor which can then 
charge at a maximum rate. The zero of the 
galvanometer can also be checked at any 
time without being affected by the residual 
charge in the capacitor. 

FEATURES: ~ The direct measurement of re­
sistances up to 1,000,000 megohms is made 
possible by the use of a vacuum-tube de­
tector, which absorbs a negligible amount of 
power. 

~ Constant fractional accuracy, regardless of 
setting, is obtained by using a resistance scale 
that is approximately logarithmic over one 
decade. The effective scale length for the 
range from 100,000 ohms to 10,000 megohms 
is 35 inches. 

~ The voltage applied to the unknown resist­
ance is held approximately constant, regard-

Schematic cir~lIit diagram of the megohm bridge. 

BRIDGE 

+ GUARD t
CHARGE 

OPERATE 

CHECK 
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Megohm 

less of the value of the unknown resistance. 
This condition is necessary to measure insula­
tion resistance properly. 
~ Voltage stabilization is used in the a-c power 
supply to prevent surges in charging current 
when the leakage resistance of capacitors is 
measured. 

SPECIFICATIONS 
Range: 0.1 megohm to 1,000,000 megohms, covered by 
a dia l and a S-position multiplier switch. A resistance of 
1,000,000 megohms can be dist inguished from infinit.,·. 
Accuracy: ±3% on the 0.1, 1, and 10 multipliers; ± -l % 
on the 100 and 1000 multipliers. Above 10,000 megohms, 
the accuracy is essentia ll~' that with which the scale on 
the MEGOHMS dia l can be read. 
Terminals : All high-voltage terminals a re insula led as a 
protection to the operator. 
Power Supply: Two types of power supply a re available: 
(l ) an a-c unit delivering d-c test voltages of SOO volts 
and 100 volts to the bridge, and (2) a batte ry power 
supply of 90 volts. The a-c unit operates from a 10S- to 
12S-volt (or 210- to 2S0-volt ), 40- to 60-cycle line. The 
battery power supply consists of 1 No.6 Dry Cell and 
3 4S-volt batteries. This supplies 4S volts for the tube 
anode and 90 volts for the test voltage. 
Power Input: 60 watts at lIS volts, 60 cycles; with bat­
tery supply, approximate cUt'rent requirements a re 60 
ma for cathode heaters and 7.S ma for anode. 
External Bridge Voltage : Terminals are provided so that 
the bridge voltage can be obtained from a n extel'l1al 
soUt'ce if desired. Up to SOO volts can be applied . 
Tube Complement : With battery po\\'er supply, a lL.J de­
t.ector tube is used ; t1~e SOO-volt power supply us.es a 
6K7-G detector, a 6XS-G rectifier, a SU.J-G rectifier, 
and, in t he voltage regulators, a 6J S-G, a 6K6-G, a 4Al 
ballast tube, and two TYPE TE-48 neon lamps. 
Accessories Supplied: T est probe. With a-c power supply, 

Type 

BRIDGES 

Tbe MEGOH.\f S dial of TYPE 544-B Megohm Bridge. 
Tbe sca le is approximately logarithmic over the main 

decade from 1 to 10. 

a TYPE CAP-3S Power Cord, spare fuses, and spare neon 
ballast tube. Batteries a re supplied wit h the battery­
operated model. 
Mounting : Shielded oak cabinet with cover. 
Dimensions: Cabinet with cover closed, (width) 8Y2 x 
(length) 22Y2 x (height) 8 inches, over-all. 
Net Weight: With battery power supply, 29 Y2 pounds; 
with a-c power supply, 26% pounds; TYPE S-l4-PlO, 
1474 pounds; TYPE SH-P3, ll Ys pounds. 

Code TVol·d 
544-BA 
544-BB 

Megohm Bridge, with A-C Power Supply. . . AGREE $365.00 

250.00 
155.00 

40.00 
544-P3 
544-P10 

Megohm Bridge, Battery Operated 
(Incl. Batteries). . . . . . . . . . . . . . . . . . . . . . . . ALOOF 

A-C Power Supply Unit Only......... ..... AGREEAPACK 
Battery Power Supply Unit Only........ . . . ALOOFAPACK 

Two direct-indicating instruments for measuring resistances in the megohm range are the 
TYPE 1862-B Megohmeter, described on page 132, and the TYPE 1230-A D-C Amplifier and 
Electrometer, described on page 2. 

These diagrams show t he bliclge connections fo r t he three positions of the CIIECK-OPERATE-CII ARGE switch. 

LOW LOW 

CH!:CK OPERATE CHARGE 
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BRIDGES -----~ ------ Capacitance 

TYPE 716-C CAPACITANCE BRIDGE 

USES: This preci e, direct-reading, capacitance 
bridge can be used for a \ride variely of capaci­
tance and di sipation-faetor measurement. 
Within its cope are the determination of di­
electric con tant, di ipation fartor, loss fac­
lor, phase angle, and other dielectric proper­
ties of insulating material:, a \\'ell a: their 
change \rith such factors as frequency, tem­
perature, and humidity. 

In addition to direct-r acling capacitance 
mea ·urement., the bridge is capable of mea -
uring other impedance by. ubstitution meth­
od , Among the e are the inductance and 
torage factor of larg inductors, up to se\'eral 

thousand henry .. ; the i nd uclan ce and resist­
ance of cable. at frequencie up to 300 kc; the 
re istance and parallel capacitance of high­
valued re i. tors, up to se\'eral thou and meg­
ohm ; and capacitance up to everal thousand 
microfarad. 

By adding an external decade resi tor, the 
bridge can be converted to a series- or parallel­
resistance bridge, which laUer is especially 
u cfulin measuringthere i:tanceofelectrolytes, 

In the General Radio laboratories the TYPI~ 
716 Capacitance Bridge i. u ed for all capaci­
tance standardization measurement', In pro­
duction it i used for the testing and adju t­
ment of all precision fixed capacitors, 

DESCRIPTION: The TYPE 716-C Capacitance 
Bridge is a modified chering bridge, direct 

reading in capacitance at any frequency, and 
in di sipation factor at 100 cycles, altd 1, la, 
and 100 kilocycles. 

A \ride capacitance range at 1 kilocycle is 
obtained by four I)ct of ratio arm giving 
multiplying fartor from 1 to 1000 in decade 
steps. The built-in tandard i a TYPE 722 
Precision Capacitor, calibrated to read di­
rectly in total capacitance. The zero capaci­
tance aero' the unknown terminals i ap­
proximately 1 J.LJ.Lf. All capacitance. to ground 
of th input transformer and ratio arms arc 
removed from the capacitance arms by placing 
them in a hielded compartment in'ldated 
from the grounded panel and connected to the 
junction of the ratio arms. 

Dissipation factor is read directly from the 
dial etting of an air capacitor and from a 
decade-step capacitor connected acros: the' 
fixed ratio arm. The 12-inch scale of the air 
capacitor i approximately logarithmic, so 
that, while having a maximum reading of 
0.06, its smallest clivi. ion near zero is 0.0001, 
thus allowing the e:timation of 0.00002. The 
accuracy of the di:sipation factor reading 0\'('(' 

the wide capacitance range i· made posl'lible 
by adding capacitance across the lower-\'alued 
ratio arn1.', so that the product He of all the 
ratio arms is the same. 

A schematic diagram of the bridge circuit 
i shown on page 11. 
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Capacitance 

\ 
FEATURES: ~ Wide capacitance and frequency 
ranges, high accuracy, and direct -reading dials 
are three very desirable features found in this 
bridge. 

~ Operation is simple, and both terminals and 

BRIDGES 

controls are arranged for convemence and 
flexibi lity of operation. 

~ Operation up to 300 kilocycles is made 
possible by careful design of the shielded 
transformer to minimize leakage impedan ces 
and dielectric losses. 

SPECIFICATIONS 

Ranges : Direct reading: capacitance, 100 I"I"f to 1 I"f at 
1 kc; 100 I"I"f to 1150 I"I"f at LOO c, 10 kc, and 100 kc; 
dissipation factor, 0.00002 to 0.56. 

Substitution Method: capacitance, 0.1 I"I"f to 1050 I"I"f 
wi th in ternal standard ; to 1 I"f wi th external standards; 

dissipation factor, 0.55 x Cc: where C' is the capacitance 
x 

of the standard capacitor and Cx that of the unknown . 
Accuracy: Direct Reading: capacitance, ± 0.1 % ±(l I"I"f 
x capacitance mu ltipl ier setting ) when the dissipation 
factor of the unknown is less than 0.01 ; dissipation fac­
tor, ±0.0005 or ±2% of dial reading, whichever is the 
la rger, for values of D below O.l. 

Substitution Method: capacitance, ±0.2% or ± 21"I"f, 
whichever is the larger ; dissipation factor, ±0.00005 or 
±2% for the change in dissipation factor observed, 
when the change is less than 0.06. 

A correction chart for t he precision capacitor is sup­
plied, giving scale corrections to 0.1 I"I"f at multiples of 
100 I"I"f. By using these data substitution measurements 
can be made to ± 0.1 % or ± 0.8 I"I"f, whichever is the 
larger. For capacita nce less than 25 I"I"f, the error wi ll 
decrease linearly to ± 0.1 I"I"f. It is also possible to ob­
tain , at an extra charge, a worm-correction calibration 
with which substitution measurements can be made to 
an accuracy of 0.1 % or ± 0.2 I"I"f, whichever is the 
larger. 

When the dissipation factor of the unknown exceeds 
the limits given above, additional errors occur in both 
capacitance and dissipation-factor readings. Correction 
formulae a re supplied, by means of which t he accuracy 
given above can be maintained over a ll ranges of the 
bridge. 
Ratio Arms: The a rm across which the dissipation factor 
capacitor is normally connected at 1 kc has a resistance 
of 20,000 ohms. The other arm has four va lues, 20,000 
ohms, 2000 ohms, 200 ohms, 20 ohms, providing the 
four multiplying factors 1, 10, 100, 1000. Suitable 
capaci tors are placed across these a rms so that t he product 
RC is constant. At 100 c, 10 kc, and 100 kc t he ratio 
a rms are equal and have resistances of 200,000 ohms, 
2000 ohms, and 200 ohms, respectively. 
Shielding : Ratio arms, dissipation-facto r capacito rs, a nd 
shielded transformer a re enclosed in an insulated shield. 
The UNKNOWN DIRECT terminals are shielded so 
that the zero capacitance across t hem is approximately 
1 I"I"f. A metal dust cover and the a luminum panel form 
a complete external shield. 

Type 

Frequency Range : The accuracies given above hold for 
operating frequencies from 30 e to 300 kc, provided the 
operating frequency does not differ from the range selec­
tor frequency by more than a factor of three. Dis3ipa­
tion-factor readings must be corrected by multiplying 
the dial reading by t he ratio of operating frequency to 
the range-selector frequency . 
Voltage : Voltage applied at the GENERATOR ter­
minals is fed to the bridge t hrough a I-to-l shielded 
transformer. A maximum of 1 watt can be applied, 
allowing a maximum of 200 volts at 1 kc, but only 50 
volts at 60 cycles. If generator and detector are inter­
changed, 750 volts can be applied. 
Temperature and Humidity : Variations of temperature 
over normal ranges (65 0 F to 950 F ) have no significant 
effect on the accuracy of the bridge, but precise meas­
urements of dissipation fact01' should not be a ttempted 
when t he bridge has been ex posed to condi t ions of ab­
normally high relative humidity, unless it is dried by 
heat or a desiccan t. 
Mountin :;!, The bridge is supplied either for mounting 
on a 19-inch relay rack or in a walnut cabinet. 
Accessorie s Required : Oscillator and high impedance de­
tector. For the power source the TYPE 1302-A Oscillator 
(page 108) is recommended . TYPE 1231-B Amplifier and 
Nu ll D etector (page 6-1-) with TYPE 1231-P F il ters (page 
65), or the TYPE 1212-A Unit Nu ll D etector with TYPE 
1951-A Filter (page 66) is recommended for use as the 
detector at audio frequencies. At low radio frequencies 
a radio receiver is satisfactory for aura l null indications. 

For substitution measurements, a balancing capacitor 
is needed. This may be a TYPE 722 Precision Capacitor 
or a fi xed capacitor, TYPES 505, 509, 1401, pages 151-
156. The TYPE 1610 Capacitance-Measuring Assembly 
which includes generator, detector, guard circuit and 
other accessories, is described on page 2 L 
Accessories Supplied : Two TYPE 274-NEO Shielded 
Patch Cords. 
Other Accessories Available : For measurements on un­
guarded dielectric specimens, the TYPE 1690-A Dielec­
t ric S:unple Holder (page 2.3) is recommended. For 
measurements of small capacitors having parallel side­
by-side leads, t he TYPE 1691-A Capacitor Test Fixture 
(page 21) is recommended. 
Dimens ions : ( Lengt h) 19 x (height) H x (depth) 9 
inches, over-all. 
Net We ight: 4-1-~ pounds, relay-rack model; 5 ~~ 
pounds, cabinet model. 

Code lVord Price 

716-CR 
716-CM 

For Relay-Rack Mounting . . . .. . .. .. . .. .. . BONUS 

BOSOM 

$565.00 
600.00 Mounted in Walnut Cabinet . . ... . .. . .... . . 

Worm-Correction Calibration for Internal 
Precision Capacitor . . .. . ... ... . ... . . .. . WORMY 50.00 

Type 1610 Capacitance Measuring Assembly 

A complete capacitance measuring assembly, including bridge, guard circuit, generator, and 
detector is listed on page 24. 
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BRIDG E S ----~ Capacitance 

TYPE 716-C51 CAPACITANCE BRIDGE 
Both commercial and military specifications and above, and the input transformer has 

for capacitors of 1000 /l-/l-f and less call for been redesigned for high-frequency operation. 
measurements of capacitance and dissipation With these changes, the bridge gives sub-
factor at a frequency of one megacycle. The stantiall y the same performance at one mega-
TYPE 716-CSI Capacitance Bridge has been cycle as cloes the stanclard model at one ki lo-
designed specifically for these measurements. cycle. 
This bridge, a modification of the standard In addition to its use in testing capacitors, 
TYPE 716-C model, has unity ratio arms, a the TYPE 716-CSI Capacitance Bridge is satis-
single capacitance range, and a limited fre- factory for measuring dielectrics with the 
quency range. The standard capacitor is a TYPE 1690-A Dielectric Sample Holder at the 
TYPE 722-N, designed for use at 1 megacycle ASTM test frequency of one megacycle. 

SPECIFICATIONS 
Capacitance Range : Direct Method, 100 to 1150 JLJLf; 
Substitution Method, 0.1 to 1050 /'JLf. 
Dissipation Factor Range: Direct ~Iethod, 0.00002 to 

Cf Cf 
0.56; Substitution Method, 0.00002 X C

x 
to 0.56 X Cx' 

where Cf is the capacitance of the standard capacitor 
and Cx that of the unknown. 
Frequency Ra nge: Calibrated for one megacycle, the 
bridge operates satisfactorily at frequencies between 
0.5 and 3 megacyeles. 
Accuracy : At one megacycle, the bridge is adjusted to 
have the same accuracy as the standard TYPE 716-C at 
low frequencies. This same accuracy can be obtained at 
other frequencies between 0.5 Mc and 3 Mc, if corrcc­
tions are made for the effects of residual impedance. 
Accessories Required : Oscillator and detector. Any of 
the following is satisfactory as the oscillator: TYPE 
1:3:30-A Bridge Oscillator (page 110); TYPE 1211-B Unit 
Oscillator with unit power supply (page 113), TYPES 

Type 

1001-A and 805-C Standard-Signal Generators. For the 
detector at 1 Mc the TYPE 1212-A Unit Null Detector 
(page 66) with TYPE 1212-P2 One-Megacycle Fi lter 
and Unit Power Supply is recommended. For operation 
at freq uencies other than 1 Mc, a well-shielded com­
munications receiver should be used. 

For substitution measurements, a balancing capacitor 
is needed. This may be a fixed TYPE 505, 509, or 1401 
Capacitor (pages 15i to 155) or a variable TYPE 722 
Precision Capacitor (page 151). 
Accessories Supplied : Two TYPE 874-R:32A Cables. 
Other Accessories Available: For measurements on un­
guarded dielectric specimens, the TYPE 1690-A D ielec­
tric Sample Holder (page 23) is recommended. For 
measurements of small capacitors having parallel, 
side-by-side leads, the TYPE 1691-A Capacitor Test 
Fixtlll'e (page 21) is recommended. 

Other specifications are the same as those for thc 
standard TYPE 716-C. 

Code Word Price 

716-CMSl 
716-CRSl 

Capacitance Bridge (Mounted in Cabinet) .. 1 

Capacitance Bridge For Relay-Rack Mount-
ing) .. .. . . . . .. . . ... . .. ...... . . . ..... . 

BOGEY 

BACON 

$580.00 

545.00 
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Fixture ------~ BRIDGES 

TYPE 1691-A CAPACITOR TEST FIXTURE 

(Above) View of the Type 
1691-A Capacitor Test Fixture. 
(.Right) View showing disc-type 
ceramic capaci tor inserted in 

fixture . 

USES: In the measurement of small capacitors, 
the re ults can be affected by the method of 
attaching the wire leads to the measuring in­
strument. This fixture assures reproducible re­
sults for capacitors having closely spaced 
parallel leads, by providing a standard method 
of attachment that eliminates variable lead 
capacitance. It is particularly useful with the 
TYPE 716-CSI Capacitance Bridge in the 

CAPACITOR 
UNDER TEST 

i !i 1:: Ii: I I 
I ..JI , IL I I 
1-- ,r-l t--"-1 I I c, I I Cz I I -
I I I j..!; "" 

l---l--~ 
G 

co' C, +Cz' 8.7 ~~f 

Sketch showing the nature and 
magnitude of the zero capaci­
tance. This capacitance does not 
en ter the measuremen t when a 

substitution method is used. 

measurement of disc-ceramic capacitors at 
one megacycle. 

DESCRIPTION: The fixture consists of two 
hollow shields, into which the test capacitor 
leads are fully inserted and held by spring 
clips, surrounded by another shield. Two ba­
nana plugs allow the fixture to be plugged into 
the measuring instrument. Losses are negli­
gible, owing to the use of Teflon insulation. 

SPECIFICATIONS 
Zero Capacitance: 9 ± 1 micro microfarads. 
Terminals: TYPE 274 Plugs on ;!i-inch spacing. 
Insulation: T eflon . 

Type . 

Dimensions: 1Yz X 1Yz X 2Yz inches, over-all, including 
plugs. 
Net Weight: 4 ounces. 

Code Word Price 

1691-A I Capacitor Test Fixture ... ....•...•...•.•• EDIc'r $22.50 

The plugs on the test fIXture easi ly fit into the terminals 
of General Radio bridges or into other equipment 
having jack-top binding posts, spaced ;!i inch. The 
bridge shown here is a Type 161l-A Capacitance Test 

Bridge, and the capacitor is a tubular paper type. 

The Capacitor Test Fixtnre will accept all of the types 
of capacitors shown here. 
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BRIDGES -----~----- Guard Circuit 

TYPE 716-P4 GUARD CIRCUIT 

USES: The Guard Circuit is designed for use 
with the TYPE 716-C Capacitance Bridge to 
facilitate the measurement of guarded dielec­
tric samples and of other small capacitances 
where a three-terminal measurement is neces­
sary. It is particularly useful for the measure­
ment of components and materials over wide 
ranges of temperature and humidity, because 
it eliminates from the measurement the effects 
of the leads from the bridge to the sample in 
its conditioning apparatus, and permits the 
same accuracy of measurement that would be 
obtained if the sample were positioned directly 
at the bridge terminals. 

DESCRIPTION: A basic schematic diagram of 
the capacitance bridge with guard circuit is 
shown on page 9. The guard arms Sand T make 
it possible to balance any combination of 
capacitance and loss normally encountered in 
the terminal impedance of t he unknown. 
The impedance of Sand T is relatively high 
compared to the ratio arms of the bridge, 
which makes the guard-circuit balance less 
critical than it would be if both sets of arms 

were of the same order of magnitude. The 
coupling circuit, F, consisting of a pair of ad­
justable resistors, permits partial balancing 
of the guard-to-ground terminal impedance 
thus facilitating the balance of arms Sand T. 

The circuit and switching are arranged for 
either direct reading or substitution methods. 
When measurements are to be made by sub­
stitution methods, i.e., by the precision ca­
pacitor of the bridge, it is necessary to connect 
a balancing capacitor in the adjacent arm of 
the bridge. A variable air capacitor (SUBST. 
CAPACITOR) with a maximum capacitance 
of 1150 J1.J1.f is built into the guard circui t for 
this purpose. Appropriately shielded and 
guarded switching is provided for connecting 
or disconnecting this capacitor as required. 
Thus the only external connection required is 
that to the unknown itself, whether direct­
reading or substitution methods are employed. 

Four pairs of ratio arms are provided in 
the bridge, for direct-reading operation at 
100 cycles, 1 kc, 10 kc, and 100 kc. Corre­
spondingly, four sets of resistive guard arms 
are provided in the guard circuit, se lected by 
a panel switch. Four adjustab le resistors are 
provided, with the switching so arranged that 
they are used in pairs for each switch setting, 
one "coarse" and one "fine" adjustment. 

FEATURES: ~ Makes possible three-terminal 
capacitance measurements with the TYPE 
716-C Capacitance Bridge. 
~ Wide frequency range. 
~ Couplin g circuit facilitates guard balance. 
~ Careful shielding assures accuracy of meas­
urement. 
~ Connections are so arranged that bridge can 
also be used for two-terminal measurements. 
~ Guard cable included for connection to 
sample. 

SPECIFICATIONS 

Capacitance Range: Designed for use with the xl multi­
plier ranges of the TYPE 716-C Capacitance Bridge, i.e., 
a range of 0-1050 p.p.f. The range can be extended by 
adding external capacitance to the standard arm of the 
bridge. 
Frequency Range: Corresponds to that of TYPE 716-C. 
Guard Balance Capacitor: Any value of capacitance be­
tween the guard point and the high measuring terminal 
up to 1000 p.p.f can be balanced out. 
Mounting: Available in two models: TYPE 716-P4M in 

Type 

hardwood cabinet matching cabinet of TYPE 716-CM; 
TYPE 7·16-P4R for relay-rack mounting. Leads are 
arranged for placing the guard circuit directly above 
the bridge. 
Acce:;sories Supplied: One TYPE 87J-Q2 Coaxial Adaptor. 
One TYPE 838-B Alligator Clip. 
Net Wei3ht: TYPE 716-P-tR, 17 Ibs.; TYPE 716-P4:\f, 
231bs. 
Dimensions: 19 X 8U x 9Ys inches. 

Code Word Price 

716·P4M 
716·P4R 1 Guard Circuit (in Walnut Cabinet) ········ 1 BOSOMGUARD I 

Guard Circuit (for Relay-Rack Mounting).. BONUSGUARD 

$315.00 
295.00 

PATENT NOTICE. See Note 4, page viii. 
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Sample Holder BRIDGES 

TYPE 1690-A DIELECTRIC SAMPLE HOLDER 

USES : The TYPE 1690-A D ielectric Sample Holder is a 
micrometer-driven sample bolder of the Hartshorn 
type, * intended primarily for measmement of die lectric 
constant and dissipation factors of specimens of dielec­
tric materials in the form of standard ASTM 2- inch 
diameter discs. It is suitable for any flat sample whose 
largest dimension is not greater than 2 inches and thick­
ness not greater than 0.3 inch. It can be used, fo r exam­
ple, with resonant circuits for susceptance-variation or 
frequency-variation measurements, with t he TYPE 
716-C Capacitance Bridge or the TYPE 821-A Twin-T; 
with the TYPE 87,1-LBA Slotted Line; or with the TYPE 
1602-B Admittance Meter. 
DESCRIPTION: A precision micrometer screw drives t he 
movable grounded electrode with respect to a fixed 
insu lated electrode. The screw adjustment control is a 
large instrument knob, in contrast to the small thimble 
employed in the usual machinist's micrometer. Attached 
to the knob is an accmately divided drum which indi­
cates the spacing between electrodes. The micrometer 
screw is electrically shunted by a metal bellows, assming 
positive low-resistance connection at all t imes. A release 

mechanism is incorporated in the design of the movable 
electrode, so that when fu ll positive contact is made 
between the two electrodes, the drive disengages, thus 
protecting the mechanism against mechanical stress. 
T he same design featm e also provides better contact 
between electrodes and specimens when the smfaces of 
t he latter are not exactly parallel, since the movable 
electrode will adj ust itse lf to the plane of the specimen 
surface. 

A vernier capacitor with a capacitance range of 5 p.p.f 
is also provided, for use in determin ing capacitance 
increments in the susceptance-variation method. This 
capacitor is of t he cylindrical type, the movable cylinder 
being a precision micrometer screw. Ten t urns of the 
screw cover the range of 5 p.p. f, and t he drum attached to 
t he screw is accurately divided into 50 divisions, each 
corresponding to .01 p.p.f. 

The assembly is mounted in a rugged a luminum cast­
ing, which shields it on four sides. The shielding is 
completed by two removable cover plates, which permit 
access to the electrodes. 

Connection to t he electrodes may be made by TYPE 
874 Coaxial Connectors or by T YPE 274 P in Connectors. 
Adaptors are provided fo r mounting the TYPE 1690 
Dielectric Sample Holder on the TYPE 716-C Bridge 
and on the TYPE 821-A Twin-T. An additional adaptor 
for connection to the TYPE 874-LBA Slotted Line and 
TYPE 1602 Admittance Meter is also available. T he 
arrangement of the terminals is such that the holder can 
be mounted on a bridge with t he panel in either the 
horizontal or vertical di rection. 
FEATURES : ~ A dielectric specimen can be measmed 
over a wide range of frequencies using the same holder 
but different measuring circuits. 
~ Corrections for edge fringing and stray capacitance 
are taken care of by the calibration. 
~ Rigid casting supports entire structure. 
~ Large easily read dials. 
~ Complete shielding. 
~ Flexibili tv - can be used with a number of different 
bridges or other measuring circuits. 
~ Precision calibration provided. 
~ "Floating" electrode protects precision d rive against 
inj ury . 

* L. Hartshorn and W. H. Ward. Proceedings of the Institution 
of E lectrical Engineers, v. 79, PP. 597-609 (1936). 

SPECIFICATIONS 
Electrodes : Diameter, 2.000 inches "=0.0025. Smfaces 
are ground optically flat within a few wavelengths. 
Electrode Spacing : Adjustable from zero to 0.3-inch 
maximum. The spacing is indicated directly by the 
micrometer reading in mils. 
Vernier : Incremental capacitance is 5 p.p. f, nominal. 
Calibration : For the main capacitor, a chart is provided 
giving the calcu lated air capacitance as a function of 
spacing. A correction cmve is a lso provided with each 
holder, giving the measured deviations from calcu lated 
values over the range from 300 mils to 10 mils spacing. 
In accordance with recommended ASTM practice, th is 
calibration is referred to the calcu lated geometric value 
at a spacing of JOO mils. 

For the vernier capaci tor, a correction chart is pro­
vided, from which capacitance differences can be deter­
mined to an accuracy of "=0.004 p.p.f. 
Zero Capacitance : Approximately 11 p.p.f. 
Frequency : This type of specimen holder introduces no 

Type 

significant error at frequencies below 100 Mc. The tech­
nique of its use at higher frequencies has not been firm ly 
estab lished, but satisfactory results oan be obtained fo r 
many types of measurements. 
Accessories Supplied: TYI'E 1690-Pl Adaptor Assembly 
for mounting to t he TYPES 71fi-C Capacitance Bridge 
and the TYPE 821-A Twin-T. Hardware is supplied for 
mounting sample holder on TYPES 740-B, Ifill-A, 
l fi04-B, 544-B Bridges and TYPE 1862-B Megohm-meter. 
Accessories Available : TYPE 1690-P2 Adaptor Assembly 
for connecting to TYPE 874-LBA Slotted Line or TYPE 
1602 Admittance Meter. 
Mounting: Supplied with a wooden carrying case. A 
drawer in the case provides storage for hardware, and a 
spring clip holds the calibrations, which are mounted in 
aluminum holders. 
Dimens ions : Over-a ll , mounted on adaptor, fi~ x 5%; x 
472 inches. 
Net Weight: 3%; pounds. 

Code Word 

1690-A 
1690-P2 

I 

Dielectric Sample Holder ...... ........... \ L OYAL 
Adaptor Assembly... . ........ . .. . ...... LOYALMOUNT 

(for Type 874-LBA SloHed Line) 

$435.00 
20.00 

PATENT NOTICE. See Note 4, page viii. 
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BRIDGES -----~ ------- Assembly 

TYPE 1610-A CAPACITANCE MEASURING ASSEMBLY 
USES: The TYPE 1610-A Capacitance Measur­
ing Assembly is a conveniently arranged unit 
containing complete equipment for highly 
precise measurement of capacitance and dissi­
pation factor. Both two-terminal and three­
terminal capacitances (two-terminal capaci­
tances only with TYPE 161O-A2, see below) 
can be measured, either by direct or substitu­
tion methods, over the frequency range from 
30 cycles to 100 kilocycles. In addition, in­
ductance, storage factor, and resistance can 
be measured by substitution methods. 

The guard circuit included as part of the 
161O-A Assembly also permits the measure­
ment of two-terminal capacitance at a con­
siderable distance from the unit with the 
same precision that cou ld be obtained with 
the unknown located at the bridge terminals. 

DESCRIPTION: The TYPE 161O-A consists of: 
1 TYPE 716-C Capacitance Bridge 
1 TYPE 716-P4 Guard Circuit. 
1 TYPE 1302-A Oscillator. 
1 TYPE 1231-BRFA Amplifier and Null 

Detector (includes 1 TYPE 1231-P5 Filter) 
Rack cabinet and connecting cables. 

The TYPE 1610-A2 is identical except the 
TYPE 716-P4 Guard Circuit is omitted and a 
blank panel substituted. 

Complete descriptions of each of the five 
instruments indicated above can be found on 
pages 18, 22, 64, 65, and 108 respectively of 
this catalog. 

The oscillator frequency range is from 10 
cycles to 100 kc. The fi lter in the assembly is 
tuned to 11 fixed frequencies as selected by a 
switch, and any other frequency in the range 
from 20c to 100 kc with the addition of ex­
ternal capacitance. 
FEATURES: ~ Complete assembly for direct 
and substitution capacitance measurements, 

two-terminal or three-terminal, from 30c to 
100kc. 

~ Instrumellts can be used separately with­
out electrical or mechanical changes. 
~ TYPE 1690-A Dielectric Sample Holder can 
be mounted directly on Capacitance Bridge. 

A one-megacycle assembly is also available; write for details. 

SPECIFICATIONS 
See specifications fo r TYPE 716-C Capacitance Bridge, 
TYPE 71o-P4 Guard Circuit, TYPE 1231-BRFA Ampli­
fier and Nu ll Detector (includes TYPE 1231-P5 F il ter), 
and TYPE 1302-A Oscillator. 
Accessories Requ ired : None, except a balancing ca­
pacitor for substitution measurements when the Guard 
Circuit is not used. This may be the TYPE 722-D Preci­
sion Capacitor (page 151), t he TYPE 509 Standard Ca­
pacitor (page 156), or the TYPE 505 FLxed Mica Ca­
pacitor (page 155). 

Type 

Accessories Supplied : Necessary cables, adaptor, alliga­
tor clip, and spare fuses. 
Accessories Available: For measurements on unguarded 
dielectric specimens, the TYPE 1690-A Dielectric Sam­
ple Holder (page 23) is recommended. 
Dimensions: (Height) 43 x (width) 2231 x (depth) 
20 inches, over-all. 
Net Weight : 20231 pounds for TYPE 161O-A, 180 pounds 
for TYPE 161O-A2. 

Code Word Price 
1610-A 
1610-A2 

Capacitance Measuring Assembly ••• . . . . . 
Capacitance Measuring Assembly 

SEDAN $2050.00 

1755.00 (less Guard Circuit) . • •.••• • ••• •• •• • ••• SABER 

PATENT NOTICE. See Notes 1, 2, and 9, page viii. 
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Capacitance -----~ BRIDGES 

TYPE 740-8 CAPACITANCE TEST BRIDGE 

USES: The TYPE 740-B Capacitance Test 
Bridge is a 60-cycle capacitance and dissipa­
tion-factor bridge for use in both laboratory 
and production testing of paper, mica, and 
electrolytic capacitors. The capacitor manu­
facturer can use it for production tests, the 
capac itor user for acceptance tests. It is 
particu la rl y useful in testing polarized elec­
trolytic capacitors, because the test condi­
tiOJ:~ approximate the normal operating con­
dit ions of use. 

DESCRIPTION: The circuit used in this instru­
men t is that of a series-resistance capacitance 
brid;.;e. It is similar to the capacitance portion 
of the Typg 650-A Impedance Bridge, but 
adapted for 60-cycle use. One ratio arm is 
vari:1ble in decade steps, and the other is 

continuously variable and calibrated directly 
in capacitance. 

The TYPE 740-B Capacitance Test Bridge 
is a simpler instrument than the TYPE 1611-A, 
with a smaller capacitance range and lacking 
some of the features of the latter instrument. 

FEATURES: ~ Measures the d irect capacitance 
of ungrounded capacitors. 
~ \ ' isual null indicator makes the bridge use­
ful for production testing in noisy locations. 
~ Simple to operate. 
~ X ormal operating conditions can be rep ro­
duced when testing polarized electrolytic 
capacitors by using a d-c polarizing voltage. 
The a-c voltage impressed by the bridge itself 
is small and simulates the ripple usually en­
countered in power-supply filters . 

SPECIFICATIONS 
Capacitance Range : 5/L/Lf to 1100 /Lf in sevcn rangcs. 
Capaeitancc vallies arc read directly from a logarithmic 
dial and multipli('r switch . 
Capacitance Accuracy : \ri th in ± 1 ~ over the main 
decade (l to ll ) of the CAPACITA~CE dial for all 
mliltip lier settings except .0001 Within ± 1.5 c~ or 
=,,:3 /L/Lf, whichevcr is the larger, on t he .000 l multiplier 
on the main decade of the CAPACITA~CE dial. 
Bclow 100 /L/Lf the crror graduall.I' increases to ± 5 /L/Lf 
as z(' ro is approached. 
Dissipation Faclor Range: 0 to 50% in t\\·o rangcs. Scale 
has 50 divisions. 
Dissipation Factor Accuracy: \\~ithin ± 1.570 or 1'1111-
scale rcading for a ll capacitancc multipliers except .0001. 

On the .0001 capacitance multip lier a correction of 
0.:3 % should be subtracted from the dissipation-fador 
dialrf'ading. "Vhen this correction is made the accurac.v 
i, within ±2 divisions on the xl multiplier and within 
± 1 division on t he xlO mlii tiplier. 
Voltage Applied to Unknown : The voltage impres8ed 

'l'iJpe 

a('ro~s t he unknown tcrminals varics continuously with 
the bridgc sctting. For vcr~' small capacitances in the 
lowcst range, this voltage is approximately 35 volts, 
"nd it decreases with incrcasing capacitance, so that 
at 100 /Lf it is approximatcl.\' one volt. 
Polarizing Voltage : T erminal;; for connecting a d-c 
pola ri zing voltage are provided on t he panel. 
Power Supply: 105 to 125 (or 2 10 to 250) volts, 60 
c.l-cles. The powcr in put is 1.5 watts. 
Controls: Capacitancc dial and multiplicr, dissipation­
faclor contro l and multiplier, scnHitivit.1' control. 
Accessories Supplied: TYPE CAP-35 Power Cord and 
sparc fuses. 
Tube CDmplement : One each 6X5GT / G, 6J7, 6E5. 
Mounting : Portable carry ing case, of a irplane-luggage 
construction. 
Dim~ nsions: (Length) 1-+ 1 2 x (width ) 15 x (height) 97,4 
inches, over-all , inrlucling cover and ha ndles. 
Net Weight : l \) pounds. 

Code Word Price 
--740-B---1 Capacitance Test Bridge ............... . B_\'BEL 

--------------~----~ 

$265.00 
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BRIDGES -----------Capacitance 

TYPE 1611-A CAPACITANCE TEST BRIDGE 

USES: The TYPE 1511-A Capacitance Test 
Bridge is designed for 50-cycle capacitance 
and dissipation-factor measurements over 
very wide ranges. It is suitable for laboratory 
or shop testing of all kinds of paper and mica 
capacitors, as well as polarized electrolytic 
capacitors. It also meets the requirements of 
the electric-power industry for shop testing 
of insulators, particu larly for measurement of 
dissipation factor of bushings, insulators, the 
insulation of transformers, rotating machin­
ery and cables. It can be used in such meas­
urements even where there are adjacent bus 
potentials of several thousand volts . 

For the wire and cable manufacturer, this 
bridge offers a convenient anq rapid means 
for locating breaks in cable, and for labora­
tory and production tests of dissipation factor 

and capacitance on all kinds of cable. 
The communications industry will find it 

useful, not only for routine capacitance and 
dissipation-factor tests on component capaci­
tors, but also for checking capacitance to 
ground of transformer windings, shields, and 
circui t elements. 

DESCRIPTION: The circuit used is the series­
resistance capacitance bridge. One ratio arm 
is continuously variable and calibrated to 
read directly in capacitance. The other ratio 
arm is variable in decade steps and serves as 
a multiplier for the direct-reading dial. The 
variable resistors in series with the standard 
capacitors are calibrated directly in dissipa­
t ion factor . 

A visual null indicator is used, consisting 
of a tuned amplifier and an electron-ray tube. 

A portable luggage-type carrying case 
houses the complete instrument. 

FEATURES: ~ Will measure any capacitor up 
to 11,000 microfarads. There is no fixed lower 
limit. The range extends down to zero. 
~ Visual null indicator is an advantage in 
noisy locations. 
~ Detector sensitivity increases as balance 
point is approached, which greatly simplifies 
process of locating balance. 
~ Use of low test voltage results in consider­
able saving in cost over equipment operating 
at several kilovolts. Tests have proved that 
capacitance and dissipation factor do not 
depend upon voltage if no corona occurs. 
~ Moderate external electrostatic fields do 
not affect results, since connection to gen­
erator can be reversed and the observed 
results averaged . 
~ A d-c polarizing voltage can be introduced 
from an external d-c source. 
~ Requires no accessories - ready tor opera­
tion when connected to power line. 

SPECIFICATIONS 
Capacitance Range: 0 to 11,000 p.f, covered by eight 
multiplier steps and an approximately logarithmic, 
direct-reading dia l. 
Dissipation-Factor Rang e: 0 to 60 % (at 60 cycles). A dial 
having a scale characteristic approximately logarithmic 
covers the range 0 to :30 % . An additional range of 30 % 
can be added by a panel switch. 
Capacitan ce Accuracy : ±(1 % + 1p.p.f) over the entire 
range of the bridge. 
Dissipat ion-Faclor A ccura cy : ±(2% of dial reading 

f) 
+ 0.05% dissipation factor). Power Factor = -:- / ' 

v 1 +D2 
where D = dissipaLion factor. Below 100 p.p.f, the aCCll-
1":.l("Y is limited by the decreasing sensit ivity of balance. 
Sens itivity : Tl~e sensitivity is such that any capacitance 

in the range 100 p.p.f to 10,000 p.f can be balanced to a 
precision of at least 0.1 % . 
Temperature and Humidity Effects: The readings of the 
bridge are unaffected by temperature and humidity 
variations over the range of room conditions normally 
encountered (65 0 F to 95 0 F, 0 to 90 % RH ). 
A - C Voltage Applied to Capacitance under Test : The 
voltage impressed on the unknown capacitance varies 
from a maximum of approximately 125 volts at 100 p.p.f 
to less than 3 volts at 10,000 p.f. The circuit is so ar­
ranged that a maximum of one volt-ampere of reactive 
power is delivered to the sample. 
Exte rnal Fi e lds: For bushing testing, the fields usually 
encountered in shop and laboratory, even up to several 
thousand volts, will not affect the accuracy. For meas­
urements in locations where the overhead voltages are 
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Test 

very high, the unknown should bo shielded. 
Polarizing Voltage: Terminals a re provided for COI1nort­
ing an C'xternal d-c polarizing voltage. The maximum 
voltage t hat should be impressed is 500 volts. 

One of the terminals is grounded so t hat, any a,-c oper­
aled power supply wi t h grounded output can be used. 
The terminal capacitances of t he po,yer supply do not 
affect t ho bridgo circui t. 
Power Supply Voltage: 105 to 125 (or 210 to 250) volts, 
(10 cyc les. Power Input: 15 \'·atts. 

Type 

BRIDGES 

Accessories Supplied: TYPE CAP-35 P OII'or Cord a nd 
spare fuses. 
Mounting : Portable carrying case of luggage-type con­
struction. Case is completely shielded to insuro freedom 
from electrostatic pickup. 
Tube Complement: Ono each 6Xt'-GT / 0, 68J7, ami 
6U5. 
Net Weight: ~~O Yz pounds. 
Dimensions: ( Width ) l-I-Yz X (depth ) 16 x (height) 10 
inches, over-all , including cover and handles. 

Code TVm'd 
1611-A 
1611-AS1 I 

Capacitance Test Bridge (115 and 230v, 6oc)1 
Capacitance Test Bridge (115 and 230v, SOc) 

FORUM 

FORUMPASHA 

$550.00 
575.00 

TYPE 1611-AS2 CAPACITANCE TEST BRIDGE 
USES: Current RETMA standards call for the 
measurement of electrolytic capacitors at 120 
cycles. The TYPE 1611-AS2 Bridge, which is a 
modification of the TYPE 1611-A Bridge de­
scribed above, is especially designed for t he 
measurement of electrolytic capacitors from 
1 J.Lf to 11,000 J.Lf at 120 cycles and to 0.1 J.Lf 
with somewhat less t ha n rated accuracy. A d-c 
polarizing voltage can be applied. 

DESCRIPTION: Similar to the TYPE 1611-A 
Bridge for 60 cycles except that provision is 
a lso made for the use of an external 120-cycle 
supply with t he upper four multiplier ra nges, 
and the detector filter is tuned eit her to 60 or 
120 cycles as selected . Polarizing voltage must 
be supolied from an external source. 

SPECIFICATIONS 
Capacitance Range: 0 to 11,000 Ilf at 60 cycles. 1 Ilf to 
11,000 Ilf at 120 cycle or other external frequency. 
Dissipation-Factor Range: 0 to 60% at 60 cycles. Range 
proportional to frequency. (0 to 120 % at 120 cycles.) 

Dial readings must be multiplied by the ratio fo for 

frequencies other than 60 cycles. 
Accuracy: Capacitance ± 1 % . Dissipation factor ±(2% 

Type 

of dial reading +0.05 % x fa dissipation factor) . 

Detector Filter: T uned to 60 or 120 cycles, selected by 
switch. J ack provided for use of an external fi lter for 
other frequencies. 
External Generator: Required for froquencies other t han 
60 cn·los. TYPE 121·I-A82 Oscillator described below is 
recoin mended fo r 120-rycle measurements. 

Othor specifications a rc identical to those for TYPE 
1611-A Bridge described above. 

TYPE 1611·AS2 Capaci tance Test Bridge used with the 
TYPE 1214·AS2 Osci ll ator to measure an electroly tic 
capacitor. The TYPE 1204·B Unit Variable Powcr' 
Supply on the right supplies the d·c polarizing voltagp.. 

Code TV m'd Price 
1611-AS2 I Capacitance Test Bridge ...... ........... . I FA VOR $570.00 

TYPE 1214-AS2 120-CYCLE OSCILLATOR 
This oscillator is intended to drive the 

TYPE 1611-AS2 Capacitance Bridge at 120 
cycles. It is very similar to the TYPE 1214-A 
U nit Oscillator (page 112) except forfrequency 
and output circuit. The output control is a 
four-position switch to provide four different 
output impedances, to match the T YPE 1611-
AS2 Bridge at each of its four 120-cycle multi­
plier settings, and is marked in terms of 
bridge multipliers. 

Type 

1214-AS2 

PATENT NOTICE. See Note 2, page viii. 

A jack is provided for plugging in an ex­
ternal oscillator so t hat the output transformer 
and switching can be used at frequencies 
other than 120 cycles. 

SPECIFICATIONS 
Frequency: 120 cycles ± 2% . 
Output: At least 200 milliwatts into matched load. 
Controls: Output impedance switch and power switch. 

Other specifications are identical to those for TYPE 
1214-A Unit Oscillator (see page 112). 

Code Word Price 

ABBOT $100.00 
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BRIDGES Impedance 

TYPE 650 IMPEDANCE BRIDGE 

USES: The TYPE 650 Impedance Bridge 'rill 
measure the inductance and storage factor, 
Q, of coi ls, the capacitance and dissipation 
factor, D, of capacitors, and the a-c and d-c 
resistance of all types of resistors. 

In t he laboratory it is extremely useful for 
measuring the ci rcuit constants in experi­
mental equipment, testi ng preliminary sam­
ples, and identIfying unlabeled parts. In the 
shop and on the test bench it has many 

appli cations in routine testing and fault loca­
tion. Thousands of these bridges are in use a ll 
over the world , in government a nd industrial 
laboratories, educational institutions, electr ic 
generating stations, and radio broadcasting 
stations. 

DESCRIPTION: The Bridge is a conventional 
4-arm impedance bridge. It is entirely self­
contained, in cluding standards and tone 
source, and is direct reading over wide ranges 
of resistance, capacitance and dissipation 
factor, and inductance and storage factor. 

Results are read directly from dials having 
logari thmi c scales. The position of t he decimal 
point and the electri cal uni t in terms of 
which the measurement is made arc indirated 
by the positions of two selector switches. 

Resistance is measured in terms of a stand­
ard resistance arm ; inductance and capaci­
tance are measured in terms of mica capaci­
tance standards, similar in construction to the 
TYPE 505 Capacitors 

A built-in galvanometer is used as the 
detector for d-c work, and head telephones, 
usually preceded by an amplifi er, are used for 
a-c measurements. 

Two Models are available. TYPE 650-AP is 
a-c operated, has a vacuum-tube I-K C oscilla­
tor and an amp li fier ,,-hi ch can be operated 
wi th a flat characteristic or be peaked at 1 kc. 
TYPE 650-A operates from self-contained bat­
teries and mi crophone hummer for 1 kc signa l. 
The TYPE 650-P1 Oscillator-Amplifier is avai l­
ab le separately and cOlwerts TYPE 650-A into 
TYPE 650-..\.P. 

FEATURES: ~ Wide ranges of all kinds of im­
pedances ca n be measured simply and rapid ly . 
~ Convenience, com bined with sufficient ac­
curacy for a ll but very precise ,rork, makes the 
TYPE 650-A invaluable in any laboratory con­
cer'ned with electri cal measurements. 

~ Direct-reading dia ls eliminate add iti onal 
time and t rouble wit h calcu lations. The panel 
photograph shows the simplicity of the 
controls, 

SPECIFICATIONS 

Ranges: 

Resistance 
Capacitance 

Inductance 

Dissipation FactoT (~) 

Storage FactoT (i or Q) 

28 

Minilllwlt 
1 milliohm 
1 micromicro­

farad 
1 microhenry 

. 002 

.02 

JI,f a:rilllwn 
1 megohm 
100 micro­

farads 
100 henrys 

1000 

Accuracy : Accurac~' of readings for capacitance and d-c 
resi~tan('e is l % for the intermediate multiplier decades: 
for inductance, 2% . The accuracy falls off in the lo\\'er 
ranges because of the extremel.,· small values to be 
measured. The error increases to 2% for very larpe 
values of capaci tanec and d-c resistance, and to 10 10 
for la rge values of inductance . 

Accuracy of reading for dissipation factor or for stor­
age factor in terms of its reciprocal is either 20 % or 
0.005, whichever is the larger. For dissipation factors 
larger than 0.05 and for corresponding storage factors, 
the accuracy is 10% . For capacitances of less than 500 
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Impedance 

p.p.f and for inductances greater t han 10 henrys, the 
('1'1'01' increases, reaching 20 % ±O.O I at the ext l'emes of 
range (l00 p.p.f or JOO henrys) . 

T he frequency of t he microphone hummel' is 1000 
cycles within ±5 '70 in TYPE 650-A. The vacuum-tube 
o.,cillator frequency in the TYPJ~ 650-AP is \\'it hin 
± I '70. 
Power Supply: Fou l' No. (j dr.v cells with connectors a re 
supplied with TYPE 650-A Bridge inside cabinet. For 
Typ!!] 650-AP B ridge, 105 to 125 (0 1' 210 to 250) volts, 
50 to 60 cyeies, 10 watts. 
External Generator: For measurements at frequencies 
other than 1 kc a nd up to 10 kc, a n extel'lla l generator 

BRIDGES 

can be used. An external TYPE 578 Shielded Trans­
Jonner is recommended. 
Acce ssories Required : High-impedance earphones; B rush 
model 200 arc recommended. 
Tube Complement: TYPE 650-AP, 1 - 6H6, 2 -
tiSL7GT; TYPE 650-A, none. 
Mounting : Black-crackle-finish aluminum pa nel; shielded 
hardwood cabinet. 
Dimensions : (width ) 12 X (depth) 20 x (height) 8)1 
inches, over-a ll. 
Net Weight: TYPE 650-AP, :30 pounds; TYPE 650-A 
31Yz pounds including batteries. 

SPECIFICATIONS FOR TYPE 650-P1 OSCILLATOR-AMPLIFIER 

Oscillator: 
F req uency : 1 kc ± 1 % . 
H a rmonics : less than -l% at full output. 
Open-circuit Voltage: continuously adjustable up 

to maximum of 10 to 15 volts. 
Interna l Impedance: 2000 ohms. 
Hum Level: 15 mv . 

Amplifier: 
Voltage Gain : continuously adjustable up to about 

.J 5 db (with average headphones). 
Selectivity: approximately 15 db attenuation to 

sec'ond ha rmon ic when t uned to 1 kc. 
Hum Level: ina udible. 

D-C Output: 
Open-circu it Voltage: 180 volts, approximately. 
Inte l'l1a l R esistance: 23,000 ohms. 

Type DeSC1ipiion 

M aximum CUt'rent : 8 ma, no adjustment provided. 
Can be short-circuited without damage. 

Hum Level: less than 100 mv, no load. 
Power Supply: 105 to 125 (01' 2 10 to 250) volts, 50 to 
60 cycles. 
Power Input : 10 watts. 
Tube Complement: 

1 - 6H6 2 - 6SL7-GT 
Accessorie s Supplie d : Connector for use between 
oscil lato r-amplifier a nd bridge, a nd CAP-35 Power 
Corcl. 
Accessories Recommended : H eadphones or a-c output 
meter for use \\'ith a mplifier on a-c measllJ'ements. 
Dimensions : Cabinet: JOYz x 2)1 x 6%; inches. 

P a nel: 12 x 3% in ches. 
Net Weight : 9 pounds. 

rode 11' o1'd 

650-AP 
650-A 

Impedance Bridge, A-C operated .... . .... . FILLY 

BEAST 

TELLO 

$425.00 
270.00* 

12.00 
Impedance Bridge, Battery operated ... ... . 
Model 200 Earphones .. .. . . .. ...... .. . . . 

650-P1 Oscillator-Amplifier only, for converting 
Type 650-A into Type 650-AP .. ......... . BOGUS 155.00 

* \rithout earphones, but including batteries. 
PATENT NOTICE. Fo/' TYI'>: 6.50-AP and TYPE 650-P1, see Notes 9 and 14, page "iii. 

Schematic diagrams of the circ ui ts used in the TYPE 650-A I mpedance B ridge. 

RES ISTANCE 
(WHEATSTONE ) CAPACITANCE 

INDUCTANCE 
(MAXWELL) 
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BRIDGES Inductance 

TYPE 667 -A INDUCTANCE BRIDGE 

USES: This bridge is designed for accurately 
measuring the audio-frequency inductance of 
small coils, \\"hich have a low value of storage 
factor, Q, at audio-frequencies. It is used by 
many coil and receiver manufacturers for all 
audio-frequency measurements on the tuning 
coils for radio receivers. It is also capable of 
measuring higher values of inductance (up to 
1 henry) and hence can be used as a general­
purpose inductance bridge. When connected 
as a Campbell mutual-inductance bridge, it 
can be used to measure mutual inductance in 

terms of the internal standard. Terminals are 
provided so that the bridge can be connected 
as a resonance bridge for such measurements 
as the ratio of a-c to d-c resistance. The d-c 
resistance can be determined by using a 
battery and galvanometer in place of the 
usual a-c generator and detector. 

DESCRIPTION : The TYPE 667-A Inductance 
Bridge is a conventional impedance bridge 
specifically designed for inductance measure­
ments. The necessary design features to 
eliminate residual sources of errol' and to make 
the bridge direct reading have been incor­
porated. The variable resistors in both the 
standard and the unknown arms are induct­
ance compensated, identical in construction 
,,·ith TYPE 670 Compensated Decade Resistor. 

A variable inductor in series with the 
unknown makes it possible to obtain a final 
inductance bala nce independent of the re­
sistive balance of the bridge. The standard 
inductor is wound on a ceramic toroidal form 
in order to minimize magnetic coupling with 
the variable inductor. 

FEATURES: ~ High accuracy (within 0.1 Mh) 
for the measurement of small inductances is 
one of the outstanding features of this bridge. 
~ Errors introduced by a sliding-zero balance 
and the variation of inductance with setting 
of the decade resistors have been eliminated. 
Thus inductors of a few microhenrys can be 
measured accurately. 
• An internal standard is provided for con­
venience, but terminals are available for ex­
ternal standards when necessary to extend the 
range of the bridge. 

SPECIFICATIONS 

Range: Inductance, 0.1 microhenry to 1 henry. The 
range can he extended by using TYPE 1-182 Standard 
Inductors as external standards. When the internal 
standard is used, the bridge will balance for storage 
factors between 0.06 and infinity at 1 kc. 
Accuracy : Inductance, ±(0.2 % ·+ 0.1 I'h ). The capaci­
tance across the UNKNOWN terminals is about 60 1'1'1". 
Specific valu!' is given for each bridge. This capacitance 
will increase the measured v,tlue of large inductors 
fractionally by the a mount w2LC. At 1 kc and 1 h the 
increase is about 0.24% . By direct substitution , two 
nearly equal external inductors can be compared to 
±0.02% . 
Frequency Range: All calibration adj ustments are made 
at a frequency of 1 kc. The bridge can be used at any 
frequ ency between 60 cydes and 10 kilocycles, but err·ors 
resulting from stray capacitance increase with fre­
quency. 'Vhen la rge values of inductance are measured 

Type 

\\·ith external standards, the frequency should be 101V­

ered to avoid resonance effects. 
Standards : The standard inductor is a I-millihenry 
toroid wound on a ceramic form. Resistance balance of 
the bridge is made by means of resistors having small 
residual inductances. 
Mounting: The bridge is supplied in a shielded hardwood 
cabinet. 
Accessories Required : Oscillator, amplifier, and ear­
phones. TYPE 121-1-A Oscillator (page 112 ) and TYPE 
1231-B Ampli fier and ~ull Detector (page 6-1 ), or the 
TYPE 1212-A Unit Null Detector (page 66 ) are reco m­
mended \\·ith the TYPE HJ51-A Filter. 
Accessories Supplied : T\\·o TYPE 27.J-NCO Shielded 
Connectors. 
Dimensions : (Length) 17 Y2 x (width) 16 x (height)!lY2 
inc hes, over-all. 
Net Weight : 33 pounds. 

Code Word Prire 

667-A Inductance Bridge .. .. .. . . .... ...... . .... 1 AERIE $5 10.00 
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Comparison BRIDGES 

TYPE 1604-B COMPARISON BRIDGE 

USES: The TYPE 1604-B Comparison Bridge is 
designed for the rapid testing of components 
at audio frequencies, by comparison ,,·ith an 
appropriate standard . Typical measurements 
for which this versatile instrument is particu­
larly suited include: production test.ing of 
ganged potentiometers or capacitors for track­
ing; measurement of small values of capaci­
tance; checking center-tapped windings for 
proper location of tap, the rapid matching of 
component.s for use in critical circuits. 

DESCRIPTION: This instrument is completely 
self-contained, consisting of a bridge circuit, 
an oscillator operating at 400 c, 1000 c, or 
5 kc, and a sensitive cathode-ray-tube visual 
detector. 

The bridge circuit consists of a pair of re­
sistive ratio arms, with a potentiometer pro­
viding a calibrated variation from unity. A 
differential capacitor across the ratio arms 
provides the phase-angle balance. Measure­
ments can be made with the unknown either 
grounded or not, as desired. 

The detector is non-linear, and permits the 
bridge to be balanced without continual re­
setting of the gain controL 

FEATURES: ~ Rapid measurements. 

~ Three measuring frequencies. 
~ II igh accuracy. 
~ Wide impedance range. 
~ Requires no accessories other than appro­
priate standard of reference - ready for oper­
ation when connecLed Lo power line. 
~ Visual llull indicator. 

SPECIFICATIONS 

Deviation Range: For impedance difference, ±5% and 
±20 %, selected by a panel switch. For dissipation 
factor difTerence, ± .006 at 400 c, ± .015 at 1 kc, ± .075 
at 5 kc. 
Impedance Range and Accuracy: Over the following 
ranges the accuracy is ±0.1 % for the 5% deviation 
range, and ±0.5 % for the 20 % range, when dissipation­
factor differenccs do not exceed 0.02. 

Ji'Tequency R L C 
400 c 1211 to 20 Mn 2 mh to 1500 hl]OO I-'f to 50 I-'I-'f 

] kc 211 to 20 iVW! 1 mh to 250 h 30 I-'f to 50 I-'I-'f 
5 kc 4S2 to 2 MI1 200 J-Lh to 10 h 2 J-Lf to 50 J-LJ-Lf 

Dissipation Factor Accuracy: 

Ji'Teqllency Accumcy 
@O c I ±(0.0002 +2 % of the impedance difference) 

1 kc ±(0.0005 +2% of the impedance difference) 
5 kc ±(0.0025 +2% of the impedance difference) 

Frequency: 400 c, 1 kc, and 5 kc, as selected by panel 
switch. All ±3 % . 
Grounding: Two ground positionR are provided ; one 
grounds the junction of the standard and unknown 
impedances, so that the total impedances between the 
high terminals and ground are compared. In the other 
connection the junction of the ratio arms of the bridge 
is grounded, and the direct impedance between ter­
minals of a component is measured; terminal im-

Type 

pedances to ground, within certain limits, will not 
affect the bridge balance. 
Voltage Applied to Unknown: Approximately one volt, 
for impedances above 5001l. For 10ll"er values of imped­
ance the voltage is deerC'uRcci, ("orresponding to a 
source impedance of the order of 100\!. 
Zero Adjustment: An adjuRtablc index mark is provided 
with locking means so that the zero (":In be offset. 
Tube Complement: Two 6AUti, thrce J2AT7, one 2PB1, 
one 117-Z6-GT. 
Power Supply : J05-125 (or 210-250) volts, 50 to 60 cycles. 
Accessories Supplied: TYPE CAP-35 Power Cord; spare 
fuses. 
Accessories Required: Adjustable calibrated standards 
such as the TYPE 1,132 Decade H,psistors, Typ],; 211) 
Decade Capacitors, and TYP8 1 ~00 Decade Inductors 
may be used. FLxed standards such as the TYPE 509 
Standard Capacitors, TYPE 1481 and TYP8 1482 In­
ductors, and TYPE 500 Resistors ma~' also be useu 
whenever appropriate values are available. 

For production te ts, the standard is often a compo­
nent of the type to be tested, that has been measureJ 
independently or othen\·ise selected. 
Accessories Available: TYP]';f; 12:3J-P2 and 1231-1'3 
Filters (pages 108 and 109 ) for frequency discriminatio:I. 
Mounting: Welded a luminum cabinet. 
Dimensions: ( \Vidth) 12 inches, (height) 14;i inches, 
(depth) 10 inches, over-all. 
Net Weight : 22Yz pounds. 

Code lVord Price 
1604-B 1 Comparison Bridge ...................... 1 FATTY $450.00 
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BRIDGES Comparator 

TYPE 1605 -A IMPEDANCE COMPARATOR 

ACCURATE AND VERSAT I LE O N THE PRODUCTION LINE AND 
I N TH E L ABORATOR Y 

USES : Typical uses includC' rapid testing, 
sorting, and matching of prf'cision com­
ponents, either manually or in comhination 
I\'ith automatic sorting equipment. 

Checking effects of timf', t emperature, hu­
mid i ty, and pressure on com ponen ts, I\"i th 
high precision and continllolls indication. 

Rapid checking of trae-king of ganged po­
tentiometers and variable capacitors. 

Frequency characteristics of components, 
Easy comparison of quanti ties usually re-

quiring laboratory tec'hniques, such as: 
Impedance difference to 0.01 %. 
D of lo,,'-Ioss dielectric materials, 
D of Inductors, 
Q or phase angle of ,,'ire-\round resistors 

or potentiometers. 
Balance of transformer " 'i ndings. 

DESCRIPTION: This completely self-contained 
impedance comparator indicates directly on 
h\'o panel meters the differcnce in impedancc 
'and phase angle between a pair of element~ 
('onnectcd to its terminals. Three highly 
desirable characteristics not usually obtained 
together are combined in this unique inst ru­
ment: 

- high accuracy 
- high speed 
- wide ranges of impedance and fl'equene? 

. \.~ a result, not only does it bring laboratory 
aCCU1'acy to production-line inspection, but, 
('onversely, it brings the speed of the produc'­
lion test to measurements in the laboratory, 

The basic circuit of the comparator is a 
bridge circuit, with the unknOl\"ll aile! standard 

impedances scrving as tIro of the bridge a rms 
and the hah'es of a center-tapped transformer 
secondary winding serving as the other tIro 
arms. An internal R-C oscillator driving the 
transformer primary winding provides fre­
quencies at 100 c, 1 kc, 10 kc , and 100 kc. The 
bridge unbalance I'o ltage, resulting f rom in­
equality of standard and unknown imped­
ances, is separated into in-phase and out-of­
phase components that are amplified and 
indicated directly by t,,'o meters reading, re­
spectiYely, impedance magnitude differene-e 
in per cent and phase-angle difference in 
radians. 

The transformer is especially designed to 
have as high a degree of coupling as possible 
bet,,'een the t,,'o hah'e ' of its secondary wind­
ing. The coefficient of coupling achiel'ed is 
greater than 0,9997, and the open-circuit 
\'oltages of the two halves are balanced to 
"'ithin 1 part in 106 , This makes possible 
measurement of differences as 10\\' as 0.01 % 
and minimizcs the loading effeet of external 
impedances on the bridge transformer. 

A special cathode-follol\'er-type circuit pro­
"ides a \'ery high input impedance for the 
bridge detector and also a guard terminal. 
This shield makes possible the measurement 
of high impedances at a distance from the 
instrument, as in an ell\'ironmentaJ test cham­
ber. 

Fo)' operating external selector circuits, 
meter voltages are a\'ailable at the rear of the 
instrument; a plug connector is supplied. 

Calibration can quickly he ('hccked at any 
time by means of a simple built-in network. 
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Comparator BRIDGES 

C lose-up views of the ml'l('r sca les and I·ange switches. 

FEATURES: ~ High-speed meter indicatioll: 
X 0 balancing operation required. 
~ Wide frequency range: 100 cyc les to 100 kc. 
~ High accuracy: measuremen ts to 0.01 % 
~ Versatile: compares impedances of any 
phase angle. 

~ Wide impedance range: 2 ohms Lo 20 me­
gohms 
~ Compares both magnitude and phase angle 
simulta neously 
~ Guard point available 
~ Completely self contained 

SPECIFICATIONS 

Impedance Ranges: 
H.e~istan('e or impedance magnitude: 2 !1 to 20 l\I!1 
Capacitance : 40 J-LJ-Lf to 500 J-Lf; to 0.1 J-LJ-Lf with reduced 

sensitivity_ 
Inductance: 20J-Lh to 10,000 h. 

Internal Oscillator Frequencies : 100 c, 1 kc, 10 kc, 100 
kc; all ± 3%. 
Meter Ranges: 

Impedance Magnitude Difference: ± 0.3 %, ± 1 %, 
~ :~%, ± 10% full scale. 

Phase Angle Difference: ± 0.003, ± 0.01, ± 0.03, 
-" 0.1 radian full scale. 

Accuracy of Difference Readings: 3% of full scale; i.e., for 
lhe ±0.3 % impedance-difference scale, accuracy is 
0.009% of the impedance magnitude being measured. 
Voltage Across Standard and Unknown : approx. 0.3 volts 
Accessories Supplied : TYPE CAP-35 Power Cord, tele-

Block schematic of thc TYPE J605-A Impedancc 
Comparator. 

Type 

phone plug, pxternal-meter plug, adaptor plate asse m­
bly (fils panel terminals) and spare fuses. 
Tube Compleme nt : 1-5651 5-12AT7 

1-5751 :~-6UR 
:~-12AX7 1-6AS7G 
.J-(iAL5 J-:3AIO 

I-VE65A1 
Power Supply: 10.5 to 125 (or 210 to 250) vol L~, .50 to 
GO 1'.\"(" 1('5; 100 \\"ntts inpul at ll5v linl'. 
Mounting : H('lay-ntek pancl ,,· ith cabinct; TYI'I;; Ili05-
AU, has fit tings to permit. cither instrument or cabinct 
to be removed from mel;: \\·ilhout disturbing the other: 
TYI'I;; lU05-A:\[ has ellli supports for table or bench 
w'e. 
Dimensions : Panel ]f) x 8~ inches; depth behin I panel, 
12 inehes. 
Net Weight : 2U.Y:i pOllnds. 

The built-in gual·d circuit permits the use of long leads 
from Comparator to sa lllple insid e conditioning charn­

Lcr, as shown above_ 

Code lVord Price 

160S-AR 
160S-AM I 

Impedance Comparator (relay-rack mounting) 
Impedance Comparator (bench mounting) 

GUNNY 

GIPSY 

$790.00 
790.00 

PATENT NOTICE . See Note 4, page ,·iii . 
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BRIDGES -----~ Z-y 

TYPE 1603-A Z-Y BRIDGE 

A NEW APPROACH TO AUDIO-FREQUENCY IMPEDANCE 

MEASUREMENTS 

USES: This remarka ble new bridge can easi ly 
be balanced for any impedance connected to 
its terminals - from short circuit to open 
circuit, real or imaginary, positi\-e or negative. 
Thus it can make not only the usual routine 
measurements but can also solve many diffi­
cult problems beyond the capabi lities of other 
measuring instruments. Clearly, such versa­
t ility belongs in any laboratory where elec­
trical impedance measurements are made. A 
few of this instrument' s manifold applications 
are: 

Checking or identifying R, L, and C compo­
nents, or any arbitrary combinations of them. 

Reactance-resistance curves for electro­
acoustic transducers, such as loudspeakers, 
microphones, magnetic recorder heads. 

Open- and short-circuit measurements on 
transformers to determine leakage reactance, 
self and mutual inductance, and coefficient of 
coupling. 

FrequC'llcy cha racteriRtici:i of electrolytic ca­
pacitors. 

Measuring rei:ionances of indu ctors and 
transformers. 

Complex input, output, and characteristic 
impedances of filters and other transmission 
net\yorki:i. 

Transistor input and output impedance. 

Conductivity of liquids. 
In electro-chemical research, circular arc 

plots of solids or liquids having lossy polari­
zations. 

Negative resistance of active circuits, such 
as feedback loops. 

DESCRIPTION : The TYPE 1603-A Z-Y Bridge 
measures directly the quadrature components 
of a complex impedance Z = R + jX, or a 
complex admittance Y = G + jB. Low im­
pedances are measured in terms of series R 
and X, while high impedances, i.e., low ad­
mittances, are measured in terms of parall el 
G and B. With overlapping R and X ranges 
from 0 to ± 1050 ohms and G and B ranges 
from 0 to ± 1050 micromhos, any value of 
unknown can be balanced as either an imped­
ance or an admittance. * 

The basic circuit is the fami liar resistance­
capacitance bridge, but it is used in an en­
t irely new manner. A substitution technique 
is employed whereby an initial balance, with­
out the unknown element, is followed by a 
final balance with the unknown in the circuit. 
The difference in setting of the controls be­
tween these two balances measures the com­
plex components of the unknown. 

In the simplified circuit shown, the series 
rheostats provide the R balance for imped­
ance and the B balance for admittance, while 
the parallel rheostats provide the G balance 
for admittance and the X balance for imped­
ance. Rand G readings are independent of 
frequency, whi le X and B read ings are direct 
at any of three reference frequencies -100 c, 
1 kc, and 10 kc as selected by a s\yitch that 
changes certain bridge components. At fre­
quencies other than these three, X and B 
readings must be, respectively, divided and 
multiplied by the ratio 

(operating frequency) f 
(reference frequency) = J. ' 

The details of the controls and switching 
have been worked out to provide the utmost 
in convenience of operation. The unknown 
element is always connected to a single pair 
of terminals, and a main selector switch con­
nects it internally for either impedance or 
admittance measurement and disconnects it 
during the initial balance. The final balance 
controls need !lot be set to zero for initial bal-
* For a more detailed description consult General Radio Experi­
menter for July, t955. 
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ance, because the main selector switch inserts 
fixed resistors in their place equal to the value 
they would have when set to read zero. This 
is a convenient feature in making frequ ency 
runs on the unknowll. 

The reference-frequency s\\'iLch may be 
used as a multiplier for the X and 13 ranges 
by setting it to a value other than nearest the 
actual operating frequency. For measurement 
of very lOll' impedances or admittances, the 
functions of the II'ide-range final halanre ron­
trois and thp nat'l'ow-range initial balane-c 
controls may be interchanged, and , to a ll O\r 
this use, the initial balance controls han> ac­
curately calibrated dial~ with about 15% 
the range of the main dials and Il'ith the 
lower range of their scales expanded . 

By selecting the appropriate method of COIl­
necting the external detector to the bridge 
detector terminals provided , onp can measure 
(1) the grounded, (2) the direct, or (3) the 
total delta value, balanced or unbalan ced, of 
the unknown element - a " aluab le ab ility 
IlOt possessed by most othcr instruments. 

FEATURES: ~ 'Will ahmys ~il'e an ans\\'cr no 
matter what the unknO\\'ll IS. 

~ Switching and controls provide fast, con­
I'enient operation , 
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~ 1 r;o accuracy. 
~ ('ol'e rs entire audio frequency range. 
~ Gives ans\\'ers di rectly in ohms or ml­
cromhos. 
~ Can measure grounded, direct, or balanced 
impedan ces or admittances. 

SPECIFICATIONS 
Frequency Range: 20 (',\'('Ies to 20 kc. 
Impedance and Admittance Range: If the ab~olu te re­
sistanee is less than 1000 ohms and the absoilite 

reactanc'c is less t han 1000 'j ohms, the unkno\\'n is 

measurpd as an impedance. If the absolute ('onductanee 
is leAS than 1000 micromhos and the absolute suseep-

tance is less than 1000 t mieromhos, the unknown is 

mpa~ured as an admittance. Under certain limi ted con­
ditions, a ('hoice of Z or Y measurements is possible. 
Accuracy: For real eomponents, R 01' G: ±(J % +[2 
ohms or 2 micl'omhos)) for the main dials: ('omponents 
of less than about 100 ohms (or 100 micl'Omhos) can be 
measured on the auxi liary dials \\'ithin ±(l % +[0.2 
ohm 01' 0.2 micromhoJ). For imaginary component, 

X or B: ± (l '70 + [2j" ohm or t. micl'Omho J) for the 

main dials ; 

±(1 7p+[0 .2~ ohm or 0.2.!, micromhoJ) for the 

auxiliary dials, To obtain this accuracy in the measure­
ment oi' small quadrature componel1 ts at the higher 
frequencies, cOl'I'ection data, supplied in the operating 
instruetions, must be applied. The absolute measUI'e­
ments of X and B, but not Rand G, involves the fre­
queney error of the excit ing generator. 
Maximum Applied Voltage: 130 volts nus on bridge, 
giving less than 32 volts on unkno\\'n. 
Accessories Required: A calibrated oscillator Ot' other 
suitable a-c generator, and a null detector. The TYPB 

1210-B Unit O~cillator (page 114) and t he TYI'B 1212-A 
Unit~ull D etecto r, (page 66) are rc('ommendcd. 
Accessories Supplied: 2 TYPB 2H-NCO Shielded Cables, 
for connections to generator and detc(·tor. 
Mounting: Aluminum ('abinet and pancl. Black crackle 
finish. Carrying handle pl'Ovided. 
Dimensions: Panel: (Width) 12;..-2 x (height) 13;..-2 x 
(depth) 8;..-2 inches, over-all. 
Net Weight: 21 ;..-2 pounds. 

-<..,"tf'V 

~~"'~'* ~ So B BALANCE 
CLOS~O CONTROLS 
FOR " 

y~ 
_ _ "..."T~y,-,:p __ e~_---.-_=-::--_--,-__ ~ ____________ ~_--,Code 11'01'£1 

1603-A Z-Y Bridge ............................. 1 CATER 

Pl'ice 
-I - $370.00 
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TYPE 1606-A RADIO-FREQU ENCY BRID_GE 

USES: The Typg 1606-A Radio-Frequency 
Bridge measures impedances simply and ac­
curately at frequencics from 400 kc to 60 Mc. 
lt measures directly the rcsistance and re­
actance of antennas, transmission lines, net· 
works, and components. Although designed 
primarily for measuring the 10 \\' values of 
impedance most often encountered in r-f de­
vices, its range can be extended by means of 
an external parallel capacitor so as to meaSUl'e 
high impedances, such as tuned circuits. 

This bridge is a ne\\' and improved model 
superseding the very popular Typg 016-A­
for many years the standard of the radio in­
dustry for r-f impedance measurements. 

DESCRIPTION: The bridgc circuit used is 
sho \\'n schematically in the diagl:am belo\\'. 
Measurements are made by a series-substitu­
tion method. The components of the unknOlnl 
impedance are determined from the change in 
settings of capacitors Gtl and Gp . The unknown 
reactance at 1 Mc is read directly in ' ohms 
from the dial of Cp , and the unknown resist­
ance in ohms from the dial of GIl. 

In making measurements the bridge is first 
balanced by means of capac itors Gp and GA 

Irith a short-circuit across the unknown ter­
minals. The short is then removed, the un­
knolrn impedance connected, and the bridge 
rcbalanced. The resistance is then given by 

R = R (CA' - G.41) 
. x n G

N 

and t he reactance by 

Xx = ~ ( ~P2 - ~pJ 
\\'here the subscripts 1 and 2 denote the dial 
readings for the initial and final balances, 
respecti vely. 

The resistive component is measured in 
terms of a .fi:red resistor (Rn), a fixed capacitor 
(('N) , and a variable capacitor (GA). This 

36 GEN E RAL RADIO COMPANY 



Frequency 

feature is an important factor in the high­
frequency performance of the bridge because 
residua l parameters can be made much smaller 
in a fixed resistor and a variab le capacitor 
t han in a variable resistor. 

The TYPE 1606-A Bridge incorporates sev­
eral important new advances in bridge design. 
A single, internal bridge transformer, used to 
couple an external generator to the bridge 
circuit, covers t he ent ire 150:1 frequency 
range of t he instrument while its triple shield­
ing keeps undesired coupli_ngs to an insign if­
icant level. A new type of variab le air capaci­
tor, having very lo\\" losses a nd indu ctance, is 
used for t he reactance balances a nd the initi a l 
resistance balance. In t his capacitor the com­
plete rotor and stator sections are milled 
out of solid blocks of a luminum , a construction 
t hat avoids losses at t he joints between plates 
and spacers and provides the utmost stabi li ty. 
Finally, the entire mechanical design is suc h 
that the instrument can operate uncleI' difficult 
environm enta l conditions simila r to t hose 
specifi ed for testing military electroni cs equip­
ment, \\'hich makes the TYPE 1606-A Bridge 
an exce llent instrument for portable field usc. 

FEATURES: ~ High accurn ey and reliability 
~ Fast, simple operation 
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FREQUENCY IN Me 

Iteactance and resis tance o f an an tenna sys tem measured 
wi Lh the Rarlio-Frequency Brid ge. 

~ Wide frequency range 
~ Measures most impedances directly 
~ Small , light, and rugged for field use ­
carrying case avai lab le 
~ Initial balance controls have clamps to pre­
vent accidental movement. 
~ Represents the best, most progressive prac­
tice in bridge design. 

SPECIFICATIONS 

Frequency Range: -100 Kc to tiO i\[C. 
Reactance Range: ±5000Q at 1 :'IIc. This range varies 
inversely as the frequency; a nd at othrr fref]ue ncies 
the dial reading; must be divided hy tIl!' fl'('<I UPIH'Y in 
megacydcs. 
Resistance Range: 0 to 1000Q. 
Accuracy: For reactance at frequellcies up to 50 :'I fe, 
± (2 % + Hl + 0.0008 X R X f), \I'here I? is thE' meas­
ured resistance in ohms and ! is the frequenc:-' in :'Ife . 

For resistance, at freq llencies up to 50 :'I f (' , 

[ 
R 10- 1 X ] 

± 1% +0.00U1'(1+1000) % ± ! I!+O. I I! 

subject to correction for residua l parameters. R is the 
measured resistance in ohms, X is the measured 1'1'­

actance in ohms, and! is thl' frequency in :'Ilc. At 
high frequencies, the correct ion depends upon the fre­
quency and magnitllde of the unkno\l'n resistan('C 
component. A cha rt from which the corre(·tion can he 
detcrmined is given in the instruction book supplied 
with the bridge. 

Satisfactory operation can be obtained at frequeneies 
as low as 100 Kc and somewhat above 60 J\Ic \\'ith not 
quite as good accUI"acy as indicated above. The f' term 
is important only at frequencies above 10 Mc. The 1 II 
term is important on ly at very low frequ encies II"lwn 
the resistance of a high-reactance, low-loss capacitor is 
measured. 
Terminals : Generator and detector terminals are TYPE 

Type 

87~ Coaxial Connectors. Adaptors to all commonly 
used coaxia l eonnectors arc available (see page 62 ). 
Accessories Supplied: Two leads of different lengths for 
con nedi ng til(' unknow n impedance to the bridge ter­
minals, one 1 z" spacer and one %;", 6-:32 sereII' for 
mounting components directl.v on the bridge terminals, 
two TYPE 87~-R22 Coaxial Cables for connecting the 
generator and detector, a nd one TYPE 87-I-PB58 Panel 
Con nector. 
Other Accessories Required: Radio-frequency generator 
and detector. The TYPI" l:nO-A Bridge Oscillator and 
the TYPE 1211-B Un it Oscillator arc atisfactor.v gen­
enl,tors, as are the TYPE 1001-A and the Type; 805-C 
,'t~\l1dard-Si g n al Generators. At freqllencie~ above 
50 :'Ilea TYP812l5-B UnitOscillatorol"tL TYPE 1021-AV 
Standard-Signal Generator is recommended. 

A well-shielded communi('ations receiver covering 
th(' desired freqllency mngC' makes a satisfactory de­
tector. It is recommended that t he receiver be fitted 
with the Type; 87-+-PB58 Panel Connector or other 
coaxial conneetor to avoid leakage at the input con­
nection. 
Mounting: \\ 'elded aluminum cabinet supp lied. A 
luggage-type carry ing Cllse is available separately a nd 
is recommended if the bridge' is to be used as 11 portable 
field instrument. 
Dimensions : 1212 X 9 12 X 101~ inches, over-all. 
Net Weight: 2:3 pOllnds without carrying case ; 29 pounds 
with carrying case. 

1606-A 
1606-P1 

Radio Frequency Bridge* .•...•.......... '1 
luggage-type Carrying Case ......•...... 

('ode "_11 -=" o-'-rd"-_-;-_---:;c-P~n=-·c"-:e ~ __ 
CIGAR $620.00 
BILLY 17.50 

* PATENT NOT [C'E. See Notes 4 and 12, pa/l:C ,"iii. 
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USES: The TYPE 9I6-AI, Bridge measures 
impedances quickly and accurately at fre­
quencies from 50 kc to 5 !Ic. It measures 
directly the resistance and reactance of an­
tennas, transmission lines, networks, a nd 
compon ents. Although designed primarily for 
measuring the low values of impedance most 
often encountered in its frequency range, its 
impedance range can be extended by means 
of an external parallel capacitor so as to 
measure high impedances, such as tuned 
circuits. 

Radio-Frequency 

TYPE 916-AL 

RADIO-FREQUENCY 

BRIDGE 

DESCRIPTION: The circuit is simila r to that of 
the TYPE 1606-A H-F Bridge used at higher 
frequencies (see page 36). T,yo transformers 
are used to cover the entire frequency range, 
the 100\"er limit of ,\"hi ch can be extended down 
to 15 kc for many measurements. 

FEATURES: ~ High accuracy and reliability 

~ Fast, simple operation 

~ Measures most impedances directly 

~ Suitable for field use 

SPECIFICATIONS 

Frequency Range: 50 kc to 5 Mc. SatisfactOlY operation 
for many measurements can be obtained at frequenc ies 
as low as 15 kc. 
Reactance Range: ± ll,ooon at 100 kc. This range varies 
inversely as the frequency, and at other frequenc ies t he 
dial readings must be divided by t he frequency in hun­
dreds of kilocycles. To facilitate the measurement of 
small reactances, the instrument is provided lI"ith an 
incremental reactance dial " 'hich has a range of 100 
ohms at 100 kc. 
Resistance Range : 0 to 1000n. 
Accuracy : For reactance at frequencies up to 3 1\[c, 

± (2% + 0.2 X lrOO f! + 3.5j"k;R X 10-'0\1) II"herc R 
. kc 

is the measlll"ed resistance in ohms and h, is the fre­
quency in kilocycles. Thc crro rs in reactance inerea~e 
relativel." rapidly at frequencies above:l ;\'[e: and at 51\ [c 
the aecume.,· is ±(2'/6 + 0.01 n + 2.:l R'· ' + 10-'11). 

Fo r resiskLlH"c, at frequ l' ll cies up 10 5 1\ I{", ±( J ('~ + 
O.I!! ), subject to ('o 'TP(' Lion for residual paranwters at 
low freq urneirs. The corrrcLion depends uJlon tite 
frpquellcy a nd upon tite magnitud e of titl' ul1knol\'" 

Type 

reactance component. A plot of this correction is given 
in t he instruct ion book supplied with the bridge. 
Accessories Supplied: Two input transformers, one 
covering the lower portion of the frequency range, t he 
otber t he higher portion; two leads of different lengths 
(for connecting the unknown impedance); two 87-l-R22 
Coaxial Cables for connecting generator and detector; 
one TYPE 874-PB58 Panel Connector. 
Other Accessaries Required: Radio-frequency generator 
and detector. The TYPE 1330-A Bridge Oscillator and 
the TYPE 1211-B Unit Osci llator are satisfactory gen­
erators as a re the TYPE 100l-A and the TYPE 805-C 
Standard Signal Generators. A lI"ell-shielded radio re­
eeiver covering t he desired frequenc~' range makes a 
satisfactory detector. It is recommended t bat the 
rerpiver be fitted lI"i th t he TYPE 874-PB58 Panel Con­
nector supplied to avoid leakage at the input connectio n. 
Mounting : Airplane-luggage type rase wit h carrying 
handle. Both input transformers arc stored inside the 
easc. Coaxial ('lib le~, IClids, and instruction book lLre 
Hto rpcl in tbe ('ove,' of the instrument when not in lise. 
Dimensions : 17 x J:~ ):2 x J I Ys inches, over-all. 
Net Weight : J-l)'.J poullds. 

Code Word 
91 6-A'-:L:---'---=R-a-:d::-j o- --=F:-re- q- u- e- n- c-y-=S-:r jC-:d:-g-e (50 keto 5 Mc) ••• 1 CLUCK $620.00 

P .-l.TENT NOTICE. See Notes 4 and 12, page ,·iii. 
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V-H-F BRIDGES 

TYPE 1601-A V- H- F BRIDGE 

USES: The Tn!!.: HiOl-A V-H-F Bridge is de­
signed for the direct measuremenL of relatively 
low impedances at frequencies between 10 
and 165 megacycles. It will measure high 
impedances indirectly. Among it:; applicaLions 
are measurements on antennas, lines, net­
works, and components. It is particularly 
well adapted for the accurate measurement 
of 50 ·ohm coaxial systems, and ilil supplied 
\\"ith a coaxial adaptor to fit the bridge un­
known terminal. For measurements on com­
ponents and other lumped impedances, a 
pair of terminals (one grounded) or a single 
terminal with ground plane are provided. 

DESCRIPTION: The measurement is made by 
a series substitution method using the same 
basic bridge circui t as the Tug 1606-1\ 
Radio-Frequency Bridge (see page 36). T lw 
resistive and reactive compon ents of the un­
known impedance are measured in terms of 
incremental capacitances, and the magnitude 
of each is indicated on a separate dial. Cali­
brations are in ohms resistance and in ohms 
reactance at 100 megacycles. 

Particular attention has been paid to the 
design of the bridge transformer and of the 
terminal structure to which the unknown 
impedance is connected , in order that the 
bridge be direct-reading, with a minimum of 
corrections. 

FEATURES: ~ This hridge is :1S con venient to 
usc a~ those operating a t mu ch lower fre­
quencies. 
~ Terminal arrangement permits both coaxial 
a nd lumped circuits to be measm ed. 
~ Bridge is small enough and light enough to 
permit its woe in locations such as antenna 
towers which would be inaccessible to heavier 
equipment. 
~ Accuracy is better than that obtainable 
with other methods at these frequencies. 
~ Dials are direct-reading in both resistance 
and reactance. 

SPECIFICATIONS 

Freque ncy Range: 10 Mc to 165 :\[c. Satisfactory opera­
t ion can, for some measurements, be obtained at fre­
quencies as low as 2 Mc and as high as 175 Mc. 
Reactance Rang.. ±200 ohms at 100 Mc. D ia l range 
varies inversely with frequency and is calibrated at 
100 file. 
Res is tance Range: 0 to 200 ohms, independent of fre­
quency. 
Accuracy: For resistance, ± (2% + 1 Q) subject to cor­
rection for inductance in the capacitor used to measure 
resistance. The correction increases wi th frequency and 
with the magnitude of the resistive component. A cor­
rection chart is supplied with t he instrument. The ohmic 
uncertainty indicated in the accuracy statement, namely 
1 ohm, is roughly proportional to the magnitude of the 
reactive component of the unknown impedance. The 
indicated value is the maximum obtainable, and the 
minimum is 0.1 ohm. 

For reactance, ±(5 % + 2 n). The ohmic uncertainty 
is roughly proportional to frequency and to the magn i­
tude of the resistive component. The maximum value is 
indicated, and the minimum value is 0.1 ohm at 100 Mc. 
Accessories Supplied: Two TYPE 874-R22 Cables; one 
TYPE 1601-204 Coa.xial Extension Assembly; one TYPE 

Type 

8J.+-WN Short-Circuit Termination ; one Short-Circuit­
ing Cap; one TY PE 874-PB58 Panel Con nector ; Smith 
Charts . 
Other Accessories Required: R-F generator and receiver 
covering the desired frequency range; TY PES 1208-B, 
1215-B, and 1330-A Oscillators are recommended, de­
pending on frequency range. At frequencies above 40 
:'IIc, the TYPE DNT-l or -2 D etector is a satisfactory 
receiver. Both oscillator and receiver should be reason­
ably well shielded. It is recommended t hat t he receiver 
be fitted with the TYPE 8U-PB P anel Connector sup­
plied to avoid leakage at the input connection. 
Additional Accessories Recommended: A TYPE 874-\VM 
50-ohm Termination is useful in checking the bridge ad­
justments. The generator and detector terminals are 
TYPE 874 Coaxial Connectors. Adaptors for connection 
to the various types of military con nectors and to 
V-H-F and U-H-F rigid l %-inch transmission lines a re 
listed on page 62. An additional adapter will be needed 
when coaxial systems to be measured are fitted with 
military connectors. 
Dimens ions: (Length ) 13Y2 x (height) 9 x (depth) 1O Y2 
inches, over-all. 
Ne t W eight: 18 pounds. 

Code Word Price 

1601-A 
874-WM \ 

V -H-F Bridge*t . . ..... .... ..... .... . ... .. \ 
50-Ohm Termination* . . . ... . .. . ........ . . 

FLORA 

COAXMEETER 
$520.00 

12.50 
PATENT NOTICE . • See Note 4, page viii .t See Note 12, page viii. 
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BRIDGES Admittance 

TYPE 1602 - 8 U-H-F ADMITTANCE METER 

USES : The Admittance Meter i" a ]lull-type 
instrument for determining the components of 
an unknown admittance in the VHF-UHF 
range. It is designed primarily for measure­
ments on coaxial systems: antennas, lines, 
coaxial components, etc. It can be used as an 
indicator for adjusting a network to a prede­
termined admittance or for matching one net­
work to another and is particularly useful in 
matching antennas and other networks to 
50-ohm circuits. 

As a comparator, the Admittance Meter can 
be used to determine impedance magnitude, 
reflection-coefficient magnitude, and voltage 
standing-wave ratio. 

The usefulness of the Admittance Meter is 
greatly enhanced by the many accessories 
available for use with it. Among these are: 

The TYPE 874-LK Constant Impedance Ad­
justable line (page 54), which can be set to 
one-half wavelength to eliminate corrections 
for the length of transmission line between 
the unknown and the measuring point. When 
the line is set to one-quarter wavelength, the 

Admittance Meter dials read directly in im­
pedance parameters, i.e., the series resistance 
and reactance of the unknown. 

The TYPE 874-UB Balun (page 52), for 
use in measuring balanced impedances, such 
as TV receiving antennas and transmission 
lines. 

The TYPE 874-M Component Mount (page 
59), which provides a convenient means of 
connecting lumped elements (resistors, capaci­
tors, or inductors) to the Admittance Meter 
for measurement. 

Adaptors (page 62) for all commonly used 
types of military connectors. 

Adaptors (page 62) for Rigid VHF (1%­
inch) and UHF transmission lines used with 
TV transmitting antennas. With these adapt­
ors and the adjustable line mentioned above, 
the over-all accuracy of measurement is more 
than adequate for antenna measurements in 
design, test, and installation. 
DESCRIPTION: The TYPE 1602-B Admittance 
Meter comprises a coaxial line to which the 
unknown is connected and has a shielded 
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Meter ------~ BRIDGES 

Admitlance :Meter set up with component mount and 
adJllstable line to measure resistors at 500 megacycles. 

pickup loop to sample the current, a second 
Ii ne, and loop, terminated in a pure resistance, 
and a third line, and loop, terminated in a 
pure reactance. All are fed from the same 
voltage source, so that their input voltages 
arC' in phase, and the current in each line is 
proportional to the admittance. The voltage 

induced in each loop is proportional to the 
current in the corresponding lin e and is de­
pendent upon the orientation of the loop, 
which is adjustable. 

The three loops are connected in parallel, 
and the voltage from the loop in the unknown 
line is canceled by adjusting the loops coupled 
to the standard lines unti l a nu ll is reached. 
The conductan ce and susceptance of the un­
known are read directly from the scales of the 
standard loops, while the scale of the loop in 
the unknown line indicates mu ltiplying factor. 

FEATURES: ~ Dial scales are direct-reading, 
independent of frequency. 
~ No sliding balance; conductance and sus­
ceptance adjustments are independent. 
~ No in itial balance is necessary. 
~ Wide-frequ e ncy range - direct- reading 
from 41 to 1500 megacycles; can be used at 
frequencies as low as 20 Mc. 
~ Covers completely both V-H-F and U-H -F 
television bands. 
~ Accurate, rapid, and easy to use. 

SPECIFICATIONS 
Range : Theoret ically, zero to infinity; practically, the 
lower limi t is determined bv the smallest readable incre­
ml'nt on the Heale \\·hieh is J 00 mi rromhos (0. 1 millimho). 
The upper limit is JOOO millimhoH. Range is the same for 
hoth conduetance and su~("eptanc(', but susceptance can 
he either positive or ne~ative, i.e., the susceptance dial is 
ealihrated from -20 to +20 millimhos. Multiplying fac­
lors from 1 to 20 are provided, and factors from 20 to 
100 can be determined approximately. 
Freque ncy Range: .j J to 1500 i\[c, direct-reading. Range 
('an be exlended downward to 20 '\[c, if a frequency 
(·orrection is applied to t he susceptance reading, and 
ean be used to 2000 ?lIe for imppdance matching. 
Accuracy: For hoth condurtance and susceptance (up to 
1000 M c): 

[rom 0 to 20 millimhos ±( ;~% +0.2 millimho) 
[rom 20 to 00 millimhos ±(;~Vhl% + 0.2 millimho) 
where i\[ is t he seale multiplying factor. Above 1000 
i\Ic, errors increase slightly, a nd, at 1500 Mc, the 
basic figure of 3% in the expression above becomes 
5% . For matching impedances to 50 ohms, the accu­
racy is 3% up to 1500 i\[c. 

Accessories Supplied : One TYPE 1602-P4 50-n Termina­
tion, for use as condu ctance standard, and one TYPE; 
1602-Pl Adjustable Stub and one TYPE 1602-P3 Vari­
able Air Capac-itor, for suseeptance standards; two 
TYPE 87-1-R22 Patch Cords for connections to genera­
tor and detector; and one TYPE 874-PB58 Panel Con­
nector for installation on detector. A wooden storage 
c-ase is furnished. 
Ad d itional Accessories Requi red : Generator and de­
lector. Generator should cover desired frequency range 
and deliver between 1 volt and 10 volts. TYPE 1208-A 
(65 to 500 Mc), TYPE; 1215-A (50 to 250 i\[c), TYPE; 
1209-A (250 to 920 Mc) and TYPE 1218-A (900 to 2000 
\[c) Unit Oscillators (see page 117), are recommended. 
The TYPE 1021-AU and AV Standard-Signal Genera­
lors a re a lso satisfactory. 

Detector sensitivi ty shou ld be better than lO micro-

volts. TYPE DNT Detectors (page 69) are recom­
mended, consisting of the TYPE; 874-MR Mixer Rectifier 
(page 51), the TYrI, J 216-A Unit I-F Ampli fier (page 
68) and a second Unit Oscillator to provide the hetero­
dyning frequency. 
Othe r Accessories Available : Coaxial adaptors (page 
62); line streteher (page 540); balun (page 52); and com­
ponent mount (page 59). 
Terminals : All terminals are TYPE 87.1, Coaxial Con­
nectors. Adaptors are available for other coaxial systems 
(page 62). 
Dimensions : 7Y2 X 5Y2 x 5Y2 inches, without standards 
and unknown con nected. 
Net W e ight : 87:1: pounds. 

Schematic diagram of admilla nce meter ci ,·cuit, with 
standards, generator, and nu ll detector connected for 

admittance measurements. 

Code Word P rice -----.I..ype 
1602-8 1 U-H-F Adm ittance Meter .. .. ·· ·· ·· ·· ·· ···1 HONEY 

--..,.--
$295 .00 

PATENT NOTICE. See Note 4, page viii. 

GENERAL RADIO COMPANY 41 



BRIDGES Twin-T 

TYPE 821-A TWIN-T IMPEDANCE MEASURING CIRCUIT 

USES: With t he Twin-T, accurate measure­
ments can be made of impedances having 
small phase differences from 0° or 90°, such as 

Low-loss capacitors. 
Inductance and Q of coi ls. 
Resonant impedance of parallel circuits. 
Magnitude and phase angle of high-valued 

resistors. 
In the chemical laboratory it is used for 

accurately determining titrat ion end points. 

MEASURES 

HIGH IMPEDANCES 

460kc to 40 Me 

CIRCUIT AND CONSTRUCTION: The circuit of 
the Twin-T minimizes the effects of unwanted 
residual impedances. Generator, detector, and 
unknown have a common ground connection, 
and ail' capacitors are used for both the capaci­
tance and the conductance balances. The 
standard capacitor is a highly stable and pre­
cise model, similar to the TYPE 722 (see page 
151). Capacitance and conductance dials are 
direct reading. 

SPECIFICATIONS 
Frequency Range: 460 kc to -10 Mc. 
Capacitance Range: 0 to 1000 J.LJ.Lf. 
Susceptance Range: -6000 J.L m ho to +6000 J.Lmho at 
1 :vIc. T he range varies directly as the frequency, and at 
other frequencies t he dia l reading must be multiplied 
by the frequency in megacycles. 
Conductance Range: D irect Reading: 
0- 100 J.Lmho at 1 Mc 0 - 1000 J.Lmho at 10 1\1c 
o - 300 J.Lmho at 3 Mc 0 - 3000 J.Lmho at 30 Mc 

Between these direct-reading ranges the range of the 
conductance dial varies as the square of the frequency. 
Accuracy: For capacitance, ± (0.1 % + 2 J.LJ.Lf), direct­
reading; ±0.1 % or ±0.8 J.LJ.L f, whichever is larger, after 
scale correction data is applied. For conductance, 
± (2 % of dial reading +0.1 % of full scale). At the 
higher frequencies, corrections for residual impedances 
mllst be applied. All correction data is furnished. 
Accessories Supplied : Two TYPE 874-R22 coaxial cables 
for connections to generator and detector ; TYPE 
874-PB58 Panel Connector. 
Other Accessories Required: A suitable radio-frequency 
generator and a detector are required. The TYPE 
1330-A Bridge Oscillator (page 110) is recommended as 
a generator, and a well-shielded radio receiver covering 
the desired frequency range is a satisfactory detector. It 
is recommended that the receiver be fitted with the 

Type 

TYPE 874-PB58 Panel Connector supplied to avoiJ 
leakage at the input connection. 
Other Accessories Available : For measurements on un­
guarded dielectric specimens, the TYPE 1690-A D ieleC'­
tric Sample Holder is recommended. 
Mounting: The instrument is mounted in a shielded, 
airplane-luggage type of case with carrying hand le. 
Dimensions: 17% x 12 x 97'2 inches, over-all . 
Ne t Weight: 29 pounds. 

C' 

o~------Z1)-------~~----~ 

POWER SOURCE 

ell! 

d 
Code Word 

COO 

}------1 c 

R 

Price 

821-A Twin-T . .... . .......... .. .............. . 1 LAGER $620~OO-
PATENT NOTICE. See Notes 4, and 7, page viii. 
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Vacuum-Tube ----~ BRIDGES 

TYP E 561-0 VACUUM-TUBE BRIDGE 

USES: The TYPE 561-D Vacuum-Tube Bridge 
makes possible the measurement of the 10\\'­

frequency dynamic coefficients of vacuum 
tubes and transistors over very wide ranges 
of values and under a wide variety of operat­
ing conditions. The circuits used are such that 
independent, direct-reading measurements of 
forward and reverse voltage-amplification 
factor, resistance, and transconductance can 
be made quickly and easily. Interelectrode 
and other stray capacitances are balallced out 
in such a manner that awkward correction 
factors, common to most vacuum-tube bridge 
circuits, are unnecessary. 

In the field of development and research, 
the instrument, in addition to providing 
accurate measurements of the usual par­
ameters, affords a means of studying the be­
havior of tubes and transistors used in 
unconventional and special circuits, where 
anyone of the electrodes may be used as the 
control electrode and where the parameters 
may have negative values. 

The circuits have large enough current­
carrying capacity and sufficient insulation so 
that lo\\"-po\\'er transmitting tubes may be 
tested, in add ition to receiving tubes and 
transistor::;. 

DESCRIPTION : The bridge make::; u::;e of alLpr­
llati ng-current Ilull methods of measuremell t, 
ill which phase-shift and capacitance errors 
hLwe oecll giYCll ::;pecial consideration in order 

Left. Pa nel v iew of tbe TYPE 561-D 
Vacuum-Tube Bridge. 

Below. Adaptors, leads a nd patcb cords 
supplied wi th the Vacuum-Tube 
Brid ,"e. T hese permit connection to a ll 
standard receiving tubes a nd tra nsis­
tors. Tubes with non-standard bases 
ca n a lso be measured using the Univer­
sa l adaptor eq uipped with solder lugs. 

that the operating range of the bridge may be 
as wide as possible. Each of the three coeffi­
cients is obtained in terms of the ratio of two 
alternating test voltages. A third voltage is 
employed in the capacitance balancing circuit, 
but its value does not enter into the resu lts. 

An extremely flexible arrangement of the 
control circuits makes it possible to measure 
the parameters referred to any pair of elec­
trodes. Connections from the tube or transis­
tor under test to the measuring ci rcui t 
are made by means of coaxial cables and jacks 
connected to a nine-terminal jack plate 
mounted on the panel. Sixteen coaxial p lugs 
are mounted on the panel, permitting a wide 
variety of interconnections between the jack 
plate, the measuring circuit, and external 
power supplies. 

Eleven adaptor plates are provided. Ten of 
these carry different standard tube sockets, 
and one is a "universal" adaptor furnished 
with soldering lugs. Socket adaptors and 
sockets that can be mounted on the universal 
adaptor are furnished for sub-miniature tubes 
and transistors. 

FEATURES: ~ A simple and straightforward 
measurement procedure is used and is exactly 
the same for all three coefficien ts. A three­
position switch is turned to the desired quall­
tity, mult iplier switches are set at the appro­
priatp Yalup, and a null balance is obtained 
by adj u::;tillg a three-decade attenuator alld a 
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BRIDGES 

STANDARD 
/ RESISTANCE 

CAPACITANCE 
BALANCE 

DECIMAL 
./ATTENUATDR 

~II~GC. 

variable capacitor. At hdance, the decades 
rpad the quantity being measured directly to 
three significant figures. 
~ Independent measurements of the three 
main parameters are possible, i.e. , none of 
the balanceR depends in allY way on any 
other. Therefore independent cross checks can 
be obtained from the kllOlrn relationship 
involving the three coefficients (J.L = 1'1' gm). 
~ Kegative yalues of the coefficients can be 
measured as rcaclily as positi\'e \·alues. 

Vacuum-Tube 

Simplified diagram of the circuit employed for the meas­
urement of transconductance with the TYPE 561-D 
Vacuum-Tuhe Bridge. The a-c plate current resulting 
from the application of e, to the grid is balanced by an 
equa l and opposite current applied to the p late from the 
source e" througb the standard resistance. The se tting of 
the decimal altenuator at the boLlom of the panel gives 
tbe significant figures in the result, and the se ttings of 
the s tep attenuators (el and e,) indicate multiplying 
factors CUULTTPLY BY amI DIVIDE BY on the panel 
switches). 

Any quadrature component through the output trans· 
former resu lting from the tube interelec trode capaci­
tances ca n be balanced Ollt by tbe vo ltage of tbe eXU'a 
sp lit seconda ry, acting through the double·s tator capac· 
itor. This balance does not affect the halance conditions 
for the in.phase components a nd conseqllently has no 
cffect on tbe measurement. 

The points of introduction of the tes t vo ltages 1'1 and 
e, are changed by a swi tch wben the other coeffici en ts 
are measured. Another swi tch reverses the polari ty of 
el when negative values of the coefficients are to bc 
measnred. 

~ Interelectrode capacitance effects are bal­
anced out by a method \\"hich makes poss ihle 
the independent measurement of all three 
parameters over ve ry wide ranges. Errors 
have thus been reduced, and it is possible to 
measure the transconductance of a tu be 
haying a high value of grid to plate capaci­
tance \\"ithout any errol' from this capacitance. 
~ Transisors can be measured as \\'e ll as 
vacuum tubes. 

SPECIFICATIONS 

Range : Amplification factor (",), 0.00 I to 10,000. 
Dynamic inte l'l1a l plate resistance (rp), 50 ohms to 

20 megohms. 
Transconductance (0",), 0.02 to 50,000 micromhos. 
Under proper ('onditions, the above ranges can he 

pxceeded. The various parameters can also be measu red 
\\'ith respect. to various elements, such as screen grids, 
ete . X egat ive as \\'ell as positive values can be measured. 
Accuracy: Within ='=2% for rcsistances ( 1' /, s\\' it(' h posi­
tion) from 1000 to 1,000,000 ohms. At 10\\'cr and 
higher values the crror incrpascs s lightly . 

The cxpressio n '" = rpg", will check to ='=2% when 
the quantities a rc a ll measured b.1' the bridgc, a nd 
\\'hen rp is bf't\\'een 1000 a nd 1,000,000 ohms. 
Tube Mounting : Adaptors a rc provided as follo\\'s: 
~-pin, 5-pin, 6-pin, sma ll 7-pin, la rgc 7-pin, octal, loctal, 
miniature button 7-pin , miniatlll'e button 9-pin (noval), 
aeol'll (5- ,Lilli 7-pin ), flat-pross sub-miniature up to 
7 wires, and 8-wirc HlIb-minar. In addition, a universal 
adaptor, \\'ith nine ~oldering lugs, is providcd RO t.hat 
unbased tranRistors, unmounted tuhes, 01' tubeR \\'ith 
non-standa rd bases, ('an he measurcd convenientl.,·. 
For short-lead sub-miniatlll'P tubes and for transistors, 
sockets a re supplied \\'hich can be mountcd on t he 
universal adaptor. Thus a ll standard commer(' ia l rc­
ceiving tubes and transistors can bc measlII'ed. The 
panel jack plate and the adaptors a re made of yellow 
phenolic, reducing to a minimum the shunting effect 
of dielectric losses on the dynamic resistance being 
measured. 

Type 

Current ond Voltage Ratings: The circuits have large 
enough clll'rent-calTying ('apa('it~, and sufficient insu la­
tion so that 10\\'-po\\'er transmitting tubcs may be 
tested in addition to rccciving tubes a nd transistors. 
i\raximull1 a llo\\'ab le p la.te (,lIl'rcnt is 150 ma, a nd 
maximum plate voltagc is 1500 volts. 
Electrode Voltage Supply: Batteries 01' su itab le po\\'cr 
supplies are necessary for providing the various voltages 
rcqu ircd by the device under test. 
Bridge Source : A sourcc of 1000 cyeil'H is required. 
The Typg 1214-A Oscillator (page 112 ), 0 1' thc Typ," 
72:3-A Va<'llllm-Tubc Fork (pagc lOn ) is suitab le for 
this purpose. 
Null Indicator : Thc Tvp," 1212-A Uni t Null Deteetor 
with t he TYPE In51-A Filter or the TVPE 12:31-B Am­
plifier with the TVPE 12:31-P2 Filtcr arc recommendcd 
(sec pagcs 63 to 67). 
Accessories Supplied : Adaptorcl as listed above, all 
necessary plug-in lcads, and shielded patch cords 1'01' 
connec·ting genC'rator and detector. 
Mounting : The instrument is mounted in a hardwood 
cabinet. A wooden storage case is provided for the 
adaptors and lead.' . Storage space is provided for a 
spare Un iversal adaptor, on which any type of socket 
can bc permanently mounted. 
Dimensions: (Length) 18% x (width) 15% x (height) 
12 inches. 
Net Weight: 60 pounds. 

('ode W ord Price 

561-0 Vacuum-Tube Bridge ................. .... I $850.00 
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COAXIAL ELEMENTS 
The TYPE 874 Coaxial Elements are a group 

of inexpensive, but precision-built, coaxial 
parts that can be plugged. together quickly 
and easily to assemble different measuring 
systems in the frequency range from d-c to 
5000 megacycles. 

The fundamental tools are a slotted line for 
impedance and standing-wave-ratio measure­
ments, a crystal rectifier and indicator for 
voltage measurements, a bolometer bridge for 
power measurements, and a balun for bal­
anced measurements. A motor dri ve makes the 
slotted line automatic in operation. These 
basic devices are supplemented by all the nec­
essary accessory parts listed in the index 
below. 

The keystone of the entire system is the 
TYPE 874 Coaxial Connector. This unique con­
nector, any two of which, although identical, 
can be plugged together, is specifically de­
signed for use on coaxial measuring equip­
ment. Its quick-connect-and-disconnect fea­
ture simplifies the assembly of coaxial ele­
ments into complete measurement setups, and 
its reflections at ultra-high frequencies are so 
low that they can be neglected except in very 
precise work (see graph, belo\\'). 

A minimllm of parts is necessary to assem-

ble any given setup since all conne c: tors are 
identical, eliminating the need for both male I 
and female connectors. For connectioa to 
devices equipped with other types of connec­
tors, a complete line of low-reflection adaptors 
is available. 

The basic elements of the TYPE 874 Coaxial 
Connector are an inner conductor, an outer 
conductor, and a supporting polystyrene bead. 
Figure 1 shows one of these connectors as­
sembled at the end of a rigid , 50-ohm, air­
dielectric, coaxial line. The inner and outer 
conductors are similar in principle ; each is 
essentially a tube with foul' longitudinal slots 
in the end and with two opposite quadrants 
displaced inward. To make a joint, two con­
nectors arc plugged together so that the 
undisplaced quadrants of one connector over­
lap the displaced quadrants of the other. 
Figure 2 is a cross-section sketch of a joint in 
which the elements of one connector are 
shaded dark and those of the other light. The 
mutual overlapping referred to can be seen, 
as well as the resultant circularity of the 
joined condurtors 

Maximum Input Voltage : 1.5 kilovolts. 
Max imum Input Powe r : 150 watts at LOOO :'IIc. Power is 
inversely proportional to the square root of frequenp.'y. 

INDEX 

Adaptors . 
Attenuators. . ... . . . .. . . .. . . . .. .. . 
Balanced i\Ieasurement~. 
Balun . . ...................... . 
Bolometer . ... .. .......... . . . ...... .. .. . . .. . . . 
Cab~............ . ... . ... . . . . 
Cliplock . . . . . .. . . . . .. . ....... . . 
Component :'Iloun t . . . . . . . . . .. . . . .. . . .. . ..... . 
Connecto rs . . . . ........ . 
Couplers.. .. . . . . . . . . . . . .. . . .. .. . .. . 
Filters. . . . . . . . .. . 
Insertion Uni t. 
PATENT NOTICE. See Note 4, page vii i. 
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Fi~ure 1. PhoLOgraph and, Figurl' 2, !'l'OsR-st'ction sketch 
of rYPE 874. Coaxial Connector. 
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COAXIAL ELEMENTS 
The TYPE 874 Coaxial Elements are a group 

of inexpensive, but precision-built, coaxial 
parts that can be plugged. together quickly 
and easily to assemble different measuring 
systems in the frequency range from d-c to 
5000 megacycles. 

The fundamental tools are a slotted line for 
impedance and standing-wave-ratio measure­
ments, a crystal rectifier and indicator for 
voltage measurements, a bolometer bridge for 
power measurements, and a balun for bal­
anced measurements. A motor dri ve makes the 
slotted line automatic in operation. These 
basic devices are supplemented by all the nec­
essary accessory parts listed in the index 
below. 

The keystone of the entire system is the 
TYPE 874 Coaxial Connector. This unique con­
nector, any two of which, although identical, 
can be plugged together, is specifically de­
signed for use on coaxial measuring equip­
ment. Its quick-connect-and-disconnect fea­
ture simplifies the assembly of coaxial ele­
ments into complete measurement setups, and 
its reflections at ultra-high frequencies are so 
low that they can be neglected except in very 
precise work (see graph, belo\\'). 

A minimllm of parts is necessary to assem-

ble any given setup since all conne c: tors are 
identical, eliminating the need for both male I 
and female connectors. For connectioa to 
devices equipped with other types of connec­
tors, a complete line of low-reflection adaptors 
is available. 

The basic elements of the TYPE 874 Coaxial 
Connector are an inner conductor, an outer 
conductor, and a supporting polystyrene bead. 
Figure 1 shows one of these connectors as­
sembled at the end of a rigid , 50-ohm, air­
dielectric, coaxial line. The inner and outer 
conductors are similar in principle ; each is 
essentially a tube with foul' longitudinal slots 
in the end and with two opposite quadrants 
displaced inward. To make a joint, two con­
nectors arc plugged together so that the 
undisplaced quadrants of one connector over­
lap the displaced quadrants of the other. 
Figure 2 is a cross-section sketch of a joint in 
which the elements of one connector are 
shaded dark and those of the other light. The 
mutual overlapping referred to can be seen, 
as well as the resultant circularity of the 
joined condurtors 

Maximum Input Voltage : 1.5 kilovolts. 
Max imum Input Powe r : 150 watts at LOOO :'IIc. Power is 
inversely proportional to the square root of frequenp.'y. 

INDEX 

Adaptors . 
Attenuators. . ... . . . .. . . .. . . . .. .. . 
Balanced i\Ieasurement~. 
Balun . . ...................... . 
Bolometer . ... .. .......... . . . ...... .. .. . . .. . . . 
Cab~............ . ... . ... . . . . 
Cliplock . . . . . .. . . . . .. . ....... . . 
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Connecto rs . . . . ........ . 
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Insertion Uni t. 
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COAXIAL ----~ Slotted Line 

EQUIPMENT FOR STANDING WAVE MEASUREMENTS 

TYPE 874-LBA SLOTTED LINE 

USES: One of the most important basic meas­
uring instruments used at UHF is the slotted 
line. With it, t he standing-wave pattern of the 
electric fi eld in a coaxial transmission line can 
be measured, from which the standing-\\"a\'e 
ratio, phase of t he reflected wa\'e, impedance 
of t he load, wavelength of the R-F signal, 
losses in attarhed elements, degree of mis­
match between load and line, and other char­
acteristics of antennas, components, coaxial 
elements and networks can be determined. 

With t he TYPE 874-MD Slotted-Line Motor 
Drive, standing-wave patterns can be dis­
played and measured directly on an oscillo­
scope, with a great increase in speed of 
measurement. 
DESCRIPTION: The slotted line is a 50-ohm, 
air dielectric, coaxial transmission line, \\'hose 
electric field is sampled hy a probe that 
projects t hrough a longitudinal slot in t he line. 

A source of r-f power of about one milli\ratt 
is usually adequate for most measurements. 

A crystal, built into a sliding carriage, de­
tects t he r-f voltage induced in the probe when 
t uned to the operating frequency by an ad­
justable stub. The output of the crystal can be 
measured by a d-c microammeter or a cali­
brated audio-frequency amplifier. The micro­
ammeter has limited usefulness due to its low 

sensitivity. The audio amplifier system­
TYPE 1231-B Amplifier, TYPE 1231-P4 Cali­
brated Attenuator a nd TYPE 1231-P2 Filter­
combines simplicity a nd adequate sensiti vity 
for most measurements. An amplit ude­
modulated r-f signal is required for t his 
method. 

A receiver or heterodyne detector is an ex­
cell ent device for measuring the voltage in­
duced in the probe. The TYPE DNT serieii> of 
detectors are \yell-suited to this application 
because they provide excellent sensitivity, a 
high degree of selectivity, and a yery wide 
range of linear response. This detector is par­
t icularly well adapted to measurements of 
very high standin g-wave ratios, and its hi gh 
selectivity makes it useful for measurements of 
non-linear elements. It is recommended for 
general use except \\'here simplicity of opera­
t ion and first cost are the controlling factors. 

FEATURES: ~ Well designed, precisely con­
structed, capable of accurate measurements. 
~ Sturdiness and light \\"eight make it con­
yenient for field use. 
~ Can be motor driven for automatic opera­
tion (sec page 48). 
~ ' Vide variety of accessory coaxial units 
a\-ailable, all fitted with TYPE 874 Coaxial 
Connectors (see following pages). 

SPECIFfCATIONS 
Characteristic Impedance, 50 ohms ± 1 %. 
Prabe Travel: 50 ern, scale calibrated in millimctcrs. 
Frequency Range: aoo to 5000 Me; Operation below 300 
Me is possible using Icngths of TYPE 87-1- Ail' Lincs. 
Dielectric : Air. 
Accuracy : Constancy of probe penctration, ± 1 Y2 %. 
Residual VSWR: Less t,han 1.025 at 1000 Me, lcss than 
1.07 at 4000 Mc. 
Accessaries Supplied: Storage box and spare drivc cablc. 
Accessories Required: Adjustablc Stub (TYPE 87.J-D20) 
for tuning t he crystal rectifier when audio-rrequency 
detector is used; suitablc detcct,or and generator (sec 

pagc -1-7); onc cnch TYPE 8f..l-R22 F lcxible Line and 
TyPE 874-R32A Patch Cord for gencrator and detect.or 
conncctions. 
Accessories Available : Scc index 011 prcceding page, 
A complcte kit of TYPE 874 Coaxial elements for usc 
\yith the slotted line is described on the next page, 
For mcasurement of high VS WR (greater than 10), a 
TYPE 87+-LV Micrometer Vemier is recommendcd. 
For rapid measurcments, use the TYPE 874-i\ID 
Slottcd-Line Motor Drivc. 
Dimensions : 26 x +Y2 X 3Y2 inches ovcrall. 
Net Weight: 8Y2 pounds. 

View of TYPE 874,-LBA Sto n ed Line with TYPE 874.-L V MicromeLer Vernier. 

Type ('ode II" orr! P,ice 
874-LBA Slotted Line ............................ 1 CO.\XRUKNER $220.00 
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Slotted Line COAXIAL 

RECOMMENDED GENERATORS AND DETECTORS FOR 
THE SLOTTED LINE 

GENERATORS 

The following generators are recommended: (TYPE 
1021-AU, AV, or A W Standard Signal Generators £':'e 
also satisfactory) 

Typ~e-.~~~~ ____ ~ ____ ~ __ ~S~e~e~P~a~g~e~~P~N~·c~e __ 
1208-B Unit Osciliator, 65-500 Mc . . .. 117 / $200.00 
1209-B Unit Osciliator, 250-920 Mc . .. 117 235.00 
1218-A Unit Osciliator, 900-2000 Mc .. 117 465 .00 
1220-A Unit Osciliator, 2700-7425 Mc . 118 

The above unit oscillators do not include pO\\'er supply; 
the TYI'E 1203-B Unit Power Supply is recommended 
for genera l usc. Wbere line voltage is subject to frequent 
variations, the TYPE 1201-A Unit Regulated Power 
Supply should be used. 

1203-B I UnitPowerSupply .. . . .... ... ' 1144, 1 40.00 
1201-A Unit Regulated PawerSupply ... 1~5 85 .00 

If a modulated signal is desired, the TYPE 121-I-A Unit 
Oscillator for sine waves and the TYPE 12JO-B Unit 
Oscillator for either sine waves or square waves are 
recommended to supply the modulating signal. 

1214-A 1 Un~t Osciliat?r ········· · ·····1 Jl2 1 75.00 
1210-B UnIt R-C Osclliator. . . . . . . . . .. 114 165.00 

* Price depends upon frequency . see page 118. 

DETECTORS 

The TYPE 1231-BM Amplifier and Null Detector 
(page 64,) 01' TYPE DNT Detector (page 68) is recom­
mended . The TYPE 12:U-BM is less expensive, covers 
the entire frequency range of the slotted line, and has, 
with the output detector in the slotted line, an expanded 
scale useful for low standing-wave ratios; it requires 
a modulated signal. The TYPE DNT is more sensitive, 
more selective, and does not require a modu lated signal; 
it is particularly well suited for measurement of very 
high standing-wave ratios. 

Type 
1231-BM* 
1231-P2 
1231-P4 
874-020 
874-R32A 

ONT-l 
ONT-3 
ONT-4 

Fi lter (page 65) ............. . 
Adjustable Attenuator (page 60) 
Stub (page 60) . . ... . .. .. .. . . . 
Patch Cord (page 56) .. . .. ... . 

Price 
$250.00 

35.00 
70.00 
14.00 
5.50 

Total for Type 1231-BM and l-----
accesson es. . . . . . . . . . . . . . . . . 374.50 

35 to 530 Mc ... .. .. .. .. . .... $616.00 
220 to 950 Mc. ..... . . . . . . . . . . 649.00 
870 to 20:30 Mc t.. . . . . . . . . . . . 879.00 

* Battery-operated model. An a-c-operated model is also available. 
t Up to 5000 iIlc by use of harmonics. 

MICROMETER VERNIER ATTACHMENT 

If very high standing-wave ratios (greater than 10) are 
to be measured, a TYPE 874c-LV l\Iicrometer Vernier 
Attachment should also be purchased as well as a 
harmonic filter. 

For use in the measurement of high-standing wave 
ratios by the width-of-minimum method. Consists of 

a micrometer caliper head, cal ibrated in centimeters 
(graduated to 0.001 cm), mounted on an arm that can 
be attached to the rear base rod of the slotted li ne. One 
turn of the micrometer barrel advances the head by 
0.5 millimeter. l\Iaximum range is 2 cm. Can be read to 
± 0.0005 cm. (Code Word: COAXREADER) 

1'ype~ ____ -.~~ ______ ~ __ ~~ __ ~ ____________________________________ ~~ __ ~P~rt~·c~e~ __ _ 
874-LV Micrometer Vernier Attachment. .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $25.00 
874-F500 Low-Pass Filter (page 58) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.00 
874-FI000 Low-Pass Filter (page 58) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.00 
874-F2000 Low-Pass Filter (page 58). . . . . . . . . .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.00 
874-F4000 Low-Pass Filter (page 58). . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 14.00 

BASIC SLOTTED LINE KIT 

For impedance and standing-wave measurements with the slotted line, a group of coaxial elements has been 
,;clected and is avai lable as the TYPE 874c-EIC Basic Coaxial Kit. The following items are included. 

Type Name Qllantity Unit PI'ice Price 
---8~7~4~-~A~2----'--C~0-a-x~i-a~I ~Ca~b~l~e-.. - .-.-. -. -. -. . - .-.-.-.-. -. -.. - .-.-.-.-. -. -.. - .- .-.-.-. -.-.. '-~25feet~~$~27~.~00·/100f~e-e~t '-~$--6~.-7-5--

874-B Basic Connector ... . ... . . . . . . . . . . . . . . . . . . . . . . . . . 2 1.25 2.50 
874-C Cable Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.00 4.00 
874-C8 Cable Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.00 4.00 
874-020 Adjustable Stub . . .... . .. . . . . . . . . . . . . . . .. . . . . . . . 1 14,.00 14.00 
874-050 Adjustable Stub . ... . ... . . . . . . . . . . . . . . . . . . . . . . . . 1 1~.00 14.00 
874-LA Adjustable Line...... . . . . . .. . . .... . . . . . . . . . . . . . 1 17.50 17.50 
874-LBA Slotted Line .. . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . 1 220.00 220 .00 
874-P Panel Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.90 5.80 
874-QNJ Adaptor to Type N Jack .... . . . . . . . . . . . . . . .... . . . 1 3.75 3.75 
874-QNP Adaptor to Type N Plug . . . . . . . . . . . . . . . . . . . . . . . . . 1 4.50 4.50 
874-R20 Flexible Line (Patch Cord) . . . . . . . . . . . . . . . . . . .. . . . 2 6.50 13.00 
874-R32A Patch Cord.. . .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5.50 5.50 
874-T Tee ........ .. . . ..... . ........ . . . .......... . .. 1 9.00 9.00 
874-WM Matched (SO ohm) Termination. ...... . .. . ........ 1 12.50 12.50 
874- WN Short-Circuit Termination. . . . . . . . . . . . . . . . . . . . . . . . 1 2.50 2.50 
874- WO Open-Circuit Termination . . .. . . . . . . . . . . . . . . . . . . . . 1 1.75 1.75 
874-Z Stand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 15.00 15.00 

TOTAL Type 874-EK Basic Coaxial Ki'.. . . .. ..... .. . . . . . ... . . . .... ..... . .. .. . . . . . . . . $356.05 
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COAXIAL Motor Drive 

T Y P E 8 7 4 - M 0 5 LOT TED LIN E M 0 TO R 0 R I V E 

USES: The motor drive provides an automatic cyclic 
sweep of t.he probe carriage along the TYPE 87-1-LBA 
Slotted Line, so that the standing-wave pattpl'J1 can be 
displayed on a cathode-ra.v oscillograph. The resultant 
speeding-up of the measurement process saves valuable 
engineering time in the laboratory and makes it pos­
sible to utilize the inherent accuracy of slotted-line 
methods in production test ing. Both VSWH. and 
position of minimum can be read directly from the 
scope patlel'J1. At lower sweeping speeds a VSWR 
meter indication can be used. 

DESCRIPTION: The driving motor attaches casily to the 
right-hand end of the slotted li ne and drives the probe 

carriage by means of a V-belt and a pulley that replaces 
the control knob on the slotted line. The pulley is 
equipped with a knob, so that manual operation is also 
possible. A s.vnchronized horizontal-sweep voltage is 
generated by a linea l' sweep potentiometer that attaches 
t,o the back of t.he slotted line, with a sliding cont,art, 
(' Iement attac-hed to the carriage. :\r i ('ros\\'it('lw~, 
mounted on movablp brackets, d('termi rw t.i1(' travp l 
of thp eal' riagp and pl'ovidl' the reversing c·ontrol. TI1(' 
motol'-c'ontrol circuit s arc houspri in a spp"rate c'ahinpt, 
connected to t he slotted-line assembly by plug-in 
cablcs. The c-ontrol S\'stpm is similar' to the TYI'r" 
170J-AK Variac:!!) Speed Control (page 221 ). 

The entire unit can be installed on the slotted line in 
less than 5 minutes. 

The standing-wave pattern a ppearing on t he os­
cilloscope depends upon the t~'pe of modulation of the 
r-f source. The oscilloscope should bc equipped with 
d-c amplifiers. Square-wave modulation, wh ic'h pro­
vides a base li ne on the scope for direct VS \VR measurc­
ments, is the preferred method of exc- italion. E ither 
si ne-wave modu lation or all unmodu lated gen('rator, 
hO \\'ever, will a lso yield comp letely satisfactory rpsults, 
and a damping circuit to provide the Ims(' line is 
furnished as an acc-esso l'y. The table below lists rpcom­
mended ('ombim,tions of equ ipment 1'01' all thrl'e 
methods. 

FEATURES : ~ Time savel' for both production line and 
laboratory. 
~ :'Itfakes 'possible highly accurate direct-reading VSWR 
measuremen ts. 
~ Adjustable sweep sp('ed and sweep length. 
~ Can be used \\'ith standing-\\'ave meter at slow 
speeds. 
~ Oscilloscopc gr'id ovcrlay provided for direct ill dica­
tioll of Yf-;WR. 

SPECIFICATIONS 

Length of Sweep : Adjustable, 1 em to -17 em. 
Sweep Speed Range : For complete s \\'cep (-17 ('m), from 
one sweep in 20 sec-onds to better than 1 pC'r second; 
for shorter sweeps to 5 per second. 
Maximum Horizontal Sweep Voltage : 7 volts. 
Accessories Suppl ied: Cables for connection s; clampillg 
circuit; 5-inch oscilloscope mask with VS\\-H, scale: 
two TYPE 274-NCO Patch Cords; spare su bminiature 
switch; spare actuator; spare cushioned sliding contact; 
spare luses. 

Method Generator 

Power Supply : J 15 volls, 50 to 00 cycles. 
Net Weight: Hi %: pounds. 
Other Equipment Required: One TYPE 87-l--GIO Fixed At­
tenuator, one ;~O-kilohm resistor, generator and detector 
as li sted below: 

---'!:'JL~ Code ]V ord Price 
874- MD I Slotted- Line Motor Drive STORY 1$290.00 
874-GIO Fixed Attenuator (IOdb) , COAXBELLER 25.00 

.i11"odulator 
Frequency 

Range 
Detector * 

A1Tangement 
Square-Wave TYPE 1218-A Unit Osci llator TYPE 12JO-B Unit Osc-i llator 900- 2000 Mc OSCilloSf'%e 'j' 
Modulation TYPE 1220-A Unit Elystron None 2700- 7450 M c (JO mv in. d-c 

Osci ll ator sensitivity) 
Sine-Wave TYPE 1208-B Unit Osc·i llatar TYPE 1214-A Unit Oscillator 65-500 :'Ilc Oscilloscope 'j' 
Modulation TYPE 1209-B Unit Oscillator or 250-920 Mc (O .l v in. d-c sell-

TYPE 12J8-A Unit Osc-illator TYPE 121O-B Unit Osci llator 900-2000 1\lc sitivity), or 
TYPE l231-B Am-
plifier and Null 
Detector (page (4) 
and Clamping cir-
cuit (supplied) 

- -
Unmochrlaled TYPE 1208-B Unit Oscillator Nonc 65-500 Mc 
Source TYPE 1209-B Un it Oscillator 250-9201\1c OseillOSCjr 'j' 

TYPE 1218-A Unit Oscillator 900-2000 Mc (10 mv in. d-c 
TYPE 1220-A Un it Klystron 2700- 7450 1\lc sensitivity) 

Oscillator 
::: Alternati"cly, onc of the TYPE DNT Heterody ne Detectors (page 68) will provide a linear, as contrasted with a square-law, oscilloscope 
display. 
t A high-persistence oscilloscope screen (P7 Phospor) is recommended. 
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Detector COAXIAL 

EQUIPMENT FOR VOLTAGE MEASUREMENTS 

Type 874-VR Voltmeter Rectifier 
Tbe Voltmeter Rectifier, in conjunction with the 

Voltmeter Indic"tor, \,"ill measure or monitor the volt­
"ge in coaxia l systems. It can, for instance, be used to 
convert a \\'ell-shielded osci llator to a standard-signal 
generator. It is also useful as a general-purpose detector. 

Maximum Voltage: 2 volts. 
Crystal: TVPE 1~2lB. 
Resonant Frequency: Approximately 3600 meg"cycles: 
correction clII've supplied . 
By-Pass Capacitance : Approximately :300 J.LJ.Lf: shunt 
c"pacitanre of cr.\·stal, approximatel.\' 1 J.LJ.L f. 
Frequency Range for Voltage Measurements: 15 1\lc to 
2500 Mc, subject to resonance co rrect ion above 500 Mc. 
Voltage indications and rorrect volt"ge ratios can be 
obtained at both lo\\'er find higher frequencies. See 
curve. 
Dimensions: (Length) :H4 x (height) 2,l1 inches. 
Net Weight : 5 ounces. 

Code IV ord Price Type 
874-VR 1 Voltmeter Rectifier .. . . ICOAXR I,CTORI $30.00 

Type 874-VQ Voltmeter Detector 
The Voltmeter Detector ran be IIsed as " voltmeter, 
fI demodlliator, and a deteetor. It can he inserted in 
a 50-ohm coaxia l line " 'ithout introcllll'illg an appreci­
able discontinuity, 01', \\'hell itself tenni llllted in the 
TVPE 87~ -W:\I :'Ilatc'hed Termination , it can be used 
as a m'Ltched dete(·tor to terminate a lillc. 

The TYI'I" 87-J-\'Q \ 'o ttmeter Detector is similar to 
the TYPE 87-1-VR Voltmeter Reelifier, but the series 
rpsistor is omitted, and matching elements are included 
to ('ompensflte for the c1iseontinuit~, caused by the 
(·apa(·itanre of the el·\·stal. This detector is used in the 
measurement of network frequene,Y response \\'ith the 
TYPE J 750-A S"'eep Drive find the TYPE J26:l-A 
Amplitude Hpgulating Po\\'er Suppl~'. (Sec page 200.) 

It can also he used with the Voltmeter Indicator for 
voltage measllremellts. 

Maximum Voltage: 2 volts. 
Resonant Frequency: Approximately :3600 Mc; correction 
tlll've supplied. 
VS WR Introduced in a Matched SO-ohm Line: Less than 
1.1 at 1000 Mc, less than 1.2 at 2000 Me. Above 2500 
\\,lc the VSWR rises rapidly. 

Type 874-VI Voltmeter Indicator 

TO METER TO METER 

INPUT 

874 - YR COMPENSATING INDUCTORS 

874-YQ 

Schematics (above) and aver· 
age correction [actor (below) 
[01' TVPES 874· VR and . VQ. 

0 

, I I I . [":... .1 
, 

t-t'l' , 
, I 

I 
, I 

0 , , 
f REOUENC Y • KMC 

, 

By·Pass Capacitance: Approxim"tely 300 J.LJ.Lf. 

, 
, 

Frequency Range for US!! as Matched Detector: 500 kc to 
2000 1\lc. Can be used at. frequencies up to 5000 Mc and 
down to 60 cycles (with external by-pass capacitor). 
Crystal: IN23-B. 
Frequency Response: Similar to TYPE 87·,!-VR Voltmeter 
Rectifier up to 2500 Mc. \\Then t he TYPE 874-VR Volt­
meter Rectifier and TYPE 87-1-VQ Voltmeter Detertor 
a re used in swept frequency-response measUl'ements 
"'ith t he TYNj 1750-A Sweep Drive and TVPE 1263-A 
Amplitude-Regulating Power Suppl.\', the resonance 
eff e('ts in t he two voltm('(crs cancel and t he Oil tpu t is a 
diree( measure of the network under test up to 2000 :\lc. 
Dimensions : :~% X 2,l1 inches. 
Net Weight: 5 ounces. 

Type Code !l'ol'd Price 
874·VQ [ Voltmeter- Detector .... [COAXVOQUER 1$30.00 

Indicates the rectified doc output of either the Volt­
meter Reetifier or Detector and provides means 1'01' 
measuring the voltage at an.\· lev('1 between 0.1 volt 
and 2 volts. A built-in 60-c,\'e!e cal ibration system 
(' Iimina t('s errors arising from difTerenees in cr.\'stal 
rcctificat ion efficiencips. 
Range and Accuracy of Calibrating Voltage : 0 .1-2 volts 
± 0.05 volts. 
Crystal Current for Full·Scale Indication: 200 J.La. 
Power Supply: 105 to 125 volts, 50 to 60 cycles. 
Inpu! Resistance : fiOO ohms, minimum; 10,000 ohms, 
maximum. 
Accessories Supplied: TYPE CAP-35 Power Cord. 
Other Accessories Required : Order one TYPE 87-l-R32A 
Patch Cord to connect rectifier to indicator. 
Dimensions : 5,l1 X 5,l1 x 4,l1 inches, over-all. 
Net Weight : 3 pounds, 1 ounce. 

Type Code Word P1'ice 
874·VI I Voltmeter r;;-dicator ... 'ICOAXVOLTER \$80.00 
874.R32A Patch Cord ....... ... COAXFI'lVl'ER 5. 50 
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COAXIAL Bolometer 

EQUIPMENT FOR POWER MEASUREMENTS 

TYPE 1651-A BOLOMETER BRIDGE 

USES : The Bolometer Bridge is a general-purpose inst,ru­
ment for measuring r-f power. 

It is intended for use with General Radio TYPE 
874-H25 and TYPE 874-HJ 00 Thermis tor Units and 
with TYPE 874-HF Fuse Bolometer, but is equally 
us Lble with bolometers of other makes. 

In conjunction with a Gcneral Radio Type 87,l-LBA 

SPECIFICATIONS 

Range and Accuracy - Substitution Method 
'Yith TYPE 87,l-H25 Thermistor Unit 

Slotted Line, the bridge can be used for calibrating 
r-f voltmeters and checking the output of standard­
signal generators. It can also be uscd to mcasurc t hc 
resistancc of non-linear clements. 

DESCRIPTION : The circuit is a d-c Wheatstone bridgc 
\\'ith the bolometer clemcnt in onc a rm. The bridge is 
supplied by a transformer and rectifier system, fed 
from thc 60-cycle line, through a VARIAC® autotmns­
former. 

In t he d-c substitution method of measllJ'cmcnt, t,hc 
bridge is first balanced with r-f current in the bolometcr, 
thc r-f po\\'er is removed, and the bridge rebalanccd h.I' 
increasing the d-c bolometer current. R-F po\\'er is 
then the product of dial and meter readings. 

All quantities are noted after the final balancc 
has been made and after the r-fpower has bcen rcmovcd, 
\\'hich eliminates crrors due to changes in thc r-f pOll'er 
lcvcl Il'hile rcadings are being taken and thus tends 
to improve the accuracy. 

In the dirE'ct-reading method, the mct ('I' scalc is 
standardized in terms of a substitution mcasuremrnt, 
aftcr I\'hich it reads app li ed r-f power dircctl.I'. 

Condensed operating instructions arc mountcd on 
the panel. 

FEATURES : ~ Can be adaptcd to a variety of I'-f po\\'er­
measurcment problems. 
~ Bolometers or POI\'cl'-scnsitive elcmcnts having a 
wide range of rcsist.ance can be uscd. 
~ 1\feasurements can be made by cithcr a dircct-roading 
or a substitution method. 
~ l\Ieaslires [101\'01' up t.o 0,5 watt dircctly. 

20 

HF~Q 

Thermistor resistance set for max. sensitivity .. 0 to 6 mw ± (10% + 0.05 mw) 
0 

100 

7 

~50 
~ 40 

II 
Thermistor resistance set at 50 ohms .... . ... . 0 to 18 mw ± (10% + 0.12 mil' ) 

With TYPE 874-H100 Thermistor Un it 
Thermistor resistance set for max. sensitivity .. 0 to 20 mw ± (10 % + 0.15 mw) 
Thermistor resistance set at 50 ohms ... . .. . .. 0 to 70 mw ± (10% + 0.5 mw) 

Vlith TYPE HF Fuse Bolometer li'2-ampere fuse 
Fuse resistance set for max. sensitivity . . ..... 0 to 
Fuse resistance set at 50 ohms .............. . 0 tp 
Fuse resistance set for max . pOI\'er range .. ... .. 0 to 

With TYPE 874-HF Fuse Bolometer Yt2-ampere fuse 

8 mw ± (10 % + 0.1 mw) 
J.J. mw ± (10 '70 + 0.15 mw) 
50mw ±(JO% +0.3 mw) 

Fuse resistance set for max. sensitivity ....... 0 to 20 mw ± (10 % + 0.5 mw) 

~30 
..J 
~ 20 
d: 
I.J 

~ 10 
a. 

4 

2 

r--HF 
3
1
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/ ~iIOO 

t-' '\ 
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II ~ 
~5 

Fuse resistance set at 50 ohms ............... O to 100 mw ± (10% + 0.75 mw) 10 20 30 4050 70 100 200 300400 

Fuse resistance set for max. pOI\'er range .... . .. 0 to 500 mw ± (10 % + 3 mw) BOLOMETER RESISTANCE-OHMS 

Direct-Reading Method : Accuracy depends upon the 
error caused by non-linearity of the po\\·er-vs.-meter 
deRection relationship, which is added to the 10 '70 
tolerance of the substitution method. The curves at 
the right shol\' the ranges of measurement for an over­
all accuracy of ± 20% (10% non-linearity). 

Bolometer Resistance Range : 25 to ~OO ohms. 

Current Range: 0 to 100 milliampcres. 

Power Supply: 105- 125 volts, GO cycles. 

'l'ype 

Frequency Ronge : Determination of power is in dependent 
of frcquency . Practical range: 

5 - ~OOO 1\lc with thermistor units . 
5 - 1000 :\1c \\'ith fusc units. 

Accessories Supplied : One CAP-35 Powcr Cord; one 
TYPE 27-l-NEO Patch Cord; spare fuscs. 
Accessories Required: Bolometer elemcnt. TYPES 87 +-H25 
and 87-l-H100 Thcrmistor Un its, and TYPE 87,1-HF 
Fuse Bolometer Holder are recommended. 
Dimensions : 12 X 12 X (depth) 8%: inches, over-all. 
Net Weight : 22}i POllllds. 

Code Word Prire 
1651-A 
1651-AQ6 
1651-AQll 

Bolometer Br~dge ........ ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. I 
Bolometer Brodge (115 volt " 50 cycles) .......................... . 
Bolometer Bridge (230 volts, 50 cycles) ..... . ..... . .. . ...........• 

BEGIN 
BEGIN PASIlA 
BEGL.'<REGAL 

$340.00 
440.00 
400.00 

50 GENERAL RADIO COMPANY 



Bolometers COAXIAL 

BOLOMETERS 

Type 874-H25 Thermistor Unit 
(25 mw) 

Consists of ;1 TYPE 87-1-HP25 Thermistor moun Led in 
;1 coaxial holder \\'ith a disc-type by-pass capacitor. 
Binding posts are provided for connections to bolometer 
bridge. Can be used for power measurements over the 
frequency range from 5 Mc Lo about 2000 megacycle's . 
.. \. d-c path is required in the r-f source. Complete with 
thermistor. 
By-Pass Capacitance : Approximatel.v 2000 1J.1J.f. 
Physical Length Ove r- all : 3 % inches. 
Maximum Total Power : 25 mw. 

Type 874-H100 Thermistor Unit 
(100 mw) 

Similar to TYPE 874-H25, with maximum po\yer rat­
in.g of 100 mw. Complete with TYPE 874-HPIOO 
Thermistor. Physical Length Over-all: 3% inches. 

Type 874-HF Fuse Bolometer Holder 

A coaxial holder for fuse bolometers I inch long by 
y.( inch diameter (8AG size). Otherwise simi lar to the 
thermistor units described above. Supplied \\'ith one 
TYPE 874-HF-P 1 Fuse Assortment consisting of five 
J1z-amp fuses and five J{z-amp fuses. 
Maximum Freque ncy Limit : Approximately LOOO Mc. 
By-Pass Capacitance: Approximately 2000 1J.1J.f. 
Physical Le ngth Over-a ll: -I- inches. 

Type 
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~ 
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TYPE 874-HF Fuse Bolomeler J [older 
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FREQUENCY Me. 

VS \vR of the Fuse Bolomeler anrl T hermi stor U ni lS as a 
funClion of freq uency, wilh d-c resis lance set at 50 ohms. 

Code Wc rd Price 
874-H25 
874-HP25 
874- Hl00 
874- HP100 
874-HF 
874-HF-Pl 
274- NEO 

Thermisto r Un it. . .... . .. . . . . . ......•... . •... COA .. ,(WAR~[':R $29.50 
Replacement Therm is tor for Type 874-H25 ... . . ... . ... .. . 'J' II ER~[ 15.00 
Thermisto r Unit . . ... . ................. . COAXHEATER 28.00 
Replacement The rmi sto r for Type 874- Hl00 .. . .. . . . .. . ... . . . CALDO 13 .00 
Fuse Bolome te r Holder. . . . . .. ............ . . .. . COAXHOLDER 25.00 
Fuse Assortme nt ... FU.OR 3 .50 
Patch Cord (fo r con nection be tween bolome ter bridge and 

bolomete r u nit; ) ....... ..... . .... ... ... . . . ....... . STAPLUGEYE 5 .00 

TYPE 874-MR MIXER-RECTIFIER 

DESCRIPTION : The TYPE 874-MR Mixer Rectificr 
consists of a short coaxial line with a 250-ohm series 
resistor and a crystal rectifier terminated in a low-pass 
filter having a cut-orl' frequency of 40 I\lc. 

It is used as the first detector in a heterodyne frc­
quency converter and permits the TYPE 1216-A Unit 
Amplifier* (page 68) to be employed as a detector for 
u-h-f measurements. The high-frequency signal, which 
may have a frequency between 50 and 5000 Mc, is 
mixed with a signal from a local oscillator to pl'Oduce 
a ditTerence frequency below ~O megacycles, which is 
then fed to i-f amplifier. The heterodyning signal of the 
local osrillator may be either the fundamental fre­
quency or one of its harmonics. 

The 250-ohm seri es resistor isolates the signal circuit 
from the local oscillator circuit. 

When used with TYPE 874-GLO or -G20 Attenuator 
Pad, the ;\Iixer Rectifier becomes a well-matched 
50-ohm detector. 

SPECIFICATIONS 
Operating Frequency Range : 50 to 5000 :'I1c, and at 10\ye1' 
and higher frequencies with deCl'eased sensitivity. 

Type 

I.i()NVERTER OUTPlJT 

JL 
(' "on ~ 
LOCAL OSCILLATOR SIGNAL INPUT 

!50-5000Me 50-5000Mc 

Maximum Crystal Current : 5 mao 
Maximum Input from Local Oscillator : 2 volts. 
Cut- Off Frequency of Output Fi Ite r: -1-0 nl c. 
Conversion Lo ss at 30- Mc Output : Depends upon load 
impedance and is about 6 db \\'ith the TYPE 1216-A 
Unit I-F Ampli fier when local osci llator fundamental 
is used. 
Accessories Required: Local osci llator for heterodyn ing 
(all Unit Oscillators are recommended ). Patch cords as 
indicatcd in the diagram of page 116 are needed for 
connections. The TyPE 12H1-A aO-Mc Un it 1-1" Ampli­
fier (page 68) is recommended as a detector. For 
complete detector assembly, see page 69. 

Code Word 
874-MR Mixer Re ct ifi er .... . . . ............ . .................. . . \ COAXVERTER $32.50 

* Other i-f amplifiers or receivers can a lso be used. 
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COAXIAL ~------ Balun 

EQUIPMENT 
TYPE 874-UB 

BALUN 

FOR BALANCED MEASUREMENTS 
USES: The TYPE 874-UB Balun is a tuned, balanced-to­
unbalanced, coaxial transformer that makes possibJe the 
measurement of impedance, voltage standing-wave ratios, 
attenuation, gain, and sensitivity of balanced devices, using 
generally available unbalanced measuring equipment. When 
used with the TYPE 874-LBA Slotted Line or the TYPE 
Hi02-B Admittance Meter, it permits balanced measurements 
o\'er a frequency range from 54 to ] 000 Mc without appre­
ciable insertion loss or transformation error. "When the balun 
is used "'ith the Admittance Meter and the TYPE 874-LK 
Constant-Impedance Adjustable Line, the Admittance Meter 
" 'ill read balanced impedance directly. When the 874-UB-P3 
300-ohm Terminal Pad is used, the 50-ohm coaxial output 
from a signal generator such as the TYPE 1021-A can be 
converted into a 300-ohm balanced output, or a 50-ohm 
coaxial load (or detector) can be converted into a 300-ohm 
load to provide a matched termination to a 300-ohm line. 
DESCRIPTION: The balun makes t.he balanred-to-unbalanced 
conversion accurately by using a tunable artifirial (or loaded) 
half-\\'ave line. It is adjusted for proper operation at a par­
ticu lar frequency by means of shunt tuning elements, such as 
the TYPE 874-D20 Adjustable Stub, the TYPE 874-VC Vari­
able Capacitor, and the various fixed-length air lines. The 
tuning elements required for various freCJuenry ranges are 
indicated in a table below. These elements are not supplied 
with the TYPE 874-UB Balun but should be obtained 
separately to cover the desired frequency range. 

A TYPE 87.f-Wl'\3 Short-Ci rcuit Termination and a TYPE 
874-W03 Open-Circuit Termination are supplied with the 
balun. These terminations are necessary for propel' adjust­
ment of the Balun tuning. A terminal unit is also supplied 
for use in measuring the impedance and the standing-wa\'c 
ratio of balanced lines and s?stems having a characteristir 
impedance of 300 ohms. 

SPECIFICATIONS 
Frequency Range: 5~ 101000 :'IIc ,,·ith propcr ll('('C'ssories Other Accessories Recommended: Onc TYl'lo 874-LK 
as listed beloll'. Constant-Impedance Adjustable Line (for use \\'ith tht' 

TYPE 1602-B Admittance :'Ileter), one TYPE 874-Z 
Accessories Supplied: One TYPE 874-UB-Pl 300-!1 Stand, tuning elements as listed below, and the acces-
Termina l ; one TYPE 874-W:\T3 Short-Circuit Termina- sories on the next page that are appropriate to the par-
tion: one TYPE 874-W03 Open-Circuit T ermination. ticular measurement desired. 

52 

Frequency Range 
470 to JOOO Mc 
350 to 525 Mc 
275 to :380 Me 
225 to 280 Me 
170 to 280 Mc 
174 to 216 :'Iic 
140 to 174 :'Iic 
88 to HO :'Iic 
54 to 88 :'Iic 

Tuning Elements Required for Various Frequency Ranges 
Access01'y Equipment 

2-TYPE 8f.+-D20 Adjustable Stubs 
2-TYPE 874-D20 Adjustable Stubs and 2-TYPE 87.J.-LlO Air Lines 
2-TYPE 874-D20 Adjustable Stubs and 2-TYPE 874-L20 Air Lines 
2-TYPE 874-D20 Adjustable Stubs and 2-TYPE 874-L30 AirLines 
2-TYPE 874-D50 Adjustable Stubs and 2-TypE 874-L30 Air Lines 
2-TYPE 874-VC Variable Capacitors and 2-TYPE 874-LlO Air Lines 
2-TYPE 874-VC Variable Capacitors and 2-TypE 874-L20 AirLines 
2-TYPE 874-VC Variable Capacitors and 2-TypE 87,l-L30 Air Lines 
2-TYPI, 87~-VC Variable Capacitors and 2-TYPE 87..J-XL Series Indu ctors 

Code ]V ord Price Type 
874-UB 
874-020 
874-050 
874-Ll0 
874-L20 
874-L30 
874-VC 
874-XL 

Balun . . ... . . . • . . . . . 
Adjustable Stub (20 em.) ......... . . . •.... . ..•. . .. • ..... 

COAXYRALU1\ $75.00 
COAXTUBBER 14.00 

Adjustable Stub (50 em.) . ...... . .. .. . . ...... . . . . . . . .. . 
50-11 Air Line (10 em.) ....... . ..•... .................... 
50-11 Air Line (20 em.) ....... ... •....• .......•......... • 
50-11 Air Line (30 em.) ....... .. . .. .. ................... . 
Variable Capacitor .. ...........•..... ... .. .... ......... 
Series Inductor ................•. .. ..............•..... 

GENERAL RADIO COMPANY 

COAXBIGGER 14.00 
COAXDECKER 5.50 
COAXVEXTER 6 .00 
COAXTRIPLY 6.50 
COAXYFARAD 50.00 
COAXVUCTOR 11.00 



Accessories ~---- COAXIAL 

BALUN ACCESSORIES 

Type 874-UB-P2 200-0hm Terminal Unit 

This terminal unit connects the balun to a 
balanced network whose impedance is to be 
measured at its o\\"n terminals. The -+:1 im­
pedance transformation that takes place in 
t he balun converts the 200-ohm balanced line 
into a 50-ohm coaxial line, hence the 200-ohm 
balan('ed line can be treated as an extension 
of the 50-ohm line of the measuring de\'ice. 
If a TYPE 87-1-LK Constant-Impedance Ad­
jllstable Line i used to adjust the effective 
combined lengths of the 50-ohm and 200-ohm 
lines to a multiple of one-half \\,a\'elength, the 
measuring device is, in effect, connected at 
the terminals of the network lInder test. The 
200-ohm line, RG-86/ U, is suitable for this 
purpose, and this terminal unit is de 'igned to 
connect to it. 

Type 874-UB-P3 300-0hm Balun Terminal 
Pad 

This pad converts to 300 ohms the 200-ohm 
balanced output impedance produced from a 
;jO-ohm unbalanced source by the balun. Con­
versely, the same arrangement can be used 
to terminate a 300-ohm balanced line in 300 
ohms if the coaxial connector on the balun is 
connected to a matched Typ)~ 87-1-WlVI 50-
Ohm Termination Fnit or to a matched de­
tector. 

This pad facilitates po\\'er and voltage 
measurements on balanced systems, with sig­
nal generators, detectors, etc., designed for 
lise \\'ith 50-ohm coaxial circuits. l\Ieasure­
ments of the attenuation of balanced lines and 
the sensitivity and gain of receivers with 
300-ohm balanced inputs are typical applica­
tions. 

The unit consists of a built-in 50-ohm re­
sistor in series with each balanced lead. This 
terminal pad is not recommended for use 
in impedance measurements. The TYPE 87-1-
UB-P] 300-0hm Terminal Unit, which is 
supp li ed with the balun, is used for this 
application. 

~:'HmffHtj 
o 200 400 600 800 1000 

FREQUENC Y- Me 

A plot of the VSWR as a function of frequency of a 
typ.ical TYPE 874·B1\1 300-0hm Balanced Termination 
UnIt. 

SPECIFICATIONS 

Characteristic Impedance : 200 ohms. 
Frequency Range : d -c to 1000 i\lc. 
Recommended Transmission Line: RG -86/U. 
Net Weight : I ouncc. 

Type ('ode lV ol'd 

874-UB-P2 IBalun Terminal Unit I I 
(200 uhms) ... .. . COAX'l'ER~IER $6.50 
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P lot of the VSWR at the 300·ohm term in als of a typical 
TYPE 874·UB-P3 Termina l Pad as a fllnc tion of frc­
qllel'lcy when the iJa(1 i.s in~erted in ~ properly _arljus tet l 
baill n whose coaX Ial CII'Clllt IS lerllllnalcd ill ;,0 ohllls. 

SPECIFICATIONS 

Frequency Range : doc to 1000 :'.Ic. 
Input or Output VS WR : Where coaxial line is terminated 
in 50 ohms, VS\VR ,tt aOO-ohm balanced terminals is 
less than 1.2 lip to :300 Me, and less than 1.3 lip to 1000 
:\Ic. 
Net Weight : 2 ounccs. 

Type 

874-UB-Pl 

Code IV ol'd Price 
lOO-Ohm Balun I I~ - -

Terminal Pad. . .. COAXTUGGER $15.00 

Type 874-BM 300-0hm Balanced Termination 

A uscful clement to facilitate balanced linc m(,flSllre­
men ts. 
D-C Resistance: 300 ohms ±5t;O 
Frequency Range : 0-1000 Mc 

Type 
874-BM 

Code ]V orcl_--._.:..:.y.::.et::......:W...:e'-"ig"'-h::.:.t~.::.P...:r.::.ic:.:e~ 
COAXLOAOER 1 Y. ounces I $6.00 
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COAXIAL Lines 

LINES AND LINE ELEMENTS 

Type 874-LT Trombone Constant-Impedance 
Line 

With this line stretcher, buil t like a trombone slide, 
the length of a 50-ohm transmission line between two 
fixed terminals can be varied without moving either 
terminal 01' using flexible cable. Consists of two 874-LK's 
mounted parallel to one another and joined at one end 
by a U-shaped section to form a rigid assembly. Can be 

'-' .. 

Type 874-LK Constant-Impedance Adjustable 
Lines 

A line stretcher \I'ith a vcr I' low VS\yIl and a uniform 
characterist ic impedance of 50 ohms. A locking mechan­
ism is provided for maintaining dcsired adjus tments. 
III impedance measurements, t his line st retc her is par­
ticularly useful for eliminating the usual Smith-chart 
corrections for the length of line between t he unknown 
and the impedance-measuring device. This is accom­
plished by adjusting the ovemll line length to a multiple 

Type 

pluggrd into tIm adjacrnt TYI'E 874 Coaxial Connectors 
01' inser ted in a li ne b.I' mel,ns of two ells (not included ). 
This saves sparr when line is used vertically. Loll' 
" S\\'11. \ 
Characteristic Impedance : 50 ohms. 
Frequency Range: D-C to 2000 ;'.Ic. 
Adjustment Range: .J-! cm (half wave at 3.J0 Mc). 
Physical Length: 61 cm (min .) to 8:3 cm. (max. ) 
Spacing: I %; inches between centers. 
VSWR : Less than 1.10 to 1000 l\lc, and 1.25 to 2000 l\lc. 

Type Code TV ord P1ice 
874-LT 1 Constant-Impedance Line 1 COAX'l'ROi\lBO 1 $85.00 

of one-half wavelength. Admittance measuring devices, 
such as the TYPE 1602-B Admittance ;'.Ieter, can be 
made to read di rectly in impedance by adjustment of 
the overall line length to an odd multiple of a quarter 
\I·avelength. This line is also useful as an impedance­
matching transformer in coaxial systems. 
Impedance: 50 ohms. 
Length: TYPE 874-LK20 Adjustable from 58 to 80 cm. 
(half-wave at 680 :vrc); T ypE 87·I-LK1O, Adj ustable 
from 35 to -15 cm (half-wave at 1500 J\Ic). 
VSWR: TypE 874-LK20 Less tha n 1.C3 at 5eO J\Ic, 1.06 
at 1000 l\lc, 1.08 at 1500 l\Ic, and 1.10 at 2000 Mc.: 
TYPE 874-LKlO, same up to 2000 l\I c, less than 1.15 at 
3000 l\Ic, 1.2 at 4000 Mc, 1.25 at 5000 Mc. 
Net Weight : 874-LK20 14 ounces; 874-LKlO, 10 ounces. 

Code WOl'd 
874-LK20 
874-LK10 

Constant-Impedance Adjustable Line (22 em) . 
Constant-Impedance Adjustable Line (10 em) . 

. . . . . . . . . . . . I 
.... . ...... 

COAXKEEPER 
COAXKEN'l'ER 

$36.00 
33.00 

Type 874-LA Adjustable Line (Line-stretcher) 
An air-dielectric, coaxial line that can be telescoped 

to change its iength. Used in matching networks. Con­
tacts are made by multiple spring fingers. 

SO-Ohm Air Lines 
For spacing stubs 01' other elements of a coaxial sys­

tem. Each air line consists of a length of 50-ohm, air-

Type 874-T Tee 

Used for connecting stubs and other clements in shunt 
with a coaxial line. Net Weight: 3 ounces. 

Type Code WOl'd Price 
874-T 1 Tee .. ............ . 1 COAX'l'OGGER $9.00 

TypE 874-EL TYPE 874-T 

TYPE 874·JR 

Characteristic Impedance: Not constant - approximately 
50 ohms \I'hen fully collapsed. Approximately 57 ohms 
when fu lly extended. 

Length : From 33 to 58 cm. 

Ne. W e ight : 10 ounces. 
Type Code TVord Price 

874-LA 1 Adjustable Line . .. . 1 COAXLAPPER $17.50 

dielectric, coaxial line with a TypE 87-l Coaxial Con­
nector at each end. 

Type 
874-Ll0 
874-L20 
874-L30 

Net TV eight Code Word 

\

10 em ... . \ 20% . \ COAXDECKER 
20 em . . . . 4 0% . COAXVEN'l'ER 
30 em . . . . 6 0%. COAXTRIPLY 

Type 874-EI 90° Ell 

Pl'ice 
$5.50 

6.00 
6.50 

For making a right-angle bend in a coaxial system. 
Characteristic Impedance : 50 ohms. 
Electrical Length : Approximately 7 cm. 
VSWR: Less than 1.06 at 2000 Mc ; less than 1.15 at 
4000 Mc. Net Weight: 3 ounces. 

Type Code Word Price 
874-EL 90 0 ELL .......... . 1 COAXANGLER $7.50 

Type 874-JR Rotary Joint 

Used when one part of a system must be rotated with 
respect to another part, as when measuring antenna 
patterns or where changing the coupling of a loop. 
VSWR : Less than 1.05 at 1000 l\Ic; less than 1.3 at 4000 
Mc. 

Type Code TV ol'd Price 
874-JR 1 Rotary Join' .. . .... 1 COAXJOINER $9.00 
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Terminations COAXIAL 

I TERMINATIONS 

Type 874-WM SO-ohm Termination 
A 50-ohm cylindrical resistor mounted in a tapered 

coaxial holder, for impedance matching, establishin<T 
reference conditions, terminating filters and attenua":: 
tors. 
D-C Resistance: 50 ohms ± 1 % 
Max. Continuous Power: Y2 watt-.m ( .. ....j.i ..... 1-." 
Max. Peok Power: 500 watts 

Type Code lV ol'd 
874- W M I COAXMEETER 

Net Weight 
2Y. ounces 

P rice 
$12.50 

Type 874-WN Short-Circuit Termination 
A fixed shorting strap mounted in a connector, for 

establishing reference conditions on coaxial lim's and 
for use in substitution measurements. 

Type 874-WN3 Short-Circuit Termination 
(See photograph, page 59) 

Same as TYPE 87-!-WN except the short circuit is 
presented at a point exactly 3 cm (3.2 cm. electri c1,1 dis-

. tance) beyond the face of the bead in t he Typg 87-1 
Connectors. This distance corresponds to the distance 
between the bead and ground plane of the 8H-M Com­
ponent Mount and the distance between t he head and 
the unbalanced terminal in the TYPE 87.J-UB Balun. 

Type Code TV ord Net TVeight PTice 
874- WN I COAX1\ULLER 2 ounces I $2.50 
874- WN3 COAXYTRINU 2 ounces $4.25 

Type 874-WO Open-Circuit Termination 
A shielding cap for open-circui ted lines, for establish­

ing reference condition on coaxial lines and for use in 
substitution methods. Produces an open circuit at same 
point in line that TYPE 874-WN produces a short. 

Type 874-W03 Open-Circuit Termination 
(See photograph, page 59) 

Same as T ype 87-!-WO except for position of open 
circui t, which is same as for TYPE 8U-WN3 above. 

Type Code Word Net Weight PI'ice 
874-WO I COAXOPENER 2 ounces I $1.75 
874- W03 COAXYTRIPO 2 ounces $3.00 

Type 874-W100 lOO-ohm Coaxial Standard 
Produces known resistive termination at specific 

locations on coaxial lines for checking detector linearity, 
accuracy of directional couplers, bridges and admittance 
meters. The known location of the pure resistive tel'lni­
nation makes possible the production of many known 
complex impedances through additions of sections of 
Typg 874-L Air Line. 
D-C Resistance: 100 ohms ± 1 % 
Max. Continuous Power: Ya watt "1Ii1:;,~:~j:iil 
Max. Peak Power: 150 watts , 

Type 874-W200 200-0hm Coaxial Standard 
Same as above except 200 ohm termination. 

D-C Resistance: 200 ohms ± 1 % 
Max. Continuous Power: 74 watt 
Max. Peak Power : 50 watts 

Type Code lV ol'd 
874- Wl00 I COAXCE:-\TER 
874- W200 COAXTILTER 

Net W eight 

3 ounces I 
3 ounces 

Price 
$25.00 
$25.00 
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Sta" :Jing-",,ve ratio of a typical TYPE 874-WM 50-ohm 
Termination as a func tion of rreq uency. 
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COAXIAL Tuning Elements 

STUBS AND TUNING E L EMENTS 

Type 874-020 and 050 Adjustable Stubs 
For matching or tun ing, and use as reactive elements. 

wavemeters. Stub consists of a coaxial line with a slid­
ing short circuit of the multiple spring-finger type. The 
20-cm stub is calibrated in stub electrical length from 
the junction of the branch line wi th the through line in 
a TYPE 87~-T . The 50-cm stub has no calibration but 
has an adjustable reference ma rker. 
Characteristic Impedance: 50 ohms 
Max imum Travel of Short Circu it : 20 cm for 87-l-D20 

50 cm for 874-D50 Can be used with indicator a nd scale as react ion-type 

56 

Type }:et W eight Code lV01'd P1'ice 
874-D2~0--~--A~d~j~u-.-ta~b~l e~S-tu~b~(2~O~cm~}-... - .. -.. -.' -' .. -".- '.-.'-.. -.'-'. -'. -'.-'.-.' -'.-' . .. - .. 'I----~6-a-z~.~~---C-O-AX~T--U-B~B~E~R---,--~$~1 ~4~. 0~0~-
874-050 Ad justoble Stub (S O em ). 10 oz. COAXBlGGER 14. 00 

Type 874-VC Variable Capacitor 
General-purpose tuning element in resonant-line cir­

cuits, matching transformers, and baluns at low fre-
quencies where the size of line-type elements ma kes them 
awkward to use. It consists of a well-shielded TYPE 1-l20 
Variable Air Capacitor with high-temperatm e poly­
styrene insulation and pmcision ball bearings. 
Dial Calibration : 0- 100 (Not calibrated in /l/lf) 
Capacitance Variation : Linear 
Size : 2Yz" diameter x 57,t" high 
Capacitance Range: High frequencies, see curve; Low 
fmquencies, 14 to 70 /l/lf at connector, 16.5 to i2.5 /l/lf 
at T-junction. 
Net Weight : 12 ounces 

T ype Code lVord 
874-vCI Variable Capacitor ... 1 COAXYFARAD 

Type 874-XL Series Inductor 

Price 
$50.00 

Used as a general-purpose tuning element in resonan t­
line circuits, matching transformers, and baluns at low 
frequencies, the series inducto r is a solenoid moun ted 
in a TYPE 87-l-X In sertion Unit (see page 59). 
Series Inductance : 0.226 /lh ±570 at 1 kc. 

_ T ype=---.--::--:---:--:-________ ,-_C~o_d_e_I_I ~· o_rel P rice 
874-XL 1 Series Inductor . ..... 1 CO."'-X D UCTO-R~--;:-$ "-1 :'..:1.C.".0""0 

COUP L ERS 

Type 874-LR Rad iating Line 
Allows coupling an external wavemeter or heterodyne freq uency meter to the 

lields within a coaxia l system. Consists of short coaxia l line with opening in outer 
conductor that can be pa rtia lly or compl etel." covered by a rotatable sleeve. 
vs WR : Closed, less than 1.05 at 1000 :\1c, less t han 1.4 at 3000 i\fc, and less than 
1.2 at 4000 Mc; open, less than 1.12 at 1000 Mc, less than 1.6 at 3000 r-Ic, and less 
than 1.:35 at 4000 :\1c. 
Net Weight : -1 ounces. 

Type 874-MA Adjustable Coupling Loop 
A general-purpose coupling loop. Consists of short coaxial line with a one-tum 

loop at one end and a TYPE 874 Coaxia l connecto r' at the other. A collet is supplied 
for panel mounting. The loop can be adjusted for desired degree of coupling a nd 
clamped in that position by t he collet. 
Physical Length Over-all : :3 inches. 
Maximum Diameter : 1Ys inches. 
Net Weight : 3 ounces. 

Type 874-MB Coupling Probe 
A general-purpose electrostatic probe consisting of 

on a TYPE 874 Coaxial connector. 
Physical Length Over-all : 2Ys inches. 
Net Weight : 3 ounces. 

T ype 
874- LR 
874- MA 
874-MB 1 

Radiating Lin!! . . . .......... . . . ..... ' 1 
Adjustable Coupling Loop . . . .... .. . . . 
Coupli ng Probe .................... . 

GENERAL RADIO COMPANY 

a binding post mounted 

Code Word 
COAXMI'lVl'ER 
COAXLOOPER 
COAX I'ROBER 

Price 
$8.50 

5.50 
3 .25 



Attenuators COAXIAL 

ATTENUATORS 

Type 874-GA Adjustable Attenuator 

A mutual-inductance (waveguide-below-cutoff ) type 
of attenuator, useful for producing known voltage ra­
tios, for measuring attenuation, and for adjusting volt­
age magnitude. Consists of a loop t,hat can bp positioned 
longitudinally within a hollow tube b.v ro tating an out­
side sleeve. One turn of the sleeve produces a 20-db 
change in attenuat ion. Sleeve and tube a re calibrated 
directly in decibels of relat ive attenuation on a mi­
crometer-type scale. The absolute attenuation is t he 
sum of the insertion loss and the reading of the attel1ll!L­
to r. The input system is a short coaxia l line with a con­
nector at each end, one end for connection to the power 
source and the other for connection to a 50-011In termina­
tion, an adj ustable stub, or any desired load. The out­
put of the loop is brought out through three feet of 
double-shielded 50-ohm flexible cable, which is approxi­
mately matched at the loop end by a 50-ohm resistor 
between the low side of the loop and ground. 

Can be used in conjunction with TYPE 8H-VR Volt­
meter Rect ifier and TYPE 874-VI Voltmeter Indicator 
to convert a GR Unit Osci llator into a signal generator. 
Calibrated Range: 120 db (relative attenuation); usable 
range depends upon shielding between input and out­
put. 
Insertion loss: (from inpu t connector to end of output 
cable at 1000 Mc, when signal source impedance is 
50 ohms) 

W ith input line terminated in 50 ohms, Minimum 
(scale set at -!l db, i.e., end of travel), -- 18 ±2 db 

At beginning of accurately calibrated range (attenua­
tor set at 0 db), -- 33 ±2 db 

lVith input line terminated in adjustable stub, (to 
produce voltage minimum under coupling loop), Mini­
mum (attenuator set at -9 db), -- 20 ±2 db 

At beginning of accurately calibrated range (attenua­
tor set at -9 db), -- 20 ±2 db. Insertion loss is approxi­
mately inversely proportional to frequency up to 1000 
:'IIc. 
Insertion loss Directly Through Tee: ~egligible 
Accuracy of Attenuation: 

Stub-terminoted input, ± (1 % of difl"erence in atten­
uation readings +0.2) db, direct reading. 

50-ohm terminaled input, ± (1Y2% of difference in 

Fixed AHenuators 

A single section, T-type rcsistance pad. Useful for 
matching generators or loads to 50 ohms, over the fre­
quency range from dc to several thousand megacycles. 
Consists of one disk resistor and two cylindrical re­
sistors, as shunt and series clements respectively. 
Impedance: 50 ohms ± 1 'Ic. 
VSWR: less than 1.1 to 1000 ]\Ic, 1.2 to 3000 Mc for a ll 
uni ts; less than 1.4 to 4000 Mc for 874-G3 and -G6, 
1.35 to 4000 ]\[e for 874-GlO, and 1.3 Lo 4000 Me for 
874-G20. 
Accuracy of Attenuation in 50-ohm System: ± 1.5% of 
nominal attenuation at dc ; ±0.2 db from value indi­
cated on curve to JOOO Mc: ± O. -I db to 2000 Mc; 
±0.6 db to -1000 :'IIe_ 
Temperature Caefficient: less than 0.0003 db ;oC/db 
Maximum Continuous Power Input: 1 watt 
Maximum Peak Power Input: 3000 watts 
PhYSical length: 3Y2 inches overall 
Net Weight : 2 ounces 

"~( CABLE DIELECTRI2 
\.. son. RESISTOR 

INPUT LINE 

C ross section of the couplin g system used in the TYPE 
874-GA Adjustable A ttenuator. 

attenuation readings +0.2) db, when corrected. Cor­
rection chart supplied . 
Waveguide Mode: TEI ,I; cutoff frequency: 12,:300 :\1c. 
VS WR Introduced into line: Less t han ] .0:3 at 1000 
Mc. ; less t.han 1.2 between 1000 and 4000 Mc. 
VSWR of Output: Less than..]. at 1000 ]\[c. 

Less than 5 up to ..].000 i\Ic. 
Maximum Power: Inpu t power is inver el.\' propo rLional 
to frequency and should not exceed 150 watts at 1000 
Mc; output power should not exceed Y2 watt. 
Frequency Range: 100 Mc to ,,],000 !'IIc. 
Net Weight: l y,( pounds. 

Type Code IV m'd P1ice 
874-GA I Adjustable Attenuator I COAXLOSSER I $55.00 

~ +Ir--------r--------,--------.--------, 
Z 874-G6_ 874-G3, 

Q~~~-:"'~--= L 3 

~ 0 
f-

= u 
6 
~ -I ~------~------~------~~--~~~ 
o e: 
~ 
~ -2~------~~------+---~~~~------~ 

:> 
:go ......... :::.....--..,."..l-,,-------2~O.J,O~D------3-D....LO-O------4-D..Jdoo 

MEGACYCLES 

Type ____ ~----------------~----------------------------~--~C~o=d=e~l~V~o~rd=---~--~P~r~i~ce~ __ 
874-G3 Fixed Attenuator (3 db).. .. . . . . . . . . .. . . .. .. .. .. . .. .. . . . . COAXFULLER $25.00 
874-G6 Fixed Attenuator (6 db) ... . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . COAXNODDER 25.00 
874-GIO Fixed Attenuator (10 db) ... . . . . . . . . . . . . . . . . .. .. . . . . . . . . . COAXBELLER 25 .00 
874-G20 Fixed Attenuator (20 db) .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . COAXNEPPER 25 .00 
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COAXIAL Filters 

FILTERS 

Type 874-F Low-Pass Filters 
Reduction of harmonics from an u-h-f generator 

by filters such as these is usually necessary for best 
measurement results, particularly if a system contains 
peak-reading voltmeters, non-linear elements, or sec­
t ions that might resonate at a harmonic frequency, or if 
high standing-wave ratios are to be measured using a 
slotted line. These filters are of the Tschebyscheff type, 
in which very sharp cu toff is obtained at some sacrifice of 
uniformity in the pass band. The alternately large- a nd 
small-diameter sections of the inner conductor form the 
equivalent of shunt capacitances and series inductances 
respectively. Unequal section lengths reduce the likeli­
hood of spurious pass bands above cutoff. 
Accuracy of Cut-off Frequencies : -0%, +10%. 

aJ 0 
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I 
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...J 

Z 
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.-INSERTION LOSS 

............ f....-/ "'-~ '-"" 
1\ 

~ k "-V ~ 1\\ 
l VSWR \ 
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~ .6 .8 1.0 1.2 
OPERATING FREQUENCY 

CUT-OFF FREQUENCY 

1.4 

a:: 
~ 
Ul 

0> 

1.6 

Insertion Loss and VSWR of the TYPE 874-F Low-pass 
Filters. 

Net Weight, Physical Length, 
Type Ounces Inches Code Word Price 

874-F185 185 Me Low Pass Fi IIer . 
874-F500 500 Me Low Pass Filter .. 
874-FIOOO 1000 Me Low Pass Fi IIer . 
874-F2000 2000 Me Low Pass Filter . .... . . . 
874-F4000 4000 Me Low Pass Filter ..... . .. 

Type 874-FRI, -FR2, -FR3 Rejection Filters 
These rejection filters are specifically in tended for use 

with other General Radio equipment in the measure­
ment of harmonics of VHF television transmitters in 
accordance with FCC specifications. A booklet describ­
ing the measurement procedure is available on request. 
Each filter consists of a simple, series-resonant L-C cir­
cuit in shunt with a short section of 50-ohm coaxial line. 
The capacitor is adj ustable (screwdriver setting) to 
vary t he resonant frequency, and the three filters offered 
have different values of inductance to cover the differ­
ent frequency ranges. A pair of units must be used for 

14 
8 
6 
5 
4 

17% COAXRUFFER $24.50 
1O%; COAXDIPPER 16.00 
7Ys COAXMEGGER 14.00 
4% COAXPUSHER 14.00 
2Ys COAXLENDER 14.00 

, 
IA flJ\ f\ I , 

f\ 1\ f\.AJVUv '-'I J 
, \ -

1\ 
2 

FIL.H"1!5 TUN[O TO Z JG M~ 

,aa 000 "'00 2aoo 
FREOUENCY-Me 

Response Curve of a pair of TYPE 874-FR3 Rejection 
FilLers with Lhe TYPE 874-MR Mixer Rectifier. 

TV t ransmitter harmonic measurement, hence they are 
priced in pairs in the table below: 

Upper Freq. 
For '1' V Fund. Rej. Tuning Limit of Flat 

Type Channel of Pail' 
874-FR I 2,3,4 60 db 
874-FR2 5, 6 60 db 
874-FR3 7 thru 13 60 db 

Type 874-K Coupling Capacitor 

Range Pasii Band Code Word Price 
54-90 Me 740 Me COAXROUTER $70.00 / pair 
76-135 Me 900 Me COAXRI NGER 70.00 / pair 

130-216 Me 1300 Me COAXROCKER 70.00 / pair 

but dc and low audio frequencies are blocked. This unit 
is often necessary for separating d-c paths in systems 
including two or more crystal rectifiers, as in measure­
ments of insertion loss. 
Coupling Capacitance: 5000 }t}tf -20% +50% 
VS WR: Less than 1.06 at 1000 Mc; 1.2 at 2000 Mc. 
Length: 3U6 inches 
Net Weight : 3 ounces 

Consists of a short length of coaxial line having a 
cylindrical capacitor in series with the inner conductor. 
High frequencies are transmitted with small reflections, 

Type Code Word 
874-K 1 Coupling Capacitor .. . 1 COAXKICKER $8.50 
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Miscellaneous ----~ COAXIAL 

MISCELLANEOUS 

Type 874-M Component Mount 
The TYPE 874-M Component Mount is a shielded 

enclosure with convenient inside terminals for mount­
ing small components to be measured. It minimizes 
"Iead" reactance and stra~' capacitance when the im­
pedance of circuit elements and networks is measured 
over a frequency range from d-c to 5000 Me. 

The Component Mount connects directly to the 
TYPE 874-LBA Slotted Line, the TYPE 1602-B Admit­
tance i\Ieter, the TYPE 874-LK Constant-Impedance 
Adjustable Line, and all GR Coaxial Elements. 

The Short- and Open-Circuit Terminations supplied 
simplify determination of line-length corrections be­
tween the instrument measuring point and the com­
ponent being measured, without disconnection of the 
component from the Mount. 

SPECIFICATIONS 
Freque ncy Range : D-c to 5000 Mc. 
Accessories Supplied : One TYPE 874-WN3 Short-Circuit 
Termination, one TYPE 874-W03 Open-Circuit Termi­
nation. 

Dimensions : Diameter, 3 inches. Height of shield can, 
25 $ inches. 
Terminal : TYPE 874 Coaxial Connector. 
Net Weight: 8 ounces. 

Other Accessories Recommended : One TYPE 874-LE:20 
Constant-Impedance Adjustable Line when the Mount 
is used with the TYPE 1602-B Admittance Meter. 

'Type Code Word Plice 
874- M 1 Component Mount ... 1 COAXYMOUN'l' 1 $25.00 

Type 874-X Insertion Unit 
This unit is a hollow cylinder fitted with TYPE 874 

Connectors at each end. Its cover sleeve slides back to 
allo\\' access to a region inside of about 2 inches in length 
and YJ6 inch in diameter. In this space between the 
TYPE 874 Connectors, almost any arbitrary arrange­
ment of small components, such as resistors, capacitors, 
or inductors, can be mounted. The insertion unit can 
be used as a shielded housing for impedance-matching 
networks, attenuator pads, VHF transformers, filters, 
and a variety of other networks. It offers good shielding, 
minimum discontinuity in the line, and convenience. 
Net Weight : 4 ounces. 

Type Code W m'd Price 
874-X 1 Inse rtion Unit .. . .... 1 COAXHOPPER $9.00 

Type 874-Y Cliplock 
A negator spring which can be conveniently slipped 

over TYPE 874 Connectors after they are engaged . It 
provides a secure lock preventing accidental disconnec­
tion or slippage. 
Net Weight fo r 10 : 1 ounce. 

Type Code Word Price 
874-Y 1 Cliplock ...... 1 COAXLOCKER 10' for $2.00 

* ~rinimum quantity sold. 

Type 874-Z Stand 
Provides firm support for the parts of a wide variety of coaxial sys­

tems. Consists of a heavy cast-iron base with rubber feet, 22-inch and 
8-inch stainless steel rods, and three universal clamps. The vertical rod 
can be used to hold long tuning stubs. The horizontal rod can be moved 
longitudinally or interchanged with the vertical rod to provide support 
where needed. Two bases can be used with one 22-inch rod between them 
to support a long horizontal run of coaxial parts. Clamps will fit a range 
of diameters and will hold between two rods of different diameters. Any 
desired arrangement can be set up quickly. Base can be screwed down to 
table top for permanent setups. 
Net Weight : 572 pounds. 

Type 
874-Z 
874-ZC 

Code Word 
Stand .. . ....... . ... " 1 COAX HELPER 
Ex tra Clamp ......... . . COAXYCLAMP 

$15 .00 
2 .25 

GENERAL RADIO COMPANY 
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COAXIAL 

Type 
874-A2 

874-A3 

874-R20 

874-R21 

874-R22 

874-R32A 

CAB L E 

Description 
COAXIAL CABLE 

Flexible double shielded bulk cable for permanent or semi-perma­
nent installations and for making long patch co rds. Consists of a 
No. 14 stranded inner conductor separated from the two braided 
tinned-copper shield by 0.244" O.D. polyethylene insulation, and 
an outer polyvinyl-chloride jacket 0.365" O.D. 
Characteristic Impedance: 50 ohms ±5 % . 
Nominal Capacitance: 32 J.lpJ per foot . 
Attenuation: at 100 Mc about 2.6 db per 100 feet; at 1000 Mc about 
10.5 db per 100 feet . 
Net Weight for 25 feet: 2 %: pounds. 
COAXIAL CABLE 

Same as above except inner conductor is 19 strands of 0.0066 inch 
tinned soft copper wire, separated from the two, braided shields by 
0.116" O.D. polyethylene insulation, and an outer polyvinyl chlo­
ride jacket 0.206" O.D. 
Characteristic Impedance: 50 ohms ±5% . 
Attenuation: at 100 Mc about 5.:3 db per 100 feet ; at 1000 Mc about 
22.0 db per 100 feet ; at :3000 Mc about 45.0 db per 100 feet. 
Net Weight for 25 feet: 1 pound. 
FLEXIBLE LINE (PATCH CORD) 

For making shielded connections where minimum loss is desired. 
Consists of three feet of 874-A2 Polyethylene Cable (specifications 
above) with a TYPE 87-!-C Connector on each end. 
Net Weight: 7 ounces. 
PATCH CORD 

Consists of three feet of flexible, single-shielded coaxial eable with 
a nomina l characteristic impedance of 50 ohms. It is terminated on 
both ends by TYPE 87-!-C58 Coaxial Connectors. 
Net Weight: -+ ounces. 
PATCH CORD 

Consists of three feet of 8H-A3 Coaxial Cable (specifications 
above) with a TYPE 874-C58 Cable Connector on each end. Recom­
mended for use where both maximum shielding and a high degree of 
Hexibility are needed. 
Net Weight: -+ ounces. 
PATCH CORD 

Consists of three feet of flexible, single-shielded coaxial cable with 
a nominal characteristic impedance of 50 ohms. It has one end termi­
nated in a TYPE 2H-ND Shielded Double Plug and the other in a 
TYPE 8H-C58 Coaxial Connector. 
Net Weight: 4 ounces. 

TYPE 874-R20 

TYPE 874-A2 or -A3 

TYPE 874-R21 or -R22 
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Cable 

Code lV ord Price ----
COAXCU'I"l'ER $0.50 / foot 

0 .27 / foot* 

' In lengths of 
25 feet or 
more. 

COAXflABBER $0.3S / foot 
0.20 / foot* 

*1 n lengths of 
25 fect or 
more. 

COAXI-!A'I"rER $6.50 

COAXHUNTER $6_50 

COAXFANNER $6.00 

COAXFTI"[,~~R $5.50 

TYPE 274NF 
(see page 242) 

TYPE 874·-R32A 



Connectors COAXIAL 

CONNECTORS 

All TYPE 874 Connectors a re supplied unassembled 
with complete assembly instructions. No specia l tools 
are needed. 

Type 874-B Basic Connector 
For use on rigid, 50-ohm, air-dielectric, coaxial lines. 

Consists of inner and outer conducto rs, insulating bead 
coupling nut and retaining ring. Fits lines made from 
;ii-inch O.D., % -inch l.D. tubing, and 0.2.j..j.-inch D rod. 
The inner conductor is to be screwed into an 8-32 tapped 
hole in the end of the rod, and the retaining ring for the 
coupling nut is to be snapped in to a !i4-inch deep, 0.035-
inch-wide groove cut in the ;ii-inch tubing. 
Net Weight : 1 ounce. 

T ype Code W m·d 
874-B 1 Basic Connector . . .. . 1 COAX BRIDGE $1.25 

Cable Connector 
Consists of the basic connector parts plus inner and 

outer transition pieces, a sort copper ferrule, and a 
rubber guard. The transition pieccs a re tapered so as to 
maintain the 50-ohm characteristic impedance of the 
con nector and cable throughout the change in diameters. 
The cable inner conductor is to be soldered to the inner 
transition piece, and the cable braid is attached to the 
outer transition piece by crimping t he ferrulQ. The 
rubber guard provides strain relief and a protective 
handle. 
Net Weight: 2 ounces. 

T ype Fits Code Word 
874-C Type 874-A2 Cable ..... . COAXCABLER 
874-C8 Type RG-8 / U Cable ... .. . COAX CORDER 
874-C9 Type RG-9 / U and RG-

P rice 
$2.00 
2.00 

116 / U Cables ... . ..... COAXCAMMER 2.00 
874-C58 Type 874-A3, RG-29 / U, 

55 / U, 58 / U, and 58A / U 
Cables ........ . .. .... COAXCALLER 2.00 

874-C62 Types RG- 59 / U and RG-
62 / U Cables (non-con-
stant impedance) .. . . . . COAXCANDOR 2.00 

Panel Connector P-Type 
I s 'similar to the cable connector except a panel 

adaptor and nut a re supplied in place of rubber guard. 
The panel adaptor fits into a 1'}j6-inch D hole in panels 
from l16-inch to ~-inch thick and is designed to clamp 
the connector in any desired orientation. 
Net Weight: 3 ounccs. 

Type 
874-P 
874-P8 
874-P9 

874-P58 

874-P62 

Fits Code Word 
Type 874-A2 Cable .. .... COAXPEGGER 
Type RG-8 / U Cable ...... COAXPUTTER 
Types RG-9 / U and RG-

116 / U Cables . ........ COAX COPPER 
Types 874-A3, RG-29 / U, 

55 / U, and 58A / U Ca-
bles .... .. .... ....... COAXPANNER 

Types RG-59 / U and RG-
62 / U Cables (non-con-
stant impedance) ...... COAXPOl.LE R 

Cut-away view of basie 
con nec tor joined with ca ­

ble connector. 

$2.90 
2.90 

2.90 

2.90 

I 2.90 

TYPE 874-B Basic Connector 

TYPE 874 Cable Connectors 

TYPE 874-P TYPE 874-PB 

Panel Connectors 

Panel Connector PB-Type 

Flange-mounted panel connector. Requires a 1'}j6-inch 
D hole in panel of any thickness. FO\ll" number 29 holes 
(0.13G-inch D ) drilled in flange, l ~iG-in ch center-to­
center, to accept machine screws. P anel space required 
is 1l16-inch x BiG-inch. 
Net Weight: 2 ounces. 

Type 
874-PB 
874-PB8 
874-PB9 

Fits Code Word 
Type 874-A2 Cable ...... COAXAPPLER 
Type RG-8 / U Cable .. .... COAXBA'l'HER 
Types RG-9 / U and RG-

116 / U Cables . ........ COAXCANKER 
874-PB58 Types 874-A3, R6-29 / U, 

55 / U, 58 / U and 58A / U 
Cables ........ . ... ... COAXABA'l'ER 

874-PB62\TypeS RG-59 / U and RG-
62 / U Cables (non-con-
stant impedance) . . .. .. COAXBARKER 

P rice 
$2.90 

2.90 

2.90 

2 .90 

2 .90 
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COAXIAL Adaptors 

ADAPTORS 

TYPE 8H-Q2 
F its bo th p lugs a nd j acks 

TYPE 874-Q6 
TYPE 874,-Q7 

Fits both plugs and jacks 

TYPES 874-QBl and -QllP TYPES 874-QCl and -QCP TYPES 874-Q IU and -QH P 

TYPES 874-QL.T ano -QLP TYPES 874-QNP and -QNl TYPES 874-QUl a nd -QUP 

Contains 
T hese adaptors enable t.he user to con-

nect the Typl': 874 Coaxial plements and in-
Type 874 Net Code struments fitted with TYrl': 87-l Connectors 

Type Connector and Fits W eight 111 ord Price to other common s,Ystrms or ('onnpctors, 
874-02 274 Jacks 274 Plugs 2 oz. COAX'l'IPPER $4.25 1.1 6 

F\lIIIOF 11<1 -"'''' o. TYP£ ... .t.o.PTQItS 

874- Q6 Pin & Sleev e 274-NF 1 oz . COAXCI.OSER 2.25 

~. 
lJ._ TYPEC&D&Pl0R5 

874-Q7 774 Jack 774 Plug 2 oz. COAXPASSER 4.25 "-"'TIM> 
874-QBJ BNC Jack BNC Plug 1 y, oz . COAXBOGGER 4.75 " , , " 

"''"'' "'" 874- QBP BNC Plug BNC Jack 1% oz. COAXBUNNER 4.75 Ufof; -f~'rC: ~~ '" '~: 
874- QCJ C Jack C Plug 1 oz. COAXCOGGER 4.75 
B74- QCP C Plug C Jack 1 0/4 oz. COAXCUFFEH 6.25 
B74-QHJ HN Jack HN Plug 2Y, oz . COAXHAII'SER 6.50 ~ 
B74- QHP HN Plug HN Jack 2Y, oz. COAXHANGER 6.50 ~ 

~ 1,0f> 
B74-QLJ LC Jack LC Plug B o z . COAXLI'lVl'ER 19.50 

~ 874- QLP LC Plug LC Jack 1 lb . COAXLUGGER 30.00 'D' 
874- QNJ N Jack N Plug 1 0/4 oz. COAXNAGGER 3.75 
B74-QNP N Plug N Jack 1 0/4 oz . COAXN U'l''l'ER 4.50 
B74-QUJ UHF Jack UHF Plug 1 oz. COAXYUNDER 4.00 
B74-QUP UHF Plug UHF Jack 1 Y, oz . COAXYUrPEH 4.25 

'000 2000 lOOO 5000 

FRE:QUENCY IN MEGACYCLES 

~ VSWR .. _50 OHM 
TERMINATION 

TYPE 874-QU3A TYPE 874-QV2A 
These adaptors are LIsed to connect the rigid linps in 

TV transmitting antenna systems to measuring equip­
ment fitted \\'ith TYPE 874 Coaxial Connectors, as the 
TYPE 1602-B U-H-F Admit.tance i\ [eter and the TYPE 
874-LBA Slotted Line. 

Type 
B74- QUI 
874-QU2 
874-QU3A 
B74- QV2A 
874- QV3 

Fits 
%" 50-ohm UHF Rigid Line, RG- 155 / U , , 
1 %" 50-ohm UHF Rigid Line, RG-153 / U . 
3 Yo" 50-ohm UHF Rigid Line, RG-154 / U , 
1 %" 51.5-ohm VHF Rigid Line . . , ..... . 
3Yo" 51.5- ohm VHF Rigid Line . . ...... . 

g 
Q. 

g 
'" lL 
o 
oc 
~ II 0 

~ lOB 

~ 106 

~ 1.04 

I I I 
I I I 
I I I 

874-QU3A 

l,'t, I " 

J74.JU2 
/\ ! 

. 1;>""- '" /'07< ."", 
o!A4''''1'''" I."" 

1.0 0 000 2000 
I I 

RETJlJA 
Std. for Line 

TR-134 
TR-134 
TR- 134 
TR- l03A 
TR-l03A 

I 

FREOUENCY'Me 

Code TV01'd 
COAXYUMBER 
COAXYUSHER 
COAXYUL'l'RA 
COAXYVERRA 
COAXYWAGER 

Net Weight 
Y, lb. 

I V. lb. 
5Y. lb. 
I V. lb. 

5 lb. 
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Price 
$21.00 

75.00 
125.00 
62.50 

110.00 



COAXIAL ----~ Slotted Line 

EQUIPMENT FOR STANDING WAVE MEASUREMENTS 

TYPE 874-LBA SLOTTED LINE 

USES: One of the most important basic meas­
uring instruments used at UHF is the slotted 
line. With it, t he standing-wave pattern of the 
electric fi eld in a coaxial transmission line can 
be measured, from which the standing-\\"a\'e 
ratio, phase of t he reflected wa\'e, impedance 
of t he load, wavelength of the R-F signal, 
losses in attarhed elements, degree of mis­
match between load and line, and other char­
acteristics of antennas, components, coaxial 
elements and networks can be determined. 

With t he TYPE 874-MD Slotted-Line Motor 
Drive, standing-wave patterns can be dis­
played and measured directly on an oscillo­
scope, with a great increase in speed of 
measurement. 
DESCRIPTION: The slotted line is a 50-ohm, 
air dielectric, coaxial transmission line, \\'hose 
electric field is sampled hy a probe that 
projects t hrough a longitudinal slot in t he line. 

A source of r-f power of about one milli\ratt 
is usually adequate for most measurements. 

A crystal, built into a sliding carriage, de­
tects t he r-f voltage induced in the probe when 
t uned to the operating frequency by an ad­
justable stub. The output of the crystal can be 
measured by a d-c microammeter or a cali­
brated audio-frequency amplifier. The micro­
ammeter has limited usefulness due to its low 

sensitivity. The audio amplifier system­
TYPE 1231-B Amplifier, TYPE 1231-P4 Cali­
brated Attenuator a nd TYPE 1231-P2 Filter­
combines simplicity a nd adequate sensiti vity 
for most measurements. An amplit ude­
modulated r-f signal is required for t his 
method. 

A receiver or heterodyne detector is an ex­
cell ent device for measuring the voltage in­
duced in the probe. The TYPE DNT serieii> of 
detectors are \yell-suited to this application 
because they provide excellent sensitivity, a 
high degree of selectivity, and a yery wide 
range of linear response. This detector is par­
t icularly well adapted to measurements of 
very high standin g-wave ratios, and its hi gh 
selectivity makes it useful for measurements of 
non-linear elements. It is recommended for 
general use except \\'here simplicity of opera­
t ion and first cost are the controlling factors. 

FEATURES: ~ Well designed, precisely con­
structed, capable of accurate measurements. 
~ Sturdiness and light \\"eight make it con­
yenient for field use. 
~ Can be motor driven for automatic opera­
tion (sec page 48). 
~ ' Vide variety of accessory coaxial units 
a\-ailable, all fitted with TYPE 874 Coaxial 
Connectors (see following pages). 

SPECIFfCATIONS 
Characteristic Impedance, 50 ohms ± 1 %. 
Prabe Travel: 50 ern, scale calibrated in millimctcrs. 
Frequency Range: aoo to 5000 Me; Operation below 300 
Me is possible using Icngths of TYPE 87-1- Ail' Lincs. 
Dielectric : Air. 
Accuracy : Constancy of probe penctration, ± 1 Y2 %. 
Residual VSWR: Less t,han 1.025 at 1000 Me, lcss than 
1.07 at 4000 Mc. 
Accessaries Supplied: Storage box and spare drivc cablc. 
Accessories Required: Adjustablc Stub (TYPE 87.J-D20) 
for tuning t he crystal rectifier when audio-rrequency 
detector is used; suitablc detcct,or and generator (sec 

pagc -1-7); onc cnch TYPE 8f..l-R22 F lcxible Line and 
TyPE 874-R32A Patch Cord for gencrator and detect.or 
conncctions. 
Accessories Available : Scc index 011 prcceding page, 
A complcte kit of TYPE 874 Coaxial elements for usc 
\yith the slotted line is described on the next page, 
For mcasurement of high VS WR (greater than 10), a 
TYPE 87+-LV Micrometer Vemier is recommendcd. 
For rapid measurcments, use the TYPE 874-i\ID 
Slottcd-Line Motor Drivc. 
Dimensions : 26 x +Y2 X 3Y2 inches ovcrall. 
Net Weight: 8Y2 pounds. 

View of TYPE 874,-LBA Sto n ed Line with TYPE 874.-L V MicromeLer Vernier. 

Type ('ode II" orr! P,ice 
874-LBA Slotted Line ............................ 1 CO.\XRUKNER $220.00 
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Slotted Line COAXIAL 

RECOMMENDED GENERATORS AND DETECTORS FOR 
THE SLOTTED LINE 

GENERATORS 

The following generators are recommended: (TYPE 
1021-AU, AV, or A W Standard Signal Generators £':'e 
also satisfactory) 

Typ~e-.~~~~ ____ ~ ____ ~ __ ~S~e~e~P~a~g~e~~P~N~·c~e __ 
1208-B Unit Osciliator, 65-500 Mc . . .. 117 / $200.00 
1209-B Unit Osciliator, 250-920 Mc . .. 117 235.00 
1218-A Unit Osciliator, 900-2000 Mc .. 117 465 .00 
1220-A Unit Osciliator, 2700-7425 Mc . 118 

The above unit oscillators do not include pO\\'er supply; 
the TYI'E 1203-B Unit Power Supply is recommended 
for genera l usc. Wbere line voltage is subject to frequent 
variations, the TYPE 1201-A Unit Regulated Power 
Supply should be used. 

1203-B I UnitPowerSupply .. . . .... ... ' 1144, 1 40.00 
1201-A Unit Regulated PawerSupply ... 1~5 85 .00 

If a modulated signal is desired, the TYPE 121-I-A Unit 
Oscillator for sine waves and the TYPE 12JO-B Unit 
Oscillator for either sine waves or square waves are 
recommended to supply the modulating signal. 

1214-A 1 Un~t Osciliat?r ········· · ·····1 Jl2 1 75.00 
1210-B UnIt R-C Osclliator. . . . . . . . . .. 114 165.00 

* Price depends upon frequency . see page 118. 

DETECTORS 

The TYPE 1231-BM Amplifier and Null Detector 
(page 64,) 01' TYPE DNT Detector (page 68) is recom­
mended . The TYPE 12:U-BM is less expensive, covers 
the entire frequency range of the slotted line, and has, 
with the output detector in the slotted line, an expanded 
scale useful for low standing-wave ratios; it requires 
a modulated signal. The TYPE DNT is more sensitive, 
more selective, and does not require a modu lated signal; 
it is particularly well suited for measurement of very 
high standing-wave ratios. 

Type 
1231-BM* 
1231-P2 
1231-P4 
874-020 
874-R32A 

ONT-l 
ONT-3 
ONT-4 

Fi lter (page 65) ............. . 
Adjustable Attenuator (page 60) 
Stub (page 60) . . ... . .. .. .. . . . 
Patch Cord (page 56) .. . .. ... . 

Price 
$250.00 

35.00 
70.00 
14.00 
5.50 

Total for Type 1231-BM and l-----
accesson es. . . . . . . . . . . . . . . . . 374.50 

35 to 530 Mc ... .. .. .. .. . .... $616.00 
220 to 950 Mc. ..... . . . . . . . . . . 649.00 
870 to 20:30 Mc t.. . . . . . . . . . . . 879.00 

* Battery-operated model. An a-c-operated model is also available. 
t Up to 5000 iIlc by use of harmonics. 

MICROMETER VERNIER ATTACHMENT 

If very high standing-wave ratios (greater than 10) are 
to be measured, a TYPE 874c-LV l\Iicrometer Vernier 
Attachment should also be purchased as well as a 
harmonic filter. 

For use in the measurement of high-standing wave 
ratios by the width-of-minimum method. Consists of 

a micrometer caliper head, cal ibrated in centimeters 
(graduated to 0.001 cm), mounted on an arm that can 
be attached to the rear base rod of the slotted li ne. One 
turn of the micrometer barrel advances the head by 
0.5 millimeter. l\Iaximum range is 2 cm. Can be read to 
± 0.0005 cm. (Code Word: COAXREADER) 

1'ype~ ____ -.~~ ______ ~ __ ~~ __ ~ ____________________________________ ~~ __ ~P~rt~·c~e~ __ _ 
874-LV Micrometer Vernier Attachment. .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $25.00 
874-F500 Low-Pass Filter (page 58) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.00 
874-FI000 Low-Pass Filter (page 58) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.00 
874-F2000 Low-Pass Filter (page 58). . . . . . . . . .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.00 
874-F4000 Low-Pass Filter (page 58). . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 14.00 

BASIC SLOTTED LINE KIT 

For impedance and standing-wave measurements with the slotted line, a group of coaxial elements has been 
,;clected and is avai lable as the TYPE 874c-EIC Basic Coaxial Kit. The following items are included. 

Type Name Qllantity Unit PI'ice Price 
---8~7~4~-~A~2----'--C~0-a-x~i-a~I ~Ca~b~l~e-.. - .-.-. -. -. -. . - .-.-.-.-. -. -.. - .-.-.-.-. -. -.. - .- .-.-.-. -.-.. '-~25feet~~$~27~.~00·/100f~e-e~t '-~$--6~.-7-5--

874-B Basic Connector ... . ... . . . . . . . . . . . . . . . . . . . . . . . . . 2 1.25 2.50 
874-C Cable Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.00 4.00 
874-C8 Cable Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.00 4.00 
874-020 Adjustable Stub . . .... . .. . . . . . . . . . . . . . . .. . . . . . . . 1 14,.00 14.00 
874-050 Adjustable Stub . ... . ... . . . . . . . . . . . . . . . . . . . . . . . . 1 1~.00 14.00 
874-LA Adjustable Line...... . . . . . .. . . .... . . . . . . . . . . . . . 1 17.50 17.50 
874-LBA Slotted Line .. . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . 1 220.00 220 .00 
874-P Panel Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.90 5.80 
874-QNJ Adaptor to Type N Jack .... . . . . . . . . . . . . . . .... . . . 1 3.75 3.75 
874-QNP Adaptor to Type N Plug . . . . . . . . . . . . . . . . . . . . . . . . . 1 4.50 4.50 
874-R20 Flexible Line (Patch Cord) . . . . . . . . . . . . . . . . . . .. . . . 2 6.50 13.00 
874-R32A Patch Cord.. . .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5.50 5.50 
874-T Tee ........ .. . . ..... . ........ . . . .......... . .. 1 9.00 9.00 
874-WM Matched (SO ohm) Termination. ...... . .. . ........ 1 12.50 12.50 
874- WN Short-Circuit Termination. . . . . . . . . . . . . . . . . . . . . . . . 1 2.50 2.50 
874- WO Open-Circuit Termination . . .. . . . . . . . . . . . . . . . . . . . . 1 1.75 1.75 
874-Z Stand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 15.00 15.00 

TOTAL Type 874-EK Basic Coaxial Ki'.. . . .. ..... .. . . . . . ... . . . .... ..... . .. .. . . . . . . . . $356.05 
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COAXIAL Motor Drive 

T Y P E 8 7 4 - M 0 5 LOT TED LIN E M 0 TO R 0 R I V E 

USES: The motor drive provides an automatic cyclic 
sweep of t.he probe carriage along the TYPE 87-1-LBA 
Slotted Line, so that the standing-wave pattpl'J1 can be 
displayed on a cathode-ra.v oscillograph. The resultant 
speeding-up of the measurement process saves valuable 
engineering time in the laboratory and makes it pos­
sible to utilize the inherent accuracy of slotted-line 
methods in production test ing. Both VSWH. and 
position of minimum can be read directly from the 
scope patlel'J1. At lower sweeping speeds a VSWR 
meter indication can be used. 

DESCRIPTION: The driving motor attaches casily to the 
right-hand end of the slotted li ne and drives the probe 

carriage by means of a V-belt and a pulley that replaces 
the control knob on the slotted line. The pulley is 
equipped with a knob, so that manual operation is also 
possible. A s.vnchronized horizontal-sweep voltage is 
generated by a linea l' sweep potentiometer that attaches 
t,o the back of t.he slotted line, with a sliding cont,art, 
(' Iement attac-hed to the carriage. :\r i ('ros\\'it('lw~, 
mounted on movablp brackets, d('termi rw t.i1(' travp l 
of thp eal' riagp and pl'ovidl' the reversing c·ontrol. TI1(' 
motol'-c'ontrol circuit s arc houspri in a spp"rate c'ahinpt, 
connected to t he slotted-line assembly by plug-in 
cablcs. The c-ontrol S\'stpm is similar' to the TYI'r" 
170J-AK Variac:!!) Speed Control (page 221 ). 

The entire unit can be installed on the slotted line in 
less than 5 minutes. 

The standing-wave pattern a ppearing on t he os­
cilloscope depends upon the t~'pe of modulation of the 
r-f source. The oscilloscope should bc equipped with 
d-c amplifiers. Square-wave modulation, wh ic'h pro­
vides a base li ne on the scope for direct VS \VR measurc­
ments, is the preferred method of exc- italion. E ither 
si ne-wave modu lation or all unmodu lated gen('rator, 
hO \\'ever, will a lso yield comp letely satisfactory rpsults, 
and a damping circuit to provide the Ims(' line is 
furnished as an acc-esso l'y. The table below lists rpcom­
mended ('ombim,tions of equ ipment 1'01' all thrl'e 
methods. 

FEATURES : ~ Time savel' for both production line and 
laboratory. 
~ :'Itfakes 'possible highly accurate direct-reading VSWR 
measuremen ts. 
~ Adjustable sweep sp('ed and sweep length. 
~ Can be used \\'ith standing-\\'ave meter at slow 
speeds. 
~ Oscilloscopc gr'id ovcrlay provided for direct ill dica­
tioll of Yf-;WR. 

SPECIFICATIONS 

Length of Sweep : Adjustable, 1 em to -17 em. 
Sweep Speed Range : For complete s \\'cep (-17 ('m), from 
one sweep in 20 sec-onds to better than 1 pC'r second; 
for shorter sweeps to 5 per second. 
Maximum Horizontal Sweep Voltage : 7 volts. 
Accessories Suppl ied: Cables for connection s; clampillg 
circuit; 5-inch oscilloscope mask with VS\\-H, scale: 
two TYPE 274-NCO Patch Cords; spare su bminiature 
switch; spare actuator; spare cushioned sliding contact; 
spare luses. 

Method Generator 

Power Supply : J 15 volls, 50 to 00 cycles. 
Net Weight: Hi %: pounds. 
Other Equipment Required: One TYPE 87-l--GIO Fixed At­
tenuator, one ;~O-kilohm resistor, generator and detector 
as li sted below: 

---'!:'JL~ Code ]V ord Price 
874- MD I Slotted- Line Motor Drive STORY 1$290.00 
874-GIO Fixed Attenuator (IOdb) , COAXBELLER 25.00 

.i11"odulator 
Frequency 

Range 
Detector * 

A1Tangement 
Square-Wave TYPE 1218-A Unit Osci llator TYPE 12JO-B Unit Osc-i llator 900- 2000 Mc OSCilloSf'%e 'j' 
Modulation TYPE 1220-A Unit Elystron None 2700- 7450 M c (JO mv in. d-c 

Osci ll ator sensitivity) 
Sine-Wave TYPE 1208-B Unit Osc·i llatar TYPE 1214-A Unit Oscillator 65-500 :'Ilc Oscilloscope 'j' 
Modulation TYPE 1209-B Unit Oscillator or 250-920 Mc (O .l v in. d-c sell-

TYPE 12J8-A Unit Osc-illator TYPE 121O-B Unit Osci llator 900-2000 1\lc sitivity), or 
TYPE l231-B Am-
plifier and Null 
Detector (page (4) 
and Clamping cir-
cuit (supplied) 

- -
Unmochrlaled TYPE 1208-B Unit Oscillator Nonc 65-500 Mc 
Source TYPE 1209-B Un it Oscillator 250-9201\1c OseillOSCjr 'j' 

TYPE 1218-A Unit Oscillator 900-2000 Mc (10 mv in. d-c 
TYPE 1220-A Un it Klystron 2700- 7450 1\lc sensitivity) 

Oscillator 
::: Alternati"cly, onc of the TYPE DNT Heterody ne Detectors (page 68) will provide a linear, as contrasted with a square-law, oscilloscope 
display. 
t A high-persistence oscilloscope screen (P7 Phospor) is recommended. 
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Detector COAXIAL 

EQUIPMENT FOR VOLTAGE MEASUREMENTS 

Type 874-VR Voltmeter Rectifier 
Tbe Voltmeter Rectifier, in conjunction with the 

Voltmeter Indic"tor, \,"ill measure or monitor the volt­
"ge in coaxia l systems. It can, for instance, be used to 
convert a \\'ell-shielded osci llator to a standard-signal 
generator. It is also useful as a general-purpose detector. 

Maximum Voltage: 2 volts. 
Crystal: TVPE 1~2lB. 
Resonant Frequency: Approximately 3600 meg"cycles: 
correction clII've supplied . 
By-Pass Capacitance : Approximately :300 J.LJ.Lf: shunt 
c"pacitanre of cr.\·stal, approximatel.\' 1 J.LJ.L f. 
Frequency Range for Voltage Measurements: 15 1\lc to 
2500 Mc, subject to resonance co rrect ion above 500 Mc. 
Voltage indications and rorrect volt"ge ratios can be 
obtained at both lo\\'er find higher frequencies. See 
curve. 
Dimensions: (Length) :H4 x (height) 2,l1 inches. 
Net Weight : 5 ounces. 

Code IV ord Price Type 
874-VR 1 Voltmeter Rectifier .. . . ICOAXR I,CTORI $30.00 

Type 874-VQ Voltmeter Detector 
The Voltmeter Detector ran be IIsed as " voltmeter, 
fI demodlliator, and a deteetor. It can he inserted in 
a 50-ohm coaxia l line " 'ithout introcllll'illg an appreci­
able discontinuity, 01', \\'hell itself tenni llllted in the 
TVPE 87~ -W:\I :'Ilatc'hed Termination , it can be used 
as a m'Ltched dete(·tor to terminate a lillc. 

The TYI'I" 87-J-\'Q \ 'o ttmeter Detector is similar to 
the TYPE 87-1-VR Voltmeter Reelifier, but the series 
rpsistor is omitted, and matching elements are included 
to ('ompensflte for the c1iseontinuit~, caused by the 
(·apa(·itanre of the el·\·stal. This detector is used in the 
measurement of network frequene,Y response \\'ith the 
TYPE J 750-A S"'eep Drive find the TYPE J26:l-A 
Amplitude Hpgulating Po\\'er Suppl~'. (Sec page 200.) 

It can also he used with the Voltmeter Indicator for 
voltage measllremellts. 

Maximum Voltage: 2 volts. 
Resonant Frequency: Approximately :3600 Mc; correction 
tlll've supplied. 
VS WR Introduced in a Matched SO-ohm Line: Less than 
1.1 at 1000 Mc, less than 1.2 at 2000 Me. Above 2500 
\\,lc the VSWR rises rapidly. 

Type 874-VI Voltmeter Indicator 

TO METER TO METER 

INPUT 

874 - YR COMPENSATING INDUCTORS 

874-YQ 

Schematics (above) and aver· 
age correction [actor (below) 
[01' TVPES 874· VR and . VQ. 

0 

, I I I . [":... .1 
, 

t-t'l' , 
, I 

I 
, I 

0 , , 
f REOUENC Y • KMC 

, 

By·Pass Capacitance: Approxim"tely 300 J.LJ.Lf. 

, 
, 

Frequency Range for US!! as Matched Detector: 500 kc to 
2000 1\lc. Can be used at. frequencies up to 5000 Mc and 
down to 60 cycles (with external by-pass capacitor). 
Crystal: IN23-B. 
Frequency Response: Similar to TYPE 87·,!-VR Voltmeter 
Rectifier up to 2500 Mc. \\Then t he TYPE 874-VR Volt­
meter Rectifier and TYPE 87-1-VQ Voltmeter Detertor 
a re used in swept frequency-response measUl'ements 
"'ith t he TYNj 1750-A Sweep Drive and TVPE 1263-A 
Amplitude-Regulating Power Suppl.\', the resonance 
eff e('ts in t he two voltm('(crs cancel and t he Oil tpu t is a 
diree( measure of the network under test up to 2000 :\lc. 
Dimensions : :~% X 2,l1 inches. 
Net Weight: 5 ounces. 

Type Code !l'ol'd Price 
874·VQ [ Voltmeter- Detector .... [COAXVOQUER 1$30.00 

Indicates the rectified doc output of either the Volt­
meter Reetifier or Detector and provides means 1'01' 
measuring the voltage at an.\· lev('1 between 0.1 volt 
and 2 volts. A built-in 60-c,\'e!e cal ibration system 
(' Iimina t('s errors arising from difTerenees in cr.\'stal 
rcctificat ion efficiencips. 
Range and Accuracy of Calibrating Voltage : 0 .1-2 volts 
± 0.05 volts. 
Crystal Current for Full·Scale Indication: 200 J.La. 
Power Supply: 105 to 125 volts, 50 to 60 cycles. 
Inpu! Resistance : fiOO ohms, minimum; 10,000 ohms, 
maximum. 
Accessories Supplied: TYPE CAP-35 Power Cord. 
Other Accessories Required : Order one TYPE 87-l-R32A 
Patch Cord to connect rectifier to indicator. 
Dimensions : 5,l1 X 5,l1 x 4,l1 inches, over-all. 
Net Weight : 3 pounds, 1 ounce. 

Type Code Word P1'ice 
874·VI I Voltmeter r;;-dicator ... 'ICOAXVOLTER \$80.00 
874.R32A Patch Cord ....... ... COAXFI'lVl'ER 5. 50 
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COAXIAL Bolometer 

EQUIPMENT FOR POWER MEASUREMENTS 

TYPE 1651-A BOLOMETER BRIDGE 

USES : The Bolometer Bridge is a general-purpose inst,ru­
ment for measuring r-f power. 

It is intended for use with General Radio TYPE 
874-H25 and TYPE 874-HJ 00 Thermis tor Units and 
with TYPE 874-HF Fuse Bolometer, but is equally 
us Lble with bolometers of other makes. 

In conjunction with a Gcneral Radio Type 87,l-LBA 

SPECIFICATIONS 

Range and Accuracy - Substitution Method 
'Yith TYPE 87,l-H25 Thermistor Unit 

Slotted Line, the bridge can be used for calibrating 
r-f voltmeters and checking the output of standard­
signal generators. It can also be uscd to mcasurc t hc 
resistancc of non-linear clements. 

DESCRIPTION : The circuit is a d-c Wheatstone bridgc 
\\'ith the bolometer clemcnt in onc a rm. The bridge is 
supplied by a transformer and rectifier system, fed 
from thc 60-cycle line, through a VARIAC® autotmns­
former. 

In t he d-c substitution method of measllJ'cmcnt, t,hc 
bridge is first balanced with r-f current in the bolometcr, 
thc r-f po\\'er is removed, and the bridge rebalanccd h.I' 
increasing the d-c bolometer current. R-F po\\'er is 
then the product of dial and meter readings. 

All quantities are noted after the final balancc 
has been made and after the r-fpower has bcen rcmovcd, 
\\'hich eliminates crrors due to changes in thc r-f pOll'er 
lcvcl Il'hile rcadings are being taken and thus tends 
to improve the accuracy. 

In the dirE'ct-reading method, the mct ('I' scalc is 
standardized in terms of a substitution mcasuremrnt, 
aftcr I\'hich it reads app li ed r-f power dircctl.I'. 

Condensed operating instructions arc mountcd on 
the panel. 

FEATURES : ~ Can be adaptcd to a variety of I'-f po\\'er­
measurcment problems. 
~ Bolometers or POI\'cl'-scnsitive elcmcnts having a 
wide range of rcsist.ance can be uscd. 
~ 1\feasurements can be made by cithcr a dircct-roading 
or a substitution method. 
~ l\Ieaslires [101\'01' up t.o 0,5 watt dircctly. 

20 

HF~Q 

Thermistor resistance set for max. sensitivity .. 0 to 6 mw ± (10% + 0.05 mw) 
0 

100 

7 

~50 
~ 40 

II 
Thermistor resistance set at 50 ohms .... . ... . 0 to 18 mw ± (10% + 0.12 mil' ) 

With TYPE 874-H100 Thermistor Un it 
Thermistor resistance set for max. sensitivity .. 0 to 20 mw ± (10 % + 0.15 mw) 
Thermistor resistance set at 50 ohms ... . .. . .. 0 to 70 mw ± (10% + 0.5 mw) 

Vlith TYPE HF Fuse Bolometer li'2-ampere fuse 
Fuse resistance set for max. sensitivity . . ..... 0 to 
Fuse resistance set at 50 ohms .............. . 0 tp 
Fuse resistance set for max . pOI\'er range .. ... .. 0 to 

With TYPE 874-HF Fuse Bolometer Yt2-ampere fuse 

8 mw ± (10 % + 0.1 mw) 
J.J. mw ± (10 '70 + 0.15 mw) 
50mw ±(JO% +0.3 mw) 

Fuse resistance set for max. sensitivity ....... 0 to 20 mw ± (10 % + 0.5 mw) 

~30 
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~ 20 
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Fuse resistance set at 50 ohms ............... O to 100 mw ± (10% + 0.75 mw) 10 20 30 4050 70 100 200 300400 

Fuse resistance set for max. pOI\'er range .... . .. 0 to 500 mw ± (10 % + 3 mw) BOLOMETER RESISTANCE-OHMS 

Direct-Reading Method : Accuracy depends upon the 
error caused by non-linearity of the po\\·er-vs.-meter 
deRection relationship, which is added to the 10 '70 
tolerance of the substitution method. The curves at 
the right shol\' the ranges of measurement for an over­
all accuracy of ± 20% (10% non-linearity). 

Bolometer Resistance Range : 25 to ~OO ohms. 

Current Range: 0 to 100 milliampcres. 

Power Supply: 105- 125 volts, GO cycles. 

'l'ype 

Frequency Ronge : Determination of power is in dependent 
of frcquency . Practical range: 

5 - ~OOO 1\lc with thermistor units . 
5 - 1000 :\1c \\'ith fusc units. 

Accessories Supplied : One CAP-35 Powcr Cord; one 
TYPE 27-l-NEO Patch Cord; spare fuscs. 
Accessories Required: Bolometer elemcnt. TYPES 87 +-H25 
and 87-l-H100 Thcrmistor Un its, and TYPE 87,1-HF 
Fuse Bolometer Holder are recommended. 
Dimensions : 12 X 12 X (depth) 8%: inches, over-all. 
Net Weight : 22}i POllllds. 

Code Word Prire 
1651-A 
1651-AQ6 
1651-AQll 

Bolometer Br~dge ........ ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. I 
Bolometer Brodge (115 volt " 50 cycles) .......................... . 
Bolometer Bridge (230 volts, 50 cycles) ..... . ..... . .. . ...........• 

BEGIN 
BEGIN PASIlA 
BEGL.'<REGAL 

$340.00 
440.00 
400.00 
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Bolometers COAXIAL 

BOLOMETERS 

Type 874-H25 Thermistor Unit 
(25 mw) 

Consists of ;1 TYPE 87-1-HP25 Thermistor moun Led in 
;1 coaxial holder \\'ith a disc-type by-pass capacitor. 
Binding posts are provided for connections to bolometer 
bridge. Can be used for power measurements over the 
frequency range from 5 Mc Lo about 2000 megacycle's . 
.. \. d-c path is required in the r-f source. Complete with 
thermistor. 
By-Pass Capacitance : Approximatel.v 2000 1J.1J.f. 
Physical Length Ove r- all : 3 % inches. 
Maximum Total Power : 25 mw. 

Type 874-H100 Thermistor Unit 
(100 mw) 

Similar to TYPE 874-H25, with maximum po\yer rat­
in.g of 100 mw. Complete with TYPE 874-HPIOO 
Thermistor. Physical Length Over-all: 3% inches. 

Type 874-HF Fuse Bolometer Holder 

A coaxial holder for fuse bolometers I inch long by 
y.( inch diameter (8AG size). Otherwise simi lar to the 
thermistor units described above. Supplied \\'ith one 
TYPE 874-HF-P 1 Fuse Assortment consisting of five 
J1z-amp fuses and five J{z-amp fuses. 
Maximum Freque ncy Limit : Approximately LOOO Mc. 
By-Pass Capacitance: Approximately 2000 1J.1J.f. 
Physical Le ngth Over-a ll: -I- inches. 

Type 

0: 
~ 
(J) 

> 

TYPE 874-HF Fuse Bolomeler J [older 

~,do l 
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FREQUENCY Me. 

VS \vR of the Fuse Bolomeler anrl T hermi stor U ni lS as a 
funClion of freq uency, wilh d-c resis lance set at 50 ohms. 

Code Wc rd Price 
874-H25 
874-HP25 
874- Hl00 
874- HP100 
874-HF 
874-HF-Pl 
274- NEO 

Thermisto r Un it. . .... . .. . . . . . ......•... . •... COA .. ,(WAR~[':R $29.50 
Replacement Therm is tor for Type 874-H25 ... . . ... . ... .. . 'J' II ER~[ 15.00 
Thermisto r Unit . . ... . ................. . COAXHEATER 28.00 
Replacement The rmi sto r for Type 874- Hl00 .. . .. . . . .. . ... . . . CALDO 13 .00 
Fuse Bolome te r Holder. . . . . .. ............ . . .. . COAXHOLDER 25.00 
Fuse Assortme nt ... FU.OR 3 .50 
Patch Cord (fo r con nection be tween bolome ter bridge and 

bolomete r u nit; ) ....... ..... . .... ... ... . . . ....... . STAPLUGEYE 5 .00 

TYPE 874-MR MIXER-RECTIFIER 

DESCRIPTION : The TYPE 874-MR Mixer Rectificr 
consists of a short coaxial line with a 250-ohm series 
resistor and a crystal rectifier terminated in a low-pass 
filter having a cut-orl' frequency of 40 I\lc. 

It is used as the first detector in a heterodyne frc­
quency converter and permits the TYPE 1216-A Unit 
Amplifier* (page 68) to be employed as a detector for 
u-h-f measurements. The high-frequency signal, which 
may have a frequency between 50 and 5000 Mc, is 
mixed with a signal from a local oscillator to pl'Oduce 
a ditTerence frequency below ~O megacycles, which is 
then fed to i-f amplifier. The heterodyning signal of the 
local osrillator may be either the fundamental fre­
quency or one of its harmonics. 

The 250-ohm seri es resistor isolates the signal circuit 
from the local oscillator circuit. 

When used with TYPE 874-GLO or -G20 Attenuator 
Pad, the ;\Iixer Rectifier becomes a well-matched 
50-ohm detector. 

SPECIFICATIONS 
Operating Frequency Range : 50 to 5000 :'I1c, and at 10\ye1' 
and higher frequencies with deCl'eased sensitivity. 

Type 

I.i()NVERTER OUTPlJT 

JL 
(' "on ~ 
LOCAL OSCILLATOR SIGNAL INPUT 

!50-5000Me 50-5000Mc 

Maximum Crystal Current : 5 mao 
Maximum Input from Local Oscillator : 2 volts. 
Cut- Off Frequency of Output Fi Ite r: -1-0 nl c. 
Conversion Lo ss at 30- Mc Output : Depends upon load 
impedance and is about 6 db \\'ith the TYPE 1216-A 
Unit I-F Ampli fier when local osci llator fundamental 
is used. 
Accessories Required: Local osci llator for heterodyn ing 
(all Unit Oscillators are recommended ). Patch cords as 
indicatcd in the diagram of page 116 are needed for 
connections. The TyPE 12H1-A aO-Mc Un it 1-1" Ampli­
fier (page 68) is recommended as a detector. For 
complete detector assembly, see page 69. 

Code Word 
874-MR Mixer Re ct ifi er .... . . . ............ . .................. . . \ COAXVERTER $32.50 

* Other i-f amplifiers or receivers can a lso be used. 
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COAXIAL ~------ Balun 

EQUIPMENT 
TYPE 874-UB 

BALUN 

FOR BALANCED MEASUREMENTS 
USES: The TYPE 874-UB Balun is a tuned, balanced-to­
unbalanced, coaxial transformer that makes possibJe the 
measurement of impedance, voltage standing-wave ratios, 
attenuation, gain, and sensitivity of balanced devices, using 
generally available unbalanced measuring equipment. When 
used with the TYPE 874-LBA Slotted Line or the TYPE 
Hi02-B Admittance Meter, it permits balanced measurements 
o\'er a frequency range from 54 to ] 000 Mc without appre­
ciable insertion loss or transformation error. "When the balun 
is used "'ith the Admittance Meter and the TYPE 874-LK 
Constant-Impedance Adjustable Line, the Admittance Meter 
" 'ill read balanced impedance directly. When the 874-UB-P3 
300-ohm Terminal Pad is used, the 50-ohm coaxial output 
from a signal generator such as the TYPE 1021-A can be 
converted into a 300-ohm balanced output, or a 50-ohm 
coaxial load (or detector) can be converted into a 300-ohm 
load to provide a matched termination to a 300-ohm line. 
DESCRIPTION: The balun makes t.he balanred-to-unbalanced 
conversion accurately by using a tunable artifirial (or loaded) 
half-\\'ave line. It is adjusted for proper operation at a par­
ticu lar frequency by means of shunt tuning elements, such as 
the TYPE 874-D20 Adjustable Stub, the TYPE 874-VC Vari­
able Capacitor, and the various fixed-length air lines. The 
tuning elements required for various freCJuenry ranges are 
indicated in a table below. These elements are not supplied 
with the TYPE 874-UB Balun but should be obtained 
separately to cover the desired frequency range. 

A TYPE 87.f-Wl'\3 Short-Ci rcuit Termination and a TYPE 
874-W03 Open-Circuit Termination are supplied with the 
balun. These terminations are necessary for propel' adjust­
ment of the Balun tuning. A terminal unit is also supplied 
for use in measuring the impedance and the standing-wa\'c 
ratio of balanced lines and s?stems having a characteristir 
impedance of 300 ohms. 

SPECIFICATIONS 
Frequency Range: 5~ 101000 :'IIc ,,·ith propcr ll('('C'ssories Other Accessories Recommended: Onc TYl'lo 874-LK 
as listed beloll'. Constant-Impedance Adjustable Line (for use \\'ith tht' 

TYPE 1602-B Admittance :'Ileter), one TYPE 874-Z 
Accessories Supplied: One TYPE 874-UB-Pl 300-!1 Stand, tuning elements as listed below, and the acces-
Termina l ; one TYPE 874-W:\T3 Short-Circuit Termina- sories on the next page that are appropriate to the par-
tion: one TYPE 874-W03 Open-Circuit T ermination. ticular measurement desired. 
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Frequency Range 
470 to JOOO Mc 
350 to 525 Mc 
275 to :380 Me 
225 to 280 Me 
170 to 280 Mc 
174 to 216 :'Iic 
140 to 174 :'Iic 
88 to HO :'Iic 
54 to 88 :'Iic 

Tuning Elements Required for Various Frequency Ranges 
Access01'y Equipment 

2-TYPE 8f.+-D20 Adjustable Stubs 
2-TYPE 874-D20 Adjustable Stubs and 2-TYPE 87.J.-LlO Air Lines 
2-TYPE 874-D20 Adjustable Stubs and 2-TYPE 874-L20 Air Lines 
2-TYPE 874-D20 Adjustable Stubs and 2-TYPE 874-L30 AirLines 
2-TYPE 874-D50 Adjustable Stubs and 2-TypE 874-L30 Air Lines 
2-TYPE 874-VC Variable Capacitors and 2-TYPE 874-LlO Air Lines 
2-TYPE 874-VC Variable Capacitors and 2-TypE 874-L20 AirLines 
2-TYPE 874-VC Variable Capacitors and 2-TypE 87,l-L30 Air Lines 
2-TYPI, 87~-VC Variable Capacitors and 2-TYPE 87..J-XL Series Indu ctors 

Code ]V ord Price Type 
874-UB 
874-020 
874-050 
874-Ll0 
874-L20 
874-L30 
874-VC 
874-XL 

Balun . . ... . . . • . . . . . 
Adjustable Stub (20 em.) ......... . . . •.... . ..•. . .. • ..... 

COAXYRALU1\ $75.00 
COAXTUBBER 14.00 

Adjustable Stub (50 em.) . ...... . .. .. . . ...... . . . . . . . .. . 
50-11 Air Line (10 em.) ....... . ..•... .................... 
50-11 Air Line (20 em.) ....... ... •....• .......•......... • 
50-11 Air Line (30 em.) ....... .. . .. .. ................... . 
Variable Capacitor .. ...........•..... ... .. .... ......... 
Series Inductor ................•. .. ..............•..... 

GENERAL RADIO COMPANY 

COAXBIGGER 14.00 
COAXDECKER 5.50 
COAXVEXTER 6 .00 
COAXTRIPLY 6.50 
COAXYFARAD 50.00 
COAXVUCTOR 11.00 



Accessories ~---- COAXIAL 

BALUN ACCESSORIES 

Type 874-UB-P2 200-0hm Terminal Unit 

This terminal unit connects the balun to a 
balanced network whose impedance is to be 
measured at its o\\"n terminals. The -+:1 im­
pedance transformation that takes place in 
t he balun converts the 200-ohm balanced line 
into a 50-ohm coaxial line, hence the 200-ohm 
balan('ed line can be treated as an extension 
of the 50-ohm line of the measuring de\'ice. 
If a TYPE 87-1-LK Constant-Impedance Ad­
jllstable Line i used to adjust the effective 
combined lengths of the 50-ohm and 200-ohm 
lines to a multiple of one-half \\,a\'elength, the 
measuring device is, in effect, connected at 
the terminals of the network lInder test. The 
200-ohm line, RG-86/ U, is suitable for this 
purpose, and this terminal unit is de 'igned to 
connect to it. 

Type 874-UB-P3 300-0hm Balun Terminal 
Pad 

This pad converts to 300 ohms the 200-ohm 
balanced output impedance produced from a 
;jO-ohm unbalanced source by the balun. Con­
versely, the same arrangement can be used 
to terminate a 300-ohm balanced line in 300 
ohms if the coaxial connector on the balun is 
connected to a matched Typ)~ 87-1-WlVI 50-
Ohm Termination Fnit or to a matched de­
tector. 

This pad facilitates po\\'er and voltage 
measurements on balanced systems, with sig­
nal generators, detectors, etc., designed for 
lise \\'ith 50-ohm coaxial circuits. l\Ieasure­
ments of the attenuation of balanced lines and 
the sensitivity and gain of receivers with 
300-ohm balanced inputs are typical applica­
tions. 

The unit consists of a built-in 50-ohm re­
sistor in series with each balanced lead. This 
terminal pad is not recommended for use 
in impedance measurements. The TYPE 87-1-
UB-P] 300-0hm Terminal Unit, which is 
supp li ed with the balun, is used for this 
application. 

~:'HmffHtj 
o 200 400 600 800 1000 

FREQUENC Y- Me 

A plot of the VSWR as a function of frequency of a 
typ.ical TYPE 874·B1\1 300-0hm Balanced Termination 
UnIt. 

SPECIFICATIONS 

Characteristic Impedance : 200 ohms. 
Frequency Range : d -c to 1000 i\lc. 
Recommended Transmission Line: RG -86/U. 
Net Weight : I ouncc. 

Type ('ode lV ol'd 

874-UB-P2 IBalun Terminal Unit I I 
(200 uhms) ... .. . COAX'l'ER~IER $6.50 
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a: 
~1.2 
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P lot of the VSWR at the 300·ohm term in als of a typical 
TYPE 874·UB-P3 Termina l Pad as a fllnc tion of frc­
qllel'lcy when the iJa(1 i.s in~erted in ~ properly _arljus tet l 
baill n whose coaX Ial CII'Clllt IS lerllllnalcd ill ;,0 ohllls. 

SPECIFICATIONS 

Frequency Range : doc to 1000 :'.Ic. 
Input or Output VS WR : Where coaxial line is terminated 
in 50 ohms, VS\VR ,tt aOO-ohm balanced terminals is 
less than 1.2 lip to :300 Me, and less than 1.3 lip to 1000 
:\Ic. 
Net Weight : 2 ounccs. 

Type 

874-UB-Pl 

Code IV ol'd Price 
lOO-Ohm Balun I I~ - -

Terminal Pad. . .. COAXTUGGER $15.00 

Type 874-BM 300-0hm Balanced Termination 

A uscful clement to facilitate balanced linc m(,flSllre­
men ts. 
D-C Resistance: 300 ohms ±5t;O 
Frequency Range : 0-1000 Mc 

Type 
874-BM 

Code ]V orcl_--._.:..:.y.::.et::......:W...:e'-"ig"'-h::.:.t~.::.P...:r.::.ic:.:e~ 
COAXLOAOER 1 Y. ounces I $6.00 
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COAXIAL Lines 

LINES AND LINE ELEMENTS 

Type 874-LT Trombone Constant-Impedance 
Line 

With this line stretcher, buil t like a trombone slide, 
the length of a 50-ohm transmission line between two 
fixed terminals can be varied without moving either 
terminal 01' using flexible cable. Consists of two 874-LK's 
mounted parallel to one another and joined at one end 
by a U-shaped section to form a rigid assembly. Can be 

'-' .. 

Type 874-LK Constant-Impedance Adjustable 
Lines 

A line stretcher \I'ith a vcr I' low VS\yIl and a uniform 
characterist ic impedance of 50 ohms. A locking mechan­
ism is provided for maintaining dcsired adjus tments. 
III impedance measurements, t his line st retc her is par­
ticularly useful for eliminating the usual Smith-chart 
corrections for the length of line between t he unknown 
and the impedance-measuring device. This is accom­
plished by adjusting the ovemll line length to a multiple 

Type 

pluggrd into tIm adjacrnt TYI'E 874 Coaxial Connectors 
01' inser ted in a li ne b.I' mel,ns of two ells (not included ). 
This saves sparr when line is used vertically. Loll' 
" S\\'11. \ 
Characteristic Impedance : 50 ohms. 
Frequency Range: D-C to 2000 ;'.Ic. 
Adjustment Range: .J-! cm (half wave at 3.J0 Mc). 
Physical Length: 61 cm (min .) to 8:3 cm. (max. ) 
Spacing: I %; inches between centers. 
VSWR : Less than 1.10 to 1000 l\lc, and 1.25 to 2000 l\lc. 

Type Code TV ord P1ice 
874-LT 1 Constant-Impedance Line 1 COAX'l'ROi\lBO 1 $85.00 

of one-half wavelength. Admittance measuring devices, 
such as the TYPE 1602-B Admittance ;'.Ieter, can be 
made to read di rectly in impedance by adjustment of 
the overall line length to an odd multiple of a quarter 
\I·avelength. This line is also useful as an impedance­
matching transformer in coaxial systems. 
Impedance: 50 ohms. 
Length: TYPE 874-LK20 Adjustable from 58 to 80 cm. 
(half-wave at 680 :vrc); T ypE 87·I-LK1O, Adj ustable 
from 35 to -15 cm (half-wave at 1500 J\Ic). 
VSWR: TypE 874-LK20 Less tha n 1.C3 at 5eO J\Ic, 1.06 
at 1000 l\lc, 1.08 at 1500 l\Ic, and 1.10 at 2000 Mc.: 
TYPE 874-LKlO, same up to 2000 l\I c, less than 1.15 at 
3000 l\Ic, 1.2 at 4000 Mc, 1.25 at 5000 Mc. 
Net Weight : 874-LK20 14 ounces; 874-LKlO, 10 ounces. 

Code WOl'd 
874-LK20 
874-LK10 

Constant-Impedance Adjustable Line (22 em) . 
Constant-Impedance Adjustable Line (10 em) . 

. . . . . . . . . . . . I 
.... . ...... 

COAXKEEPER 
COAXKEN'l'ER 

$36.00 
33.00 

Type 874-LA Adjustable Line (Line-stretcher) 
An air-dielectric, coaxial line that can be telescoped 

to change its iength. Used in matching networks. Con­
tacts are made by multiple spring fingers. 

SO-Ohm Air Lines 
For spacing stubs 01' other elements of a coaxial sys­

tem. Each air line consists of a length of 50-ohm, air-

Type 874-T Tee 

Used for connecting stubs and other clements in shunt 
with a coaxial line. Net Weight: 3 ounces. 

Type Code WOl'd Price 
874-T 1 Tee .. ............ . 1 COAX'l'OGGER $9.00 

TypE 874-EL TYPE 874-T 

TYPE 874·JR 

Characteristic Impedance: Not constant - approximately 
50 ohms \I'hen fully collapsed. Approximately 57 ohms 
when fu lly extended. 

Length : From 33 to 58 cm. 

Ne. W e ight : 10 ounces. 
Type Code TVord Price 

874-LA 1 Adjustable Line . .. . 1 COAXLAPPER $17.50 

dielectric, coaxial line with a TypE 87-l Coaxial Con­
nector at each end. 

Type 
874-Ll0 
874-L20 
874-L30 

Net TV eight Code Word 

\

10 em ... . \ 20% . \ COAXDECKER 
20 em . . . . 4 0% . COAXVEN'l'ER 
30 em . . . . 6 0%. COAXTRIPLY 

Type 874-EI 90° Ell 

Pl'ice 
$5.50 

6.00 
6.50 

For making a right-angle bend in a coaxial system. 
Characteristic Impedance : 50 ohms. 
Electrical Length : Approximately 7 cm. 
VSWR: Less than 1.06 at 2000 Mc ; less than 1.15 at 
4000 Mc. Net Weight: 3 ounces. 

Type Code Word Price 
874-EL 90 0 ELL .......... . 1 COAXANGLER $7.50 

Type 874-JR Rotary Joint 

Used when one part of a system must be rotated with 
respect to another part, as when measuring antenna 
patterns or where changing the coupling of a loop. 
VSWR : Less than 1.05 at 1000 l\Ic; less than 1.3 at 4000 
Mc. 

Type Code TV ol'd Price 
874-JR 1 Rotary Join' .. . .... 1 COAXJOINER $9.00 
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Terminations COAXIAL 

I TERMINATIONS 

Type 874-WM SO-ohm Termination 
A 50-ohm cylindrical resistor mounted in a tapered 

coaxial holder, for impedance matching, establishin<T 
reference conditions, terminating filters and attenua":: 
tors. 
D-C Resistance: 50 ohms ± 1 % 
Max. Continuous Power: Y2 watt-.m ( .. ....j.i ..... 1-." 
Max. Peok Power: 500 watts 

Type Code lV ol'd 
874- W M I COAXMEETER 

Net Weight 
2Y. ounces 

P rice 
$12.50 

Type 874-WN Short-Circuit Termination 
A fixed shorting strap mounted in a connector, for 

establishing reference conditions on coaxial lim's and 
for use in substitution measurements. 

Type 874-WN3 Short-Circuit Termination 
(See photograph, page 59) 

Same as TYPE 87-!-WN except the short circuit is 
presented at a point exactly 3 cm (3.2 cm. electri c1,1 dis-

. tance) beyond the face of the bead in t he Typg 87-1 
Connectors. This distance corresponds to the distance 
between the bead and ground plane of the 8H-M Com­
ponent Mount and the distance between t he head and 
the unbalanced terminal in the TYPE 87.J-UB Balun. 

Type Code TV ord Net TVeight PTice 
874- WN I COAX1\ULLER 2 ounces I $2.50 
874- WN3 COAXYTRINU 2 ounces $4.25 

Type 874-WO Open-Circuit Termination 
A shielding cap for open-circui ted lines, for establish­

ing reference condition on coaxial lines and for use in 
substitution methods. Produces an open circuit at same 
point in line that TYPE 874-WN produces a short. 

Type 874-W03 Open-Circuit Termination 
(See photograph, page 59) 

Same as T ype 87-!-WO except for position of open 
circui t, which is same as for TYPE 8U-WN3 above. 

Type Code Word Net Weight PI'ice 
874-WO I COAXOPENER 2 ounces I $1.75 
874- W03 COAXYTRIPO 2 ounces $3.00 

Type 874-W100 lOO-ohm Coaxial Standard 
Produces known resistive termination at specific 

locations on coaxial lines for checking detector linearity, 
accuracy of directional couplers, bridges and admittance 
meters. The known location of the pure resistive tel'lni­
nation makes possible the production of many known 
complex impedances through additions of sections of 
Typg 874-L Air Line. 
D-C Resistance: 100 ohms ± 1 % 
Max. Continuous Power: Ya watt "1Ii1:;,~:~j:iil 
Max. Peak Power: 150 watts , 

Type 874-W200 200-0hm Coaxial Standard 
Same as above except 200 ohm termination. 

D-C Resistance: 200 ohms ± 1 % 
Max. Continuous Power: 74 watt 
Max. Peak Power : 50 watts 

Type Code lV ol'd 
874- Wl00 I COAXCE:-\TER 
874- W200 COAXTILTER 

Net W eight 

3 ounces I 
3 ounces 

Price 
$25.00 
$25.00 
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Sta" :Jing-",,ve ratio of a typical TYPE 874-WM 50-ohm 
Termination as a func tion of rreq uency. 
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COAXIAL Tuning Elements 

STUBS AND TUNING E L EMENTS 

Type 874-020 and 050 Adjustable Stubs 
For matching or tun ing, and use as reactive elements. 

wavemeters. Stub consists of a coaxial line with a slid­
ing short circuit of the multiple spring-finger type. The 
20-cm stub is calibrated in stub electrical length from 
the junction of the branch line wi th the through line in 
a TYPE 87~-T . The 50-cm stub has no calibration but 
has an adjustable reference ma rker. 
Characteristic Impedance: 50 ohms 
Max imum Travel of Short Circu it : 20 cm for 87-l-D20 

50 cm for 874-D50 Can be used with indicator a nd scale as react ion-type 

56 

Type }:et W eight Code lV01'd P1'ice 
874-D2~0--~--A~d~j~u-.-ta~b~l e~S-tu~b~(2~O~cm~}-... - .. -.. -.' -' .. -".- '.-.'-.. -.'-'. -'. -'.-'.-.' -'.-' . .. - .. 'I----~6-a-z~.~~---C-O-AX~T--U-B~B~E~R---,--~$~1 ~4~. 0~0~-
874-050 Ad justoble Stub (S O em ). 10 oz. COAXBlGGER 14. 00 

Type 874-VC Variable Capacitor 
General-purpose tuning element in resonant-line cir­

cuits, matching transformers, and baluns at low fre-
quencies where the size of line-type elements ma kes them 
awkward to use. It consists of a well-shielded TYPE 1-l20 
Variable Air Capacitor with high-temperatm e poly­
styrene insulation and pmcision ball bearings. 
Dial Calibration : 0- 100 (Not calibrated in /l/lf) 
Capacitance Variation : Linear 
Size : 2Yz" diameter x 57,t" high 
Capacitance Range: High frequencies, see curve; Low 
fmquencies, 14 to 70 /l/lf at connector, 16.5 to i2.5 /l/lf 
at T-junction. 
Net Weight : 12 ounces 

T ype Code lVord 
874-vCI Variable Capacitor ... 1 COAXYFARAD 

Type 874-XL Series Inductor 

Price 
$50.00 

Used as a general-purpose tuning element in resonan t­
line circuits, matching transformers, and baluns at low 
frequencies, the series inducto r is a solenoid moun ted 
in a TYPE 87-l-X In sertion Unit (see page 59). 
Series Inductance : 0.226 /lh ±570 at 1 kc. 

_ T ype=---.--::--:---:--:-________ ,-_C~o_d_e_I_I ~· o_rel P rice 
874-XL 1 Series Inductor . ..... 1 CO."'-X D UCTO-R~--;:-$ "-1 :'..:1.C.".0""0 

COUP L ERS 

Type 874-LR Rad iating Line 
Allows coupling an external wavemeter or heterodyne freq uency meter to the 

lields within a coaxia l system. Consists of short coaxia l line with opening in outer 
conductor that can be pa rtia lly or compl etel." covered by a rotatable sleeve. 
vs WR : Closed, less than 1.05 at 1000 :\1c, less t han 1.4 at 3000 i\fc, and less than 
1.2 at 4000 Mc; open, less than 1.12 at 1000 Mc, less than 1.6 at 3000 r-Ic, and less 
than 1.:35 at 4000 :\1c. 
Net Weight : -1 ounces. 

Type 874-MA Adjustable Coupling Loop 
A general-purpose coupling loop. Consists of short coaxial line with a one-tum 

loop at one end and a TYPE 874 Coaxia l connecto r' at the other. A collet is supplied 
for panel mounting. The loop can be adjusted for desired degree of coupling a nd 
clamped in that position by t he collet. 
Physical Length Over-all : :3 inches. 
Maximum Diameter : 1Ys inches. 
Net Weight : 3 ounces. 

Type 874-MB Coupling Probe 
A general-purpose electrostatic probe consisting of 

on a TYPE 874 Coaxial connector. 
Physical Length Over-all : 2Ys inches. 
Net Weight : 3 ounces. 

T ype 
874- LR 
874- MA 
874-MB 1 

Radiating Lin!! . . . .......... . . . ..... ' 1 
Adjustable Coupling Loop . . . .... .. . . . 
Coupli ng Probe .................... . 

GENERAL RADIO COMPANY 

a binding post mounted 

Code Word 
COAXMI'lVl'ER 
COAXLOOPER 
COAX I'ROBER 

Price 
$8.50 

5.50 
3 .25 



Attenuators COAXIAL 

ATTENUATORS 

Type 874-GA Adjustable Attenuator 

A mutual-inductance (waveguide-below-cutoff ) type 
of attenuator, useful for producing known voltage ra­
tios, for measuring attenuation, and for adjusting volt­
age magnitude. Consists of a loop t,hat can bp positioned 
longitudinally within a hollow tube b.v ro tating an out­
side sleeve. One turn of the sleeve produces a 20-db 
change in attenuat ion. Sleeve and tube a re calibrated 
directly in decibels of relat ive attenuation on a mi­
crometer-type scale. The absolute attenuation is t he 
sum of the insertion loss and the reading of the attel1ll!L­
to r. The input system is a short coaxia l line with a con­
nector at each end, one end for connection to the power 
source and the other for connection to a 50-011In termina­
tion, an adj ustable stub, or any desired load. The out­
put of the loop is brought out through three feet of 
double-shielded 50-ohm flexible cable, which is approxi­
mately matched at the loop end by a 50-ohm resistor 
between the low side of the loop and ground. 

Can be used in conjunction with TYPE 8H-VR Volt­
meter Rect ifier and TYPE 874-VI Voltmeter Indicator 
to convert a GR Unit Osci llator into a signal generator. 
Calibrated Range: 120 db (relative attenuation); usable 
range depends upon shielding between input and out­
put. 
Insertion loss: (from inpu t connector to end of output 
cable at 1000 Mc, when signal source impedance is 
50 ohms) 

W ith input line terminated in 50 ohms, Minimum 
(scale set at -!l db, i.e., end of travel), -- 18 ±2 db 

At beginning of accurately calibrated range (attenua­
tor set at 0 db), -- 33 ±2 db 

lVith input line terminated in adjustable stub, (to 
produce voltage minimum under coupling loop), Mini­
mum (attenuator set at -9 db), -- 20 ±2 db 

At beginning of accurately calibrated range (attenua­
tor set at -9 db), -- 20 ±2 db. Insertion loss is approxi­
mately inversely proportional to frequency up to 1000 
:'IIc. 
Insertion loss Directly Through Tee: ~egligible 
Accuracy of Attenuation: 

Stub-terminoted input, ± (1 % of difl"erence in atten­
uation readings +0.2) db, direct reading. 

50-ohm terminaled input, ± (1Y2% of difference in 

Fixed AHenuators 

A single section, T-type rcsistance pad. Useful for 
matching generators or loads to 50 ohms, over the fre­
quency range from dc to several thousand megacycles. 
Consists of one disk resistor and two cylindrical re­
sistors, as shunt and series clements respectively. 
Impedance: 50 ohms ± 1 'Ic. 
VSWR: less than 1.1 to 1000 ]\Ic, 1.2 to 3000 Mc for a ll 
uni ts; less than 1.4 to 4000 Mc for 874-G3 and -G6, 
1.35 to 4000 ]\[e for 874-GlO, and 1.3 Lo 4000 Me for 
874-G20. 
Accuracy of Attenuation in 50-ohm System: ± 1.5% of 
nominal attenuation at dc ; ±0.2 db from value indi­
cated on curve to JOOO Mc: ± O. -I db to 2000 Mc; 
±0.6 db to -1000 :'IIe_ 
Temperature Caefficient: less than 0.0003 db ;oC/db 
Maximum Continuous Power Input: 1 watt 
Maximum Peak Power Input: 3000 watts 
PhYSical length: 3Y2 inches overall 
Net Weight : 2 ounces 

"~( CABLE DIELECTRI2 
\.. son. RESISTOR 

INPUT LINE 

C ross section of the couplin g system used in the TYPE 
874-GA Adjustable A ttenuator. 

attenuation readings +0.2) db, when corrected. Cor­
rection chart supplied . 
Waveguide Mode: TEI ,I; cutoff frequency: 12,:300 :\1c. 
VS WR Introduced into line: Less t han ] .0:3 at 1000 
Mc. ; less t.han 1.2 between 1000 and 4000 Mc. 
VSWR of Output: Less than..]. at 1000 ]\[c. 

Less than 5 up to ..].000 i\Ic. 
Maximum Power: Inpu t power is inver el.\' propo rLional 
to frequency and should not exceed 150 watts at 1000 
Mc; output power should not exceed Y2 watt. 
Frequency Range: 100 Mc to ,,],000 !'IIc. 
Net Weight: l y,( pounds. 

Type Code IV m'd P1ice 
874-GA I Adjustable Attenuator I COAXLOSSER I $55.00 

~ +Ir--------r--------,--------.--------, 
Z 874-G6_ 874-G3, 

Q~~~-:"'~--= L 3 

~ 0 
f-

= u 
6 
~ -I ~------~------~------~~--~~~ 
o e: 
~ 
~ -2~------~~------+---~~~~------~ 

:> 
:go ......... :::.....--..,."..l-,,-------2~O.J,O~D------3-D....LO-O------4-D..Jdoo 

MEGACYCLES 

Type ____ ~----------------~----------------------------~--~C~o=d=e~l~V~o~rd=---~--~P~r~i~ce~ __ 
874-G3 Fixed Attenuator (3 db).. .. . . . . . . . . .. . . .. .. .. .. . .. .. . . . . COAXFULLER $25.00 
874-G6 Fixed Attenuator (6 db) ... . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . COAXNODDER 25.00 
874-GIO Fixed Attenuator (10 db) ... . . . . . . . . . . . . . . . . .. .. . . . . . . . . . COAXBELLER 25 .00 
874-G20 Fixed Attenuator (20 db) .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . COAXNEPPER 25 .00 
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COAXIAL Filters 

FILTERS 

Type 874-F Low-Pass Filters 
Reduction of harmonics from an u-h-f generator 

by filters such as these is usually necessary for best 
measurement results, particularly if a system contains 
peak-reading voltmeters, non-linear elements, or sec­
t ions that might resonate at a harmonic frequency, or if 
high standing-wave ratios are to be measured using a 
slotted line. These filters are of the Tschebyscheff type, 
in which very sharp cu toff is obtained at some sacrifice of 
uniformity in the pass band. The alternately large- a nd 
small-diameter sections of the inner conductor form the 
equivalent of shunt capacitances and series inductances 
respectively. Unequal section lengths reduce the likeli­
hood of spurious pass bands above cutoff. 
Accuracy of Cut-off Frequencies : -0%, +10%. 

aJ 0 
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I 
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Ul 10 0 
...J 

Z 
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~ 
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w 
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.-INSERTION LOSS 

............ f....-/ "'-~ '-"" 
1\ 

~ k "-V ~ 1\\ 
l VSWR \ 
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f\ 

~ .6 .8 1.0 1.2 
OPERATING FREQUENCY 

CUT-OFF FREQUENCY 

1.4 

a:: 
~ 
Ul 

0> 

1.6 

Insertion Loss and VSWR of the TYPE 874-F Low-pass 
Filters. 

Net Weight, Physical Length, 
Type Ounces Inches Code Word Price 

874-F185 185 Me Low Pass Fi IIer . 
874-F500 500 Me Low Pass Filter .. 
874-FIOOO 1000 Me Low Pass Fi IIer . 
874-F2000 2000 Me Low Pass Filter . .... . . . 
874-F4000 4000 Me Low Pass Filter ..... . .. 

Type 874-FRI, -FR2, -FR3 Rejection Filters 
These rejection filters are specifically in tended for use 

with other General Radio equipment in the measure­
ment of harmonics of VHF television transmitters in 
accordance with FCC specifications. A booklet describ­
ing the measurement procedure is available on request. 
Each filter consists of a simple, series-resonant L-C cir­
cuit in shunt with a short section of 50-ohm coaxial line. 
The capacitor is adj ustable (screwdriver setting) to 
vary t he resonant frequency, and the three filters offered 
have different values of inductance to cover the differ­
ent frequency ranges. A pair of units must be used for 

14 
8 
6 
5 
4 

17% COAXRUFFER $24.50 
1O%; COAXDIPPER 16.00 
7Ys COAXMEGGER 14.00 
4% COAXPUSHER 14.00 
2Ys COAXLENDER 14.00 

, 
IA flJ\ f\ I , 

f\ 1\ f\.AJVUv '-'I J 
, \ -

1\ 
2 

FIL.H"1!5 TUN[O TO Z JG M~ 

,aa 000 "'00 2aoo 
FREOUENCY-Me 

Response Curve of a pair of TYPE 874-FR3 Rejection 
FilLers with Lhe TYPE 874-MR Mixer Rectifier. 

TV t ransmitter harmonic measurement, hence they are 
priced in pairs in the table below: 

Upper Freq. 
For '1' V Fund. Rej. Tuning Limit of Flat 

Type Channel of Pail' 
874-FR I 2,3,4 60 db 
874-FR2 5, 6 60 db 
874-FR3 7 thru 13 60 db 

Type 874-K Coupling Capacitor 

Range Pasii Band Code Word Price 
54-90 Me 740 Me COAXROUTER $70.00 / pair 
76-135 Me 900 Me COAXRI NGER 70.00 / pair 

130-216 Me 1300 Me COAXROCKER 70.00 / pair 

but dc and low audio frequencies are blocked. This unit 
is often necessary for separating d-c paths in systems 
including two or more crystal rectifiers, as in measure­
ments of insertion loss. 
Coupling Capacitance: 5000 }t}tf -20% +50% 
VS WR: Less than 1.06 at 1000 Mc; 1.2 at 2000 Mc. 
Length: 3U6 inches 
Net Weight : 3 ounces 

Consists of a short length of coaxial line having a 
cylindrical capacitor in series with the inner conductor. 
High frequencies are transmitted with small reflections, 

Type Code Word 
874-K 1 Coupling Capacitor .. . 1 COAXKICKER $8.50 
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Miscellaneous ----~ COAXIAL 

MISCELLANEOUS 

Type 874-M Component Mount 
The TYPE 874-M Component Mount is a shielded 

enclosure with convenient inside terminals for mount­
ing small components to be measured. It minimizes 
"Iead" reactance and stra~' capacitance when the im­
pedance of circuit elements and networks is measured 
over a frequency range from d-c to 5000 Me. 

The Component Mount connects directly to the 
TYPE 874-LBA Slotted Line, the TYPE 1602-B Admit­
tance i\Ieter, the TYPE 874-LK Constant-Impedance 
Adjustable Line, and all GR Coaxial Elements. 

The Short- and Open-Circuit Terminations supplied 
simplify determination of line-length corrections be­
tween the instrument measuring point and the com­
ponent being measured, without disconnection of the 
component from the Mount. 

SPECIFICATIONS 
Freque ncy Range : D-c to 5000 Mc. 
Accessories Supplied : One TYPE 874-WN3 Short-Circuit 
Termination, one TYPE 874-W03 Open-Circuit Termi­
nation. 

Dimensions : Diameter, 3 inches. Height of shield can, 
25 $ inches. 
Terminal : TYPE 874 Coaxial Connector. 
Net Weight: 8 ounces. 

Other Accessories Recommended : One TYPE 874-LE:20 
Constant-Impedance Adjustable Line when the Mount 
is used with the TYPE 1602-B Admittance Meter. 

'Type Code Word Plice 
874- M 1 Component Mount ... 1 COAXYMOUN'l' 1 $25.00 

Type 874-X Insertion Unit 
This unit is a hollow cylinder fitted with TYPE 874 

Connectors at each end. Its cover sleeve slides back to 
allo\\' access to a region inside of about 2 inches in length 
and YJ6 inch in diameter. In this space between the 
TYPE 874 Connectors, almost any arbitrary arrange­
ment of small components, such as resistors, capacitors, 
or inductors, can be mounted. The insertion unit can 
be used as a shielded housing for impedance-matching 
networks, attenuator pads, VHF transformers, filters, 
and a variety of other networks. It offers good shielding, 
minimum discontinuity in the line, and convenience. 
Net Weight : 4 ounces. 

Type Code W m'd Price 
874-X 1 Inse rtion Unit .. . .... 1 COAXHOPPER $9.00 

Type 874-Y Cliplock 
A negator spring which can be conveniently slipped 

over TYPE 874 Connectors after they are engaged . It 
provides a secure lock preventing accidental disconnec­
tion or slippage. 
Net Weight fo r 10 : 1 ounce. 

Type Code Word Price 
874-Y 1 Cliplock ...... 1 COAXLOCKER 10' for $2.00 

* ~rinimum quantity sold. 

Type 874-Z Stand 
Provides firm support for the parts of a wide variety of coaxial sys­

tems. Consists of a heavy cast-iron base with rubber feet, 22-inch and 
8-inch stainless steel rods, and three universal clamps. The vertical rod 
can be used to hold long tuning stubs. The horizontal rod can be moved 
longitudinally or interchanged with the vertical rod to provide support 
where needed. Two bases can be used with one 22-inch rod between them 
to support a long horizontal run of coaxial parts. Clamps will fit a range 
of diameters and will hold between two rods of different diameters. Any 
desired arrangement can be set up quickly. Base can be screwed down to 
table top for permanent setups. 
Net Weight : 572 pounds. 

Type 
874-Z 
874-ZC 

Code Word 
Stand .. . ....... . ... " 1 COAX HELPER 
Ex tra Clamp ......... . . COAXYCLAMP 

$15 .00 
2 .25 

GENERAL RADIO COMPANY 
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COAXIAL 

Type 
874-A2 

874-A3 

874-R20 

874-R21 

874-R22 

874-R32A 

CAB L E 

Description 
COAXIAL CABLE 

Flexible double shielded bulk cable for permanent or semi-perma­
nent installations and for making long patch co rds. Consists of a 
No. 14 stranded inner conductor separated from the two braided 
tinned-copper shield by 0.244" O.D. polyethylene insulation, and 
an outer polyvinyl-chloride jacket 0.365" O.D. 
Characteristic Impedance: 50 ohms ±5 % . 
Nominal Capacitance: 32 J.lpJ per foot . 
Attenuation: at 100 Mc about 2.6 db per 100 feet; at 1000 Mc about 
10.5 db per 100 feet . 
Net Weight for 25 feet: 2 %: pounds. 
COAXIAL CABLE 

Same as above except inner conductor is 19 strands of 0.0066 inch 
tinned soft copper wire, separated from the two, braided shields by 
0.116" O.D. polyethylene insulation, and an outer polyvinyl chlo­
ride jacket 0.206" O.D. 
Characteristic Impedance: 50 ohms ±5% . 
Attenuation: at 100 Mc about 5.:3 db per 100 feet ; at 1000 Mc about 
22.0 db per 100 feet ; at :3000 Mc about 45.0 db per 100 feet. 
Net Weight for 25 feet: 1 pound. 
FLEXIBLE LINE (PATCH CORD) 

For making shielded connections where minimum loss is desired. 
Consists of three feet of 874-A2 Polyethylene Cable (specifications 
above) with a TYPE 87-!-C Connector on each end. 
Net Weight: 7 ounces. 
PATCH CORD 

Consists of three feet of flexible, single-shielded coaxial eable with 
a nomina l characteristic impedance of 50 ohms. It is terminated on 
both ends by TYPE 87-!-C58 Coaxial Connectors. 
Net Weight: -+ ounces. 
PATCH CORD 

Consists of three feet of 8H-A3 Coaxial Cable (specifications 
above) with a TYPE 874-C58 Cable Connector on each end. Recom­
mended for use where both maximum shielding and a high degree of 
Hexibility are needed. 
Net Weight: -+ ounces. 
PATCH CORD 

Consists of three feet of flexible, single-shielded coaxial cable with 
a nominal characteristic impedance of 50 ohms. It has one end termi­
nated in a TYPE 2H-ND Shielded Double Plug and the other in a 
TYPE 8H-C58 Coaxial Connector. 
Net Weight: 4 ounces. 

TYPE 874-R20 

TYPE 874-A2 or -A3 

TYPE 874-R21 or -R22 
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Cable 

Code lV ord Price ----
COAXCU'I"l'ER $0.50 / foot 

0 .27 / foot* 

' In lengths of 
25 feet or 
more. 

COAXflABBER $0.3S / foot 
0.20 / foot* 

*1 n lengths of 
25 fect or 
more. 

COAXI-!A'I"rER $6.50 

COAXHUNTER $6_50 

COAXFANNER $6.00 

COAXFTI"[,~~R $5.50 

TYPE 274NF 
(see page 242) 

TYPE 874·-R32A 



Connectors COAXIAL 

CONNECTORS 

All TYPE 874 Connectors a re supplied unassembled 
with complete assembly instructions. No specia l tools 
are needed. 

Type 874-B Basic Connector 
For use on rigid, 50-ohm, air-dielectric, coaxial lines. 

Consists of inner and outer conducto rs, insulating bead 
coupling nut and retaining ring. Fits lines made from 
;ii-inch O.D., % -inch l.D. tubing, and 0.2.j..j.-inch D rod. 
The inner conductor is to be screwed into an 8-32 tapped 
hole in the end of the rod, and the retaining ring for the 
coupling nut is to be snapped in to a !i4-inch deep, 0.035-
inch-wide groove cut in the ;ii-inch tubing. 
Net Weight : 1 ounce. 

T ype Code W m·d 
874-B 1 Basic Connector . . .. . 1 COAX BRIDGE $1.25 

Cable Connector 
Consists of the basic connector parts plus inner and 

outer transition pieces, a sort copper ferrule, and a 
rubber guard. The transition pieccs a re tapered so as to 
maintain the 50-ohm characteristic impedance of the 
con nector and cable throughout the change in diameters. 
The cable inner conductor is to be soldered to the inner 
transition piece, and the cable braid is attached to the 
outer transition piece by crimping t he ferrulQ. The 
rubber guard provides strain relief and a protective 
handle. 
Net Weight: 2 ounces. 

T ype Fits Code Word 
874-C Type 874-A2 Cable ..... . COAXCABLER 
874-C8 Type RG-8 / U Cable ... .. . COAX CORDER 
874-C9 Type RG-9 / U and RG-

P rice 
$2.00 
2.00 

116 / U Cables ... . ..... COAXCAMMER 2.00 
874-C58 Type 874-A3, RG-29 / U, 

55 / U, 58 / U, and 58A / U 
Cables ........ . .. .... COAXCALLER 2.00 

874-C62 Types RG- 59 / U and RG-
62 / U Cables (non-con-
stant impedance) .. . . . . COAXCANDOR 2.00 

Panel Connector P-Type 
I s 'similar to the cable connector except a panel 

adaptor and nut a re supplied in place of rubber guard. 
The panel adaptor fits into a 1'}j6-inch D hole in panels 
from l16-inch to ~-inch thick and is designed to clamp 
the connector in any desired orientation. 
Net Weight: 3 ounccs. 

Type 
874-P 
874-P8 
874-P9 

874-P58 

874-P62 

Fits Code Word 
Type 874-A2 Cable .. .... COAXPEGGER 
Type RG-8 / U Cable ...... COAXPUTTER 
Types RG-9 / U and RG-

116 / U Cables . ........ COAX COPPER 
Types 874-A3, RG-29 / U, 

55 / U, and 58A / U Ca-
bles .... .. .... ....... COAXPANNER 

Types RG-59 / U and RG-
62 / U Cables (non-con-
stant impedance) ...... COAXPOl.LE R 

Cut-away view of basie 
con nec tor joined with ca ­

ble connector. 

$2.90 
2.90 

2.90 

2.90 

I 2.90 

TYPE 874-B Basic Connector 

TYPE 874 Cable Connectors 

TYPE 874-P TYPE 874-PB 

Panel Connectors 

Panel Connector PB-Type 

Flange-mounted panel connector. Requires a 1'}j6-inch 
D hole in panel of any thickness. FO\ll" number 29 holes 
(0.13G-inch D ) drilled in flange, l ~iG-in ch center-to­
center, to accept machine screws. P anel space required 
is 1l16-inch x BiG-inch. 
Net Weight: 2 ounces. 

Type 
874-PB 
874-PB8 
874-PB9 

Fits Code Word 
Type 874-A2 Cable ...... COAXAPPLER 
Type RG-8 / U Cable .. .... COAXBA'l'HER 
Types RG-9 / U and RG-

116 / U Cables . ........ COAXCANKER 
874-PB58 Types 874-A3, R6-29 / U, 

55 / U, 58 / U and 58A / U 
Cables ........ . ... ... COAXABA'l'ER 

874-PB62\TypeS RG-59 / U and RG-
62 / U Cables (non-con-
stant impedance) . . .. .. COAXBARKER 

P rice 
$2.90 

2.90 

2.90 

2 .90 

2 .90 

GENERAL RADIO COMPANY 61 
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COAXIAL Adaptors 

ADAPTORS 

TYPE 8H-Q2 
F its bo th p lugs a nd j acks 

TYPE 874-Q6 
TYPE 874,-Q7 

Fits both plugs and jacks 

TYPES 874-QBl and -QllP TYPES 874-QCl and -QCP TYPES 874-Q IU and -QH P 

TYPES 874-QL.T ano -QLP TYPES 874-QNP and -QNl TYPES 874-QUl a nd -QUP 

Contains 
T hese adaptors enable t.he user to con-

nect the Typl': 874 Coaxial plements and in-
Type 874 Net Code struments fitted with TYrl': 87-l Connectors 

Type Connector and Fits W eight 111 ord Price to other common s,Ystrms or ('onnpctors, 
874-02 274 Jacks 274 Plugs 2 oz. COAX'l'IPPER $4.25 1.1 6 

F\lIIIOF 11<1 -"'''' o. TYP£ ... .t.o.PTQItS 

874- Q6 Pin & Sleev e 274-NF 1 oz . COAXCI.OSER 2.25 

~. 
lJ._ TYPEC&D&Pl0R5 

874-Q7 774 Jack 774 Plug 2 oz. COAXPASSER 4.25 "-"'TIM> 
874-QBJ BNC Jack BNC Plug 1 y, oz . COAXBOGGER 4.75 " , , " 

"''"'' "'" 874- QBP BNC Plug BNC Jack 1% oz. COAXBUNNER 4.75 Ufof; -f~'rC: ~~ '" '~: 
874- QCJ C Jack C Plug 1 oz. COAXCOGGER 4.75 
B74- QCP C Plug C Jack 1 0/4 oz. COAXCUFFEH 6.25 
B74-QHJ HN Jack HN Plug 2Y, oz . COAXHAII'SER 6.50 ~ 
B74- QHP HN Plug HN Jack 2Y, oz. COAXHANGER 6.50 ~ 

~ 1,0f> 
B74-QLJ LC Jack LC Plug B o z . COAXLI'lVl'ER 19.50 

~ 874- QLP LC Plug LC Jack 1 lb . COAXLUGGER 30.00 'D' 
874- QNJ N Jack N Plug 1 0/4 oz. COAXNAGGER 3.75 
B74-QNP N Plug N Jack 1 0/4 oz . COAXN U'l''l'ER 4.50 
B74-QUJ UHF Jack UHF Plug 1 oz. COAXYUNDER 4.00 
B74-QUP UHF Plug UHF Jack 1 Y, oz . COAXYUrPEH 4.25 

'000 2000 lOOO 5000 

FRE:QUENCY IN MEGACYCLES 

~ VSWR .. _50 OHM 
TERMINATION 

TYPE 874-QU3A TYPE 874-QV2A 
These adaptors are LIsed to connect the rigid linps in 

TV transmitting antenna systems to measuring equip­
ment fitted \\'ith TYPE 874 Coaxial Connectors, as the 
TYPE 1602-B U-H-F Admit.tance i\ [eter and the TYPE 
874-LBA Slotted Line. 

Type 
B74- QUI 
874-QU2 
874-QU3A 
B74- QV2A 
874- QV3 

Fits 
%" 50-ohm UHF Rigid Line, RG- 155 / U , , 
1 %" 50-ohm UHF Rigid Line, RG-153 / U . 
3 Yo" 50-ohm UHF Rigid Line, RG-154 / U , 
1 %" 51.5-ohm VHF Rigid Line . . , ..... . 
3Yo" 51.5- ohm VHF Rigid Line . . ...... . 

g 
Q. 

g 
'" lL 
o 
oc 
~ II 0 

~ lOB 

~ 106 

~ 1.04 

I I I 
I I I 
I I I 

874-QU3A 

l,'t, I " 

J74.JU2 
/\ ! 

. 1;>""- '" /'07< ."", 
o!A4''''1'''" I."" 

1.0 0 000 2000 
I I 

RETJlJA 
Std. for Line 

TR-134 
TR-134 
TR- 134 
TR- l03A 
TR-l03A 

I 

FREOUENCY'Me 

Code TV01'd 
COAXYUMBER 
COAXYUSHER 
COAXYUL'l'RA 
COAXYVERRA 
COAXYWAGER 

Net Weight 
Y, lb. 

I V. lb. 
5Y. lb. 
I V. lb. 

5 lb. 
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Price 
$21.00 

75.00 
125.00 
62.50 

110.00 



DETECTORS ---~ Null 

TYPE 1231-8 AMPLIFIER AND NULL DETECTOR 

USES: A high-gain amplifier for general lab­
oratory use, the TYPE 1231-B is also used as a 
sensitive null indicator for bridge measure­
ments and as a standing-wave indicator for 
measurements with the TYPE 874-LBA Slotted 
Line. Used with a suitable crystal detector, it 
will indicate amplitude-modulated high-fre­
quency voltages. It is also used as a preampli­
fier for crystal microphones, vibration pickups 
and osci lloscopes. 

DESCRIPTION: A push button on the panel of 
the instrument permits the output stage of the 
amplifier to operate either linearly for general 
use or logarithmically for null-detector use. 
The panel meter indicates relative output in 
two ranges, serves as a null indicator, and is 
used to check battery condition. Head tele­
phones may be plugged in the amplifi er for 
an aural indication of the null point. A fixed 
30 db attenuator may be switched into the 
input circuit if high input voltages are en­
countered. The instrument may be ac or 
battery operated. Battery operation provides 
better overall performance, due mainly to its 
lower noise. Blocking capacitors at the input 
and output jacks isolate the instrument from 

external dc. A filter jack on the panel permits 
insertion of filters, such as the various TYPE 
1231-P models, for modifying the frequency 
characteristic of the amplifier. 

FEATURES: ~ Simple and convenient push­
button operation. 
~ Versatile - Operates as amplifier, null indi­
cator or VSWR meter. 
~ Rapid response meter with minimum over­
shoot for fast, accurate measurements. 
~ Harmonics and noise can be eliminated 
by available filters. 

SPECIFICATIONS 

!ii!!!!m 
lOt 20, 50e IOOe 2.0Ck 5QOc Ike 2.kc 5kc 10k, 20kc 50ke lookc 

FREQUENCY 

Input Impedance: 1 megohm in parallcl with 20 JiJif: 
alternate 10-megohm input avai lable. 
Maximum Gain: Greater than 8:3 db at 1 kc with 1 
megohm load. 
Meter Scales: NORM scale: monitors amplifier output 
voltage. Calibrated in volts \I"ith accuracy of ±5 % of 
full scale. SENS scale: indicates ratios of voltages 
applied to inpu t terminals, as in standing-wave meas­
mements. Calibrated in db "'ith arbitrary zero, so 
ratio in db obtained by subtracting one meter reading 
from another. Ratios accurate within :30 % of correct 
value in db, if one reading is above half scale. 
Null Detector Sensitivity: Less than 25 microvolts input 
gives 1 % indication on meter at 1 kc. 

'l'Y1Je Amplifier and N1dl Detector 

Amplifier Sensitivity: Less than 8 microvolts input 
at J kc for 1 % indi cation on SENS range of meter. 
Output Impedance: Approximately 50,000 ohms. 
Maximum Output Voltage: 5 volts into 20,000 ohms· 
20 volts into one megohm. ' 
Open Circuit Noise and Hum Level: Less than 0.5 volt at 
fu ll gain, battery operated; less than one volt, a-c 
operated with 1261-A Power Supply. 
Tube Complement: ~wo IIA, one ID8-GT. 
Power Supply: Burgess 6TA60 (Signal Corps BA48) is 
supplied unless a-c operation is specified, in which case 
Type 1261-A Power Supply (see page 1 .. 7) is supplied. 
Battery Life: 200 to 250 homs at 8 hours a day. 
Mounting: Available for l!J-inch relay rack with or 
without Type 121:3-1'5 .Filters, battery or a-c operated 
or in hardwood cabinet. See priee list below. ' 
Accessories Available: Filters, Types 1231-1'2, 12:31-P:3, 
and I23I-P5 on next page ; for eliminating strong 60-
cycle pickup, TYPE I951-A, page 67. For shielded input 
and output, TYPE 274 NEO Patch Cords recommendeJ. 
Dimensions: 12~ x 8 X 103i inches, over-all. 
Net Weight: 2:33i pounds, including batteries (cabinet 
model). 

Code Word Price 

1231-BM Cabinet model, baHery operated ........... VALID $250.00 
1231-BMA Cabinet model, a-c operated .............. Vl~NUS 378.00 
1231-BR Relay-rack model, battery operated ........ VALOR 250.00 
1231-BRA Relay-rack model, a-c operated ............ VIGIL 378.00 
1231-BRF Relay-rack model, battery operated, with 

Type 1231-P5 Filter .................... VIGOR 450.00 
1231-BRFA Relay-rack model, a-c operated, with Type 

1231-P5 Filter ......................... VILLA 578.00 
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DETECTORS ---~ Null 

TYPE 1231-8 AMPLIFIER AND NULL DETECTOR 

USES: A high-gain amplifier for general lab­
oratory use, the TYPE 1231-B is also used as a 
sensitive null indicator for bridge measure­
ments and as a standing-wave indicator for 
measurements with the TYPE 874-LBA Slotted 
Line. Used with a suitable crystal detector, it 
will indicate amplitude-modulated high-fre­
quency voltages. It is also used as a preampli­
fier for crystal microphones, vibration pickups 
and osci lloscopes. 

DESCRIPTION: A push button on the panel of 
the instrument permits the output stage of the 
amplifier to operate either linearly for general 
use or logarithmically for null-detector use. 
The panel meter indicates relative output in 
two ranges, serves as a null indicator, and is 
used to check battery condition. Head tele­
phones may be plugged in the amplifi er for 
an aural indication of the null point. A fixed 
30 db attenuator may be switched into the 
input circuit if high input voltages are en­
countered. The instrument may be ac or 
battery operated. Battery operation provides 
better overall performance, due mainly to its 
lower noise. Blocking capacitors at the input 
and output jacks isolate the instrument from 

external dc. A filter jack on the panel permits 
insertion of filters, such as the various TYPE 
1231-P models, for modifying the frequency 
characteristic of the amplifier. 

FEATURES: ~ Simple and convenient push­
button operation. 
~ Versatile - Operates as amplifier, null indi­
cator or VSWR meter. 
~ Rapid response meter with minimum over­
shoot for fast, accurate measurements. 
~ Harmonics and noise can be eliminated 
by available filters. 

SPECIFICATIONS 

!ii!!!!m 
lOt 20, 50e IOOe 2.0Ck 5QOc Ike 2.kc 5kc 10k, 20kc 50ke lookc 

FREQUENCY 

Input Impedance: 1 megohm in parallcl with 20 JiJif: 
alternate 10-megohm input avai lable. 
Maximum Gain: Greater than 8:3 db at 1 kc with 1 
megohm load. 
Meter Scales: NORM scale: monitors amplifier output 
voltage. Calibrated in volts \I"ith accuracy of ±5 % of 
full scale. SENS scale: indicates ratios of voltages 
applied to inpu t terminals, as in standing-wave meas­
mements. Calibrated in db "'ith arbitrary zero, so 
ratio in db obtained by subtracting one meter reading 
from another. Ratios accurate within :30 % of correct 
value in db, if one reading is above half scale. 
Null Detector Sensitivity: Less than 25 microvolts input 
gives 1 % indication on meter at 1 kc. 

'l'Y1Je Amplifier and N1dl Detector 

Amplifier Sensitivity: Less than 8 microvolts input 
at J kc for 1 % indi cation on SENS range of meter. 
Output Impedance: Approximately 50,000 ohms. 
Maximum Output Voltage: 5 volts into 20,000 ohms· 
20 volts into one megohm. ' 
Open Circuit Noise and Hum Level: Less than 0.5 volt at 
fu ll gain, battery operated; less than one volt, a-c 
operated with 1261-A Power Supply. 
Tube Complement: ~wo IIA, one ID8-GT. 
Power Supply: Burgess 6TA60 (Signal Corps BA48) is 
supplied unless a-c operation is specified, in which case 
Type 1261-A Power Supply (see page 1 .. 7) is supplied. 
Battery Life: 200 to 250 homs at 8 hours a day. 
Mounting: Available for l!J-inch relay rack with or 
without Type 121:3-1'5 .Filters, battery or a-c operated 
or in hardwood cabinet. See priee list below. ' 
Accessories Available: Filters, Types 1231-1'2, 12:31-P:3, 
and I23I-P5 on next page ; for eliminating strong 60-
cycle pickup, TYPE I951-A, page 67. For shielded input 
and output, TYPE 274 NEO Patch Cords recommendeJ. 
Dimensions: 12~ x 8 X 103i inches, over-all. 
Net Weight: 2:33i pounds, including batteries (cabinet 
model). 

Code Word Price 

1231-BM Cabinet model, baHery operated ........... VALID $250.00 
1231-BMA Cabinet model, a-c operated .............. Vl~NUS 378.00 
1231-BR Relay-rack model, battery operated ........ VALOR 250.00 
1231-BRA Relay-rack model, a-c operated ............ VIGIL 378.00 
1231-BRF Relay-rack model, battery operated, with 

Type 1231-P5 Filter .................... VIGOR 450.00 
1231-BRFA Relay-rack model, a-c operated, with Type 

1231-P5 Filter ......................... VILLA 578.00 
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DETECTORS 
In practically all types of electrical measure­

ments, a means must be provided for aural or 
visual indication of the desired measurement 
condition. For bridge measurements, the indi­
cator, or detector, must have some degree of 
selectivity to eliminate spurious signals, 
noise, and harmonics of the desired signal. 
For voltage amplitude measurements, a wide 
linear range is desirable; in frequency meas­
urements, a high degree of selectivity is 
usually necessary for accurate measurements; 
and in modulation measurements, the output 
signal should be a faithful reproduction of the 
modulation envelope. 

For these applications, a number of detec­
tors are in common use: 

1. Amplifier followed by a meter or head­
phones. 

2. Simple rectifier to convert an a-c signal 
to dc or to demodulate an r-f signal. 

3. Simple rectifier followed by a high-gain 
amplifier with an aural or visual indicator. 

4. Mixer in which the signal to be measuTed 
is heterodyned with a signal of a different 
frequency from an osci llator and the difference 
frequency amplified in a fixed-frequency, high­
gain amplifier. 

An amplifier with meter or headphones is 
commonly used in the frequency range be­
tween a few cycles and several megacycles. 
The Type 1231-B Amplifier and Null Detector 
is an instrument of this type, for audio and 
somewhat higher frequencies. Selectivity can 
be added by the use of a filter, either the 
highly astatic TYPE 1951-A, or one of the 
TYPE 1231-P series of filters. 

When used with the TYPE 1231-P4 Attenu­
ator, the amplifier is a good standing-wave 
meter for the TYPE 874-LBA Slotted Line. 

The Type 1212-A Unit Null Detector is an­
other detector of the same general type, which 
covers a mu ch wider frequency range and 
uses limiting amplifiers to produce a non-linear 
compression of the meter scale of at least 100 
db, thus eliminating the need for amplifier 
gain adjustments during bridge balancing 
operations. 

For maximum effective sensitivity, one of 
the several accessory filters should be used 
at the input: the TYPE 1212-P1, for eliminat­
ing pickup at the power-line frequency in 
measurements above 10 kc; the TYPE 1951-A, 

Sensitivity and frequency range of various detecto,·s. 
The sensitivity figures shown fo,· the TYPE 874-VQ 
and -VR Detectors are for a modulated signal (50% or 
more) with the amp lifier tuned to the modulator fre­
quency. At frequencies below about 500 kc an addi ­
tional by-pass capacitor must be added to obtain the 
sensitivity indicated. 

for maximum effective sensitivity and selec­
tivity at 400 and 1000 cycles; and the TYPE 
1212-P2, for maximum sensitivity and selectiv­
ity at 1 megacycle. 

Simple rectifiers are often used at the higher 
frequencies. The Type 874-V Q Voltmeter De­
tector and Type 874-V R V oltmeter R ectifier 
cover a very wide frequency range, as indi­
cated on the chart. When used directly with 
a meter or a telephone headset, the sensitivity 
is low. When a modulated signal is being 
detected, and the rectifier is followcd by a 
high-gain amplifier such as the TYPJ~ 1231-B, 
higher sensitivity, suitable for standing-wave 
measurements on a slotted line, can be ob­
tained. 

At these high frequencies, the heterodyne 
method of detection has many ad vantages. It 
can have high sensitivity, a wide frequency 
range, any amount of selectivity, and excellent 
linearity. In the Type DNT Detectors, the sig­
nal is heterodyned in a TYPE 874-MR Mixer 
Rectifier with a signal from a Unit Oscillator. 
The 30-Mc beat frequency is amplified and 
detected by a TYPE 1216-A Unit I-F Amp lifier. 
Various local oscillators can be used to cover 
the very extensive frequency range shown in 
the chart, and harmonic operation can be used 
to extend the range of any oscillator. The 
80-db linear range is also useful in relative 
voltage-level measurement. 

Type 
1231-8 
1212-A 
1216-A 

Class S ee Page 
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DETECTORS ---~ Null 

TYPE 1231-8 AMPLIFIER AND NULL DETECTOR 
USES: A high-gain amplifier for general lab­
oratory use, the TYPE 1231-B is also used as a 
sensitive null indicator for bridge measure­
ments and as a standing-wave indicator for 
measurements with the TYPE 874-LBA Slotted 
Line. Used with a suitable crystal detector, it 
will indicate amplitude-modu lated high-f1·e­
quency voltages. It is a lso used as a preampli­
fier for crystal microphones, vibration pickups 
a nd osci lloscopes. 

DESCRIPTION: A push button on the panel of 
the instrument permits t he output stage of the 
amplifier to operate either linearly for general 
use or logarithmically for null-detector use. 
The panel meter indicates relative output in 
two ranges, serves as a null indi cator, and is 
used to check battery condition. Head tele­
phones may be plugged in the amplifi er for 
an aural indication of the null point. A fixed 
30 db attenuator may be switched into the 
input circuit if high input voltages are en­
countered. The instrument may be ac or 
battery operated. Battery operation provides 
better overall performance, due mainly to its 
lower noise. Blocking capacitors at the input 
and output jacks isolate the instrument from 

external dc. A filter jack on the panel permits 
insertion of filters, such as the various TYPE 
1231-P models, for modifying the frequency 
cha racteristic of the amplifi er. 

FEATURES: ~ Simple and convenient push­
button operation. 
~ Versatile - Operates as amplifier, null indi­
cator or VSWR meter. 
~ Rapid response meter with minimum over­
shoot for fast, accurate measurements. 
~ Harmonics and noise can be eliminated 
by available filters. 

SPECIFICATIONS 

1m_I IlttlflJ 
10c 20c 50, looc ZOOt 500c Ike 21lc; 5kc 10ke 20kc 50kc lOOk, 

FREQUENCY 

Input Impedance: 1 megohm in parallel with 20 }J.}.d": 
alternate lO-megohm inpllt available. 
Maximum Gain: Creater than S:3 db at 1 kc with 1 
megohm load. 
Meter Scales: NORM scale: monitors amplifier outPllt 
voltage. CalibraLed in volts with a("("ura("~' of ±5% of 
full scale. SENS scale: indicates ratios of voltages 
applied to inpllt terminals, as in standing-wave meas­
urements. Calibrated in db with arbitrary zero, so 
ratio in db obtained by subtracting one meter reading 
from another. Ratios accurate \\·ithin :30 70 of correet 
vaille in db, if one reading is above half scale. 
Null Detector Sensitivity: Less than 25 microvolts inpu t 
gives 1 % indication on meter at 1 kc. 

l'Y7)e Amplifier and Null Deleelor 

Amplifier Sensitivity: Less t han S microvolts input 
at 1 kc for 1 % indication on SENS range of meter. 
Output Impedance: Approximatel'y 50,000 ohms. 
Maximum Output Voltage: 5 volts into 20,000 ohms· 
20 volts into one megohm. ' 
Open Circuit Noise and Hum Level: Less than 0.5 volt at 
full gain, battery operated; less than one volt, a-c 
operated with 1261-A Power Suppl'y. 
Tube Complement: Two I fA, one lDS-CT. 
Power Supply: Burgess 6TA60 (Signal Corps BA4S) is 
supplied unless a-c operation is specified, in which case 
Type l26l-A Po\\·er Supply (see page H7) is supplied. 
Battery Life: 200 to 250 hours at S hours a day. 
Mounting : Avai lable for Hl-inch relay rack with or 
without Type 1213-1'5 Filters, battery or a-c operated 
or in hardwood cahinet. See pri<1e list below. ' 
Accessories Available : F ilters, T ypes 1231-1'2, 1231-P3, 
and J2:31-P5 on next page; [or elimi nating strong 60-
cycle pickup, TYPE 1951 -A, page 67. For shielded inpllt 
and output, TYPE 274 NEO Patch Cords reeommendcJ. 
Dimensions: 12~ x S x 10% inches, ovcr-all. 
Net Weight: 23% pounds, including batteries (cabinct 
model). 

Code Word Price 
1231-BM Cabinet model, baHery operated .......... . VALID $250.00 
1231-BMA Cabinet model, a-c operated ............. . VENUS 378.00 
1231-BR Relay-rack model, baHery operated ....... . VALOR 250.00 
1231-BRA Relay-rack model, a-c operated ........... . VIGIL 378.00 
1231-BRF Relay-rack model, baHery operated, with 

Type 1231-P5 Filter ................... . VIGOR 450.00 
1231-BRFA Relay-rack model, a-c operated, with Type 

1231-P5 Filter .......................•• VILLA 578.00 
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Filters ------~ DETECTORS 

Parallel-tuned circuits used as interstage 
fi lters with the TYPE 1231-B for suppressing 
harmoni cs, noise, and hum in ~ ingl e frequency 
measurements. The filters arc supplied " 'ith 
a telephone plug that plug~ in to a jack on the 
panel of t he TYP1D 1231-B. 
Tuning Accuracy : ±2 % at normal voltage levels. 
Attenuation : At least 25 db to second harmonic. 
Dimensions : ofYs (heigh t) x :{~16 (width) x of (depth) 
inches overall. 
Net Weight: :{% pounds, either model. 

Frequency 

TYPES 1231-P2 AND P3 

TUNED 

CIRCUITS 

Code Word Price Type 

1231-P2 
1231-P3 

400 and 1000 cycles ................... . A~iBLE 

AMPLE 

$35.00 
25.00 60 cycles •• .•.. .. ....................•. 

TYPE 1231-P5 

ADJUSTABLE 

FILTER 

This parallel-resonant, shielded fi lter is used 
with amplifi ers to reduce harmonics and back­
ground noise in bridge measurements. It can 
be set to anyone of eleven fixed frequencies, 
in cluding those at which the TYPE 716-C Ca-

Type 

pacitance Bridge is direct reading. Terminals 
are provided for connecting an external capaci­
tor to tune to any other frequency between 
20 c and 100 kc. 
Frequency Calibration : 50, 100 c, -2 +5%; 200 and 
500 c, 1,2,5,10,20,50,100 kc, ±2% atno:mal voltages. 
Insertion Gain: -15 to + 15 db, dependIng upon fr('­
queney. Second Harmonic Rejection: 28 to 46 d.b . 
Terminals : Shielded cord and plug for connectIOn to 
TYPE 12:31. Jac'k-top terminals for external c:1pacitorR. 
Accessories Available: TYPE 219 Dpc-ade Capac-itor .• 
(page 1()0) for tuning filter between frequencies pro­
vided. 
Mounting: Aluminum l"alJineL model for bench usc :tIlt! 
relay-mck model available. 
Dimensions : Front panel, 7 (hci!!;ht) x 6Ys (\\'idth ) inches. 
Cabinet, 9% (depth) inches. Internal shield box, (jX 
(heigh t) x 4Y2 (\\'idth) x 9 (depth) inches. 
Net Weight : 9 pounds, 12 OUIlCCS. 

Code Word Price 

1231-P5M 
1231-P5R 1 

Adjustable Filter (Cabinet Model) •.•..•••. · 1 
Adjustable Filter (Relay-Rack Model) .•••••• 

ALDER 
ADOBE 

$215.00 
215.00 

TYPE 1231-P4 ADJUSTABLE ATTENUATOR 

The TYPE 1231-P4 Adjustable Attenuator 
is a high-impedance resistive \'oltage divider 
covering a range of 80 db, with three 20 db 
.steps and a 20 db potentiometer. 

When it is used " 'ith the TYPE 1231-B 
Amplifier and Xull Detector and the TYPE 

74-LBA Slotted Line to measure standing­
wave ratio, both the range and accu racy of 
measurement are in creased over what can be 
obtained with the amplifi er alone. 
Source Impedance : 30 kfl, about equal to output im­
pedance of crystal detertor in slot.tC'd line. 
Load Impedance : At least one megohm. 
Insertion Loss: 3 db 
Attenuation Range: 80 db, readable to nearest tenth db. 
Attenuation Accuracy : ±0.3 db when operated bet\\'een 
rated soun'e and load impedances. Additional errors 
mused by source impedance between 14 kn and 60 kn 
are less than ±0.:3 db. 

Type 

Frequency Erro r: Negl igible below 2 kc. 
Maximum Input Power: Y2 waLt 
Terminals : Input, TYPJ, 9:~8-W Binding Posts; Output, 
shielded cable with TYPE 27-I-ND Shielded Plug to fit 
'amplifier input terminals. 
Accessories Required : One TYPE 874-R..'32A Patch Cord 
for eonnections between slottecl line and attenuator. 
Dimensions: 5Y2 X 5Y2 X 4Y2 inches, over-all. 
Net Weight: 2 pouncls, it ounccs. 

Code Word Price 
1231-P4 
874-R32A 

Adjustable Attenuator ......• ••. •• •• • •• .• 1 

Patch Cord •......•••••.•••••••••••••••• 
ANNEX 
COAXFITTER 

$70.00 
5.50 
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DETECTORS Null 

TYPE 1212-A UNIT NULL DETECTOR 

USES : The Unit Null Detector is primarily a 
balance indicator for a-c bridge measurements. 
It is a sensitive, wide-frequency-range voltage 
indicator with an approximately logarithmic 
relation between input voltage and meter 
reading. This null detector with suitable input 
filters can be used with the TYPE 716-C Capac­
itance Bridge, TYPE 667-A Inductance Bridge, 
TYPE 561-D Vacuum Tube Bridge, TYPE 
916-AL R-F Bridge, and up to 5 Mc with the 
TYPE 1606-A R-F Bridge and the TYPE 821-A 
Twin-T Impedance-Measuring Circuit. 

DESCRIPTION: The instrument consists of a 
three-stage, broad-band amplifier with series­
peaking compensation. Germanium-diode clip­
pers are used between stages to obtain the 
quasi-logarithmic input-output relationship. 

FEATURES: ~ 20 cycles to 5 megacycles. 
~ Meter zero controllable from panel to cor­
rect for amplifier or system noise. 
~ Regulated tube voltages and balanced meter 
circuit maintain high stabi lity. 
~ Meter sensitivity control provided for set­
tings of voltage range desired. 
~ Headphones can be used. 
~ Miniaturized unit construction. 
~ On-Scale range of approximately 120 db. 
~ High sensitivity. 
~ Sensitivity increases as balance is ap­
proached - increases speed and precision. 
~ High bridge generator voltage can be used, 
improving balance sensitivity and signal-to­
noise ratio. 

SPECIFICATIONS 
Sensitivity : Less than 40 microvolts input at 1 kc is 
required to deflect meter one per cent of full scale. 
Voltage Response : See eurve below. 
Power Supply : TYPE l20:3-B or Type 1201-A Unit Power 
Supply is recommended. 

'00 

0 

0 

0 

0 

0 

0 

0 

0 / 
0 

10pv lOOJlY 

Type 

....... 
V 

./ 

V 

I L SENSITIVITY IS AUTOMATICALLY INCREASED 
AS BALANCE IS "PPROACHED, GIVING MAXIMUM -1/ PRECISION WHEN IT IS WANTED 

I I 
I 

10M... IOOMv 
INPUT VOLTAGE 

I 
I 

'v 

I I 
I I 

.Ov 'OOv 

Frequency Response : See curve below. 
Tube Complement: Three 6AK5, one 12AX7, one OA2. 
Accessories Supplied : Power Supply plug and cable con­
nector. 

FREQUENCY 

~:Ptr Ilil II fH 
15 

Accessory Filters Available : TYPES 1212-Pl, for elimi­
nating low-frequency hum and noise, 1212-P2, for use 
at 1 Mc, 1951-A, for maximum sensitivity and se­
lectivity at 400 and 1000 cycles. 
Dimens ions : (Width) 9Y2 x (height) 5% x (depth) 
6 inches, over-all. 
Net Weight: 5Y2 pounds. 

Code Word Price 

1212-A 
1203-8 

Unit Null Detector . ............. . .... . .. '1 
Unit Power Supply • .. . .. . . . .... .. . .. . . .. 

ALACK 

ALIVE 

$145.00 
40.00 

PATENT NOTICE. See Note 4, page viii. 
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Filters 

TYPE 1212-Pl 
The TYPE 1212-Pl Filter is a shielded, R-C 

high-pass fi lter designed to attenuate low­
frequency noise and hum often encountered 
in bridge measurements. It provides about 50 
db attenuation at 60 cycles when used in con­
junction with the TYPE 1212-A Unit Null 
Detector and fed from a low-impedance 
source. It can be used effectively over a rea­
sonably wide range of input and output im­
pedances. It is housed in a TYPE 874-X In­
sertion U nit equipped with TYPE 874 Coaxial 
Connectors on both ends. 

(The TYPE 1212-Pl High-Pass Fi lter is shown with the 
TYPE 1212-A Unit Nu ll Detector in the photograph on 

the facing page. ) 

DETECTORS 

HIGH-PASS FILTER 
Attenuation Characteri stics : See curve. 
Nominal Load Impedance : 1 megohm. 
Input Voltage Limit: 150 volts maximum. 
Terminals: TYPE 874 Connector at each end. 
Dime nsions : Ys inch diameter by {Vs inches long. 
Net Weight : 3 ounces. 
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FREOUENCY 

____ ~7~'y~p~e ____ -.~--~------~------------------------~---C~o-d-e -I V-o~I~·d--__ ~ ___ P~r~~'c~e~ __ _ 
1212-P1 1 High-Pass Filter .. . . ... .. . .. .... .. . . .. . . 1 UNCLE $12.00 

PATENT NOTICE. See Note 4, page viii . 

This device is a shielded, tuned L-C filter 
designed to attenuate both higher and lower 
frequencies, while providing insertion gain at 
1 megacycle when used with the TYPE 1212-A 
Unit Nu ll Detector. This combination is used 
with the TYPE 716-CSI Capacitance Bridge 
(page 20) to measure the capacitance of small 
capacitors and the dissipation factor of low­
loss dielectrics at 1 Me. 

Insertion Ga in : "Vhen used with the TYPE 716-CSl 
Capacitance Bridge and the TYPE 1212-A Unit ull 
Detector, the insert ion gain at 1 Mc varies from 22 db 
when measuring 100 /L/Lf capacitors to 32 db with 
1000/L/Lf. 

Type 

TYPE 1212-P2 l-MC FILTER 

Second Harmonic Rejection : At leas t 39 db. 
Maximum Input Voltage: 200 volts. 
Term inals : TYPE 87-1- Connector at each end. 
Dimens ions : 2" diameter, 5" long. 
We ight : 9 ounces. 

Code Word Price 
1212-P2 One-Megacycle Filter . . ... .. ............ 1 ANNUL $30.00 

TYPE 1951-A FILTER 
The TYPE 1951-A Filter is a tuned circuit 

designed for use at the input to a high-gain 
amplifier to prevent overload by spurious 
signal pi ckup. It is particularly useful for 
measurements on three-terminal circuits where 
both sides of the unknown are above ground . 

Wound on a toroid and shielded with per­
malloy, this filter is highly astatic and can be 
used as the input of an amplifier of microvolt 
sensitivity without trouble from pickup. A 
capacitive voltage divider across the input 
permits impedance matching for maximum 
sensitivity. 

Frequency : 400 cyc les and 1000 cycles. 
Maximum Allowable R- M-S Input Voltage : Depends on 
illPut impedance range. At 400 c from 4 to IG5 v. At 
1000 c from 10 to 200 v. 
Seco nd Harmonic Re jectio n: At least 30 db. 

Type 

Insertion Gain : - 15 db to + 35 db depending on driving 
source resistance and frequency. 
Accessories Supplied : One each TYPE 27-1--MB Double 
Plug, TYPE 2H-ND Shielded Plug, TYPE 874-QG 
Adaptor. 
Dime nsions: 3Ys x 3,Ji x 4% inches, over-a ll. 
Ne t Weight : I %: pounds. 

Code TVord Price 
1951-A Filter . .... ... . . ..... . ..... .... .... .... . 1 FIBRE $75.00 
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DETECTORS ---~ I-F 

TYPE 1216-A UNIT I-F AMPLIFIER 

USES: The 17nit I-F Amplifier is the basic ele­
ment in the general-purpose, high-frequency 
TYPE DNT Detector Assemblies. The system 
is the recommended null detector for the 
TYPE 1602-B U-H-F Admittance Meter, and 
as a standing-wave indicator for use \\-ith the 
TYPE 874-LBA Slotted Line. 

The high sensitivity and wide frequency 
range of the system make it useful as a general­
purpose high-frequency receiver for laboratory 
use. The wide band\\'idth of the amplifi er 
makes possible the detection of pulsed signals. 
The built-in attenuator can be used for the 
accurate measurement of relative signal levels, 
the insertion loss and attenuation of filters, 
attenuators and cables at high frequencies, 
and crosstalk in coaxial switches. 

DESCRIPTION: The 17nit I-F Amplifier is a 
four-stage, high-gain, 30-Mc amplifier. When 
used in the TYPE DNT Detector Assembly, 
it amplifies a 30-Mc difference frequency pro­
duced by a mixer-rectifier from the original 
signal and a heterodyning loral osrillator. 
The 30-Mc signal, which is proportional to 
the amplitude of the r-f signal, is amplified 
and indicated 011 a large meter that has both 
linear and db scales. 

Any modulation on the signal is amplified 
by a cathode-follower amplifier having a 0.4 
Mc bandwidth and is available at a pair of 
binding posts on the panel. Reasonably short 
pulses can, therefore, be passed by the am­
plifier. 

The signal can be heterodyned wi th a har­
monic of the oscillator as \\-ell as \\-ith the 
fundamental, with some decrease in sensitiv-

ity, and, as a result, the frequency range is 
much wider than that of the oscillator used. 

Automatic volume control is provided for 
use in balancing bridges and other null-type 
devices. 

A bui lt-in , precision, film-type-resistor, step 
attenuator is included to make possible accu­
rate measurements of relative signal levcls 
as high as 70 db. The indicating meter is 
calibrated in db, as well as in linear units, for 
convenient interpolation bet\\"een the lO-db 
attenuator steps. 

The rectified crystal-mixer current produced 
by the oscillator signal in the TYPE 874-MH 
Mixer-Rectifier can be measured on the indi­
cating meter. A knowledge of this current is 
important if attenuation measurements are 
to be made, sin ce the oscillator voltage must 
be above a certain limi t if the applied r-f 
signal is large. The current is also an indication 
that the osci llator is functioning. 

Although this amplifier has been designed 
primarily for use with the mixer and oscilla­
tors previously mentioned, satisfactory opera­
tion can be obtained with other mixers and 
oscillators. 

The assembly includes two a-c power sup­
plies, one for operating the amplifier and a 
second for the Unit Oscillator producing the 
heterodyning signal. 

FEATURES: ~ Accurate attenuator. 
~ Large meter calibrated linearily and in db 
for interpolation between atteuuator steps. 
~ High sensitivity with excellent shielding. 
~ Broad bandwidth with good selectivity. 
~ A VC provided for null detector use. 
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Heterodyne 

~ Cathode follower amplifies modulation. Can 
be used with phones. 
~ Can check rectified local oscillator current. 

DETECTORS 

~ Provides power for external local oscillator. 
~ Small and compact assembly. 
~ Regu lated screen voltage supply. 

SPECIFICATIONS 

Cente r Freque ncy: 30 \\1c. 
Bandwidth : Greater than 0.5 Mc at 3 db down: 9.5 ~Ic 
at 60 db dO\I"n. 
Se nsitiv ity : From a -100-ohm sourec, 2 ,"volls inpu t !"C­

quired for J % meter deflection (above noise ), 50 ,"volts 
input for filII-scaLe meter deflection. These a re open­
eire'lIit ROlm:e voltages. 
Attenuatar Range : O- iO db in lO-ub steps. 
Attenuator Accuracy : ±(O.:~ db + 1 %). 
Output Circuit Bandwidth (modulation): 0.+ ~Ic. 
Output Impedance: 600 ohms. 
Maximum Output Voltage : 2 volts open eircuit. 
Te rm inals: Input, TYPE SiJ Connector on 2-foot cable. 
Output : %;-inr h-spared TYPE g:~S Binding Posts. 

T ype 

Supplementary Powe r Supply Output: 300 voLts de at 
JO ma; 0.3 volts ac at 1 a. 
Power Supply : 105- 125 or 210- 250 voLLs, 50 Lo 60 cycles. 
Power input, ,15 watts at full load. 
Tube Compleme nt: Two 6CB6; one each, 6AK5, 6AL5, 
GUS,OB2. 
Accessories Supplied : Spare fuses; muLLipoinL conuedo r ; 
power eord attached. 
Mounting : Black-crackle fini sh a luminum panel a llu 
sides. Aluminum cover fini shed in d ear lacquer. 
Dimensions: 5% (height) x lO Y2 (widt h ) x 6% (depth ) 
i nche~, over-all. 
Net We ight : SX pounds. 

Code Word 

1216-A 1 Unit I-F Amplifier . .. .. .. .... ... .. ... .. .. 1 AMONG 
Price 

$335.00 
PATENT NOTICE. See Note 4. I)age "iii. 

TYPE D N T DETECTORS 

These assemblies are high-sensitivity, uni­
versal detectors for very high and ultra-high 
frequen cies. They are not on ly excellent nu ll 
detector::;, but also are particularly useful in 
the measurement of gain and attenuation, 
relative signal level, and crosstalk, and in any 
measurement where a high-sensitivity labora­
tory receiver is needed. 

All assemblies use one TYPE 874-MR Mixer 
Rectifier, one TYPE 1216-A Unit I -F Ampli­
fier , one TYPE 874-G1O 10-db pad, one TYPE 
874-EL 90° Ell , one Unit Oscillator and one 
filter depending on frequency range desired 
(see price table). Higher-frequency operation 

Fundamental 

is obtainable by using oscillator ha rmoni cs. 
Both fundamental and harmonir ra nges are 
sho\\"n in the rUl"ves below. 

w 
~ 20,--,----,-------,---,----,-------,---. 
Z L _ ' ONT - j FUNDAMENTAL ~ T -_·-\--HARMON,c,-r--:" 

§ 10 = DNT-2 FUNDAMENTAL=~1---h--....... f-·· f-··--+-''''''-''-;-+--.l1 I \ ·I········· .. "IARMONIC , ...... ...• l ___ rL=·J i~'J, / 
"-.... ! ' ! I ..... ....... J -.I" 

'li 5 

!! 
f.._ONT- 3 FUNOAMENTA L,; I __________ 1 "-

~ -1----" IARMONlc ONT-4 '\\ "N 
t= -I Fl.t.OAMENTAL ~ 

~ 2)1vin30"'M',.;"',---TnIOOn------,;\300n-...,500;J;,.,---'~'*'::_HA-R..c..,.-"'--~.,--!. 
FREaUENCY 

Type Frequency Range Local Oscillator Filter Code Word Price 
1208~B~--~-8~7~4~-F~5~00~--~N~A~L~T~O~-'~$"6~1~6~.0~0~ DNT-l 

DNT-2 
DNT-3 
DNT-4 

35-530 Mc 
25-280 Mc 
220-950 Me 
870-2030 Me 

1215-B 874-F500 NERVO 606.00 
1209-B 874-F1000 NULLO 649.00 
1218-A 874-F2000 NODDO 879.00 
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DETECTORS 
In practically all types of electrical measure­

ments, a means must be provided for aural or 
visual indication of the desired measurement 
condition. For bridge measurements, the indi­
cator, or detector, must have some degree of 
selectivity to eliminate spurious signals, 
noise, and harmonics of the desired signal. 
For voltage amplitude measurements, a wide 
linear range is desirable; in frequency meas­
urements, a high degree of selectivity is 
usually necessary for accurate measurements; 
and in modulation measurements, the output 
signal should be a faithful reproduction of the 
modulation envelope. 

For these applications, a number of detec­
tors are in common use: 

1. Amplifier followed by a meter or head­
phones. 

2. Simple rectifier to convert an a-c signal 
to dc or to demodulate an r-f signal. 

3. Simple rectifier followed by a high-gain 
amplifier with an aural or visual indicator. 

4. Mixer in which the signal to be measuTed 
is heterodyned with a signal of a different 
frequency from an osci llator and the difference 
frequency amplified in a fixed-frequency, high­
gain amplifier. 

An amplifier with meter or headphones is 
commonly used in the frequency range be­
tween a few cycles and several megacycles. 
The Type 1231-B Amplifier and Null Detector 
is an instrument of this type, for audio and 
somewhat higher frequencies. Selectivity can 
be added by the use of a filter, either the 
highly astatic TYPE 1951-A, or one of the 
TYPE 1231-P series of filters. 

When used with the TYPE 1231-P4 Attenu­
ator, the amplifier is a good standing-wave 
meter for the TYPE 874-LBA Slotted Line. 

The Type 1212-A Unit Null Detector is an­
other detector of the same general type, which 
covers a mu ch wider frequency range and 
uses limiting amplifiers to produce a non-linear 
compression of the meter scale of at least 100 
db, thus eliminating the need for amplifier 
gain adjustments during bridge balancing 
operations. 

For maximum effective sensitivity, one of 
the several accessory filters should be used 
at the input: the TYPE 1212-P1, for eliminat­
ing pickup at the power-line frequency in 
measurements above 10 kc; the TYPE 1951-A, 

Sensitivity and frequency range of various detecto,·s. 
The sensitivity figures shown fo,· the TYPE 874-VQ 
and -VR Detectors are for a modulated signal (50% or 
more) with the amp lifier tuned to the modulator fre­
quency. At frequencies below about 500 kc an addi ­
tional by-pass capacitor must be added to obtain the 
sensitivity indicated. 

for maximum effective sensitivity and selec­
tivity at 400 and 1000 cycles; and the TYPE 
1212-P2, for maximum sensitivity and selectiv­
ity at 1 megacycle. 

Simple rectifiers are often used at the higher 
frequencies. The Type 874-V Q Voltmeter De­
tector and Type 874-V R V oltmeter R ectifier 
cover a very wide frequency range, as indi­
cated on the chart. When used directly with 
a meter or a telephone headset, the sensitivity 
is low. When a modulated signal is being 
detected, and the rectifier is followcd by a 
high-gain amplifier such as the TYPJ~ 1231-B, 
higher sensitivity, suitable for standing-wave 
measurements on a slotted line, can be ob­
tained. 

At these high frequencies, the heterodyne 
method of detection has many ad vantages. It 
can have high sensitivity, a wide frequency 
range, any amount of selectivity, and excellent 
linearity. In the Type DNT Detectors, the sig­
nal is heterodyned in a TYPE 874-MR Mixer 
Rectifier with a signal from a Unit Oscillator. 
The 30-Mc beat frequency is amplified and 
detected by a TYPE 1216-A Unit I-F Amp lifier. 
Various local oscillators can be used to cover 
the very extensive frequency range shown in 
the chart, and harmonic operation can be used 
to extend the range of any oscillator. The 
80-db linear range is also useful in relative 
voltage-level measurement. 

Type 
1231-8 
1212-A 
1216-A 

Class S ee Page 

874 VQ,-VR I 

High-gain Voltage Amplifier 
Logarithmic Amplifier 
Heterody ne with I-F Amplifier 
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DETECTORS ---~ Null 

TYPE 1231-8 AMPLIFIER AND NULL DETECTOR 
USES: A high-gain amplifier for general lab­
oratory use, the TYPE 1231-B is also used as a 
sensitive null indicator for bridge measure­
ments and as a standing-wave indicator for 
measurements with the TYPE 874-LBA Slotted 
Line. Used with a suitable crystal detector, it 
will indicate amplitude-modu lated high-f1·e­
quency voltages. It is a lso used as a preampli­
fier for crystal microphones, vibration pickups 
a nd osci lloscopes. 

DESCRIPTION: A push button on the panel of 
the instrument permits t he output stage of the 
amplifier to operate either linearly for general 
use or logarithmically for null-detector use. 
The panel meter indicates relative output in 
two ranges, serves as a null indi cator, and is 
used to check battery condition. Head tele­
phones may be plugged in the amplifi er for 
an aural indication of the null point. A fixed 
30 db attenuator may be switched into the 
input circuit if high input voltages are en­
countered. The instrument may be ac or 
battery operated. Battery operation provides 
better overall performance, due mainly to its 
lower noise. Blocking capacitors at the input 
and output jacks isolate the instrument from 

external dc. A filter jack on the panel permits 
insertion of filters, such as the various TYPE 
1231-P models, for modifying the frequency 
cha racteristic of the amplifi er. 

FEATURES: ~ Simple and convenient push­
button operation. 
~ Versatile - Operates as amplifier, null indi­
cator or VSWR meter. 
~ Rapid response meter with minimum over­
shoot for fast, accurate measurements. 
~ Harmonics and noise can be eliminated 
by available filters. 

SPECIFICATIONS 

1m_I IlttlflJ 
10c 20c 50, looc ZOOt 500c Ike 21lc; 5kc 10ke 20kc 50kc lOOk, 

FREQUENCY 

Input Impedance: 1 megohm in parallel with 20 }J.}.d": 
alternate lO-megohm inpllt available. 
Maximum Gain: Creater than S:3 db at 1 kc with 1 
megohm load. 
Meter Scales: NORM scale: monitors amplifier outPllt 
voltage. CalibraLed in volts with a("("ura("~' of ±5% of 
full scale. SENS scale: indicates ratios of voltages 
applied to inpllt terminals, as in standing-wave meas­
urements. Calibrated in db with arbitrary zero, so 
ratio in db obtained by subtracting one meter reading 
from another. Ratios accurate \\·ithin :30 70 of correet 
vaille in db, if one reading is above half scale. 
Null Detector Sensitivity: Less than 25 microvolts inpu t 
gives 1 % indication on meter at 1 kc. 

l'Y7)e Amplifier and Null Deleelor 

Amplifier Sensitivity: Less t han S microvolts input 
at 1 kc for 1 % indication on SENS range of meter. 
Output Impedance: Approximatel'y 50,000 ohms. 
Maximum Output Voltage: 5 volts into 20,000 ohms· 
20 volts into one megohm. ' 
Open Circuit Noise and Hum Level: Less than 0.5 volt at 
full gain, battery operated; less than one volt, a-c 
operated with 1261-A Power Suppl'y. 
Tube Complement: Two I fA, one lDS-CT. 
Power Supply: Burgess 6TA60 (Signal Corps BA4S) is 
supplied unless a-c operation is specified, in which case 
Type l26l-A Po\\·er Supply (see page H7) is supplied. 
Battery Life: 200 to 250 hours at S hours a day. 
Mounting : Avai lable for Hl-inch relay rack with or 
without Type 1213-1'5 Filters, battery or a-c operated 
or in hardwood cahinet. See pri<1e list below. ' 
Accessories Available : F ilters, T ypes 1231-1'2, 1231-P3, 
and J2:31-P5 on next page; [or elimi nating strong 60-
cycle pickup, TYPE 1951 -A, page 67. For shielded inpllt 
and output, TYPE 274 NEO Patch Cords reeommendcJ. 
Dimensions: 12~ x S x 10% inches, ovcr-all. 
Net Weight: 23% pounds, including batteries (cabinct 
model). 

Code Word Price 
1231-BM Cabinet model, baHery operated .......... . VALID $250.00 
1231-BMA Cabinet model, a-c operated ............. . VENUS 378.00 
1231-BR Relay-rack model, baHery operated ....... . VALOR 250.00 
1231-BRA Relay-rack model, a-c operated ........... . VIGIL 378.00 
1231-BRF Relay-rack model, baHery operated, with 

Type 1231-P5 Filter ................... . VIGOR 450.00 
1231-BRFA Relay-rack model, a-c operated, with Type 

1231-P5 Filter .......................•• VILLA 578.00 
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Filters ------~ DETECTORS 

Parallel-tuned circuits used as interstage 
fi lters with the TYPE 1231-B for suppressing 
harmoni cs, noise, and hum in ~ ingl e frequency 
measurements. The filters arc supplied " 'ith 
a telephone plug that plug~ in to a jack on the 
panel of t he TYP1D 1231-B. 
Tuning Accuracy : ±2 % at normal voltage levels. 
Attenuation : At least 25 db to second harmonic. 
Dimensions : ofYs (heigh t) x :{~16 (width) x of (depth) 
inches overall. 
Net Weight: :{% pounds, either model. 

Frequency 

TYPES 1231-P2 AND P3 

TUNED 

CIRCUITS 

Code Word Price Type 

1231-P2 
1231-P3 

400 and 1000 cycles ................... . A~iBLE 

AMPLE 

$35.00 
25.00 60 cycles •• .•.. .. ....................•. 

TYPE 1231-P5 

ADJUSTABLE 

FILTER 

This parallel-resonant, shielded fi lter is used 
with amplifi ers to reduce harmonics and back­
ground noise in bridge measurements. It can 
be set to anyone of eleven fixed frequencies, 
in cluding those at which the TYPE 716-C Ca-

Type 

pacitance Bridge is direct reading. Terminals 
are provided for connecting an external capaci­
tor to tune to any other frequency between 
20 c and 100 kc. 
Frequency Calibration : 50, 100 c, -2 +5%; 200 and 
500 c, 1,2,5,10,20,50,100 kc, ±2% atno:mal voltages. 
Insertion Gain: -15 to + 15 db, dependIng upon fr('­
queney. Second Harmonic Rejection: 28 to 46 d.b . 
Terminals : Shielded cord and plug for connectIOn to 
TYPE 12:31. Jac'k-top terminals for external c:1pacitorR. 
Accessories Available: TYPE 219 Dpc-ade Capac-itor .• 
(page 1()0) for tuning filter between frequencies pro­
vided. 
Mounting: Aluminum l"alJineL model for bench usc :tIlt! 
relay-mck model available. 
Dimensions : Front panel, 7 (hci!!;ht) x 6Ys (\\'idth ) inches. 
Cabinet, 9% (depth) inches. Internal shield box, (jX 
(heigh t) x 4Y2 (\\'idth) x 9 (depth) inches. 
Net Weight : 9 pounds, 12 OUIlCCS. 

Code Word Price 

1231-P5M 
1231-P5R 1 

Adjustable Filter (Cabinet Model) •.•..•••. · 1 
Adjustable Filter (Relay-Rack Model) .•••••• 

ALDER 
ADOBE 

$215.00 
215.00 

TYPE 1231-P4 ADJUSTABLE ATTENUATOR 

The TYPE 1231-P4 Adjustable Attenuator 
is a high-impedance resistive \'oltage divider 
covering a range of 80 db, with three 20 db 
.steps and a 20 db potentiometer. 

When it is used " 'ith the TYPE 1231-B 
Amplifier and Xull Detector and the TYPE 

74-LBA Slotted Line to measure standing­
wave ratio, both the range and accu racy of 
measurement are in creased over what can be 
obtained with the amplifi er alone. 
Source Impedance : 30 kfl, about equal to output im­
pedance of crystal detertor in slot.tC'd line. 
Load Impedance : At least one megohm. 
Insertion Loss: 3 db 
Attenuation Range: 80 db, readable to nearest tenth db. 
Attenuation Accuracy : ±0.3 db when operated bet\\'een 
rated soun'e and load impedances. Additional errors 
mused by source impedance between 14 kn and 60 kn 
are less than ±0.:3 db. 

Type 

Frequency Erro r: Negl igible below 2 kc. 
Maximum Input Power: Y2 waLt 
Terminals : Input, TYPJ, 9:~8-W Binding Posts; Output, 
shielded cable with TYPE 27-I-ND Shielded Plug to fit 
'amplifier input terminals. 
Accessories Required : One TYPE 874-R..'32A Patch Cord 
for eonnections between slottecl line and attenuator. 
Dimensions: 5Y2 X 5Y2 X 4Y2 inches, over-all. 
Net Weight: 2 pouncls, it ounccs. 

Code Word Price 
1231-P4 
874-R32A 

Adjustable Attenuator ......• ••. •• •• • •• .• 1 

Patch Cord •......•••••.•••••••••••••••• 
ANNEX 
COAXFITTER 

$70.00 
5.50 

GENERAL RADIO COMPANY 65 



DETECTORS Null 

TYPE 1212-A UNIT NULL DETECTOR 

USES : The Unit Null Detector is primarily a 
balance indicator for a-c bridge measurements. 
It is a sensitive, wide-frequency-range voltage 
indicator with an approximately logarithmic 
relation between input voltage and meter 
reading. This null detector with suitable input 
filters can be used with the TYPE 716-C Capac­
itance Bridge, TYPE 667-A Inductance Bridge, 
TYPE 561-D Vacuum Tube Bridge, TYPE 
916-AL R-F Bridge, and up to 5 Mc with the 
TYPE 1606-A R-F Bridge and the TYPE 821-A 
Twin-T Impedance-Measuring Circuit. 

DESCRIPTION: The instrument consists of a 
three-stage, broad-band amplifier with series­
peaking compensation. Germanium-diode clip­
pers are used between stages to obtain the 
quasi-logarithmic input-output relationship. 

FEATURES: ~ 20 cycles to 5 megacycles. 
~ Meter zero controllable from panel to cor­
rect for amplifier or system noise. 
~ Regulated tube voltages and balanced meter 
circuit maintain high stabi lity. 
~ Meter sensitivity control provided for set­
tings of voltage range desired. 
~ Headphones can be used. 
~ Miniaturized unit construction. 
~ On-Scale range of approximately 120 db. 
~ High sensitivity. 
~ Sensitivity increases as balance is ap­
proached - increases speed and precision. 
~ High bridge generator voltage can be used, 
improving balance sensitivity and signal-to­
noise ratio. 

SPECIFICATIONS 
Sensitivity : Less than 40 microvolts input at 1 kc is 
required to deflect meter one per cent of full scale. 
Voltage Response : See eurve below. 
Power Supply : TYPE l20:3-B or Type 1201-A Unit Power 
Supply is recommended. 
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Frequency Response : See curve below. 
Tube Complement: Three 6AK5, one 12AX7, one OA2. 
Accessories Supplied : Power Supply plug and cable con­
nector. 

FREQUENCY 

~:Ptr Ilil II fH 
15 

Accessory Filters Available : TYPES 1212-Pl, for elimi­
nating low-frequency hum and noise, 1212-P2, for use 
at 1 Mc, 1951-A, for maximum sensitivity and se­
lectivity at 400 and 1000 cycles. 
Dimens ions : (Width) 9Y2 x (height) 5% x (depth) 
6 inches, over-all. 
Net Weight: 5Y2 pounds. 

Code Word Price 

1212-A 
1203-8 

Unit Null Detector . ............. . .... . .. '1 
Unit Power Supply • .. . .. . . . .... .. . .. . . .. 

ALACK 

ALIVE 

$145.00 
40.00 

PATENT NOTICE. See Note 4, page viii. 
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Filters 

TYPE 1212-Pl 
The TYPE 1212-Pl Filter is a shielded, R-C 

high-pass fi lter designed to attenuate low­
frequency noise and hum often encountered 
in bridge measurements. It provides about 50 
db attenuation at 60 cycles when used in con­
junction with the TYPE 1212-A Unit Null 
Detector and fed from a low-impedance 
source. It can be used effectively over a rea­
sonably wide range of input and output im­
pedances. It is housed in a TYPE 874-X In­
sertion U nit equipped with TYPE 874 Coaxial 
Connectors on both ends. 

(The TYPE 1212-Pl High-Pass Fi lter is shown with the 
TYPE 1212-A Unit Nu ll Detector in the photograph on 

the facing page. ) 

DETECTORS 

HIGH-PASS FILTER 
Attenuation Characteri stics : See curve. 
Nominal Load Impedance : 1 megohm. 
Input Voltage Limit: 150 volts maximum. 
Terminals: TYPE 874 Connector at each end. 
Dime nsions : Ys inch diameter by {Vs inches long. 
Net Weight : 3 ounces. 
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FREOUENCY 

____ ~7~'y~p~e ____ -.~--~------~------------------------~---C~o-d-e -I V-o~I~·d--__ ~ ___ P~r~~'c~e~ __ _ 
1212-P1 1 High-Pass Filter .. . . ... .. . .. .... .. . . .. . . 1 UNCLE $12.00 

PATENT NOTICE. See Note 4, page viii . 

This device is a shielded, tuned L-C filter 
designed to attenuate both higher and lower 
frequencies, while providing insertion gain at 
1 megacycle when used with the TYPE 1212-A 
Unit Nu ll Detector. This combination is used 
with the TYPE 716-CSI Capacitance Bridge 
(page 20) to measure the capacitance of small 
capacitors and the dissipation factor of low­
loss dielectrics at 1 Me. 

Insertion Ga in : "Vhen used with the TYPE 716-CSl 
Capacitance Bridge and the TYPE 1212-A Unit ull 
Detector, the insert ion gain at 1 Mc varies from 22 db 
when measuring 100 /L/Lf capacitors to 32 db with 
1000/L/Lf. 

Type 

TYPE 1212-P2 l-MC FILTER 

Second Harmonic Rejection : At leas t 39 db. 
Maximum Input Voltage: 200 volts. 
Term inals : TYPE 87-1- Connector at each end. 
Dimens ions : 2" diameter, 5" long. 
We ight : 9 ounces. 

Code Word Price 
1212-P2 One-Megacycle Filter . . ... .. ............ 1 ANNUL $30.00 

TYPE 1951-A FILTER 
The TYPE 1951-A Filter is a tuned circuit 

designed for use at the input to a high-gain 
amplifier to prevent overload by spurious 
signal pi ckup. It is particularly useful for 
measurements on three-terminal circuits where 
both sides of the unknown are above ground . 

Wound on a toroid and shielded with per­
malloy, this filter is highly astatic and can be 
used as the input of an amplifier of microvolt 
sensitivity without trouble from pickup. A 
capacitive voltage divider across the input 
permits impedance matching for maximum 
sensitivity. 

Frequency : 400 cyc les and 1000 cycles. 
Maximum Allowable R- M-S Input Voltage : Depends on 
illPut impedance range. At 400 c from 4 to IG5 v. At 
1000 c from 10 to 200 v. 
Seco nd Harmonic Re jectio n: At least 30 db. 

Type 

Insertion Gain : - 15 db to + 35 db depending on driving 
source resistance and frequency. 
Accessories Supplied : One each TYPE 27-1--MB Double 
Plug, TYPE 2H-ND Shielded Plug, TYPE 874-QG 
Adaptor. 
Dime nsions: 3Ys x 3,Ji x 4% inches, over-a ll. 
Ne t Weight : I %: pounds. 

Code TVord Price 
1951-A Filter . .... ... . . ..... . ..... .... .... .... . 1 FIBRE $75.00 
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TYPE 1216-A UNIT I-F AMPLIFIER 

USES: The 17nit I-F Amplifier is the basic ele­
ment in the general-purpose, high-frequency 
TYPE DNT Detector Assemblies. The system 
is the recommended null detector for the 
TYPE 1602-B U-H-F Admittance Meter, and 
as a standing-wave indicator for use \\-ith the 
TYPE 874-LBA Slotted Line. 

The high sensitivity and wide frequency 
range of the system make it useful as a general­
purpose high-frequency receiver for laboratory 
use. The wide band\\'idth of the amplifi er 
makes possible the detection of pulsed signals. 
The built-in attenuator can be used for the 
accurate measurement of relative signal levels, 
the insertion loss and attenuation of filters, 
attenuators and cables at high frequencies, 
and crosstalk in coaxial switches. 

DESCRIPTION: The 17nit I-F Amplifier is a 
four-stage, high-gain, 30-Mc amplifier. When 
used in the TYPE DNT Detector Assembly, 
it amplifies a 30-Mc difference frequency pro­
duced by a mixer-rectifier from the original 
signal and a heterodyning loral osrillator. 
The 30-Mc signal, which is proportional to 
the amplitude of the r-f signal, is amplified 
and indicated 011 a large meter that has both 
linear and db scales. 

Any modulation on the signal is amplified 
by a cathode-follower amplifier having a 0.4 
Mc bandwidth and is available at a pair of 
binding posts on the panel. Reasonably short 
pulses can, therefore, be passed by the am­
plifier. 

The signal can be heterodyned wi th a har­
monic of the oscillator as \\-ell as \\-ith the 
fundamental, with some decrease in sensitiv-

ity, and, as a result, the frequency range is 
much wider than that of the oscillator used. 

Automatic volume control is provided for 
use in balancing bridges and other null-type 
devices. 

A bui lt-in , precision, film-type-resistor, step 
attenuator is included to make possible accu­
rate measurements of relative signal levcls 
as high as 70 db. The indicating meter is 
calibrated in db, as well as in linear units, for 
convenient interpolation bet\\"een the lO-db 
attenuator steps. 

The rectified crystal-mixer current produced 
by the oscillator signal in the TYPE 874-MH 
Mixer-Rectifier can be measured on the indi­
cating meter. A knowledge of this current is 
important if attenuation measurements are 
to be made, sin ce the oscillator voltage must 
be above a certain limi t if the applied r-f 
signal is large. The current is also an indication 
that the osci llator is functioning. 

Although this amplifier has been designed 
primarily for use with the mixer and oscilla­
tors previously mentioned, satisfactory opera­
tion can be obtained with other mixers and 
oscillators. 

The assembly includes two a-c power sup­
plies, one for operating the amplifier and a 
second for the Unit Oscillator producing the 
heterodyning signal. 

FEATURES: ~ Accurate attenuator. 
~ Large meter calibrated linearily and in db 
for interpolation between atteuuator steps. 
~ High sensitivity with excellent shielding. 
~ Broad bandwidth with good selectivity. 
~ A VC provided for null detector use. 
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Heterodyne 

~ Cathode follower amplifies modulation. Can 
be used with phones. 
~ Can check rectified local oscillator current. 

DETECTORS 

~ Provides power for external local oscillator. 
~ Small and compact assembly. 
~ Regu lated screen voltage supply. 

SPECIFICATIONS 

Cente r Freque ncy: 30 \\1c. 
Bandwidth : Greater than 0.5 Mc at 3 db down: 9.5 ~Ic 
at 60 db dO\I"n. 
Se nsitiv ity : From a -100-ohm sourec, 2 ,"volls inpu t !"C­

quired for J % meter deflection (above noise ), 50 ,"volts 
input for filII-scaLe meter deflection. These a re open­
eire'lIit ROlm:e voltages. 
Attenuatar Range : O- iO db in lO-ub steps. 
Attenuator Accuracy : ±(O.:~ db + 1 %). 
Output Circuit Bandwidth (modulation): 0.+ ~Ic. 
Output Impedance: 600 ohms. 
Maximum Output Voltage : 2 volts open eircuit. 
Te rm inals: Input, TYPE SiJ Connector on 2-foot cable. 
Output : %;-inr h-spared TYPE g:~S Binding Posts. 

T ype 

Supplementary Powe r Supply Output: 300 voLts de at 
JO ma; 0.3 volts ac at 1 a. 
Power Supply : 105- 125 or 210- 250 voLLs, 50 Lo 60 cycles. 
Power input, ,15 watts at full load. 
Tube Compleme nt: Two 6CB6; one each, 6AK5, 6AL5, 
GUS,OB2. 
Accessories Supplied : Spare fuses; muLLipoinL conuedo r ; 
power eord attached. 
Mounting : Black-crackle fini sh a luminum panel a llu 
sides. Aluminum cover fini shed in d ear lacquer. 
Dimensions: 5% (height) x lO Y2 (widt h ) x 6% (depth ) 
i nche~, over-all. 
Net We ight : SX pounds. 

Code Word 

1216-A 1 Unit I-F Amplifier . .. .. .. .... ... .. ... .. .. 1 AMONG 
Price 

$335.00 
PATENT NOTICE. See Note 4. I)age "iii. 

TYPE D N T DETECTORS 

These assemblies are high-sensitivity, uni­
versal detectors for very high and ultra-high 
frequen cies. They are not on ly excellent nu ll 
detector::;, but also are particularly useful in 
the measurement of gain and attenuation, 
relative signal level, and crosstalk, and in any 
measurement where a high-sensitivity labora­
tory receiver is needed. 

All assemblies use one TYPE 874-MR Mixer 
Rectifier, one TYPE 1216-A Unit I -F Ampli­
fier , one TYPE 874-G1O 10-db pad, one TYPE 
874-EL 90° Ell , one Unit Oscillator and one 
filter depending on frequency range desired 
(see price table). Higher-frequency operation 

Fundamental 

is obtainable by using oscillator ha rmoni cs. 
Both fundamental and harmonir ra nges are 
sho\\"n in the rUl"ves below. 

w 
~ 20,--,----,-------,---,----,-------,---. 
Z L _ ' ONT - j FUNDAMENTAL ~ T -_·-\--HARMON,c,-r--:" 

§ 10 = DNT-2 FUNDAMENTAL=~1---h--....... f-·· f-··--+-''''''-''-;-+--.l1 I \ ·I········· .. "IARMONIC , ...... ...• l ___ rL=·J i~'J, / 
"-.... ! ' ! I ..... ....... J -.I" 

'li 5 

!! 
f.._ONT- 3 FUNOAMENTA L,; I __________ 1 "-

~ -1----" IARMONlc ONT-4 '\\ "N 
t= -I Fl.t.OAMENTAL ~ 

~ 2)1vin30"'M',.;"',---TnIOOn------,;\300n-...,500;J;,.,---'~'*'::_HA-R..c..,.-"'--~.,--!. 
FREaUENCY 

Type Frequency Range Local Oscillator Filter Code Word Price 
1208~B~--~-8~7~4~-F~5~00~--~N~A~L~T~O~-'~$"6~1~6~.0~0~ DNT-l 

DNT-2 
DNT-3 
DNT-4 

35-530 Mc 
25-280 Mc 
220-950 Me 
870-2030 Me 

1215-B 874-F500 NERVO 606.00 
1209-B 874-F1000 NULLO 649.00 
1218-A 874-F2000 NODDO 879.00 
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FREQUENCY 
The determination of frequency directly in 

terms of time is a fundamental measurement, 
since frequency i:; the time rate of recurrence 
of a cyclical phenomenon. A primary standard 
of frequency is, therefore, defined as one 
whose frequency is determined directly in 
terms of time. A secondary standard is one 
whose frequency is determined by comparison 
with a primary standard, or by comparison 
with other secondary standards, some one of 
which was originally compared with a primary 
standard. 

It is to be noted that the above classifica­
tions of frequency standards have nothing to 
do with the accuracies of t he standards. In 
fact t he same standard is logically classed as 
a primary standard if checked directly against 
time, and as a secondary standard if checked 
against standard frequency transmissions (rep­
resenting a distant primary standard). 

In practice, the responsibility of establish­
ing and maintaining accurate time determina­
tions by astronomical observations is not 
assumed by the individuals desiring a primary 
standard of frequency. The t ime determina­
tions are carried out by observatories espe­
cially equipped for the purpose. The results 
are made available to a large number of users 
by radio and wire t ransmission. In the United 
States, the U. S. Naval Observatory t rans-

r­
I 

I STANDARD 
TIME INTERVAL 

f 
I 

SYNCHRONOMETER 
Ike 

I 
j--.• MULTIVIBRATOR 

I 
r­
I 

~-
I 
L_ 
I 

I 
L_ 
I 
I 
I 
I 
I 
l_ -

O.lke 

MUL TIVIBRATOR 
Ike 

MULTI VIBRATOR 
10ke 

MUL TlVIBRATOR 
100ke 

POWER 
SUPPLY 

STANDARD 
FREQUENCY 
OSCILLATOR 

100ke 

AS T RONOMICALLY 
DETERMINED 

TIME 

f----~O 

-
2 : 

I 

I 

L 
-I 
1 

I 

I 

I 

z o 
Ul 

0;;: 
~~ 

::< 
o o 

10 

0 

10
2 Z 

8 
~ 

3 a: 10 w 
a. 

Ul 

104 W 
..J 
0 
>-
0 

10 5 ~ 

>-
0 z 

10· 
w 
:::> 
0 
w 
a: 

107 "-

10
8 

10
9 

AND T I ME 
mits high-precision time signals by radio 
through the facilities of the U. S. Naval Radio 
Service. Transmissions on a number of fre­
quencies are available several times a day and 
can be received nearly all over the ,,·o rld. 
Standard time signals monitored by the K aval 
Observatory are also broadcast continuously 
by t he standard-frequency transmitters of 
WWV, operated by the Bureau of Standards. 
A similar service is provided in Canada by the 
Dominion Observatory. 

The user of a primary frequency stanclard 
can then conveniently determine the fre­
quency of t he standard in terms of the stand­
ard time interval sent to him by radio. In the 
General Radio equipment means are provided 
for quickly and easily making this comparison. 
For the most precise results, the errors of the 
transmitted t ime signal must be taken into 
account. Correction data may be obtained by 
applying to the Superintendent, U. S. Naval 
Observatory, Washington, D. C. 

Since the astronomical clocks now used 
at t he Naval Observatory are piezo-electric 
oscillators, similar to those used in accurate 
frequency standards, and since, through close 
cooperation of the U. S. Naval Observatory 
and the National Bureau of Standards, the 
piezo-electric oscillators of the latter's pri­
mary frequency standard are checked in the 
same way as t he former's astronomical clocks, 
the comparison with time is, in effect, carried 
out by the observatory. The standard-fre­
quency transmissions sent out by the Bureau 
of Standards consequently represent a pri­
mary standard of high precision available to 
all who can receive the transmissions. Where 
such transmissions can be received, it is 
generally more convenient and much quicker 
to make the comparison by frequency than by 
time. For information and schedules of trans­
mission of standard frequencies, apply to the 
Radio Division, Bureau of Standards, Depart­
ment of Commerce, Boulder, Colorado. 

A calibration against t ransmitted radio fre­
quencies yields a pseudo-instantaneous fre­
quency value of the standard ; while a calibra­
tion against transmitted time signals yields an 
average frequency value of the standard during 
the period between successive observations 
which, for precision, must be an interval of 
several hours. 

FIGURE 1. Block diagram showin .. the functional ar· 
rangement of the TYPE llOO·AP Primary Freq uency 
Standard and the range of output Jrequencies available 

from it. 
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for quickly and easily making this comparison. 
For the most precise results, the errors of the 
transmitted t ime signal must be taken into 
account. Correction data may be obtained by 
applying to the Superintendent, U. S. Naval 
Observatory, Washington, D. C. 

Since the astronomical clocks now used 
at t he Naval Observatory are piezo-electric 
oscillators, similar to those used in accurate 
frequency standards, and since, through close 
cooperation of the U. S. Naval Observatory 
and the National Bureau of Standards, the 
piezo-electric oscillators of the latter's pri­
mary frequency standard are checked in the 
same way as t he former's astronomical clocks, 
the comparison with time is, in effect, carried 
out by the observatory. The standard-fre­
quency transmissions sent out by the Bureau 
of Standards consequently represent a pri­
mary standard of high precision available to 
all who can receive the transmissions. Where 
such transmissions can be received, it is 
generally more convenient and much quicker 
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time. For information and schedules of trans­
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Radio Division, Bureau of Standards, Depart­
ment of Commerce, Boulder, Colorado. 

A calibration against t ransmitted radio fre­
quencies yields a pseudo-instantaneous fre­
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tion against transmitted time signals yields an 
average frequency value of the standard during 
the period between successive observations 
which, for precision, must be an interval of 
several hours. 
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rangement of the TYPE llOO·AP Primary Freq uency 
Standard and the range of output Jrequencies available 

from it. 
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Because of the vagaries of high-frequency 
transmission, many users rely on checks 
against time as a reserve. They also use the 
primary standard as a high-precision clock for 
laboratory timing purposes. 

As so far considered, the precision oscillator 
is a single-frequency device. For practical 
utility it is necessary to obtain from this single 
frequency many other frequencies, both above 
and below the standard frequency, for con­
venience in measurements. Since most of the 
precision oscillators operate in the region of 
50 to 100 kc, it is necessary to divide the fre­
quency to obtain a value such that a syn­
chronous motor can be used to count the 
number of cycles executed by the precision 
oscillator in a standard interval of time. For 
measurements of high radio frequencies, it is 
necessary to multiply the standard frequency 
to obtain useful frequencies in the range of the 
frequency being measured. Both of these 
operations are read ily performed by a con­
trolled relaxation oscillator, known as a multi­
vibrator. 

THE PRIMARY FREQUENCY STANDARD 
TYPE 1100-AP 

The elements of a primary frequency stand­
ard, General Radio TYPE 1l00-AP, are shown 
in Figure 1. 

The frequency of the precision oscillator is 
100 kc, which is divided successively by fac­
tors of 10 to obtain multivibrator fundamental 
frequencies of 10, 1, and 0.1 kc. A fourth 
multivibrator, operating at a fundamental 
frequency of 100 kc, provides a large number 
of harmonics at 100-kc intervals for use at high 
radio frequencies. Harmonics of t he lO-kc 
multivibrator are similarly used. In the audio­
frequency and low-frequency range (up to one 
or two hundred kc) a cathode-ray oscilloscope 
is used to obtain hundreds of known frequen­
cies. This is simpler than trying to make use 
of harmonics of the low standard frequencies. 

FIGURE 2. View of the TYPE 1190·A Quartz Bar used in 
TYPE llOO-A Frequency Standard, with cover removed 

showiug the spring suspeusion_ ' 

FIGURE 3. Elementary circui t of the brido-e-type piezo­
electr ic oscillator used in the TYPE llOO~A Frequency 

Standards. 

The range of useful output frequencies ob­
tainable from the General Radio Primary 
(or Secondary) Frequency Standard is indi­
cated in Figure 1. Complete specifications are 
given on pages U to 76. 

This frequency standard is the result of 
many years of continuous development in the 
General Radio laboratories. The quartz bar 
(and mounting), t he oscillator circuit, and the 
temperature-control system used in t he stand­
ard make possible a stability of a few parts 
in 108 over periods of several months, and a 
short-period stability of 0.5 part in 108 per 
day after one year's operation. The quartz bar 
and its mounting are shown in Figure 2. The 
bar vibrates in its second-harmonic exten­
sional mode and is held at its two nodes in a 
spring suspension mounting in such a manner 
as to introduce a minimum of damping. Elec­
trodes are formed directly on the surfaces of 
the quartz. The cross-sectional dimensions of 
the bar have been so chosen that the tempera­
ture coefficient of frequency is zero in the 
vicinity of the operating temperature of 600 C. 
The temperature-control system holds the 
temperature of the quartz bar constant to 
better than 0.010 C. 

A bridge-type oscillator circuit i~ used 
shown in schematic form in Figure 3. In thi~ 
circuit, the crystal vibrates at its series-reso­
nant frequency, and the amplitude of oscilla­
tion is constant. 

THE SECONDARY FREQUENCY STANDARD 
TYPE 1100-AQ 

In the past there was a useful field for fre­
quency standards of less than the best possi­
ble precision, such standards being checked 
frequently against standard frequency trans­
missions. These standards could be manufac­
tured at a lower cost than the more precise 
st.andards and consequently were used in 
many applications where price was a govern­
ing consideration. 

At present the demand for more accurate 
secondary standards, coupled with less expen­
sive designs for primary standards, makes it 
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fx 

0-2 r? 11+ I 0+2 
HARMONIC NUMBER 

FIGURE 4_ This diagrarn s hows tbe re lation between an 
unknown freq uency and a s tandard harmonic seri es. 

undesirable to make two types of standard. 
Consequently, the same component units are 
offered for use as a secondary standard - the 
precision oscillator, and multivibrator and 
power supply unit, but without the S.y ncron­
ometer unit. (This latter unit can be added 
later, if desired.) 

THE UNIT TIME/FREQUENCY CALIBRATOR 
TYPE 1213-C 

For applications such as receiver or oscill a­
tor testing and calibrat ion, band-edge checking, 
frequency and time-marker generation, t he 
TYPE 1213-C Unit Time/ Frequency Calibrator 
has been developed. It provides standard­
frequency harmonics at multiples of 10 Me, 
1 Me, 100 kc, and 10 kc, which extend above 
1000 Mc, 500 Mc, 250 Mc, and 25 Me re­
spectively. Calibration of t ime intervals on 
oscill oscopes is possible using the output pulses 
provided at intervals of 0.1 MS, 1.0 j.LS, 10 j.LS , 

and 100 j.LS. The small size, low cost, and good 
stabili ty of the calihrator make it usefu l where 
the high stabi li ty and precision of t he primary 
or secondary standard of freq uency is not neces­
sary, or where the installation of such rela­
tively elaborate equipment is not feasible. In 
addition, the avai labili ty of time markers for 
oscilloscopic measurements and a self-con­
tained beat detector for oscillator calibration 
enables this instrument to solve many labora­
tory measurement problems formerly requiring 
several different items of measuring equip­
ment. Complete specifications of the Unit 
Time/Frequency Calibrator are given on 
page 88. 

FREQUENCY MEASUREMENT 

The ultimate precision in t he measurement 
of an unknown frequency requires establish­
ment of a series of standard frequencies em­
bracing that portion of t he frequency spec­
trum in which the measurement is to be made, 
followed by an evaluation of the UnknO\\"ll 
frequency with reference to one of the stand-

STD. ~,-_~ 

xr 
FIGURE 5. Functional diagram showing the operation of 
the direc l-beating method o f freq uency measure menl. 

a rd frequencies. Since any unknown frequency 
will li e between t wo of the standard frequency 
harmoni cs, as sho,Yn in Figure 4, the simplest 
prOf'ess is to determine t he difference in fre­
quency between the unknown frequency and 
the nearest of the standard frequencies. This 
diH·erence is added to the standard frequency 
if the unknown lies above t he standard, or 
sub t racted if the unknown li es below the 
standard frequency. 

A convenient method of evaluating the fre­
quency difference, A or B (Figure 4), consists 
of beating t he standard and unknown frequen­
cies in a detector and measuring t he beat fre­
quency by means of a frequency-measuring 
device covering the required interpolation 
range between t he standard frequencies. Any 
one of a number of devices sui tab le for meas­
uring t he beat frequency may be used, includ­
ing a n accurately calibrated audi o osci llator 
with a beat indi cator, an electroni c counter, 
or a direct-indicating frequency meter. 

Perhaps the most reliable method of measur­
ing this beat frequency is t hat making use of 
t he calibrated audio osci llator, as shown in 
Figure 5. An advantage of this method is that 
a narrow-band receiver can be used when fre­
quencies of remote transmitters must be meas­
ured in the presence of interference, noise, or 
fading. In severe cases of noise, a heterodyne 
frequency meter can be matched to the de­
sired frequency , and the measurement call be 
completed with the frequency meter as a 
substitute source, under conditions where no 
other method can be used. A further adyan ­
tage of this method of operation is that the 
difference frequency is nearly always an 
audible tone, and t he proper source for meas­
urement can be identified by a listening test, 
as can all steps of the measuremel1t. When 
depending upon counting or meter indications, 
t he operator has no check on the presence or 
absence of interference or noise. 

By use of t he heterodyne frequency meter, 
a ny desired frequency can be set up and can 
be measured or monitored in terms of the 
standard. The equipment thus not only pro­
vides a means for measuring frequencies, but 
a lso provides for generating accurately known 
frequencies. 

The TYPE 1105-A Frequency Measuring 
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Equipment is an assembly of the necessary 
instruments for measuring unknO\\"ll frequen­
cies in terms of standard-frequency harm onics 
obtained from the TYPE l100 Frequency 
Standard. This assembly includes an inter­
polation oscillator a nd comparison oscilloscope 
for the measurement of audio and beat fre­
quencies, as well as the necessary radio­
frequen cy detectors and cali brated osci llators 
used in the measurement of the high er fre­
quencies. For a complete description , sec pages 
77 to 79. 

HETERODYNE FREQUENCY METERS 

In addition to the heterodyne-frequency­
meter osci llators included in t he TYPE l105-A 
Frequency Measuring Equipment, specia lized 
types of heterodyne-frequency-meter oscilla­
tors have been developed to cover higher 
frequency ranges. 

The TYPE 720-A H eterodyne Frequency 
:iVIeter, described on page 85, contains a 
calibrated oscillator, using the General-Radio­
developed butterfly circuit, covering t he 
fundamenta l frequency range of 100 to 200 
Mc, together with a suitab le detector circuit 
and audio amplifier for detectin g beat notes . 
The stability of this osci llator is suffi cient to 
provide measurements to an accuracy of 0.1 %. 
Harmonics of the oscillato r enable frequency 
measurements up to 3000 megacycles to be 
made. This one instrument, bein g batte ry op­
erated , directly calibrated, a nd completely 
portable, is the basic vhf-uhf frequency-m eas­
uring devi ce for ma ny la boratory or field 
applications. 

For measurements in t he frequency range 
above 100 Mc requiring more accurate fre­
quency determination than t hat provided by 
the TYPE 720-A H eterodyne Frequency Meter 
a lone (i.e. more accurate than 0.1 %), the 
Heterodyne Frequency Meter can be used as 
a transfer osci ll ator. This places dependence 
on other frequency-measu ring devices to pro­
vide more accurate calibration a nd higher 
stability . One such dev ice, \yhi ch has been 
developed especia ll y to provide a highly ac-

curate and precise calibration for the TYPE 
720-A H eterodyne Frequency Meter, is t he 
TYPE 1110-A In te rpolat in g Frequency Htand­
ard described on page 86. This in strum ent is a 
crystal-cont rolled frequency standard adj ust­
ab le over t he range from 1000 to 1010 kilo­
cycles. As shoml in Figure 6, t hi s instrument 
consists of a 950-kc quar tz-crystal oscillator, a 
50- to 60-kc variable-frequency oscillator, and 
a mixer, filters, a nd output amplifier for ob­
tainin g the sum of t he two osc ill ato r fre­
quencies as t he output frequen cy. A ,,'orm­
drive dia l \\"i th 1000 scale divisions is used to 
vary the freq ueney over t he 1000- to 101O-kc. 
range. The output frequency controls t ,yO 
multi vibrator units, which generate ha r­
monics of t he osci llator fu ndamen ta l fr e<1uency 
and of one tenth of t his frequency , for UEe as 
accurate check points in t he fundamental fre­
quency range of t he TYPE 720-A Heterodyne 
Frequency Meter. 

Since the range of control frequency is just 
1 %, the frequencies of a ll t he ha rmoni cs of t he 
multivibrators can a lso be vari ed o\'er a range 
of 1 % . For t he 100th ha rm onic t he total range 
of adjustment is from 100 to 101 lVr c for the 
1-Mc multivibrator and from 10.0 to 10.1 Mc 
for the 100-kc multi\' ibrator. For harm onics 
higher t ha n t he 100th, t he 1 % ra nge is greater 
t ha n 1 Nr c, so t hat cont inuous coverage is 
obtained. Thus a ny poin t on the dial of the 
TYPE 720-AFrequeney Meter can beac("u rately 
calibrated. For measurement of freq uencies 
above t he range of t he dials on the freq uency 
meters indi cated , ha rmoni cs of t he frequency 
meter are used. The accuracy of measurements 
made wi t h t he TYPE 720-A Heterodyne Fre­
quency Meter is improved by use of the 
TYPE 1l10-A Interpolating Frequency Stand­
ard to better t han 25 parts per million. 

AUDIO FREQUENCIES 

For the direct measurement of audio fre­
quenc ies, the TYPJ;] 1176-A Frequency Meter, 
a direct-indi cating device for measuring fre­
quencies up to 60 kc, is used. It is described on 
page 89 of t hi s catalog. 

r---------------------, 
I 

Ie 

FI GU RE 6. Block diagram sbowi ng 
the Junctional arrangemen t o r the 
TYPE 11lO-A Inlerpolaling Fre-

quency Standard. 
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FREQUENCY ----~ ------- Standards 

TYPE 1100-A FREQUENCY STANDARDS 

The TYPE 1l00-A Frequency Standards are 
highly precise standards of frequency, operat­
ing on the principles outlined on pages 70 and 
71. Two models are available, the TYPE 
1100-AP Primary Standard and the TYPE 
1l00-AQ Secondary Standard. The same ba ic 
elements are used in each, and there is no 
difference in accuracy and stability between 
the two assemblies. 

The primary standard is provided with a 
Syncronometer (synchronous motor clock) 
for evaluating its frequency directly in terms 
of standard time. The secondary standard 
has no Syncronometer. All other specifica­
tions are identical with those fo r the primary 
standard. 

Harmonic series based on fundamentals of 
0.1, I, 10 and 100 kilocycles are available at 
its output terminals to furnish usable stand­
ard frequencies over a wide range. The ac­
curacy of all output frequencies is the same 
and is better than one part in ten mi llion over 
periods of several months. 

Each assembly is supplied in a floor-type 
relay rack. 

A functional layout of the standard is 
shown on page 70. Brief descriptions of the 
individual units are given on the following 
page, and complete specifications on page 76. 

A specially designed assembly of frequency 
measuring equipment for use with these 
standards is described on pages 77 to 79. 

General Radio Frequency Standards are 
known the world over for reliability and ac­
curacy. They are used by governmental agen­
cie5, industrial plants, military services, and 
research laboratories. Current models have 
all the features of earlier ones, plus many 
additional advantages in convenience, size, 
weight, performance and appearance, that 
result from General Radio's continuous pro­
gram of research and development in the field 
of frequency standardization and measure­
ment. 

The primary standard is an excellent na­
tional standard of frequency for communica­
tions ministries, and with the TYPE 1l05-A 
Frequency Measuring Equipment, can be 
used to monitor or to measure the frequencies 
of radio stations. It is also suitable for use as 
a standard clock by observatories. Research 
laboratories and radio manufacturing plants 
should use the primary standard whenever 
the requirements make it advisable to have an 
independent check against time. 

C lose-up v iew of the TYPE llOO-AP Primary Frequency 
Standard. Lower part of the Hoor·-type re lay rack is not 
shown. The complete rack is simi lar to that shown in 

t he photograph on page 77. 

For many uses the timing feature of the 
primary standard is not needed, and the 
secondary standard, which offers the same 
stabi lity at a lower price, can be used. With 
the secondary standard, an accurate check 
upon its frequency can be made by a com­
parison with standard-frequency radio trans­
missions such as tho e of the National Bureau 
of Standards at Wa hington. This comparison 
is adequate to evaluate the frequency of the 
standard to a few parts in one hundred million. 
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Standards 

Shown below are the individual panels that 
make up the standard, with brief descriptions 
of their characteristics. Additional details of 

TYPE 480-PA CABINET RACK 
(not shown above, see page 77 for photo) 

A floor-type cabinet rack is supplied to house the 
complete frequency standard. When the TYPE 1l05-A 

FREQUENCY 

circuit and construction will gladly be sup­
plied upon request. Specifications and prices 
are listed on page 76. 

TYPE 1103-A SYNCRONOMETER 
This panel includes a WOO-cycle synchronous motor 
for effectively counting the number of cycles executed 
by the standard piezo-electric oscillator in a standard 
t ime interval. A large, illuminated, 2-l--hour dia l with a 
long sweep hand makes for easy visibil ity. A microdial 
contactor, operating once each second, and calibrated 
in hu ndrcdths of a second, is provided for comparison 
with t ime signals. The microdial mechanism can be 
phased by means of a panel contro l. Comparison of 
the syncronometer reading with standard t ime can be 
made on the microdial scale to one part in ten mi llion 
over a 2-l--hour interval. The WOO-cycle synchronous 
motor is started by a 60-cycle motor controlled by a 
push-button on the panel. 

TYPE 1102-A MULTIVIBRATOR 
AND POWER SUPPLY UNIT 

This unit contains four mul tivibrators of 100, 10, 
1, and 0.1 kc frequencies, the power supply for the 
enti re standard, and the control circuits of the tem­
J)erature-('ontrol system of the TYPE 1l01-A P iezo­
Elect.ric Oscillator. Concentric shielded connectors are 
provided for 100-kc and lO-kc harmonic outputs fo r 
radio-frequency measurements, and 10 kc, 1 kc and 
0.1 kc for audio-frequency measurements. These con­
neetions are a ll mounted on t he real' of the assembly. 
All tubes are accessible from the rear, without removal 
of any dust covers. T he fo\ll' mu ltivibrators are moun ted 
on the real' panel, which is removable without discon­
necting any wiring. Mounting spacers and servicing 
cable are supplied to operate the multi vibrators when 
the panel is reversed, giving access to all components 
of the multi vibrator assembly. 

TYPE 11 01-A PIEZO-ELECTRIC OSCILLATOR 
This oscillator operates with a TYPE 1190-A Quartz 

Bar, which is mounted in the temperature-control unit, 
located at the left behind the panel. The temperature 
is controlled by a compensated-thermostat circuit and 
is maintained within 0.01 °C fur all ordinarv ambient 
temperatures. The oscillator circuit assembl~'ls mounted 
at the right behind the panel. All tubes are accessible 
from the real' without removing any dust covers. 

A view of the TYPE 1190-A Quartz Bar is shown on 
page 71. 

Frequeney Measuring Equipment is ordered with the 
standard, the complete assembly is mounted as shown 
on page 77. Openings, with removable finished covers, 
are provided for connections between the standard 
and the TYPE 1105-A Frequency Measuring Equipment. 
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FREQUENCY Standards 

SPECIFICATIONS 

Fre quency Range : Standard frequencies ranging from 
one pulse pel' second to frequencies of several megacycles 
can be obtained from this equipment. 

The outPllt frequenc ies arc as fulloll'8: The uppcr 
frC([lIell<'." limi t depends upon t he mf'thod Ils('d to 
dctf'(,t, and IItilize the harmonies. The valu('s here 
qlloted a rc casily rca('h('d when using the Typl, J 106 
Fr('qll('nc." Transff'r Units . 

From 100-1.(' mll lt ivibmtor, 100 I.e a nd its harmonies 
up to 50 megaey('lps. 

From 10-ke multivibrator, 10 kc and its harmonics 
up to 10 mcgac.vcleR. 

Prom l-k(' multivibrator, 1 kc and its harmoni(,s in 
the alld io-frequcn('y range. 

From 100-('yele multi vibrator, 100 cyrles and its 
harmonics in t he lower audio range. 

From the syneronometcr unit, one-second contactor. 
The time of O(,(,III'1"enCr of the contact may be phased 
to occu r at an~' instant over a range of one second. 

Th is contact is open for abo ut 50 and closed for 950 
milliseeonds. 

If a suitable high-freq llcncy reeriver is used to detect 
them, 100-k(' harmonics lip 10 75 01' more megaeyclrs 
can be utilized direetl.". For work at higher frequencieR, 
harmonics of an auxi lial'\' os('illato r whose fllndamental 
is monitored against the' standard at, a lower frequcncy 
can be used. 
Output Voltage : The harmoni(, outputs of the JOO and 
10 kc are at low impcdatH'c ({;5 ohms). The r-m-s vo lt­
ages, mrasurcd at thc terminals of thp freqllcll('Y stand­
a rd, ae ross a fi5-ohm load, arc: at 100 1.(', 0,2 volt: a nd 
]0 kc, 1.2 volts, The alldio-f reqllclH'.¥ Olltputs arc at 
low illlpedalH'e (GOO ohms). The r-m-s voltagcs meas­
ured at the tcrminal st rip of t Il(' standard, a('ross a 
]O,OOO-ohm load, a rc: 10 k(', 20 volts; I k(', 2,5 volts; 
100 ('.¥(' les, 20 volts, Thcse voltagps are repre~pntative 
only; they are not gllaranteed vahle'S, 
Frequency Adjustment : The frequenc.v of the quartz 
hal' in ib oH('illator ('in'u it is adjustcd to within I part 
in ten million of ils spe('ified fr<'qllcn('," in terms of 
standard time. S light changes in frequenc.,' may oe('lI r 
dming shipment, but a ('ontrol is provided for adj ust­
ing the frequen('.\' after installation, 
Accuracy : v"hen the assemb I,' is opemted in a('co rdance 
with instnletionR, and after an aging period of a month, 
the ratl' of drift of the frcqucncy lI·ill rcmain below 5 
parts in 108 pel' day and this will dpcreasp with t ime to 
about 0.5 pllrt in 108 pf'r day at thc end of one ycar's 
operation, 

Frequency Stability : The standard is deRigned so that 
ordinal'," changes in a il' pressure, ambient temperature, 
and line voltage have prattieall," no eifeet on t he fre­
qUCJ1('.'·, The temperature coeffic' ient of frequenry of 
t he quartz bar is less than I part in 107 reI' degrec C, 
The temperaturc contro l is within ±O.O I C. The volt­
agr coeffi('ient of frequen('y of the cr."stal-('on t rolled 
os(,illator i~ less thun 2 parts in 108 f()r line voltage 
changes of 10 % . The avemgc frequene." variation from 
this ('ause will be slibstantiall v less, 

The f111f'tuations of I' req uCl1e.v of the standard over 
short periods, sueh as thosc requircd in making fre­
queney measurement~, are less t han I part in 109 , 

Output Terminals : The various output frcqucncies a rc 
made available at TypJo] 87..J. Coaxial Connectors at the 
real' of t he assemb ly, Since a ll necessar~' wiring, for a ll 
interconnections between units of t hc aS8embl~', is pro­
vided in tllP form of cables, no connections need be 
made by t he user other than power-suppl." ('onneetions, 
and a con nection to t he point where the standard fre­
q lIencies are to be used, 
Tube Complement : 

1 - 6AC7 1 - 1~51 (G,E. Co,) 
10 - 6S~7-GT 1 - 6Kfi-GT/G 

1 - 5HA-GY [ - 2 LAP-4:l0 
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 
(i0 c\'e lps, 
Pow~r Input : For the TYPJ> 1100-AQ Se('ondary Stand­
ard, the power demand from the supply line is approxi­
mate I." 1 55 watts: lI·ith heaters off, t he power required 
is approximatel~' 125 watts , For t he TYI'EllOO-AP 
Primal'." Standard, the corresponding figlll'es a re 175 
and 145 watts, rf)s!1edivel~', 
Accessories Supplied: Complete set of tubes, spare sets 
of fuses, fusible links, pilot lights, All eonneeting cables, 
including power-suppl," leads, servi r in g cable, a nd 
complete operating instrw,tions, 
Mounting : All uni ts arc mounted on standard 19-inch 
relay-raek panels finished in blaek eraek le lacquer, 
dress panel ('onstn l('tion, A floor-type cabinet rack, 
blac'k wrinklc finish, is supplied for mounting t he uni ts 
of t he assemhl,\' . Blank pa nels arc supplied to fillllnused 
portion of mck, 
Dimensions : The over-ali dimensions of the assembly in 
floor-type cabinet rack a re (height) 76Ys x (width) 22 
x (depth) 20Y2 inches, over-all. The available panel 
spaee is ..J.O rack units or 70 inclws, 
Net Weight : In floor-typc l'acks, TYPE 1100-AP, :3:35 
pounds, TYI'I'; IIOO-AQ, :300 pounds. 

___ Type 

1100-AP 
1100-AQ 

I Primary Frequency Standard . ........... ·1 
Secondary Frequency Standard . ......... . 

Code ]V ord _ _ -,--_---;-~P-l'ice 
EXCEL $2390.00 
EXACT 1690.00 

PATENT NOTICE. See Noles 1, 2, 4,5, p"!!:e ,·iii. 

The TYPE 1l00-AP Primary Frequency Standard 
consists of: 

1 TYPE 1103-A Syncronometer 
1 TYPE 1l02-A i\Iultivibrator and Po\\'er Supply Un it 
1 TYPE 1190-A Quartz Bar ;\lounted in TYPE IIUI -A 

Os('illator 
1 TYPE 1101-A Piezo- I ~ l p('tri(' Oseillalor 
Relay Raek, Blank Panels, ConnC'et ing CablC's 

The TYPE 1l00-AQ Secondary Frequency Standard 
consists of: 

1 TYPE 1102-A Multivibrator and Po\\'er Supply 
Unit 

1 TYPE 11 90-A Quartz Bar i\Iounted in TYPE 1l01-A 
Oseillator 

I TYPE 110 I-A Piezo J ~ lectri c Oscillator 
Relay Ra(''', Blank Pan cis, Connecting Cab les 

NOTE: TYPE 1l00-A Frequency Standards are supplied in floor-type rei a," raeks, 
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Measuring Equipment ---~ FREQUENCY 

TYPE 1105 -A FREQUENCY MEASURING EQUIPMENT 

View of TYPE] 1 OS·A Frequency "Measuring Equipment 
"ith TYPE IJOO·AP Primary Frequency Standartl. 
The ",easurin:; eqll iplllent assembly is supplied with 
UIlf' f1oor.t.~'pe re lay rack, antl the TYPE LL07·A Inte r· 
po la tioll Oscillator 1I1011l1 l.S in the frequency standartl 

rack, uelo" the standard. 

The TYPE l105-A Frequency Measuring 
Equipment includes all the auxiliary equip­
ment necessary for measuring unknmnl fre­
quencies in terms of the TYPE 1100-A Fre­
quency Standards. When this assembly is used 
in conjunction with either model of the TYPE 
1l00-A Frequency Standard, measurements 
can be made directly at frequencies up to 
100 Mc. Measurements at higher frequencies 
can be made by using auxiliary equipment, 
such as receivers or oscillators, to transfer 
the unknmn1 in harmonic steps to a frequency 
below 100 Mc. Where the frequency range to 
be used is smaller or the type of measurement 

to be made is specialized, simpler assemblies 
can be furnished, and quotations ",ill be 
made upon request. 

The individual instruments comprising the 
TYPE 1l05-A Frequency Measuring Assembly 
arc available separately, and all are described 
in detail in the following pages. 

The general method of measurement is out­
lined in the diagram on page 79. At radio 
frequencies between about 100 kc and 100 
lVIc, the unknmm frequency is brought into 
the measuring system through the detector 
section of a frequency transfer unit or through 
an external radio recei ver. The direct-reading 
scale of the frequency transfer unit gives the 
approximate value of the unknown fre­
quency. For a precise determination, the beat 
freq uency between the unknown and a stand­
ard-frequency harmonic is measured by com­
parison \\'ith the interpolation oscillator, the 
comparison being made on the osci ll oscope. 

Above 100 Mc an external frequency meter 
such as the TYPI~ 720-A can be used to estab­
lish a harmonic relation between the unkno\\'n 
and the standard frequency. Other types of 
stable oscillators can also be used for this 
purpose. 

At audio frequencies, the interpolation os­
cillator is matched directly to the unknmm 
frequency. A harmonic of the unkno\\"l1 can 
be used at low audio and sub-audible fre­
quencies. 

Between about 5 kc and 100 kc, the in­
terpolation oscillator is used to produce a 
variable-frequency circular S\\'eep on the 
osci lloscope. The unknown frequency is then 
determined from the oscilloscope pattern. 

The accuracy of measurement that can be 
easily realized is ±0.1 cycle in determining 
the difference bet\\'een unknown and standard 
frequencies. The fractional accuracy varies 
,yith the frequency ·being measured, ranging 
from 2 in 105 at low frequencies to 1 in 108 at 
high frequencies. 

By reversing the procedure of measure­
ment, a precisely known frequency of any 
value between 100 kc and 200 Mc can be 
generated. The desired frequency is available 
at the output terminals of a frequency trans­
fer unit. At audio frequencies, from the inter­
polation oscillator, audio frequencies between 
o and 5000 cycles are available. 

This equipment is the result of a quarter 
century of continuous development, and sim­
p licity of operation has, next to accuracy, 
been the guiding principle in its design. 
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TYPE 1109-A COMPARISON OSCILLOSCOPE 
This unit contains a cathode ray oscilloscope, wi th 

its power supply: selecting, smoothing, and phase­
shifting net.works for circu la r sweeps at line frequenry, 
0.1, 1, and 10 kc standard frequencies, and at a variable 
frequency obtained from the interpolation oscillator: 
and a selector providing for a ll necessary and con­
venient comparisons required in making frequency 
measurements. Most patterns a re presented on a r ir­
cular sweep by radial deflection. 

For complete description, see page 8·L 

TYPE 1106-A, -8, -C FREQUENCY 
TRANSFER UNITS 

(3 Panels) 
Each of the~e units rontains a Ill'terody ne freq uency 

meter and heterod~'ne detector, \yi t h direct-reading 
scales. R anges a re as follows: 

TYPE 1l06-A 100 ke to 2000 kc 
TYPE 1l06-B 1 Mc to 10 Mc 
TYPE 1l06-C 10 Mc to 100 Mc 

The harmonic output of the frequency meter can be 
used at frequencies higher than t hose ('overed b.v the 
dial ranges, as expla ined in t he operating instructions. 
The output of the frequency meter is ad justable by a 
panel control, as is the regeneration of the heterodyne 
detector. 

For complete description, see page 80. 

TYPE 110S-A COUPLING PANEL 
This unit is t he centrali~ed ("ontrol point at which all 

switching a nd level adjustments necessary for using the 
various eombinations of measming equipment can be 
easily and quickly carried out. 

For complete description, see page 8:3. 

TYPE 1107 -A INTERPOLATION OSCILLATOR 
This unit is a direct-reading audio-frequency oscilla­

tor covering frequencies from 0 to 5000 cycles. It is used 
to measure t he audio-frequency difference between t he 
unknown frequency and a standard lO-kc harmonic. 
Provision is made, on two scales, so that results can be 
obtained b~r addition only, avoiding subtraction. A 
mixer rireuit is provided with controls for out.put of the 
interpolator and for the unknown frequency, so t hat a 
maximum beat. amplitudc can be obtained. A mete r 
indicates output voltage and ('an be used as a beal in­
dicator for matc hing the interpolator and unkno\\'n 
frequencies. 

For complete description, see page 82. 

TYPE 4S0-MA RELAY RACK 

The individual uni t~ with the exception of the TYPE 
1l07-A Interpolation u 8cillatoT, are mounted in the 
TYPE 480-MA Rela." Rack. At the base of t he mck is 

Measuring 
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mounted a TYPE ll05-Pl Speaker for audible monitor­
ing of beat tones. 

All connections between standard and measuring 
assembly a re made by means of patch cords, which 
a re supplicd. 

Each of the instruments comprising the TYPE 11 05-A Frequenry 1\ Ieasuri ng Equipment is anlilllble separately. All are completely described 
in the following pages, and those descriptions should be consu lted for further detai ls of design and construction, net weight, dilllensions, etc. 
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Equipment FREQUENCY 

TYPE 110S-A FREQUENCY MEASURING EQUIPMENT 

SPECIFICATIONS 

Terminals and Connections : All instruments are equipped 
with TYPE 87-1- Coaxial Con nectors on the real' of each 
unit. Suitable connecting cords are supplied. 
Power Supply : 105 to 125 (or 210 to 250) volts, 50-fiO 
cycles. Other voltages or frequencies on specia l order 
onl.\". 
Power Input: 200 watts. 
Accessories Supplied: Spare sets of fuses: blank pa nels; 
con necting cables, including power supply cords. 

Mounting : The complete assembl~r , with the exception 
of TYPE lJOi-A In terpolation Oscillator, mounts in a 
standard lO-inch TYPE 480-YIA Cabinet Rack. This 
rack includes service outlets for each instrument. 'i'he 
intel'polalion oscillator mounts in the frequency standard 
Tack, as shown in the photograph on page n. 
Dimensions : (Height) i6Ys x (width) 22 x (depth) 20 Y2 
inches, over-all. Total rack space is ~O rack units, or 70 
inches. 
Net Weight: 370 pounds, including rack. 

Type 
--l=-l=-'O'S='--A-=---' I--=-Fr-e-q-u-e-n-c-y---=-M-=-e- a- s-u- r-=-j n- g---=E=-q-u"""'j-p-m-e-n-t ••••••••• 1 

CodeWord 
MITER 

Price 

$S360.00 

PATENT NOTICE. See Note 4, page ,·i ii. 

The TYl'E n05-A Frequency Measuring Equipment 
consists of: 

1 TYPE 1109-A Comparison Oscilloscope 
1 TYPE 1106-A Frequency Tra nsfer Unit 
1 TYPE 1106-B Frequency Tra nsfer Unit 

This diagram shows in functional form the operation 
of the TYPE llOS Frequency Measuring Assembly. The 
TYPE ll08 Coup ling Panel is the centl'a l unit Jrom 
which all operations are controlled. 

The unknown frequency f x and a series of standard 
frequency harmonics are applied through a llenua tors 

1 TYPE 1l06-C Frequency Transfer Unit 
1 TYPE 1108-A Coupling Pa nel 
1 TYPE J J05-PJ Speaker Mounted on Relay R ack 
1 TYPE 1.I07-A Interpolation Oscillator 
R elay R ack, Bla nk Panels, and Connecting Cables 

to the detector in the frequency transfer unit. The 
IInknown frequency can then (1) he estimated qnickly 
from the ca libration of the detector, (2) be determined 
more accnrately by use of the heterodyne frequency 
meter, or (3) be measured precisely by use of the 
interpolation oscillator. 
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FREQUENCY ---~ Frequency 

TYPE 1106 FREQUENCY TRANSFER UNITS 

USES: The Tn}] 1l0G Frequency Transfer 
lini ts are utilized in t ram;i'erring an unknOlnl 
frequenry for measurement against a fre­
quency st a nda rd , 0 1' for transferring a fre­
quency of kn ol\"n value (rl etermined against 
the standard ) to a n out pu t circui t . The direct­
reading frequency calibrations ,,·ill give t he 
approxim ate value of a n UnknOll"ll frequency 
0 1' the approximate value of a des ired fre­
quency in the output circui t . 

When used II'it h a frequency standard , 
these uni t::; prov ide means for rapidly identi­
fy i ng t he ha rm oni cs of the sta ndard ; for 
accurate ly makhing t he heterodyne frequency 
meter to the unkn own frcquency; for use as 
a substitu te SOUlTe in measuring frcqueneies 
under condi t ion::; of noi::;e, fading , or of in ter­
mi ttent operat ion of the transmi tter ; a nd for 
obtaining a frequency of a ny desired value, 
accurate ly knOlnl in terms of the frequency 
::;tandard. 

The F requency Transfer Units can also be 
used as ge neral-purpose calibrated frequency 
meters a nd detectors. 

DESCRIPTION: The TYPES 1l06-A, 1l06-B and 
1I06-C Frequency Transfer u ni ts a re ident i­
cal except for their frequency ranges II'hi ch are : 

TYPE 1I06-A 100 kc to 2000 kc 
TYPE 1I06-B 1 M c to 10 Mc 
T YPE 1I06-C 10 M c to 100 l\Ic 

E ach consists of a heterody ne frequency 
meter (with harmoni c-generating circuits and 
out put cont rol) and a heterody ne detector 
(wi th audio-frequency amplifier a nd regenera­
t ion cont rol) . 

The heterody ne-frequency-meter oscillator 
circui t is a highly stable oscillator having a 
frequency range of 2 to 1 in t wo (1l06-A) or 
three steps (1l0G-B, -C). A direct-reading 
frequency scale is provided for t he fund a­
mental a nd selected harmoni c ranges, coverin g 
10 to 1 in frequency (20 to 1 on 1I06-A). The 
harm oni c output can be used at frequen­
cie::; higher t han t hose covered on t he di a l 
ra nge::;; for cxample, using the fundam ental 
frequency scales and reading ten t imes t he 
scale value gives t he coverage of the tent h 
harm oni c. All auxili a ry fin e-tuning cont rol 
is provided for easily setting zero beat. 

The heterody ne detector has range-switeh­
ing a nd direct-reading frequency scales cover­
ing t he rated range of the uni t . The det ector 
can be operated eit her in the non-oscillating 
or osc ill ating condi tion by use of t he regenera­
t ion cont rol. When oscill ating, it is especially 
useful in obtaining a n exact zero beat setting 
between the frequency meter and a signal 
frequency, by t he three-osci llator method, 
t he detector serving as the thi rd oscillator. 
When not oscillating, it produces t he beat 
bet ll'een t he standard harmoni c a nd t he UI1-
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Transfer Units 

known frequency. An audio-frequency am­
plifier with an output impedance of approxi­
mately 600 ohms is provided . 

On both the heterodyne frequency meter 
and detector direct-reading freq uency scales, 
Il early 360-degrec rotation of the drum dials 
is used. Both are approxim a tely straight-lin e­
frequency in calibration. Operation of the 
range se lecton; automatically sets the pointer.' 
so that the pOl;si bi Ii ty of error in readi ng one 
of the several scales on the dial is greatly 
reduced . 

FREQUENCY 

FEATURES: ~ Dials are direct reading in fre­
quency for both the frequency meter and the 
detector. 
~ Range 
mounted 
Iyi ndow. 

dial s a re illuminated an d a re 
behind pall el a nd viewed through a 

~ Hange switching for both frequency meter 
and detector. 
~ The heterodyne frequency meter is de­
signed for a high degree of frequ ency stabili ty, 
and drift il; negligible for the specified condi­
tiOIll; of UI:;C. 

SPECIFICATIONS 
Frequency Range : 

TVPE 1I06-A ]00 kr to 2000 kc (!J ranges) 
TYP E 1l06-B 1 nrc to 10 :\lc ( LO I'a nges) 
TVPE 1l06-C 10 ;\[c to J(JO :\[c ( 10 ranges) 
The hetel'odynp I'I'C'quenry nwt(,1'8 a ll have 2:1 funda-

menta l rangps, with ('alihrated dil'ect-reading hal'monic 
scalps, TIll' he tcl'od \'J](, dete(·tol's a ll have fundamental 
ranges covel'ing the' ~pec ified haml. 
Calibration : The hrtel'odynC' I'requ('J1(' ,I' metel' dials a l'e 
cali brated as follows: 

TVPE I 10G-A llF;\I 1 k(" intprva ls 100- 280 kc 
2 ke intcrvals 2 0- 5fiO kc 
.1 ke intervals 560-1000 kc 

10 kc int ervals 1000- 2000 kc 
TYPE 1l06-B llF:\1 5 ke in terva ls 1.0- 2.0 :\[c 

10 kc in terva ls 2.0- --1.0 ;\[c 
20 kc in terval~ 4.0-5.0 :\lc 
10 kc int erva ls 5.0-10.0 nrc 

TYPE 1l06-C HF;\I 2U kr in tervals LO.0- 20.0 ;\1c 
]00 kc in terva ls 20.0--40.0 ~[c 
200 kr inte rva ls --10.0- 50.0 Me 
]00 kr intervals 50.0- 100.0 ;\fc 

Thc heterodvne detector dials a re ca librated with 
somewhat greater frequenry in te rva ls, but t he in tervals 
permit reasonanlr es timation of frequelH·.I·. 
Accuracy : Thp a(·curae." of the h('tel'Od~'nc frequenc~r 
meter ealibration permits posit ive identificat ion of har­
monies II"I1('n u~ed with a frequency standa rd . Used 
individua lly, t he calibrat ion ('an be re lied upon to 
± O,1 per ("cnL 

Input and Output Circu its: The ha l'moni r output of the 
hrtrl'Oclyne fl'equency metel's is avai l ~,b l e at sh iplded 
coaxia l ('onl1cctol's 1'01' u~e with 50-65 ohm cOIl('pnt l'i c 
cable. Ha l'monics of the funda menta l I'l'eq uenc',l' to at 
least the 10th a l'e usahl p, The rad io-fl'eq ueJ1('y input 
a nd the audio-l'l'equen(',I' outPllt ('onllPctions of the 
Il('te l'odl'nc drtl'('\ol' a l'(, shi(' ldr d ('oaxial conne('tOI'H, 
The inl)u t cil'cuit is suitab le fol' use with 50-G5 ohm 
cable ; the output impedallc'e is appl'oxil11ate l~r GOO ohm~, 
Power Supply : L05 to 125 (01' 210 to 250) vol tH, 50-(lO 
c,w les, Othel' voltagrs 01' fl'equencies on speeil,1 ol'del' 
ollly, 
Power Input : -to watts. 
Tube Complement: 

TVPE 1 lOG-A, -B 
:3 - 6SJ7 
1 - 6J5GT 
1 - 6S~7GT 
1 - 11\'51 (G,K Co.) 
J - 6Xl 
1 - 0D:3 

Typ~J 1l0G-C 
1 - GSJ7 
J - GJ5GT 
1 - 6SX7GT 
I - GX~ 
1 - 6A1\:5 
1 - OD:l 
2 - 0002 

Accessories Supplied : Spal'e fuses, CA P-:l5 linc con necto l' 
cord, t hl're TVPE 87-t-C62 Cablp COlln pC'\O I'R, 
Controls: POII'PI' OX-OFf<' slI'it (' h ; hrtrl'od ,l'llP I'I'C'quenc,l' 
meler PL,\ TE supply s\\'it<-h : he t(,l'od,\'Jl(' fl'equenc," 
mrtel' a nd hptel'od.\'np dete('to l' RA:'\GE (coil selectol' ) 
switches; fl'C'q u('Il!'y cont l'ols: hrtel'odynp 1'1'('(lucnc',1' 
metel' OUTPUT control; het('J'odl'nr de tedol' R I':-
GEXERATTOX ('ontl'o l. ' Frequency Stability : The circui ts of the oscillators used 

for the 11('terody ne frpqueney meters a re designed for Mounting : Standard IB-illeh rela,I'-rack mounting: 
high stani li t,v against changes in suppl~' voltage or dress-panel c'onst l'll('tion ; black e!'ac'kle lacquer, 
changrs in tube eapac· itances. The heterody ne detector Dimensions : Pam· l ( length ) in x (heigh t) 10 1

2 inch('s: 
stabili t.v is not as good bu t is ufficiently high so that behind P:lI1(' I , ( It·ngth ) 17 x ( heigh t) 10~ x (depth ) 
no difficult,\' is encoun tered from vllriations in making 12%: inchrs. 
frequency mrasure ment8, Net Weight : --I7 %: pounds, 

Type Code lI'ol'd __ ;--_~Pl'ice:.. __ _ 
1106-A--1 Frequency Transfer Unit 100-2000 kc .... '-'-1-- .\ BOU'.r $985.00 
1106-8 Frequency Transfer Unit 1-10 Mc . . . . . . . . . .\ CTOR 985.00 
1106-C Frequency Transfer Unit 10-100 Mc...... .. ADEP'.r 985.00 

PATENT NOTICE, See Note 4, page ,·iii. 
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FREQUENCY ----~ ------ Interpolation 

TYPE 1107-A INTERPOLATION OSCILLATOR 

USES : The principal use of the TYPE 1l07-A 
Interpolation Osci ll ator is, in connection with 
a frequency standard, to measure the differ­
ence between the unknown frequency and a 
known standard harmonic. The direct-reading 
linear scales of 0 to 5000, and 5000 to 10,000 
cycles make possible the rapid evaluation of 
the frequency difference, by addition only, 
with high accuracy. While the dials are 
marked as described, the actual frequency 
range is 0- 5000 cycles. 

The lineal' scale of this oscill ator also 
makes it useful for other types of work where 
accu rate frequency increments are desired. 

DESCRIPTION: The osci llator is of the beat­
frequency type, with the radio-frequency os­
cillators operating in the region of 45-50 kc. 
The circuits are designed for exceptional 
stabi lity of frequency against supply-voltage 
changes, tube-capacitance changes and tube 
rep lacements. A tube plate-supply regulator 
is then employed as a further safeguard. 

The variable-frequency-oscillator frequency 
is controlled by a precision variable air ca­
pacitor, the fixed oscillator frequency by a 
fixed ail' capacitor. The inductors of both 
oscillator circuits are wound on ceramic forms 
and are shielded, effectively eliminating un­
wanted coupling and reducing the effects of 
changes in ambient temperature. 

An output voltmeter is provided, which can 

also be used as a beat indicator for matching 
the osci llator output frequency to an un­
knowll audio frequency. Individual controls 
are provided for the oscillator output and 
unknown-frequency voltages in order to secure 
the maximum beat amplitude at any level. 
The osci llator output voltage is practicall y 
constant over the whole range of frequency. 

FEA TURES : ~ The fixed oscillator is provided 
with a switch that permits changing its fre­
quency by exactly 5000 cycles. By this change 
of frequency the oscillator can be fitted with a 
scale reading 5000-10,000 cycles. For the 
measurement of a frequency lying below t he 
standard frequency, the beat frequency need 
not be subtracted from the standard fre­
quency to obtain the unknown frequency. 
Instead, the 5000-10,000 cycle scale is used 
and the reading is added to the frequency of 
the next lower standard-frequency harmonic. 
~ An indicator light operated by the switch 
indicates the proper scale to be read. 
~ Stabili ty of output frequency, and linear, 
easily read scales are features of great con­
venience in use. 
~ For measuring very small frequency incre­
ments, two direct-reading incremental fre­
quency dials (one for the 0-5000 scale and 
one for the 5000-10,000 cycle scale) are pro­
vided. 
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Oscillator FREQUENCY 

SPEC I FICATIONS 
Actual Freque ncy Range : 0-5000 cycles pel' second. 
Dial Cal ibrations : DIRECT; 0-5000 cycles, wit h the 
o~cillator frequenc.v increasing from 0 to 5000 divisions 
on t he scale. REVERSE; 5000- 10,000 cycles with the 
oscillator frequency decreasing fl'Om 5000 cycles to 
zero while scale reading goes fl'Om 5000- J 0,000 divisions. 
.M REVERSE and M DIRECT; ±1O cycles. 
Accu racy : The instrument is a ligned to agree with the 
lineal' direct-reading scales to within ± 2 cycles. 

Power Supply : 105 to 125 (or 210 to 250) volts, 50-60 
eyries. Other voltages 01' frequencies on specia l order 
onl\'. 
Po';"er Input : 50 \l'atts, approximately. 
Controls : O:-.r-OF'F' switeh ; DIR8CT and REVERSE 
scale sll' it('h ; Two ..'.1' a nd zero-set ('ontl'Ols; main FRE­
QUENC Y ('ontrol; OUTPUT and INPUT (mixer) 
volume controls. 
Meters: Output voltmet.er; used also as a beat indicator. 
Terminals : T erminals, both on panel and at rea l', a re 
provided for both mixer inpu t and oscillator output. 
Panel terminals a re uni vcrsal for two-pin 01' coaxia l con­
nectors. Rear terminals are 1'01' coaxia l connectors. 
Tube Complement : 

2 - 6AC7 
:3-6J5GT 

2 - oS:-.r7GT 
1 -6X5GT 

The variable capacito r is provided with a precision 
1I'0rm c!t'ive so that preeise freq uenry settings can be 
made. Small residual erro]'s a re easily and quickly re­
moved in the region of any freq uency in t he range by 
fine ad justment of the zero with reference to a frequency 
standard having a l-kc 01' O.J-kr output, 01' both. For 
evaulat.ing very small frequency dif'Terences, independ­
ent, direct-reading frequency-increment dials a re 
provided. Accessorie s Supplie d : Spare fuses ; TYPE CAP-:35 Power 
Output : The output voltage is adjustable up to 15 volts. Corel; foul' TYP E 87 I-Co2 Cable Connec tors. 
The output-circuit impedance is approximately 600 Mounting : Standard l!l-inch rela.\·-rark ; dress panel 
ohms. construc·tion; bhwk crackle fin ish. 
Mixe r Ci rcu it : A mixer circuit, with volume control, is Dimens ions : Panel ( Icngt h) H) x (height ) 12~ inches; 
provided for injecting a frequency to be measured in to hchind pam'l, (length ) 17~ x (height) 12 x (depth) 12 
the amplifier circuit. Beats may be observed on the out- inrhe~ . 
pu t meter, 01' by mcans of head telcphones 01' speaker. Net W eight: ..J1 ,J,1 pounds. 

____ 2:y~p~e~ __ ~~ ____ ~ ____ ~~~~ ____________________ .-___ C_o_d_e_v_V_o_1'd ____ -. ____ ~P71~'ic_e~ __ __ 
1107 -A 1 Interpolation Oscillator . . . .. . . . ... . . .. . .. 1 BARON $985.00 

PATENT NOTICE. See Note 4, pap;e viii. 

TYPE 1108-A 
COUPLING PANEL 

USES: This coupling panel is designed speci­
fi cally for use as the centralized control panel 
in a frequency-measuring equipment employ­
ing a TYPE llOO-AP Primary Frequency 
Standard (or TYPE llOO-AQ Secondary Fre­
quency Standard). The panel carries the 
necessary s lVitches and volume controls for 
all operations in making frequency measure­
ments. 

DESCRIPTION: The instrument contains the 
following controls : FREQUENCY METER, 
for selecting and combining the frequency 

meter outputs of l106-A, l106-B and l106-C 
heterodyne frequency meter sections; STAND­
ARD FREQUENCY HARMONIC selector, 
selecting lOO-kc oJ' lO-kc harmoni c outputs, or 
combination; indi vidual volume controls ; DE­
TECTOR selector, for se lecting input and 
output circuits of l106-A, l106-B, 1106-C, 
or an external detector (or receiver); an 
ON-OFF switch and volume control for 
frequency being measured; MICRODIAL 
switch; TEL-SPEAKER switch foJ' trans­
ferring between telephones and speaker and 
between detector and interpolator outputs. 

SPECIFICATIONS 
Terminals : At real'; by 24 shielded coaxial connectors to 
a ll sources and instruments required; real' telephone 
connection for use when adjusting standard against 
standard-frequency transmissions. At front: by shielded 
coaxia l connectors, ha rmonic output circuits of 11 06-A, 
ll06-B, and ll06-C heterodyne frequency meter sec­
tions; input connection for frequency being measured ; 

Type 

by two-point or standard telephone jack, connections 
for telephone recei vel's. 
Moun t ing : Standard 19-inch relay-rack mounting ; dress 
panel construction ; black crackle finish. 
Dimens ions: Panel (length) 19 x (height ) 7 inches; be­
hind panel, (width ) 17~ x (height) 6%; x (depth ) 6,J,1 
inches. Ne t Weight : 16 pounds. 

Code W01'd 
1108-A 1 Coupling PaneL . . .. . . . .. . .. .. .. . ..... . ·1 BATTY $305.00 

PATENT NOTICE. See Note 4, page vi ii. 

GENERAL RADIO COMPANY 83 

I 



FREQUENCY Oscilloscope 

TYPE 1109-A COMPARISON OSCILLOSCOPE 

USES: This instrument is particularly in­
tended for use with a TYPE 1l00-AP Primary 
F requency Standard (or TYPE 1l00-AQ Sec­
ondary Frequency Standard) as an aid in 
making in terpolations 01' che('king cali bra­
tions with high accuracy. With sueh standards 
and assoeiated measuring equipment, the 
TYPE 1l09-A Comparison Oseill oscope pro­
vides a conven ient means of measuring audio 
and carrier frequencies or of calibrating os­
ci llators in these frequency ranges. 

DESCRIPTION: The TYPE 1l09-A Comparison 
Oscilloscope contain s a 3-inch, radial-deflec­
tion cathode-ray tube and its power supply. 
Selective amplifi ers with po\\'er supply, phase­
shift networks, and controls are provided for 
obtaining circu lar sweeps at t he power line 
frequency, at 0.1 , 1, and 10 kc from the 
frequency standard, and at variable frequen cy 
obtained from the TYPE 1l07-A Interpolation 
Oscill ator. A radial deflection amplifier is 
provided, for displaying the input signal on 

the circu lar s\\'eep base. Switching is provided 
for selecting the sweep frequencies and fo r 
selecting anyone of the se \'eral operations 
normall y involved in makillg frequell cy meas­
urements 01' cali brations. 

FEATURES: ~ The general use of circu lar 
sweeps provides symmetrieal alld readily 
interpreted patterns. 
~ By overl oadi ng the deAection amplifier the 
operator can identify easi ly frequency ratios 
involving much higher integers than can be 
identified in Lissaj ous patterns. 
~ Ordinarily in the use of cali brated oscil­
lators, it is not necessary to identify a pattern; 
it is only necessary to adjust the oscillator 
so that the pattern stands still. A system of 
known frequencies is easily established on 
the basis of the type of pattern obtained. 
When used on base frequencies 10 or 100 times 
higher, the same types of pattel'l1 correspond 
to frequencies just 10 or 100 t imes higher 
than the original system of known frequencies. 

SPECIFICATIONS 
Frequency Range: UBeful patternR can be obtained over 
the frequen('~' range from very low audio frequencies to 
radio frequencies of a few hundred kilo('~'c l es. In the 
range up to 100 kilocycles, an input voltage of 0.5 volt 
gives full mdial deflection . Larger voltages give very 
useful square-wave radial deflec t ions. 
Controls : ON-OFF swit('h ; BRILLIANCE, FOCUS, 
and CENTERING adjustments for cathode-ray tube; 
sweep DIAMETER, and SHAPING ('ontrols; FRE­
QUENCY selector for ci rcu la r sweep; SELECTOR for 
sources to be compared. 
Terminals: At rear, by coaxia l connectors for standard 
frequencies and for sources to be compared; on panel b~' 
un iversal two-point and coaxial connector to source 
heing measured or calibrated (0 to 100 kc or more ). 
Power Supply: 105 to 125 (or 2LO t.o 250) volts, 50-60 

cycles. Other voltagcs or frequeneies on speeial order 
only. 
Power Input: ~O watts, approximatel.\' . 
Tube Complement: J - TYPE 3DPJ A, :f' radial deflec­

tion Cathode-Ray Osci lloscope 
2 - 6S:\'7GT I - 2X2A 1 - 6X5-GT 
1 - 6J5GT 1 - 6SJ7 

Accessories Supplied: Sparc fuses; TYPE CAP-:35 PO\\'cr 
Cord; five TYPE 874-C62 Coaxial Connectors: onc 
TYPE 27-l-'\1B Double Plug. 
Mounting: Standard 19-inch relay-rack mounting; dress 
panel construction; black crackle finish . 
Dimensions : Panel (length) 19 x (height) 7 inches; he­
hind panel, (width) 17,li x (height) 6%, x (depth ) 12Y2 
inches. 
Net Weight: 35 pounds. 

Code Word Pri(,e Type 
----=-1-1 09-A 1 Comparison Osci1Ioscope ............ ..... 1 BASIN $545.00 
PATENT NOTICE. See Note 4. page vi ii. 
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Heterodyne Meter FREQUENCY 

TYPE 720-A HETERODYNE FREQUENCY METER 
USES : The TYPE 720-A H eterodyne Frequency 
Meter is used for accurate frequency measurc­
ments up t o 3000 megacycles. When it is used 
in conjun ction with the TYPE 11l0-A In terpo­
la ting Frequency Standard , frequency meas­
urements can be made with a n accuracy of 
± 25 pa rts per milli on 01' better. 

DESCRIPTION: The principal clements of t he 
in strum ent are a calibrated oscillat or, a crystal 
detector, a nd a t hree-stage \\'ide-ba nd ampli­
fi er. The instrument useH the Gencral-Radi o­
developed butterfly circui t, whi ch allo\\"s si­
mul taneous variat ioll of indu ctance and capa­
citance in the oscillato r circuit \\'ithout sliding 
con tacts. This perm its smoot h, stable, and 
cont inuous adjustment of frequency. The os­
cillat or t un es from 100 to 200 megacy cles a nd 
produccs usable harmonics up t o 3000 mega­
cycles. For measurements below 100 mega­
cycles, har moni cs of t he unkn own are used. 

The entire assembly is battery-operated, 
completely self-contain ed, and moun ted in a 
portable, fa bri c-covered cabinet. An a-c power 
supply t o fi t t he batte ry compa rt ment is also 
availa ble. 

FEATURES: ~ K 0 direct conn ection t o the 
source und er measurement is usuall y requ ired, 
because of t he high sensitivity a nd t he ad­
justable antenna mounted on the panel. 

~ A wide range of frequencies can be meas­
ured: 10 to 3000 megacycles. 

~ The di al a rrangement allows sma ll fre­
quency ill crements to be measured precisely . 

~ The butte rfl y type of tuned circuit elimi­
nates a ll sliding contact diffi cul t ies. 

~ Provision for eit her visual or a ural zero 
beat indication. 

~ Ei ther ba t teries or a n a-c power supply can 
be used. This makes t he instrument ideally 
sui ted for both field and la boratory use. 

SPECIFICATIONS 
Frequency Range: ]00 to 200 megacycles on rundamen­
tals. 10 to 3000 megacycles on harmonics. 
Beat Indication : Wi th strong signals beat not.es can be 
heard t hrough a small dy namic speaker on t he front 
pa nel. A visual indication can be obta ined from t he 
panel meter. A jack is provided for headphones and is 
located on t he fron t panel. 
Band Width: The t hree-stage amplifier has an effective 
band Iyidth of 50 kc, so t hat a visual indication can be 
obtained, even when t he frequency under measurement 
is not stable enough to produce a steady audio beat. 
Calibration : The main dia l is calibrated in one-mega­
cvcle divisions . 
. The slow-motion drive is geared to t he t uning uni t, 

and its dia l ea!Ties 250 uniform divisions. E ach one of 
t hese divisions corresponds to a frequency change of 
approximately 0.01 %. 
Accuracy : The over-all accuracy of measurement is 
± 0.1 %. For measUl"ements requiring greater accuracy, 
the frequency meter can be used wi t h the TYPE 11l0-A 
Interpolating F requency Standard. 
Temperature and Humidity Effects : Over the range of 
room conditions normally encountered, temperatUl"e 
and humidity do not affect t he accuracy of t he instru­
ment. 
Input Terminal: A short ad justable rod serves as an-

T ype 

tenna to pick up thc unkn own signa l. Add itional length 
of wire can be att[tc il l'd. 
Tube Complem e nt: 

1 - 1N5-GT / G 
I - lDS-GT 
1 - 95S-A 

Power Supply: A Burgess GTAGO B~ttter.v is supplied 
wi t h the instrumcnt . For a-c operation the T YPE 1261-A 
P ower Supply can be used (see page 147) but must be 
ordered separate ly. 
Mou nt ing : The T YPJJ 720-A Heterodyne F requency 
:'I1etor is mounted in a shiclded carrying case of durable 
airplane-luggage construction . Complete operating in­
structions are attached to the covcr, anJ a complete 
wiri ng diagram, wi th circui t constants, is attached to 
t he inside of t he cabinet. Panel is finished in black 
crackle lacq uer. 
Accessories Supplied : One 1N21-B Crystal is supplied 
as a spare in addi tion to t he one in t he instrument. 
Accessori es Recomm e nded : Headphoncs which can be 
plugged in on the front panel, and which can be stored 
in t he cover of the instrument. 
Dim e nsions : ( Height) l..J. x (widt h) 12,l1 x (dept h ) 
1O,l1 inches, over-a ll, including cover and handle. P a nel, 
1O %: x 11 %: inches. 
Net Weight : 27 ,l1 pounds, with battery. 

Code W ord P rice 

720-A 
1261-A 

Heterodyne Frequency Meter • • •• • • .... •. . 1 

A-C Power Supply •• • • . •••.•• •• • .• .•••• . 
l!'ANCY 

NU'l"l'Y 

$455.00 
128.00 

PATENT NOTI CE. See Note 10, page viii. 
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FREQUENCY ~---- Interpolating 

TYPE 1110-A INTERPOLATING FREQUENCY STANDARD 

USES: This instrument is a precision interpo­
lator for use with heterodyne frequency me­
ters, such as the TYPE 720-A, in making fre­
quency measurements in the ultra-high­
frequency range, up to 2000 or 3000 Mc. It 
can be used for making frequency measure­
ments from 10 Mc up to several hundred Mc 
in conjunction with high-frequency receivers, 
provided their frequency calibrations are suffi­
ciently good to identify frequencies separated 
by as little as 31%. The TYPE 1110-A 
Interpolating Frequency Standard and the 
TYPE 720-A Heterodyne Frequency Meter 
are particularly well suited for making meas­
urements of center frequency and frequency 
swing on mobile F-M transmitters. 

DESCRIPTION: The block diagram indicates 
the essential elements of the instrument: (1) 
a frequency standard, variable over a range 
of 1000 to 1010 kc, or 1%, and (2) a multi­
vibrator unit for frequencies of 1 Mc and 
100 kc. 

The frequency standard consists of a 950-kc 
crystal-controlled oscillator; a highly stable, 
50-60 kc, bridge-type, variable-frequency, L-C 
oscillator; a modulator; and filter for selecting 
the sum of the two frequencies as the final 
output. The dial of the variable oscillator has 
1000 divisions to cover 10 kc. 

The 1% range of the output frequency 
means that the frequency range of any multi­
vibrator harmonic is also 1%. The 100th 
harmonic of the 1-Mc multivibrator can 
therefore be adjusted continuously from 100 
Mc to 101 Mc, giving complete coverage over 

this interval. At 101 Mc and higher harmonics, 
the range from any multiple of 1 Mc to the 
next higher multiple is less than 1 % and so 
these ranges are covered by less than full-scale 
variation on the variable frequency oscillator 
dial. 

When the 100-kc multi vibrator is used, the 
100th harmonic again has a range of 1 % as 
the standard frequency is changed over the 
full range of the dial, covering 10.0 to 10.1 
Mc, and for all higher multiples the range from 
one multiple to the next higher is covered by 
less than full-scale range of the variable fre­
quency oscillator dial. 

The multivibrator harmonics give complete 
frequency coverage from 100 Mc upward, for 
the 1 Mc unit, and from 10 Mc upward, for 
the 100 kc unit. When the Interpolating Fre­
quency Standard is used with the TYPE 720-A 
Heterodyne Frequency Meter, having a range 
of 100-200 Mc, only the harmonics from the 
100th to the 200th are used. 

The dial of the TYPE 720-A, for example, 
covers 100-200 Mc with calibration marks at 
each megacycle. With the dial of the variable­
frequency oscillator at zero, the standard out­
put frequency is exactly 1 Mc, and all har­
monics are therefore standard frequencies, 
which can be used to check the heterodyne 
frequency meter at any scale graduation. 

If the heterodyne frequency meter has been 
set to zero beat with a frequency to be meas­
ured, an approximate reading of the unknown 
frequency is given at once on the dial. As an 
example, suppose the reading to be 162.3 Mc. 
Using the Interpolating Frequency Standard, 
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Standard 

the I-Mc multivibrator output is coupled to 
the frequency meter. The oscillator dial is 
then advanced from zero until the 162nd har­
monic (identified by the 720-A dial reading) 
is advanced from 162.0 Mc to 162.3 Mc ap­
proximately where zero beat is set. The 
increment in frequency is determined from 
the variable oscillator dial and is added to 
162.0 Mc to give the final result. 

FEATURES: ~ This instrument is designed for 
operation by zero beat adj ustments only, over­
coming the need for wide-band circuits or 
wide-band interpolating methods. 
~ All frequency in crements are taken as posi­
tive, avoiding all need for subtraction or de­
termining the sign of frequency increments. 

FREQUENCY 

~ Means are provided for checking the align­
ment of the variable-frequency-oscillator 
calibration in terms of the 950-kc crystal 
frequency. 

~ Since harmonics of the multi vibrators fall 
at a ll standard frequencies transmitted by the 
U. S. Bureau of Standards (WWV), it is possi­
ble to check the absolu te accuracy, including 
the frequency of the 950-kc crystal, by use of 
a suitab le receiver. 

~ To permit bringing the multivibrator out­
put close to high-frequency equipment, the 
multivibrator unit is connected to the stand­
ard-frequency unit by means of a cable. The 
small multivibrator unit can then be moved 
around without moving the larger unit. 

SPECIFICATIONS 
Frequency Range: The output frequency range of the 
11l0-A Interpolating Frequency Standard is from 1000 
to 1010 kc. The output frequencies of the lUO-Pl Multi­
vibrator Unit a re l.0- and O.l-Mc fundamentals with 
harmonics up t.o 200 or more. 
Calibration: The variable-frequency osci llator dial has 
1000 divisions corresponding to 0.001 per cent or 10 
parts per million per division. 

A list of check settings is provided on the panel. This 
check can be made at any time by simply plugging a set 
of headphones into the jack or binding posts provided 
on the panel. A trimmer control on the panel provides 
for adjusting t he oscillator to agreement with the 
crystal. 

To facilitate conversion of the dial readings from 
their basic percentage or parts per million values of fre­
quency increment to fractions of a megacycle or of 0.1 
l\Ic (100 kc), a table listing the number of dial divisions 
for frequency increments of l.0 Mc and 0.1 Mc at each 
harmonic from 100 to 220 is given on the panel. A sim­
ple slide-rule ratio then gives the desired frequency 
increment. 
Crystal Oscillator: The crystal oscillator is adjusted to 
within 1 part in a million of correct frequency at room 
temperature. It should be reliable to within ± 10 parts 
per million at ordinary room temperatures. The cr~'stal 
frequency can be checked and adjusted in terms of 
standard frequency transmissions from \V\VV using an 
external receiver, maintaining the variable oscillator at 
exactly 50 kc in terms of t he crystal. 

Accuracy of Measurement: The over-all accuracy of 
measurement is ±25 parts per million using the osci lla­
tor dial direct.ly. If the osci llator is carefully trimmed in 
terms of the crystal, the over-a ll accuracy is limited 
principally by the eITor of the crystal. 
Tube Complement: 
2 - 6AC7 3 - 6J5GT 
4 - 6SN7-GT 1 - 5R!GY 
1 - 6SJ7 1 - 9001 
1 - 6SA7 1 - 2LAP-430 (Bridge Circuit Lamp) 
Power Supply: Either 105-125 or 210-250 volts, 50 to 60 
cycles. 
Power Input: 85 watts from ll5-volt, 60-cycle line. 
Mounting: TYPE 1l10-A, standard 19-inch relay rack; 
dress panel construction; black crack le finish. TYPE 
1UO-Pl (attached to lUO-A by cable), small metal 
cabinet. 
Accessories Supplied : TYPE CAP-:35 Power Cord; TYPE 
lUO-Pl Mu lt ivibrator Un it with 5-foot connecting 
cable; spare fuses; Quartz Plate (shipped installed ). 
Accessories Required: Head telephones. 
Dimensions: lllO-A Panel (length) 19 x (height) 8~ 
inches: behind panel, (length) l7~ x (height) 8% x 
(depth ) U inches. lUO-PI (length) 9~ x (height) 5~ x 
(depth ) 5~ inches. 
Net Weights: TYPE IUO-A assembly, 10 pounds; TYPE 
11l0-PI Multivibrator Unit, 7Yz pounds. 

Code 1V00'd Price 'l'y,,:p~e-=-_---,-:-__ --:----:_-= __ _ 

----=-1-=-'110-A 1 Interpolating Frequency Standard ...... ··.1 RAVEN $775.00 
PATENT NOTICE. See Notes 1, 2, 5, page viii. 
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FREQUENCY ~----- Calibrator 

TYPE 1213-C UNIT TIME/FREQUENCY CALIBRATOR 

USES: The TYPE 1213-C Time/Frequency Cali­
brat or is a compact, inexpensi ve, secondary 
standard of frequency containing in a single 
package t he circuits necessary for calibration 
operations that have hi therto required several 
instruments. These circui ts include: (1) a 
crystal-cont rolled source of ha rmoni cs at mul­
t iples of 10 M c, 1 i c, 100 kc a nd 10 kc, (2) 
a heterodyne detector a nd beat a mplifi er, a nd 
(3) a pulse amplifi er. 

The standard-frequency harmonics are use­
ful for receiver calibration and frequency 
measurement wit h externa l detectors a nd in­
terpolating equipment. The self-contained 
mixer and audio amplifier permit calibration 
of osc illators wi thou t requirin g any addit ional 
equipment. 

Separate bindin g posts on t he front panel 
make availa ble the output signals from t he 
cathode-follower pulse amplifier for use in 
oscilloscopic t ime calibration or pulse t rigger 

applications. The output can be different ia ted 
in t he TYPE 1213-P1 Different iator to provid e 
short pulses a t in tervals of 0.1 J.(sec, 1.0 J.(sec, 
10 J.(sec a nd 100 J.(sec. The amplit ude of the 
pulses is suffi cient t o t rigger pulse-generating 
equipm ent a nd oscilloscope sweeps. 

DESCRIPTION: The crystal oscillator uses a 
5-Mc AT-cut, hermetically-sealed quartz 
plate and is electron coupled to a 2:1 mul ti­
plier, followed by a buffer stage. The 10-Mc 
buffer drives a series of mult ivibrators wi th 
fundamentals of 1 M c, 100 kc, a nd 10 K c. 
Their outputs can be swi tched to dri ve eit her a 
harmoni c generator or video a mplifier. The 
harmonic generator feeds a crystal mixer a nd 
an r-f outpu t connector. For harmonic calibra­
tion wi th the mixer, the video a mplifier is 
switched to act as a high-gain audio a mplifier 
at t he mixer outpu t. For oscill oscopic t ime 
calibration, the video amplifier supplies pulses 
at bi nd i ng-post te rminals. 

A narrow-range frequency adjustment is 
provided for setting the crystal oscillator to 
zero beat with standard-frequency radio t ra ns­
missions or other external standards. A touch­
button deviator is provided to int roduce a 
small frequency decrease for esta blishing 
"sense" in indications near zero-beaL. 

FEATURES: ~ Wide range of output frequen­
CIes. 

~ Accurate t iming source for oscilloscopes. 
~ Compact unit construction. 
~ Internal mixer for maximum ut ility. 

SPECIFICATIONS 

Output Frequencies: 10 Mc, 1 Mc, 100 kc, 10 kc. 
Output Amplitudes: 10 Mc, 10v peak-to-peak, :~O volts 
peak-to-peak at lower out pu t frequencies from pulRe 
amplifier ; r-f ha rmonies usable to 1000 Mc from 10-Mc 
outpu t, to 500 Me from I-Me output, to 100 Mc from 
100-Kc output, and to ]0 i\ Tc fro m JO-kc outpu t. 
Output Impedance: Video cathode-follower :~OO ohms; 
r- f output obtained from crystal-d iode harmonic 
generator. 
Stability: Afte r 1 hour warm-u p, d ri ft rate with regu lated 
p late supply is mainly the dri ft rate of t he qua rtz 
crystal (approx 1 ppm/"C) . Wi th unregu lated po\\·er 
supply, an addit ional variation of ± Y2 ppm with line 
voltage change from 105 to 125 volts . 
Sensitivity: Usahle beat notes can be prod uced with 50 

'Type 

millivolts signa l in put to mixer over t he ha rmonic 
rangeR specified under "Output Ampli tudes." 
Tube Complement: 1-6BE6, 1-5687, 2-5964, 1 6AK6, 
1-6AN8, 1-6U8. 
Power Supply: 6.3 V a-c, 3.0 amps; 300 v doc, 60 mao 
TYPE 120:3-B or TYPE 1201-A is recommended. See 
pages IH and 1-J5. 
Accessories Supplied: T Y PE 121:1-Pl Differentiator, one 
coaxia l connector, and one multipoin t connector. 
Mounting: Aluminum panel and sides, finished in b lack 
crack le; alumi num ('over, fini shed in clear lacq uer. 
Relay rack panel is available fo r mounting both cali­
brator and power supply. 
Dimensions: JO Y2 (width ) x 5%: (height) x 7 (depth) 
inches, overall . Net Weight: ,t lbs, 10 oz. 

Code lV01·d 

1213-C 
1203-B 
1201-A 
480-P4U3 

Unit Time/Frequency Calibrator * ......... . R E B E L 

ALIVE 

ASSE'l' 

$235.00 
40.00 
85.00 

Unit Power Supply . .................... . 
Unit Regulated Power Supply ... ......... . 
Relay-rack panel (for mounting both cali-
brator and power supply) .. ............. . UNI P A NCAR '.r 10.85 

PATENT NOTICE. See Notes 1,2,4, and 5 page ,·ii i. 
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Meter FREQUENCY 

TYPE 1176-A FREQUENCY METER 

USES: The TYPE 1176-A Frequency Meter is 
a direct-indicating counting-rate type of fre­
quency meter for determining the frequency 
of an unknown source or continuously moni­
toring the frequency of a system. 

For the electronics laboratory it provides 
a convenient means of measuring audio and 
supersoni c frequencies up to 60 kc, essentially 
independent of waveform. 

DESCRIPTION: The circuit consists of (1) an 
input amplifier fo ll owed by (2) a series of 
clipping and limiting amplifiers, and (3) a 
frequency-ind icating circuit composed of a 
capacitor, a diode, and a d-c microammeter. 
The function of the clippers and limiters is to 
convert the input signal to a square waveform 
so that the indication is not affected by 
changes in amplitude or waveform of the 
input signal. 

FEATURES: ~ Direct-reading scales, and a 
single range-selector switch, permit rapid fre­
quency measurements to be made. 

~ A well-regu lated pO\Ver supply eliminates 
all effects of line voltage changes. 

~ Individual scale calibration adjustments are 
provided for each range. 

~ An external meter can be connected to the 
instrument th rough a multipoint connector 
on the rear of the unit. 

~ T \\-o sets of input terminals are provided 
on the panel and, on the rear of the unit, a 
multipoint connector provides a means of 
attaching more permanent connections. Plug­
ging into the W. E. panel jacks automatically 
disconnects the rear te rminals. 

SPECIFICATIONS 

Range : 25-60,000 cycles per second in six ranges. Full­
scale values are 200, 600, 2000, 6000, 20,000, 60,000 
c~'c l es. 
Accuracy: ± (2% of [ull scale + 2 cycles), for all ranges. 
Whcn operating on the 60,000-c~'cle range, with less 
than 0.5 volt in put, the accuracy becomes ±3% of full 
scale. 
Input Voltages: 0.25-150 volts. 
Input Resistance: 500,000 ohms, [or all ranges. One 
side grounded. 
Input Waveform: The readings are substantially inde­
pendent of waveform, so long as the dissymmetr~' of the 
positive and negative portions of the wave is less than 
8:1. 
Power Supply: 105-125 (or 2 10 to 250) vol ts, 50-60 cycles. 
Power Input : 50 watts. 

Tube Complement: 

1- 6H6 1- 6SN7-G7 
1- 6SQ7-GT 1- 6J5-GT 
] - 6X5-GT 2- 6SJ7 
1- GV6-GT l - 0A3 

] - Amperite 3-.J.O 
Mounting : Standard J9-inch relay-rack panel ; aluminum 
end frames are available to convert to table mounting. 
(See price list belo\\·. ) 
Ponel Finish: Standard General Radio black crackle. 
Certain standard grays wh ich can be processed in quan­
tity can a lso be supplied. 
Accessories Supplied : TYPE ZCAP-5 Power Cord and 
multipoint connector: spare fuses . 
Dimensions: Panel, 19 x 5y,( inches; depth behind panel, 
11 y,( inches. 
Net Weight: 19,Y2 pounds. 

~vp~e~ __ -,~ ________ ~ ________________________ -, __ ~C~o~d~e~T~V~o)~'d~ __ ~ __ ~~P~l~'i~ce~ __ __ 
1176-A 1 Frequency Meter . ... ..... ........ .... " 1 TIMID $285.00 
FRI-310 End Frames for Type 1176-A...... . . . . . . ENDFRAMCAT 12.00 Pair 

PATENT NOTICE. See Notes 2, 16, page ,·iii. 
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Introduction ~--- FREQUENCY 

Because of the vagaries of high-frequency 
transmission, many users rely on checks 
against time as a reserve. They also use the 
primary standard as a high-precision clock for 
laboratory timing purposes. 

As so far considered, the precision oscillator 
is a single-frequency device. For practical 
utility it is necessary to obtain from this single 
frequency many other frequencies, both above 
and below the standard frequency, for con­
venience in measurements. Since most of the 
precision oscillators operate in the region of 
50 to 100 kc, it is necessary to divide the fre­
quency to obtain a value such that a syn­
chronous motor can be used to count the 
number of cycles executed by the precision 
oscillator in a standard interval of time. For 
measurements of high radio frequencies, it is 
necessary to multiply the standard frequency 
to obtain useful frequencies in the range of the 
frequency being measured. Both of these 
operations are read ily performed by a con­
trolled relaxation oscillator, known as a multi­
vibrator. 

THE PRIMARY FREQUENCY STANDARD 
TYPE 1100-AP 

The elements of a primary frequency stand­
ard, General Radio TYPE 1l00-AP, are shown 
in Figure 1. 

The frequency of the precision oscillator is 
100 kc, which is divided successively by fac­
tors of 10 to obtain multivibrator fundamental 
frequencies of 10, 1, and 0.1 kc. A fourth 
multivibrator, operating at a fundamental 
frequency of 100 kc, provides a large number 
of harmonics at 100-kc intervals for use at high 
radio frequencies. Harmonics of t he lO-kc 
multivibrator are similarly used. In the audio­
frequency and low-frequency range (up to one 
or two hundred kc) a cathode-ray oscilloscope 
is used to obtain hundreds of known frequen­
cies. This is simpler than trying to make use 
of harmonics of the low standard frequencies. 

FIGURE 2. View of the TYPE 1190·A Quartz Bar used in 
TYPE llOO-A Frequency Standard, with cover removed 

showiug the spring suspeusion_ ' 

FIGURE 3. Elementary circui t of the brido-e-type piezo­
electr ic oscillator used in the TYPE llOO~A Frequency 

Standards. 

The range of useful output frequencies ob­
tainable from the General Radio Primary 
(or Secondary) Frequency Standard is indi­
cated in Figure 1. Complete specifications are 
given on pages U to 76. 

This frequency standard is the result of 
many years of continuous development in the 
General Radio laboratories. The quartz bar 
(and mounting), t he oscillator circuit, and the 
temperature-control system used in t he stand­
ard make possible a stability of a few parts 
in 108 over periods of several months, and a 
short-period stability of 0.5 part in 108 per 
day after one year's operation. The quartz bar 
and its mounting are shown in Figure 2. The 
bar vibrates in its second-harmonic exten­
sional mode and is held at its two nodes in a 
spring suspension mounting in such a manner 
as to introduce a minimum of damping. Elec­
trodes are formed directly on the surfaces of 
the quartz. The cross-sectional dimensions of 
the bar have been so chosen that the tempera­
ture coefficient of frequency is zero in the 
vicinity of the operating temperature of 600 C. 
The temperature-control system holds the 
temperature of the quartz bar constant to 
better than 0.010 C. 

A bridge-type oscillator circuit i~ used 
shown in schematic form in Figure 3. In thi~ 
circuit, the crystal vibrates at its series-reso­
nant frequency, and the amplitude of oscilla­
tion is constant. 

THE SECONDARY FREQUENCY STANDARD 
TYPE 1100-AQ 

In the past there was a useful field for fre­
quency standards of less than the best possi­
ble precision, such standards being checked 
frequently against standard frequency trans­
missions. These standards could be manufac­
tured at a lower cost than the more precise 
st.andards and consequently were used in 
many applications where price was a govern­
ing consideration. 

At present the demand for more accurate 
secondary standards, coupled with less expen­
sive designs for primary standards, makes it 
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fx 

0-2 r? 11+ I 0+2 
HARMONIC NUMBER 

FIGURE 4_ This diagrarn s hows tbe re lation between an 
unknown freq uency and a s tandard harmonic seri es. 

undesirable to make two types of standard. 
Consequently, the same component units are 
offered for use as a secondary standard - the 
precision oscillator, and multivibrator and 
power supply unit, but without the S.y ncron­
ometer unit. (This latter unit can be added 
later, if desired.) 

THE UNIT TIME/FREQUENCY CALIBRATOR 
TYPE 1213-C 

For applications such as receiver or oscill a­
tor testing and calibrat ion, band-edge checking, 
frequency and time-marker generation, t he 
TYPE 1213-C Unit Time/ Frequency Calibrator 
has been developed. It provides standard­
frequency harmonics at multiples of 10 Me, 
1 Me, 100 kc, and 10 kc, which extend above 
1000 Mc, 500 Mc, 250 Mc, and 25 Me re­
spectively. Calibration of t ime intervals on 
oscill oscopes is possible using the output pulses 
provided at intervals of 0.1 MS, 1.0 j.LS, 10 j.LS , 

and 100 j.LS. The small size, low cost, and good 
stabili ty of the calihrator make it usefu l where 
the high stabi li ty and precision of t he primary 
or secondary standard of freq uency is not neces­
sary, or where the installation of such rela­
tively elaborate equipment is not feasible. In 
addition, the avai labili ty of time markers for 
oscilloscopic measurements and a self-con­
tained beat detector for oscillator calibration 
enables this instrument to solve many labora­
tory measurement problems formerly requiring 
several different items of measuring equip­
ment. Complete specifications of the Unit 
Time/Frequency Calibrator are given on 
page 88. 

FREQUENCY MEASUREMENT 

The ultimate precision in t he measurement 
of an unknown frequency requires establish­
ment of a series of standard frequencies em­
bracing that portion of t he frequency spec­
trum in which the measurement is to be made, 
followed by an evaluation of the UnknO\\"ll 
frequency with reference to one of the stand-

STD. ~,-_~ 

xr 
FIGURE 5. Functional diagram showing the operation of 
the direc l-beating method o f freq uency measure menl. 

a rd frequencies. Since any unknown frequency 
will li e between t wo of the standard frequency 
harmoni cs, as sho,Yn in Figure 4, the simplest 
prOf'ess is to determine t he difference in fre­
quency between the unknown frequency and 
the nearest of the standard frequencies. This 
diH·erence is added to the standard frequency 
if the unknown lies above t he standard, or 
sub t racted if the unknown li es below the 
standard frequency. 

A convenient method of evaluating the fre­
quency difference, A or B (Figure 4), consists 
of beating t he standard and unknown frequen­
cies in a detector and measuring t he beat fre­
quency by means of a frequency-measuring 
device covering the required interpolation 
range between t he standard frequencies. Any 
one of a number of devices sui tab le for meas­
uring t he beat frequency may be used, includ­
ing a n accurately calibrated audi o osci llator 
with a beat indi cator, an electroni c counter, 
or a direct-indicating frequency meter. 

Perhaps the most reliable method of measur­
ing this beat frequency is t hat making use of 
t he calibrated audio osci llator, as shown in 
Figure 5. An advantage of this method is that 
a narrow-band receiver can be used when fre­
quencies of remote transmitters must be meas­
ured in the presence of interference, noise, or 
fading. In severe cases of noise, a heterodyne 
frequency meter can be matched to the de­
sired frequency , and the measurement call be 
completed with the frequency meter as a 
substitute source, under conditions where no 
other method can be used. A further adyan ­
tage of this method of operation is that the 
difference frequency is nearly always an 
audible tone, and t he proper source for meas­
urement can be identified by a listening test, 
as can all steps of the measuremel1t. When 
depending upon counting or meter indications, 
t he operator has no check on the presence or 
absence of interference or noise. 

By use of t he heterodyne frequency meter, 
a ny desired frequency can be set up and can 
be measured or monitored in terms of the 
standard. The equipment thus not only pro­
vides a means for measuring frequencies, but 
a lso provides for generating accurately known 
frequencies. 

The TYPE 1105-A Frequency Measuring 

72 GENERAL RADIO COMPANY 



Introduction ------~ ---- FREQUENCY 

Equipment is an assembly of the necessary 
instruments for measuring unknO\\"ll frequen­
cies in terms of standard-frequency harm onics 
obtained from the TYPE l100 Frequency 
Standard. This assembly includes an inter­
polation oscillator a nd comparison oscilloscope 
for the measurement of audio and beat fre­
quencies, as well as the necessary radio­
frequen cy detectors and cali brated osci llators 
used in the measurement of the high er fre­
quencies. For a complete description , sec pages 
77 to 79. 

HETERODYNE FREQUENCY METERS 

In addition to the heterodyne-frequency­
meter osci llators included in t he TYPE l105-A 
Frequency Measuring Equipment, specia lized 
types of heterodyne-frequency-meter oscilla­
tors have been developed to cover higher 
frequency ranges. 

The TYPE 720-A H eterodyne Frequency 
:iVIeter, described on page 85, contains a 
calibrated oscillator, using the General-Radio­
developed butterfly circuit, covering t he 
fundamenta l frequency range of 100 to 200 
Mc, together with a suitab le detector circuit 
and audio amplifier for detectin g beat notes . 
The stability of this osci llator is suffi cient to 
provide measurements to an accuracy of 0.1 %. 
Harmonics of the oscillato r enable frequency 
measurements up to 3000 megacycles to be 
made. This one instrument, bein g batte ry op­
erated , directly calibrated, a nd completely 
portable, is the basic vhf-uhf frequency-m eas­
uring devi ce for ma ny la boratory or field 
applications. 

For measurements in t he frequency range 
above 100 Mc requiring more accurate fre­
quency determination than t hat provided by 
the TYPE 720-A H eterodyne Frequency Meter 
a lone (i.e. more accurate than 0.1 %), the 
Heterodyne Frequency Meter can be used as 
a transfer osci ll ator. This places dependence 
on other frequency-measu ring devices to pro­
vide more accurate calibration a nd higher 
stability . One such dev ice, \yhi ch has been 
developed especia ll y to provide a highly ac-

curate and precise calibration for the TYPE 
720-A H eterodyne Frequency Meter, is t he 
TYPE 1110-A In te rpolat in g Frequency Htand­
ard described on page 86. This in strum ent is a 
crystal-cont rolled frequency standard adj ust­
ab le over t he range from 1000 to 1010 kilo­
cycles. As shoml in Figure 6, t hi s instrument 
consists of a 950-kc quar tz-crystal oscillator, a 
50- to 60-kc variable-frequency oscillator, and 
a mixer, filters, a nd output amplifier for ob­
tainin g the sum of t he two osc ill ato r fre­
quencies as t he output frequen cy. A ,,'orm­
drive dia l \\"i th 1000 scale divisions is used to 
vary the freq ueney over t he 1000- to 101O-kc. 
range. The output frequency controls t ,yO 
multi vibrator units, which generate ha r­
monics of t he osci llator fu ndamen ta l fr e<1uency 
and of one tenth of t his frequency , for UEe as 
accurate check points in t he fundamental fre­
quency range of t he TYPE 720-A Heterodyne 
Frequency Meter. 

Since the range of control frequency is just 
1 %, the frequencies of a ll t he ha rmoni cs of t he 
multivibrators can a lso be vari ed o\'er a range 
of 1 % . For t he 100th ha rm onic t he total range 
of adjustment is from 100 to 101 lVr c for the 
1-Mc multivibrator and from 10.0 to 10.1 Mc 
for the 100-kc multi\' ibrator. For harm onics 
higher t ha n t he 100th, t he 1 % ra nge is greater 
t ha n 1 Nr c, so t hat cont inuous coverage is 
obtained. Thus a ny poin t on the dial of the 
TYPE 720-AFrequeney Meter can beac("u rately 
calibrated. For measurement of freq uencies 
above t he range of t he dials on the freq uency 
meters indi cated , ha rmoni cs of t he frequency 
meter are used. The accuracy of measurements 
made wi t h t he TYPE 720-A Heterodyne Fre­
quency Meter is improved by use of the 
TYPE 1l10-A Interpolating Frequency Stand­
ard to better t han 25 parts per million. 

AUDIO FREQUENCIES 

For the direct measurement of audio fre­
quenc ies, the TYPJ;] 1176-A Frequency Meter, 
a direct-indi cating device for measuring fre­
quencies up to 60 kc, is used. It is described on 
page 89 of t hi s catalog. 

r---------------------, 
I 

Ie 

FI GU RE 6. Block diagram sbowi ng 
the Junctional arrangemen t o r the 
TYPE 11lO-A Inlerpolaling Fre-

quency Standard. 
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FREQUENCY ----~ ------- Standards 

TYPE 1100-A FREQUENCY STANDARDS 

The TYPE 1l00-A Frequency Standards are 
highly precise standards of frequency, operat­
ing on the principles outlined on pages 70 and 
71. Two models are available, the TYPE 
1100-AP Primary Standard and the TYPE 
1l00-AQ Secondary Standard. The same ba ic 
elements are used in each, and there is no 
difference in accuracy and stability between 
the two assemblies. 

The primary standard is provided with a 
Syncronometer (synchronous motor clock) 
for evaluating its frequency directly in terms 
of standard time. The secondary standard 
has no Syncronometer. All other specifica­
tions are identical with those fo r the primary 
standard. 

Harmonic series based on fundamentals of 
0.1, I, 10 and 100 kilocycles are available at 
its output terminals to furnish usable stand­
ard frequencies over a wide range. The ac­
curacy of all output frequencies is the same 
and is better than one part in ten mi llion over 
periods of several months. 

Each assembly is supplied in a floor-type 
relay rack. 

A functional layout of the standard is 
shown on page 70. Brief descriptions of the 
individual units are given on the following 
page, and complete specifications on page 76. 

A specially designed assembly of frequency 
measuring equipment for use with these 
standards is described on pages 77 to 79. 

General Radio Frequency Standards are 
known the world over for reliability and ac­
curacy. They are used by governmental agen­
cie5, industrial plants, military services, and 
research laboratories. Current models have 
all the features of earlier ones, plus many 
additional advantages in convenience, size, 
weight, performance and appearance, that 
result from General Radio's continuous pro­
gram of research and development in the field 
of frequency standardization and measure­
ment. 

The primary standard is an excellent na­
tional standard of frequency for communica­
tions ministries, and with the TYPE 1l05-A 
Frequency Measuring Equipment, can be 
used to monitor or to measure the frequencies 
of radio stations. It is also suitable for use as 
a standard clock by observatories. Research 
laboratories and radio manufacturing plants 
should use the primary standard whenever 
the requirements make it advisable to have an 
independent check against time. 

C lose-up v iew of the TYPE llOO-AP Primary Frequency 
Standard. Lower part of the Hoor·-type re lay rack is not 
shown. The complete rack is simi lar to that shown in 

t he photograph on page 77. 

For many uses the timing feature of the 
primary standard is not needed, and the 
secondary standard, which offers the same 
stabi lity at a lower price, can be used. With 
the secondary standard, an accurate check 
upon its frequency can be made by a com­
parison with standard-frequency radio trans­
missions such as tho e of the National Bureau 
of Standards at Wa hington. This comparison 
is adequate to evaluate the frequency of the 
standard to a few parts in one hundred million. 
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Shown below are the individual panels that 
make up the standard, with brief descriptions 
of their characteristics. Additional details of 

TYPE 480-PA CABINET RACK 
(not shown above, see page 77 for photo) 

A floor-type cabinet rack is supplied to house the 
complete frequency standard. When the TYPE 1l05-A 

FREQUENCY 

circuit and construction will gladly be sup­
plied upon request. Specifications and prices 
are listed on page 76. 

TYPE 1103-A SYNCRONOMETER 
This panel includes a WOO-cycle synchronous motor 
for effectively counting the number of cycles executed 
by the standard piezo-electric oscillator in a standard 
t ime interval. A large, illuminated, 2-l--hour dia l with a 
long sweep hand makes for easy visibil ity. A microdial 
contactor, operating once each second, and calibrated 
in hu ndrcdths of a second, is provided for comparison 
with t ime signals. The microdial mechanism can be 
phased by means of a panel contro l. Comparison of 
the syncronometer reading with standard t ime can be 
made on the microdial scale to one part in ten mi llion 
over a 2-l--hour interval. The WOO-cycle synchronous 
motor is started by a 60-cycle motor controlled by a 
push-button on the panel. 

TYPE 1102-A MULTIVIBRATOR 
AND POWER SUPPLY UNIT 

This unit contains four mul tivibrators of 100, 10, 
1, and 0.1 kc frequencies, the power supply for the 
enti re standard, and the control circuits of the tem­
J)erature-('ontrol system of the TYPE 1l01-A P iezo­
Elect.ric Oscillator. Concentric shielded connectors are 
provided for 100-kc and lO-kc harmonic outputs fo r 
radio-frequency measurements, and 10 kc, 1 kc and 
0.1 kc for audio-frequency measurements. These con­
neetions are a ll mounted on t he real' of the assembly. 
All tubes are accessible from the rear, without removal 
of any dust covers. T he fo\ll' mu ltivibrators are moun ted 
on the real' panel, which is removable without discon­
necting any wiring. Mounting spacers and servicing 
cable are supplied to operate the multi vibrators when 
the panel is reversed, giving access to all components 
of the multi vibrator assembly. 

TYPE 11 01-A PIEZO-ELECTRIC OSCILLATOR 
This oscillator operates with a TYPE 1190-A Quartz 

Bar, which is mounted in the temperature-control unit, 
located at the left behind the panel. The temperature 
is controlled by a compensated-thermostat circuit and 
is maintained within 0.01 °C fur all ordinarv ambient 
temperatures. The oscillator circuit assembl~'ls mounted 
at the right behind the panel. All tubes are accessible 
from the real' without removing any dust covers. 

A view of the TYPE 1190-A Quartz Bar is shown on 
page 71. 

Frequeney Measuring Equipment is ordered with the 
standard, the complete assembly is mounted as shown 
on page 77. Openings, with removable finished covers, 
are provided for connections between the standard 
and the TYPE 1105-A Frequency Measuring Equipment. 
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SPECIFICATIONS 

Fre quency Range : Standard frequencies ranging from 
one pulse pel' second to frequencies of several megacycles 
can be obtained from this equipment. 

The outPllt frequenc ies arc as fulloll'8: The uppcr 
frC([lIell<'." limi t depends upon t he mf'thod Ils('d to 
dctf'(,t, and IItilize the harmonies. The valu('s here 
qlloted a rc casily rca('h('d when using the Typl, J 106 
Fr('qll('nc." Transff'r Units . 

From 100-1.(' mll lt ivibmtor, 100 I.e a nd its harmonies 
up to 50 megaey('lps. 

From 10-ke multivibrator, 10 kc and its harmonics 
up to 10 mcgac.vcleR. 

Prom l-k(' multivibrator, 1 kc and its harmoni(,s in 
the alld io-frequcn('y range. 

From 100-('yele multi vibrator, 100 cyrles and its 
harmonics in t he lower audio range. 

From the syneronometcr unit, one-second contactor. 
The time of O(,(,III'1"enCr of the contact may be phased 
to occu r at an~' instant over a range of one second. 

Th is contact is open for abo ut 50 and closed for 950 
milliseeonds. 

If a suitable high-freq llcncy reeriver is used to detect 
them, 100-k(' harmonics lip 10 75 01' more megaeyclrs 
can be utilized direetl.". For work at higher frequencieR, 
harmonics of an auxi lial'\' os('illato r whose fllndamental 
is monitored against the' standard at, a lower frequcncy 
can be used. 
Output Voltage : The harmoni(, outputs of the JOO and 
10 kc are at low impcdatH'c ({;5 ohms). The r-m-s vo lt­
ages, mrasurcd at thc terminals of thp freqllcll('Y stand­
a rd, ae ross a fi5-ohm load, arc: at 100 1.(', 0,2 volt: a nd 
]0 kc, 1.2 volts, The alldio-f reqllclH'.¥ Olltputs arc at 
low illlpedalH'e (GOO ohms). The r-m-s voltagcs meas­
ured at the tcrminal st rip of t Il(' standard, a('ross a 
]O,OOO-ohm load, a rc: 10 k(', 20 volts; I k(', 2,5 volts; 
100 ('.¥(' les, 20 volts, Thcse voltagps are repre~pntative 
only; they are not gllaranteed vahle'S, 
Frequency Adjustment : The frequenc.v of the quartz 
hal' in ib oH('illator ('in'u it is adjustcd to within I part 
in ten million of ils spe('ified fr<'qllcn('," in terms of 
standard time. S light changes in frequenc.,' may oe('lI r 
dming shipment, but a ('ontrol is provided for adj ust­
ing the frequen('.\' after installation, 
Accuracy : v"hen the assemb I,' is opemted in a('co rdance 
with instnletionR, and after an aging period of a month, 
the ratl' of drift of the frcqucncy lI·ill rcmain below 5 
parts in 108 pel' day and this will dpcreasp with t ime to 
about 0.5 pllrt in 108 pf'r day at thc end of one ycar's 
operation, 

Frequency Stability : The standard is deRigned so that 
ordinal'," changes in a il' pressure, ambient temperature, 
and line voltage have prattieall," no eifeet on t he fre­
qUCJ1('.'·, The temperature coeffic' ient of frequenry of 
t he quartz bar is less than I part in 107 reI' degrec C, 
The temperaturc contro l is within ±O.O I C. The volt­
agr coeffi('ient of frequen('y of the cr."stal-('on t rolled 
os(,illator i~ less thun 2 parts in 108 f()r line voltage 
changes of 10 % . The avemgc frequene." variation from 
this ('ause will be slibstantiall v less, 

The f111f'tuations of I' req uCl1e.v of the standard over 
short periods, sueh as thosc requircd in making fre­
queney measurement~, are less t han I part in 109 , 

Output Terminals : The various output frcqucncies a rc 
made available at TypJo] 87..J. Coaxial Connectors at the 
real' of t he assemb ly, Since a ll necessar~' wiring, for a ll 
interconnections between units of t hc aS8embl~', is pro­
vided in tllP form of cables, no connections need be 
made by t he user other than power-suppl." ('onneetions, 
and a con nection to t he point where the standard fre­
q lIencies are to be used, 
Tube Complement : 

1 - 6AC7 1 - 1~51 (G,E. Co,) 
10 - 6S~7-GT 1 - 6Kfi-GT/G 

1 - 5HA-GY [ - 2 LAP-4:l0 
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 
(i0 c\'e lps, 
Pow~r Input : For the TYPJ> 1100-AQ Se('ondary Stand­
ard, the power demand from the supply line is approxi­
mate I." 1 55 watts: lI·ith heaters off, t he power required 
is approximatel~' 125 watts , For t he TYI'EllOO-AP 
Primal'." Standard, the corresponding figlll'es a re 175 
and 145 watts, rf)s!1edivel~', 
Accessories Supplied: Complete set of tubes, spare sets 
of fuses, fusible links, pilot lights, All eonneeting cables, 
including power-suppl," leads, servi r in g cable, a nd 
complete operating instrw,tions, 
Mounting : All uni ts arc mounted on standard 19-inch 
relay-raek panels finished in blaek eraek le lacquer, 
dress panel ('onstn l('tion, A floor-type cabinet rack, 
blac'k wrinklc finish, is supplied for mounting t he uni ts 
of t he assemhl,\' . Blank pa nels arc supplied to fillllnused 
portion of mck, 
Dimensions : The over-ali dimensions of the assembly in 
floor-type cabinet rack a re (height) 76Ys x (width) 22 
x (depth) 20Y2 inches, over-all. The available panel 
spaee is ..J.O rack units or 70 inclws, 
Net Weight : In floor-typc l'acks, TYPE 1100-AP, :3:35 
pounds, TYI'I'; IIOO-AQ, :300 pounds. 

___ Type 

1100-AP 
1100-AQ 

I Primary Frequency Standard . ........... ·1 
Secondary Frequency Standard . ......... . 

Code ]V ord _ _ -,--_---;-~P-l'ice 
EXCEL $2390.00 
EXACT 1690.00 

PATENT NOTICE. See Noles 1, 2, 4,5, p"!!:e ,·iii. 

The TYPE 1l00-AP Primary Frequency Standard 
consists of: 

1 TYPE 1103-A Syncronometer 
1 TYPE 1l02-A i\Iultivibrator and Po\\'er Supply Un it 
1 TYPE 1190-A Quartz Bar ;\lounted in TYPE IIUI -A 

Os('illator 
1 TYPE 1101-A Piezo- I ~ l p('tri(' Oseillalor 
Relay Raek, Blank Panels, ConnC'et ing CablC's 

The TYPE 1l00-AQ Secondary Frequency Standard 
consists of: 

1 TYPE 1102-A Multivibrator and Po\\'er Supply 
Unit 

1 TYPE 11 90-A Quartz Bar i\Iounted in TYPE 1l01-A 
Oseillator 

I TYPE 110 I-A Piezo J ~ lectri c Oscillator 
Relay Ra(''', Blank Pan cis, Connecting Cab les 

NOTE: TYPE 1l00-A Frequency Standards are supplied in floor-type rei a," raeks, 
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Measuring Equipment ---~ FREQUENCY 

TYPE 1105 -A FREQUENCY MEASURING EQUIPMENT 

View of TYPE] 1 OS·A Frequency "Measuring Equipment 
"ith TYPE IJOO·AP Primary Frequency Standartl. 
The ",easurin:; eqll iplllent assembly is supplied with 
UIlf' f1oor.t.~'pe re lay rack, antl the TYPE LL07·A Inte r· 
po la tioll Oscillator 1I1011l1 l.S in the frequency standartl 

rack, uelo" the standard. 

The TYPE l105-A Frequency Measuring 
Equipment includes all the auxiliary equip­
ment necessary for measuring unknmnl fre­
quencies in terms of the TYPE 1100-A Fre­
quency Standards. When this assembly is used 
in conjunction with either model of the TYPE 
1l00-A Frequency Standard, measurements 
can be made directly at frequencies up to 
100 Mc. Measurements at higher frequencies 
can be made by using auxiliary equipment, 
such as receivers or oscillators, to transfer 
the unknmn1 in harmonic steps to a frequency 
below 100 Mc. Where the frequency range to 
be used is smaller or the type of measurement 

to be made is specialized, simpler assemblies 
can be furnished, and quotations ",ill be 
made upon request. 

The individual instruments comprising the 
TYPE 1l05-A Frequency Measuring Assembly 
arc available separately, and all are described 
in detail in the following pages. 

The general method of measurement is out­
lined in the diagram on page 79. At radio 
frequencies between about 100 kc and 100 
lVIc, the unknmm frequency is brought into 
the measuring system through the detector 
section of a frequency transfer unit or through 
an external radio recei ver. The direct-reading 
scale of the frequency transfer unit gives the 
approximate value of the unknown fre­
quency. For a precise determination, the beat 
freq uency between the unknown and a stand­
ard-frequency harmonic is measured by com­
parison \\'ith the interpolation oscillator, the 
comparison being made on the osci ll oscope. 

Above 100 Mc an external frequency meter 
such as the TYPI~ 720-A can be used to estab­
lish a harmonic relation between the unkno\\'n 
and the standard frequency. Other types of 
stable oscillators can also be used for this 
purpose. 

At audio frequencies, the interpolation os­
cillator is matched directly to the unknmm 
frequency. A harmonic of the unkno\\"l1 can 
be used at low audio and sub-audible fre­
quencies. 

Between about 5 kc and 100 kc, the in­
terpolation oscillator is used to produce a 
variable-frequency circular S\\'eep on the 
osci lloscope. The unknown frequency is then 
determined from the oscilloscope pattern. 

The accuracy of measurement that can be 
easily realized is ±0.1 cycle in determining 
the difference bet\\'een unknown and standard 
frequencies. The fractional accuracy varies 
,yith the frequency ·being measured, ranging 
from 2 in 105 at low frequencies to 1 in 108 at 
high frequencies. 

By reversing the procedure of measure­
ment, a precisely known frequency of any 
value between 100 kc and 200 Mc can be 
generated. The desired frequency is available 
at the output terminals of a frequency trans­
fer unit. At audio frequencies, from the inter­
polation oscillator, audio frequencies between 
o and 5000 cycles are available. 

This equipment is the result of a quarter 
century of continuous development, and sim­
p licity of operation has, next to accuracy, 
been the guiding principle in its design. 
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TYPE 1109-A COMPARISON OSCILLOSCOPE 
This unit contains a cathode ray oscilloscope, wi th 

its power supply: selecting, smoothing, and phase­
shifting net.works for circu la r sweeps at line frequenry, 
0.1, 1, and 10 kc standard frequencies, and at a variable 
frequency obtained from the interpolation oscillator: 
and a selector providing for a ll necessary and con­
venient comparisons required in making frequency 
measurements. Most patterns a re presented on a r ir­
cular sweep by radial deflection. 

For complete description, see page 8·L 

TYPE 1106-A, -8, -C FREQUENCY 
TRANSFER UNITS 

(3 Panels) 
Each of the~e units rontains a Ill'terody ne freq uency 

meter and heterod~'ne detector, \yi t h direct-reading 
scales. R anges a re as follows: 

TYPE 1l06-A 100 ke to 2000 kc 
TYPE 1l06-B 1 Mc to 10 Mc 
TYPE 1l06-C 10 Mc to 100 Mc 

The harmonic output of the frequency meter can be 
used at frequencies higher than t hose ('overed b.v the 
dial ranges, as expla ined in t he operating instructions. 
The output of the frequency meter is ad justable by a 
panel control, as is the regeneration of the heterodyne 
detector. 

For complete description, see page 80. 

TYPE 110S-A COUPLING PANEL 
This unit is t he centrali~ed ("ontrol point at which all 

switching a nd level adjustments necessary for using the 
various eombinations of measming equipment can be 
easily and quickly carried out. 

For complete description, see page 8:3. 

TYPE 1107 -A INTERPOLATION OSCILLATOR 
This unit is a direct-reading audio-frequency oscilla­

tor covering frequencies from 0 to 5000 cycles. It is used 
to measure t he audio-frequency difference between t he 
unknown frequency and a standard lO-kc harmonic. 
Provision is made, on two scales, so that results can be 
obtained b~r addition only, avoiding subtraction. A 
mixer rireuit is provided with controls for out.put of the 
interpolator and for the unknown frequency, so t hat a 
maximum beat. amplitudc can be obtained. A mete r 
indicates output voltage and ('an be used as a beal in­
dicator for matc hing the interpolator and unkno\\'n 
frequencies. 

For complete description, see page 82. 

TYPE 4S0-MA RELAY RACK 

The individual uni t~ with the exception of the TYPE 
1l07-A Interpolation u 8cillatoT, are mounted in the 
TYPE 480-MA Rela." Rack. At the base of t he mck is 

Measuring 
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mounted a TYPE ll05-Pl Speaker for audible monitor­
ing of beat tones. 

All connections between standard and measuring 
assembly a re made by means of patch cords, which 
a re supplicd. 

Each of the instruments comprising the TYPE 11 05-A Frequenry 1\ Ieasuri ng Equipment is anlilllble separately. All are completely described 
in the following pages, and those descriptions should be consu lted for further detai ls of design and construction, net weight, dilllensions, etc. 
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TYPE 110S-A FREQUENCY MEASURING EQUIPMENT 

SPECIFICATIONS 

Terminals and Connections : All instruments are equipped 
with TYPE 87-1- Coaxial Con nectors on the real' of each 
unit. Suitable connecting cords are supplied. 
Power Supply : 105 to 125 (or 210 to 250) volts, 50-fiO 
cycles. Other voltages or frequencies on specia l order 
onl.\". 
Power Input: 200 watts. 
Accessories Supplied: Spare sets of fuses: blank pa nels; 
con necting cables, including power supply cords. 

Mounting : The complete assembl~r , with the exception 
of TYPE lJOi-A In terpolation Oscillator, mounts in a 
standard lO-inch TYPE 480-YIA Cabinet Rack. This 
rack includes service outlets for each instrument. 'i'he 
intel'polalion oscillator mounts in the frequency standard 
Tack, as shown in the photograph on page n. 
Dimensions : (Height) i6Ys x (width) 22 x (depth) 20 Y2 
inches, over-all. Total rack space is ~O rack units, or 70 
inches. 
Net Weight: 370 pounds, including rack. 

Type 
--l=-l=-'O'S='--A-=---' I--=-Fr-e-q-u-e-n-c-y---=-M-=-e- a- s-u- r-=-j n- g---=E=-q-u"""'j-p-m-e-n-t ••••••••• 1 

CodeWord 
MITER 

Price 

$S360.00 

PATENT NOTICE. See Note 4, page ,·i ii. 

The TYl'E n05-A Frequency Measuring Equipment 
consists of: 

1 TYPE 1109-A Comparison Oscilloscope 
1 TYPE 1106-A Frequency Tra nsfer Unit 
1 TYPE 1106-B Frequency Tra nsfer Unit 

This diagram shows in functional form the operation 
of the TYPE llOS Frequency Measuring Assembly. The 
TYPE ll08 Coup ling Panel is the centl'a l unit Jrom 
which all operations are controlled. 

The unknown frequency f x and a series of standard 
frequency harmonics are applied through a llenua tors 

1 TYPE 1l06-C Frequency Transfer Unit 
1 TYPE 1108-A Coupling Pa nel 
1 TYPE J J05-PJ Speaker Mounted on Relay R ack 
1 TYPE 1.I07-A Interpolation Oscillator 
R elay R ack, Bla nk Panels, and Connecting Cables 

to the detector in the frequency transfer unit. The 
IInknown frequency can then (1) he estimated qnickly 
from the ca libration of the detector, (2) be determined 
more accnrately by use of the heterodyne frequency 
meter, or (3) be measured precisely by use of the 
interpolation oscillator. 
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FREQUENCY ---~ Frequency 

TYPE 1106 FREQUENCY TRANSFER UNITS 

USES: The Tn}] 1l0G Frequency Transfer 
lini ts are utilized in t ram;i'erring an unknOlnl 
frequenry for measurement against a fre­
quency st a nda rd , 0 1' for transferring a fre­
quency of kn ol\"n value (rl etermined against 
the standard ) to a n out pu t circui t . The direct­
reading frequency calibrations ,,·ill give t he 
approxim ate value of a n UnknOll"ll frequency 
0 1' the approximate value of a des ired fre­
quency in the output circui t . 

When used II'it h a frequency standard , 
these uni t::; prov ide means for rapidly identi­
fy i ng t he ha rm oni cs of the sta ndard ; for 
accurate ly makhing t he heterodyne frequency 
meter to the unkn own frcquency; for use as 
a substitu te SOUlTe in measuring frcqueneies 
under condi t ion::; of noi::;e, fading , or of in ter­
mi ttent operat ion of the transmi tter ; a nd for 
obtaining a frequency of a ny desired value, 
accurate ly knOlnl in terms of the frequency 
::;tandard. 

The F requency Transfer Units can also be 
used as ge neral-purpose calibrated frequency 
meters a nd detectors. 

DESCRIPTION: The TYPES 1l06-A, 1l06-B and 
1I06-C Frequency Transfer u ni ts a re ident i­
cal except for their frequency ranges II'hi ch are : 

TYPE 1I06-A 100 kc to 2000 kc 
TYPE 1I06-B 1 M c to 10 Mc 
T YPE 1I06-C 10 M c to 100 l\Ic 

E ach consists of a heterody ne frequency 
meter (with harmoni c-generating circuits and 
out put cont rol) and a heterody ne detector 
(wi th audio-frequency amplifier a nd regenera­
t ion cont rol) . 

The heterody ne-frequency-meter oscillator 
circui t is a highly stable oscillator having a 
frequency range of 2 to 1 in t wo (1l06-A) or 
three steps (1l0G-B, -C). A direct-reading 
frequency scale is provided for t he fund a­
mental a nd selected harmoni c ranges, coverin g 
10 to 1 in frequency (20 to 1 on 1I06-A). The 
harm oni c output can be used at frequen­
cie::; higher t han t hose covered on t he di a l 
ra nge::;; for cxample, using the fundam ental 
frequency scales and reading ten t imes t he 
scale value gives t he coverage of the tent h 
harm oni c. All auxili a ry fin e-tuning cont rol 
is provided for easily setting zero beat. 

The heterody ne detector has range-switeh­
ing a nd direct-reading frequency scales cover­
ing t he rated range of the uni t . The det ector 
can be operated eit her in the non-oscillating 
or osc ill ating condi tion by use of t he regenera­
t ion cont rol. When oscill ating, it is especially 
useful in obtaining a n exact zero beat setting 
between the frequency meter and a signal 
frequency, by t he three-osci llator method, 
t he detector serving as the thi rd oscillator. 
When not oscillating, it produces t he beat 
bet ll'een t he standard harmoni c a nd t he UI1-

80 GENERAL RADIO COMPANY 



Transfer Units 

known frequency. An audio-frequency am­
plifier with an output impedance of approxi­
mately 600 ohms is provided . 

On both the heterodyne frequency meter 
and detector direct-reading freq uency scales, 
Il early 360-degrec rotation of the drum dials 
is used. Both are approxim a tely straight-lin e­
frequency in calibration. Operation of the 
range se lecton; automatically sets the pointer.' 
so that the pOl;si bi Ii ty of error in readi ng one 
of the several scales on the dial is greatly 
reduced . 

FREQUENCY 

FEATURES: ~ Dials are direct reading in fre­
quency for both the frequency meter and the 
detector. 
~ Range 
mounted 
Iyi ndow. 

dial s a re illuminated an d a re 
behind pall el a nd viewed through a 

~ Hange switching for both frequency meter 
and detector. 
~ The heterodyne frequency meter is de­
signed for a high degree of frequ ency stabili ty, 
and drift il; negligible for the specified condi­
tiOIll; of UI:;C. 

SPECIFICATIONS 
Frequency Range : 

TVPE 1I06-A ]00 kr to 2000 kc (!J ranges) 
TYP E 1l06-B 1 nrc to 10 :\lc ( LO I'a nges) 
TVPE 1l06-C 10 ;\[c to J(JO :\[c ( 10 ranges) 
The hetel'odynp I'I'C'quenry nwt(,1'8 a ll have 2:1 funda-

menta l rangps, with ('alihrated dil'ect-reading hal'monic 
scalps, TIll' he tcl'od \'J](, dete(·tol's a ll have fundamental 
ranges covel'ing the' ~pec ified haml. 
Calibration : The hrtel'odynC' I'requ('J1(' ,I' metel' dials a l'e 
cali brated as follows: 

TVPE I 10G-A llF;\I 1 k(" intprva ls 100- 280 kc 
2 ke intcrvals 2 0- 5fiO kc 
.1 ke intervals 560-1000 kc 

10 kc int ervals 1000- 2000 kc 
TYPE 1l06-B llF:\1 5 ke in terva ls 1.0- 2.0 :\[c 

10 kc in terva ls 2.0- --1.0 ;\[c 
20 kc in terval~ 4.0-5.0 :\lc 
10 kc int erva ls 5.0-10.0 nrc 

TYPE 1l06-C HF;\I 2U kr in tervals LO.0- 20.0 ;\1c 
]00 kc in terva ls 20.0--40.0 ~[c 
200 kr inte rva ls --10.0- 50.0 Me 
]00 kr intervals 50.0- 100.0 ;\fc 

Thc heterodvne detector dials a re ca librated with 
somewhat greater frequenry in te rva ls, but t he in tervals 
permit reasonanlr es timation of frequelH·.I·. 
Accuracy : Thp a(·curae." of the h('tel'Od~'nc frequenc~r 
meter ealibration permits posit ive identificat ion of har­
monies II"I1('n u~ed with a frequency standa rd . Used 
individua lly, t he calibrat ion ('an be re lied upon to 
± O,1 per ("cnL 

Input and Output Circu its: The ha l'moni r output of the 
hrtrl'Oclyne fl'equency metel's is avai l ~,b l e at sh iplded 
coaxia l ('onl1cctol's 1'01' u~e with 50-65 ohm cOIl('pnt l'i c 
cable. Ha l'monics of the funda menta l I'l'eq uenc',l' to at 
least the 10th a l'e usahl p, The rad io-fl'eq ueJ1('y input 
a nd the audio-l'l'equen(',I' outPllt ('onllPctions of the 
Il('te l'odl'nc drtl'('\ol' a l'(, shi(' ldr d ('oaxial conne('tOI'H, 
The inl)u t cil'cuit is suitab le fol' use with 50-G5 ohm 
cable ; the output impedallc'e is appl'oxil11ate l~r GOO ohm~, 
Power Supply : L05 to 125 (01' 210 to 250) vol tH, 50-(lO 
c,w les, Othel' voltagrs 01' fl'equencies on speeil,1 ol'del' 
ollly, 
Power Input : -to watts. 
Tube Complement: 

TVPE 1 lOG-A, -B 
:3 - 6SJ7 
1 - 6J5GT 
1 - 6S~7GT 
1 - 11\'51 (G,K Co.) 
J - 6Xl 
1 - 0D:3 

Typ~J 1l0G-C 
1 - GSJ7 
J - GJ5GT 
1 - 6SX7GT 
I - GX~ 
1 - 6A1\:5 
1 - OD:l 
2 - 0002 

Accessories Supplied : Spal'e fuses, CA P-:l5 linc con necto l' 
cord, t hl're TVPE 87-t-C62 Cablp COlln pC'\O I'R, 
Controls: POII'PI' OX-OFf<' slI'it (' h ; hrtrl'od ,l'llP I'I'C'quenc,l' 
meler PL,\ TE supply s\\'it<-h : he t(,l'od,\'Jl(' fl'equenc," 
mrtel' a nd hptel'od.\'np dete('to l' RA:'\GE (coil selectol' ) 
switches; fl'C'q u('Il!'y cont l'ols: hrtel'odynp 1'1'('(lucnc',1' 
metel' OUTPUT control; het('J'odl'nr de tedol' R I':-
GEXERATTOX ('ontl'o l. ' Frequency Stability : The circui ts of the oscillators used 

for the 11('terody ne frpqueney meters a re designed for Mounting : Standard IB-illeh rela,I'-rack mounting: 
high stani li t,v against changes in suppl~' voltage or dress-panel c'onst l'll('tion ; black e!'ac'kle lacquer, 
changrs in tube eapac· itances. The heterody ne detector Dimensions : Pam· l ( length ) in x (heigh t) 10 1

2 inch('s: 
stabili t.v is not as good bu t is ufficiently high so that behind P:lI1(' I , ( It·ngth ) 17 x ( heigh t) 10~ x (depth ) 
no difficult,\' is encoun tered from vllriations in making 12%: inchrs. 
frequency mrasure ment8, Net Weight : --I7 %: pounds, 

Type Code lI'ol'd __ ;--_~Pl'ice:.. __ _ 
1106-A--1 Frequency Transfer Unit 100-2000 kc .... '-'-1-- .\ BOU'.r $985.00 
1106-8 Frequency Transfer Unit 1-10 Mc . . . . . . . . . .\ CTOR 985.00 
1106-C Frequency Transfer Unit 10-100 Mc...... .. ADEP'.r 985.00 

PATENT NOTICE, See Note 4, page ,·iii. 
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FREQUENCY ----~ ------ Interpolation 

TYPE 1107-A INTERPOLATION OSCILLATOR 

USES : The principal use of the TYPE 1l07-A 
Interpolation Osci ll ator is, in connection with 
a frequency standard, to measure the differ­
ence between the unknown frequency and a 
known standard harmonic. The direct-reading 
linear scales of 0 to 5000, and 5000 to 10,000 
cycles make possible the rapid evaluation of 
the frequency difference, by addition only, 
with high accuracy. While the dials are 
marked as described, the actual frequency 
range is 0- 5000 cycles. 

The lineal' scale of this oscill ator also 
makes it useful for other types of work where 
accu rate frequency increments are desired. 

DESCRIPTION: The osci llator is of the beat­
frequency type, with the radio-frequency os­
cillators operating in the region of 45-50 kc. 
The circuits are designed for exceptional 
stabi lity of frequency against supply-voltage 
changes, tube-capacitance changes and tube 
rep lacements. A tube plate-supply regulator 
is then employed as a further safeguard. 

The variable-frequency-oscillator frequency 
is controlled by a precision variable air ca­
pacitor, the fixed oscillator frequency by a 
fixed ail' capacitor. The inductors of both 
oscillator circuits are wound on ceramic forms 
and are shielded, effectively eliminating un­
wanted coupling and reducing the effects of 
changes in ambient temperature. 

An output voltmeter is provided, which can 

also be used as a beat indicator for matching 
the osci llator output frequency to an un­
knowll audio frequency. Individual controls 
are provided for the oscillator output and 
unknown-frequency voltages in order to secure 
the maximum beat amplitude at any level. 
The osci llator output voltage is practicall y 
constant over the whole range of frequency. 

FEA TURES : ~ The fixed oscillator is provided 
with a switch that permits changing its fre­
quency by exactly 5000 cycles. By this change 
of frequency the oscillator can be fitted with a 
scale reading 5000-10,000 cycles. For the 
measurement of a frequency lying below t he 
standard frequency, the beat frequency need 
not be subtracted from the standard fre­
quency to obtain the unknown frequency. 
Instead, the 5000-10,000 cycle scale is used 
and the reading is added to the frequency of 
the next lower standard-frequency harmonic. 
~ An indicator light operated by the switch 
indicates the proper scale to be read. 
~ Stabili ty of output frequency, and linear, 
easily read scales are features of great con­
venience in use. 
~ For measuring very small frequency incre­
ments, two direct-reading incremental fre­
quency dials (one for the 0-5000 scale and 
one for the 5000-10,000 cycle scale) are pro­
vided. 
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Oscillator FREQUENCY 

SPEC I FICATIONS 
Actual Freque ncy Range : 0-5000 cycles pel' second. 
Dial Cal ibrations : DIRECT; 0-5000 cycles, wit h the 
o~cillator frequenc.v increasing from 0 to 5000 divisions 
on t he scale. REVERSE; 5000- 10,000 cycles with the 
oscillator frequency decreasing fl'Om 5000 cycles to 
zero while scale reading goes fl'Om 5000- J 0,000 divisions. 
.M REVERSE and M DIRECT; ±1O cycles. 
Accu racy : The instrument is a ligned to agree with the 
lineal' direct-reading scales to within ± 2 cycles. 

Power Supply : 105 to 125 (or 210 to 250) volts, 50-60 
eyries. Other voltages 01' frequencies on specia l order 
onl\'. 
Po';"er Input : 50 \l'atts, approximately. 
Controls : O:-.r-OF'F' switeh ; DIR8CT and REVERSE 
scale sll' it('h ; Two ..'.1' a nd zero-set ('ontl'Ols; main FRE­
QUENC Y ('ontrol; OUTPUT and INPUT (mixer) 
volume controls. 
Meters: Output voltmet.er; used also as a beat indicator. 
Terminals : T erminals, both on panel and at rea l', a re 
provided for both mixer inpu t and oscillator output. 
Panel terminals a re uni vcrsal for two-pin 01' coaxia l con­
nectors. Rear terminals are 1'01' coaxia l connectors. 
Tube Complement : 

2 - 6AC7 
:3-6J5GT 

2 - oS:-.r7GT 
1 -6X5GT 

The variable capacito r is provided with a precision 
1I'0rm c!t'ive so that preeise freq uenry settings can be 
made. Small residual erro]'s a re easily and quickly re­
moved in the region of any freq uency in t he range by 
fine ad justment of the zero with reference to a frequency 
standard having a l-kc 01' O.J-kr output, 01' both. For 
evaulat.ing very small frequency dif'Terences, independ­
ent, direct-reading frequency-increment dials a re 
provided. Accessorie s Supplie d : Spare fuses ; TYPE CAP-:35 Power 
Output : The output voltage is adjustable up to 15 volts. Corel; foul' TYP E 87 I-Co2 Cable Connec tors. 
The output-circuit impedance is approximately 600 Mounting : Standard l!l-inch rela.\·-rark ; dress panel 
ohms. construc·tion; bhwk crackle fin ish. 
Mixe r Ci rcu it : A mixer circuit, with volume control, is Dimens ions : Panel ( Icngt h) H) x (height ) 12~ inches; 
provided for injecting a frequency to be measured in to hchind pam'l, (length ) 17~ x (height) 12 x (depth) 12 
the amplifier circuit. Beats may be observed on the out- inrhe~ . 
pu t meter, 01' by mcans of head telcphones 01' speaker. Net W eight: ..J1 ,J,1 pounds. 

____ 2:y~p~e~ __ ~~ ____ ~ ____ ~~~~ ____________________ .-___ C_o_d_e_v_V_o_1'd ____ -. ____ ~P71~'ic_e~ __ __ 
1107 -A 1 Interpolation Oscillator . . . .. . . . ... . . .. . .. 1 BARON $985.00 

PATENT NOTICE. See Note 4, pap;e viii. 

TYPE 1108-A 
COUPLING PANEL 

USES: This coupling panel is designed speci­
fi cally for use as the centralized control panel 
in a frequency-measuring equipment employ­
ing a TYPE llOO-AP Primary Frequency 
Standard (or TYPE llOO-AQ Secondary Fre­
quency Standard). The panel carries the 
necessary s lVitches and volume controls for 
all operations in making frequency measure­
ments. 

DESCRIPTION: The instrument contains the 
following controls : FREQUENCY METER, 
for selecting and combining the frequency 

meter outputs of l106-A, l106-B and l106-C 
heterodyne frequency meter sections; STAND­
ARD FREQUENCY HARMONIC selector, 
selecting lOO-kc oJ' lO-kc harmoni c outputs, or 
combination; indi vidual volume controls ; DE­
TECTOR selector, for se lecting input and 
output circuits of l106-A, l106-B, 1106-C, 
or an external detector (or receiver); an 
ON-OFF switch and volume control for 
frequency being measured; MICRODIAL 
switch; TEL-SPEAKER switch foJ' trans­
ferring between telephones and speaker and 
between detector and interpolator outputs. 

SPECIFICATIONS 
Terminals : At real'; by 24 shielded coaxial connectors to 
a ll sources and instruments required; real' telephone 
connection for use when adjusting standard against 
standard-frequency transmissions. At front: by shielded 
coaxia l connectors, ha rmonic output circuits of 11 06-A, 
ll06-B, and ll06-C heterodyne frequency meter sec­
tions; input connection for frequency being measured ; 

Type 

by two-point or standard telephone jack, connections 
for telephone recei vel's. 
Moun t ing : Standard 19-inch relay-rack mounting ; dress 
panel construction ; black crackle finish. 
Dimens ions: Panel (length) 19 x (height ) 7 inches; be­
hind panel, (width ) 17~ x (height) 6%; x (depth ) 6,J,1 
inches. Ne t Weight : 16 pounds. 

Code W01'd 
1108-A 1 Coupling PaneL . . .. . . . .. . .. .. .. . ..... . ·1 BATTY $305.00 

PATENT NOTICE. See Note 4, page vi ii. 
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FREQUENCY Oscilloscope 

TYPE 1109-A COMPARISON OSCILLOSCOPE 

USES: This instrument is particularly in­
tended for use with a TYPE 1l00-AP Primary 
F requency Standard (or TYPE 1l00-AQ Sec­
ondary Frequency Standard) as an aid in 
making in terpolations 01' che('king cali bra­
tions with high accuracy. With sueh standards 
and assoeiated measuring equipment, the 
TYPE 1l09-A Comparison Oseill oscope pro­
vides a conven ient means of measuring audio 
and carrier frequencies or of calibrating os­
ci llators in these frequency ranges. 

DESCRIPTION: The TYPE 1l09-A Comparison 
Oscilloscope contain s a 3-inch, radial-deflec­
tion cathode-ray tube and its power supply. 
Selective amplifi ers with po\\'er supply, phase­
shift networks, and controls are provided for 
obtaining circu lar sweeps at t he power line 
frequency, at 0.1 , 1, and 10 kc from the 
frequency standard, and at variable frequen cy 
obtained from the TYPE 1l07-A Interpolation 
Oscill ator. A radial deflection amplifier is 
provided, for displaying the input signal on 

the circu lar s\\'eep base. Switching is provided 
for selecting the sweep frequencies and fo r 
selecting anyone of the se \'eral operations 
normall y involved in makillg frequell cy meas­
urements 01' cali brations. 

FEATURES: ~ The general use of circu lar 
sweeps provides symmetrieal alld readily 
interpreted patterns. 
~ By overl oadi ng the deAection amplifier the 
operator can identify easi ly frequency ratios 
involving much higher integers than can be 
identified in Lissaj ous patterns. 
~ Ordinarily in the use of cali brated oscil­
lators, it is not necessary to identify a pattern; 
it is only necessary to adjust the oscillator 
so that the pattern stands still. A system of 
known frequencies is easily established on 
the basis of the type of pattern obtained. 
When used on base frequencies 10 or 100 times 
higher, the same types of pattel'l1 correspond 
to frequencies just 10 or 100 t imes higher 
than the original system of known frequencies. 

SPECIFICATIONS 
Frequency Range: UBeful patternR can be obtained over 
the frequen('~' range from very low audio frequencies to 
radio frequencies of a few hundred kilo('~'c l es. In the 
range up to 100 kilocycles, an input voltage of 0.5 volt 
gives full mdial deflection . Larger voltages give very 
useful square-wave radial deflec t ions. 
Controls : ON-OFF swit('h ; BRILLIANCE, FOCUS, 
and CENTERING adjustments for cathode-ray tube; 
sweep DIAMETER, and SHAPING ('ontrols; FRE­
QUENCY selector for ci rcu la r sweep; SELECTOR for 
sources to be compared. 
Terminals: At rear, by coaxia l connectors for standard 
frequencies and for sources to be compared; on panel b~' 
un iversal two-point and coaxial connector to source 
heing measured or calibrated (0 to 100 kc or more ). 
Power Supply: 105 to 125 (or 2LO t.o 250) volts, 50-60 

cycles. Other voltagcs or frequeneies on speeial order 
only. 
Power Input: ~O watts, approximatel.\' . 
Tube Complement: J - TYPE 3DPJ A, :f' radial deflec­

tion Cathode-Ray Osci lloscope 
2 - 6S:\'7GT I - 2X2A 1 - 6X5-GT 
1 - 6J5GT 1 - 6SJ7 

Accessories Supplied: Sparc fuses; TYPE CAP-:35 PO\\'cr 
Cord; five TYPE 874-C62 Coaxial Connectors: onc 
TYPE 27-l-'\1B Double Plug. 
Mounting: Standard 19-inch relay-rack mounting; dress 
panel construction; black crackle finish . 
Dimensions : Panel (length) 19 x (height) 7 inches; he­
hind panel, (width) 17,li x (height) 6%, x (depth ) 12Y2 
inches. 
Net Weight: 35 pounds. 

Code Word Pri(,e Type 
----=-1-1 09-A 1 Comparison Osci1Ioscope ............ ..... 1 BASIN $545.00 
PATENT NOTICE. See Note 4. page vi ii. 
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Heterodyne Meter FREQUENCY 

TYPE 720-A HETERODYNE FREQUENCY METER 
USES : The TYPE 720-A H eterodyne Frequency 
Meter is used for accurate frequency measurc­
ments up t o 3000 megacycles. When it is used 
in conjun ction with the TYPE 11l0-A In terpo­
la ting Frequency Standard , frequency meas­
urements can be made with a n accuracy of 
± 25 pa rts per milli on 01' better. 

DESCRIPTION: The principal clements of t he 
in strum ent are a calibrated oscillat or, a crystal 
detector, a nd a t hree-stage \\'ide-ba nd ampli­
fi er. The instrument useH the Gencral-Radi o­
developed butterfly circui t, whi ch allo\\"s si­
mul taneous variat ioll of indu ctance and capa­
citance in the oscillato r circuit \\'ithout sliding 
con tacts. This perm its smoot h, stable, and 
cont inuous adjustment of frequency. The os­
cillat or t un es from 100 to 200 megacy cles a nd 
produccs usable harmonics up t o 3000 mega­
cycles. For measurements below 100 mega­
cycles, har moni cs of t he unkn own are used. 

The entire assembly is battery-operated, 
completely self-contain ed, and moun ted in a 
portable, fa bri c-covered cabinet. An a-c power 
supply t o fi t t he batte ry compa rt ment is also 
availa ble. 

FEATURES: ~ K 0 direct conn ection t o the 
source und er measurement is usuall y requ ired, 
because of t he high sensitivity a nd t he ad­
justable antenna mounted on the panel. 

~ A wide range of frequencies can be meas­
ured: 10 to 3000 megacycles. 

~ The di al a rrangement allows sma ll fre­
quency ill crements to be measured precisely . 

~ The butte rfl y type of tuned circuit elimi­
nates a ll sliding contact diffi cul t ies. 

~ Provision for eit her visual or a ural zero 
beat indication. 

~ Ei ther ba t teries or a n a-c power supply can 
be used. This makes t he instrument ideally 
sui ted for both field and la boratory use. 

SPECIFICATIONS 
Frequency Range: ]00 to 200 megacycles on rundamen­
tals. 10 to 3000 megacycles on harmonics. 
Beat Indication : Wi th strong signals beat not.es can be 
heard t hrough a small dy namic speaker on t he front 
pa nel. A visual indication can be obta ined from t he 
panel meter. A jack is provided for headphones and is 
located on t he fron t panel. 
Band Width: The t hree-stage amplifier has an effective 
band Iyidth of 50 kc, so t hat a visual indication can be 
obtained, even when t he frequency under measurement 
is not stable enough to produce a steady audio beat. 
Calibration : The main dia l is calibrated in one-mega­
cvcle divisions . 
. The slow-motion drive is geared to t he t uning uni t, 

and its dia l ea!Ties 250 uniform divisions. E ach one of 
t hese divisions corresponds to a frequency change of 
approximately 0.01 %. 
Accuracy : The over-all accuracy of measurement is 
± 0.1 %. For measUl"ements requiring greater accuracy, 
the frequency meter can be used wi t h the TYPE 11l0-A 
Interpolating F requency Standard. 
Temperature and Humidity Effects : Over the range of 
room conditions normally encountered, temperatUl"e 
and humidity do not affect t he accuracy of t he instru­
ment. 
Input Terminal: A short ad justable rod serves as an-

T ype 

tenna to pick up thc unkn own signa l. Add itional length 
of wire can be att[tc il l'd. 
Tube Complem e nt: 

1 - 1N5-GT / G 
I - lDS-GT 
1 - 95S-A 

Power Supply: A Burgess GTAGO B~ttter.v is supplied 
wi t h the instrumcnt . For a-c operation the T YPE 1261-A 
P ower Supply can be used (see page 147) but must be 
ordered separate ly. 
Mou nt ing : The T YPJJ 720-A Heterodyne F requency 
:'I1etor is mounted in a shiclded carrying case of durable 
airplane-luggage construction . Complete operating in­
structions are attached to the covcr, anJ a complete 
wiri ng diagram, wi th circui t constants, is attached to 
t he inside of t he cabinet. Panel is finished in black 
crackle lacq uer. 
Accessories Supplied : One 1N21-B Crystal is supplied 
as a spare in addi tion to t he one in t he instrument. 
Accessori es Recomm e nded : Headphoncs which can be 
plugged in on the front panel, and which can be stored 
in t he cover of the instrument. 
Dim e nsions : ( Height) l..J. x (widt h) 12,l1 x (dept h ) 
1O,l1 inches, over-a ll, including cover and handle. P a nel, 
1O %: x 11 %: inches. 
Net Weight : 27 ,l1 pounds, with battery. 

Code W ord P rice 

720-A 
1261-A 

Heterodyne Frequency Meter • • •• • • .... •. . 1 

A-C Power Supply •• • • . •••.•• •• • .• .•••• . 
l!'ANCY 

NU'l"l'Y 

$455.00 
128.00 

PATENT NOTI CE. See Note 10, page viii. 
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FREQUENCY ~---- Interpolating 

TYPE 1110-A INTERPOLATING FREQUENCY STANDARD 

USES: This instrument is a precision interpo­
lator for use with heterodyne frequency me­
ters, such as the TYPE 720-A, in making fre­
quency measurements in the ultra-high­
frequency range, up to 2000 or 3000 Mc. It 
can be used for making frequency measure­
ments from 10 Mc up to several hundred Mc 
in conjunction with high-frequency receivers, 
provided their frequency calibrations are suffi­
ciently good to identify frequencies separated 
by as little as 31%. The TYPE 1110-A 
Interpolating Frequency Standard and the 
TYPE 720-A Heterodyne Frequency Meter 
are particularly well suited for making meas­
urements of center frequency and frequency 
swing on mobile F-M transmitters. 

DESCRIPTION: The block diagram indicates 
the essential elements of the instrument: (1) 
a frequency standard, variable over a range 
of 1000 to 1010 kc, or 1%, and (2) a multi­
vibrator unit for frequencies of 1 Mc and 
100 kc. 

The frequency standard consists of a 950-kc 
crystal-controlled oscillator; a highly stable, 
50-60 kc, bridge-type, variable-frequency, L-C 
oscillator; a modulator; and filter for selecting 
the sum of the two frequencies as the final 
output. The dial of the variable oscillator has 
1000 divisions to cover 10 kc. 

The 1% range of the output frequency 
means that the frequency range of any multi­
vibrator harmonic is also 1%. The 100th 
harmonic of the 1-Mc multivibrator can 
therefore be adjusted continuously from 100 
Mc to 101 Mc, giving complete coverage over 

this interval. At 101 Mc and higher harmonics, 
the range from any multiple of 1 Mc to the 
next higher multiple is less than 1 % and so 
these ranges are covered by less than full-scale 
variation on the variable frequency oscillator 
dial. 

When the 100-kc multi vibrator is used, the 
100th harmonic again has a range of 1 % as 
the standard frequency is changed over the 
full range of the dial, covering 10.0 to 10.1 
Mc, and for all higher multiples the range from 
one multiple to the next higher is covered by 
less than full-scale range of the variable fre­
quency oscillator dial. 

The multivibrator harmonics give complete 
frequency coverage from 100 Mc upward, for 
the 1 Mc unit, and from 10 Mc upward, for 
the 100 kc unit. When the Interpolating Fre­
quency Standard is used with the TYPE 720-A 
Heterodyne Frequency Meter, having a range 
of 100-200 Mc, only the harmonics from the 
100th to the 200th are used. 

The dial of the TYPE 720-A, for example, 
covers 100-200 Mc with calibration marks at 
each megacycle. With the dial of the variable­
frequency oscillator at zero, the standard out­
put frequency is exactly 1 Mc, and all har­
monics are therefore standard frequencies, 
which can be used to check the heterodyne 
frequency meter at any scale graduation. 

If the heterodyne frequency meter has been 
set to zero beat with a frequency to be meas­
ured, an approximate reading of the unknown 
frequency is given at once on the dial. As an 
example, suppose the reading to be 162.3 Mc. 
Using the Interpolating Frequency Standard, 
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Standard 

the I-Mc multivibrator output is coupled to 
the frequency meter. The oscillator dial is 
then advanced from zero until the 162nd har­
monic (identified by the 720-A dial reading) 
is advanced from 162.0 Mc to 162.3 Mc ap­
proximately where zero beat is set. The 
increment in frequency is determined from 
the variable oscillator dial and is added to 
162.0 Mc to give the final result. 

FEATURES: ~ This instrument is designed for 
operation by zero beat adj ustments only, over­
coming the need for wide-band circuits or 
wide-band interpolating methods. 
~ All frequency in crements are taken as posi­
tive, avoiding all need for subtraction or de­
termining the sign of frequency increments. 

FREQUENCY 

~ Means are provided for checking the align­
ment of the variable-frequency-oscillator 
calibration in terms of the 950-kc crystal 
frequency. 

~ Since harmonics of the multi vibrators fall 
at a ll standard frequencies transmitted by the 
U. S. Bureau of Standards (WWV), it is possi­
ble to check the absolu te accuracy, including 
the frequency of the 950-kc crystal, by use of 
a suitab le receiver. 

~ To permit bringing the multivibrator out­
put close to high-frequency equipment, the 
multivibrator unit is connected to the stand­
ard-frequency unit by means of a cable. The 
small multivibrator unit can then be moved 
around without moving the larger unit. 

SPECIFICATIONS 
Frequency Range: The output frequency range of the 
11l0-A Interpolating Frequency Standard is from 1000 
to 1010 kc. The output frequencies of the lUO-Pl Multi­
vibrator Unit a re l.0- and O.l-Mc fundamentals with 
harmonics up t.o 200 or more. 
Calibration: The variable-frequency osci llator dial has 
1000 divisions corresponding to 0.001 per cent or 10 
parts per million per division. 

A list of check settings is provided on the panel. This 
check can be made at any time by simply plugging a set 
of headphones into the jack or binding posts provided 
on the panel. A trimmer control on the panel provides 
for adjusting t he oscillator to agreement with the 
crystal. 

To facilitate conversion of the dial readings from 
their basic percentage or parts per million values of fre­
quency increment to fractions of a megacycle or of 0.1 
l\Ic (100 kc), a table listing the number of dial divisions 
for frequency increments of l.0 Mc and 0.1 Mc at each 
harmonic from 100 to 220 is given on the panel. A sim­
ple slide-rule ratio then gives the desired frequency 
increment. 
Crystal Oscillator: The crystal oscillator is adjusted to 
within 1 part in a million of correct frequency at room 
temperature. It should be reliable to within ± 10 parts 
per million at ordinary room temperatures. The cr~'stal 
frequency can be checked and adjusted in terms of 
standard frequency transmissions from \V\VV using an 
external receiver, maintaining the variable oscillator at 
exactly 50 kc in terms of t he crystal. 

Accuracy of Measurement: The over-all accuracy of 
measurement is ±25 parts per million using the osci lla­
tor dial direct.ly. If the osci llator is carefully trimmed in 
terms of the crystal, the over-a ll accuracy is limited 
principally by the eITor of the crystal. 
Tube Complement: 
2 - 6AC7 3 - 6J5GT 
4 - 6SN7-GT 1 - 5R!GY 
1 - 6SJ7 1 - 9001 
1 - 6SA7 1 - 2LAP-430 (Bridge Circuit Lamp) 
Power Supply: Either 105-125 or 210-250 volts, 50 to 60 
cycles. 
Power Input: 85 watts from ll5-volt, 60-cycle line. 
Mounting: TYPE 1l10-A, standard 19-inch relay rack; 
dress panel construction; black crack le finish. TYPE 
1UO-Pl (attached to lUO-A by cable), small metal 
cabinet. 
Accessories Supplied : TYPE CAP-:35 Power Cord; TYPE 
lUO-Pl Mu lt ivibrator Un it with 5-foot connecting 
cable; spare fuses; Quartz Plate (shipped installed ). 
Accessories Required: Head telephones. 
Dimensions: lllO-A Panel (length) 19 x (height) 8~ 
inches: behind panel, (length) l7~ x (height) 8% x 
(depth ) U inches. lUO-PI (length) 9~ x (height) 5~ x 
(depth ) 5~ inches. 
Net Weights: TYPE IUO-A assembly, 10 pounds; TYPE 
11l0-PI Multivibrator Unit, 7Yz pounds. 

Code 1V00'd Price 'l'y,,:p~e-=-_---,-:-__ --:----:_-= __ _ 

----=-1-=-'110-A 1 Interpolating Frequency Standard ...... ··.1 RAVEN $775.00 
PATENT NOTICE. See Notes 1, 2, 5, page viii. 
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FREQUENCY ~----- Calibrator 

TYPE 1213-C UNIT TIME/FREQUENCY CALIBRATOR 

USES: The TYPE 1213-C Time/Frequency Cali­
brat or is a compact, inexpensi ve, secondary 
standard of frequency containing in a single 
package t he circuits necessary for calibration 
operations that have hi therto required several 
instruments. These circui ts include: (1) a 
crystal-cont rolled source of ha rmoni cs at mul­
t iples of 10 M c, 1 i c, 100 kc a nd 10 kc, (2) 
a heterodyne detector a nd beat a mplifi er, a nd 
(3) a pulse amplifi er. 

The standard-frequency harmonics are use­
ful for receiver calibration and frequency 
measurement wit h externa l detectors a nd in­
terpolating equipment. The self-contained 
mixer and audio amplifier permit calibration 
of osc illators wi thou t requirin g any addit ional 
equipment. 

Separate bindin g posts on t he front panel 
make availa ble the output signals from t he 
cathode-follower pulse amplifier for use in 
oscilloscopic t ime calibration or pulse t rigger 

applications. The output can be different ia ted 
in t he TYPE 1213-P1 Different iator to provid e 
short pulses a t in tervals of 0.1 J.(sec, 1.0 J.(sec, 
10 J.(sec a nd 100 J.(sec. The amplit ude of the 
pulses is suffi cient t o t rigger pulse-generating 
equipm ent a nd oscilloscope sweeps. 

DESCRIPTION: The crystal oscillator uses a 
5-Mc AT-cut, hermetically-sealed quartz 
plate and is electron coupled to a 2:1 mul ti­
plier, followed by a buffer stage. The 10-Mc 
buffer drives a series of mult ivibrators wi th 
fundamentals of 1 M c, 100 kc, a nd 10 K c. 
Their outputs can be swi tched to dri ve eit her a 
harmoni c generator or video a mplifier. The 
harmonic generator feeds a crystal mixer a nd 
an r-f outpu t connector. For harmonic calibra­
tion wi th the mixer, the video a mplifier is 
switched to act as a high-gain audio a mplifier 
at t he mixer outpu t. For oscill oscopic t ime 
calibration, the video amplifier supplies pulses 
at bi nd i ng-post te rminals. 

A narrow-range frequency adjustment is 
provided for setting the crystal oscillator to 
zero beat with standard-frequency radio t ra ns­
missions or other external standards. A touch­
button deviator is provided to int roduce a 
small frequency decrease for esta blishing 
"sense" in indications near zero-beaL. 

FEATURES: ~ Wide range of output frequen­
CIes. 

~ Accurate t iming source for oscilloscopes. 
~ Compact unit construction. 
~ Internal mixer for maximum ut ility. 

SPECIFICATIONS 

Output Frequencies: 10 Mc, 1 Mc, 100 kc, 10 kc. 
Output Amplitudes: 10 Mc, 10v peak-to-peak, :~O volts 
peak-to-peak at lower out pu t frequencies from pulRe 
amplifier ; r-f ha rmonies usable to 1000 Mc from 10-Mc 
outpu t, to 500 Me from I-Me output, to 100 Mc from 
100-Kc output, and to ]0 i\ Tc fro m JO-kc outpu t. 
Output Impedance: Video cathode-follower :~OO ohms; 
r- f output obtained from crystal-d iode harmonic 
generator. 
Stability: Afte r 1 hour warm-u p, d ri ft rate with regu lated 
p late supply is mainly the dri ft rate of t he qua rtz 
crystal (approx 1 ppm/"C) . Wi th unregu lated po\\·er 
supply, an addit ional variation of ± Y2 ppm with line 
voltage change from 105 to 125 volts . 
Sensitivity: Usahle beat notes can be prod uced with 50 

'Type 

millivolts signa l in put to mixer over t he ha rmonic 
rangeR specified under "Output Ampli tudes." 
Tube Complement: 1-6BE6, 1-5687, 2-5964, 1 6AK6, 
1-6AN8, 1-6U8. 
Power Supply: 6.3 V a-c, 3.0 amps; 300 v doc, 60 mao 
TYPE 120:3-B or TYPE 1201-A is recommended. See 
pages IH and 1-J5. 
Accessories Supplied: T Y PE 121:1-Pl Differentiator, one 
coaxia l connector, and one multipoin t connector. 
Mounting: Aluminum panel and sides, finished in b lack 
crack le; alumi num ('over, fini shed in clear lacq uer. 
Relay rack panel is available fo r mounting both cali­
brator and power supply. 
Dimensions: JO Y2 (width ) x 5%: (height) x 7 (depth) 
inches, overall . Net Weight: ,t lbs, 10 oz. 

Code lV01·d 

1213-C 
1203-B 
1201-A 
480-P4U3 

Unit Time/Frequency Calibrator * ......... . R E B E L 

ALIVE 

ASSE'l' 

$235.00 
40.00 
85.00 

Unit Power Supply . .................... . 
Unit Regulated Power Supply ... ......... . 
Relay-rack panel (for mounting both cali-
brator and power supply) .. ............. . UNI P A NCAR '.r 10.85 

PATENT NOTICE. See Notes 1,2,4, and 5 page ,·ii i. 
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Meter FREQUENCY 

TYPE 1176-A FREQUENCY METER 

USES: The TYPE 1176-A Frequency Meter is 
a direct-indicating counting-rate type of fre­
quency meter for determining the frequency 
of an unknown source or continuously moni­
toring the frequency of a system. 

For the electronics laboratory it provides 
a convenient means of measuring audio and 
supersoni c frequencies up to 60 kc, essentially 
independent of waveform. 

DESCRIPTION: The circuit consists of (1) an 
input amplifier fo ll owed by (2) a series of 
clipping and limiting amplifiers, and (3) a 
frequency-ind icating circuit composed of a 
capacitor, a diode, and a d-c microammeter. 
The function of the clippers and limiters is to 
convert the input signal to a square waveform 
so that the indication is not affected by 
changes in amplitude or waveform of the 
input signal. 

FEATURES: ~ Direct-reading scales, and a 
single range-selector switch, permit rapid fre­
quency measurements to be made. 

~ A well-regu lated pO\Ver supply eliminates 
all effects of line voltage changes. 

~ Individual scale calibration adjustments are 
provided for each range. 

~ An external meter can be connected to the 
instrument th rough a multipoint connector 
on the rear of the unit. 

~ T \\-o sets of input terminals are provided 
on the panel and, on the rear of the unit, a 
multipoint connector provides a means of 
attaching more permanent connections. Plug­
ging into the W. E. panel jacks automatically 
disconnects the rear te rminals. 

SPECIFICATIONS 

Range : 25-60,000 cycles per second in six ranges. Full­
scale values are 200, 600, 2000, 6000, 20,000, 60,000 
c~'c l es. 
Accuracy: ± (2% of [ull scale + 2 cycles), for all ranges. 
Whcn operating on the 60,000-c~'cle range, with less 
than 0.5 volt in put, the accuracy becomes ±3% of full 
scale. 
Input Voltages: 0.25-150 volts. 
Input Resistance: 500,000 ohms, [or all ranges. One 
side grounded. 
Input Waveform: The readings are substantially inde­
pendent of waveform, so long as the dissymmetr~' of the 
positive and negative portions of the wave is less than 
8:1. 
Power Supply: 105-125 (or 2 10 to 250) vol ts, 50-60 cycles. 
Power Input : 50 watts. 

Tube Complement: 

1- 6H6 1- 6SN7-G7 
1- 6SQ7-GT 1- 6J5-GT 
] - 6X5-GT 2- 6SJ7 
1- GV6-GT l - 0A3 

] - Amperite 3-.J.O 
Mounting : Standard J9-inch relay-rack panel ; aluminum 
end frames are available to convert to table mounting. 
(See price list belo\\·. ) 
Ponel Finish: Standard General Radio black crackle. 
Certain standard grays wh ich can be processed in quan­
tity can a lso be supplied. 
Accessories Supplied : TYPE ZCAP-5 Power Cord and 
multipoint connector: spare fuses . 
Dimensions: Panel, 19 x 5y,( inches; depth behind panel, 
11 y,( inches. 
Net Weight: 19,Y2 pounds. 

~vp~e~ __ -,~ ________ ~ ________________________ -, __ ~C~o~d~e~T~V~o)~'d~ __ ~ __ ~~P~l~'i~ce~ __ __ 
1176-A 1 Frequency Meter . ... ..... ........ .... " 1 TIMID $285.00 
FRI-310 End Frames for Type 1176-A...... . . . . . . ENDFRAMCAT 12.00 Pair 

PATENT NOTICE. See Notes 2, 16, page ,·iii. 
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STANDARD-SIGNAL GENERATORS 
A standard-sign al generator is a source of a lte l'l1 atin g­

current energy of accurately known characteristics. 
The carrier 0 1' center frequency is indicated hy a dial 
setting, the output voltage by a meter reading and 
associat.ed attenuator sett ing, and the modulation b~' 
a meter reading set by appropriate cont rol knobs . 
Common types of modulation signals are sine-wave, 
square-wave and pu lse; the output signal may be either 
frequency- 01' amplitude-modulated by t hese signals. 
When the f-m modulating system produces a consid­
erable excursion in frequency at a relatively low cyclical 
rate, the instrument is known as a sweep generator 
and is particularly useful for automatic data display. 
Standard-sign al generators are used for testing rad io 
receivers, as voltage standards over t he range from a 
few microvolts to about a volt, and generally for meas­
uring gain, bandwid th, signal-to-noise ratios, standing­
wave ratios, and other properties of elrctronic circuits . 

The elements of a standard-signal generator are 
shown in F igure I. A buffer amplifier is sometimes 
added to reduce incidenta l frequency modulation. The 
requirements for the oscillator a re that it be stable, 
that it have reasonably . constant outpu t over anyone 
frequency range, t hat the waveform be good, and that 
hum and noise modulation be negligible. 

FIGURE 1. E lements of a standard-signal generator. 

OUTPUT SYSTEMS 
The output system must be designed to produce. a 

known voltage at the output termmals. At freq uencies 
below 50 Mc, resistive attenuators are commonly used. 
A voltmeter indicates t he voltage at the attenuator 
input, \\'hi (' h is held to a constant "calibration" value 
by manual adjustment of osci llator-ou t put level. The 
outpu t voltage is t hen indicated by the vol~meter 
indication and t he attenuator setting. Accordmg to 
Th6venin 's theorem, the generator can be represented 
as a voltage source behind - i.e., in series with - an 
impedance. This equivalent voltage is t he open-circuit 
voltage of t he signal generator, and t.he equivalent 
impedance is t hat seen looking in to t he system with 
t he terminals at which the voltage is measured short 
circui ted. For low-frequency generators, the equivalent 
source impedance is usually made as low as possible, 
J 0 ohms or less. 

At low and medium frequencies, with a lO-ohm out­
put impedance, it is frequent ly possible to neglect the 
effect of the load on the output voltage and to assume 
that t he terminal voltage is t he open-circuit voltage. 
1 n any case, t he correction for t he load can be deter­
mined by calculation as indicated in Figure 2. 

The effect upon the output voltage and output im-

FIGUnE 2. Load voltage EL is easily de termined for a 
load ZL with a generator of internal voltage Es and 

internal impedance Z s. 

pedance of the cable used to connect the generator to 
the load depends upon t he frequency and upon the 
relative impedances of generator, cable, and load. 
Four typical cases are shown in F igure 3, and their 
characteristics are tabulated in Figure 4. 

Case I corresponds to t he TYPE 805-C Standard­
Sign al Generator when the termination uni t is used, 
and to the TYPE 1001-A Standard-Signal Generator 
when the TYPE 1000-PJ Termin ation Unit and t lH' 
TYPE 1000-P2 40-0hm Series Un it are used. 

Case II corresponds to t he TYPE 805-C wit hout the 
termination unit and to t he TYPE 1001-A with the 
series unit but without the termination uni t . 

Case III illustrates t he TYPE 1001-A with tennina­
tion uni t, but wi t hou t series uni t, while Case IV is t he 
TYPE 1001-A \\-ithout either uni t . 

When an extern al load is connected, the load voltage 
will differ from t he open-circui t voltage at the end of 
t he cable by an amount depending upon the magn itude 
and phase of the load impedance. 

At high frequenc ies t he residual reactance in a re­
sistive attenuator becomes great enough to impair its 
accuracy, and the mutual-inductance (waveguide­
below-cutoff) type is more satisfactory. The system 
used in the TYPE 1021-A Standard-Signal Generator, 
and which is illustrated in Figure 5, has t he vo ltmeter 
connected across the output of the attenuator rather 
t han across the input. This system has the advantage 
t hat t he accuracy of t he output voltage at the refer­
ence point is determined by the voltmeter a lone, and 
is unaffected by t he length of the cable from the atten­
uator pick-up loop to the point at wh ich the voltage 
is measured, or by the perfection of the termination 
at th is poin t. The accuracy of t he effective out put 
impedan ce is determined by the resistor Rl a lone, be­
cause it is immediately preceded by the voltmeter, 
which can be considered a zero-impedance source. This 
makes the output system equivalent to t hat shown in 
Case II, Figure 3. Resistor Hz at the attenuator pick-up 
loop is a matching resistance to prevent high-ampli t ude 
standing waves in the cable when t he load is removed. 

Voltages between 0.5 volt and 2 volts are indicated 
directly by the output meter. For voltages below 0.5 
volt, the output is first set to 0.5 volt as indicated by 

FIGURE 3. Schematic diagrams of four types of generator 
output system. 
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STANDARD-SIGNAL GENERATORS 
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few microvolts to about a volt, and generally for meas­
uring gain, bandwid th, signal-to-noise ratios, standing­
wave ratios, and other properties of elrctronic circuits . 

The elements of a standard-signal generator are 
shown in F igure I. A buffer amplifier is sometimes 
added to reduce incidenta l frequency modulation. The 
requirements for the oscillator a re that it be stable, 
that it have reasonably . constant outpu t over anyone 
frequency range, t hat the waveform be good, and that 
hum and noise modulation be negligible. 

FIGURE 1. E lements of a standard-signal generator. 

OUTPUT SYSTEMS 
The output system must be designed to produce. a 
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below 50 Mc, resistive attenuators are commonly used. 
A voltmeter indicates t he voltage at the attenuator 
input, \\'hi (' h is held to a constant "calibration" value 
by manual adjustment of osci llator-ou t put level. The 
outpu t voltage is t hen indicated by the vol~meter 
indication and t he attenuator setting. Accordmg to 
Th6venin 's theorem, the generator can be represented 
as a voltage source behind - i.e., in series with - an 
impedance. This equivalent voltage is t he open-circuit 
voltage of t he signal generator, and t.he equivalent 
impedance is t hat seen looking in to t he system with 
t he terminals at which the voltage is measured short 
circui ted. For low-frequency generators, the equivalent 
source impedance is usually made as low as possible, 
J 0 ohms or less. 

At low and medium frequencies, with a lO-ohm out­
put impedance, it is frequent ly possible to neglect the 
effect of the load on the output voltage and to assume 
that t he terminal voltage is t he open-circuit voltage. 
1 n any case, t he correction for t he load can be deter­
mined by calculation as indicated in Figure 2. 

The effect upon the output voltage and output im-
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load ZL with a generator of internal voltage Es and 
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pedance of the cable used to connect the generator to 
the load depends upon t he frequency and upon the 
relative impedances of generator, cable, and load. 
Four typical cases are shown in F igure 3, and their 
characteristics are tabulated in Figure 4. 

Case I corresponds to t he TYPE 805-C Standard­
Sign al Generator when the termination uni t is used, 
and to the TYPE 1001-A Standard-Signal Generator 
when the TYPE 1000-PJ Termin ation Unit and t lH' 
TYPE 1000-P2 40-0hm Series Un it are used. 

Case II corresponds to t he TYPE 805-C wit hout the 
termination unit and to t he TYPE 1001-A with the 
series unit but without the termination uni t . 

Case III illustrates t he TYPE 1001-A with tennina­
tion uni t, but wi t hou t series uni t, while Case IV is t he 
TYPE 1001-A \\-ithout either uni t . 

When an extern al load is connected, the load voltage 
will differ from t he open-circui t voltage at the end of 
t he cable by an amount depending upon the magn itude 
and phase of the load impedance. 

At high frequenc ies t he residual reactance in a re­
sistive attenuator becomes great enough to impair its 
accuracy, and the mutual-inductance (waveguide­
below-cutoff) type is more satisfactory. The system 
used in the TYPE 1021-A Standard-Signal Generator, 
and which is illustrated in Figure 5, has t he vo ltmeter 
connected across the output of the attenuator rather 
t han across the input. This system has the advantage 
t hat t he accuracy of t he output voltage at the refer­
ence point is determined by the voltmeter a lone, and 
is unaffected by t he length of the cable from the atten­
uator pick-up loop to the point at wh ich the voltage 
is measured, or by the perfection of the termination 
at th is poin t. The accuracy of t he effective out put 
impedan ce is determined by the resistor Rl a lone, be­
cause it is immediately preceded by the voltmeter, 
which can be considered a zero-impedance source. This 
makes the output system equivalent to t hat shown in 
Case II, Figure 3. Resistor Hz at the attenuator pick-up 
loop is a matching resistance to prevent high-ampli t ude 
standing waves in the cable when t he load is removed. 

Voltages between 0.5 volt and 2 volts are indicated 
directly by the output meter. For voltages below 0.5 
volt, the output is first set to 0.5 volt as indicated by 
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output system. 
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FIGUIlE 4. Summary of impeda nce am! voltage characteristics of the four types of tef"lilin ations shown in Figure 3. 
The relative phase relationsh ips of the voltages are not incl uded, and it is assumed that Zo is a pure resistance. 

the meter and t he attenuator index, which is adjusta­
ble, is set at the O.S-volt point on the attenuator dial. 
Lower voltages are then indicated directly on the at­
tenuator dial, so long as the load is not changed. When 
the load is changed, t he atten uator must be standard­
ized again at O.S volt for the new load. 

For ultra-high frequencies, this system gives more 
accurate output indications than the more common 
arrangement with the voltmeter at the attenuator 
input. 

MODULATION 

Intern al amplitude modulation at one or more fixed 
frequencies is provided on a ll General Radio Signal 
Generators. 1'l"Ovision is also made fo r modu lation 
over t he entire audio range by an external source. 

The TYPE 100 1-A Standard-Signal Generator is 
capable of being modulated up to 80%, t he TYPE 
80S-C up to 100%, and the TYPE 1021-A up to SO %. 
Some frequency modulation is present in a ll these 
signal generators. It is most noticeable in the 1021-A, 
where the modulation voltage is superimposed on the 
plate voltage of the oscillator t ube. The two lower­
frequency signal generators use ampli fiers betwecn 
the oscillator and the output circuit. They are modu­
lated in the amplifier stage, and thei r incidenta l fre­
quency modulation is low enough to be of no conse­
quence in most measurements. 

For measurements where in cidental frequency mod­
ulation must be kept at a minimum, and a lso where 
amplitude modulation at video frequency is desired, 
the unmodulated and attenuated output of t he signal 
generator can be mod ulated by the external TYPE 
1000-P6 Crystal Diode Modulator. This modulator is 
a small , inexpensive unit, described in detai l on page 99. 
It consists of a crystal diode between input and output 
terminals and provides means for applying bias and 
modulating voltages to the crystal. It can be used at 

carrier frequencies between 20 and 1000 megacycles 
and can pl"Oduce up to 30 % ampli tude modulation 
from 0 to S megacycles. The output of t he TYPE 1000-1'6 
Crystal Diode Modulator is limited to approximately 
10 millivolts. 

The TYPE 1000-P7 Balanced Modu lator, described 
in detail on page 100, is another external modulating 
unit for use with signal generators and oscillators. It 
consists of two crystal diodes, a tun able sect ion of 
coaxial line between input and output terminals, and 
some associated circuits for applying bias and modu­
lating voltages. It is designed for use at carrier fre­
quencies from 60 to 2300 megacycles and can produce 
up to 100% ampli tude modulation from eit her sine­
wave or pu lse sources. 

FTGUIIE 5. Fu nctional diagram o[ the TYPE 1021-A out­
p ut system. 
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GENERATORS----~ ------------ Standard-

TYPE 1021 STANDARD-SIGNAL GENERATORS 

40 TO 2000 MEGACYCLES IN THREE MODELS 

USES: These Standard-Signal Generators are 
as reliable and as convenient at very-high and 
ultra-high frequencies as conventional stand­
ard-signal generators at murh lower frequen­
cies. Theil' uses include the determination of 
radio-receiver and amplifier characteristics in 
the engineering laboratory and in production 
as well as the supply of v-h-f and u-h-f power 
for bridges, slotted lines, and other measuring 
devices. 

The simple TYPE 1000-P6 Crystal-Diode 
Modulator and a source of video signals, such 
as a standard television receiver tuned to a 
local television station, can be used to produce 
television picture modulation of the signal 
generator output on all v-h-f and u-h-f chan­
nels. 

With the TYPE 1000-P7 Balanced Modula­
tor. up to 100% amplitude modulation and 
pulsing with very low residual carrier level 
are possible. 
DESCRIPTION: Each TYPE 1021 Standard-Sig­
nal Generator is a compact and light-weight 
instrument of simple, rugged, durable design. 
For flexibility and economy, each signal gen­
erator is made up of two units mounted in a 

single cabinet. The power supply, modulator, 
and metering system make up one unit, the 
TYPE 1021-P1 PO\\'er Supply, whi ch occupies 
the left-hand side of the \\'elded aluminum 
cabinet. The right-hand side of the cabinet 
houses one of the three readily interchangeable 
carrier-oscillator units: The TYPE 1021-P2 
U-J-I-F Unit (250 to 920 Mc,) the TYPE 1021-
P3B/ V-H-F Unit (40 to 250 Mc,) or the TYPE 
1021-P4 U-J-I-F Unit (900 to 2000 Mc.) 

As noted in the price table, individual tun­
ing units can be furnished for use with one 
common power supply and cabinet assembly. 

The t\\·o lower-frequency generators have 
provisions for external and lOOO-cycle sine­
\mve internal amplitude modulation; the 900 
to 2000 Mc unit can be modulated by square 
waves from the TYPE 1210-B Unit R-C Os­
cillator. 

The two 10"'er-frequency models use but­
terfly circuits, and the highest frequency model 
is tuned by adjustable transmission lines. A 
mutual-inductance-type attenuator with a dial 
calibrated from 0.5 }J-V to 0.5 volt is used for 
all the osci llators. Voltages over 0.5 volt are 
read directly on the panel meter. 
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Signal ------~ GENERATORS 

FEATURES: ~ Wide frequency coverage. 

~ Easy to operate. 
~ Up to one volt output. 
~ Accurately known output voltage, fre­
quency, and impedance. 

~ Good stabili ty and low drift. 
~ Very well shielded. 
~ A wide variety of coaxial accessories IS 

available (see pages 52 to 62) . 
~ Three carrier-osci llator units easily inter­
changeable. 

SPECIFICATIONS 

TYPE 1021-AU U-H-F STANDARD-SIGNAL GENERATOR 
Carrier Frequency Range: 250 Mc to 920 Mc in one band. 
Frequency Calibration: Direct reading to ± 1 % . 
Output Voltage: Continuously adjustable from 0.5 p'v to 
1.0 volt, open-circuit. 
Output Impedance : 50 ohms ±1O%. 
Output Voltage Accuracy : Over-all accuracy of output 
voltage is better than ±2 db. The accuracy of output 
voltmeter calibration between 0.5 volt and 1.0 volt is 
better than ± 1 db. The accuracy of the attenuator dial 
calibration for voltages between 1.0 p'v and 0.1 volt is 
better than ±O.5 db; from 0.1 volt to 0.5 volt, better 
than ± 1 db. At 920 Mc, the resonance error in the 
voltmeter is + 0.5 db. 
Amplitude Modulotion: Adjustable, 0 to 50 %. Internal, 
1000 c ±5% . External, flat within 3 db from 30 c to 
]5 kc. For 50% modulation, external audio oscillator 
must supply 18 volts across a 100-kilohm load. TYPE 
121O-B Unit R-C Oscillator is recommended. 
Envelope Distortion : Less than 5% at 50% modulation. 
Noise Level : Carrier noise level corresponds to about 
0.2% modulation. 
Incidental Frequency Modulation : For 50 % amplitude 
modulation the incidental fm is approximately 100 
parts per mi llion for frequencies up to 400 Mc and is 
approximately 1000 parts per million at 920 Mc. When 
lower values of incidental fm are required, the TYPE 

1000-P6 Crystal Modulator, or the TYPE 1000-P7 
Balanced :VIodulator (pages 99 and LOO ) is recommended. 
Leakage : Stray fie lds and residual output voltage are 
sufficien tly low for measure men ts on rec-ei vers of one­
microvolt sensitivity. 
Terminals: TYPE 874 Coaxial Terminals are provided for 
the output connection . 
Power Supply : 115 or 230 volts, 50 to 60 cycles. Power 
input is approximately 50 watts. 
Tube Complement: Two 0C:3; one each, 6X5-GT / G, 
6K6-GT , Sylvania TYPE RT-+3-(, Amperite 6-+. 
Accessories Supplied: TYPB 874-R22 Patch Cord, TYl'E 
874-PB58 Panel Connector, TYPE 87+-C58 Cable Con­
nector, TYPE CAP-:35 Power Cord, and spare fuses. 
Other Accessories Available: TYPE 87.J-GlO and -G20 
F ixed Attenuators, TYPE 874 Coaxial Elements (page 
52 to 62), TYPE 1000-P6 Crystal :'I10dulator, TYPE 
1000-P7 Balanced Modulator (pages 09 and 100 ). 
Mounting : The aluminum cabinet has a black wrinkle 
finish. The left-hand side houses the TYPE 1021-P 1 
Power Supply; the right-hand side houses the TYPE 
1021-P2 U-H-F Unit. Panels are black crackle-finished 
a luminum. 
Dimensions: (Height) 14% x (width) 203-i x (depth) 
10% inches, over-all. 
Net Weight: 3772 pounds. 

TYPE 1021-AV V-H-F STANDARD-SIGNAL GENERATOR 

Same as TYPE 1021-AU (above) except as noted. 
Carrier Frequency Range: 40 to 50 Mc in one band, 
50-250 in another. 
Incidental Frequency Modulation: For 50 % amplitude 
modu lation the incidental fm is approximately 100 
parts per million for frequencies up to 100 Mc, and is 
approximately 500 parts per million at 250 Mc. When 
lower values of incidental fm are required, the TYPE 

1000-P6 Crystal Modulator or the TYPE 1000-P7 Bal­
anced Modulator (page 100) is recommended. 

Tube Complement : 12AT7 (Oscillator instead of RT-43+). 
Other tubes as listed above. 

Mounting : Cabinet is same as for TYPE 1021-AU, above. 
Generator consists of the TYPE 1021-P1 Power Supply 
and TYPE 1021-P3B V-H-F Unit. 

TYPE 1021 AW U-H-F STANDARD-SIGNAL GENERATOR 

Same as TYPE 1021-AU (above) except as noted. 
Carrier Frequency Range: 900 to 2000 Mc in one band. 
Output Voltage: 0.7 volt maximum over entire range. 
Output Voltage Accuracy: Over-all accuracy ±3 db; reso­
nance error in voltmeter is compensated. 
Amplitude Modulation : Square-wave modulation from 
100 to 5,000 cycles with external modulator. 30 volts 
peak-to-peak is required. 2500-ohm input impedance 
TYPE 121O-B Unit Oscillator is recommended. 

Type 

Tube Complement : TYPE 5675 osci llator instead of TYPE 
RT-434. Other tubes as listed above. 
Accessor ies Supplied: Same as above plus one telephone 
plug. 
Accessories Available: TYPE 87'! Coaxial .l!;lements 
pages 52 to 62; TYPE 1000-P7 Balanced Modulator, 
page 100. 
Mounting : Cabinet is same as for TYPE 1021-AU, above. 
Generator consists of the TYPE 1021-P 1 Power Supply 
and TYPE 1021-P4 U-H-F Unit. 

Code Word Price 

1021-AU 
1021-AV 
1021-AW 
1021-P2 
1021-P38 
1021-P4 

U-H-F Standard-Signal Generator, 250-920 Me ... . . EVADE 

EVENT 

EAGLE 

ETHIC 

EVOKE 

EXAL'.r 

$670.00 
680.00 
910.00 
410.00 
420.00 
650.00 

V-H-F Standard-Signal Generator, 40-250 Me ...... . 
U-H-F Standard-Signal Generator, 900-2000 Me .... . 
U-H-F Oscillator Unit * only, 250-920 Me .. . . . ... . 
V-H-F Oscillator Unit * only, 40-250 Me ... ....... . 
U-H-F Oscillator Unit * only, 900-2000 Me . . . .. . . . 

PATENT NOTICE. See Notes 4 and 10, page viii. 
* Less power supply unit and cabinet. Can replace oscillator unit in any signal generator listed above, to provide additional frequency range. 
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GENERATORS ---~ ------- Standard-

TYPE lOOl-A STANDARD-SIGNAL GENERATOR 

USES: The TYPE 1001-A Standard-Signal 
Generator is a laboratory instrument for use 
in determining the performance of receivers 
and other equipment at ultrasonic and radio 
frequencies. Its sturdy construction and sim­
pli city of operation make it suitable for pro­
duction testing. Because of its small size, low 
weight, and low power consumption, it can 
be adapted for use in field-strength measure­
ments. 

With the TYPE 1000-P6 Crystal Diode 
Modulator, the generator output can be 
modu lated at video frequencies for testing 
television i-f circuits. 

DESCRIPTION: The welded aluminum cabinet of 
the TYPE 1001-A Standard-Signal Generator 
houses three separate groups of circuits. The 
power supply is at the top, the completely 
shielded radio-frequency portion in the middle, 
and the modulation and control circuits at 
t he bottom. 

The Hartley-type carrier-frequency oscilla­
tor covers in eight ranges the frequency spec­
trum from 5 kc to 50 Mc. The plates of the 
main tuning capacitor are shaped to give a 

logarithmic variation of frequency with angu­
lar rotation. The precision of freq uency set­
ting, therefore, is constant, and t he vernier 
dial is calibrated d irectly in percentage fre­
quency increments. 

A buffer ampli fier is used between t he 
oscillator and t he low-impedance output cir­
cuits. The amplifier is grid modulated to 
provide amplitude modulation from 0 to 80 
percent. Loose coupling between the oscillator 
and the amplifier minimizes incidental fre­
quency modulation. The attenuator system 
and the output meter are coupled to the ampli­
fier through a high-pass fi lter, which reduces 
voltages of the modulation frequency in the 
output. 

The output voltage is determined by estab­
lishing a fixed carrier level at the attenuator 
input and by setting two attenuator controls. 
The carrier level is set by adjusting the plate­
supply voltage of the oscillator and is indi­
cated by a vacuum-tube voltmeter at the 
attenuator input. The attenuator system con­
sists of a continuously adjustable L-network 
controlled by the output dial and a decade 
ladder-network attenuator. 
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Signal 

The modulation circuits include a 400-cycle 
R-C oscillator for internal modulation and a 
germanium-crystal rectifier to determine 
modulation percentage. Percentage modula­
tion is read on the same panel meter that 
indi cates the carrier output level. 

FEATURES: ~ Output cable termination can 
be removed for matching into a 50-ohm 
system. 

GENERATORS 

~ Very low residual output and stray fi eld. 
~ A periodic output amplifier avoids sideband 
cutting and minimizes reaction of attenuator 
setting or load on carrier frequency. 
~ High tability and low drift are assured by 
high-quality components, low power con­
sumption, and stabil ized power suppl y. 
~ Simplicity of design and construction has 
resulted in an unusually sturdy instrument of 
small size, low weight, and long life. 

SPECIFICATIONS 

Carrier-Frequency Range: 5 kilocycles to 50 megacycles 
covered in eight direct-reading ranges: 5 to 15 kc, 15 to 
50 kc, 50 to 150 kc, 150 to 500 kc, 0.5 to 1.5 Me, 1.5 
to 5 Mc, 5 to 15 Mc, and 15 to 50 Mc. 
Frequency Cal ibratian : Logarithmic up to 15 Me, de­
parting slightly from t he logarit hmic scale at higher 
frequencies. Accurae.v, ± 1 %. 
Incremental-Frequency Dial : Frequency increment is 
0.1 % per dial division, at frequencies up to 15 Mc. 
Frequency Stability : Warm-up drift is of the order of 
0.25% . H alf t he maximum drift is reached in 1Yz hours. 
Output Voltage Range: Open-circuit output voltage at 
the attenuator jack is continuously adjustable from 
0.1 microvolt to 200 millivolts. Wi th output cable ter­
minated at both ends, output voltage is continuously 
adjustable from 0.05 microvolt to 100 mi ll ivolts. Open­
circuit output voltage at the 2 VOLTS panel jack is 
measured directly by the output meter and is 2 volts 
if the meter is set to the reference mark. This voltage 
is available up to at least 15 :\lc. 
Output Impedance : Output impedance at t he attenu­
ator jack is 10 ohms (50 ohms when t he series unit is 
used) except for the highest output position of the 
attenuator, where it is 50 ohms. 

Output impedance at the end of the term inated 
cable is 25 ohms. Outpu t impedance at the 2 VOLTS 
panel jack is 300 ohms. 

An output impedance of one ohm (wi th output volt­
age reduced 100:1 ) can be obtained with t he TYPE 
1000-P3 Voltage Divider, a standard (IRE) test im­
pedance with the TYPE 1000-P4 Dummy Antenna, 
and a known induction field for testing loop receivers 
with the TYPE 1000-PlO T est Loop. 
Accuracy of Output Voltages : At frequencies below 
10 Mc, when t he output dial is set near full scale or 
one-tenth full scale, t he output voltage is correctly 
indicated to ± (6% + 0.1 !J.v). With the output dia l 
set in the mid-scale region, the error may be greater 
by 4%. At frequencies above 10 Mc, when the output 
dial is set near full scale, the output voltage is cor­
rectly indicated to an accuracy of ±(10 % + 0.3 !J.v ) 
a nd the error may be as much as 10 % larger or smaller 
at other output dial settings. 

The accuracy of t he open-circuit output voltages at 
the 2 VOLTS panel jack is ±3 % up to 15 megacycles. 
Amplitude Modu la tion : Adjustable from zero to 80% . 
Modulation percentage is indicated on the panel meter 
and is accurate within ± 10% of t he indicated value, 
with a possible additional error of 2% in modulation 
level. 

The internal modulation frequency is 400 cycles 
±5%. 

The external modulation characteristic is flat wit hin 
± 1 decibel from 20 cycles to 15 kilocycles. To provide 

'Type 

80 % modulation, the external audio oscillator must 
supply 12 volts in to a 4000-ohm load (36 milli\\·atts). 
Incidental Frequency Modulat ion : At 80% ampli t ude 
modulation, the incidental frequency modulation varies 
from 30 to 300 parts per million over each carrier­
frequency range except for the highest frequency range 
(15 to 50 i\Ic) where it may be t hree times as great. 
At lower modu lation percentages, frequency modula­
t ion is approximately proportional to modulation per­
centage. 

For app licat ions above 20 i\fc, where incidental fre­
quency modulation must be very low, the use of t he 
TYPE 1000-P6 Crystal Diode i\Iodulator (page 99) is 
recommended. 
Carrier Distortion : Of the order of 7% on a ll except t he 
lowest range, where it may increase to 15 % . 
Enve lope Dis tort ion : Less t han 8% at 80 % amplitude 
modu lation. 
Noise Leve l: Carrier noise level corresponds to aboHt 
0.1 % modulation . 
Leakage : Stray fields at 1 :\1c are less than one micro­
volt per meter two feet fro m the generator. 
Terminals : TYPE 874 Coaxia l Terminals a re provided 
for the attenuator output and for t he constant 2-volt 
output. 
Power Supply: 105 to 125 (or 210 to 250) volts, 40 to 
60 cycles. Power input is approximately 65 watts at 
115 volts. 
Tube Comple men t: 

1 - 6C-l 1 - 5Y:3-GT 
1 -6L6 2 - OC3 
1 - 6AL5 1 - 6S~7-GT 

Access ori es Supplied : TYPE 874-R22 3-foot Coaxial 
Cable, TYPE 1000-Pl 50-Ohm Termination Unit, TYPE 
1000-P2 .,I0-0 hm Series Un it , TYPE 87-1-Q2 Adaptor, 
TYPE TO--I-I Adjustment Tool (stored in cabinet), 
TYPE 27-1-MB Plug, TYPE 87-1 -C58 Cable Co nnector, 
TYPE 874-PB58 Panel Con nector, spare fuses, and a 
TYPE CAP-35 Power Cord. 
Other Accessor ies Available: ~ot supplied but available 
on order a re t he TYPE 1000-P:3 Voltage Divider, t he 
TYPE 1000-P4 Standard Dummy Antenna, the TYPE 
1000-P 10 Test Loop, and the TYPE 1000-P 6 Crystal 
Diode :vIodulator. See pages 102 and 103. 
Mou nt ing : The instrument is assembled on an a lumi­
num panel fin ished in blae k crackle lacquer and mounted 
in an a luminum cabinet \\'it h a black wrinkle finish. 
The cabinet is provided with carrying ha ndles. A 
recessed compartment is built in to the top of the cabi­
net for storing accessories. 
Dimensions: (Height) 14% x (width) 20U x (depth) 
1O!!16 in ches, over-all. 
Net Weigh ~: 54 pounds. 

Code lVord 

1001 -A Standard-Signal Generator ... . ........ . . . 1 ARGUS $825.00 
PATENT NOTICE. See Notes 2, 4, and 9, page "iii. 
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GENERATORS --~ -----------------------Standard-

TYPE 805-C STANDARD-SIGNAL GENERATOR 
USES: The TYPE 805-C Standard-Signal Gen­
erator is designed primarily as a precision 
laboratory instrument for rapid and accurate 
testing of radio receivers. Because of its accu­
racy, wide frequency range, and high voltage 
output, it is a valuable instrument for labora­
tories engaged in research and design on radio 
receivers and allied apparatus, \\ hi le its speed 
and simplicity of operation 1l1ake it well 
adapted to production testing. 

It can be adapted for testing television i-f 
circuits by the use of a TYPE 1000-P6 Crystal 
Diode Modulator. 

DESCRIPTION: Functionally this instrument 
consists of (1) a carrier-frequency oscillator, 
(2) a tuned radio-frequency amplifier, (3) a 
resistive output attenuator and a voltmeter 
to read the output level, (4) a modulating 
oscillator (400 cycles and 1000 cycles) with a 
voltmeter for reading percentage modulation, 
and (5) a \yell-regulated power supply. 

The oscillator and amplifier assemblies are 
virtually identical in construction, and t he 
coil switching assemblies, as well as the tuning 
capacitors, are ganged and driven from com­
mon panel controls. Seven coils covering the 
frequency range from 16 kc to 50 Mc are 
carried on a selector disc ill each assembly. An 
eighth coil position is also provided, so that 
an extra set of coils may be installed if de­
sired. The discs are driven from a panel knob 
through a gear mechanism, which also brings 
into panel view a frequency-range identifica­
tion dial. A :3 each coil is rotated into posi-

tion, it is connected into circuit through silver­
overlaid contact blades, which fi rmly engage 
silver-alloy brushes, mounted on the tuning 
capacitor. The contacts are mounted on poly­
styrene strips, insuring both low capacitance 
and low dielectric losses. 

The main t uning capacitors are exception­
ally rugged, utilizing the cast-frame type of 
construction, with ball-bearing supports for 
the rotor. The plates are shaped to give a 
logarithmic variation of frequency with angu­
lar rotation. The two capacitors are driven 
through a set of gears, which also drive the 
direct-reading frequency dial. 

The output system consists of a vacuum­
tu be voltmeter, a resistive attenuator net­
work, a 3-foot, 75-ohm output cable, and a 
terminating unit. This unit terminates the 
cable in its characteristic impedance. It pro­
vides, in addition to the normal output at 
37.5 ohms, outputs reduced by factors of 10 
and 100, with corresponding output imped­
ances of 7.1 and 0.75 ohms. A standard-broad­
cast-band dummy-antenna output is also 
provided . 

FEATURES: ~ Output voltage continuously var­
iable up to 2 volts. 
~ Amplitude modulation up to 100%. 
~ Direct-reading incremental-frequency dial 
with 0.01 % frequency change per division . 
~ Simplified controls, well suited to produc­
tion-line testing by relatively unskilled per­
sonnel. 
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Signal 

~ Tuned amplifier m1l1lInizes reaction of out­
put circuit on carrier frequency. 
~ Tuned circuit is heavily damped to prevent 
side-band clipping. 

GENERATORS 

~ Minimum backlash in gear t rains. 

~ Regulated power supply eliminates the 
effects of line-voltage fluctuations. 

SPECIFICATIONS 

Carrier Frequency Range: 16 kilocycles to 50 megacycles, 
covered in seven direct-reading ranges: 16 to 50 kc, 
50 to 160 kc, 160 to 500 kc, 0.5 to 1.6 Mc, 1.6 to 5.0 Mc, 
5.0 to 16 Mc, 16 to 50 Mc. A spare range position is 
provided so that a special set of coils can be installed 
if desired. 
Frequency Calibration: Each range is direct reading to 
an accuracy of ± 1 % of the indicated frequency. 
Frequency Drift: Not greater than ±0.1 % on any fre­
quency range for a period of 5 hours' conti nuous opera­
t ion. 
Incremental Frequency Dial : A slow-motion vernier drive 
dial is provided, by means of which frequency incre­
ments as small as 0.01 % may be obtained. 
Output Voltage Range: Continuously adjustable from 
0.1 microvolt to 2 volts. The output voltage (at the 
te rmination of the 75-ohm output cable) is indicated 
by a panel meter and seven-point multiplier. 
Output System: The output impedance at the panel 
jack is 75 ohms, resistive. A 75-ohm output cable is 
provided, together with a termination unit that fur­
nishes constant output impedances of 37.5, 7.1, and 
0.75 ohms. The cali bration of the panel voltmeter­
multiplier combination is in terms of the actual voltage 
across the 37.5-ohm output. \~Th en the 7.1- and 0.75-
ohm positions a re used, the indicated output voltage 
must be divided by 10 and 100, respectively . A standard 
dummy-antenna output is a lso available at the termi­
nation unit. 
Output Voltage Accuracy: For multiplier settings below 
1 volt the maximum error in output voltage is the sum 
of the attenuator and voltmeter errors listed below. 
Maximum Voltmeter Error: ± 5% of indicated reading 
up to 25 megacycles. Above 25 megacycles, an addi­
t ional frequency error occurs, amounting to a total of 
±7 % at 50 megacycles. At Yto fu ll scale and 50 Mc, 
there is a lso a transit-time error of -5% in the volt­
meter tube. 
Maximum Attenuator Error: 

Below 3 Mc, ± (3% + 0.1 microvolt) 
3 to 10 Mc, ± (5% + 0.2 microvolt) 

10 to 30 Mc, ± (10% + 0.4 microvolt) 
30 to 50 Mc, ± (15 % + 0.8 microvolt) 
There is no attenuator error for the I-volt multiplier 

setting. 
Modulation: Continuously variable from 0 to 100% . 
The percentage of modulation is indicated by a panel 
meter to an accuracy of ± 10% of the meter reading up 

Type 

to 80 %, for carrier frequencies below 16 Mc ; ±15 % 
for higher carrier freq uencies. 

Internal modu lation is available at 400 cycles and 
1000 cycles, accurate in frequency within ±5% . 

The generator can be modu lated by an external osci l­
lator. Approximately 10 volts across 500,000 ohmR arc 
required for 80% modulation . The over-all modulation 
characteristic is as follows: 
Carrier Frequency A udio Range 

0.5 - 50 Mc 50c -15,OOOc 
0.1 - 0.5 Mc 50c -lO,OOOc 
16 - 100 kc 50c -10 % of Carrier 

Frequency 

L evel 
±l db 
±1.5 db 
± 1.5 db 

Frequency Modulation: On the highest car rier-frequency 
range the frequency modulation is about 0.05 % for 
100% modulation, and 0.02% for 30% modulation. 
At lower carrier frequencies the frequency modulation 
is less t han t hese percentages. 

Above 20 Mc, for applications where incidenta l fm 
must be neg ligible or for wideband (video) modulation, 
the TYPE 1000-P6 Crystal Diode Modulator should bc 
used. 
Distortion and Noise Level: The envclope distortion at 
a modulation level of 80% is less than 5% at 1 Me 
carrier frequency. Carrier noise level is at least 40 db 
below 80 % modulation. 
Leakage: The magnetic induction leakage is less t han 
5 microvolts per meter at a distance of 2 feet from the 
generator. Thc 3-foot output cable penuitti the receiver 
under test to be kept beyond this limit. Radiation fields 
a re negligible. 
Power Supply: The instrument operates from any -10 to 
60 cycle, 115-volt (or 230-volt) line. An electronic volt­
age regulator compensates for line-voltagc fiuctuationR 
from 105 to 125 volts (or from 210 to 250 volts ). A 
maximum in put power of 150 watts is required . 
Tube Complement: 

1 - 6C8-G 
3 - 6L6 
1 - 5U4-G 
2 - 2A3 
1 - 6SF5 

1-0D3 
1 -6AL5 
1 -6H6 
1 - Ampcrite 3-4 

Accessories Supplied: TYPE CAP-35 Power Cord , 
shieldcd output cable and termination unit, and sparr 
fuses. 
Mounting: The panel is finishcd in black cracklc, and 
the cabinet is black wrinkle finish. 
Dimensions: (Height) 16 x (width) 33 x (depth) 12 
inches, over-all. 
Net Weight: 117 Y2 pounds. 

Code Word 
805-C Standard-Signal Generator ............... 1 L E PER $1750.00 

PA TENT NOTICE. See Notes 1, 2, 4, and 9, page vi ii. 
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G ENE RAT 0 R S ~ Accessories 

TYPE 1000-P SIGNAL-GENERATOR ACCESSORIES 

View of the TYPE lOOO-PIO Test Loop, the TYPE 
1000-P3 Voltage Divider, and the TYPE lOOO-P1 

Standard Dummy Anlenna. 

TYPE l000-P3 VOLTAGE DIVIDER 

This voltage dividcr-, used with the TYPE 100l-A 
Standard-Signal Generator, provides a known voltage 
across a one-ohm resistor, which can be inserted in 
series with a loop antenna for testing loop receivers. 

It plugs into the output jack of the signal generator 
(TYPE 100l-A) and divides the indicated output volt­
age by a factor of 100. 
Input Impedance: 50 ohms. 
Output Impedance: 1 ohm. 
Terminals: TYPE 874 Coaxial Connectors. 
Net Weight: 3~ ounces. 

Type 
1000-P3 100 : 1 Voltage Divider .. I 
PATENT NOTICE. See Note 4, page viii. 

Code Word Price 
ARMOR I $17.50 

TYPE 1000-P4 DUMMY ANTENNA 
Connected to the terminated output of a standard­

signal generator of 50-ohm output impedance (25 ohms), 
this dummy antenna provides the output characteristics 
specified b~r the Institute of Radio Engineers in their 
1948 "Standards on Radio Receivers, Methods of Test­
ing Amplitude-Modulation Broadcast Receivers." Ter­
minals a re TYPE 874 Coaxial Connectors, which fit both 
the signal generator output jack and the output cable. 
Net Weight : 3~ ounces. 

T ype 
I 000-P4 I Dummy Antenna ...•. 

PATENT NOTICE. See Note 4, page viii. 

Code Word P"ice 
ARROW I $15.00 

TYPE 1000-Pl0 TEST LOOP 

With this shielded test loop, radio receivers ,yith loop 
antennas can be tested by the prefelTed method of the 
1948 "Standards on Radio Receivers, Methods of Test­
ing Amplitude-Modulation Broadcast Receivers," pub­
lished by the Institute of Radio Engineers. The 3-tur!'l 
loop is inclosed in aluminum tubing for electrostatIc 
shielding. Circuit constants are chosen to make the field 

Type 

strength in volts per meter, at a distance of 19 inches 
from the loop, equal to one-tenth the signal generator 
output in volts, with a 50-ohm generator. 
Terminal: TYPE 874 Coaxial Connector. 
Dimensions: (Height) 16Y2 x (width) 1l ;Y.l x (depth) 
3Y2 inches. 
Net Weight : 4Y2 pounds. 

Code Word Price 
1000-PIO I Shielded Test loop ... . ..•.. .• ......... ... • J 

~--~----~~-----
ARRA Y $50.00 

PATENT NOTICE. See Note 4, page ,·iii. 

TYPE 1000-P5 V-H-F TRANSFORMER 

50 Ohms, Grounded, to 300 Ohms, Balanced 

+2r-r-----.------r------~----~---

- -Fp~R~S[-Op~~IIIIioIi-...IIIlI.ot-l. OMII8 __ 00. 

The TYPE 1000-P5 V-H-F Transformer is designed 
to plug into a standard-signal generator having a 
50-ohm unbalanced output and to produce an equal, 
balanced, open-circuit voltage behind a 300-ohm bal­
anced impedance for r-f measllJ'ements of f-m and 
t-v receivers. 

The transformer is mounted in a cylindrical con­
tainer terminated at one end in a TYPE 874 Coaxial 

Frequency Characteristics of TYPE 1000-P5 V -H-F 
Transformer. Shaded areas show tolerances. 
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Modulator ~-- GENERATORS 

Connector and at the other in a socket dCRigned to 
receive the Alden TYPI, HA902P Connedor for stand­
ard 300-ohm open parallel-wire line. 
Frequency Range: 50 :vIc to 250 Mc. 
Frequency Characteristic : See plot. 
Input Impedance: Approximately :300 ohms. D CRigned to 
work out of 50-ohm source. 

Type 

Term inals: Input - Geneml Radio TYPE 87-t Coaxial 
Connector. 

Output - F its Alden TYPI, HA902P COIlll('ct.or; 
mating connector is furnished. 

Dimensions: (Length) -t% x (diameter) Ys inrlwH. 
Net W eight : :3 Yz ounces. 

Code Word P rice 
1000- PS 1 V- H-F Transfo rmer . .. . .... . ........ . . . .... 1 ARSON $27.50 

PATENT NOTICE. See Note 4, page ,·iii. 

TYPE 1000-P6 CRYSTAL DIODE MODULATOR 

USES : The crystal diode modulator is an inexpensive 
absorption modulator for ampli tude modulating the 
output of a radio-frequency generator over the carrier 
range from 20 to 1000 megacycles. It can be used to 
modulate the output of standard-signal generators and 
other oscillators over a modulating-frequency range of 
o to 5 megacycles. It is particu la rly useful where \\'ide­
band modu lation, as for television receiver testing, is 
required, 01' for radio reeeiver tpsts where incidental 
I'm must be negligible. 

DESCRIPTION : The modulator consists of a crystal 
diode between input and output terminals, a simple 
output filter to prevent appreciable modulating voltage 
appearing in the output., and a means of isolating and 
applying modu lating and bias voltages. Since the re­
sistance of the crystal diode is a function of the voltage 
aeross it, this resistan('e can be modulated by applying 
l\ varying voltage. Inserted between a radio-frequency 
generator and itH load, the unit produces ampli tude 
modulation by variation of series impedance. 

When the modulator is used with a standard-signal 
generator, t he ou tpu t attenuator of the generator pro­
vides suflieient isolation to prevent reaction of thE' 
modulator on the generator frequency . \\Tith an oscilla­
tor not equipped with an output attenuator, it is reco m­
mended that a TYPE 87-t-G20 (20 db) or a TYPE 
874-GIO (10 db) Attenuator be useu. 

FEATURES : ~ \Yhen used with a standard-signal gen­
erator, the crystal diode modulator works on the output 
side of the at.tenuator, so that reaction on the oscillator 

freq llcncy, and hpnce frequency modu lation, is prac­
tically negligible. The power rpC[uired for modulation is 
very low. 

~ For testing television receivers, a video signal, con­
veniently obtained from a standard receiver tuned to a 
local station, can be applicd to the modulator. The 
picture modulation can then be pu t on any desircd 
channel by tuning the signal generator. 

SPECIFICATIONS 

Carrier Frequency Range: 20 to 1000 megacycles. The 
insertion loss increases approximately 10 db at a carrier 
frequency of 10 megacycles due to output filter. 
Modulating Frequency Range: 0 to 5 megacycles. Rl'­
sponse is approximately 2 db down at 5 megacy('les 
with a gradual ro ll-ofT to prevent serious phase distor­
tion of video signals. 
Impedance: The impedance look ing into eithPl" the input 
or output terminals is a function of the bias and modll­
lating voltages. This unit was designed for use with a 
50-ohm SOUITe and a 50-ohm load . The impedance at 
the modulation termina ls is approximately 600 ohms. 
Modulation : With no greatei' than 50 millivolts r-f 
input, 30 % amplitude modulation can be obtained at 
carrier frequencies between 20 and 1000 Mc. For opti­
mum sine-wave modu lation, an average crystal requires 
1.5 volts at the bias terminal. The insertion loss under 
these conditions is approximately 12 db, and approxi­
mately 0.2 volt r-m-s at the modulation terminals will 
produce 30% modulation. Maximum percentage modu­
lation is an inverse function of carrier frequency, and at" 
1000 megacycles is limited to about 30 % . Peak modula-

Type 

tion voltage with rpspeet to ground Hhould not exceed 
q volts. 
Terminals : The radio-frequelH"~' and modulating termi­
nals are provided with TYPE 874 Coaxial Connectors. 
The modulation terminals will accept either a TypE 8N 
Coaxial Connector or a TYPE 274-i\1 Plug. 
Crystal Diode: IN21B . 
Accessories Supplied : One TYPE 274<\[B Plug. 
Other Accessories Requi red : T erminal adaptors (page 62), 
unless generator and load are equipped with TYPE 87-t 
Coaxial Connectors; 1 .5-volt battery for fixed bias, or a 
3-volt battery and a 10,000-ohl11 rheostat for a.djustable 
bias. 
Accessories Avai lable: 

TYPE 874-G20 Fixed AttenuataI', 20 db 
TYPE 874-GlO Fixed AttenuataI', 10 db 
TYPE 874-R20 Patch Cord 
TYPE 1000-P5 V-H-F Transformer 

(For description and prices, see pages 57, 60 and 98.) 
Dimensions: (\Vidth) 5 x (height) -t x (depth) 1l{6 
inches, over-all. 
Net Weight : 1 pound . 

Code Wonl 
1000- P6 1 Crystal Diode Modulator . . . ...... , ......... 1 APPLE $40 ,00 

PATENT NOTICE. See Note 4, page ,·iii. 
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TYPE 1000-P7 BALANCED MODULATOR 

For 100% Linear AM and Pulse Modulation 

USES: This instrument is an insertion-loss 
modulator for pulse and sine-wave modulating 
the output of radio-frequency-generators over 
the carrier-frequency range of 60 to 2300 
megacycles. Of its many uses the principal ones 
are for pulse modulation where a high degree 
of carrier suppression is desired with good rise­
time characteristics, and for linear-modula­
tion systems where full 100% modulation is re­
quired over a modu lating frequency range of 
o to 20 megacycles. Typical uses are tests on: 
television and radar receivers, microwave re­
lay systems using multiplex pulse-code modu­
lation, omni-range and DME equipment, 
telemetering circuits, and narrow-band sys­
tems where incidental frequency modulation 
must be negligible. 

The Balanced Modulator is particularly 
recommended for use with the TYPE 1217-A 
Unit PulseI' or the TYPE 1391-A Pulse, Sweep, 

Modulator 

and Time-Delay Generator for pulse-modu­
lating the output of TYPES 1021-AU, 1021-AV 
and 1021-A W Standard-Signal generators. 

DESCRIPTION: The instrument uses crystal 
diodes in two separate signal paths between 
the input and the output. In one path a coaxial 
phasing line, set to an odd multiple of one-half 
wave- length at the carrier frequency, is in­
serted. A simple high-pass filter is included in 
the output circuit. 

For small 1'-f signals the impedances of the 
diodes can be controlled by varying the 
applied bias. The diode shunt capacity, which 
ordinarily limits the frequency range of a 
diode, is neutralized in the phasing line. 

Bias and balance controls are provided for 
setting the operating points on the diode 
characteristics. The carrier can be balanced 
out, or any amount of carrier insertion can be 
provided by means of these adjustments. 

FEATURES: ~ High carrier suppression for pulse 
applications. 
~ Fast rise time. 
~ Linear 100% modulation. 
~ 0-20 Mc modulation frequency range. 
~ Usefu l up to 2300 Mc. 
~ Low incidental frequency modulation for 
testing narrow-band v-h-f and u-h-f systems. 

SPECIFICATIONS 

Carrier-Frequ e ncy Range : GO to 2:300 megacycles. 
Modu lation- Frequency Range: Flat from 0 to 20 meg:l,­
c,\'C'les. For pulsing, the rise-time contribution is le~s 
than 20 millimiC'roseC'onds. 
Impedance : The impedance looking into either input 01' 
output tenninals is a funC'tion of the bias and modulat­
ing voltages. The sollt'ce and load impedances should be 
50 ohms. The impedance at the modulation input is 
50 ohms :1:5 % . It is recommended that a TYPE 874-G20 
(20 db) or a TYPE 874-GIO (10 db) fixed attenuator be 
used at the input and another at the output whenever 
the attenuation can be tolerated. The attenuator at the 
input is useful for isolation to minimize frequency 
modulation. The attenuator at the output provides a 
known source impcdance for gain and noise measure­
ments and inslll'es that the proper load is presented . 
Modulation: Double-sideband suppressed-carrier modu­
lation, pulse modulation with 60-db carrier suppression 
between pulses, and 100% amplitude modulation can be 
obtained throughout the carrier frequency range. One 
volt, peak, at the modulation terminals is. s~lf,ficient t.o 
produce fullr-f output from a zero output Il11tla l condi­
tion. 
R-F Output : A maximum output of 10 mi ll ivolts into 
a 50-ohm load can be obtained during pulses or at 
modulation peaks, with a source of 50 millivolts be­
hind 50 ohms. At this level and at 10\\'er input levels 
the modulation characteristics are independent of 
input voltage. However, somewhat higher input volt-

Type 

ages and, consequently, higher output voltages are 
permissible if bias and balance readjustments are made 
for each change in level. The r-f source must not ex­
ceed 0.5 volt behind 50 ohms, or the crystal diodes may 
be damaged. 
Bias Supply : Bias is supplied b.v a self-contained battery 
consisting of readily available, inexpensive flashlight 
cells. 
Terminals: The radio-frequency input and output 
terminals and the modulation input terminals are TYPE 
87-+ Coaxial Connectors. The radio-frequency input 
terminal is of propel' elevation to plug directly into the 
output connector of the TYPE 1021-A Signal Generator. 
Crystal Diodes: Two TYPE IN21-B. 
Accessories Supplied : One TYPE 1000-P7-28 JO-cm 
Cable; one TypIC 1000-P7-28-2 80-cm Cable; one TYPE 
874-C58 Cable Connector. 
Other Accessories Required : Terminal adaptors, unless 
generator and load are equipped with TYPE 874 Coaxial 
Connectors; suitable coaxial ('able for ('onnecting modu­
lation source. 
Accesso ries Available: TYPE 8H-G20 Fixed Attenuatol', 
20 db: TYPE 874-GlO Fixed Attenuatol', 10 db; TYPE 
lOOO-P5 VHF transformer; TYPE 87J-R20 Patch Cord: 
TYPE 87J Adaptors to TYPES N, B C, C, and other 
coaxial ('onnectol's and to TYPE 938 Binding Posts. 
Dimens ions: (Including fully extended adjustable line) 
:30 inches (width) x 3 inches (height) x 5 inches (depth) 
over-all. Length with line telescoped - 20 inches. 
Net Weight : 6 pounds. 

Code Word Price 

1000-P7 1 Balanced Modulator . . .. . ........ ···. · ···1 AWAKE $200.00 
PATENT NOTICE. See Note 4, page "iii. 
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the meter and t he attenuator index, which is adjusta­
ble, is set at the O.S-volt point on the attenuator dial. 
Lower voltages are then indicated directly on the at­
tenuator dial, so long as the load is not changed. When 
the load is changed, t he atten uator must be standard­
ized again at O.S volt for the new load. 

For ultra-high frequencies, this system gives more 
accurate output indications than the more common 
arrangement with the voltmeter at the attenuator 
input. 

MODULATION 

Intern al amplitude modulation at one or more fixed 
frequencies is provided on a ll General Radio Signal 
Generators. 1'l"Ovision is also made fo r modu lation 
over t he entire audio range by an external source. 

The TYPE 100 1-A Standard-Signal Generator is 
capable of being modulated up to 80%, t he TYPE 
80S-C up to 100%, and the TYPE 1021-A up to SO %. 
Some frequency modulation is present in a ll these 
signal generators. It is most noticeable in the 1021-A, 
where the modulation voltage is superimposed on the 
plate voltage of the oscillator t ube. The two lower­
frequency signal generators use ampli fiers betwecn 
the oscillator and the output circuit. They are modu­
lated in the amplifier stage, and thei r incidenta l fre­
quency modulation is low enough to be of no conse­
quence in most measurements. 

For measurements where in cidental frequency mod­
ulation must be kept at a minimum, and a lso where 
amplitude modulation at video frequency is desired, 
the unmodulated and attenuated output of t he signal 
generator can be mod ulated by the external TYPE 
1000-P6 Crystal Diode Modulator. This modulator is 
a small , inexpensive unit, described in detai l on page 99. 
It consists of a crystal diode between input and output 
terminals and provides means for applying bias and 
modulating voltages to the crystal. It can be used at 

carrier frequencies between 20 and 1000 megacycles 
and can pl"Oduce up to 30 % ampli tude modulation 
from 0 to S megacycles. The output of t he TYPE 1000-1'6 
Crystal Diode Modulator is limited to approximately 
10 millivolts. 

The TYPE 1000-P7 Balanced Modu lator, described 
in detail on page 100, is another external modulating 
unit for use with signal generators and oscillators. It 
consists of two crystal diodes, a tun able sect ion of 
coaxial line between input and output terminals, and 
some associated circuits for applying bias and modu­
lating voltages. It is designed for use at carrier fre­
quencies from 60 to 2300 megacycles and can produce 
up to 100% ampli tude modulation from eit her sine­
wave or pu lse sources. 

FTGUIIE 5. Fu nctional diagram o[ the TYPE 1021-A out­
p ut system. 
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TYPE 1021 STANDARD-SIGNAL GENERATORS 

40 TO 2000 MEGACYCLES IN THREE MODELS 

USES: These Standard-Signal Generators are 
as reliable and as convenient at very-high and 
ultra-high frequencies as conventional stand­
ard-signal generators at murh lower frequen­
cies. Theil' uses include the determination of 
radio-receiver and amplifier characteristics in 
the engineering laboratory and in production 
as well as the supply of v-h-f and u-h-f power 
for bridges, slotted lines, and other measuring 
devices. 

The simple TYPE 1000-P6 Crystal-Diode 
Modulator and a source of video signals, such 
as a standard television receiver tuned to a 
local television station, can be used to produce 
television picture modulation of the signal 
generator output on all v-h-f and u-h-f chan­
nels. 

With the TYPE 1000-P7 Balanced Modula­
tor. up to 100% amplitude modulation and 
pulsing with very low residual carrier level 
are possible. 
DESCRIPTION: Each TYPE 1021 Standard-Sig­
nal Generator is a compact and light-weight 
instrument of simple, rugged, durable design. 
For flexibility and economy, each signal gen­
erator is made up of two units mounted in a 

single cabinet. The power supply, modulator, 
and metering system make up one unit, the 
TYPE 1021-P1 PO\\'er Supply, whi ch occupies 
the left-hand side of the \\'elded aluminum 
cabinet. The right-hand side of the cabinet 
houses one of the three readily interchangeable 
carrier-oscillator units: The TYPE 1021-P2 
U-J-I-F Unit (250 to 920 Mc,) the TYPE 1021-
P3B/ V-H-F Unit (40 to 250 Mc,) or the TYPE 
1021-P4 U-J-I-F Unit (900 to 2000 Mc.) 

As noted in the price table, individual tun­
ing units can be furnished for use with one 
common power supply and cabinet assembly. 

The t\\·o lower-frequency generators have 
provisions for external and lOOO-cycle sine­
\mve internal amplitude modulation; the 900 
to 2000 Mc unit can be modulated by square 
waves from the TYPE 1210-B Unit R-C Os­
cillator. 

The two 10"'er-frequency models use but­
terfly circuits, and the highest frequency model 
is tuned by adjustable transmission lines. A 
mutual-inductance-type attenuator with a dial 
calibrated from 0.5 }J-V to 0.5 volt is used for 
all the osci llators. Voltages over 0.5 volt are 
read directly on the panel meter. 
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FEATURES: ~ Wide frequency coverage. 

~ Easy to operate. 
~ Up to one volt output. 
~ Accurately known output voltage, fre­
quency, and impedance. 

~ Good stabili ty and low drift. 
~ Very well shielded. 
~ A wide variety of coaxial accessories IS 

available (see pages 52 to 62) . 
~ Three carrier-osci llator units easily inter­
changeable. 

SPECIFICATIONS 

TYPE 1021-AU U-H-F STANDARD-SIGNAL GENERATOR 
Carrier Frequency Range: 250 Mc to 920 Mc in one band. 
Frequency Calibration: Direct reading to ± 1 % . 
Output Voltage: Continuously adjustable from 0.5 p'v to 
1.0 volt, open-circuit. 
Output Impedance : 50 ohms ±1O%. 
Output Voltage Accuracy : Over-all accuracy of output 
voltage is better than ±2 db. The accuracy of output 
voltmeter calibration between 0.5 volt and 1.0 volt is 
better than ± 1 db. The accuracy of the attenuator dial 
calibration for voltages between 1.0 p'v and 0.1 volt is 
better than ±O.5 db; from 0.1 volt to 0.5 volt, better 
than ± 1 db. At 920 Mc, the resonance error in the 
voltmeter is + 0.5 db. 
Amplitude Modulotion: Adjustable, 0 to 50 %. Internal, 
1000 c ±5% . External, flat within 3 db from 30 c to 
]5 kc. For 50% modulation, external audio oscillator 
must supply 18 volts across a 100-kilohm load. TYPE 
121O-B Unit R-C Oscillator is recommended. 
Envelope Distortion : Less than 5% at 50% modulation. 
Noise Level : Carrier noise level corresponds to about 
0.2% modulation. 
Incidental Frequency Modulation : For 50 % amplitude 
modulation the incidental fm is approximately 100 
parts per mi llion for frequencies up to 400 Mc and is 
approximately 1000 parts per million at 920 Mc. When 
lower values of incidental fm are required, the TYPE 

1000-P6 Crystal Modulator, or the TYPE 1000-P7 
Balanced :VIodulator (pages 99 and LOO ) is recommended. 
Leakage : Stray fie lds and residual output voltage are 
sufficien tly low for measure men ts on rec-ei vers of one­
microvolt sensitivity. 
Terminals: TYPE 874 Coaxial Terminals are provided for 
the output connection . 
Power Supply : 115 or 230 volts, 50 to 60 cycles. Power 
input is approximately 50 watts. 
Tube Complement: Two 0C:3; one each, 6X5-GT / G, 
6K6-GT , Sylvania TYPE RT-+3-(, Amperite 6-+. 
Accessories Supplied: TYPB 874-R22 Patch Cord, TYl'E 
874-PB58 Panel Connector, TYPE 87+-C58 Cable Con­
nector, TYPE CAP-:35 Power Cord, and spare fuses. 
Other Accessories Available: TYPE 87.J-GlO and -G20 
F ixed Attenuators, TYPE 874 Coaxial Elements (page 
52 to 62), TYPE 1000-P6 Crystal :'I10dulator, TYPE 
1000-P7 Balanced Modulator (pages 09 and 100 ). 
Mounting : The aluminum cabinet has a black wrinkle 
finish. The left-hand side houses the TYPE 1021-P 1 
Power Supply; the right-hand side houses the TYPE 
1021-P2 U-H-F Unit. Panels are black crackle-finished 
a luminum. 
Dimensions: (Height) 14% x (width) 203-i x (depth) 
10% inches, over-all. 
Net Weight: 3772 pounds. 

TYPE 1021-AV V-H-F STANDARD-SIGNAL GENERATOR 

Same as TYPE 1021-AU (above) except as noted. 
Carrier Frequency Range: 40 to 50 Mc in one band, 
50-250 in another. 
Incidental Frequency Modulation: For 50 % amplitude 
modu lation the incidental fm is approximately 100 
parts per million for frequencies up to 100 Mc, and is 
approximately 500 parts per million at 250 Mc. When 
lower values of incidental fm are required, the TYPE 

1000-P6 Crystal Modulator or the TYPE 1000-P7 Bal­
anced Modulator (page 100) is recommended. 

Tube Complement : 12AT7 (Oscillator instead of RT-43+). 
Other tubes as listed above. 

Mounting : Cabinet is same as for TYPE 1021-AU, above. 
Generator consists of the TYPE 1021-P1 Power Supply 
and TYPE 1021-P3B V-H-F Unit. 

TYPE 1021 AW U-H-F STANDARD-SIGNAL GENERATOR 

Same as TYPE 1021-AU (above) except as noted. 
Carrier Frequency Range: 900 to 2000 Mc in one band. 
Output Voltage: 0.7 volt maximum over entire range. 
Output Voltage Accuracy: Over-all accuracy ±3 db; reso­
nance error in voltmeter is compensated. 
Amplitude Modulation : Square-wave modulation from 
100 to 5,000 cycles with external modulator. 30 volts 
peak-to-peak is required. 2500-ohm input impedance 
TYPE 121O-B Unit Oscillator is recommended. 

Type 

Tube Complement : TYPE 5675 osci llator instead of TYPE 
RT-434. Other tubes as listed above. 
Accessor ies Supplied: Same as above plus one telephone 
plug. 
Accessories Available: TYPE 87'! Coaxial .l!;lements 
pages 52 to 62; TYPE 1000-P7 Balanced Modulator, 
page 100. 
Mounting : Cabinet is same as for TYPE 1021-AU, above. 
Generator consists of the TYPE 1021-P 1 Power Supply 
and TYPE 1021-P4 U-H-F Unit. 

Code Word Price 

1021-AU 
1021-AV 
1021-AW 
1021-P2 
1021-P38 
1021-P4 

U-H-F Standard-Signal Generator, 250-920 Me ... . . EVADE 

EVENT 

EAGLE 

ETHIC 

EVOKE 

EXAL'.r 

$670.00 
680.00 
910.00 
410.00 
420.00 
650.00 

V-H-F Standard-Signal Generator, 40-250 Me ...... . 
U-H-F Standard-Signal Generator, 900-2000 Me .... . 
U-H-F Oscillator Unit * only, 250-920 Me .. . . . ... . 
V-H-F Oscillator Unit * only, 40-250 Me ... ....... . 
U-H-F Oscillator Unit * only, 900-2000 Me . . . .. . . . 

PATENT NOTICE. See Notes 4 and 10, page viii. 
* Less power supply unit and cabinet. Can replace oscillator unit in any signal generator listed above, to provide additional frequency range. 
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TYPE lOOl-A STANDARD-SIGNAL GENERATOR 

USES: The TYPE 1001-A Standard-Signal 
Generator is a laboratory instrument for use 
in determining the performance of receivers 
and other equipment at ultrasonic and radio 
frequencies. Its sturdy construction and sim­
pli city of operation make it suitable for pro­
duction testing. Because of its small size, low 
weight, and low power consumption, it can 
be adapted for use in field-strength measure­
ments. 

With the TYPE 1000-P6 Crystal Diode 
Modulator, the generator output can be 
modu lated at video frequencies for testing 
television i-f circuits. 

DESCRIPTION: The welded aluminum cabinet of 
the TYPE 1001-A Standard-Signal Generator 
houses three separate groups of circuits. The 
power supply is at the top, the completely 
shielded radio-frequency portion in the middle, 
and the modulation and control circuits at 
t he bottom. 

The Hartley-type carrier-frequency oscilla­
tor covers in eight ranges the frequency spec­
trum from 5 kc to 50 Mc. The plates of the 
main tuning capacitor are shaped to give a 

logarithmic variation of frequency with angu­
lar rotation. The precision of freq uency set­
ting, therefore, is constant, and t he vernier 
dial is calibrated d irectly in percentage fre­
quency increments. 

A buffer ampli fier is used between t he 
oscillator and t he low-impedance output cir­
cuits. The amplifier is grid modulated to 
provide amplitude modulation from 0 to 80 
percent. Loose coupling between the oscillator 
and the amplifier minimizes incidental fre­
quency modulation. The attenuator system 
and the output meter are coupled to the ampli­
fier through a high-pass fi lter, which reduces 
voltages of the modulation frequency in the 
output. 

The output voltage is determined by estab­
lishing a fixed carrier level at the attenuator 
input and by setting two attenuator controls. 
The carrier level is set by adjusting the plate­
supply voltage of the oscillator and is indi­
cated by a vacuum-tube voltmeter at the 
attenuator input. The attenuator system con­
sists of a continuously adjustable L-network 
controlled by the output dial and a decade 
ladder-network attenuator. 
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The modulation circuits include a 400-cycle 
R-C oscillator for internal modulation and a 
germanium-crystal rectifier to determine 
modulation percentage. Percentage modula­
tion is read on the same panel meter that 
indi cates the carrier output level. 

FEATURES: ~ Output cable termination can 
be removed for matching into a 50-ohm 
system. 

GENERATORS 

~ Very low residual output and stray fi eld. 
~ A periodic output amplifier avoids sideband 
cutting and minimizes reaction of attenuator 
setting or load on carrier frequency. 
~ High tability and low drift are assured by 
high-quality components, low power con­
sumption, and stabil ized power suppl y. 
~ Simplicity of design and construction has 
resulted in an unusually sturdy instrument of 
small size, low weight, and long life. 

SPECIFICATIONS 

Carrier-Frequency Range: 5 kilocycles to 50 megacycles 
covered in eight direct-reading ranges: 5 to 15 kc, 15 to 
50 kc, 50 to 150 kc, 150 to 500 kc, 0.5 to 1.5 Me, 1.5 
to 5 Mc, 5 to 15 Mc, and 15 to 50 Mc. 
Frequency Cal ibratian : Logarithmic up to 15 Me, de­
parting slightly from t he logarit hmic scale at higher 
frequencies. Accurae.v, ± 1 %. 
Incremental-Frequency Dial : Frequency increment is 
0.1 % per dial division, at frequencies up to 15 Mc. 
Frequency Stability : Warm-up drift is of the order of 
0.25% . H alf t he maximum drift is reached in 1Yz hours. 
Output Voltage Range: Open-circuit output voltage at 
the attenuator jack is continuously adjustable from 
0.1 microvolt to 200 millivolts. Wi th output cable ter­
minated at both ends, output voltage is continuously 
adjustable from 0.05 microvolt to 100 mi ll ivolts. Open­
circuit output voltage at the 2 VOLTS panel jack is 
measured directly by the output meter and is 2 volts 
if the meter is set to the reference mark. This voltage 
is available up to at least 15 :\lc. 
Output Impedance : Output impedance at t he attenu­
ator jack is 10 ohms (50 ohms when t he series unit is 
used) except for the highest output position of the 
attenuator, where it is 50 ohms. 

Output impedance at the end of the term inated 
cable is 25 ohms. Outpu t impedance at the 2 VOLTS 
panel jack is 300 ohms. 

An output impedance of one ohm (wi th output volt­
age reduced 100:1 ) can be obtained with t he TYPE 
1000-P3 Voltage Divider, a standard (IRE) test im­
pedance with the TYPE 1000-P4 Dummy Antenna, 
and a known induction field for testing loop receivers 
with the TYPE 1000-PlO T est Loop. 
Accuracy of Output Voltages : At frequencies below 
10 Mc, when t he output dial is set near full scale or 
one-tenth full scale, t he output voltage is correctly 
indicated to ± (6% + 0.1 !J.v). With the output dia l 
set in the mid-scale region, the error may be greater 
by 4%. At frequencies above 10 Mc, when the output 
dial is set near full scale, the output voltage is cor­
rectly indicated to an accuracy of ±(10 % + 0.3 !J.v ) 
a nd the error may be as much as 10 % larger or smaller 
at other output dial settings. 

The accuracy of t he open-circuit output voltages at 
the 2 VOLTS panel jack is ±3 % up to 15 megacycles. 
Amplitude Modu la tion : Adjustable from zero to 80% . 
Modulation percentage is indicated on the panel meter 
and is accurate within ± 10% of t he indicated value, 
with a possible additional error of 2% in modulation 
level. 

The internal modulation frequency is 400 cycles 
±5%. 

The external modulation characteristic is flat wit hin 
± 1 decibel from 20 cycles to 15 kilocycles. To provide 

'Type 

80 % modulation, the external audio oscillator must 
supply 12 volts in to a 4000-ohm load (36 milli\\·atts). 
Incidental Frequency Modulat ion : At 80% ampli t ude 
modulation, the incidental frequency modulation varies 
from 30 to 300 parts per million over each carrier­
frequency range except for the highest frequency range 
(15 to 50 i\Ic) where it may be t hree times as great. 
At lower modu lation percentages, frequency modula­
t ion is approximately proportional to modulation per­
centage. 

For app licat ions above 20 i\fc, where incidental fre­
quency modulation must be very low, the use of t he 
TYPE 1000-P6 Crystal Diode i\Iodulator (page 99) is 
recommended. 
Carrier Distortion : Of the order of 7% on a ll except t he 
lowest range, where it may increase to 15 % . 
Enve lope Dis tort ion : Less t han 8% at 80 % amplitude 
modu lation. 
Noise Leve l: Carrier noise level corresponds to aboHt 
0.1 % modulation . 
Leakage : Stray fields at 1 :\1c are less than one micro­
volt per meter two feet fro m the generator. 
Terminals : TYPE 874 Coaxia l Terminals a re provided 
for the attenuator output and for t he constant 2-volt 
output. 
Power Supply: 105 to 125 (or 210 to 250) volts, 40 to 
60 cycles. Power input is approximately 65 watts at 
115 volts. 
Tube Comple men t: 

1 - 6C-l 1 - 5Y:3-GT 
1 -6L6 2 - OC3 
1 - 6AL5 1 - 6S~7-GT 

Access ori es Supplied : TYPE 874-R22 3-foot Coaxial 
Cable, TYPE 1000-Pl 50-Ohm Termination Unit, TYPE 
1000-P2 .,I0-0 hm Series Un it , TYPE 87-1-Q2 Adaptor, 
TYPE TO--I-I Adjustment Tool (stored in cabinet), 
TYPE 27-1-MB Plug, TYPE 87-1 -C58 Cable Co nnector, 
TYPE 874-PB58 Panel Con nector, spare fuses, and a 
TYPE CAP-35 Power Cord. 
Other Accessor ies Available: ~ot supplied but available 
on order a re t he TYPE 1000-P:3 Voltage Divider, t he 
TYPE 1000-P4 Standard Dummy Antenna, the TYPE 
1000-P 10 Test Loop, and the TYPE 1000-P 6 Crystal 
Diode :vIodulator. See pages 102 and 103. 
Mou nt ing : The instrument is assembled on an a lumi­
num panel fin ished in blae k crackle lacquer and mounted 
in an a luminum cabinet \\'it h a black wrinkle finish. 
The cabinet is provided with carrying ha ndles. A 
recessed compartment is built in to the top of the cabi­
net for storing accessories. 
Dimensions: (Height) 14% x (width) 20U x (depth) 
1O!!16 in ches, over-all. 
Net Weigh ~: 54 pounds. 

Code lVord 

1001 -A Standard-Signal Generator ... . ........ . . . 1 ARGUS $825.00 
PATENT NOTICE. See Notes 2, 4, and 9, page "iii. 
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GENERATORS --~ -----------------------Standard-

TYPE 805-C STANDARD-SIGNAL GENERATOR 
USES: The TYPE 805-C Standard-Signal Gen­
erator is designed primarily as a precision 
laboratory instrument for rapid and accurate 
testing of radio receivers. Because of its accu­
racy, wide frequency range, and high voltage 
output, it is a valuable instrument for labora­
tories engaged in research and design on radio 
receivers and allied apparatus, \\ hi le its speed 
and simplicity of operation 1l1ake it well 
adapted to production testing. 

It can be adapted for testing television i-f 
circuits by the use of a TYPE 1000-P6 Crystal 
Diode Modulator. 

DESCRIPTION: Functionally this instrument 
consists of (1) a carrier-frequency oscillator, 
(2) a tuned radio-frequency amplifier, (3) a 
resistive output attenuator and a voltmeter 
to read the output level, (4) a modulating 
oscillator (400 cycles and 1000 cycles) with a 
voltmeter for reading percentage modulation, 
and (5) a \yell-regulated power supply. 

The oscillator and amplifier assemblies are 
virtually identical in construction, and t he 
coil switching assemblies, as well as the tuning 
capacitors, are ganged and driven from com­
mon panel controls. Seven coils covering the 
frequency range from 16 kc to 50 Mc are 
carried on a selector disc ill each assembly. An 
eighth coil position is also provided, so that 
an extra set of coils may be installed if de­
sired. The discs are driven from a panel knob 
through a gear mechanism, which also brings 
into panel view a frequency-range identifica­
tion dial. A :3 each coil is rotated into posi-

tion, it is connected into circuit through silver­
overlaid contact blades, which fi rmly engage 
silver-alloy brushes, mounted on the tuning 
capacitor. The contacts are mounted on poly­
styrene strips, insuring both low capacitance 
and low dielectric losses. 

The main t uning capacitors are exception­
ally rugged, utilizing the cast-frame type of 
construction, with ball-bearing supports for 
the rotor. The plates are shaped to give a 
logarithmic variation of frequency with angu­
lar rotation. The two capacitors are driven 
through a set of gears, which also drive the 
direct-reading frequency dial. 

The output system consists of a vacuum­
tu be voltmeter, a resistive attenuator net­
work, a 3-foot, 75-ohm output cable, and a 
terminating unit. This unit terminates the 
cable in its characteristic impedance. It pro­
vides, in addition to the normal output at 
37.5 ohms, outputs reduced by factors of 10 
and 100, with corresponding output imped­
ances of 7.1 and 0.75 ohms. A standard-broad­
cast-band dummy-antenna output is also 
provided . 

FEATURES: ~ Output voltage continuously var­
iable up to 2 volts. 
~ Amplitude modulation up to 100%. 
~ Direct-reading incremental-frequency dial 
with 0.01 % frequency change per division . 
~ Simplified controls, well suited to produc­
tion-line testing by relatively unskilled per­
sonnel. 
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Signal 

~ Tuned amplifier m1l1lInizes reaction of out­
put circuit on carrier frequency. 
~ Tuned circuit is heavily damped to prevent 
side-band clipping. 

GENERATORS 

~ Minimum backlash in gear t rains. 

~ Regulated power supply eliminates the 
effects of line-voltage fluctuations. 

SPECIFICATIONS 

Carrier Frequency Range: 16 kilocycles to 50 megacycles, 
covered in seven direct-reading ranges: 16 to 50 kc, 
50 to 160 kc, 160 to 500 kc, 0.5 to 1.6 Mc, 1.6 to 5.0 Mc, 
5.0 to 16 Mc, 16 to 50 Mc. A spare range position is 
provided so that a special set of coils can be installed 
if desired. 
Frequency Calibration: Each range is direct reading to 
an accuracy of ± 1 % of the indicated frequency. 
Frequency Drift: Not greater than ±0.1 % on any fre­
quency range for a period of 5 hours' conti nuous opera­
t ion. 
Incremental Frequency Dial : A slow-motion vernier drive 
dial is provided, by means of which frequency incre­
ments as small as 0.01 % may be obtained. 
Output Voltage Range: Continuously adjustable from 
0.1 microvolt to 2 volts. The output voltage (at the 
te rmination of the 75-ohm output cable) is indicated 
by a panel meter and seven-point multiplier. 
Output System: The output impedance at the panel 
jack is 75 ohms, resistive. A 75-ohm output cable is 
provided, together with a termination unit that fur­
nishes constant output impedances of 37.5, 7.1, and 
0.75 ohms. The cali bration of the panel voltmeter­
multiplier combination is in terms of the actual voltage 
across the 37.5-ohm output. \~Th en the 7.1- and 0.75-
ohm positions a re used, the indicated output voltage 
must be divided by 10 and 100, respectively . A standard 
dummy-antenna output is a lso available at the termi­
nation unit. 
Output Voltage Accuracy: For multiplier settings below 
1 volt the maximum error in output voltage is the sum 
of the attenuator and voltmeter errors listed below. 
Maximum Voltmeter Error: ± 5% of indicated reading 
up to 25 megacycles. Above 25 megacycles, an addi­
t ional frequency error occurs, amounting to a total of 
±7 % at 50 megacycles. At Yto fu ll scale and 50 Mc, 
there is a lso a transit-time error of -5% in the volt­
meter tube. 
Maximum Attenuator Error: 

Below 3 Mc, ± (3% + 0.1 microvolt) 
3 to 10 Mc, ± (5% + 0.2 microvolt) 

10 to 30 Mc, ± (10% + 0.4 microvolt) 
30 to 50 Mc, ± (15 % + 0.8 microvolt) 
There is no attenuator error for the I-volt multiplier 

setting. 
Modulation: Continuously variable from 0 to 100% . 
The percentage of modulation is indicated by a panel 
meter to an accuracy of ± 10% of the meter reading up 

Type 

to 80 %, for carrier frequencies below 16 Mc ; ±15 % 
for higher carrier freq uencies. 

Internal modu lation is available at 400 cycles and 
1000 cycles, accurate in frequency within ±5% . 

The generator can be modu lated by an external osci l­
lator. Approximately 10 volts across 500,000 ohmR arc 
required for 80% modulation . The over-all modulation 
characteristic is as follows: 
Carrier Frequency A udio Range 

0.5 - 50 Mc 50c -15,OOOc 
0.1 - 0.5 Mc 50c -lO,OOOc 
16 - 100 kc 50c -10 % of Carrier 

Frequency 

L evel 
±l db 
±1.5 db 
± 1.5 db 

Frequency Modulation: On the highest car rier-frequency 
range the frequency modulation is about 0.05 % for 
100% modulation, and 0.02% for 30% modulation. 
At lower carrier frequencies the frequency modulation 
is less t han t hese percentages. 

Above 20 Mc, for applications where incidenta l fm 
must be neg ligible or for wideband (video) modulation, 
the TYPE 1000-P6 Crystal Diode Modulator should bc 
used. 
Distortion and Noise Level: The envclope distortion at 
a modulation level of 80% is less than 5% at 1 Me 
carrier frequency. Carrier noise level is at least 40 db 
below 80 % modulation. 
Leakage: The magnetic induction leakage is less t han 
5 microvolts per meter at a distance of 2 feet from the 
generator. Thc 3-foot output cable penuitti the receiver 
under test to be kept beyond this limit. Radiation fields 
a re negligible. 
Power Supply: The instrument operates from any -10 to 
60 cycle, 115-volt (or 230-volt) line. An electronic volt­
age regulator compensates for line-voltagc fiuctuationR 
from 105 to 125 volts (or from 210 to 250 volts ). A 
maximum in put power of 150 watts is required . 
Tube Complement: 

1 - 6C8-G 
3 - 6L6 
1 - 5U4-G 
2 - 2A3 
1 - 6SF5 

1-0D3 
1 -6AL5 
1 -6H6 
1 - Ampcrite 3-4 

Accessories Supplied: TYPE CAP-35 Power Cord , 
shieldcd output cable and termination unit, and sparr 
fuses. 
Mounting: The panel is finishcd in black cracklc, and 
the cabinet is black wrinkle finish. 
Dimensions: (Height) 16 x (width) 33 x (depth) 12 
inches, over-all. 
Net Weight: 117 Y2 pounds. 

Code Word 
805-C Standard-Signal Generator ............... 1 L E PER $1750.00 

PA TENT NOTICE. See Notes 1, 2, 4, and 9, page vi ii. 
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G ENE RAT 0 R S ~ Accessories 

TYPE 1000-P SIGNAL-GENERATOR ACCESSORIES 

View of the TYPE lOOO-PIO Test Loop, the TYPE 
1000-P3 Voltage Divider, and the TYPE lOOO-P1 

Standard Dummy Anlenna. 

TYPE l000-P3 VOLTAGE DIVIDER 

This voltage dividcr-, used with the TYPE 100l-A 
Standard-Signal Generator, provides a known voltage 
across a one-ohm resistor, which can be inserted in 
series with a loop antenna for testing loop receivers. 

It plugs into the output jack of the signal generator 
(TYPE 100l-A) and divides the indicated output volt­
age by a factor of 100. 
Input Impedance: 50 ohms. 
Output Impedance: 1 ohm. 
Terminals: TYPE 874 Coaxial Connectors. 
Net Weight: 3~ ounces. 

Type 
1000-P3 100 : 1 Voltage Divider .. I 
PATENT NOTICE. See Note 4, page viii. 

Code Word Price 
ARMOR I $17.50 

TYPE 1000-P4 DUMMY ANTENNA 
Connected to the terminated output of a standard­

signal generator of 50-ohm output impedance (25 ohms), 
this dummy antenna provides the output characteristics 
specified b~r the Institute of Radio Engineers in their 
1948 "Standards on Radio Receivers, Methods of Test­
ing Amplitude-Modulation Broadcast Receivers." Ter­
minals a re TYPE 874 Coaxial Connectors, which fit both 
the signal generator output jack and the output cable. 
Net Weight : 3~ ounces. 

T ype 
I 000-P4 I Dummy Antenna ...•. 

PATENT NOTICE. See Note 4, page viii. 

Code Word P"ice 
ARROW I $15.00 

TYPE 1000-Pl0 TEST LOOP 

With this shielded test loop, radio receivers ,yith loop 
antennas can be tested by the prefelTed method of the 
1948 "Standards on Radio Receivers, Methods of Test­
ing Amplitude-Modulation Broadcast Receivers," pub­
lished by the Institute of Radio Engineers. The 3-tur!'l 
loop is inclosed in aluminum tubing for electrostatIc 
shielding. Circuit constants are chosen to make the field 

Type 

strength in volts per meter, at a distance of 19 inches 
from the loop, equal to one-tenth the signal generator 
output in volts, with a 50-ohm generator. 
Terminal: TYPE 874 Coaxial Connector. 
Dimensions: (Height) 16Y2 x (width) 1l ;Y.l x (depth) 
3Y2 inches. 
Net Weight : 4Y2 pounds. 

Code Word Price 
1000-PIO I Shielded Test loop ... . ..•.. .• ......... ... • J 

~--~----~~-----
ARRA Y $50.00 

PATENT NOTICE. See Note 4, page ,·iii. 

TYPE 1000-P5 V-H-F TRANSFORMER 

50 Ohms, Grounded, to 300 Ohms, Balanced 

+2r-r-----.------r------~----~---

- -Fp~R~S[-Op~~IIIIioIi-...IIIlI.ot-l. OMII8 __ 00. 

The TYPE 1000-P5 V-H-F Transformer is designed 
to plug into a standard-signal generator having a 
50-ohm unbalanced output and to produce an equal, 
balanced, open-circuit voltage behind a 300-ohm bal­
anced impedance for r-f measllJ'ements of f-m and 
t-v receivers. 

The transformer is mounted in a cylindrical con­
tainer terminated at one end in a TYPE 874 Coaxial 

Frequency Characteristics of TYPE 1000-P5 V -H-F 
Transformer. Shaded areas show tolerances. 
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Modulator ~-- GENERATORS 

Connector and at the other in a socket dCRigned to 
receive the Alden TYPI, HA902P Connedor for stand­
ard 300-ohm open parallel-wire line. 
Frequency Range: 50 :vIc to 250 Mc. 
Frequency Characteristic : See plot. 
Input Impedance: Approximately :300 ohms. D CRigned to 
work out of 50-ohm source. 

Type 

Term inals: Input - Geneml Radio TYPE 87-t Coaxial 
Connector. 

Output - F its Alden TYPI, HA902P COIlll('ct.or; 
mating connector is furnished. 

Dimensions: (Length) -t% x (diameter) Ys inrlwH. 
Net W eight : :3 Yz ounces. 

Code Word P rice 
1000- PS 1 V- H-F Transfo rmer . .. . .... . ........ . . . .... 1 ARSON $27.50 

PATENT NOTICE. See Note 4, page ,·iii. 

TYPE 1000-P6 CRYSTAL DIODE MODULATOR 

USES : The crystal diode modulator is an inexpensive 
absorption modulator for ampli tude modulating the 
output of a radio-frequency generator over the carrier 
range from 20 to 1000 megacycles. It can be used to 
modulate the output of standard-signal generators and 
other oscillators over a modulating-frequency range of 
o to 5 megacycles. It is particu la rly useful where \\'ide­
band modu lation, as for television receiver testing, is 
required, 01' for radio reeeiver tpsts where incidental 
I'm must be negligible. 

DESCRIPTION : The modulator consists of a crystal 
diode between input and output terminals, a simple 
output filter to prevent appreciable modulating voltage 
appearing in the output., and a means of isolating and 
applying modu lating and bias voltages. Since the re­
sistance of the crystal diode is a function of the voltage 
aeross it, this resistan('e can be modulated by applying 
l\ varying voltage. Inserted between a radio-frequency 
generator and itH load, the unit produces ampli tude 
modulation by variation of series impedance. 

When the modulator is used with a standard-signal 
generator, t he ou tpu t attenuator of the generator pro­
vides suflieient isolation to prevent reaction of thE' 
modulator on the generator frequency . \\Tith an oscilla­
tor not equipped with an output attenuator, it is reco m­
mended that a TYPE 87-t-G20 (20 db) or a TYPE 
874-GIO (10 db) Attenuator be useu. 

FEATURES : ~ \Yhen used with a standard-signal gen­
erator, the crystal diode modulator works on the output 
side of the at.tenuator, so that reaction on the oscillator 

freq llcncy, and hpnce frequency modu lation, is prac­
tically negligible. The power rpC[uired for modulation is 
very low. 

~ For testing television receivers, a video signal, con­
veniently obtained from a standard receiver tuned to a 
local station, can be applicd to the modulator. The 
picture modulation can then be pu t on any desircd 
channel by tuning the signal generator. 

SPECIFICATIONS 

Carrier Frequency Range: 20 to 1000 megacycles. The 
insertion loss increases approximately 10 db at a carrier 
frequency of 10 megacycles due to output filter. 
Modulating Frequency Range: 0 to 5 megacycles. Rl'­
sponse is approximately 2 db down at 5 megacy('les 
with a gradual ro ll-ofT to prevent serious phase distor­
tion of video signals. 
Impedance: The impedance look ing into eithPl" the input 
or output terminals is a function of the bias and modll­
lating voltages. This unit was designed for use with a 
50-ohm SOUITe and a 50-ohm load . The impedance at 
the modulation termina ls is approximately 600 ohms. 
Modulation : With no greatei' than 50 millivolts r-f 
input, 30 % amplitude modulation can be obtained at 
carrier frequencies between 20 and 1000 Mc. For opti­
mum sine-wave modu lation, an average crystal requires 
1.5 volts at the bias terminal. The insertion loss under 
these conditions is approximately 12 db, and approxi­
mately 0.2 volt r-m-s at the modulation terminals will 
produce 30% modulation. Maximum percentage modu­
lation is an inverse function of carrier frequency, and at" 
1000 megacycles is limited to about 30 % . Peak modula-

Type 

tion voltage with rpspeet to ground Hhould not exceed 
q volts. 
Terminals : The radio-frequelH"~' and modulating termi­
nals are provided with TYPE 874 Coaxial Connectors. 
The modulation terminals will accept either a TypE 8N 
Coaxial Connector or a TYPE 274-i\1 Plug. 
Crystal Diode: IN21B . 
Accessories Supplied : One TYPE 274<\[B Plug. 
Other Accessories Requi red : T erminal adaptors (page 62), 
unless generator and load are equipped with TYPE 87-t 
Coaxial Connectors; 1 .5-volt battery for fixed bias, or a 
3-volt battery and a 10,000-ohl11 rheostat for a.djustable 
bias. 
Accessories Avai lable: 

TYPE 874-G20 Fixed AttenuataI', 20 db 
TYPE 874-GlO Fixed AttenuataI', 10 db 
TYPE 874-R20 Patch Cord 
TYPE 1000-P5 V-H-F Transformer 

(For description and prices, see pages 57, 60 and 98.) 
Dimensions: (\Vidth) 5 x (height) -t x (depth) 1l{6 
inches, over-all. 
Net Weight : 1 pound . 

Code Wonl 
1000- P6 1 Crystal Diode Modulator . . . ...... , ......... 1 APPLE $40 ,00 

PATENT NOTICE. See Note 4, page ,·iii. 
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TYPE 1000-P7 BALANCED MODULATOR 

For 100% Linear AM and Pulse Modulation 

USES: This instrument is an insertion-loss 
modulator for pulse and sine-wave modulating 
the output of radio-frequency-generators over 
the carrier-frequency range of 60 to 2300 
megacycles. Of its many uses the principal ones 
are for pulse modulation where a high degree 
of carrier suppression is desired with good rise­
time characteristics, and for linear-modula­
tion systems where full 100% modulation is re­
quired over a modu lating frequency range of 
o to 20 megacycles. Typical uses are tests on: 
television and radar receivers, microwave re­
lay systems using multiplex pulse-code modu­
lation, omni-range and DME equipment, 
telemetering circuits, and narrow-band sys­
tems where incidental frequency modulation 
must be negligible. 

The Balanced Modulator is particularly 
recommended for use with the TYPE 1217-A 
Unit PulseI' or the TYPE 1391-A Pulse, Sweep, 

Modulator 

and Time-Delay Generator for pulse-modu­
lating the output of TYPES 1021-AU, 1021-AV 
and 1021-A W Standard-Signal generators. 

DESCRIPTION: The instrument uses crystal 
diodes in two separate signal paths between 
the input and the output. In one path a coaxial 
phasing line, set to an odd multiple of one-half 
wave- length at the carrier frequency, is in­
serted. A simple high-pass filter is included in 
the output circuit. 

For small 1'-f signals the impedances of the 
diodes can be controlled by varying the 
applied bias. The diode shunt capacity, which 
ordinarily limits the frequency range of a 
diode, is neutralized in the phasing line. 

Bias and balance controls are provided for 
setting the operating points on the diode 
characteristics. The carrier can be balanced 
out, or any amount of carrier insertion can be 
provided by means of these adjustments. 

FEATURES: ~ High carrier suppression for pulse 
applications. 
~ Fast rise time. 
~ Linear 100% modulation. 
~ 0-20 Mc modulation frequency range. 
~ Usefu l up to 2300 Mc. 
~ Low incidental frequency modulation for 
testing narrow-band v-h-f and u-h-f systems. 

SPECIFICATIONS 

Carrier-Frequ e ncy Range : GO to 2:300 megacycles. 
Modu lation- Frequency Range: Flat from 0 to 20 meg:l,­
c,\'C'les. For pulsing, the rise-time contribution is le~s 
than 20 millimiC'roseC'onds. 
Impedance : The impedance looking into either input 01' 
output tenninals is a funC'tion of the bias and modulat­
ing voltages. The sollt'ce and load impedances should be 
50 ohms. The impedance at the modulation input is 
50 ohms :1:5 % . It is recommended that a TYPE 874-G20 
(20 db) or a TYPE 874-GIO (10 db) fixed attenuator be 
used at the input and another at the output whenever 
the attenuation can be tolerated. The attenuator at the 
input is useful for isolation to minimize frequency 
modulation. The attenuator at the output provides a 
known source impcdance for gain and noise measure­
ments and inslll'es that the proper load is presented . 
Modulation: Double-sideband suppressed-carrier modu­
lation, pulse modulation with 60-db carrier suppression 
between pulses, and 100% amplitude modulation can be 
obtained throughout the carrier frequency range. One 
volt, peak, at the modulation terminals is. s~lf,ficient t.o 
produce fullr-f output from a zero output Il11tla l condi­
tion. 
R-F Output : A maximum output of 10 mi ll ivolts into 
a 50-ohm load can be obtained during pulses or at 
modulation peaks, with a source of 50 millivolts be­
hind 50 ohms. At this level and at 10\\'er input levels 
the modulation characteristics are independent of 
input voltage. However, somewhat higher input volt-

Type 

ages and, consequently, higher output voltages are 
permissible if bias and balance readjustments are made 
for each change in level. The r-f source must not ex­
ceed 0.5 volt behind 50 ohms, or the crystal diodes may 
be damaged. 
Bias Supply : Bias is supplied b.v a self-contained battery 
consisting of readily available, inexpensive flashlight 
cells. 
Terminals: The radio-frequency input and output 
terminals and the modulation input terminals are TYPE 
87-+ Coaxial Connectors. The radio-frequency input 
terminal is of propel' elevation to plug directly into the 
output connector of the TYPE 1021-A Signal Generator. 
Crystal Diodes: Two TYPE IN21-B. 
Accessories Supplied : One TYPE 1000-P7-28 JO-cm 
Cable; one TypIC 1000-P7-28-2 80-cm Cable; one TYPE 
874-C58 Cable Connector. 
Other Accessories Required : Terminal adaptors, unless 
generator and load are equipped with TYPE 874 Coaxial 
Connectors; suitable coaxial ('able for ('onnecting modu­
lation source. 
Accesso ries Available: TYPE 8H-G20 Fixed Attenuatol', 
20 db: TYPE 874-GlO Fixed Attenuatol', 10 db; TYPE 
lOOO-P5 VHF transformer; TYPE 87J-R20 Patch Cord: 
TYPE 87J Adaptors to TYPES N, B C, C, and other 
coaxial ('onnectol's and to TYPE 938 Binding Posts. 
Dimens ions: (Including fully extended adjustable line) 
:30 inches (width) x 3 inches (height) x 5 inches (depth) 
over-all. Length with line telescoped - 20 inches. 
Net Weight : 6 pounds. 

Code Word Price 

1000-P7 1 Balanced Modulator . . .. . ........ ···. · ···1 AWAKE $200.00 
PATENT NOTICE. See Note 4, page "iii. 
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OSCILLATORS 
A source of power or test voltage is a pre­

requisite to nearly a ll types of measurements 
- impedan ce, t ransmission , waveform, sensi­
tivity, a nd IIl Ull Y others. Siu ce 1919 the Gen­
eral Radio Compa ny has been supplying lab­
oratory osci ll ators for this purpose and has 
always pioneered in ne,,' designs and circuits. 

Functionally, these osci llators can be 
grouped under the following classifications: 

(1) L-C and Resonant-Cavity Types - the 
frequency of osc illation is determined by in­
ductive and capacitive elements or by resonant 
cavities. 

(2) Beat-freq uency types - the output fre­
quency is t he difference bel\\'een the frequen­
cies of t wo osci ll ators, one variable and one 
fixed. This type covers a wide frequency range 
with a single control. 

(3) R-C degenerat ive types - t he fre­
quency is determined by resistive and capaci­
tive elements, a nd the circuit is highly degen­
erated except at the pass frequency. This type 
of oscillator also covers a wide frequency range 
with a single cont rol and, alternatively, can be 
designed to produce a number of fixed fre­
quencies, as selected by a switch. 

(4) Electro-mechan ical types - t he fre­
quency is determin ed by a vibrating element . 

The General Radio Company manufac­
tures all of the functional types listed above, 
and t he characteristics of availab le models are 
tabulated on t he next page. 

L-C and Resonant-Cavity . Types: Although 
most useful at rad io frequeucies, the L-C oscil­
lator, because of its stability, good waveform, 
and effi ciency find s parti cula r uses where fixed 
audio frequencies are needed. 

General Radio makes t wo audio-frequency 
osci llators of this type. Of particular interest 
is the Tug 1307-A Transistor Osci llator, a 
miniature instrument designed primarily for 
calibrating sound measuring eq uipment. The 
Typg 1214-A Un it Osci llator, a conventiona l 
vacuum-tube osci llator, generates fixed fre­
quencies of 400 a nd 1000 cycles and is useful 
for modulat ing high-frequency oscillators a nd 
as a source of moderately high power for 
bridge measurements. 

At radio frequencies where tuning can be 
accomplished by air capacitors, t he L-C cir­
cuit is the best and most economical fre­
quency-determining system. The Typg 1330-A 
Bridge Oscillator uses tuned circuits to cover 
a frequency range of 10,000: 1. The Tugs 
1211-B, 120S-B, 1215-B and 1209-B Unit 
Oscillators cover a " 'ide range of frequencies 
up through the u-h-f television bands. The 

latter t wo use the butterfly circuit, which is a 
Genera l Radio development. 

At frequencies above 1000 Mc, resonant 
cavities are readily adapted to frequency con­
trol. The TYPE 121S-A U nit Oscillator covers a 
con tinuously tuned frequency ra nge from 900 
Mc to 2000 Mc wi th ganged quarter-wave 
lines, and the TYPJ~ 1220-A Unit Klystron 
Oscillator can be adjusted to produce spot 
frequencies between 2700 Mc a nd 7500 Mc. 

The radio-frequency oscillators can a ll be 
amplitude modulated wi t h sine waves, a nd 
the TYPE 121S-A a nd Tug 1220-A can be 
square-wave- and pulse-modulated as well. The 
TYPE 1220-A also has provision for frequency 
modulat ion up to deviations of ± 7.5 Mc, 
and the Unit Oscill ators, ill parti cular, are 
adapted for use with the mecha nical sweeping 
device described on page 200. 

Beat-Frequency Types: The first commercial 
beat-frequency oscillator was produced by 
Genera l Radio in the middle 1920's. As the 
development of tubes a nd circuits has pro­
gressed, increasingly better models have been 
developed, culminating in the present Tug 
1304-B, whose logarithmic scale greatly fa­
cilitates frequency-response measurements. 
The Typg 1303-A Two-Signal Audio Genera­
tor produces two output frequencies simul­
taneously, for measurements of intermodula­
tion distortion in audio systems and for fixed­
frequency detection with a variable supply 
frequency. Both of these oscillators can be 
used with the X-Y dial drives described on 
page 202 to operate graphic recorders. 

R-C Types: The R-C degenerative type is a 
General Radio deve:opment, covered by a 
basic patent under whi ch other manufacturers 
are licensed. 1'\\"0 models a re offered, the 
TYP E 130l-A, whose primary characteristic 
is low distort ion, a nd t he TYPI~ 1:302-A, de­
signed fo r a wide freq uency range. The former 
find s its greatest use as a tone source for 
distortion measurements. 

The TYPE 1210-A. L'nit R-C Osc-illator is a 
small , ve rsati!e in strument, whi ch produces 
either sine-wave or square-wave output over a 
wide frequency range, a nd which becomes an 
inexpensive s\\"eep oscillator when combin ed 
with t he Tug 90S-P2 Synchronous Dial 
Drive, as described on page 202. 

Electro-Mechanical Types: An audio-frequency 
tuning fork, t he Typg 723, is a useful source 
for continuous operation, as in modulating 
beacon t ransmitters and as a reference for 
frequency and t ime measurements. 
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T ype N ame 
1304-8 Beat-Frequency 

Aud io Generator 
1301 - A Low-Distortion 

Oscillator 

1302-A Oscillator 

1303-A Two-Sign al 
Audio Generator 

1307- A Transistor 
Oscillator 

723 Vacuum-Tube 
F ork 

1214-A Unit Oscilla tor 

1210-8 Unit R-C 
Oscillator 

1330-A Bridge Oscillator 

1211-8 Unit Oscilla tor 

1208-8 Uni t Oscillator 

1209-8 Uni t Oscill'ator 

1215-8 Uni t Oscillator 

1218-A Unit Oscilla tor 

1220-A K lyst ron 
Oscillator 

1391- A Pulse, Sweep and 
Time-Delay 
Generator 

1217- A Uni t PulseI' 

1390-A R andom Noise 
Genera tor 

1219-A Pulse Amplifier 

Class 
Fl'equency 

Range 
Beat-Frequency 20-20,000 c. 

20,000-40,000 c. 
R-C D egenerative 20-15,000 c. 

(27 fixed frequencies) 

R-C Degenerative 10-100,000 c. 

Beat-Frequency (1 )20-20,000 c. 
(2)20,000-40,000 c. 
(3)Two signals sep-
ara tely adjustable 
(4 )Two signals with 
a fixed d ifference 

Tuned Circuit 400 and 1000 cycles 

E leC' t ro- 400 or j 000 cycles 
Mechanical (2 Models) 
Tuned Circuit 400 and 1000 cycles 

R-C 20 c-0 .5Mc 

T uned Circuit 60, 400, 1000 c. 
5kc-50Mc 

Tuned Circuit 0 .5-5Mc 
5-50Mc 

Sliding-Contact 65-500 Mc 
Tuned Circuit 
But terfly Tuned 250-920 Mc 
Circuit 
Semi-But terfly 50-250 Mc 

Coaxial Line 900-2000 Mc 
Tuned Circuit 
Velocity- 2700-;3275 Mc 
modulated 3400-40]0 Mc 

5100-5900 Mc 
5025-7425 Mc 

Open-
l'olaximum Circuit 

Outp ut V olts 
1 vVatt 50 

18 mw 6.6 

100mw 30 
'!Omw 10 
20 mw 5 
80 mw 20 

l'\ ormal- 5 
10mw 

High- 50 
1 Watt 

6 mw 2 

50 mw 31 

200 mw 60 

80mw 7 
40mw 45 
90 mw 30p-p 

0.75 w 12 
1w 10 
2w 

200 mw 
100 mw 

200 mw 

80 mw 

200 mw 

-IOmw 

See P age 119 

Nominal Load Ha1'lnonic 
Impedance Distol·tion 

600 ohms, balanced < 1% 
or grounded 
600 ohms, balanced < 0 . 1% 
or grounded 
5000 ohms, grounded 
600 ohms, balanced < 1% 
300 ohms, grounded 
5000 ohms, grounded 
600 ohms, grounded < 02% 

<1 % 

600 ohms < 5% 

50,500,5000 ohms < 0 .5% 

8000 ohms, grounded <3 % 
or ungrounded 
5Q ohms, grounded < 15% 
12,500 ohms, grounded < 5% 
2,500 ohms, grounded Square 

wave 
50 ohms < :3 % 

20-80 ohms 
50 ohms 

50 ohms 

50 ohms 

50 ohms 

50 ohms 

50 ohms 

Power 
S u pply 

A-C Line 

A-C Line 

A-C Line 

A-C Line 

Mercury 
Cells 
A-C Line 

A-C Line 

Unit Power 
Supply 

A-C Line 

Unit Power 
Supply 
Unit Power 
Supply 
Unit Power 
Supply 
Uni t Po\\'er 
Supply 
Unit Power 
Supply 
Unit Power 
Supply 

T ype 
1391-P1 

Uni t Power 
Supply 
A-C Line 

A-C Line 
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Low-Distortion 

TYPE 1301-A 
LOW-DISTORTION 

OSCILLATOR 

This oscillator is characterized by its ex­
ceptionally pure waveform, which makes it an 
ideal source of test voltage for di::;tortion 
measurements or a power source for audio 
bridge measurements. 

Frequencies are selected instantly by push­
button controls and include those recom­
mended by the Federal Communications Com­
mission for distortion measurements of broad­
cast transmitters. Thus, in combination with 
the TYPE 1932-A Distortion and Noise Meter, 
(page 226), it provides a fast and accurate 
means for making these transmitter tests. It 
is avai lable optionall y with panels in colors to 
match those used by leading transmitter 
manufacturers. 

When this osci llator is used as a bridge 
power source, null balance is found more pre­
cisely and easi ly because of the low level of 
harmonic voltage present at the null point. 

The osci llator uses the inverse-feedback RC 
circuit invented and developed by the General 

OSCILLATORS 

Radio Company. Separate feedback networks 
control the frequency and amplitude inde­
pendently, thus providing high stability and 
low distortion. 

Mica capacitors and wire-wound resistors, 
chosen for maximum stabili ty, are used in the 
frequency-determining network. Amplitude 
control is automatic, normally requiring no ad­
justment as various frequencies are selected. 

FEATURES: ~ Very low distortion, less than 
0.1 % over most of range. 
~ Excellent frequency stability. 
~ Constant output voltage. 
~ Instant selection of anyone of 27 test fre­
quencies by push-button control. 
~ Lower frequency range of 2 to 15 cycles 
available from convenient plug-in range­
extension unit. 
~ Any other frequency between 2 and 15,000 
cycles may be obtained by plug-in resistors. 

SPECIFICATIONS 
Frequency Range: 27 fixed frequencies bet,ween 20 and 
15,000 e}'cles. (A IHO 2 to 15 c.1:cles by use of extension 
unit.) Accuracy is ± (1Y2% + 0.1 cYCle). 
Frequency Con"ol: One push-button switch provides a 
frequency, and a second multiplies t hi s frequency by 
1, 10, or 100. 
Frequency Stability: Changes in a-c line voltage or output 
load have no cfTect upon the frequency. Drift is not 
greater than 0.02% per hour after the first 10 minutes. 
Output Impedance: A push-button switch selects one of 
three output impedances : 600 ohms balanced to ground, 
<iOO-ohms unbalanced, or 5000 ohms unbalanced. 

The actual output impedance of the 5000-ohm circuit 
will vary bet\\'een 1000 and 6000 ohms, depending on 
the setting of the volume control potentiometer, which 
also has slight cfIect on the 600-ohm output circuit. 
The 600-ohm balanced output circuit is balanced to a ll 
audio frequenciflR when operated into a balanced load 
of any impedance. 
Output Power: 18 milliwatts into 600-ohm load, or 6.6 
volts open circu it; 100 milliwatts into 5000-ohm load, 
or :30 volts open circuit. The output voltage, for either 
impedance posit ion, wi ll remain constant within ± 

1 db throughout the frequency range. 
Waveform Distortion: 5000-ohm output, not more than 
0.1 % ; 600-ohm output, not more than 0.1 % between 

Type 

50 and 7500 cyclcs, and not more than 0.25% below 
50 cycles. 

When the range-extension unit is used, d istortion 
will be less than 1 % for the added range. 
Power Supply: 105 to 125 (or 210 to 250) volts, 25 to 
60 cycles. Total power consumption is about 45 watts. 
Spec ify line voltage and frequency when ordering. 
Tube Complement: One each, 6X5-GT IG, 6B-!-G, 6SL7-
GT, OD3 / VR-150, 6Y6-G, 6S1(7, 6SQ7-GT, 6SJ7, 
NE-17. 
Terminals: Jack-top binding posts with standard ~­
inch spacing, a ground terminal and a standard "Vestern 
E lectric double output jack are provided on the front 
panel. A standard multipoint connector provides dupl i­
cate output terminals on the rear of the instrument for 
relav-mck installation. 
Acc;ssories Supplied: ZCAP-5 Power Cord, multipoint 
connector, TYPE 1301- 201 plug atitiembly, spare fuses. 
Mounting: Relay-rack panel. End frames are available 
to adapt the instrument for table mounting. (See price 
table below. ) 
Panel Finishes: Standard General Radio black crackle. 
Certain other standard finishes to match transmitters 
can be supplied at small extra cost. 
Dimensions: Panel (length) 19 x (height) 7 inches; depth 
behind panel, 12 inches. Net Weight: 31Y2 pounds. 

Code TV ord Price 
1301-A 
1301-Pl 
FRI-412 1 

Low Distortion Oscillator . ......... .. ... '1 
Range Extension Unit (2 to 1500 cps) . .. . 
Aluminum End Frames .. ............. . . 

OZONE 

OVATE 

ENDFRAMDIG 

$525.00 
80.00 
13.00 Pair 

PATENT NOTICE. See Notes 2 and 9, page viii. 
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OSC I LLATORS ---~----- Beat-Frequency 

TYPE 1304-8 BEAT- FREQUENCY AUDIO GENERATOR 

USES: For amplitude-frequency tests on audio 
frequency equipment - lines, amplifiers, fil­
ters, equalizers, transducers, and other net­
works - this beat-frequency generator is the 
best test-signal source t hat can be used. Its 
especial fitness for these applications lies in 
four of its characteristics: 

(1) its frequency scale is logarithmic; 
(2) it covers the entire audio range in one 

sweep of the dial; 
(3) its output voltage is constant with 

frequency. 
(4) its distortion is extremely low. 
These same advantages make possible the 

use of a motor drive for the dial and a graphic 
recorder to plot frequency characteristics auto­
matically. TYPE 908 Dial Drives that attach 
to the dial in place of the knob enable the 
generator to be used "'ith recorders. The TYPE 
908-Pl, for instance, covers a frequency inter­
val of an octave on the TYPE l304-B in 15 
seconds. This rate is widely accepted as a 
standard for graphic recording. 

The TYPE 908 Dial Drives are fully de­
scribed on page 202. 

As a general-purpose audio generator, the 
TYPE l304-B finds constant use in the elec­
tronics laboratory, as a power source for bridge 
measurements, as a modulator for r-f signal 
generators, and as a test source for acoustic 
work at both audio and ultrasonic frequencies. 

DESCRIPTION: This generator has a number of 
unusual design features that contribute to 
superior performance and ease of operation. 
Two radio-frequency oscillators, one fixed and 
one variable, feed a pentagrid converter 

through buffer amplifiers. The resulting differ­
ence frequency, after passing through a low­
pass fi lter, is amplified in a degenerative 

, amplifier. The output stage of this amplifier is 
the unique, 100\'-distortion, single-ended, push­
pull circuit. * 

The oscillator output level is continuously 
adjustable, and the output can be connected 
for either balanced or unbalanced use. The 
unbalanced output circuit contains a three­
step attenuator. The output voltmeter is cali­
brated in dbm and open-circuit output volts. 

The output voltmeter is used to standardize 
the frequency calibration of the osci ll ator 
when the output frequency is set to either 
the power-line frequency or to zero beat. 

The frequency dial carries a logarithmic 
frequency scale for the range 20 c to 20 kc, 
and it is driven by a slow-motion gear-reduc­
tion drive, essentially free from backlash. A 
cycles-increment dial provides a means of 
varying the frequency over a range of ± 50 
cycles at any setting of the main dial. 

A second range from 20 kc to 40 kc is avail­
able by the operation of a single panel switch. 

For permanent or relay-rack installation, 
output terminals are provided at the rear of 
the instrument, through standard multipoint 
connectors. The panel output terminals are 
TYPE 938 binding posts on % -inch spacing. 

FEATURES: ~ Essentially constant output 
voltage. 
~ Output voltmeter for accurate and rapid 
setting, and accurate attenuator. 
* A. P. O. Peterson and D. B. Sinclair. "A Single-Ended Push-Pull 
Audio Amplifier," Proc. I.R.E. , Yol. 40, pp. 7- 11, January, 1952. 
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Audio 

~ Frequency coverage from 20 c to 40 kc. 
~ Audio spectrum - 20 c t o 20 kc covered in 
a single sweep of the dial. 
~ High stabili ty of both output and fre­
quency. 

OSCILLATORS 

~ Very low hum level. 
~ Excellent \yaveform . 
~ Dial can be motor driven. 
~ High quality components, stabilized power 
supply, a nd advanced circuit design. 

SPECIFICATIONS 
Frequency Range: 20 to -10,000 cycles in t wo ranges. 
Frequency Controls : The main control is engraved from 
20 to 20,000 eyries per second and has a t rue logarith­
mic frequenc.v seale. The total scale lengt h is approxi­
mateh ' 12 inches. The effective angle of rotation is 
240°, 'or 80° per decade of frequenr.\·. For the higher 
range, t hrowing a panel sll'itch adds 20 kc to the scale 
frequency. The frequency increment dial is calibrated 
from +50 to -50 cycles. 
Frequency Calibration: The calibration of the frequenc~' 
control dial can be relied upon within ± ( [ % + 0.5 
cycle) after t he oscillator has been correctly set to the 
line frequency or to zero beat. The 20 kc added by the 
range switch is accurate within ±0.5%. The accuracy 
of calibration of t he frequency-increment dial is ± 1 
cycle. 
iero-B,at Indicator: The outpu t voltmeter is used to 
indicate zero beat. 
Frequency Stability: The drift from a cold start is less 
than 7 cycles in the first hoUl' and is essentia lly com­
pleted within two hoUl's. 
Output Voltmeter: Calibrated in volts output at open 
circuit, and in dbm. Above 10 % of full scale the cali­
bration is accUl'ate within ±5 % of the reading. 
Output Attenuator: The output attenuator is for use 
only with single-ended output. It has t hrec steps of 
20 db each, wit.h an accuracy of ± 1 % of the nominal 
attenuation. 
O~tput Control: For each step of the attenuator the 
output voltage can be varied continuously from zero to 
the maximum voltage. 
Output Voltage: Continuously variable from below 5 
millivolts to 50 volts, open circuit. Fu ll-scale, opcn­
circuit output voltages of 50 millivolts, 500 millivolts, 
5 volts, and 50 volts a re provided. For a 600-ohm 
resistive load the variation of output voltage with 
frequency is as follows: 
Normal Range: Between 20 and 20,000 cycles the out­
put voltage varies less than ±0.25 db. 
Add 20 KC Range: Between 20 and 30 kc t he output 
volt.age varies less than ±0.5 db. Between 30 and -10 
kc the va riation is less than ± 1 db. For open-circuit 
operation the output voltage rises considerably at t he 
higher frequencies . 
Output Impedance: 600 ohms, resistive, within ± 2% . 
At ±20 dbm setting of t he output attenuator, t he 
output may be used eit her balanced or with one side 
grounded. With Qne side of the out pu t grounded, the 
attenuator may be used throughout its entire range. 

Type 

Output Power: 1 watt maximum in to a 600-ohm resistive 
load. 
Harmonic Distortion: The total harmonic content is 
less than 0.25% from 100 to 10,000 cycles. Below 100 
ryrles the harmonic content increases and may reach 
0.5% at 50 eyries. Above JO,OOO eyclcs t he harmonic 
content is less t han J %. 
A-C Hum: Less than 0. I % of the output voltage for 
output volt.meter readings above 10 % of full scale. 
Terminals: TYPE 9 :~8 Binding Posts and standa rd 'Vest­
ern E lectric double output jack on panel; a standard 
four-terminal socket at the rear. 
Mounting : Aluminum, 19-inch, relay-rack panel; 
a luminum cabinet. For table mounting (TYPE 130-1-
BM), aluminum end frames are supplied to fit ends of 
cabinet; for relay-rack mounting (TYPE 130-l-BR), 
brackets for holding cabinet in rack a re supplied . Rela.\'­
rack mounting is so arra nged t hat panel and chassis 
can be removed from cahinet, leaving cabinet in rack, 
or cabinet can be removed from rear of rack, leaving 
panel attached to rack. 
Power Supply : 105 to 125 (or 2[0 to 250) volts, 50 to 
60 cycles. Po\\'er consumption is about 100 watts, 
Tube Complement : 

2 - 6SL7-GT 1 - 6SA7 
2 - 6AU5-GT 1 - 12AT7 
2 - OD:3 1 - 5V4-G 

Accessories Supplied: TYPE CAP-35 Power Cord, four­
terminal plug, and spare fuses. 
Dimensions: 19% X 15 ;X[ x 7;X[ inches, over-all. 
Net Weight : 39 pounds. 

TYPE 908-P Dial D"ive moun ted [0 dri ve lbe frequency 
control of TYPE 1304-£ Generalor. 

Code TV01'd Price 

1304-BM 
1304-BR I 

Beat-Frequency Audio Generator, Bench Model. .... ' 1 
Beat-Frequency Audio Generator, Relay Rack Model . 

CAROL 
CARGO 

$595.00 
595.00 

PATENT NOTICE. See Notes 1. 2. and 15. pflge vii i. 

OTHER BEAT-FREQUENCY OSCILLATORS 

The TYPE 1l07-A (page 82) has a linear scale from 0 to 5000 cycles and is used as an inter­
polating device in frequency measurements. The TYPE 1303-A (page 106) is designed par­
ticularly for intermodulation distortion tests. 
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OSCILLATORS ---~------ Two-Signal 

FOR 

INTERMODULATION 

DISTORTION TESTS 

AND 

GENERAL 

LABORATORY USE 

TYPE 1303-A TWO-SIGNAL AUDIO GENERATOR 

USES: The TYPE 1303-A Two-Signal Audio 
Generator is primarily a test-signal source for 
intermodulation distort.ion measurements. It 
is suitable for use in measurements by all three 
of the usual non-lineal' distortion measure­
ment methods. These are: 

(1) The harmonic method. 
(2) The intermodulation method using a 

strong low-frequency tone and a weaker high­
frequency tone (standardized by the SMPTE). 

(3) The intermodulation method, some­
times called a double-tone test, using two 
tones of equal intensity (recommended by the 
CCIF). 

The TYPE 736-A Wave Analyzer is recom­
mended as a detector for these distortion 
tests. 

The Two-Signal Audio Generator is also an 
excellent general-purpose audio-frequency 
source for tests on audio-frequency lines, 
networks, and amplifiers; for modulating sig­
nal generators and test oscillators; and for 
acoustic tests, recording tests, and bridge 
measuremen ts. 

DESCRIPTION: The TYPE 1303-A T\\"o-Signal 
Audio Generator utilizes a beat-frequency 
system to provide the various signals avai lable 
at the output. Three radio-frequency osci lla­
tors are included, one fixed and the other two 
adjustable. When a signal output of a single­
frequency tone is desired, the fixed and one 

of the adjustable oscillators feed a pentagrid 
converter. The resulting difference frequency, 
after passing through a low-pass filter, is 
amplified in a degenerative amplifier. When 
a signal output of two tones is desired, the 
third oscillator and one of the other two 
oscillators feed an additi onal pentagrid con­
verter. The resulting difference frequency, 
after filtering, is added to the output of the 
first pentagrid converter. This combined sig­
nal is amplified in a degenerative amplifi er. 

The output level is adjustable by an output­
level control and aT-pad attenuator. This 
level is indicated by a voltmeter calibrated 
in voltage and in decibels with respect to an 
output of one milliwatt into a 600-ohm load. 
Following the voltmeter is a six-posi tion, 
600-ohm attenuator also calibrated in decibels. 

For bench use the signal generator is sup­
plied with end supports, which can be removed 
to permit permanent installation of the in­
strument in a standard 19-inch relay rack. 

FEATURES: ~ Can be used as a si ngle-fre­
quency beat-frequency oscillator from 20 to 
40,000 cycles. 
~ Supplies combinations of two frequencies 
for intermodulation distortion tests. 
~ The ratio of the voltages of the two fre­
quencies is adjustable. 
~ The constant-difference-frequency feature 
of the two-signal output is particularly con-

106 GENERAL RADIO COMPANY 



Two-Signal 

venient for the CCIF method of testing. 
~ H armonics and intermodulation products 
in t he oscillator output are very low. 
~ Output voltage is essentially constant over 
entire frequency range. 

OSCILLATORS 

~ Frequency and voltage stability are high. 
~ Output meter and attenuator are provided, 
so that the oscillator can be used as a standa rd­
signal generator for such measurements as 
voltage, gain, and attenuation. 

SPECIFICATIONS 
Frequency Range: The four settings of the OUTPUT 
FREQUENCIES contro l, labelled A, B, C, and D, 
respectivcly, correspond to the fo llowing output com­
binations : 

A: 20 to 20,000 cycles. 
B: 20,000 to 40,000 cycles. 
C: On(' frequency, It, of 20 to 20,000 cycles a nd a 

second frequency, J" higher t han II by a fixed amount, 
\\'hich may be between 0 a nd 10,000 cycles. As .ft is 
varied t he difTerence frequency rema ins constant . 

D: One frequency, I" of 20 to 20,000 cycles a nd a 
second frequency, /2, of 20 to 10,000 cycles. 
Frequency Control: The main control is calibrated from 
20 to 20,000 cycles per second and has a true logarit hmic 
frequency scale. The total scale length is approximately 
12 inches. The efIective angle of rotation is 2~0°, or 80 0 

per decade of frequency. The frequency-increment dial 
is calibrated from +50 to -50 cycles. 20 kc is switched 
in to give 20 kc to 40 kc. A 3>i-inch auxiliary frequency 
dial , .h, is engraved from 0 to 10,000 cycles over approxi­
mately 1800 of dia l rotation. The scale distribu tion is 
approximately logarithmic above 500 cycles and ap­
proximately linear below 500 cycles. 
Frequency Calibration: Main dial, 20 to 20,000 cycles: 
The calibration ean be standardized at any time to 
a zero beat setting. The calibration of the frequenc.v 
control dial can be relied upon within ± (l % + 0.5 
rye Ie) afte r t he oRc-illator has been correctly set to zero 
beat. 

The accuracy of calibration of t he frequency-incre­
ment dia l is ± 1 cycle. 
Auxiliary Dial, 20 to 10,000 cycles: The frequency can 
be standardized within 1 cycle by setting to zero beat. 
The calibration of the dial can be relied upon within 
± (3 % + 10 cycles) . 
Zero Beat Indicator: The output voltmeter can be used 
to indicate zero beat. 
Frequency Stability: The drift from a cold start is less 
t han 7 cycles in the first hour and is essen tially com­
pleted within two hours. 
Output Attenuator: The output attenuator has six steps 
from - 100 to 0 db with an accuracy of ±1 % of the 
nominal attenuation . 
Output Control: For each step of t he attenuator the 
output voltage can be co ntinuously varied from zero to 
maximum voltage. Wi th two-frequency output, the ratio 
of the voltages at the two frequencies can be adjusted 
from less t han 0.1 to greater than JO by means of'a con­
t rol calibrated from 0.1 to 10. 
Output Voltage: NORMAL output provides full-scale, 
open-circuit output voltages of 50 microvolts, 500 micro­
volts, 5 millivolts, 50 millivolts, 500 millivolts, and 5 
volts. HIGH output provides full-scale, open-circuit 
output voltages from 500 microvolts to 50 volts. When 
the output voltage is of two frequencies, t he indicated 
voltage is the sum of the voltages at the t,wo frequencies. 

For a matched resistive load, the variation of output 
voltage wi t h frequency is as follows: 

/, ra nge A, and I" ranges C an d D: Between 20 and 
20,000 cycles t he output voltage varies less t han ±0.25 
db. 

f + 20 kc, range B: Between 20 and 35 kilocycles the 
Type 

output voltage varies less than ±0.3 db. It may drop 
1 db at 40 kilocycles. 

I" range C: Between 20 and 20,000 cycles the output 
voltage varies less than ± 0.3 db. It may rise 0.75 db at 
30 ki locycles. 

I" range D: Between 20 and 10,000 cycles the output 
voltage varies leRs tha n ±0.25 db. 
Output Voltmeter: Calibrated in volts output at open 
cimuit and in dbm. Above 10% of full scale, t he calibra­
t ion is accurate within ±5% of the reading. 
Output Impedance: 600 ohms, resistive, within ±2 %. 
One side of the output circuit is grounded. 
Output Power: HIGH output is 1 watt maximum in to 
a matched load . NORMAL output is 100 milli watts, 
maximum, into a matched load . 
Harmonic and Intermodulatlon Distortion: Distortion 
is not affected by the load impedance or t he settings 
of the output 'ontrol and attenuator except on HIGH 
output with the O-db attenuator position. On HIGH 
output with the O-db attenuator position and with a 
load less than 600 ohms, the distort ion will be higher 
than the values quoten below, which apply to all other 
conditions of load and output settings. 
Harmonic Distortion: For NORMAL output the total 
harmonic content is less t han 0.25% from 100 to 8000 
eycles. Below 100 cycles the harmonic content increases 
and may reach 0.5 % at 50 cycles. For HIGH output the 
total harmonic content is less than 1 % fro m 100 to 8000 
cycles. Below 100 cycles the harmonic content increases 
and may reach 2% at 50 cycles. 
Intermodulation Distortion : (1) CCIF: Quadratic and 
cubic distortion for frequencies above 1000 cycles and 
a difference frequency greater than 100 cycles are each 
less than 0.15 % on NORMAL output and less t han 
0.5 % on HIGH output. 

(2) SMPTE : The square root of the sum of the 
squares of the quadratic a nd cubic distor t ion for I, be­
tween 40 and 300 cycles andf, between 1000 and 15,000 
cycles is less than 0.5 % on NORMAL output and less 
than 3% on HIGH output. 
A-C Hum: Less t han 0.1 % of the output voltage. 
Terminals : TYPE 938 Binding Posts on panel. 4-terminal 
socket in back . 
Mounting: 19-inch relay rack panel wi th walnut end 
pieces. 
Power Supply: 105 to 125 (0 1' 210 to 250) volts, 50 to 
(iO cyc les. Power consllm ption 1:35 watts. 
Tube Complement: 

4- 6SL7-GT 
:3- 6SA7 
2- 6V6-GT 
2- 6SN7-GT 
1- 6J5-GT 
1-6H6 

1- 5R4-GY 
l- liY6-G 
1-6SJ7 
1- 0D:3 
1-3-4 Amperite 

Accessories Supplied: TYPI!] CAP-35 Power Cord, multi­
point plug, and spare fuses. 
Other Accessories Required: For measllrements of har­
monic and intermodulation distortion, t he TYPE 7:l6-A 
\;"Tave Analyzer is recommended as ft detector (page 
224 ). 
Dimensions: (Width ) Hl>i X (heigh t) 17 Ys x (depth) 
17 Ys inches, over-all. 
Net Weight : 81 pOllnds. 

Code Word Price 
------------.---~ 

1303-A I Two-Signal Audio Generator . .... ........... 1 
PATENT NOTICE. See Note 2, pall" viii. 

BEGET $1550.00 
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OSCILLATORS ~----- Wide-Range 

USES: The wide range and excellent frequency 
and amplitude stability of this oscillator make 
it ,a superior source of power for bridges and 
other measurement networks. It is particularly 
recommended for use with the TYPE 716-C 
Capacitance Bridge and is used in the TYPE 
1610-A Capacitance Measuring Assembly 
(page 24). The entire audio spectrum is cov­
ered, and the upper frequency limit overlaps 
the low end of r-f generators. The oscillator 
can be used on either balanced or grounded 
systems. 

DESCRIPTION: This instrument is an R-C os­
cillator employing an inverse-feedback circuit. 
The frequency-determining net,,'ork is a Wien 
bridge, in \\'hich the capacitive elements are 
controlled by the main frequency dial, and two 
resistive elements are selected by a range 
switch. 

The amplitude of osci llation is held con­
stant by using a second bridge section, one 

TYPE 1302-A 

OSCILLATOR 

arm of which is a non-linear resistance. A 
buffer amplifier is inserted ahead of the output 
level control to minimize reaction on the 
osci llator frequency. 

The output is balanced to ground for 600-
ohm loads and grounded for 300- or 5000-ohm 
loads. Considerable deviations in load from 
these nominal values can be tolerated without 
appreciably increasing the distortion. 

FEATURES: ~ Wide frequency range, 10 to 
100,000 cycles. 
~ Exrellent frequency stability. 
~ Low harmonic distortion. 
~ Semi-logarithmic scale eliminates crowding 
at the lo\y-frequency end and still allo\\'s pre­
cision setting of high frequencies. 
~ Voltage regulation in t he power supply re­
moves effects of line-voltage transients and 
a ll ows the instrument to operate over a wide 
range of supply voltages. 

SPECIFICATIONS 

Frequency Ra nge: 10 to 100,000 cycles in four ranges. 
Frequency Cantral : The main control dia l is engraved 
from 10 to ] 00 eyries over a scale lcngth of approxi­
mately 8~ inches. Four multiplier switches multiply 
the scalc frequencics b.\· j, 10, 100, or 1000. 
Frequency Cal ibratian : ± (lY2 % + 0.2 cycle). 
Frequency Stabi lity : " 'arm-up drift is less than 1 % in the 
first ten minutes, less than 0.2 % during the next hour. 
Output Impedance : Balanced 600 ohms and grounded 
5000 ohms. The internal impedance of the 600-ohm 
output is constant at 550 ohms unless the LOW output 
terminal is grounded. The output impedance is then 
:~OO ohms, gl·ol1l1dcd. In the 5000-ohm output impedanc'e 
position, (fo r 5000-ohm loads) the internal impedance 
of the oscillator averages approximately ~OO ohms. 
Output Valtage : At least 20 volts open circuit on 5000-
ohm output, and 10 volts open circuit on 600-ohm 
output. The output voltage is constant \\"ithin ± 1.0 
db over the entire frequency range. 
Output Pawer: 80 milli\\"atts, maximum, into a 5000-
ohm load; .to milliwatts, maximum into a balanced 600-
ohm load ; 20 milliwatts into a 300-ohm load. 
Wavefarm : Total harmonic content is less than 1 % for 

Type 

a ll output values and at all frequencies, for 5000-ohm 
output; less t han 0.5 % for 600-ohm output. 
A-C Hum : 5000-ohm output, 24 mi ll ivolts, maximum. 
(jOO-ohm output, 12 mi ll ivolts, maximum. 
Terminals: Jack-top binding posts with standard %'­
inch spacing. The separate ground terminal has a strap 
which can be used to ground the LOW output terminal. 
Output is a lso available at a multipoint connector at 
the rear of the instrument. A mating connector is sup­
plied. 
Maunting : Relay-rack panel easily adapted for table 
mounting by the addition of two frames at the ends of 
the panel (see price list below). 
Pawer Supply : 105 to 125 (or 210 to 250) volts, 50 to 
60 cycles. 

Total power consumption is 90 watts. 
Tube Camplement : Two each: 6SL7-GT, 6B4-G. One 
each: 6AK6, 6F6, 6V6-GT, 6J5-GT, 5V4-G, OD3. 
Accessaries Supplied : TYPE ZCAP-5 Power Cord, TYPE 
274-ND Shielded Plug, spare fuses, and multipoint 
connector. 
Dimensians: Panel, (width) 19 x (height) 7 inches; depth 
behind panel, 12 inches. 
Net Weight: 30 pounds. 

Code Word Price 

1302-A 
FRI-412 1 

Oscillator .... .. . . ........... . ........ '1 
Aluminum End Frames .. ........ . .... . . 

FINAL 

ENDFRAMDIG 

$450.00 
13.00 Pair 

PATENT NOTICE. See Notes 1, 2, 9, page "iii. 
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Transistor OSCILLATORS 

TYPE 1307 -A TRANSISTOR OSCILLATOR 

In addition to its primary use as a power 
source for the TYPE 1552-B Sound-Level Cali­
brator, this pocket-size oscillator is most con­
venient for use in continuity checks of audio 
systems, in setting operating levels, in check­
ing sensitivity of oscillographs, in making 
preliminary calibrations of electronic sys­
tems, and as a power source for bridge meas­
urements at 400 and 1000 cycles. 

DESCRIPTION: The osci llator uses a P-N-P 
junction transistor in a Hartley circuit. The 
inductor in the tuned circuit includes a wind­
ing for coupling to t he load, and a rectifier­
type voltmeter is connected across this wind­
ing to indicate output voltage. 

( 

SPECIFICATIONS 

Frequency: 400 and 1000 cycles. 
Frequency Accuracy: ±3 % at 2 volts output into 600-
ohm resistive load. 
Output: Adjustable to a maximum of at least 2 volts 
into a 600-ohm load. 
Distortion: Less than 5% at ~OO c with 2 volts across 
a resistive 600-ohm load. 
Voltmeter: Calibrated in volts, with 3 volts fu ll scale. 
Output Circuit: Output cable terminated in a TYPE 
274-MB Double Plug with no connection to the case. 

Type 

Batteries : Three mercury A batteries (:\1allory RM-l 
or equivalent) are supplied. 
Transistor: One P-N-P junction transistor (RCA TYPE 
2N105 or equivalent). 
Case: Aluminum, black finish. 
Carrying Case: Leather case with a strap is available. 
(TYPE 1555-P 1) 
Dimensions: 6 X 3Ys X 2Y2 inches, over-all, excluding 
output cable. 
Net Weight: 1 pound, 1-+ ounces, with batteries. 

('ode IV ord Price 

1307-A 
1555-Pl 

Transistor Oscillator . ... .. ... ......... ... .. '1 
Leather Carrying Case ... ... ..... . .... ..... . 

OMEGA 
CASER 

$85.00 
10.00 

TYPE 723 VACUUM-TUBE FORKS 

The TYPE 723 Vacuum-Tube Forks are 
compact, highly stable, fixed-frequency electro­
mechanical osci llators"'ith excellent waveform. 
They are used for distortion measurements, 
modulators, power sources for impedance 
bridges and transmission-line measurements, 
and as SOUl' res of timing pulses for oscillo­
grams. An a-c power supply is in cluded that 
may be replaced with batteries, if desired. 

SPECIFICATIONS 

Frequency: 400 or 1000 cycles. 
Frequency Stability: Total \\'arm-up frequency drift 0.15 
to 0.2%, most of which occurs in first half-hour of opera­
t ion. Temperature coefficient of frequenc~r -0.008 % 
per degree Fahrenheit. Voltage coefficient of frequency 
is negligible. Frequency is independent of load. 
Accuracy: ±0.05 % at ambient temperature 25 0 Centi­
grade. 
Output: 45 milliwatts into a matched load. 
Output Impedance : 50, 500, or 5000 ohms. 
Waveform and Hum Level : Total harmonic content is 
less than 0.5%. Power-supply hum is less than 0.1 %. 

Type 

Power Supply: 105 to 125-volt, 40 to 60-cycle li ne. Bat­
teries can be substituted for the power pack for field 
use. For battery operation, one Burgess 4F H ( I Y::rvolt ) 
and owo Burgess Z30NX (45-volt), or equivalent, are 
required. The - ON-OFF switch is arranged to control 
either a-c line or battery current. 
Tube Complement: 1-1A5; 1-0C:3. 
Accessories Supplied: TYPE CAP-35 Power Cord. 
Mounting : Phenolic panel; walnut-finish hardwood cab­
inet. 
Over-all Dimensions: (Length) 10% x (width) 6~ x 
(height) 7% inches. 
Net Weight: 9~ pounds. 

Code Word 

723-C 
723-0 

Vacuum Tube Fork (1000 cycles) ........... '1 
Vacuum Tube Fork (400 cycles) .. .... ....... . 

SOLID 
SULKY 

$185.00 
200.00 
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OSCILLATORS Bridge 

TYPE 1330-A BRIDGE OSCILLATOR 

USES: The Bridge Oscillator is a stable, 
variable-frequency source of power for bridge 
and other measurements at audio and radio 
frequ encies. It su pplies three fixed audio 
frefJuencies and a wide range of rad io fre­
quencies, continuously adj ustable, with power 
output suffi ciently high for most laboratory 
measurements. It covers the frequency range 
of the TYPE 1606-A a nd TYPE 916-AL Radio­
Frequency Bridges alld the TYPE 821-A 
Twin-T. At audio frequencies it can be used 
with the TYPE 716-C Capacitance Bridge, the 
TYPE 667-A Inductance Bridge, and the 
TYPE 561-D Vacuum-Tube Bridge. Its power 
output of a bout one watt is adequate for most 
resonant-circuit measurements. The TYPI~ 
1330-A Bridge Oscillator is an economical, 
general-purpose, laboratory source, of maxi­
mum utility and adaptability, 

DESCRIPTION: Both the C'ircuit and the me­
chanical const ruction of the Bridge Oscillator 
are similar to those used in the TYPE 100l-A 
Standard-Signal Generator (page 94), but a 
higher-power oscillator tube is used, a nd the 

aperiodic output stage has been omitted. 
Tuning capacitor and inductors are ruggedly 
constructed to assure frequency stability, the 
oscillator circuits are doubly shielded to 
minimize stray fields , and a modulating cir­
cuit of unusual design provides excellent 
modulation characteristics over the radio­
frequ ency range. 

Modulation is available at t\\'O audio fre­
quencies a nd at two levels, selected by 
switches. 

Output terminals are TYPE 874 Coaxial 
Connectors, and coaxial cables and adaptors 
are supplied to permit complete shielding 
from the oscillator to the measuring circuit. 

FEATURES: ~ Wide frequency range 
~ Internal modulation available 
~ Good frequency stability with low distor­

tion 
~ Excellent shield ing 
~ One watt output over much of the radio 

frequenC'y range 
~ Rugged and C'ompact C'onf>tl'lJ('tion 

The TYPE 1330-A Bridge Os­
ci ll ator used as a source for 
the TYI'E 821 -A Twin-T Im-

pedance-measuring circuit. 
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Bridge 

View of the oscillator unit re­
moved from the cabinet. The 
servicing cable is shown coi led 
in its storage posi tion. Thi s 
cab le makes possible the 
operation of the r-f section 
wben it is removed from the 
cabinet for complete servicing. 

OSCILLATORS 

SPECIFICATIONS 

Frequency Range: Three fixed audio frequencies (power­
line frequency, 400 r, and 1000 c) and a continuous fre­
quency spectrum from 5 kc to 50 Mc in eigh t direct­
mading ranges as follow s : 5 to 15 kc, 15 to 50 kc, 50 to 
150 ke, 150 to 500 kc, 0.5 to 1.5 Me, 1.5 to 5 Me, 5 to J 5 
Mc, and 15 to 50 Mc. 
Frequency Accuracy: ='=5 % for the 400- and 1000-c~'c l e 
fixed frequencies, ='=2 % for the carrier frequencies above 
150 kilocycles, and ='=3 % for t he carrier frequencies 
below 150 kilocycles under no-load conditions. A 50-ohm 
resistive load may cause a fmq uency shift of as much as 
='= 5% at some of the lower rani er frequencies; above 
150 kilocycles, the frequency shift due to a 50-ohm load 
is usually less than + 1 %. From 5 kilocycles to 15 :\'[c, 
the dial calibration is logarithmic. 
Incremental-Frequency Dial: The slow-motion dial in­
dicates frequency increments of 0.1 % pel' division from 
5 kc to 15 Me. 
Output Voltage and Power: The AUDIO output jar k 
provides a fixed voltage output of approximately 12 
volts open circuit, or a power output of approximately 
%: watt into a matching 50-ohm load; the output at the 
R-F jack is controlled by the R-F control and supplies 
adjustable output for the 5 ke to 50 Mc range; over the 
mid-frequency range, the open circuit output voltage is 
approximately ten volts, and t he output power into a 
50-ohm load (output control at maximum) is approxi­
mately one watt. The output falls off at the upper and 
lower ends of the frequency spectrum. 
Output Impedance: 50 ohms at the AUDIO jack; be­
tween 20 and 80 ohms, depending on frequency, at the 
R-F jack when the 250-ohm output control is at maxi­
mum. 
Modulotion: The R-F range (15 kc to 50 Mc) can be 
interna lly amplitude-modulated at either 400 c or 
1000 c at the two nominal modulation levels of 25 % and 
50 %. There is no provision for external modulation. 
Envelope Distortion: Less than 6% at the 50% modula­
tion level; less than 3% at 25 % modulation. 
R-F Dislortion: With the output terminated in a 50-ohm 
resistive load, a nd theR-F control at its maximum setting, 
r-f distortion is 3.5% over most of the range; at t he 
lower radio frequencies it is 7% . 

Type 

A-F Distortion: 5% at -l00 and 1000 cycles. 
Leakage : Stray fields at 1 Me a re less than 50",v per 
meter at two feet from t he oscillator. 
Controls: A switch for selecting between AUDIO (LIN E, 
.JOO cor JOOO c) ami R-F output (CWOI' MODulated 
- 400 c, or JOOO c); a switch for selecting between 
HIGH and LOW modulation; a voltage divider for con­
trolling the R-F outpu t; a range switch ; a calibrated 
dial and a vel'l1ier dial for setting the radio frequency; 
a pO\\'er switch. 
Accessories Supplied: TYPE 87-l-R22 Coaxia l Cable, 
TYPE 874-Q2 Adaptor, TYPE 874-C58 Cable Connector, 
TYPE 874-PB58 Panel Connector, Typu; 1'0-44 Ad­
justment Tool (mounted on r-f shield cover), TYPE 
CAP-35 PO\\'er Cord, and spare fuses. 
Mounting: Aluminum panel finished in black-crackle 
lacquer. Aluminum cabinet is finished in black wrinkle 
and is provided wit h carrying hand les. Cabinet can be 
removed for relay-rack moun ting. 
Power Supply: 115 (or 230) volts at 40 to 60 cycles. The 
power input is about 30 watts. 
Tube Complement: 1'11'0 6AQ5's a nd one 6X-I-. 
Terminals: TYPE 874 Coaxia l T erminals a re provided 
for both the AUDIO output and the R-F output. 
Dimensions: (Height) 731 x (width) 21 %: x (depth) 11 3i: 
inches, over-all. 
Net Weight: 3731 pounds. 

R.F OSCILLATOR 
tAUDIO 

~-------~ --------
----- =@ RF -----~ 

AUDIO OSCILLATOR 

~ ~ 

Code Word Price 

1330-A 1 Bridge Oscillator •••..••••••••• ••• •• 1 ACORN $560.00 
PATENT NOTICE. See Note 4, page vi ii. 
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OSCILLATORS Audio 

UNIT OSCILLATORS 

GENERAL RADIO'S LOW-COST, HIGH-QUALITY LINE 
These osci llators are efficient, well-shielded sources 

of power, bui lt for maximum uti li ty in t he research 
laboratory, the production test department, 01' t.he col­
lege experimental class. T hey have wide frequency 
ranges with accurate calibration, provision for modula­
lion, and higher-than-average, continuously variable 
output power. T he.v are laboratory-quali ty instruments 
with great adaptabili ty and are oR'ered at economy 
prices that help the laboratory budget. 

1210-8 

1211-8 
r----

Unit oscillators have moderate power requirements 
met easi ly by inexpensive Unit Power Supplies. The 
TYPE 1203-B Unit Power Supply is an efficient supply 
at low cost. T he TYPE 1202-A Unit Vibrator Power 
Supply is in tended primarily for use in the field where 
batteries are the on ly source of pOII'er, although it also 
can be operated from a-c power li nes. T he TYPE 1201-A 
Un it Regulated Power Supply is available for best 
performance through automatic regulation of oscillator 
plate voltage. 

<I: <I: 1215-8 FREQUENCY COVERAGE , , 
v ~ 1208- 8 (\j N - - 1209-8 - 1218-A 1220 

t--
~2 A3,A4.A5 ~ ~ 

0 0 (J 0 0 0 
o 0 0 

0 
0 0 o 0 ::i< ::i< ::i< ::i< ::i< ::i< ::i<~ ::i< 

0 
0 

.>C. o 0 ::i< ~ ::i<~ 0 0 10 0 010 10 
0 0 0 0 ::i<~ 0 0 00 0 0 I'- 0 0 0 ON N 

0 0 0 0 010 10 0 ON 0 I'- N <t <1> Q <1><1> <t 
N <t Q 10 lOW N 10 <1><1> N N ,., ,., <t 10 1010 I'-

20 CYCLES-~~---------------------------------------· 7425 MEGACYCLES 

TYPE 1214-A UNIT OSCILLATOR 

The TYPE 1214-A Unit Osci llator is a com­
pact and inexpensive aud io oscillator wit h two 
fi xed frequencies, 400 a nd 1000 cycles. It is a 
convenient modu lator fo r the high-frequency 
unit oscillators a nd is useful as a power source 
fo r bridge measurements. T he d istor tion is 
low, and t he outpu t level is hi gher t han that of 
most small oscillators. T he un it can be used 
wit h t he output ungrounded. The a-c power 
supply is built into t he instrument. 

SPECIFICATIONS 
Frequency : ~OO and 1000 cycles accurate to ± 2% . 
Output: The power output is over 200 milli watts into a 
load of 8000 ohms with the output control (] O kill at 
maximum. Open-circuit output voltage is about 60 
volts. 
Distortion : Less than 3% into an 8000-ohm load. 
Output Circuit : The output can be isolated from ground 
for using the osci llato r as a modu lator in t he plate ci r­
cui t of a high-frequency oscillator, such as the Genera l 
Radio Unit Osci llators. 
Controls : A toggle switch to select frequency, an output 
control, and a power switch. 
Terminals: The output terminals are jack-top bindin/l: 

Type 

posts with standard %:-inch spacing; a ground terminal 
is provided, adjacent to one of the output terminals. 
Power Supply: Un like most instruments of the Unit line, 
the power supply is buil t in to the instrument; J J 5 volts, 
-l0-60 c.vc les; power consumption is about 16 watts. 
Accessories Supplied : Spare fuses; the power cord is 
integral with t he unit. 
Tube: One 117N7-GT, which is supplied with the instru­
ment. 
Mounting: Aluminum panel and sides finished in black­
crackle lacq uer. Aluminum dust cover fin ished in clear 
lacquer. Relay-rack adaptor panel available. 
Dimensions: (Height) 5%: x (width) 5 x (depth) 6~ 
inches, over-a ll, not includ ing power-line connector corcl. 
Net Weight: -lY2 pounds. 

Code W01'd Price 
1214-A 
480-P4Ul I 

Unit Oscillator (including power supply) .. . 
Relay-Rack PaneL ........ . ........... . . 

ALLAY 

UNIPANARCH 

$75.00 
10.00 

PATENT NOTICE. See Note 2, page viii. 
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R-F --------~ --- OSCILLATORS 

TYPE 1211-8 UNIT OSCILLATOR 
USES: This oscillator is a compact, inexpensive, 
general-purpose, radio-frequency power source 
of excellent frequency stability. It is recom­
mended for use with the TYPES 916-AL and 
1606-A R-F Bridges and the TYPE 160l-A 
VHF Bridge. It can be swept automatically 
with either the TYPES 908-P and 908-R Dial 
Drives or the TYPE 1750-A Sweep Drive 
(pages 200-203), for frequency-response meas­
urements that can be observed on an oscillo­
scope or plotted on a recorder. The TYPE 
1263-A Amplitude Regulating Power Supply 
(page 148) will hold the output amplitude con­
stant over the entire frequency range. 

DESCRIPTION: The 100:1 frequency span of 
0.5 to 50 Mc is achieved in two bands by vary­
ing simultaneously the capacitance and induct­
ance of the Hartley-type tuned circuit. An 
inductance variation of about 4:1 is obtained 
by two sickle-shaped cores carried on the 
tuning capacitor shaft. One core is made of 
powdered magnetic material and is centered 
within the tuned-circuit inductance coil at the 
low frequency end. As the tuning capacitance 
is reduced, this core is withdrawn and replaced 
by the second core made of aluminum. 

The oscillator can be externally amplitude 
modulated by superimposing an audio-fre­
quency voltage on the plate supply. 

The output circuit is inductively coupled to 

the oscillator and includes a variable voltage 
divider. 

FEATURES: ~ Compact unit design. 
~ Two ranges, 0.5 to 5 Mc and 5 to 50 Mc. 
~ Logarithmic calibration of the main fre­
quency dial, with a slow-motion dial calibra­
ted in frequency increments of approximately 
0.2% per division. 
~ Power output of at least 200 milliwatts 
over the entire range, with considerably more 
over the 10\\'er band. 

SPECIFICATIONS 
Frequency Range: 0.5 to 50 YIc in two ranges. 
Frequency Calibration Accuracy: ± 2% at no load. 
Frequency Controls: Two-position range s\\·itch. Six-inch 
slow-motion dial with logarithmic calibration in fre­
quency increments of 0.2% per dial division. 
Output System: Output is available at a coaxia l connector 
at the rear of the instrument. An adjacent ground 
terminal also permits connection by means of a TYPE 
27~-:\1B Double Plug. Output is controlled by a small 
dial, calibrated in arbitrary units. 
Output Power: At least 200 milliwatt~ into a 50-ohm load 
for the high range. Approximately 2 watts for the 0.5-5 
i\Ic range. 
Modulation : Direet amplitude modulation over the 
audio-frpquenc.\' range can be obtained with an external 
audio osci llator that must be capable of carrying the d-e 
plate cmrent of the TYPE l211-B. Modulation voltage 
is introdueE'd at a telephone jack located on the front 
panel. Input imppdance is approximately 8000 ohms ; 
45 volts input produces 25 % modulation with 3% 
distortion. For modulation with negligible fm (above 
20 Mc) use the TYPE 1000-P6 Crystal Diode Modulator 
(page 99). 

Type 

Pawer Supply Requirements: :300 volts at 50 rna dc, 6.0 
volts at 0.75 a, a-c or d-c. The TYPE 1203-B, 1201-A, or 
12U:.l-A Unit .l:'ower Supply (pages 1+.J.--1-16) is recom­
mended. For constant output amplitude, lise the TYPE 
1263-A Amplitude Regulating Power Supply (page 
1-18). 
Tube Complement: One TYPE 5763 Miniature VHF Beam 
Power Amplifier. 
Mounting: The oscillator is mounted on an a luminum 
casting, and is shielded with a spun-aluminum cover. 
The assembly is mounted on ~l,n L-shaped panel and 
chassis, finished in blaek-crackle lacquer. 
Accessories Supplied: TYPE 874-R22 Patch Cord, TYPE 
874-PB58 Panel Connector, TYPE 87-l-Q2 Adaptor, and 
a multipoint connector. 
Accessories Available: Nlodulator, TYPE 1214-A Unit 
Oscillator (page 112); for fm-free modulation, TYPE 
1000-P6 Crystal Diode i\Iodulator (page (9) ; for v-h-f 
measmements, the TYPE 87.J Coaxial Elements (page 
45); for sweep applications, motor drives as listed on 
pages 200 to 203. 
Dimensions: 7 X 8 x 12 inches over-all. 
Net Weight: 1l,J1 pounds. 

Code lV07'd 

1211-8 
1203-8 
480-P5UC1 

Unit Oscillator * (0.5-50 Mc) .............. . A'l'LAS 

ALIVE 

$275.00 
40.00 Unit Power Supply ...................... . 

Relay Rack Panel (mounts both oscillator 
and power supply) ...................... . UNIPANGOLF 15.00 

* PATENT NOTICE. See Note 4, page viii. 
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OSCILLATORS Unit R-C 

TYPE 1210-8 UNIT R-C OSCILLATOR 

TYPE 1210-B Unit R-C Oscillator shown permanently connected to TYPE 1203 Unit Power Supply. 

USES: This compact, inexpensive oscillator, 
"'ith its available accessories, offers outstand­
ing performance per dollar and per cubic inch 
of space. Its general utility and versatility 
cannot be matched by any other oscillator in 
its price class. 

I t can be used as: 
A power source for sine-wave measurements 

at audio, ultrasonic, and low-radio frequencies. 
A source of square ,,"aves for network steady­

state and transient response measurements at 
audio, ultrasonic, and low-radio frequencies. 

A sine-wave or square-wave modulator for 
r-f oscillators and standard-signal generators 
and as a square-wave trigger for pulse gener­
ators. 

A swept oscillator, with the 908-PI Syn­
chronous Dial Drive or the TYPE 907-R X-Y 
Dial Drive and a graphic recorder, for di­
rectly plotted amplitude-frequency character­
istics. 

A swept oscillator ,,"ith the 908-P2 Syn­
chronous Dial Drive and the TYPE I210-PI 
Detector and Discriminator, for displaying 
ttmplitude-frequency characteristics on a cath­
ode-ray oscillograph. 

DESCRIPTION: The frequency of the oscillator 
is determined hy an R-C network. A fast-

responding A-V-C system is used to hold the 
amplitude of oscil lation constant in spite of 
changes in frequency or line voltage. 

The output system of the oscillator provides 
three different outputs: a low-impedance, low­
voltage, sine-wave output from a cathode­
follower-type amplifier; a high-impedance, 
high-voltage, sine-wave output from a cathode­
follower-driven, triode amplifier; and a square­
wave output from a Schmitt circuit. 

When the oscillator is to be permanently 
mounted in the laboratory, it becomes a rack­
mounted instrument in combination with the 
TYPE 480-P4 3 Relay-Rack Panel. 

FEATURES: ~ Very wide frequency range­
audio, supersonic, and radio frequencies. 
~ Sine- and square-wave output 
~ Small size 
~ Inexpensive 
~ Sweepable 
~ Fast responding A VC system 
~ Calibrated output control 
~ Output constant with frequency 
~ High output voltage 
~ Precision frequency-control dial 
~ Compact and rugged 

SPECIFICATIONS 
Frequency Range : 20-500,000 c in 5 ranges : 20-200, 
200-2000, 2000-20,000, 20,000-200,000, and 50,000-
500,000 c. 
Frequency Controls : Range Rcleetion switch and -[-inch 
precision gear-driven dial. Dial has two scales, 2-20 and 
50-500, and is gearcd to a slow-motion knob that covcrs 
each decade in about 4Yz turns. 

Frequency Accuracy: ± 3% 
Output Control: Logarithmic, calibrated 0-50 db. 
Output System: 3-position panel switch for square-wave, 
sine-wave low-impeclanc'e, or sine-wave high-impedance 
output. 
Low-Impedance Output: (for loads of 500 ohms and 
higher) 0-7 v, constant within ± 1 db up to 200 kc; 
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Unit R-C 

internal output impedance 50 ohms; no-load distortion 
less than 1 % from 200 c to 10 kc, less than 1.5 % over 
entire frequency range. Hum is at least 60 db below 
output voltage level. 
High-Impedance Output : (for loads of 10,000 ohms and 
higher) 0-45 v open circuit, within ± 1 db from 200 c to 
200 kc ; distortion less than 5 % from 200 c to 200 kc, 
no load (reduced under load) . Internal output im­
pedance 12,500 ohms. Hum at least 50 db below maxi­
mum output voltage level. 
Square- Wave Output : 0-30 v peak to peak; rise time ap­
proximately 7.1: J.Lsec; overshoot approximately 1% : 
hum at least 60 db below output voltage level; internal 
output impedance 2,500 ohms. 
Output Te rminals : 1'11"0 jack-top TYPE 27-+ binding posts, 
one grounded to panel. 
Tube Complement : One each 6BQ7-A, OB2; two 12A U7's . 
Power Requ irements : 6.3 v ac or dc at 1 amp ; :300 v dc at 
50 mao 
Power Supply Recommended : TYPE 1203-B Unit Power 
Supply for operation from 115 v, 50- 60 cycles. 

Type 

OSCILLATORS 

The TYPE 1201-A Unit Regulated Power Supply will 
provide a slight improvement in frequency stability on 
the highest frequency range. TYPE 1202-A Unit Vibrator 
Power Supply can be operated from either a 6 01' 12 v 
storage battery 01' from 115 v, 50-60 cps power line. A 
matching multipoint connector is supplied for connect­
ing other power supplies. 
Mountings : Black-crackle finish aluminum panel and 
sides; aluminum cover fin isheu ill clear laquer. The 
TYPE 4S0-P4U3 Panel is avai lable for usc with osci llator 
and power s llpply combination . 
Accessories Available : For higher output (3 watts) use 
TYPE 1206-13 Unit Amplifier (page 5) : for oscilloRcope 
display, TYPE 90S-P2 Synchronous Dial Drive (page 
202) and 1210- PI Detector and D iscriminator (see 
below); for graphic recording, TYPE 907-R X- Y Drive 
01' TYPE 90S-PI Synchronous Dial Drive (page 202). 
Dimensions : JOI,~ (width) x 5% (height) x 7 inches 
(depth ) over-all.-
Weight: 6 Y.:i: lb. 

Code Word Price 

1210-8 
1203-8 
480-P4U3 

Unit R-C Oscillator..... . ......... . ....... ABAFl' $165.00 
40.00 Unit Power Supply . . . . . . . . . . . . . . . . . . . . . . . ALIVE 

Relay-rack Panel (for mounting both 1210-8 . 
and 1203-8 in one panel). . . . . . . . . . . . . . . . UNIPANCART 10.85 

PATENT NOTICE. See Note 0, page viii. 

TYPE 1210-Pl DETECTOR AND DISCRIMINATOR 

Used with t he TYPE 121O-B Unit R-C Os­
cillator and the TYPE 908-P2 Synchronous 
Dial Drive, the TYPE 1210-Pl Detector and 
Discriminator wi ll provide the necessary volt­
ages for convenient, cathode-ray oscillograph 
display of the frequency response of a network. 

The instrument provides voltage propor­
tional to frequency for the X -axis of an os­
cilloscope, an adjustable test voltage derived 
from the oscillator, and an output voltage, 
proportional to the amplitude of the output 
voltage of the network under test, for the 
Y-axis of the oscilloscope. 

No additional power supply is required for 
this unit. 

SPECIFICATIONS 
Frequency Range : Approximately linear sweep output 
voltage from 200 c to 500 kc in seven ranges = 200-
600 c, 200-2000 c, 600-6000 c, 2-20 kc, 6-60 kc, 20-200 
kc, and 50-500 kc. . . 
Sweep Output Voltage : 2 v open CIrCUIt pel' freqnency 
decade, with maximum output from TYPE 12 10-13 Umt 
R-C Oscillator. 
Sweep Output Impedance: Depends on dela.\' sctting, 
varies from 700 kll to 3.2!\11l. 
Test Voltage : 10 v, with maximum outpuL from TYPE 
121O-B Unit R-C Oscillator. Souree impedanec about 
6500 ohms for maximum output setting of TesL \' oltage 
Control, lower for output less than maxi l1 ll1lll. 
Detector Impedance : About 200 kll shunted by 20 J.LJ.Lf at 
1 kc' decreasing to 120 kll shunted by 10 J.LJ.LI at 500 kc. 
Crystal Diodes: IN34A (five), IN305 (th ree) 

Type 

Terminals : Jack-top binding posts mounted on %:-in. 
spacing. 
Mounting : Black-crackle-finish aluminum panel and 
sides. Aluminum cover finished in clear lacquer. Provi­
sion macle for attach ing to TYPE 1210-B Unit R-C 
Osci llator by means of 10-32 screw, with wing nut. 
Relay-rack panel TYPE -lSO-P-lUl avai lable for use with 
Detector and D iscriminator. 
Dimensions : 5Ys inches (width) x 574 inches (height) x 
6% inches (depth) over-all. 
Weight: 2Y2 pounds. 

Code Word Price 

1210-Pl 
480-P4Ul 

Detector and Discriminator. . . . . . . . . . . . . . . DUDAD $80.00 
10.00 Relay-rack Panel. . . . . . . . . . . . . . . . . . . . . . . UNIPANARCH 
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OSCILLATORS V-H-F 

V-H-F and U-H-F UNIT OSCILLATORS 
USES: These oscillators are compa('t, low-pri ced uni ts 
that cover wide frequency ranges wi t h single-dia l 
cont rol. Adequate power, coupled wi th good shielding, 
makes these oscillators well sui ted to drive bridges, 
slot ted lines, and other impedance-mrasuring equip­
ment . Their convenient adap tabili ty ma kes t hem 
useful as general-plll'pose instruments for t he labora­
tory, and their small size, simplicity, and loll' cost assure 
their usefuln ess in production applications. 

Outpu t te rminals a re TYPE 87-+ Coaxia l Connectors 
for convenient connection to General Radio measuring 
equipment and t he wide variety of Coaxia l E lements 
described in the section start ing on page 125. Adaptors 
t hat permi t interconnection wi t h other standard coaxia l 
connectors a re described in the coaxia l section (page 
45). 

Adaptabili ty to sweeping techniques is a nother appli­
cation of t hese instruments. They may be swept over 
fixed ranges of dial arc at various speeds by means of 
the drives listed on pages 199 to 20:3. 

Combined with TypE. 87-1- Coaxial E lements, t hese 
oscilla tors can be used as building blocks to assemble a 
wide va riety of systems that would ot hen\'ise require 
more specia lized and expensive equipment . 

CONVERTER 
AND DETECTOR 

TYPE 874- R31 
PATCH CORD \..: 

A Unit Oscillator and a T YPE 874-MR MixCl'-Rccti­
fier Detector can be combined to form a frequency 
converter. The TYPE 1216-A I-F Amplifier can be used 
with this combination to form a sensitive detector for 
VHF and UHF signals. This a rrangement, called the 
TYPE D NT D etector (see page 69), is an excellent null 
detector for t he T YPE 160l-A VHF Bridge or the TYPE 
1602-B UHF Admittance :'dete l'. 

UNIT 
OSCILLATOR 

SIGNAL GENERATOR 
TYPE 814-GA TYPE 874-050 

ADJUSTABLE AT TENUATOR ""STUB 

TYPE 814- \11 
VOt.TMETER 

_INDICATOR 

The combina tion of unit oscilla tor, output volt­
meter, and attenua tor is a signa l genera tor. Below 
300 Mc a TYPE 874-WN Short-Circui t Termina tion is 

used in place of the stub. To provide the proper imped­
ance match for maximum power t ransfer of the uni t 
oscilla tor, a TYPE 87-!-LA Adjustable Line is required. 
In the microvolt region t he shielding of t his a rrange­
ment is not sufficient for accurate measurements. 

MODULATION 

Ampli tude modulation over t he audio range can be 
obtained by superimposing a-f voltage on the plate 
supply. The audio sOlll'ce must be capable of carrying 
the d-c plate current of t he oscillator. The T YPE 12H-A 
Uni t Oscillator is recommended as a modulator. Inci­
denta l fm inherent in t his system is of the order of 
0.0] % for 30% a m in the lower par t of t he tuning ra nge 
a nd increases rapidly at the high-frequency end. 

Wit h t he TY PE 1000-P7 Balanced Modulator (page 
100), t he out pu t of the Uni t Oscillators (above 60 1\1c) 
can be modulated up to 100 % wit h sinusoidal 0 1' pulse 
waveforms, and rise t imes as short as 0.02 microsecond 
can be obtained. 

TV TEST GENERATOR 

A convenient source of television signals over t he 
entire carrier-frequency range of the oscillator is avail­
able wi th another combination. A Unit Oscillator, a 
TYPE 1000-P6 Crystal Diode Mocl ulator and a T YPE 
87±-G20 20-db F ixed Attenuator is t lw required com­
bination. The necessary video modulation can be ob­
tained from the video amplifier in a standard television 
receiver tuned to a local station. Since t he modula tor is 
separated from the oscillator by an attenuator pad, 
ampli t ude modulation free from incidenta l frequency 
modula tion is obtained. 

POWER SUPPLY 

Plate and heater power can be furnished fo r most 
applications by t he TYPE 1203-B Unit Power Supply. 
For applications \I here a well-regulated power supply 
wi th lower hum voltages may be desirable, t he '1 YPE 
120l-A Uni t Regulated Power Supply is available. 

MOUNTING 

The oscillators arc supported by L-shaped brackets 
that take up li ttle bench space. All compo nents a rc 
mounted on a fl at base casting t hat carries t he supply 
line filters on one side, and t he t uned circui t on t he 
other. The t uned circui t is enclosed in a cylindrical 
shield. R elay-rack adaptor panels a re available. 

GENERAL SPECIFICATIONS 

Output System: Short coaxia l line \I'it h coupling loop at 
one end, and a TYPE 87± Coaxial Connector on the 
ot her. The coupling loop call be rotated or moved axia lly 
to obtain less than full power out put if desired. Maxi­
mum power can be delivered to load impedances nor­
mally encoun te red in coaxia l systems. 

Mounting: Oscilla tor is mounted in an aluminum cast­
ing, and is shielded with a spun-aluminum covel'. T~le 
assembly is moun ted on an L-shaped panel and chaSSIS. 

Accessories Supplied: TYPE 874-R22 P atch Cord, T YPE 
874-C58 Cable Connector, TYPE 874-PB58 Panel Con-

nector, T YPE CDMS-18--l Multipoint Connector and 
TYPE CDMP-22 T elephone Plug. 

Accessories Available: T YPE 1000-P6 l\l odulator and 
TYPE 1000-P7 Balanced :'Iodulator (pages 99 and 100); 
TYPE 1214-A Uni t Oscillator (page 112) and T YPE 
121O-B Uni t R-C Oscillator (page 114), as modulating 
SOUl'ces; Uni t P ower Supplies (pages 144 -140), TYPE 874 
Coaxial E lements (page 45); TYPES 908-P, 907-R and 
908-R Dia l Drives and TYPE 1750-A Sweep Drive for 
sweep applications (pages 199-203); T YPE 1263-A Am­
pli tude Regulating Power Supply (page 148) for constant 
ampli tude control (cannot be used with 1208-B ). 
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U-H-F OSCILLATORS 

V-H-F and U-H-F UNIT OSCILLATORS 

Type 121S-B Type 1208-B Type 1209-B Type 1218-A 

(see also Type 1220-A Unit Klystron Oscillator, page 118) 

Oscillator Type No. 

Frequen('y Range 
Tuned Circuit 

Frequency Control 

Frequency Calibration 
Accuraey 
Warm-up Frequenc)' 
Drift 
Output Power Into 50-
Ohm Load at any Fre-
quency 
Modu lation (from 
externa l source) 

Sweep Drive 

Ampli t ude Control 

POII·er Supply Required 

u e T b 

o ver-all Dimensions 
N ' et " 'eight 
C ode \Yord 
P nce 

For Oscillator Only 
For Oscillator and TYPE 
1203-B (or TYPE 
1201-A ) Power Supp l~' 

Code Word 
Price 

I 

, 
I 

I 

Type 1215-8 Type 120B-8 Type 1209-8 Type 121B-A 

50-250 Mc I ti5-500 :\fc 250-920 J\I c HOO-2000 Mc 
---

Semi-Butterfly with Sliding Contact Butterfly, with no Line sections with 
no sliding ('onta('ts ! sliding contacts sl iding contacts 
6-inch TYPE: 908 .J--inch TYPE 90, -I-inch TYPE 907 6-inch TYPE 908 
dial with calibra- dial with calibra- dial with cali bra- dial with calibra-
tion over 140 dc- tion over 270 dp.- tion over 270 de- tion over 200 de-
grees. PreciRion grees. PreciRion grees. Precision grees. Prccision 
drive. elI·ive. drive. drive. 
± 1 % at no load I ±2 % ± 1% ± J % 

--
0.-1 % 0.5 % 0.2 % 0.1 % 

80 m,,· 100 mil' ; 500 mil' at 200 mil' 200 mw 
('enter of range 

AM at audio fre- I AYI at auelio frequencies. 30 % 
quen('ies. 25 % at Input impedance 8,000 ohms. 

at -10 volts. I AM (sine and 
square wave), pulse 
modu lation a nd fre­
quency variation. 

50 volts. Input 
15,000 ohms. I 
With Typ~JS 908-P 1 a nd P2 Synchronous Dial Drive s, TYPE 907-R and 008-R X- Y Dial 

o 20:~ Drives, or TYPE 1750-A Sweep Drive - Pages HJ9 t 
'vVith TYPE 1263-1\ Not Recommended With T YPE 12"6;:;·:3'-A"'--'--'With TYPE 12(n-A 

Supply (see Power Supply (Ree 
8) page H8) 

Power Supply (see Power 
page 1.J-8 ) page 1-1 
:300-volts d-c at 25 :300-volts d-c at -10 :lOO-volt s d-c at -l0 :~OO-volts ~d'-c-n"'-t -;-;:3""0-

6 . :~ volts ma a nd 6.:3 volts, 
-I ampel·e. o.:~ a mpere a-c. 
2-A are recommeneled. See pages 

ma a nd 6.:3 volts ma a nd G.:3 volts rna and 
a-c at 0.:3 ampere. a-e at 0.0 ampere. a-c at O. 
Unit Power Supplies, TYP ic J 20:'l-B, 120 L- A, a nd L20 
144 to 146. 

I J JI1la ure ~Ig OURe - . ISC ett , , I ec IUm-
Twin-Triode Triode I Triode mu Pencil Triode 

--
7x8xOY2" 6>i x 6>i x 8>i" I 7 x {i>i X 9>i" l2Y2 x LO % x 9Y2"-

J2ArM· . I 2C.J-3 I· hth RT 4·3.J-D· S I 

IY2 Ibs. 5Y2 lbs. -- ()>i Ibs. 1-[% lbs. 
ADOPT AMEND 

I 
A~m,s CARRY 

$190.00 I $200.00 $235.00 $.!65.00 

RELAY RACK ADAPTOR PANELS 
-

I I 

TYPE -l80-P7U1 
-I80-P5UC1 -l80-P.J.UCl -I80-P-IUC2 

UXIPAl\'GO LI" UN I PANl.)OCK 

I 
UNIPANFORT UI\'IPANHUMP 

$15.00 i $12.00 $12.00 $15.00 

Patent Notice. See Notes 4 and 10, page viii . 
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OSCILLATORS --~ Klystron 

TYPE 1220-A UNIT 

USES: Thc Un it Klystron Oscillator generates 
frequencies between 2700 and 7400 mega­
cycles. It can generate fixed frequencies or 
swept frequencies and can be amplitude mod­
ulated with either square '\"aves or pu lses, 
with very low incidental fm. 

KLYSTRON OSCILLATOR 
Because of its relatively high output, low 

cost, small size and rugged construction, it is 
equally useful in the laboratory, on the pro­
duction line, and in classroom demonstrations. 
It is an exce llent source for slotted-line meas­
urements of impedance and VSWR, measurc­
ments of bandwidth, and attenuation meas­
urements on cables, lines, and pads. 

DESCRIPTION: This instrument includes an 
adjustable, regulated source of repeller vol t­
age, a Schmitt squaring circuit, a WOO-cycle 
RC oscillator, and a socket for a reAex klystron 
tu be. K lystron cathode current is furnished 
by an external Unit Power Supply. 

Eight plug-in klystrons cover the frequency 
range. The oscillator is listed with each single 
klystron; additional klystrons can be ordered 
as desired. 

K lystron frequency can be adjusted readi ly 
by a screw adj ustment at the rear. 

SPECIFICATIONS 

Frequency Range: Depends on klystron tube used (see 
table below); frequency range of any unit can be 
changed to that of any other by inRerting the appl"O­
priate klystl"On tu be. 

Frequency Calibration : :None. 

Amplitude Madulatian : 
i ntcmal: l-kc square wave, adjustable ± 15 cycles. 
External: 
Square wave: 50 c to 200 kc; sine or square-wave 

modulating signal of at least .l5v rms requ ired -
TYPE 121O-B R-C Oscillator recommended. 

Pulse: 1 to 10,000 p'S duration, less than 0.2 p's rise 
and fall time, 50 c to 200 kc repetition rate; at 
least 20v peak pulse voltage required - TYPE 
12l7-A Unit PulseI' recommended. 

Frequency Modulation: at least 15 Mc excursion ob-

Type 

2700-2960 Mc . 
2950-3275 Mc . 
3400-3960 Mc . 
3840-4460 Mc . 
4240-4910 Mc . 

Klystron Oscillator 
with klystron, for 

tainable with less than 3 db change in output: 
- at 60 c, an rms input of the order of 10v is 
suitable. 

Output Connector: 50-ohm TYPE 874 Coaxial Connector. 
Adaptors to other connector types available. (Sce 
page (2). 
Tube Complement: Klystron, as specified, for TYPl!:s 
1220-Al through A-8; one 6AB4, one 5963, two OA2. 
Accessories Required: Un it Power Supply; TYPE 1201-A 
Unit Regulated Power Supply recommended for high 
stabi li ty and minimum incidental fm (page 145). 
Accessories Recommended : Fixed attenuator pad for 
isolating oscillator fl"Om load (page 57); TYPE 874-VQ 
or -VR for facilitating tuning adjustments (page 49). 
Dimensions: 9Ys X 5%: X 6>i inches, not including plugs, 
knobs, and terminals. 
Net Weight: 6 pounds, with klystron. 

Nominal Output 
in Milliwatts 

100 
90 
90 
75 

Code Word 

1220-A 1 
1220-A2 
1220-A3 
1220-A4 
1220-A5 
1220-A6 
1220-A7 
1220-A8 
1220-A 
1201-A 

5100-5900 Mc ......... . . . . .. . . . . .. . ... . . . •.... 
5925-6450 Mc . 

100 
80 

100 
90 

KA'YUN 
KA'l'OO 
KATRE 
KAFOR 
KAFlN 
KASIX 
KASET 
KALOC 
KANOT 
ASSET 

$254.65 
272.90 
265 .75 
312. 15 
261.45 
301.45 
272. 90 
272 .90 
205.00 

6200-7425 Mc . 
Without Tube ..... . .... .... ....•........ . . .. ... 
Unit Power Supply .. . . .. .. ... .. . ............... . 85 .00 

Type Code Word Price 

726-C Klystron, 2700-2960 Mc ... .. . .......... .. .......... . ..... . .... KLYSTRONAY $49.65 
6043 Klystron, 2950-3275 Mc .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . KLYSTROBEE 67.90 
2K29 Klystron, 3400-3960 Mc . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . KLYSTROSEE 60.75 
2K56 Klystron , 3840-4460 Mc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . KLYSTRODEE 107.15 
2K22 Klystron, 4240-4910 Mc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . KLYSTRONEE 56.45 
6115 Klystron, 5100-5900 Mc .... . .. . . . ............................. KLYSTRONEF 96.45 
QK404 Klystron, 5925-6450 Mc .... . .................................. KLYSTROGEE 67. 90 
5976 Klystron, 6200-7425 Mc ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . KLYSTROJAY 67. 90 

All klystron tubes except the 60-!3 are designed for relatively infrequent tuning. The oscillator will also operate 
with the TYPE 2K25 Klystron (8550-9660 Mc), and TYPE 2K26 (6250-7060 Me). 

Patent Notice. See Note 4, page viii. 
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PULSE AND NOISE GENERATORS 
PULSE AND TIME-DELA Y GENERATORS 
The rapid expansion of the electroni cs in­

dustry in the past fifteen years has been due 
as mu ch to the ri se of nel\' fi elds as to the ex­
pa nsion of the older fi eld of communi cations. 
n ada l' , long-dista nce na vigation systems, elec­
troni c computation, and te levision are new 
a reas in \\'hich high-speed swi tching and t ime 
measurements are fund amental tools. Start ing 
wi t h t he development of the TYPE 869-A 
Pulse Generator for the Radiation La boratory 
at t he Massachusetts Institute of Technology 
in 1942, The General R adi o Compa ny has 
been continuously engaged in development 
work on pulse systems to provide science and 
industry wi th the best in equipment for the 
production of pulse \\'aveforms for general 
la boratory applications. 

Several qua nt it ies are important to t he 
prospect i ve purchaser of a pulse generator. 
The part icular appli cation will, of course, di c­
tate whi ch ones are of para mount importance: 

(1) The rise a nd decay t imes of the pu lse 
(2) The ra nge of t ime duration of the pulse 
(3) The range of pulse repetit ion rates 
(4) The peak pulse power 
(5) The outpu t impedan ce of the generator 
(6) The maximum possible du ty ratio 

(pulse duration divided by pulse repetition 
period .) 

(7) Stabi lity a nd accuracy of these quan­
t it ies. 

In an ideal pulse generator, the pulse \\'ould 
rise and fa ll instantaneously, and t he duration 
could range from zero to infin ity in t im e. There 
shou ld , of course, be no limi t on repetition 
frequency, and thus an ideal du ty-ratio figure 
would be unity. 

Practical pulse genera tors must necessari ly 
fa ll shor t of these ideal criteria . The t ransi­
t ion t imes are generally limited by t he band­
widt h of the switch, mechanical or electronic, 
producing t he pu lse, and by t he output coup­
lin g system conn ecting it to the load. Maxi­
mum repetit ion frequency is limited by the 
recovery t ra nsients of t he pulse timing cir­
cui ts a nd / or t he maximum permissible duty 
ratio. The available pulse power is, in general, 
only limi ted by economic considerations of 
power supply a nd the out put tubes, which 
must ha ndle the average pu lse power. 

Under t hese constraints t hen, it is hardly 
surprising that no one pulse generator can 
adequate ly fill a ll possible applications. It 
is t he in tention of the Genera l Radio Company 
to provide t he industry wi t h a line of pulse 
sources to meet every practical laboratory 
application. 

The TYPE 1217-A '[ni t PulseI' , wi th a large 
adjustment ra nge of repetit ion frequency a nd 
pulse duration a nd a self-contained oscillator, 
is an economi cal pulse sOll1'ce fo r low-power 
appli cations and for systems of up to 5-1\[ c 
bandwidth. It is excellent for such di ve rse 
app l ~cati o n s as a mplifier square-wa \'e testing, 
studIes of the t ra nsient response of net\\'o rks, 
and as a pulse-frequency source for the dri vin g 
of high-power pulse sources. 

The T YPE 1219-A Pu lse Amplifi er call be 
driven by a ny convenient source of pulses to 
produce a n output pulse of current ra nging up 
to 0.6 a mpere. It provides adequate energy to 
drive pu lsed oscillators and wi ll develop up to 
30 volts in a 50-ohm load . Maximum du ty 
ratio is 50% , which makes the uni t useful for 
the producti on of high-energy square wa ves. 
Rise and decay t imes as short as 0.03 mi cro­
second can be produced. Brief t riggers at a 
low impedan ce can be produ ced fo r testing the I 
performance a nd resolution of t rigger circui ts 
a nd delay lines in t he megacycle range. 

The TYPE 1391-A Pulse, Rweep, a nd T ime­
Delay Generator is the latest a nd most versa­
t ile addit ion to our line of pu lse instruments. 
!t is, we believe, the most ve rsatil e pulse 
II1strum ent in a sin gle package available a ny­
\\·here. The rise a nd decay t imes fo r the push­
pull outpu t are both .025 mi crosecond , a nd the 
pulse duration ranges from .05 mi crosecond to 
1.1 seconds. There are no du ty-ratio restri c­
t ions even t hough pulse current of .15 a mpere 
is available to the load. Switched in te rnal 
loads of 50 to 600 ohms are availab le. 

An internal, wide-range, precision t ime-delay 
generato r of hi gh resolu tion and stabili ty pro­
duc~s a delayed t rigger pulse ranging from 
1 microsecond to 1.1 seconds; coincidence cir­
cui t ry is included for easy recalibration a nd 
complex synchroni zation. A wide variety of 
swi tching a nd extc l'Il a l connection possibili ­
t ies make this generator applicable to almost 
any conceivable la borato ry appli cation where 
pulses and t ime delays are desired . 

RANDOM NOISE GENERATOR 

The use of " whi te" noise as a tool in the 
measurement a nd test of electroni c systems is 
another important modern development . The 
concept of wide-band testing, as cont rasted to 
point-by-point measurements, saves valua ble 
engineering t ime and often leads to more signi­
fi cant resul ts. The T YPE 1390-A R andom 
Noise Generato r, descri bed on page 124, is a 
\\'ell-designed source for t hese tests at fre­
quencies between 20 c and 5 M c. 

GENERAL RADIO COMPANY 119 



GENERATORS Pulse and 

TYPE 13 91-A PULSE, SWEEP, AND TIME-DELAY GENERATOR 

USES: The Type 1391-A Pulse, Sweep, a nd Time-Delay 
Generator performs, in dividua lly and in combination, 
a ll the fun ctions described by its t it le and performs t hem 
a ll well ; its excellent performance r('sults from a minimum 
number of compromises in design. Its wide ranges a nd 
complete fl exibili ty of circui t in terconnection make it a 
highly satisfactory pulse generator for laboratories en­
gaged in time-domain measurements and waveform 
synthesis. 

The t ra nsit ion t imes of t he outpu t pulses are com­
patible wi t h most present-day oscilloscopes. The in ter­
na l sweep circui t ma kes it possible to deflect a n inex­
pensive oscilloscope by direct connection to t he defl ect­
ing plates to moni t.or the output pulse. 

Among its muny appli cations a re measurement and 
testin g in the fields of 

Echo ra ngin g 
Radio navigation 
Television 

Computers 
Telemeteri ng 
Physiologica l research 

DESCRIPTION: The Pulse, Sweep, and Time-Delay Gen­
erator consists of t he fo llowing major circui t groups: 
(J) input synchronizing circui ts, (2) delay a nd coinci­
dence circuits, (3) sweep circui ts, a nd (4) pulse-t iming 
and pul:3e-forming circui ts. 

The in put circui ts will accept a lmost an~' input wave­
form and provide a trigger pul se to star t t he operation 

of the sweep a nd delay circuits . These input circui ts 
consist of an input amplifier, Schmi tt trigger circui t, 
pulse-forming stages, and an output cathode fo llower. 

The delay circui t system is started by a t rigger pulse 
genera t.ed by the input circui ts . It consists of a bi-stabl(' 
mult ivibrator controlling a pentode sweep generator. 
The sweep-generator output feeds an a mpli tude selector, 
which resets the bistable circuit when the sweep reaches 
an ampli tude determined by a ten-turn delay potentiom­
eter . '1 he dela.yed trigger pulse so genera ted starts t he 
coincidence circuit. 

The coin cidence system comprises : (J) a monostable 
mul tivibrator producing a pulse adjustable in durat ion 
from :~ to 1000 !,see, (2) a coin cidence amplifier stage, 
(3) t rigger pulse-forming stages, and (4) a n output 
cathode follower to produce t he delayed output t rigger 
pul se. Norma lly the leading edge of the :3- to LOOO-!,sec 
gatc causes t he coincidence amplifier stage to produce 
the delayed trigger pul se. Increasing t he bias on the co­
in eidence stage converts it to a n "and " circui t, which 
requires the t ime coincidence of the 3- to 1000-!'sec gate 
and a n externa lly produced pulse to produce the delayed 
synchronizing pulse. This system permi ts mult iple 
pul sing, delay-circui t calibra tion, and other t ime-selec­
t ion operations. 

The sweep circui t consists of a bistable control cir­
cuit, bootstrap linear sweep generator, a mplifiers a nd 
cathode followers for t he posit ive a nd negative output 
phases, and a push-pull sweep-gate output circui t 
capable of defl ecting a 5-inch oscilloscope. 

The posit ive sweep t imes t he pulse. T wo a mpli t ude 
selectors star t and stop t he pulse-forming circui ts at 
arbit rary sweep voltages. This system permi ts accurate 
pul se t iming based only on sweep lineari ty a nd accuracy. 

The pulse-genera ting circuits consist. of a bistable 
mul tivibrator, push-pull pulse amplifiers, and output 
stage. The output stage produces ISO-millia mpere cur­
rent pulses in to built-in load resistors ra nging from 50 
to 600 ohms. The d-c component is retained in t he out­
put pulse, so t hat pulses of a ny duration can be pro­
duced wi thout ra mp-off effects. 

Utmost fl exibili ty is provided eit her by sll'itching or 
by termina l connections to t he various circui t groups. 
F or example : 

(1) The sweep can be star ted either delayed or by 
the direct trigger. 

(2) The pulse can be t imed by t he sweep circui t, by 
t he delay circui t, or by externa lly generated pul ses. 

(3) The accurately t imed " start" and " stop " pulses 
derived from the sweep can be used to time externa l 
systems. 

The generator is triggered from an external source, 
and its performance is independent of the source wave­
form. Power supply is mounted on a separate pa ncl. 
Both relay-rack and bench models are ava ilable. 

FEATURES: ~ Extremely \\'ide ra nges of pulse duration 
and delay. 
~ Ko duty-ratio restrictions. 
~ Loll' ji fter - high accuracy. 
~ Variable output impedance, 0-600 ohms. 
~ Pulse-forming and delay circui ts stable against hum 

and line transients. 
~ Coin cidence circui try makes possible mult iple pul sing 

a nd t ime selection. 
~ Push-pull pulse, sweep, and sweep-gate circui ts. 

SPECIFICATIONS 
Input Synchronizing Signal: Signals of a lmost any shape ( I ) Sine wave 0.2 volt" rms. 
will t rigger t he input t iming circui ts . Average value (2) Square waves 0.5 volt, peak-to-peak. 
must be approximately 0.2 volt, minimum. (3) Brief posit ive pulse 10 volts, peak-to-peak.-

Typical input signal minimum ampli t udes are: (-l) Brief negative pulse 10 volts, peak-to-peak.-
* Internal screwdriver adjustment permits increasi ng trigger circuit sensitivity for either positive or negative pulses. 
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Sweep 

Direct Synchronizing Pulse : 
Polarity-positive amplitude: 75 volts peak-to-peak. 
Duration: (72 ampli tude) 1 J.Lsec. 
Output Impedance: 600 ohms. 
Repetition Rate: Amplitude constant to 300 kc; down 

20% at 500 kc. 
Time-Delay Circuit : 

Range: 1.0 J.Lsec to 1.1 sec in six ranges. 
Delay Dial Calibration : 1.00 to 11.00 in 1000 divisions. 
Delay Dial Resolution : 1 part in 8800. 
Accuracy: Absolute, ±2% of full scale, or ±3% of 

scale reading + 0.05 J.Lsec, whichever is smaller; incre-
mental delay, ± (1 % + .05 J.Lsec). 

Maximum PRF: -roo kc. 
Duty Ratio Effects: Less than 2% error in delay for 

duty ratios up to 60 %, at the low end of each range, 
and up to 90% at the high end of each range. 

Delayed Synchronizing Pulse Characteristics: Positive, 
60 v, 1.0-J.Lsec half-amplitude duration, 600 ohm cathode­
follower output. 

Stability: 

Low End High End 
of Dial of Dial 

Time Jitter 1 :10,000 1:50,000 
10% Line Change 2:1000 2:10,000 
Sudden 10% Line Transient 3:1000 3:10,000 

Coincidence Circuits: 
Gate Duration : 3 to 1000 J.Lsec. 
Gate Accuracy: ± 15% or ± 1 J.Lsec, whichever is 

larger. .... '11 t ' th ·t· Coincidence dnvmg CIrcUIt WI accep el er POSI Ive 
or negative input pulses. Source impedance ~hould be 
low have rise time less than 0.2 J.Lsec. Amplttudes be­
twe'en 5 and 20 volts are acceptable for negative pulses, 
and between 10 and 100 for positive pulses. 
Sweep Circuit: 

Sweep Duration: 3, 6, 12 J.Lsec with 5-decade multi-
plier. . 

Sweep Linearity : Determmed by the accuracy of 
pulse timing. On longer ranges, where time delay effects 
a re absent, the linearity is better than 1 %. 

Sweep Amplitude: Push-pull, each phase, 135 volts 
='=10 % . 

Sweep Gate Amplitude: Push-pull, each phase 40 
volts ±1O % . Negative and positive sweeps and the 
positive sweep gate are cathode-fo llower output circuits 
with a 1-J.Lf coupl ing capacitor. 

Duty Ratio and Repetition Rate Effects: Maximum 
repetition rate, 3 J.Lsec sweep, 250 kc. 

Range Maximum FTequency for 5% Enor in 
Sweep Slope 

Sweep Time 3 J.Lsec 6 J.Lsec 12 J.Lsec 
x 1 150 kc 100 kc 60 kc 
xlO 16 kc 12 kc 7 kc 
X 10' 1.6 kc 1.2 kc 700 c 
X 103 160 c 120 c 70 c 
X 10" 16 c 12 c 7c 

GENERATORS 

Pulse Generating Circuit: 
Pulse Duration: (Timed by sweep) 0.05 to 2.5, 0.05 

to 5.0 and 0.05 to 10.0 between half amplitude points, 
with decade multipliers to a maximum of 100,000 J.Lsec . 
Pulse length can be extended to 1.1 seconds if pulse is 
timed by delay circuit. . . 

Pulse Duration Accuracy: After sweep caltbratlOn, ='= 
(1 % + 0.05 J.Lsec) whichever is larger. . . 

Pulse Position Accuracy : 0.5 J.Lsec ± 1 % of dIal readmg. 
Pulse Rise Time : Depends on output impedance 

chosen. Into a terminated 50-ohm coaxial line, it can vary 
from 0.025 J.Lsec by ±0.01 J.Lsec. The following are typical 
(0.1 J.Lsec pulse as measured on oscilloscope; rise time of 
vertical amplifier 0.006 J.Lsec): 

Impedance Positive Pulse Negative Pulse 

Rise Decay Rise Decay 
J.Lsec J.Lsec J.Lsec J.Lsec 

T ermin ated Coax 0.03 0.015 0.02 0.03 
50 ohms 
15 J.LJ.Lf Probe 0.0:3 0.025 0.02 0.03 
72 ohms 
95 ohms 0.03 0.025 .025 -----0.03 ---

----0.03 --:025 -----0.03 150 ohms 0.03 
600 ohms 0.05 D.05 o.o:r- 0.05 

Pulse Shape: Overshoots and other defects are less 
than 5% of pulse amplitude when the pulse generator is 
correctly terminated. Pulse ramp-off does not exist, 
owing to direct coupling of output circuits. 

Pulse Duty Ratio : Push-pull circuit with unity duty 
ratio possible. 

Output Impedance : 50, 72, 94, 150, 600 ohms, all 
±10 %. 

Output Pulse Amplitude: 150-ma current source; voltage 
from each phase of push-pull channel, 0.15 Zo ±20%. 

Typical nominal ampli tudes, 50 ohms, 7.5v ; 72 ohms, 
10v; 9,1 ohms, 14v; 150 ohms, 22v; 600 ohms, 90v. 
D-C Component Insertion : Binding posts provided for 
this purpose. DC can be moved ±25 volts for all output 
impedances except 600 ohms. 
Accessories Supplied: Interconnecting cables, TYPE 
CAP-35 Power Cord, 2 TYPE 87-l-C58 Cable Connec­
tors, spare fuses. 
Other Accessories Available: TYPE 1219-A Unit Pulse 
Amplifier (page 123) for higher power output. 
Accessories Required: Trigger source; practically any 
laboratory oscillator of the appropriate frequency 
range is adequate; the TYPE 121O-B Unit R-C Oscillator 
(page 11-1) is recommended. 
Tube Complement : Generator: 

8 - 6485 
5 - 5965 
4-12AX7 
5 - 6AN5 
2- 5963 

2-6A 8 
2-12BY7 
2-NE51 
1- 5687 

1-5894 
1-6AW8 
1-6BQ7A 
1-12BH7 
1-6U8 

Power Supply, 1 - OC3, 1 - 6AK5, 1 - 6AS7. 
Power Supply Input: 105 to 125 (or 210 to 250) volts, 50 
to 60 cycles, 385 watts. 
Dimensions : Generator, 19 (width) x 14 (height) x 1231 
inches (depth) over-all; Power supply, 19 (width) x 
1072 (height) x 1272 inches (depth) over-all. 
Net Weight: Generator, 30 pounds; power supply, 62 
pounds. 

Price Type 
---=-1 -:::-39~1-AM Cabinet Model (incl. Power Supply) ....... . 

Code Word 
EDIFY 
EBONY 

$1745.00 
1745.00 1391-AR Relay-Rack Model (incl. Power Supply) .•• 

PATENT NOTICE. See Notes 2 and 4, page viii . 
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GENERATORS Pulse 

TYPE 1217-A UNIT PULSER 
USES: The Unit Pulser is a compact, versatile 
and inexpensive source of pulse waveforms 
for the laboratory. The pulser is useful in 
transient studies on passive networks, square­
wave testing of amplifier systems, and as a 
source of pulse-modulation voltage for R-F 
signal generators and oscillators. 

An internal oscillator makes the unit inde­
pendent of external synchronizing signals for 
most applications. The Unit Pulser can also 
be used as a simple time-delay generator over 
its range of available pulse durations. One 
pulseI' may be used to delay the trigger pulse 
for a second unit. 

DESCRIPTION: Four basic circui ts, a blocking 
oscillator, a monostable multivibrator, a lim­
iter, and a cathode-foll ower, phase-splitter 
output stage, are employed in the Unit Pulser. 

The blocking oscillator provides the internal 
repetition frequencies, and its voltage is used 

to speed up the leading edge of the pulse. The 
multivibrator produces the adjustable-dura­
tion pulse. The limiter is used to remove im­
perfections in the pulse and to prevent am­
plitude variations with repetition rate and 
duration. The cathode-follower phase-splitter 
output system, provides either positive or 
negative output pulses. 

FEATURES: ~ Wide range of pulse durations 
and repetition rates. 
~ Fast rise t ime - 0.05 ,usec. 
~ Repetition rate can be set by external 
source, if desired. 
~ Pulse amplitude adequate for direct oscillo­
scope deflection. 
~ Pulse duration settings stable and accurate. 
~ Internal time delay of 1/ 10 fJ. sec permits 
leading edge of pulse to be visible on most 
oscilloscopes. 

SPECIFICATIONS 
Pulse Repetition Rates: 30 c, 60 c, both synchronized to 
power line; 100 c to 100 kc in ]-2-5 steps, ±]5% or 
20 c whichever is greater; 15 c to 100 kc continuous 
with external sOllrce. 
Pulse Duration: Continuous coveragc in four ranges 0.2 
to 60,000 Ii sec. Accuracy ± 15% or 0.2 lisee, whichever 
is greater. 
Pulse Shape: Rise time 0.05 lisee, Fall time 0.15 lisec 
with output terminals shunted by ]5 lilif and 1 Mn. 
The overshoot may be set to be less than 5% of one-half 
the maximum ampli tude, and t he top of the pulse is 
flat to within 5% of maximum amplitude of all dura­
tions. 
Minimum External Drive Voltage: 26 volts or less, rms, for 
continuous locking from 15 c to 85 kc; 40 v, up to 100 
kc ; a lO-volt pulse will lock continuously from 0 to 25 
kc. TYPE 121O-B Unit R-C Oscillator is recommended. 

Type 

Output Impedance : 200 ohms for positive pulses, 1500 
ohms for negative pulses. 
Open Circuit Output Voltages: 20 volts for pu lses of either 
polarity; negative pulse of 50 volts when posit ive 
output terminal is grounded. 
Stability : No time jitter is visible where a full period is 
displayed on an oscilloscope. 
Tube Complement: 6AK5, 6AN5, 6AL5, 6485 and two 
12AT7. 
Accessories Supplies: One multipoint connector, 10:1 
200 n attenuator. 
Power Supply: 300 volts, 55ma; 6.3 volts, 2a. TYPE 
1203-B Unit Power Supply is recommended . 
Dimensions : (Width) 10% x (height) 5% x (depth) 63-{ 
inches over-all, not including power-line con nector cord. 
Net Weight : 53-{ pounds. 

Code Word 
1217-A 
1217-AS1 
1203-8 

Unit Pulser* ........................... '1 
Unit Pulser* (50 cycles) ................ . 
Unit Power Supply ..................... . 

AMASS 

AMASSPASHA 

ALIVE 

$235.00 
250.00 
40.00 

* PA TENT NOTICE. See Notes 2 and 8, page viii. 
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Pulse Amplifier ----~ GENERATORS 

TYPE 1219-A 
PULSE AMPLIFIER 

Used with any pulse source, this amplifier 
produces pulses with many different charac­
teristics of duration, duty ratio, and imped­
ance level at higher power levels. The am­
plifier may be driven by either positive or 
negative input pulses and produces output 

pulses of either polarity. The combination of 
Unit Pulser and Unit Pulse Amplifier con­
stitutes a high power output pulse generator 
of very moderate cost and small size. The Pulse 
Amplifier is equally useful with TYPE 1391-A 
Pulse, Sweep, and Time-Delay Generator. 

SPECIFICATIONS 
Output Pu lse: Open circuit voltage is between 10 and 
2.')0 volts, and is the product of impedance and available 
current listed below: 
(1) Impedance: 

a . Positive Pulse: 50, 75, 100, 150 ohms all ±1O%. 
b. egative Pulse: 50, 75, 100, 150, 200, 250, 

300 ohms, all ± 10% ; 570 ohms ±20% designed to 
permit maximum output voltage. 

(2) Output Current in mi lliamperes: 

Duty Positive Pulse Negative Pulse 
Ratio DRSwO.2 DRSwO.5 DRSwO.2 DRSwO.5 ---
0.05 620 ± 10% 350 ± 15% 575 ± 10% 330 ± 15 % 
0.2 560 ± 10% 300 ± 15% 475 ± 10% 275 ± 15% 
0.5 250 ± 15% 22.'} ± 15% 

(3) Rise and Decay Times : See table below. 
(4) Pu lse Shape: Less than 5% overshoot. 
(5 ) Noise: Hum less than 1 % of amplitude. 

(6) Maximum duration to 10% droop: The droop is 
approximately linear with increasing pulse duration. 

Positive Negative 
Input Output Output 

Negative 30 v 2000 J..! sec. 4000 J..! sec. 
Negative 55 b 10,000 4000 
Positive 10 v ]0,000 6000 

(7) Maximum Repetition Rate: Limited only by duty 
ratio. 
Input Impedance : Positive input, 50 kilohms shunted by 
30 J..!J..!f ; negative input, 5 kilohms and 30 J..!J..! f. 
Tube Complement : One 6J6, one 12AU7, two 5763. 
Accessories Supplied : One TYPE 874-C58 Cable Connec­
tor ; spare fuses. 
Power Supply : 105-125 volts, (or 210 to 250) 50-60 
cycles. 75 watts. 
Dimensions: (Width) 1O Y2 x (height) 5% x (depth) 6~ 
inches over-all. Weight : 8Y2 lbs. , net. 

Output Characte1istic 
Input Pulse 

Duty Ratio Sw 0.2 Duty Ratio Sw 0.5 I Rise and Output Switch 
Polarity Amplitude Decay Time Rise Time Decay Time Rise Time Decay Time Setting 

50 mJ..! ser. 30 mJ..! ser.. 40 mJ..! sec,. 20 mJ..! ser. Negative, 50 fl 
Negative 30 v 2 mJ..! sec. 50 50 60 50 Negative, 50 fl 

100 ]00 30 90 Negative, 570 fl Negative 30 v 50 mJ..! sec. 80 80 60 70 Positive, 50 fl 
60 90 40 80 egative, 50 fl 

Negative 50 v 1217-A 100 120 90 110 Negative, 570 fl 
Pulser 90 120 70 ]00 Posit ive, 50 fl 

180 160 120 130 Posi tive, ] 50 fl 

Positive 2.5 v 1217-A 60 240 40 160 Negative, 50 fl 

Pulser lJO 240 80 160 Negative, 570 fl 

(Minimum necessary drive) 90 180 90 120 Posit ive, 50 fl 
180 240 130 160 Positive, 150 fl 

Positive 
I 

25 v I 1217-A 
50 80 40 60 Negative, 50 fl 

Pulser 90 110 100 100 Negative, 570 fl 
90 110 60 80 Posi tive, 50 fl (Pulse stretching 0.3J..! sec.) 180 150 110 100 Posi tive, 150 fl 

Type Code W01'd Price 
1219-A Unit Pulse Amplifier .......... . ... . .. . ... 1 ACRID 200.00 

PATENT NOTI CE. See Note 4, page viii. 
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GENERATORS --~ Noise 

TYPE 1390-A RANDOM-NOISE GENERATOR 

USES : This generator produces wide-band 
noise of uniform spectrum level for loud­
speaker and microphone tests, filter tests, 
crosstalk measurements, noise-figure measure­
ments, room acoustic measurements, psycho­
acoustic tests, and modulating signal gener­
ators and test oscillators. A pair of these gen­
erators can be used as sources for illustrating 
various degrees of correlation, the fluctuations 
of random sampling, and other statistical 
illustrations. 

DESCRIPTION: A gas-discharge tube is used as 
a noise source in this generator. A magnetic 
field is applied to the tube to eliminate the 
osci llations usually associated with a gas dis­
charge. The noise output is amplified in a 
two-stage amplifier. Between the byo stages 
of the amplifier, fi lters controlled by the range 
switch on the front panel of the instrument 

shape the noise spectrum three different ways. 
The 20-kc setting puts in a low-pass filter that 
has a gradual ro ll-off above 30 kc, with the 
aud io range to 20 kc uniform in spectrum level. 
The 500-kc setting puts in a low-pass filter 
that rolls off above 500 kc. The 5-Mc setting 
puts in a peaking network that compensates 
for the drop in noise output from the gas tube 
at high frequencies, so that a reasonably good 
spectrum is obtained to 5 Mc. 

FEATURES: ~ Wide range of frequencies cov­
ered 
~ High over-all output level 
~ Output meter provided 
~ Uniform spectrum level over the audio range 
~ Wide range of output levels available using 
the 1390-Pl Voltage Divider as an output con­
trol (see next page) 

SPECIFICATIONS 

Frequency Range: (a ) Range switch at 20 kc: uniform 
spectrum level from 30 c to 20 kc within ± 1 db. 

(b) Range switch at 500 kc: Uniform 
spectrum level from 30 c to 500 kc within ± 3 db 

(c) Range switch at 5 Mc: uniform 
spectrum level from 30 c to 500 kc within ± 3 db and 
from 500 kc to 5 Mc within ± 8 db. 
Output Voltag e: Maximum open-circuit output voltage 
on anyone of three bands is 1 volt rms. Average spec-

trum level for one-cycle band with 1 volt output is: 
20-kc band, 6 millivolts; 500-kc band, 1 millivolt, 5-Mc 
band, 0.5 millivolt. 
Output Impedance: Source impedance for maximum 
output is 900 ohms. The output is taken from a 2000-
ohm potentiometer. One output terminal is grounded. 
Waveform : A very good normal, or Gaussian, distribu­
tion of amplitudes for limited ranges of the frequency 
spectrum is provided by the gas-tube noise source. The 
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Noise GENERATORS 

8 + 

Elementary schematic circuit diagram of the TYPE 1390-A Random-Noise Generator. 

amplitude limitations of a vacuum-tube amplifier 
modify this distribution slightly for the 20-kc range. 
Clipping occurs on the 500-kc and 5-Mc ranges. 

Voltmeter: A rectifier-type, average meter is used for 
measuring the output voltage. It is calibrated to read 
the r-m-s value of the noise at the output terminals. 

Controls: Frequenc.v range switch, power switch, output 
potentiometer, and a 10:1 level attenuato!'. 

Terminals : Jack- top binding posts with standard ~-inch 
spacing. The lower terminal is grounded to the panel. 

Accessories Supplied : TYPE CAP-35 Power Cord and 
spare fuses. 
Accessories Recomm e nded : TYPE 1390-P1 Voltage 
Divider (see below). 
Mount ing : Metal cabinet. 

Type 

Powe r Supply : 105 to 125 (or 210 to 250) volts, 50 to 60 
cycles. Total power consumption is 50 watts. 
Tube Compleme nt: One 6D4, one 3-4 amperite, two 
6AQ5's. 
Dimensions: (Width) 12 X (height) 7Y2 x (depth) 9?i 
inches, over-all. 
Net We ight : 15 pounds. 

+5 
5M<: 

~ RANGE" 

\ \ ~ 
\ .... 20kc 'i '500kc \ 

RANGE RANGE 

'" i.J 0 .. 
~ -5 

-10 
lODe Ike IOke IOOke IMe lOMe 

FREQUENCY 

Typical Spectrum Level Characteristics for TYPE 1390-A 
Random-Noise Generator. 

Code W01'd Price 
1390-A I Random-Noise Generator . . . . . ...... . .... I BUGLE $240.00 

TYPE 1390-Pl VOLTAGE DIVIDER 

The TYPE 1390-P1 Voltage Divider extends 
the readable range of the output voltmeter­
potentiometer combination of the TYPE 1390-
A Random Noise Generator down to 20 
microvolts. The voltage divider consists of a 
ladder-type resistive network, mounted in a 
metal container, which is connected to the 
generator output by means of a shielded plug 
and cable. Multiplying factors of 0.1, 0.01, 
0.001 and 0.0001 can be selected. 

Measurements on high-gain, wideband sys­
tems are possible because the frequency 
characteristic of the divider is flat within 10% 
for all settings at frequencies up to 5 mega­
cycles. 

SPECIFICATIONS 

Accuracy: ± 3% at low-frequencies 
Impedance : input 2000 ohms, output 200 ohms. 

Dimensions :(Height) 4Y2 x (diameter) 4Y2 inches. 
Net Weight : 1,72 pounds 

Type Code Word Price 

1390-Pl Voltage Divider . ......... . ....... . . . .. .. I OT'!'ER $55.00 
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METERS 
In the following section of the catalog are 

described general-purpose meters of several 
types and one specialized instrument, the 
TYPE 1501-A Light Meter. The general­
purpose meters include vacuum-tube volt­
meters for the measurement of alternating 
voltages over very wide ranges of frequency, 
and direct voltage of either polarity where 
negligible current can be taken from the 
source; oxide-rectifier meters for measuring 
input voltage and output power, principally 
in the audio range; and megohmmeters for 
the measurement of high resistances ranging 
to two million megohms. 

The Light Meter integrates light intensity 
with respect to time, providing an exposure 
index for color photography with electronic 
speed lights. 

A d-c amplifier and electrometer, described 
in the AMPLIFIER section, can be used 
as an electrometer voltmeter to measure 
millivolts, micro-microamperes, and mega­
megohms. 

Meters of all these types represent pioneer 
work of the General Radio Company. The 
first instrument combining a diode peak rec­
tifier with a degeneratively stabilized d-c 
amplifier to indicate the rectified voltage was 
introduced in 1937. Advantages of this ar­
rangement are wide frequency range, high 
inherent stability, a convenient circuit for 
obtaining a multi-range meter, and a calibra­
tion substantially independent of tube char­
acteristics. Voltmeters of this type are now 
used in every conceivable type of application. 
This type of circuit is the basis of both the 
highly-precise, wide-frequency-range TYPE 
1800-B Vacuum-Tube Voltmeter, and the 
economical TYPE 1803-B Vacuum-Tube Volt­
meter for measurements over a somewhat 
narrower frequency range. The excellent char­
acteristics of these meters and other GR 
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meters are compared on these two pages. 
The first megohmmeter was introduced in 

1936 and applied the degenerative vacuum­
tube d-c meter to the conventional ohmmeter 
circuit. In this application the degenerative 
circuit not only gives stability and linearity, 
but permits a large voltage swing to take 
place in the grid circuit of the tube and 
greatly increases the effective input resistance 
resulting from grid current. The TYPE 1862-B 
Megohmmeter, using this circuit, measures 
insulation resistance with test potentials of 
either 500 volts or 50 volts applied to the 
sample. 

General Radio Company also pioneered in 
the application of oxide-rectifier meters to 
communication problems. The first constant­
resistance output-power meter of this kind 
was introduced in 1929 and was followed by 
the TYPE 583-A Output Power Meter which 
combines the oxide-rectifier meter with a re­
sistive load and a tapped transformer, provid­
ing a sensitive audio-frequency power meter 
for load resistances varying over a range of 
8000 to 1. A larger model, the TYPE 783-A, 
measures power up to 100 watts. 

VOLTMETER CHARACTERISTICS 

An important group of meters comprises 
the a-c voltmeters intended for use up through 
the radio-frequency range. These are the 
TYPES 1800-B and 1803-B line-operated 
Vacuum-Tube Voltmeters. In addition there 
is the combination of the TYPE 874-VR Volt­
meter Rectifier and the TYPE 874-VI Volt­
meter Indicator described in the Coaxial 
Elements section of the catalog. It is useful to 
compare these instruments in regard to upper 
frequency limit, input impedance, sensitivity 
and voltage range, and the response to differ­
ent types of waveforms. 

---M '9~IIJj>t.7 

FIGURE 1. Curves of input 
parallel resistance of differ ­
ent Genera l Radio voltmeters. 
The frequency at which the 
combined effects of transit 
t ime and resonance in the 
input circuit introduce a 
one-db error is given at the 
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Introduction 

Figure 1 gives the frequency at which the 
combined effects of transit time and reso­
nance in the diode input circuit introduces an 
error of one db and shows curves for the 
corresponding reduction in the input resist­
ance. At low voltages, transit-time effects 
tend to cancel the effect of approaching reso­
nance, while at higher voltages only the 
resonance effect is significant. On its lowe8t 
(0.5 volt) range, the TYPE 1800-B reaches a 
frequency of 600 megacycles before the error 
becomes one db. All the meters are useful for 
comparison measurements well beyond the 
frequency limits given in the plot, or for 
voltage measurements if a calibration is made. 

In the General Radio Standardizing Lab­
oratory, each voltmeter is calibrated by 
means of a highly precise potentiometer 
against a standard cell certified by the N a­
tional Bureau of Standards. Precise a-c cali­
bration voltages are obtained by comparison 
with the d-c standard cell. Meters are indi­
vidually aged and are checked for accuracy 
and drift over a sufficiently long period of 
time to assure that they will remain well 
within specified accuracy. 

Figure 2 gives comparative data on voltage 
range and sensitivity. It will be seen that the 
TYPE 1800-B and the TYPE 1803-B measure 
from 0.1 to 150 volts directly. 10 : 1 ratio mul­
tipliers, TYPE 1800-P3 for low frequencies 
and TYPE 1800-P2 for high frequencies are 
available for the TYPE 1800-B Voltmeter, and 
a built-in mu ltiplier is furnished on the TYPE 
1803-B. These multipliers extend the range 

METERS 

1-8~J~.VI --i 

TYPE 1803·8 

I 
~ rPE 1800·8 WITH MULT. 

.01 .1 10 100 1000 
VOLTS 

FIGURE 2. Voltage ranges of the different voltmeters. 

of the instrument to 1500 vol ts. For d·c meas­
urements, the TYPE 1803-B reads up to 500 
volts directly. The TYPE 874-VR, VI combi­
nation described on page 49 is intended for 
voltage measurements in the v-h-f and u-h-f 
range. It covers 0.1 to 2 volts in a single range. 

All the voltmeters which have been com­
pared are essentially peak reading instru­
ments, except that the vacuum-tube volt­
meters on the more sensitive ranges approach 
a square-law characteristic. Although a peak­
reading instrument is less useful than some 
other types for measuring the value of the 
fundamental component of a complex wavc­
form in the presence of harmonics, the high 
stability of the peak instrument and its in­
dependence of the tube characteristics make it 
preferable for a large proportion of communi­
cation measurements. Except on very sharply 
peaked waveforms, the lowest range of the 
TYPE 1800-A Vacuum-Tube Voltmcter can be 
used with an external multip lier to read the 
l'-m-s value of complex waveforms. 

CLASSIFICATION OF METERS 

Type Name Q uanlily 111 easw'ed 

1800-B Vacuum-Tube Voltmeter Volts, A-C or D-C 
1803-B Vacuum-Tube Voltmeter A-C Volts 

D-C Volts 
874- VR Crystal Voltmeter A-C Volts 
874- VI 
1862- B Megohmmeter Megohms 
S83- A Output Power Meter Power 

Impedance 
783-A Output Power Meter Power 

Impedance 
S46-C Microvolter Voltage 
lS01-A Light Meter Light 

1230-A Electrometer Volts 
Current 

Resistance 

* Multipliers are available to extend range to 1500 volts. 
t With built-in multiplier. 

Range 

0.1-150' 
0.1-1500t 
0.2 to 500 
0.1-2 

0.5-2,000,000 
0.1 mw-5 w 
2.5-20,000 f! 
0.2 mw-lOO w 

2.5-20,000 Q 

0.5 }Lv-1 v 
50-12,800 
lumen-seconds 
per square foot 
0.5- 10v 
5 x 10-15 -10-3a 
3 x 10s-5x 101' f! 

Nominal 
Accuracy 

±2 % 
±3 % 
±:3 % 
±3 % 

±3 % 
±0.1i db 
±7 % 
±0.25 db 
±2% 
±a% 

2%-4% 
3%-10 % 
3%-8% 

GENERAL RADIO COMPANY 

See 
Power Supply Page 

A-C Line 128 
--

A-C Line 130 

--
A-C Line for 49 
Calibration - -
A-C Line 132 --

None 133 

--
None 134 

- -
Audio Oscillator 135 

Batteries 136 

A-C Line 2 
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METERS ----~ Vacuum-Tube 

TYPE 1800-8 

VACUUM-TUBE VOLTMETER 

The General Radio TYPE 1800 Vacuum­
Tube Voltmeter has gained widespread ac­
ceptance in the electronics industry as the 
most accurate peak-responding meter avail­
able. 

It combines the accuracy of a laboratory 
instrument with the necessary durability for 
everyday laboratory and production line use. 
It measures alternating voltage at frequencies 
up to several hundred megacycles, as well as 
d-c voltages of either polarity. 

Competent circuit design, the best avail­
able components, and a mechanical design that 
emphasizes convenience in use combine to 
produce the features listed below. 

DESCRIPTION: The high-frequency probe con­
tains an acorn-type diode rectifier connected 
by very short leads to the input capacitor, 
which is a small, button-type unit mounted 
on a low-loss insulating disc. Except for the 
small area of this insulation at the front, the 
probe is completely shielded. A metal cap 
screws onto the end of the probe and is used 
to attach various fittings and terminations to 

I-ti ~ LOW . 

G • .. 

the probe input. The cable, which also sup­
plies heater power to the diode in the probe, 
carries the rectified voltage to a d-c amplifier 
and indicating meter in t he cabinet of the 
instrument. 

The d-c amplifier consists of a balanced 
twin triode operating in a highly degenerative 
circuit. The rectified alternating voltage is 
applied directly to the control grid of one 
triode, and a diode, which serves on ly to 
balance the effect of the initial-velocity cur­
rent in the rectifying diode, is connected to 
the control grid of the second triode. The ind i­
cating meter is connected in series with preci­
sion resistors between the cathodes of the 
amplifying twin triodes. The change from one 
voltage range to another is made by changing 
the value of this series resistance. 

FEATURES : ~ High accuracy, ±2% 
~ Wide frequency range; full range is covered 
without disassembly of probe and without 
addition of external capacitor. 
~ Excellent low-frequency response. 
~ Probe is shielded against strong r-f fields. 

E lementary scbematic cir· 
cui t diagram for the TYPE 
18 00 · £ Vac uu m · T u be 

Voltmeter. 

128 GENERAL RADIO COMPANY 



Voltmeter 

~ Probe cap can be bolted to ground plane to 
eliminate high-frequency errors resulting from 
inductance in ground connection. 
~ Single zero adj ustment serves for all ranges; 
resetting from range to range is unnecessary. 
~ Coaxial fitting and 50-ohm coaxial resistor 
are supplied for use on probe. 
~ Calibration is stable and is substantially 
independent of tube characteristics. 
~ R egulated power supply eliminates flu ctua­
tion in meter indi cation and zero setting over 
wide range of line voltages. 
~ High input impedance. 
~ I lluminated mirror-type scale can be read 
under any ambient light conditions. 
~ Handle detents into position at right angles 
to panel to support panel at angle for easy 
reading. 
~ Polarity switch is provided for d-c measure­
ments. 

METERS 
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P lot of componen ts of input impedance as a fn nction of 
freq uency. 

~ Wire-wound resistors are used in all posi­
t ions that influence calibration stabi lity. 
~ Only three controls to handle all functions. 
~ Fuses accessible from panel. 

SPECIFICATIONS 
Voltage Range: 0.1 to 150 volts, ac, in six ranges (0.5, 
1.5, 5, 15, 50, a nd 150 volts, full scale); 0.01 to 150 
volts, dc, in six ranges (0.5, 1.5, 5, 15, 50, and 150 volts, 
full scale). 
Multipliers: Multipliers are available for increasing the 
range to 1500 volts. See page 131. 
Accuracy: DC, ='=2 % of full scale: AC, ='=2 % of full 
scale for sinusoidal voltages, subject to frequency correc­
t ion (see curve). Because of the change in resistance of 
the meter movement, the sensitivity of the lowest two 
ranges changes slightly with temperature and upon 
warming up of the instrument. The total warm-up 
decrease in sensitivity is about 1 % of the indicated 
value on the 1.5-volt range and 3 to 4% of the indicated 
value on the 0.5-volt range. About one-half of this drift 
occurs in the first hour. The calibration is set to be 
correct after complete warm-up. 
Waveform Error: On the higher a-c voltage ranges, the 
instrument operates as a peak voltmeter, calibrated to 
read r-m-s values of a sine wave, or 0.707 of the peak 
value of a complex wave. On distorted waveforms the 
percentage deviation of the reading from the r-m-s 
value may be as large as the percentage of harmonics 
present. On the lowest range the instrument approaches 
r-m-s operation. 
Frequency Error: At high frequcncies, resonance in the 
input circuit and transit-time effects in t he diode recti­
fier introduce errors in t he meter reading. The resonance 
effect causes the meter to read high and is independent 

P lot of frequency range for one-db error on the various 
voltage ranges; error is ca used by transit time and 
resonance effects combined; data taken with complete 

probe, cap on, but banana plug removed. 

lIAr I I I I II. 
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FREOUENCY 

Type 

of the applied voltage. The transit-time error is a func­
tion of the applied vol tage and causes the meter to read 
low. The accompanying curvcs show the freq uency range 
for I-db resultant error. It will be no ted t hat at low 
voltages t he transit-time and resonance effects tend to 
cancel, while at higher voltages the error is almost en­
tirely due to resonance. The resonant frequency with 
cap on but plug removed is about 1050 :\lc. Correction 
curves are supplied. 

At the ind icated frequency of 15 cycles, the meter 
indication begins to fiuctuate as it tends to follow t he 
voltage change \\'ithin each cycle. 
Input Impedance : At low freq uencies the eq uivalent 
parallel resistance of the a-c input circuit is 25 megohms. 
At higher freq uencies t his resistance is rcdueed by losses 
in the shun t capacitance. The equivalent parallel capaci­
tance at radio frequencies is :3 .1 }L}Lf with the probe cap 
and plug removed. At audio frequencies this capacita nce 
increases sligh tly . Thc probe cap and plug add approxi­
mate l~' 1.2 }L}Lt". The plot above gives the variation of 
Rp wi t h frequcncy. 

On the d-c ranges two values of input resistance are 
provided, 10 megohms and open grid . 
Powe r Supply : 105 to 125 or (210 to 250 ) volts, ac, 50 to 
60 cycles. The instrument in corporates a voltage regu­
lator to compensate for supply variations over this 
voltage range. The power input is less than 25 watts. 
Tube Compleme nt : 

2- 9005 1- 6SL7-GT 
1- 6SU7-GTY 1- 6AT6 
1-6C~ 1- 6X5-GT 
1- 3-4 2- 991 

Accessories Supplied : TYPE CAP-35 Power Cord, spare 
fuses, TYPE 274 and TYPE 874 terminations, a nd 50-ohm 
coaxial terminating resistor for probe. 
Mounting : Black-crackle-finish a luminum panel 
mounted in a shielded walnut cabinet. The cable a nd 
probe are stored in t he cabinet. The carry ing handle 
can be set as a convenient support for t he instrument 
when placed on a bench wit h the panel tilted back. 
Dime nsions: (Width) 7% x (depth ) 772 x (height) llYs 
inches, over-a ll. Net Weight : 13% pounds. 

Code Word Price 

1800-B Vacuum-Tube Voltmeter ••••••••• • • • •••• • •••••••••• • 1 DUCAT 1 $415.00 
PATENT NOTICE. See Notes 2 and 4. page viii. 
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METERS Voltmeter 

TYPE 1803-8 VACUUM-TUBE VOLTMETER 

USES: This instrument is an accurate, high­
quality, low-priced voltmeter designed to meet 
a majority of the requirements of voltage 
measurement in the laboratory, test shop, and 
the production line. Its 1500-volt a-c range 
covers power, audio, and low ultrasonic fre­
quencies, while its 500-volt d-c range is ade­
quate to measure the output of the majority 
of laboratory d-c power supplies. Its 150-
volt a-c range extends to 150 megacycles with 
an error of only one db. 

DESCRIPTION: For a-c measurements, the volt­
meter is a peak-responding instrument cali-

brated to read rms value of a sine wave. It 
consists of a twin-diode rectifier mounted in 
a probe, followed by a d-c amplifier and in­
dicating meter. For a-c measurements above 
150 volts, up to 1500 volts, the probe is in­
serted in a mul t iplier unit on the side of the 
instrument, and t he voltage is app lied to the 
bind ing posts on top of the mult iplier. The 
multip lier is a resistive voltage divider that 
has been compensated to have a response flat 
within ± 2% up to 40 kc and is so ad justed 
that the meter reads one-tenth the rms value 
of applied sine wave. 

One diode in the probe is used to rectify 
the a-c voltage under measurement, and the 
other balances the effect of the initial-velocity 
current of t he fi rst. The d-c amplifier uses a 
twin-triode in a degenerative, balanced cir­
cuit. A-C power supply is built in, and the 
entire assembly is housed in a cabinet of 
heavy-gauge aluminu m. 

For d-c measurements the voltage is applied 
through a 111-megohm divider and a ripple 
fi lter to the d-c amplifier. The balanced ampli­
fier circuit insures a good zero and calibration 
stability. A polarity switch is provided so that 
voltage of either polarity may be applied to 
the high input terminal. 

FEATURES: ~ Polarity switch for dc. 
~ Built -in multiplier. 
~ Large, easily read meter. 
~ Storage space for probe and cord available. 
~ Completely shielded probe. 
~ Zero adjustment for both a-c and d-c com­
mon to all ranges. 
~ Balanced circuit minimizes variation of in­
dication with line-voltage changes. 
~ Simple construction results in versatile, 
quality instrument at low price. 

SPECIFICATIONS 

Voltage Ranges: A-C: 0.1 to 150 volts, a-c, in five ranges 
(1.5, 5, 15,50, and 150 volts, full scale). A multiplier is 
attached to increase the range to 1500 volts at audio and 
ultrasonic frequencies. D-C: 0.02 to 500 volts, in six 
ranges (1.5, 5, 15, 50, 150, and 500 volts, full scale). 
Accuracy : AC, ±3 % of full scale, subject to frequency 
correction above 50 megacycles. Correction curve sup­
plied in instruction book. Use of the multiplier imposes 
an additional error of ± 1 %. 

DC, ±3 % of full scale for the 1.5, 5, 15, 50-volt 
ranges; ±4% of full scale for the 150 and 500-volt 
ranges. 
Waveform Error : The instrument is calibrated to read 
the r-m-s value of a sine wave on all a-c ranges. On the 
higher ranges, the instrument is peak responding, and 
the reading corresponds to either the r-m-s value of a 
sine wave or 0.707 of the peak value of a complex wave . 
On distorted waveforms, the percentage deviation of 
the reading from the r-m-s value may be as large as the 

percentage of harmonics present. On the lower ranges, 
the response departs from peak and approaches r-m-s 
response. When the multiplier is used, the voltmeter is 
not peak responding. The multiplier is adjusted so that 
the voltmeter reads one-tenth of the r-ffi-S value of a 
sine-wave voltage applied to the multip lier. 
Frequency Error : The plot on this page shows the fre­
quency for one-db error at two different voltage 
levels. At low voltages, the transit time and resonance 
effects tend to cancel, whi le at higher voltages, the error 
is almost entirely due to resonance. The resonant fre­
quency is about 430 Mc. 

i:~1 pi I I II 1=10 
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Multipliers 

At low frequen cies, the response drops off because of 
the increasing reactance of the series capacitance of the 
inpu t circuit. At t he indicatcd frequency of 15 cycles, 
the meter indication begins to flu ctuate as it tends to 
follow the voltage change wi t hin each cycle. 

The response of t he mul tiplier is fl at within ±2% up 
to 40 kc. 
Input Impedance: The equivalent a-c input circuit is a 
resistance in parallel with a eapacitance. At low fre­
quencies, t he equivalent parallel resistance is 7.7 
megohms. At high frequencies, this resistance is re­
duced by losses in the shunt capacitance. The equiva­
lent parallel capacitance at radio frequencies is 10 !L!Lf. 

Type 

METERS 

At audio frequen cies, the capacitance increases to 12 
!L!Lf. The mul tiplier input impedance is a resistance of 
approximately 9 megohms in parallel with 11 !L!Lf. 

The d-c input resistance is 111 megohms. By removal 
of an intem al connection, open-grid input can be ob­
t ained fo r t he 1.5, 5, 15, and 50-volt ranges. 
Power Supply: 105 to 125 (01' 2LO to 250 ) volts, 50 to 60 
cycles. The power inpu t is about 11 watts. 
Accessories Supplied: Spare fuses. 
Tube Complement: 1-6AL5 1-6SU7-GTY 1-6X4-. 
Dimensions of Cabinet: (Width) S.Y.i: x (depth) 6Y:; x 
(height) ll %," inches over-all. 
Net Weight: 9Y:; pounds. 

Code TV01·d Price 
1803-B 1 Vacuum-Tube Voltmeter .. .......................... 1 ABOOM $225.00 

MULTIPLIERS 

FOR THE TYPE 1800 VACUUM-TUBE VOLTMETERS 

TYPE 1800-P2 HIGH-FREQUENCY MULTIPLIER 

A capacitive voltage divider that provides 
a ten-to-one redu ction of the applied voltage, 
this multiplier screws on to the end of the 
voltmeter probe to extend the a-c range from 
150 to 1500 volts. 

SPECIFICATIONS 
Multiplication Ratio: 10:1 ±5 %, as received. An adjust­
ment is provided to permit the user to match the 
mul tiplier to t he TYPE lS00-A or -B to better t han ± 1 % 
accuracy. 
Frequency Characteristics: See plot. The multiplier is not 
recommended for use below 100 kc. At high frequencies, 
the multip lier does not a ffect over-a ll voltmeter re-
sponse. , 
Input Impedance: Resistance 100 times that of the volt-

il:~ I I 
~;;]; 0.01 0.1 

FREQUENCY-Me 

(Left) 
TYPE 1800-P2 

(Right) 
TYPE 1800-P3 

meter a lone. P arallel capacitance is 1.5 !L!Lf with t he 
probe cap and plug removed, 2.0 !L!Lf with them at­
tached. 
Dimensions: 2% (length ) x l % (diameter ) inches over­
a ll. Adds two inches to the probe length. 
Net Weight: 4 ounces. 

Type Code Word P rice 
1800-P2 1 Multiplier . . .. . .. 1 ABODE $23.00 

TYPE 1800-P3 LOW-FREQUENCY MULTIPLIER 

When plugged into t he binding posts on the 
TYPE lS0C-A or -B panel, it extends both t he 
d-c and low-frequency a-c ranges to 1500 volts. 
The multiplier is a capacitance-resistance and 
fixed resistance divider for a-c and d-c re­
spectively . It is not intended for use at fre­
quencies above 100 kc. The TYPE lS00-P2 
Multiplier should be used for frequencies 
above this value. 

Type Code W01·d 
1800-P3 1 Multiplier ....... 1 ABHOR $35.00 

SPECIFICATIONS 
D-C Multiplication Ratio: 10:1 ±1.5 %. 
Sine- Wave A-C Multiplication Ratio: 10:1 ±5 %. 
Frequency Characteristics: Adjustments are provided to 
permit the user to match t he multiplier exactly to his 
TYPE lS00-A or -B at any single frequency from 20 
cycles to 5 Mc. Wh p, n mliitiplier is adjusted for zero 
error at 1 kc and at 15 kc, t he frequency error wi ll be 
less than ±3 % from 20 cycles to 20 kc, and less than 
±5% up to 100 kc. 
Waveform: Errors in multipli cation ratio may be as 
la rge as the percen tage distortion of the signal. 
Input Impedance : 10 megohms shunted by 10 !L!Lf. 
Dimensions: 5 x 2 x 2 inches, over-all. 
Net Weight : S ounces. 
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METERS ~---- Megohmmeter 

TYPE 1862-8 MEGOHMMETER 

USES : Rugged, versatile, and safe, this meg­
ohmmeter rapidly measures " 'ide ranges of 
resistance at eit her of two test voltages. The 
50-volt level is usefu l in resistance measure­
ments on printed circuits, transistor circuit 
components, and miniaturized circuit com-

ponents. The 500-volt level is a standard' value 
for measuring the insulation of rotating electri­
cal machinery, transformers, cables, capaci­
tors, appliances, and other power-line-operated 
equipment. 

The stabilized power supply and the low 
time constant introduced by the testing circuit 
permit rapid and accurate measurement of the 
leakage resistance of capacitors. 

Guard and ground terminals permit meas­
urement of the grounded and ungrounded 
sections of three-terminal resistors. 

DESCRIPTION : The megohm meter consists of a 
stabilized power supply, a complement of re­
sistance standa rds, and an indicating meter. 
The indicator is a balanced, d-c vacuum-tube 
voltmeter that has two volts full-scale sensi­
tivity and a very high input resistance. 

FEATURES : ~ Rugged, direct-reading and sim­
ple to operate. 
~ Two test voltages, 50 and 500 volts. Useful 
for approximate measurement of voltage 
coeffi cient. 
~ Voltage can be removed from unknown 
terminals by setting switch to CHECK or 
DISCHARGE position s, t hus permitting con­
nections to be made without danger of shock. 
~ Guard and ground terminals provided. 
~ Test leads furnished. 

SPECIFICATIONS 

Range : 0.5 megohm to 2,000,000 megohms at 500 volts 
and to 200,000 megohms at 50 volts. There are six dec­
ade steps as selected by a multiplier s\\·itch. 
Scale : Each resistance scale up to 500,000 megohms 
utilizes 90 % of the meter scale. Center-scale values a re 
1, 10, 100, 1000, 10,000 and 100,000 megohms. 
Accuracy : From ±:3 % at t he lo\\"-resistance end of eac h 
decade, to ± 12 % at the high-resistance end up to 
50,000 megohms. There can be an addi t ional ±270 
erro l' at the top decade. For 50 volt operation, there is an 
additional ±2% etTor on a ll but the 0.5 to 5 megohms 
decade where t he additional errol' ('an be ±570. 
Voltage On Unknown : 50 0 1' 500 volts, as selected by 
swi tch on front panel, indi tator lamp is lighted when 500 
volts a re app lied . At resistance values below 0.5 
megohm, t he applied voltage drops to limi t the current 
to safe va lues. Voltage ac ross unknown is 500 volts 
wi t hin ± 10 volts, 0 1' it is 50 volts \\'it hin ± -I volts. This 
voltage sOlll'ce is stabilized for operation from 105- 125 
volt lines (or 210- 250 volt line). 

Type 

Terminals : Unknown, ground and guard terminals. At 
two positions of a panel swi tch, all voltage is removed 
from a ll terminals to permit connection of the unknown 
in safety . In one of the positions, t he U~KNOWN 
te rminals a re shunted to discharge t he capacit ive com­
ponent of the unknown . All but the ground terminals 
a re insulated . 
Cal ibration : Switch position providcd for stalldardizing 
calibration . 
Tube Comple ment : One each, 12AU7, OA2, 6X4, 2X2-A, 
6ABJ, 6AUd, 535l. 
Mounting : Black-crackle-finished a luminum panel and 
cabinet with carrying handles and black phenol ic pro­
tective sides. 
Powe r Supp ly : 115 (or 2.30 ) Yolts, -10- 60 cycles, 25 watts. 
Acce ssorie. Suppl ied: spare fuses; t wo color-coded test 
leads. 
Dime nsions : 10 Ys (height) x DYs (width) x ll %; (depth) 
inches, over-all. 
Net We ight : 15Yz pounds 

Code TVaI'd 

1862-B 1 Megohmmeter··· ·· ·· ·· · ··· · ··· · ··· · ·· ··· · ·· · · · · · · ·1 JUROR $255.00 

MEGOHM BRIDGE : The TYPE 544-B Megohm Bridge, a bridge-type instrument for resistance 
measurements in the megohm range, is described on Page 16. 

ELECTROMETER: The TYPE 1230-A D-C Amplifier and Electrometer, described on page 2 meas­
ures resistances as high as 1014 ohms, as well as very low voltages and currents. 
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Output-Power ----~ METERS 

TYPE 583-A 

OUTPUT -POWER 

METER 

USES: The output-power meter reads directly 
the amount of audio-frequency power that a 
source is capable of delivering into any desired 
load. Thus the effect of load impedance on 
power delivered can be easily measure-d, and 
the characteristic impedance of telephone 
lines, phonograph pickups, oscillators, and sim­
ilar equipment can be found by observing the 
impedance which gives the maximum reading 
on the instrument. 

In the testing of radio receivers, the TYPE 
583-A Output-Power Meter is very useful as an 
output indicator for standard selectivity, sensi­
tivity, band-width, and fidelity tests; an aux­
iliary decibel scaJe is furnished on the meter 
for this purpose. 

DESCRIPTION: This instrument may be con­
sidered to be an adjustable load impedance 
across which is connected a voltmeter that is 
calibrated directly in watts lost in the load . 
Actually the input is connected through a 
multitap transformer and a resistance net­
work to an output meter. 

FEATURES: ~ The power range covered is 
50,000 : 1 and the impedance range 8000 : l. 

~ All readings can be made directly and 
quickly. 

~ Considerable overloads, for short periods of 
time, can be handled by the rectifier-type 
voltmeter used as the indicating element. 

SPECIFICATIONS 

Power Range : 0.1 to 5000 milliwatts in four ranges (5, 
50, 500, 5000 milliwatts, full scale ). The copper-oxide 
meter is calibrated from 1 to 50 mi ll iwatts with an 
auxiliary scale reading from 0 to 17 decibels above a 
reference level of 1 milliwatt. With the multiplier the 
total range is -10 to +37 decibels above 1 milliwatt. 
Impedance Range: 2.5 to 20,000 ohms. Forty discrete 
impedances, distributed approximately logarithmically, 
are obtained by means of a ten-step OHMS dial and a 
four-step MULTIPLIER. 
Accuracy : The accuracy of both power and impedance 
measurements varies with frequency. The maximum 
error in fu ll-scale power reading does not exceed 0.5 
decibel between 150 and 2500 cycles, nor does it exceed 

VARIABLE RATIO 
T RANSFO R MER 

z--

Type 

LOSS -
AD.JUST1NG 

NE.TWORK 

1.5 decibels at 20 and 10,000 cycles. The average error 
is 0.3 decibel at 30 and 5000 cycles, and 0.6 decibel at 
20 and 10,000 cycles. 

The maximum error in impedance does not exceed 
7% between 150 and 3000 cycles, nor does it exceed 
50 % at 20 and 10,000 cycles. The average error is 8% 
at 30 and 5000 cycles and 20% at 20 and 10,000 cycles. 
Waveform Error: The indicating instrument used is a 
copper-oxide rectifier-type meter, calibrated in r-m-s 
values for a sinusoidal applied voltage. When non­
sinusoidal voltages are applied, an error in indication 
can occur, since t he meter is not a true r-m-s indicating 
device. The error will depend on the magnitude and 
phase of the harmonics present, but with waveforms 
normally encountered in communications work, will 
not be serious. 
Mounting : The instrument is mounted on an aluminum 
panel in a walnut cabinet. 
Dimensions: (Length) 10 x (width) 7 x (height) 6 inches, 
over-all. 
Ne t Weight : 8~ pounds. 

Code Word 
583-A Output-Power Meter . .. ... .. .. . .. .. . ... . 1 ABUSE $165.00 
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METERS Output-Power 

TYPE 783 -A OUTPUT-POWER METER 
USES: The TYPE 783-A Output-Power Meter 
is a direct-reading instrument for measuring 
the power output of audio-frequency circu its. 

Some of its specific uses inc lude the testing 
of amplifiers, t ransformers, and other net­
works. It is particularly usefu l for simulating 
loud-speaker or other load impedances in 
testing the output characteristics of high­
power audio systems, since it will measure 
power outputs as high as 100 watts. It is 
sufficiently sensitive, on the other hand, to be 
usefu l for measurements on very low-level 
circuits. 

DESCRIPTION: Functionally, the TYPE 783-A 
Output-Power Meter is equivalent to an ad­
justable load impedance across which is con­
nected a voltmeter that is calibrated directly 
in watts dissipated in the load. 

FEATURES: ~ A power range extending to 
100 watts is provided by this meter. 
~ Frequency and impedance characteristics 
are improved over those of the smaller TYPE 
583-A Output-Power Meter. 
~ The auxiliary decibel scale is a convenience 
for many types of measurements. 

SPECIFICATIONS 

Power Range : 0.2 milliwatt to 100 watts in five ranges 
(10 and 100 milliwatts, 1, 10 and 100 watts, full scale). 
An auxiliary decibel scale on the meter reads from -10 
to +10 decibels above a reference level of 1 milliwatt. 
With the multiplier the total range is - 10 to + 50 
decibels above 1 milliwatt. 
Impedance Rang e : 2.5 to 20,000 ohms. Forty discrete 
impedances, distributed approximately logarithnlically, 
are obtained by means of a ten-step OHMS dial and a 
four-step MULTIPLIER. 
Impedance Accuracy : The input impedance is within 
±2% of the indicated value, except at the higher audio 
frequencies, where the errol' for the higher impedance 
settings may exceed this value. At 15,000 cycles the 
input impedance error is about 5% for impedances from 
10,000 to 20,000 ohms. 
Power Accuracy : The indicated power is accurate to 
±0.25 db at full-scale reading. At the lowest impedance 
multiplier setting (2.5 to 20 ohms) there may be an ad­
ditional error of 0.2 db due to switch contact resistance 
when the power multiplier is set at 10 (10 to 100 watt 
range). 

The over-all frequency characteristic of the power 
indication is flat within ±0.5 db from 20 cycles to 
10,000 cycles; within ±0.75 db to 15,000 cycles. 
Wave form Error : The indicating instrument used is a 
copper-oxide rectifier meter, calibrated in r-m-s values 
for a sinusoidal applied voltage. When l:on-sinusoidal 
voltages are applied, an error in indication can occur, 
since the meter is not a true r-m-s ind icating device. 
The error will depend on the magnitude and phase of 
the harmonics present, but, with waveforms normally 

Type 

encountered in measurement circuits at communica­
t ions frequencies, will not be serious. 
Temperature and Humidity Effects : Humidity conditions 
have a negligible effect on the accuracy of the instru­
ment. 

The instrument is calibrated at 77 0 Fahrenheit and, 
if t he ambient tempcrature departs widely from this 
value, addit ional errors of indication may be expected. 
At high temperatures (95 0 Fahrenheit) this additional 
error may approach the nominal calibration error, par­
t icularly at the higher frequencics. 

The instrument is so designed that the heat dissi­
pated by the instrument itself has a negligible effect 
on the accurary . 
Mounting : The instrument is mounted on an aluminum 
panel in a walnut cabinet. 
Dimens ions: 8 x 18 x 7 inches, over-all. 
Net Weight: 17 pounds. 

Code Word Price 

783-A Output-Power Meter . . . ................. \ ABBEY $360.00 
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Microvolter METERS 

TYPE 546-C AUDIO-FREQUENCY MICROVOLT ER 

USES: The TYPE 546-C Audio-Frequency Mi­
crovolter used in conjunction with an osci lla­
tor is a useful source of small, known, audio­
frequency voltages. In measuring t he response 
of amplifiers, t ransformers, and other audio 
equipment, such a source of known input 
voltage is extremely valua ble. The micro­
voitel' can also be used to measure other small 
voltages by substitution methods. 

DESCRIPTION: This instrument consists, es­
sent ially, of a constant-impedance attenuator 
and a voltmeter by means of which the input 
to the attenuator is standardized. A switch 
controls the output voltage in decade steps, 
while an individually calibrated dial provides 
continuous control over each decade. 

FEATURES: ~ An excellent frequency charac­
teristic, extending from very low frequencies 
up to 100,000 cycles, is available in this in­
strument. 
~ Excellent accuracy is obtainable for abso­
lute voltage levels as well as for voltage ratios, 

which are a ll that are needed in galll or loss 
measurements. 
~ Decibel scales, in addition to the voltage 
calibration of the meter and multip liers, a re 
provided. These scales make it possi ble to 
obtain directly relat ive response characteris­
tics in decibels. 

SPECIFICATIONS 

Output Voltage Range : From 0.5 microvolt to 1.0 volt 
open circuit, when t he input voltage is set to the 
standardized reference value. 
Accu racy : For open-circuit output voltages the calibl'l1-
tion is accurate within ±(3 % + 0.5 microvolt ) for 
output settings above 1 microvolt and for a ll frequen­
cies between 20 and 20,000 cycles. For higher fre­
quencies up to 100 kc t he calibration is accurate within 
±5% for output settings above 100 microvolts. These 
specifications apply only where waveform and tempera­
t ure errors are negligible (see below). 

In calculating ratios of outpu t voltages, at a given 
frequency, t he accuracy of any given reading can be 
considered to be within ±(2% + 0.5 microvolt ), at 
frequencies up to 100,000 cycles. At frequencies above 
20 kc this accuracy applies only at levels above 100 
microvolts. 

The microvolter can be used on dc by using an 
external d-c meter or by calibrating the internal meter 
for dc. 
Output Impedance : The output impedance is approxi­
mately 600 ohms and is constant with Slitting within 
±5% . This impedance is sufficiently low so that no 
correction on the output voltage is necessary for load 
impedances of the order of 100,000 ohms and greater. 

CONTINUOUSLY VARIABLE 
OUTPUT 

T ype 

Input Impedance : Approximately 600 ohms, substan­
tially independent of output setting ou a ll but the 
highest multiplier position. 
Waveform Error : The accuracy of the microvolter as 
a calibrated attenuator or voltage divider is independent 
of waveform. The absolute accuracy of the output 
voltage calibration depends on the characteristics of 
the input copper-oxide rectifier voltmeter, which has a 
Rmall waveform error that depends in turn on both 
the phase and t he magnitude of harmonics present in 
the input . This error in the voltmeter can, in general, 
be neglected when the microvolter is used with ordinary 
laboratory oscillators. The rectifier-type voltmeter itself 
introduces some distort ion unless the source impedance 
is very low. With a 600-ohm source t he distortion intro­
duced is about 0.2 % . 
Temperature Error : The accuracy of the calibration is 
independent of temperature when the microvolter is 
used as an a ttenuator or voltage divider. The absolute 
accuracy is affected slightly by temperature because of 
change in the voltmeter characteristics. The necessary 
correction for temperatures from 65° to 95° Fahrenheit 
is furnished with the instrument. The effects of humid­
ity are negligible. 
Pawer Source: The driving oscillator must be capable of 
furnishing about 2.2 volts across 600 ohms, or about 
8 milliwatts. 
Term inals : J ack-top binding posts are mounted on 
standard %:-inch spacing. 
Mounting: The instrument is mounted on an aluminum 
panel in an a luminum cabinet. 
Dimensions : (Length) 10 x (width) 7Ys x (height) 6Ys 
inches, over-all . 
Net Weight : 6Y2 pounds. 

Code Word Price 
546-C 1 Audio-Frequency Microvolter* .• . . ........ 1 CROWN $140.00 

*Reg. U. S. Pat. Off. 
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METERS Light 

TYPE 1501-A LIGHT METER 

USES: The General Radio Light Meter is a 
photographic exposure meter for use primarily 
with electronic flash lamps of the xenon type, 
commonly called "speed lights" or "strobe 
lights." It is particularly useful in the pro­
fessional studio for exposure determinations 
with Kodachrome and other color films. This 
meter makes possible in high-speed flash 
photography the same accurate exposure 
standardization that the continuous-light 
exposure meter gives for ordinary photog­
raphy. 

The meter measures the light incident on 
the subj ect and indicates correct camera 
aperture for average subjects. In addition, 
an auxi liary probe is available, which attaches 
to the ground glass of the camera by means of 
suction cups, so that the light actually reach­
ing the film can be mea,sured, thus allowing 
for such indeterminate factors as lens absorp­
tion, bell ows extension, etc. For this type of 
measurement, a white card is used as a stand­
ard subject. No calibration is supplied for 
measurements with the probe, but a few test 

shots will give sufficient data for the user to 
determine his own calibration. 

This light meter can be used to make rou­
tine checks on the condition of electronic flash 
lamps, to measure the output of a light source, 
and to determine the effectiveness of reflectors. 

DESCRIPTION: The elements of the light meter 
are a light attenuator, a vacuum phototube, 
an integrating capacitor, and a vacuum-tube 
voltmeter. Light admitted by the attenuator 
strikes the photocell, causing current to flow 
through it This current charges the capacitor, 
and the voltage across the capacitor is pro­
portional to the integral of light with respect 
to time. This voltage is indicated by the 
vacuum-tube voltmeter, whose reading is a 
measure of the total light emitted by the flash 
tube. 

The light attenuator consists of two Pola­
roid discs, one of which can be rotated 90° 
with respect to the other. The attenuator has 
two scales, one a proportional scale, the other 
a scale of f numbers. 

The meter scale reads in lumen-seconds per 
square foot (foot-candle-seconds), and has a 
full-scale range of 200. The scale is direct 
reading when the light attenuator is set at 
1 (f/ 3.5) . 

FEATURES: ~ Portable and simple to operate. 
~ Aperture can be read directly from attenua­
tor scale. 
~ Wide range of light intensities can be 
measured. 
~ Both light incident on the subject and re­
flected light reaching the camera ground glass 
can be measured. 

SPECIFICATIONS 

Light Range: A light range of 64:1 can be measured at 
mid-scale deflection, corresponding to 100 to 6400 lumen­
seconds per square foot (foot-cand le-seconds). The 
extreme readable range is about 50 to 12,800 lumen­
seconds per square foot. 
Attenuator Range: f / 3.5 to f / 22 corre ponding to a 
range of 1 to 64 on the proportional scale. 
Tube Comple ment: One 1P39 and one lL4. 
Batteries: One Burgess 2F, three Burgess XX30Pl. 
Calibration: Meter is standardized at t he factory in 
terms of a calibrated xenon flashtube operated from a 
known capacitor at a specified voltage. A diffusion disc 
and aperture are individually fitted to each meter to 
standardize the reading. 
Spectral Characteristics : The phototube has maximum 

'l 'ype 

sensitivity in the blue-green portion of the visible 
spectrum. 
Response Speed: For reliable results the flash should 
be 1/ 20,000 second (50 microseconds), or more, in 
duration. 
Accessories Supplied: Tubes, batteries, diffusion disc, 
plug for flash-synchronizing circuit. 
Other Accessories Available: A probe for light meas­
urements at the camera ground glass is available at extra 
cost. See price list below. 
Mounting: Walnut cabinet with hinged cover. Base of 
cabinet carries a tripod socket. 
Dimensions : (Width) 7 x (height) 6Yz x (length) 11 
inches, over-all. 
Net Weight: 8Ys pounds. 

Code W01·d Price 

1501-A I LightMeter······································· 1 
1501-Pl Probe ........................................... . 

COCOA 

DANDY 

$205.00 
26.50 

PATENT NOTICE. See Note 6, page viii. 
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RADIO STATION MONITORS 
The General Radio Company pioneered in the devel­

opment of measuring instruments for broadcasting sta­
tions, having supplied specialized frequency measuring 
equipment as early as 192-1, and modulation measuring 
apparatus since 1931. Later, when the Federal Com­
munications Commission required continuous monitor­
ing, General Radio instruments were developed to 
satisfy these conditions. 

The soundness of these early designs was attested by 
their wide acceptance and long, trouble-free operation. 
Each succeeding model profited by the field experience 
of its predecessor, and early obsolescence was never per­
mitted to occur. Many of the extra features built into 
General Radio monitoring equipment assure long life in 
a rapidly changing industry. Approved monitoring 
equipment currently listed by the FCC still show Gen­
eral R adio equipment designed and placed in use more 
than 15 years ago, whose manufacture has been discon­
tinued for more than a decade. 

The General Radio Company alone has a continuous 
record of design and manufacture of this class of equip­
ment, and this fact is widely recognized in the field of 
broadcasting. By a huge majority, radio and TV stations 
throughout the United States are GR equipped. 
Remote Monitoring : Unattended transmitter operation 
usually requires that the monitoring equipment be 
adaptable to remote control operation. General Radio 
monitoring instruments have historically included such 
features as provision for external meter connections and 
as high an r-f input sensitivity as is consistent with re­
I iable performance. The existence of these features in 
both old and new equipment assures adaptability to re­
mote servi ce. 
Frequency Mo n ito rs: The function of the frequency 
monitor is to indicate the deviation of the transmitter 
frequen cy from its assigned channel. Fundamentally, it 
consists of a frequency standard and a means of indi­
cating the difference between the transmitter frequency 
and that of the standard . For convenience in measuring 
the difference frequency, the frequency of the standard 
is usually offset from that of the assigned channel. The 
deviation indicator is calibrated directly in cycles (or 
kilocycles) off the assigned channel frequency. 
Modulotion Monito r: Percentage modulation for A-M 

transmitters is measured by a system in which the 
modulated signal from the transmitter is rectified in a 
lineal' diode rectifier to produce an a-c voltage pro­
pOl-tional to the instantaneous value of the carrier 
envelope and a d-c voltage proportional to the average 
carrier amplitude. The ratio of these voltages is con­
t inuously indicated by a voltmeter calibrated in modu­
lation percentage. A flashing lamp indicates modulation 
peaks in excess of any pre-set level. 
Stondard Broadcast Band : For the standard broadcast 
frequencies, 540 to 1550 kilocycles, the TYPE 1181-A 
Frequency Deviation Monitor (page 138) and the TYPE 
1931-A Modulation Monitor (page H2) are used. These 
instruments are fully described on the pages indicated. 
F- M Broadcast: For these broadcast services, the TYPE 
1170-B Frequency and Modulation Monitor is recom­
mended. This instrument employs a pulse-counter dis­
criminator that is inherently linear and provides a n 
output that can be used for measuring the fide lity char­
acteristics of the transmitter. This monitor is described 
on page 139. 

For multiplexed operation, this monitor will indicate 
only the modulation of the transmitter by the simplex, 
Or main program channel. 
Television: The new TYPE 1184-A T elevision Trans­
mitter Monitor has been designed for use with both 
monochrome and color transmitters. It provides con­
tinuous indications of aural modulation and the fre­
quency of both aural and visual transmitters, or a direct 
monitoring of the intercarrier frequen cy. Outputs are 
available for operation of a monitoring speaker, and 
for the measul"Cment of the aural (f-m) transmitter 
fidelity characteristics, distortion, noise level, residual 
a-m noise on the aural transmitter, and residual f-m 
noise on the visual transmitter. 
Mobile F- M Transmitters : For this service, FCC regu­
lations do not require station monitors, but the speci­
fications on center frequency and frequency deviation 
make necessary their frequent measurement and ad­
justment. Equipment l'Ccommended for this purpose 
consists of the TYPE 11l0-A Interpolating Frequency 
Standard and the TYPE 720-A Heterodyne Frequency 
Meter, which is described in the Frequency Measure­
ments section of this catalog, on pages 85 and 80. 

OTHER BROADCASTING STATION MEASUREMENTS 

TV Transmitte r Ha rm onics : These measurements, now re­
quired by FCC Regulations, can be made with standard 
General Radio coaxial measuring equipment. See TYPE 
874-FR Rejection Filters, page 58. 
Tube Burnouts Greatly Re duce d by Automatic Line ­
Voltage Regulato r: Experience of broadcasters indi­
cates that use of the TYPE 1570 Regulator on the trans­
mitter filament supply quickly saves its cost by greatly 
reducing tube burnouts. See page 218 for description of 
this regulator. 
Distortion : The FCC Standards of Good Engineering 
Practice specify maximum permissible percentage of 
distortion for various broadcast services. The TYPE 
1932-A Distortion and oise Meter (page 226 ) and 
the TYPE 1301-A Low Distortion Oscillator (page 103) 
are designcd to measure transmitter distortion, as well 
as carrier noise, rapidly and accurately. The Distortion 
and Noise Meter operates (rom the output of the 
TYPE 1931-A Modulation Monitor, the TYPE 1184-A 
TV Transmitter Monitor, or the TYPE 1170-B F-M 
Monitor. 

Type 
1181-A 
1I81-AT 
1 170-B 
11 84-A 
1931- A 

Monitor 
Frequency Deviation Monitor .... . 
Color Sub- ca rrier Mon itor . .. .... . 
F- M Monito r ...... . .. . ... .. . . . 
Telev is ion Transm itter Monitor ... . 
Modulation Monitor ........... . 

Page 
138 
139 
139 
140 
142 

Antennas, Lines, etc.: The General Radio Company 
manufactures an extensive line of bridges and other 
impedance-measuring equipment suitable for deter­
mining the impedance of antennas, lines, and phasing 
and matching networks. For various frequency bands, 
the following instruments are recommended : 

SO kc- S Mc 
400 kc-60 Mc 
10-165 Mc 
50- 1500 Mc 
300- 3000 Me 

Type 
916-AL R- F Bridge ........ . .. . 
1606-A R-F Bridge ........... . 
1601-A V- H-F Bridge ......... . 
1602-BA Admittance M ete r .... . 
874- LBA Slotted Line .••••• •. •. 

Page 
38 
36 
39 
40 
46 

' G ~ N ~ ~ AL RADIO C OMPAN Y 137 

I 



MONITORS------~----- Deviation 

TYPE 1181-A FREQUENCY DEVIATION MONITOR 

USES: The Type 1181-A F requency Deviation 
Monitor indicates directly the magnitude and 
direction of the frequency .deviation of a 
broadcast transmitter from its assigned chan­
nel frequency. A monitor of this type is re­
quired for each station by the Federal Com­
munications Commission. 

The Frequency Deviation Monitor can be 
used to monitor A-M transmitters from a loca­
tion remote from the transmitter site, as 
required in FCC rules permitting unattended 
operation of transmitters. The low input sig­
nal required, (approximately 10 millivolts), 
permits operation up to several miles from the 
transmitter with only a single-wire antenna 
necessary to pick up adequate signal voltage. 
The antenna may be tuned to provide addi­
tional selectivity, if desired. The narrow fre­
quency band of the i-f system in the monitor 
usually provides adequate noise rejection. 

DESCRIPTION: Voltages from a temperature­
controlled piezo-electric osci llator (offset 1000 
cycles from the assigned channel frequency) 
and the transmitter to be monitored are ampli­
fied and fed to a mixer from which their dif­
ference frequency is obtained. This audio fre­
quency is amplified; its peaks are clipped to 
produce an essentially square waveform, which 
is applied to an audio-frequency meter. The 

FOR A-M 

TRANSMITTERS 

FCC APPROVAL 
NO. 1467 

indicator is calibrated to read zero when the 
audio beat is exactly 1000 cycles. Deviations 
from 1000 cycles are indicated directly as the 
frequency deviation of the transmitter in 
cycles. 

The monitor is a-c operated and is mounted 
on a single relay-rack panel. 

FEATURES: ~ Proved by use. Almost every 
broadcast transmitter in America is equipped 
with this monitor. 
~ Approval No. 1467 has been issued for t his 
monitor. 
~ Simple to install - easy to maintain. 
~ High reliabi lity for continuous service. 
~ Suitable for remote monitoring. 
~ Deviation indication is unafIected by ampli­
tude modulation. 
~ Deviation indication is independent of r-f 
input level, over a wide range. 
~ Very low r-f input power. 
~ Positive indication of fai lure of transmitter 
carrier is provided by signal-level pilot lamps. 
A push-button test indicates whether or not 
the monitor crystal voltage is adequate. Other 
pilot lamps indicate heater-thermostat and 
power circuit operation . 
~ External deviation-indicating meter can be 
connected. 

SPECIFICATIONS 

Deviation Range: ='=30 cycles, readable to one cycle. 
Carrier Frequency Range : 500 to 2000 kc. 
Accuracy : When received, within ='= 10 parts per million. 
An adjustment is provided to bring the reading into 

agreement with monitoring station measurements. 
Stability: Better than one part in a million under 
normal operating conditions. Adjustments are provided 
to correct the indicated frequency in terms of standard-
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Deviation ------~---- MONITORS 

frequency transmissions whenever necessary. 
Tube Complement : 

3 -6SJ7 
2 -6AC7 
2-6H6 
2-6SQ7-GT 

1-6V6 

1 -5V4-G 
1 - 6B4-G 
1 - OC3 / VR105 
1 - 2050 

Coupling to Transmiller: A few inches of wire serving 
as an antenna is usually sufficient. A min imum of 10 
mi llivolts is required into a high-impedance grid circuit. 
Accessories Supplied: Quartz plate, ZCAP-5 Power 
Cord, spare fuses, and plug fo r connecting an external 
meter. 

Type 

Power Supply : 105 to 125 (or 210 to 250 volts), 50 to 
60 cycles. 
Powe r Input : 25 watts for heater circuits, 100 watts for 
monitor circuits. 
Mounting : 19-inch rela.v-rack panel. 
Panel Finish : Standard General Radio black crackle. 
Certain standard fin ishes which can be processed in 
quantity can al~o he supplied. 
Dimensions: Panel (length) 19 x (height) 15%: inches. 
Depth behind panel, 13 inches. 
Ne t Weight : 51 pounds. 

Code Word P rice 

1181-A Frequency Deviation Monitor ...... . ...... 1 MALAY $800.00 
PATENT NOTICE. See Notes 2, 5, 15, 16, page viii. When ordering please give channel frequency. 

TYPE 1181-AT COLOR SUBCARRIER MONITOR 

A new model of the TYPE 1181 Frequency 
Deviation Monitor, designed specifically for 
monitoring the color subcanier frequency of 
3.579545 megacycles in color television trans­
mitters operating under FCC Regulations. Al­
though color-subcarrier monitoring is not yet 

required by FCC regulation , it is implied in 
the required accuracy specification of 10 
cycles. The accuracy and stability of this 
monitor, ± one cycle for 30 days 01' ± 5 cycles 
for one year is more than adequate to insure 
compliance with the accuracy specification. 

SPECIFICATIONS 

Same as for TYPE 1181-A except as specified helow: 
Frequency : 3.579545 megacycles. 
Accuracy : =*' one cycle per second for 30 days ; =*'5 

'Pype 

cycles fol' one year. 
Coupling to Transmiller: Shielded cable and plug pro­
vided. 

Code Word Price 

1181-A T 1 Color Subcarrier Monitor •• ••••.•. • •••• •• . 1 MAJOR $800.00 
PATENT NOTICE. See Notes 2, 5,15,16, page viii. 

TYPE 1170- B F-M MONITOR 

For monitoring the center frequency and 
modulation swing of transmitters used in 
F -M broadcasting, this monitor, described in 
previous catalogs is still available. In addition 
to these functions, it supplies a high-fidelity 
output for distortion and noise measurements 
and a 600-ohm output for aural monitoring. 

When used on multiplexed transmission, it 
responds only to the normal F-M broadcast 
transmissi on. 

This monitor has an accuracy of 200 cycles, 
or better, for a 30-day period alld meets all 
FCC requirements for F-M broadcast service. 

Type Code nr ord Price 

1170-B 1 F-M Monitor.·. 1 AHEAD I $1835.00 
PATENT NOTICE. See Notes I, 2, 5, and 16, page viii. 
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MONITORS TV 

TYPE 1184-A TELEVISION TRANSMITTER MONITOR 

USES: The Television Transmitter Monitor 
provides, in one complete unit, all the func­
tions necessary to meet the requirements of 
the Federal Communications Commission for 
monitoring television transmitters, plus other 
functions that make it possible for the station 
operating staff to check either continuously or 
periodically several key factors that indicat.e 
the operating condition of the transmitter. 
This inst.rument will: 

Indicate cont.inuously the frequency devia­
tions from FCC-assigned values of both t.he 
aural and the visual transmitters. 

Indicate continuously the difference, or 
intercarrier, frequency. 

Indicate continuously the frequency-modu­
lation (swing) of the aural transmitter. 

Indicate by flashing a light, when the swing 
exceeds a preset value. 

Provide continuous audible monitoring of 
intercarrier FM that will instantly warn 
against loss of either carrier or of overmodula­
tion of the visual carrier. 

In addition, the follO\\'ing measurements 
can be made: 

Audio fidelity (distortion, noise, and fre­
quency response) measurements on the aural 
transmitter, as required by FCC proof-of-per­
formance regulations. 

Residual a-m noise on the aural transmitter. 
Residual f-m noise on the visual transmitter 

with full video-modulation applied. (This can 
be monitored continuously on an external Dis­
tortion and Noise Meter, such as the TYPE 
1932-A) 

A complete intercarrier demodulation sys­
tem is provided in which the sound recovery 
is identical with that of an intercarrier-type 
receiver. 

All metering circuits can be connected to 
external indicators. An audio output is pro­
vided for connection to 600-ohm monitoring 
lines. 

This monitor will operate on any U-H-F or 
V-H-F television channel, with both color and 
black-and-white transmitters. 

DESCRIPTION: The monitor chassis is mounted 
on slides and pivots that always support the 
weight. It can be installed, operated, and 
serviced entirely from the front. It is com­
pletely accessible while in operation, without 
removal from the relay rack. All controls, in­
cluding circuit-function test switches, ar~ 
available directly behind an easily removabie 
panel plate which can be supplied in color to 
match other station equipment as desired. 

Chassis marking is so complete that most 
maintenance operations can be done without 
using an instruction book. Key voltages can 
be checked by a panel meter and a switch, 
and chassis pin jacks provide for rapid check­
ing at other points. 

The monitor operation is shown in the 
block diagram. A highly stable, precision crys­
tal oscillator is used as a master reference 
frequency, whose appropriate harmonic is 
used to produce beats of 150 kc and 4.35 Mc, 
respectively, with the aural- and visual-trans­
mitter carrier frequencies. 

The 4.35 Mc beat frequency operates (1) a 
frequency meter calibrated in terms of the 
visual-carrier frequency deviation and (2) a 
limiter-discriminator circuit whose output is 
a measure of the f-m noise on the visual 
transmitter carrier. 

The 150-kc beat frequency operates (1) the 
modulation meter calibrated in percentage 
frequency-modulation of the aural transmit­
ter, (2) the audio monitoring and fidelity 
measuring systems, and (3) a frequency meter 
calibrated in deviation from the assigned 
transmitter frequency. 

The three fun ctions noted above can be 
switched to operate from a separate inter­
carrier-beat detector, whose output is hetero­
dyned with a secondary-reference oscillator. 
The performance obtained simulates the 
sound recovery in an intercarrier-type receiver, 
and the frequency meter directly indicates 
deviation of the intercarrier beat frequency 
from it.s FCC assigned value of 4.5 Mc 
± 1 Kc. 
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TV MONITORS 

SPECIFICATIONS 

Frequency Range : 50-890 Mc (tv channels 2 to 83). 
RF Input : 

1. Impedance: Low-impedance loop coupling. 
2. Level : Intended for use with standard RETMA 

transmitter monitoring outputs (10 volts, 50n). 
3. Max Sensitivity: One volt, for a ll functions except 

the measurement of residual AM noise on the aural 
transmitter, which requires a minimum of ± volts r-f 
input. 

4. Adju tments: Input levels for both aural and 
visual transmitter are ad justable from the front of 
the instrument. 

5. Indication: Both aural and visual transmitter in­
put levels can be checked by direct indication on a front 
panel meter. 

Frequency : Cl'ystal Stability - master reference, ± 1.4 
ppm/ 30 days or ±0.35 ppm/ l0 day~; secondary refer­
ence, ±5 ppm/ 30 days ( =21.5 cycles): in terpolating 
reference oscillator, ±5 ppm/ 30 days ( = 22.5 cycles). 

Accuracy : 

lnter-
Aural Visual Carrier 

Meter 3-0-3 kc 1.5-0-1.5 kc 3-0-3 kc Scale 
Metering ±200c ±30c ±200c Accuracy 
Overall VHF 500c/ 30 days 250c for 

Accuracy UHF 500c/1O days 30 days 

Image Frequency Check : A checking device is incor­
porated to insure that the transmitter frequency is on 
the correct side of zero beat. 

Aural F- M Transmitter: Audio Outputs (at low frequen­
cics with 1000/,- modulation), 10.8 volts into 100 kn or 
o dbm into 600 n. Residual D~stortion (50 to 15,000 
selector switch for 100% = 50 kc to permit wide­
deviation type tests; Polarity Response, panel switch 
for positive or negative peaks, for both meter and flash­
ing lamp; Peak Indicatm', flash ing lamp indicates peaks 
in excess of dial setting ; Dial, calibrated from ° to 
100% and to +3 db above 100% ; lJIeter Frequency 
Response, ±0.25 db from 50 to 15,000 cycles, ±0.5 db 
from 30 to 20,000 cycles; Peak Indicator Fre!.juency Re­
sponse, 0.5 db from 100 to 15,000 cycles. 

Fidel ity Measuremurements: 

Aural F- M Transmitter : Audio Outputs (at low frequen­
cics with 100% modulation), 10.8 volts in to 100 kn or 
o db into 600 n. Residual Distortion (50 to 15,000 
cycles), 0.15% for 25 kc modulation deviation, and 
0.25% for 50 kc deviation; Residtlal FJliJ Noise, -70 
db below 25 kc modulation deviation; Audio Response, 
follows 75-}.Lsec dc-emphasis curve wit.hin ±0.5 db 
from 50 to 15,000 cycles, ±3 db from 15 to 30 kc; 
A -M Noise Reference Level (at low frequencies), 4 volts 
into 100 kn; Residual Noise, AM, -70 db below 
carrier level. 

Visual A-M Transmitter: Noise (PA1) A1eas1l1"ing OutPtlt 
(at low frequencies and 25 kc deviation), 1.5 volts 
into 100 kll load, 75-}.Lsec de-emphasis circuit in­
cluded; Residual (PM) Noise, -65 db below 25 kc 
deviation with normal video modulation on transmitter 
(-70 db without video modulation) . 

Type 

Intercarrier Measurements : Same as for aura l trans­
mitter, except Residual (PM) Noise is -63 db below 
25 kc deviation of aura l t ransmitter with video modu­
lation applied to visual transmitters. 

External Connections: 
1. Frequency Meters: 
Visual Transmitter, GR TYPE MEDS-41-3, 0-200 }.La 

dc, 5LO n, one side grou nded. 
Aural Transmitter, GR TYPE MEDS-72, 0-100 }.La 

dc, 510 fI, one side grounded. 
2. (FM) Modulation Meter: GR TYPE MEDS-28, 

0-600 }.La dc, 680 n, neither side grounded . 
3. Modulation-Peak Indicator: 3 watt-U5 v lamp, 

one side grounded. 
4. Audio Monitoring Output: Unbalanced - 600 fI, 

100 % modulation = 0 dbm. 
5. Audio Measurement Output: Intended for use 

with the TYPE 1932-A Distortion and Noise Meter 
(100 kn unbalanced input); 10.8 volts output at low 
frequencies; behind-the-panel test jack for connecting 
on a temporary basis; rear jack provided for perma­
nent wiring to rack-mounted D istortion and Noise 
Meter. 

6. Power Cables: standby line, for master crystal 
oven; power line, for monitor circuits. 
Power Supply: 

1. Standby Operation: 
15 watts, with master crystal oven operating. 
115 / 2.30 volts; 50-60 cycles. 

2. ~ormal Operation: 
Max demand 25,5 watts, with all thermostats on. 
Min demand 2-10 watts, with a ll thermostats off. 
115 / 2.30 volts; 50-60 cycles. 
(155 watts during 30 second initial warm up). 

Mounting: ]9-inch rack-panel mounting. Front panel 
removable for access to controls. All controls available 
from front . Instrument mounted on slides for access to 
a ll parts. Designed for vertical-air-flow cabinet racks. 
Panel Finish: GR black crackle; also available in certain 
other colors to match station equipment. 
Dimensions: (Width ) 19 x (height) 21 x (depth) 16 
inches, over-all. 
Net Weight: 75 lbs. 

FM NOISE 
MEASURING 

CIRCUIT ELEMENTARY MONITOR CIRCUIT 

FOR DETERMINING 
RESIDUAL FP>I NOISE 

ON VISUAL CARRIER 

FREQUENCY 
VISUAL 

CA RR IE R 

Code Word Price 

1184-A I Television TransmiHer Monitor, Channeis 2 to 13 •...... 
1184-A " " "Channels 14 to 83 •••••• 

GIANT 

GIANT 

$3200.00 
$3450.00 

PATENT NOTICE. See Notes 1, 2. 4, 5, and 16. page viii. 
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MONITORS Modulation 

TYPE 1931-A AMPLITUDE-MODULATION MONITOR 

FCC APPROVAL No. 1555 

USES : The modulation monitor is used to 
measurc and to indicate continuously the 
percentage modulation of broadcast and other 
radio-telephone transmitters. The TYPE 1931-A 
Modulation Monitor performs the following 
specifi c functions: 

1. Measurement of pcrcentage of modula-
tion on either positive 01' negative peaks. 

2. Overmodulation indication. 
3. Program-level monitoring. 
4. Measurement of carrier shift when mod­

ulation is applied. 
5. Measurement of transmitter audio-fre-

quency response. 

DESCRIPTION : TYPE 1931-A Modulation Mon­
itor consists of three essential elements: 
(1) a linear diode rectifier which gives an 
instantaneous output voltage proportional 
to the carrier envelope, (2) a semi-peak volt­
meter which gives a continuous indication of 
the peak modulation, and (3) a trigger circuit 
which flashes a light \yhenever the negative 
modulation peaks momentarily exceed any 
previously set value. 

The linear rectifier is designed for operation 
at a low power level, which greatly simplifies 
the coupling to the transmitter. A d-c meter 
in the output of the linear rectifier indicates 
the carrier level at which the instrument is 
operating and also shows any carrier shift 
during modulation. 

In addition, two auxiliary audio output 
circuits operating from a separate diode 
rectifier are provided. One of these, at 600 
ohms, is intended for audible monitoring; 
the other, a high-impedance circuit, gives a 
faithful reproduction of the carrier envelope 
with less than 0.1 % distortion and can be 
used for distortion and noise-level measure­
ments. 

FEATURES: ~ Speed and simplicity of opera­
tion, essential for monitoring instruments, 
are available in this instrument. It operates 
over a wide carrier-frequency range, and a 
tuned input circuit is provided to faci litate 
coupling to the transmitter. 
~ The r-f power input required in the broad­
cast range is less than 0.5 watt. 
~ The flashing lamp is extremely useful as a 
monitoring device. It is set to flash with mod­
erate frequency when the transmitter is oper­
ating normally. If the flashing rate changes 
markedly, the operator is made aware that the 
average level of modulation has changed. 
~ The flashing circuits are so designed that 
the indication is unaffected by moderate 
changes in carrier amplitude. 
~ Terminals are provided so that remote per­
centage modu lation indicators can be con­
nected to the instrument externally. 
~ FCC Approval No. 1555 has been issued 
for this monitor. 
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Modulation MONITORS 

SPECIFICATIONS 

Range : Modulation percentage, 0 to 110 %, indicated by 
meter on positive peaks, 0 to 100 % on negative peaks. 
The flashing lamp is adjustable to operate from 0 to 
100% on negative peaks. 
Carrier-Frequency Range: The monitor will operate at 
any carrier frequency from 0.5 to 60 megacyles. A single 
set of coils (either 0.5 to 8 megacycles or 3 to 60 mega­
cycles) is supplied with each instrument, unless both 
sets are specifically ordered . 
Carrier-Frequency Input Impedance : About 75 ohms in 
t he broadcast band, increasing s lightl~, at higher carrier 
frequencies and varying somewhat with input tuning. 
Accuracy: The over-all accuracy of measurement at 400 
cycles is ='=2 % of full scale at 0% and 100 %, and ='=4 % 
of full scale at any other modulation percentage. 
Detector Linearity: The distortion in the diode detector 
is very low for frequencies up to 7500 cycles. Above this 
frequency, a small amount of negative-peak clipping 
occurs, reaching 5% at the extreme high end of the 
audio range at 15,000 cycles and 100% modulation. 
R-F Power: In t.he broadcast range t he maximum r-f 
power requirement is about 0.5 watt. 
Tube Complement: The fo llowing tubes are used: 

2 - 6SN7-GT 1 - 2050 
2-6SJ7 2 - 0D~ 
1 - 6AL5 1 - 6X5GT 

Warning Lamp Circuit : The OVERMODULATION 
lamp will fl ash whenever the negative modulation peaks 
exceed t he setting of the MODULATION PEAKS dial 
by 2% or more modulation, for audio frequencies be­
tween 30 and 7500 cycles. For higher audio frequencies, 
the percentage over modulation required to flash the 
lamp increases slightly. 

The accuracy of the dial calibration is ='=2 % of fu ll 
scale. 
Meter Circuit : The response of the PERCENTAGE 
MODULATION meter circuit is flat, within ='=0.25 db, 

Type 

between 50 and 15,000 cycles, and within ='=0.1 db 
between 100 and 10,000 cyrles. 

Either positive or negative modulation peaks may be 
read. Cali bration in db below 100% modulation is 
provided . 

The meter dynamic characteristic meets FCC specifi­
cations for modulation monitors. 
Audio Mon itoring Output: The audio output amplifier 
is flat, within ='= 1.0 db, from ao to 45,000 cycles. The 
in ternal impedance is 600 ohms. Distortion is less than 
0.2% . Open-circuit output voltage is about 300 milli­
volts. 
Fidelity- Measuring Output: Flat within ='= 1.0 db be­
tween 30- 30,000 cycles with TYPE 1932-A Distortion 
and Noise Meter connected. Distortion less than 0.1 % . 

Output level varies inversely with setting of MODU­
LATION PEAKS dial, thus providing reasonably uni­
form input to distortion meter at all modulation levels. 
Average output level, approximately 1.5 volts. 

Residual noise and hum level will not exceed -80 db. 
Auxiliary Output : A multipoint connector at the rear of 
the instrument provides a means of connecting: 

1. A remote Percentage Modulation Meter. 
2. To a 600-ohm output for audio monitoring. 
3. The TYPE 1932-A Distortion and Noise i\Ieter. 

Power Supply : 105 to 125 (or 210 to 250 ) volts, 50 to 60 
cycles. Power input is approximately 50 watts. 
Accessories Supplied: Multipoint connector TYPE 
ZCAP-5 Power Cord, spare fuses, and one set of input 
tuning coils (specify frequency range desired) . 
Mounting : The instrument is relay-rack mounted. End 
frames are available for table mounting. (See price list 
below.) 
Panel Finishes: Standard General Radio black crackle. 
Certain standard grays which can be processed in quan­
t ity can a lso be supplied. 
Dimensions: Panel (length) 19 x (height) 8%: inches. 
Depth behind panel, 10 inches. 
Net Weight : 32%: pounds. 

Code Word Price 

1931-A 
1931-A 
1931-PS 
1931-P6 
FRI-S10 

Modulation Monitor, 0.5 to 8 Me ........ . TARRY $500.00 
Modulation Monitor, 3 to 60 Me .... ••••• .. 
Extra Tuning Coils, 0.5 to 8 Me .•••.•...•• 
Extra Tuning Coils, 3 to 60 Me ..•.•.•.••• 
End Frames ....•••••••••••••••••••••••• 

TOPIC 

TABBY 

TOTEM 

ENDFRAMEAT 

PATENT NOTICE. See Notes 1, 15, page viii . 

R.F. 
INPUT 

ELEMENTARY SCHEMATIC DIAGRAM 

GENERAL RADIO COMPANY 

500.00 
23.00 
23.00 
13.00 pair 
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POWER SUPPLI ES 
While most General Radio instruments have their 

own self-contained a-c power supplies, some have been 
designed with detachable power supplies for versatility 
and economy. These power supplies a re also useful for 
general laboratory purposes, because they combine 
small physica l size with high quality and high perform­
ance . 

Most of the General Radio Unit Instruments use 
separate power supplies. These instruments can a ll be 
operated with the general-purpose TYPE 120:3-B Unit 
Power Supply. For the ultimate performance in critical 
applications, the TYPE 1201-A Unit Regulated Power 
Supply provides constant voltage, greatly red uced 
ripple, and higher cmrent ratings. For 6-volt or 12-volt 
storage-battery operation of Unit Instruments, the 
TYPE 1202-A Unit Vibrator Power Supply is available. 

Another unit, the TYPE 120.J-A Unit Variable Power 
Supply, is most useful in the laboratory to provide a d-c 
voltage adjustable from 0 to :100 volts at 100 mao 

Any of these Unit Power Supplies can be used with 
any Unit Instrument. Assemblies plug together for con­
venience, and can be solid ly bolted together if desired. 
Rack mount.ing panels, TYPE -l80-P, can be used to fasten 
a Unit Instrument and its power supply into a standard 
19" rack. 

The TYPE 1263-A Amplitude-Regulating Power 
Supply regulates the plate-supply voltage of an r-f 
osci llator to maintain a preset osci llator-output voltagc. 
The resultant constant output voltage makes possible 
faiLhfu l reproduction in automatic display and plotting 
of amplitude response data. 

For a-c operation of certain General Radio battery 
operated instruments, the TYPE 1261-A Power Supply is 
available. This supply is interchangeable with a TYPE 
BA-l8 (or 6TA60) Battery. Another model, the TYPE 
1262-A Power Supply is used for a-c operation of the 
TYPE 1551-A Sound-Level Meter. 

See Operated 
Type From Output Remarks Page 

1203-8 115v, 60 e 6.3v, ac; 300v, de 144 

1201-A 115v, 60 c 6.3v, ac; :300v, de Regulated 300v 145 
1202-A 6v or 12v storage bat- 6.3v, ac; 300v, dc; 115v, ac a-c output is at 115 c 1,16 

tery or 115v, 60 c 
1204-8 115v, 60 c 6.3v, ac; 0 to 300v, dc Includes Variac 1,15 

1261-A 115v, 60 c 1.5 or 3v, dc ; 133v, dc, open circuit Replaces BA.J8 Battery 147 
1262-A 115v, 60 c 1.2 and 1.5v, dc; 69v, dc, open circuit Attaches to GR Sound 1,17 

Level ~1eter 
1263-A 115v, 60 c 6v, dc; 0 to 250v, dc For Amplitude control on 148 

Unit Oscillators 

TYPE 1203-8 UNIT POWER SUPPLY 

Although it may be used for other equip­
ment, this power supply is designed primarily 
to supply a-c heater and d-c plate power for 
General Radio Unit Instrum ents. Connections 
are made to other Unit Instruments through a 
multipoint connector. A mating plug is fur­
nished to facilitate connection to any other 
circuits. 

equipment, a 10- 32 screw with nut for permanently 
attaching the power supply to other Unit Instruments. 
Mounting: Black-crackle fin ish a luminum panel and 
sideR. Aluminum cover fin ished in clear lacquer. 
Dimensions : 5 (wid th) x 5~ (height) x 67.( (depth) 
inc-hes, over-all, not including power cord. 
Net Weight : 5 pounds. 

SPECIFICATIONS 

Output Voltages: 6.:3 volts a-c, :3 amperes maximum; 
300 volts d-c ±5%, 50 milliamperes maximum. No load 
voltage, 380 volts. 
Hum Level: Less than 80 millivolts at fu ll load. 
Input: 115 volts, 50 to 60 cycles, 50 watts full load. 
Rectifier: 6X-l. 
Output Terminals : Standard multipoint connector 
mounted on the side of the unit. 
Accessories Supplied: Spare fuses, a mating multipoint 
connector for connecting the power supply to other 

Type 
1203-B 
1203-BQll 

Unit Power Supply (115 volts, 50-60 cYcles). 1 
Unit Power Supply (230 volts, 50-60 cycles). 

Code Word 

ALIVE 

ALIVEREGAL 
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Unit ----------~--POWER SUPPLIES 

TYPE 1201-A UNIT REGULATED POWER SUPPLY 

The TYPE 1201-A Unit Regulated Power 
Supply is recommended for use with Unit 
Instruments where line voltage fluctuates 
bad ly or where maximum isolation is reqllired 
from line voltage effects on osci llator output 
amplitude and frequency, amplifier hum level, 
or pulse-generator jitter. 

The regulated unit is completely inter­
changeable mechanically and electrically with 
the TYPE 1203-A Unit Power Supply. It will , 
however, provide higher output currents with 
greatly reduced ripple and noise. 

SPECIFICATIONS 
High-Voltage Output : 300 volts d-c ± 1% ; regulated 
within ±0.5% ; 70 rna with a 120 cycle ripple less than 
2 mi llivolts at full load. 
Heate r Output : 6.3 volts a-c; 4 amp. max; unregulated. 
Input : 105- 125 volts, 50 to 60 cycles, 100 watts. 
Tube Complement : One each, 12AX7, 6AV5GT, 565l. 

Type 

1201-A Unit Regulated Power Supply 

Accessori es Supplied: Same as for TYPE 12m-A. 
Dime nsions: 5 (width) x 5%; (height) x 6X (depth) 
inches, over-all. 
Net W eight : 6 pounds. 

Code Word Price 

1201 -AQ18 
(115 volts, 50-60 cycles) ...•••• •• •••• • • 

Unit Regulated Power Supply 
ASSET $ 85.00 

100.00 (230 volts, 50-60 cycles) .. • ••• • •••••••• ASSETREGAL 

An adjustable d-c plate voltage supply and 
a fixed a-c heater supply, both isolated from 
ground and from each other, are provided in 
the TYPE 1204-B Unit Variable Power Supply. 
They are available at insulated panel binding 
posts, and also at a multipoint connector 
mounted on the right-hand end, into which 
other Unit Instruments plug directly. 

The d-c plate supply, is obtained from a 
pair of selenium rectifiers in a voltage-doubler 
circuit and is adjustable down to zero by a 
VARIAC ® ~ontrol. Both the d-c output volt­
age and the d-c load current are measured by 
a single switch-controlled panel meter. 

Type 

TYPE 1204-8 

UNIT VARIABLE 

POWER SUPPLY 

SPECIFICATIONS 

Output Voltage: 6.3 volts a-c, nominal; 3 amperes maxi­
mum. The d-c output voltage is adjustable from zero 
to 300 volts with a maximum load of 100 milliamperes. 
Maximum no-load voltage, 400 volts. 
Hum Level : About 250 millivolts at 300 volts, 100 
mill iamperes d-c load; about 150 mill ivolts at 350 
volts, 50 milliamperes d-c load. 
Input : 115 volts at 60 cycles; 75 watts at full output 
load. A line connector cord is permanently attached to 
the instrument. 
Accessorie s Supplied : Same as for TYPE 1203-A. 
Mounting : Black-crackle-finish aluminum panel and 
sides. Aluminum cover finished in clear lacquer. 
Dimensions : 9Ys (width) X 5%; (height) x 6X (depth) 
inches, over-all, not including power line connector 
cord. 
Net W e ight : 9%; pounds. 

Code lVord Price 
1204-8 Unit Variable Power Supply . ••• .. •. . . . ..• 1 AGATE $100.00 
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POWER SUPPLIES Unit 

TYPE 1202-A UNIT VIBRATOR POWER SUPPLY 
FOR FIELD USE WITH STORAGE-BATTERY POWER 

USES: The Unit Vibrator Power Supply will 
supply the power requirements of any Unit 
Instrument from either a 6-volt or a 12-volt 
storage battery. For those Unit Instruments 
designed for use wit h separate plug-in power 
uni t, it supplies plate and heater power di­
rectly; for t hose wit h internal power supply 
(T YPES 1216 and 1219) it furnishes 115 volts, 
ac. As an added convenience, t he Unit Vibrator 
Power Supply can also be operated from a 
1I5-volt, 50- to 60-cycle, a-c line, t hus avoiding 
unn ecessary duplication of facilities where 
instruments must be used both in the labora­
tory and in the fi eld. 

DESCRIPTION: The TYPE 1202-A Vibrator 
Supply incorporates filtering for "hash " and 
r-f to an adequate degree. The frequency 
at the 1I5-volt outlet and at the heater supply 
outlet for battery-input operation is 115 cycles 

and the wave-shape is approximately square. 
With power-line input, the heater-supply fre­
quency is 50-60 cycles, sine wave. There are 
two switch positions for battery operation to 
allow for diverse battery and load conditions. 

Selenium rectifiers are used in the plate­
supply system for greater overall effi ciency 
and Jess drain on the battery. The 6-foot bat­
tery cable has heavy-duty insulation to with­
stand the severe mechanical treatment that 
can be expected out of doors and at the battery 
of a car. It is fitted with extra-large battery 
clips. The leads are color-coded because the 
supply must be connected with due regard to 
the ground connection at the battery. 

The complete supply is housed in a stand­
ard General Radio Unit Instrument cabinet 
that is about one fifth of a cubic foot in 
volume. 

SPECIFICATIONS 

Input : Six-volt or twelve-volt st.orage battery or 115-
volt, 50- to 60-cycle power line. In~trumen t is sh ipped 
with connections for 6-volt operation unless 12-volt 
supply is specified on the order. 
Output: 300 volts at 55 ma d-c ; 6.3 volts at 2.7 amperes 
a-c. Wi th battery inpu t, 115 volts at 115 cycles is also 
available. The maximum output is 40 watts. 
Vibrator: A 6-volt v ibrator is supplied with t he instl'll­
ment. It is used for both 6-volt and 12-volt operation. 
Output Connectors: A standard multi-point connector is 
mounted on one side of the cabinet for plugging in Un it 

Type 

Instruments. A standard a-c outlet on the other side of 
the cabinet for connection to instruments that normally 
plug into a power line. 
Accessories Supplied: Spare fuses, a mating multipoint 
connector, a power line cord and a heavy cable for 
battery connection. 
Mounting: Black-crackle-finish aluminum panel and 
sides. Aluminum covel' fini shed in clear lacq uer. 
Dimensions: (Width ) 10Ys x (height) 5% x (depth) 6% 
inches overall. 
Net Weight: 11 Y2 pounds. 

Code Word 
1202-A I Unit Vibrator Power Supply... .. . ... .. . . .. I AURAL $125.00 

Type 

480-P4U1 
480-P4U2 
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RELAY-RACK ADAPTOR PANELS FOR UNIT POWER SUPPLIES 
Fils 

1203-A or 1201-A ....................... 1 

1202-A or 1204-A ...................... . 

Code Word 

UNIPANARCH 
UNIPANBOL'r 

GENERAL RADIO COMPANY 

Price 
$10.00 

10.00 



Accessory ~--POWER SUPPLIES 

TYPE 1261-A POWER SUPPLY 

USES: The TYPE] 261-A Power Supply is an 
a-c power pack for use in place of batteries 
in battery-operated instruments. The power 
pack is interchangeable electrically and me­
chanically with a BA48 (Burgess Type 
6TA60) battery. It can be used in the follow­
ing General Radio instruments: 
TYPE 720-A Heterodyne Frequency Meter 
TYPE 1231-B Amplifier and Null Detector 
TYPE 1550-A Octave-Band Noise Analyzer 

SPECIFICATIONS 

OUTPUT: 
Filament Supply : 1.5 volts or 3.0 volts; maximum 

current 350 rna. Normal current needed through filter 
choke to operate relay is 300 mao 

Plate Supply: With ll5-volt, 60-cycle input and 300 
rna filament-current output, the plate supply voltage is: 

133 volts open circuit 89 volts at 5 rna 
107 volts at 3 ma 72 volts at 7 rna 

8 rna maximum output current 
Hum and Noise Level: Sufficiently low to assure satis­
factory operation of instruments listed under concli­
tions specified. 

Input Voltage : 105-125 (or 210-250) volts, 40 to 60 cycles. 
Input Power: Approximately 10 watts. 
Tube Complement : One 6H6. 
Batteries : Two Burgess UNI-Cell No.2 or Eveready No. 
950 . 
Terminals: A four-terminal socket fits the battery-cable 
plug on the TYPE 720-A, TYPE l550-A and TYPE 1231-B. 
Accessories Supplied: One CAP-35A Power Cord. 
Dimensions: (Length) 10 x (width) 2% x (depth) 5 
inches. 
Net Weight : 7% pounds. 

_----::-=''l-!-'y-!:-p-'-e_. __ .--;;:-__ -:o-_-;-____________ ---.-_.-:::.Code lV ord 
1261-A Power Supply . ...... ... ................. 1 NUTTY 

P1ice 
$128.00 

TYPE 1262-A POWER SUPPLY 

USES: The TYPE 1262-A Power Supply is an 
a-c operated power pack, replacing the bat­
teries normally used in the TYPE 1551-A 
Sound-Level Meter. 

DESCRIPTION: The TYPE 1262-A Power Sup­
ply is a small, lightweight unit constructed so 
that it can be conveniently attached to the 
end frame of the TYPE 1551-A Sound-Level 
Meter. It provides two d-c filament supplies 
and one plate-voltage supply as required by 
the Sound-Level Meter. Selenium rectifiers 
and R-C filters are used in each supply circuit. 

SPECIFICATIONS 

Filament Supply: No.1 1.2 volts at -15 ma 
l.5 volts open circuit 

No.2 1.2 volts at 40 ma 
l.5 volts open circuit 

Plate Supply : 60 volts at 2 ma ; 68 volts open circuit. 
(Nominal voltages obtained with 115-volt, 60-cycle 
input.) 

Hum and Noise Level : Sufficiently low to assure satis­
factory operation of the TYPE 155l-A Sound-Level 
Meter. With ll5-volt, 60-cycle input, nominal values 
are: 

Filament Supply: No . 1 50 !'volts 
No.2 50 !'volts 

Plate Supply: 100 !'volts 

Input Voltage : 105- 125 volts. 50- 60 cycles. 
Input Power: Approximately 2 watts. 
Output Terminals: A small four-terminal molded plug 
on a short, flexible cable fits socket on the TYPE 1551-A 
Sound-Level Meter panel. 
Input Connection: Line cord is attached to power supply. 
Mounting: Fastens to end frame of Sound-Level Meter 
with screws through power supply to inserts in the 
frame. 
Dimensions : (Height) 6% x (width) 7Yz x (depth) 2Yz 
inches over-all. 
Net Weight : 2 pounds 10 ounces. 

Type Code TV ord Price 
1262-A I Power Supply (115 volts, 50-60 cycles) . .. "1 MANLY 
1262-AQ 18 Power Supply (230 volts, 50-60 cycles). . . .. MANLYREGAL 

GENERAL RADIO COMPANY 

$70.00 
85.00 
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POWER SUPPLIES--~ Regulating 

TYPE 1263-A AMPLITUDE-REGULATING POWER SUPPLY 
AUTOMATIC AMPLITUDE CONTROL FOR UNIT OSCILLATORS 

In measurements by sweep methods, it is 
essential that the amplitude of the applied 
signal remain constant as a function of fre­
quency. The Amplitude-Regulating Power 
Supply is designed to maintain constant out­
put from General Radio Unit Oscillators and 
can be used with other oscillators if their power 
requirements are within the allowable range, 
and if a d-c connection can be made to the 
oscillator cathode circuit for supplying plate­
current control. 

The power supply compares the d-c poten­
tial developed by the oscillator output recti­
fier with an adjustable d-c reference potential, 
and applies a rapid correction to the oscillator 
plate supply to minimize the difference. It also 
supplies d-c power for the plate and the cath­
ode heater of the osci llator. 

Owing to its very-high-speed response, the 
amplitude-regulating Power Supply is particu­
larly useful when used with a Unit Oscillator 
and the TYPE 1750-A Sweep Drive (page 200) 
for oscilloscope display of amplitude-fre­
quency characteristics. 

SPECIFICATIONS 
General: For use with an oscillator whose output can 
be controlled by varying plate voltage app lied. D-C 
connection to oscillator cathode must be avai lable. Can 
be used with TYPE ; 1211-B, 1215-B, 1209-B, and 1218-A 
(pages 113 and 117). 
Plate Supply: 0-250 volts at 25 ma with a 105 volt li ne. 
With a line voltage of 1I5-volts (or 230 ), up to 300 volts 
at 30 ma is available. 
Heater Supply : 6 volts doc at 0.5 amperes at 115-volt 
line. (5.4 volts at 0.7a) 
R-F Output Regulation : Can be set from 0.2 to 2 v<;>lts. 
Oscillators t hat can deliver a minimum of 2 volts II1 to 
50 ohms within stated plate-supply limitation wi ll be 
regulated within ±2 percent of the preset level. Output 
change with rated line-voltage variation, less than 20 
millivolts. 
Response Time : Plate current is changed at a rate of 30 
milliamperes per millisecond. 
Output Meter: Internal doc vacuum-tube voltmeter, 
calibrated in terms of the r-f voltage at the external 
output rectifier. Internal calibra tion means is provided 
for standardization of this meter with rectifier. 
Power Input: 55 watts maximum at 115 / 230 volts. 
Power Supply : 105 to 125 (or 210 to 250) volts, (50-60 
cycles). 
Blanking: P hone-tip jacks provided . Con nection to a 
contactor in the TYPE 1750-A Sweep Drive cuts off 
osci llator plate supply to el iminate vertical deflection 
during the return sweep, and to provide base line. 
Tube Complement : Three 12~,(7, one each, 6V6-GT, 
OA2,6X4. 

Type 

Oscillograms of output ampli tude vs. frequency for t be 
TYPE 1209-B Uui t Oscillator (250 to 920 Mc) unregu­
lated (left), and opera ted from tbe Amp li tude-Regu­
lating Power Supply (rigbt). Oscilla tor was driven by 
tbe TYPE 1750-A Sweep D ri ve. 

Accessories Supplied: CAP-35 Power Cord, cable for 
Unit Oscillator connection, multipoint connector p lug, 
spare fuses. 
Other Accessories Required: TYPE 874-VR Voltmeter 
Rectifier , TYPE 274-NF Patch Cord and TYPE 874-Q6 
Adaptor for connecting output rectifier. 
Other Accessories Available : TYPE 874-VQ Voltmeter 
Detector (page 49) and TYPE 874-WM 50-obm Ter­
mination (page 55) for use as a matched detector when 
frequency response measurements are made on 50-ohm 
circuits; TYPE 874-VI Voltmeter Ind icator (or a doc 
microammeter) to indicate output of circuit under test 
for manual operation; TYPE 1750-A Sweep Drive (page 
200) for automatic operation. 
Dimensions : 13>i (height) x 8>i (widtb) x 77-2 (depth) 
inches. 
Net Weight : 187-2 pounds. 

Code Word Price 
1263-A 
874-VR 
274-NF 
874-Q6 

Amplitude-Regulating Power Supply ........• • •.•..... SALON 
COAXRECTOR 
STANPARGAG 
COAXCLOSER 

$280.00 
30.00 

1.50 
2.25 
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Vol·tmeter Rectifier .....................•.....•...... 
Patch Cord ..... . ..............•...• • •.•.•.•••.•.••. 
Adaptor . .......... . .......... . .................. . . 
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FIGURE 1. The equivalent circuit of a variable air 
capacitor. 

1. AIR-DIELECTRIC CAPACITORS 

The characteristics of a properly designed 
air capacitor approach very closely those of 
an ideal circuit element. Whether the capaci­
tor is fixed or variable, a low temperature 
coefficient of capacitance, low losses, and a 
high degree of stability can be achieved. 

For many measurements, and over a wide 
range of frequency, such a capacitor can be 
considered as having a terminal impedance 
defined solely by its electrostatic capacitance. 
However, for the most accurate measurements 
at audio frequencies or for measurements at 
radio frequencies, the small deviations from 
ideal performance must be examined and 
evaluated. 

Figure 1 is a lumped constant equivalent cir­
cuit showing the residual parameters which 
cause the deviations from ideal performance. 
R represents the metallic resistance in the 
leads, stack supports and plates. L represents 
the series inductance of the structure and C 
the low frequency air dielectric capacitance. 
The capacitance Co represents the capacitance 
of the dielectric supporting structure. The 
conductance G represents (a) the dielectric 
losses in the supports, (b) the losses in the 
air dielectric and on the surface of the plates 
(significant only at very high humidities), and 
(c) the d-c leakage conductance. 

At low frequencies the capacitance at the 
terminals is C + Co and only the component 
G need be considered in evaluating the dissipa­
tion factor. The effect of the leakage conduct­
ance is negligible at frequencies above a few 
cycles, and is ordinarily of importance only 
when the capacitor is used at dc, i.e., for 
charge storage. The losses in the air dielectric 
are negligible under conditions of moderate 
humidity and temperature. 

At audio frequencies then, the dominant 
component of conductance is that contributed 
by dielectric losses in the insulating structure. 
Good quality, low-loss materials such as 
quartz, ceramics, and polystyrene used for 

CAPACITORS 
supports in air capacitors are characterized by 
a dissipation factor that is nearly constant 
with frequency. This corresponds to a con­
ductance component that varies approxi­
mately linearly with frequency. 

The dissipation factor of the equivalent 
circuit, at low frequencies, can be written as 

D = G Do Co 
w (C + Co) C + Co 

D is thus inversely proportional to the ter­
minal total capacitance, for a variable capa­

G. 
citor. The quantity DoCo = - IS very nearly 

w 

independent both of frequency and setting 
and as such is a convenient figure of merit 
for the capacitor. Since Do is dimensionless, 
DoCo can be expressed in J.LJ.Lf. 

As frequency is progressively increased, the 
impedances of Rand L become significant 
compared to the reactance of C and must be 
taken into account. 

The resistance R ordinarily is not signifi­
cant except at frequencies where skin effect 
is essentially complete, under which condition 
its value varies as the square root of fre­
quencyand may be expressed as Ro v'7, where 
Ro is the resistance at one megacycle and f is 
the frequency in megacycles. The tota l dis­
sipation factor of the capacitor when the re­
sistance R is taken into account is 

G 
D = wC + Ro Vi wC (2) 

L represents the inductance of the current 
path between terminals. It is largely concen­
trated in the leads and supporting members, 
and, as a consequence, is nearly independent of 
setting in a variable capacitor. The variation 
in effective terminal capacitance caused by L 

FIGURE 2. Variation of effective capacitance and D with 
frequency for TYPE 722 Precision Capacitors. 
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CAPACITORS ---~------ Introduction 

is given by the expression 

C = C = C + w2LC2 
o 1 - w2LC (3) 

Variations of Co and D for TYPE 722 Precision 
Capacitors are given in Figure 2 as a function 
of frequency, for various settings. 

2. FIXED SOLID-DIELECTRIC CAPACITORS 

The same residual impedances shown in 
Figure 1 for air capacitors are present in solid­
dielectric capacitors, but, because of a different 
mechanical structure and because the capaci­
tance is concentrated in the solid dielectric, 
their relative magnitudes are different. 

In addition, the so-called dielectric ab­
sorption caused by interfacial polarizations 
occurring in the dielectric at frequencies in 
the milli-cycle or micro-cycle range affect 
the low-frequency performance. 

The effects of interfacial polarization in the 
dielectric are sho\\"l1 by the low-frequency 
portions of Figure 3, a and b. On these log-log 
plots the slope of the lines is characteristic of 
the dielectric material. At very low frequen­
cies, the d-c leakage conductance adds a com­
ponent to the dissipation factor, but does not 
affect capacitance. It is normally negligible, 
even at 10 cycles per second. 

At high frequencies, the series resistance 
causes dissipation fact·or to increase as the 3/2 
power of frequen cy, while the seri es induc!­
ance causes the fractional change in capacI­
tance to increase as the square of frequency 
(See Equations 2 and 3). 

FIGUnE 3. The var ia lion, wi lh frequency, of capaci tance, 
a (top ), and dissipalion faclor, b (boltolll ), of a fixed 

solid·dielcclric capaci lor. 
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FIGURE 4. Equivalent circuit of a TYPE 219 Decade 
Condenser. 

Fractional change in capacitance and abso­
lute value of dissipation factor each have a 
minimum value, which occurs at a frequency 
that varies inversely with capacitance and 
that can be as low as 1 kc and as high as 10 
Mc for capacitance values in the range from 
1 J.Lf to 100 J.LJ.Lf. For small capacitances, where 
the effect of series resistance appears only at 
very high frequencies, a residual polarization, 
having a dissipation factor constant with fre­
quency, sets a minimum value for dissipation 
factor. 

In the following pages are described fixed 
sol id-dielectric capacitors of various materials. 
The precision standard capacitors TYPE 509 
use silvered mica as the dielectric material, as 
do TYPES 505 and 9S0, although these latter 
are not adjusted to the same order of accuracy 
as the TYPE 509. High-dielectric strength, low 
dielectric loss, and high dimensional stability 
make high-quality mica the best available 
solid dielectric for alternating-current stand­
ard capacitors. Silvered mica sheets with soft 
metallic foil interposed between sheets insure 
low resistance and stable contact between elec­
trodes and the dielectric. 

For use at d-c or extremely low frequencies, 
mica dielectric is at some disadvantage because 
of the relatively large increase of its d-c capa­
citance over the audio-frequency value. This 
increase is caused by interfacial polarizations 
having extremely long relaxation times. 

Polystyrene exhibits the remarkable prop­
erty of having dielectric constant and dissipa­
tion factor very nearly invariant with fre­
quency, the total increase in d-c dielectric 
constant over the high-frequency value being 
only a small fraction of a percent (in contrast, 
mica exhibits a rise of the order of 30%). 
TYPE 9S0-A, -B, and -C Decade Capacitors 
are hermetically sealed capacitors, wound 
non-inductively with carefully processed poly­
styrene film. 

When capacitors are assembled into decades, 
as in the TYPE 9S0 Decade-Capacitor Units, 
the residual impedances are increased by the 
switch and wiring. The assembling of several 
decades into a TYPE 219 or 1419 Decade Ca­
pacitor adds more series residuals and more 
terminal capacitance. 
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Precision ------~ CAPACITORS 

TYPE 722 PRECISION CAPACITOR 

USES: The TYPE 722 Precision Capacitor is a 
stable and precise variable air capacitor 
intended for use as a standard of capacitance. 

I t is widely used in a-c bridges, both as a 
built-in standard and as an external standard 
for substitution measurements. It is also used 
as a tuning capacitor in oscillators and fre­
quency meters, and as a standard in electronic 
gauges, calibrators and other instruments. 
Where highest accuracy and stabi lity are im­
portant, it is the standard of the industry. 

DESCRIPTION: The capacitor assembly is 
mounted in a cast frame, which gives the unit 
rigidity. The frame, spacers, stator rods, and 
rotor shaft are made of the best available 
alloys of aluminum, which combine the me­
chanical strength of brass with the weight of 
aluminum. The plates are also of aluminum, so 
that all parts have the same temperature 
coefficient of linear expansion. 

A worm drive is used to obtain the desired 
high precision of setting. In order to avoid 
the slight eccentricity that may occur when a 
worm gear is mounted on a shaft, the shaft 
and the worm are one accurately machined 
piece. The dial end of this worm shaft runs 
in a self-aligning ball bearing, while the other 
end is supported by an adjustable spring 
mounting. Sealed, self-lubricating ball bear­
ings, lightly stressed, are used at the ends of 
the rotor shaft. Electrical connection to the 
rotor is made by means of a silver alloy brush 
bearing 011 a silver overlay drum to assure a 
positive electrical contact. 

The preliminary assembly of the frame, 
shaft, and gears is motor driven to grind in 
the gears before final assembly to improve 
smoothness and concentricity. 

FEATURES: ~High stability. 
~ High precision of sctting - one part in 
25,000 of full scale; scale length is 19.2 feet. 
~ High accuracy. 
~ Low backlash. 
~ Low temperature coefficicnt of capacitance. 
~ Low dielectric losses. 
~ Direct reading in capacitance. 

SPECIFICATION S 

Interior view of the TYPE 722-ME Precision Capacitor. 

Capacitance Range: Three stock models are Ii ted below. 
A fourth model for use at high frequencies is described 
on page 153. 
TYPE 722-D , direct reading in total capacitance; and 

. TyPE 722-MD and TYPE 722-ME, direct read ing in 
capacitance J'emoved from the capacitor and intended 
for use in capacitance measurement by t he direct sub­
stitution method. Ranges and accuracies are tabulated 
below. 

Type 

722- 0 

722-MO 

722- ME 

Capacitance 
Range, J.t14 

\

100 to 1150 
25 to 115 
o to 1050 
o to 105 
o to 105 
o to 10.5 

Approx. 
Cap. 

DiTect- at Zero 
Reading Scale 

A CCUTaCY Setlin(1 
±lJ.tJ.tf or±O.l % 
±0.2 J.tJ.tf or ± 0.1 % 
± 1 J.tJ.tf or ±0.1 % 1140 J.tJ.tf 
±0.2 J.tJ.tf or ±0.1 % 135 
±0.2 J.tJ.tf or ±O.l % 145 
±0.05 J.tJ.tf or ±0.1 % 35 

Capacitance is indicated by the readings of the dial and 
drum, visible th"ough a window in the panel. 
Special models, including three-terminal designs, can 
be supplied to meet customers' specifications. 
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Rotor Ptate Shape: Semicircula r fo r all models, to give a 
linear capacitance characteristic. 
Correction Chart : A correction chart is supplied giving 

Precision 

corrections a t multiples of 1, 10 or 100 jJ.jJ. f, depending 
on the tota l capacitance of t he capacitor. Accuracies 
obtainable t hrough t he use of these cha rts a re as fo llows: 

Accum cy afler cO/Teclion is applied 
T ype R ange, jJ.pf 'i'otal Capacitance Capacitance Differences 

722-D f 100 to 1150 ±0.1 % or ± 0.4 jJ.jJ. f· ± 0.1 % or ± 0.8 jJ.jJ.f· 
1. 25 to 115 ±0.1 % or ± 0.08 jJ.jJ.f· ± 0.1 % or ± 0.16 jJ. jJ. f' 

722-MD { o to 1050 
o to 105 

722-ME { o to 105 
o to 10.5 1 

± 0.1 % or ± 0.4 jJ. jJ.f* 

t ± 0.1 % or ± 0.08 jJ.jJ.f· 

± 0.1 % or ± 0.08 jJ. jJ.f* 
± 0. 1 % or ± 0.02 jJ. jJ.f* 

± 0.1 % or ± 0.8 jJ.jJ.f· 
± 0.1 % or ± 0.16 jJ.jJ.f* 

± 0.1 % or ± 0.16 jJ.jJ.f* 
± 0.1 % or ± 0.04 jJ.jJ. f* 

t When differences are taken from any zero worm-dial setting. * \Vhichever is greater. 

Overall Usable Accuracy: The accuracies stated above 
can be attained in practice only if an acceptable stand­
ard technique is used by t he operato r to connect t he 
capacitor in to a measuring circuit . Ot herwise, t he usable 
accuracy at the capacitor te rminals ma.v be limi ted to 
approximately ± 1 jJ.jJ.f. (See descrip tion on page 154 
under TYPE 1401 or Geneml Radio Ex perimenteT, Vol. 

XXI, N o. 12, May 19 ~ 7, fo r a complete discussion of 
connection errors.) 
Worm Correction Ca iibration : Corrections fo r t he slight 
residua l eccent ricity of the worm d ri ve can be supplied 
for a ll models at an extra charge ind icated in the price 
list. Moun ted cha rts a re supplied, which give t he cor­
rections to at least one more figure t han the guaranteed 
accuracies, wh ich are sta ted below. 

T ype R ange, jJ.pf 

flCCUTacy after worm correclion is applilX"'i --;-;:: ____ _ 
Total Capacilance Capacitance Differences 

722-D { 100 to 1150 
25 to 115 

± 0.1 % or ± 0.1 jJ.jJ.f- ± 0.1 % or ± 0.2 /J.jJ.f-
± 0. 1 % or ± 0.02 /J.jJ.f* ± 0.1 % or ± O.OJ jJ.jJ.f* 

722- MD { o to 1050 
o to 105 f 

± 0.1 % or ± 0.1 jJ.jJ.f* 
t ± 0.1 % or ± 0.02 jJ.jJ.f* 

± 0.1 % or ± 0.2 /J.jJ.f­
± 0.1 % or ± O.O+ jJ.jJ.f-

722-ME { o to 105 
o to 10.5 l ± 0.1 % or ± 0.02 jJ.jJ.f* 

± 0.1 % or ± 0.005 jJ.jJ.f · 
± 0.1 % or ± O.OJ jJ.jJ.f* 
± 0.1 % or ± 0.01 jJ.jJ.f* 

t When differences are taken from any zero worm-dial setti ng. * \Vhichcvcr is greater. 

Maximum Voltage : All models, lOCO volts, peak. 
Dielectric Supports: Bars of low-loss steatite support the 
stator assemblies, and ('onical polyst,y rene bushings 
insulate the termina ls from t he panel. Qua rtz ba rs, 
coated wi t h silicone to prevent fo rmation of a water 
fi lm, can be supplied on specia l order. (See price list.) 
Dielectric Losses: The figu re of merit , D"Co (dissipation 
factor t imes capacitance), when measured at 1 kc, is 
approximately 0.03 x 10'-12 for steatite insulation and 
0.003 X 10-.2 fo r qua rtz. 
Insulation Resistance : Under standard condi t ions (230 C, 
50 % RH ), greater than 1012 ohms. 
Residual Parameters: E ffective series inductance is ap­
proximately 0.06 jJ.h for a ll high-capacitance sections 
and 0. 10 fo r low-capacitance sections. E ffective series 
resistance at 1 Me is approximately 0.0211 fo r bigh­
capacitance sections and 0.03!! for low-capacitance sec­
t ions. The series resistance va ries as the square root of 
t he frequency. Its effect is negligible below 100 kc. 

T ype 

Frequency Characteristic: See Figure 2, page 149, for 
plot of va riation of capacitance with frequency. 
Temperature Coefficient of Capacitance : Approximate ly 
+0.002% per degree Centigrade, for small temperature 
changes. 
Backlash: Less than one-half division, corresponding to 
0.01 % of fu ll scale va lue. If t he desired setting is a lways 
approached in the direction of increasing scale reading, 
no error from this cause will resul t. 
Terminals : J ack-top binding posts a re provided. Stand­
a rd % -incb spacing is used. The rotor termina l is con­
nected to t he panel and shield. 
Mounting: The capacitor is mounted on an aluminum 
panel finished in b lack crackle lacquer and enclosed in a 
shielded walnu t cabinet. A wooden storage case wi th 
carrying handle is supplied. 
Dimensions: Panel, 8 x 9Ys inches; depth, 8 Ys inches. 
Weight: 1O Y2 pounds; 19% pounds wit h carrying case. 

Code W ord P rice 

722-D I Precision Capacitor ........ .. . .... . ..... . 
722-MD Precision Capacitor .... . . . . .. .. ......... . 
722-ME Precision Capacitor .... . . . .. . ........... . 

CRUEL $235.00 
CYNIC 225.00 
COU P E 225.00 

Worm-Correction Calibration for any model * ............ ... . WORMY 75.00 
* When ordering, use compound code word, CRUE LW ORMY, etc . 

QUARTZ INSULATION 

Any T YP E 722 Precision Capacitor can be obtained with quartz insulation. 

T ype 

. 722-DQ 
722-MDQ 
722-MEQ 

152 

Type 722-D with Quartz Insulators ••••.... 1 

Type 722-MD with Quartz Insulators ..... . 
Type 722-ME with Quartz Insulators ..... . 

Code W 01'd 

CR U ELQUATZ 

CYNICQUATZ 

COU P E QUATZ 

GENERAL RADIO COMPANY 

P rice 

330.00 
315.00 
320.00 



Precision 

TYPE 722 - N 

PRECISION CAPACITOR 

( FOR USE AT 

RADIO FREQUENCIES) 

USES: This capacitor has been designed par­
ti cularly for usc as a standard at radio fre­
quencies in series- or parallel-resonance :neth­
ods of impedan ce measurement. It is also 
useful as a variable capacitor in radio-fre­
quency bridges. 

DESCRIPTION : The frame, bearing, and drive 
mechanism of this capacitor are identical with 
those used on the other TYPE 722 Precision 
Capacitors. The rotor and stator leads, how­
ever, are not brought out in the conventional 
manner. Connection is made at the center of 
both plate stacks to minimize residual induct­
ance and resistance. 

CAPACITORS 

The rotor connection is made by spring­
temper, silver-alloy brushes bearing on a 
silver-overlay disc. 

FEATURES: The important features of this 
capacitor are its low metallic resistance and 
low inductance. Both of these quan tities are 
about one-third the magnitude of those in the 
TYPE 722-D. The accuracy of calibration is 
as good and the dielectri c losses nearly as low 
as in the other TYPE 722 Capacitors. 

SPECIFICATIONS 
Capaci tance Range: 100 to 1150 J.LJ.Lf, direct reading. inal from the panel. Quartz insulation can be supplied 
Standard Calibration Accuracy : The capacitance, meas- on a specia l order. See price list below. 
III·ed at 1 h , is indicated directly in micromierofarads Dielectric losses: The figure of merit, DoCo (dissipation 
by the dia l and drum readings to ± 1 J.LJ.Lf or ±0.1 %. factor times capacitance), when measured at I kc, is 

A correction chart is supplied giving corrections to approximately 0.04 x JO-12 for steatite insulat ion. 
0.1 J.LJ.Lf at multiples of 100 J.LJ.Lf. By using these data the Other Residual Parame te rs: The series metallic rCHist-
direct-reading arcurac~· is ±O.l ( ~ or ± OA J.LJ.L f, whirh- ance is about 0 .008 ohm a t 1 megacycle and increases 
ever is t he greater, a nd the accuracy for capacitance directl.\· as t he squa re root of the frequenc.v. The dielec-
difTercnc('s is ± O.I % or ± 0.8 J.LJ.Lf, whichever is t he t ric a nd metallic losses are a pproximatel.\' equa l at a 
l(reater. setting of 1000 J.LJ.Lf and a frequency of I i\ r c. 
Wo rm Correction Cal ibrat ion : A worm correction can The series inductance is a pproximately 0 . 02~ J.Lh. The 
he supplied on special order. (See price list.) A mOllnt l'd increase in capacitance caused l,'y this inductance reaches 

10' 0 at a setting of 1000 J.LJ.Lf a nd a frequency of JO ~I c. 
ehart is supplied giving t he cOITl'dions to at least one At sma lll'r capacita nce settings the etTed~ of residual 
more figure t ha n the guaranteed aecurac~· stated IlPlo,,·. parameters are less. The equa l division of losses occurs at 

When the worm correction is used, t he capacitluwe 20 ~Ic for a setting of 100 J.LJ.L f a nd th€' JO ( 0 capacitance 
e:ln be determined wi t hin ±O.l '/0 or ± O.l J.LJ.Lf , whieh- ri se oecur~ at :lO :\Ic fo r t he same setting. 
('vcr is the greater, a nd capacitance differences can be Frequ e ncy Cha racte ristic : Sec Figure 2, page 1~·9, for plot 
mcaslIred to a n accumc,r of ±O.l % or ± 0.2 J.LJ.Lf, which- of variation of eapacitanC'e with frequcl1(',\' . 
ev{' r iR thc greater. Dimen s ion s: Panel, 8 x 9Ys inches; depth, 8Ys ilu-h e~. 
Die lectric Supports : Two hars of steatite support the Net We ight : ll )i pounds; 20 ,Yz pounds with carry ing 
stator assembly, a nd a t hird hal' insulates the high term- case. 

Other specifications are identical wit h those of TYPE 722-D, page 152. 

T !Jpe Code lV ord Price 

722-N I 100 to 1150 }l~f , direct readi ll g : .. ··· ··· ··· ····· ··1 
722-NQ Type 722-N wtth Quartz Insulatton . ...... . . . ... . .. . 

Worm -Correction Calibration . .. .. . . . . .... . .. ..... . ... . ...... . . . . 

J:lOX~--I-$210.00 
BOXERQ LI.-\ '!'Z 290.00 
""0 Rm.' 50.00 

\\"hclI orclering, u se compound code word, BOXER\\"OR~IY. 
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CA P A CIT 0 R S 0 Standard 

TYPE 1401 STANDARD AIR CAPACITOR 
USES: This unit is a t\\'o-terminal fixed air 
standard for laboratory use. It supplements 
the TYPE 509 series of fixed mica standard 
capacitors and provides a low loss standard 
in the low-capacitance range. 

DESCRIPTION: The plate assemblies are sup­
ported by a low loss (96% quartz) mounting 
plate, attached to an aluminum casting. This 
casting, together with the cylindrical alumi­
num case, provides a dust-free enclosure and 
a complete shield The low, or ground, side of 
the capacitor is connected to this shield. Three 
supporting rods are used for each of the plate 
assemblies, assuring a high degree of rigidity 
and stabi lity. As in the TYPE 722 Precision 
Capacitor, all p lates, rods and spacers are 
aluminum to reduce thermal stresses. 

FEATURES: ~ High accuracy and stabi li ty. 
~ Low temperature coefficient. 
~ Convenient size. 

SPECIFICATIONS 

Capacitance: Four sizes : 100, 200, 500, and 1000 !L!Lf. 
Te rm inals : TYPE 938 jack-top binding posts on standard 
% -inch spacing. Internal ground on one post. A pair of 
double-ended plugs is supplied to facilitate connection 
to jack-top binding posts. If t hese plugs are added to 
the capacitor, the certified value o[ the capacitance is 
increased by 0.:35 !L!Lf when the unit is p lugged into 
General Radio TYP1, 938 Binding Posts with one post 
grounded as on the TYPE 71 6-C Capacitance Bridge. 
Accuracy : Each capacitor is ad justed to ± (0.1 % + 0.1 
!L!Lf ) at 1 kc, under ASTi\I standard laboratory condi­
tions (2:~ 0 C, 50% RH ) and a certificate of calibration 
is included . This accuracy applies for direct substitu­
tion measurements when connection to the capacitor is 
made by fin e wires: Lead to the low bind ing post 
through its hole and parallel to the panel. High lead 
bent so it approaches the high binding post top per­
pendicular to the panel. Initia l balance is made with 
t his wire spaced :xi -inch, and final balance with it 
touching the top of the post. For other methods of con­
nection , an un certa inty approaching l!L!Lf may be 
introduced . 
Maximum Voltage : For TYPES l-lOl-A, B, C and D the 
maximum peak voltage is 1500, 1200, 900 and 700 
respectively. 
Diel eclric Supports : Plate assemblies a rc supported by 
a low-loss (96 % quartz) matcrial. Polystyrcne bushings 
insulate the binding posts. 
Residual Impedances: The series inductance of a ll units 
is approximat e l~' 0.05 !Lh. The variation in etTective 
(p rminal ('apac itance CltllHCd by this inductallec is sho\\'n 
in the accompanying plot. 

The metallic resistance of a ll uni ts is approximatel.v 
.027 n at one megacycle. The series resistance va ries as 

the square root of frequency above about 100 kc. 
Dissipation Faclor : For TYPES 1401-A, -B, -C, -D, not 
greater than 0.00004, 0.00003, 0.00002, and 0.00001, 
respectively, at 1 kc and standard laboratory conditions 
(2.3 0 C, 50 % RH ). 
Dimensions : Diameter, 3U inches ; height, over-all, 
4U inches. Net Weight: One pound. 

QO,------.---r------,-"r-,,---.--, 

50(------4 __ -+ ______ * .1-1-1 

" ~, 0 (------4---+--- /. 
~ 
i! 5 o~f------j---+--f 

01 (------4-/ 

005(------ 1 

OO~.':-, ---L....L...~L-'-----_!--_,!:_------7.50;--~,OO 

f REQUE NCY IN MEGACYCLES 

Varia Lion \\ i Lh frcq uency of effecLive Lel'lll ina l capaci ­
Lancc d ue Lo resid ua l inductance for each un il. 

_____ Ty~p~e~~--~~--~----------~C~a~p~a~Ct~·IC~!n~c=e--------------------~ __ ~C~o~d~e_~_V~o_rc_t __ ~~~P~I~'i~ce~-
1401-A 100 }J.}J.f.. . .... ..... . ... ..... .. . . ... ... .. . .. . .. . . HABr!' $37.00 
1401 -8 200 }J.}J.f. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HONOH. 43.00 
1401 -C 500 }J.}J.f. .. . .. ... .. ... . . .. . .. .... ...... .......... HOLLY 48.00 
1401-0 1000 }J.}J.f...... ... ...... ... . ..... . ... . . .. ..... . . .. HANDY 53.00 

]\'010: TYl~E 1420 Variable Air Capacitors can be found on page 230 in the Parts and Accessories section of this catalog. 
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Mica CAPACITORS 

TYPE 505 CAPACITOR 
tor terminal but is left floating. Both outside 
foils are connected together. After aging, the 
capacitor unit is placed in the low-loss phe­
nolic case, with silica gel to provide con­
tinuous desiccation, with ground cork to ab­
sorb shock, and then sealed with wax. 

FEATURES: ~ Small, convenient, and accurate. 
~ Has both screw- and plug-type terminals. 
~ Low temperature coefficient of capacitance. 
~ Units are heated to eliminate moisture 
before sealing, and intermil humidity is held to The TYPE 505 Capacitors are used as sec-

ondary laboratory standards and as high- low value by dessicant. 
quality circuit elements. ~ Low-loss case to reduce dielectric loss and 

The capacitor unit consists of a silvered- leakage conductance. 
mica and foil pile, which is spring-held by a ~ Electrodes are silvered on the mica films" 
heavy metal clamp for mechanical rigidity. and connections made to the silvered surfaces 
This clamp is not connected to either capaci- by soft metal foils. 

SPECIFICATIONS 
Accuracy: ±0.5% or ±3 J.<J.<f, whichever is the larger. 
Temperature Coefficient : Approximately +0.0035% per 
degree Centigrade between 10° and 50° Centigrade. 
Calibration is made at 23° C., at a frequency of 1 kc. 
Dissipation Factor: 0.0003 for 1000 J.<J.<f and higher ; 500 
J.<llf, 0.00035 ; 200 J.<J.<f, 0.0004; 100 J.<J.<f, 0.0006. 
Frequency Characteristics: See plots below. Series in­
ductance is approximately 0.055 J.<h for units in sma ll 

. case and 0.085 J.<h for large case. Series resistance at 
1 Me is approximately 0.03 ohm for small case and 
0.05 ohm for large case, varying as square root of fre­
quency above 100 kc. 
Leakage Resistance: Greater tha n 100,000 megohms, 
when measured a t 500 volts, except for the TYPES 
505-U a nd 505-X, for which it is greater than 50,000 
and 20,000 megohms, respectively. 
Maximum Voltage: See table. At higher frequencies the 
allowable voltage decreases and is inversely propor-
tional, approximately, to the frequency. These limits 

correspond to a temperature rise of 40° Centigrade for a 
power dissipation of 1 watt for the sma ll case a nd 2.5 
watts for the large case. 
Terminals: Screw te rminals spaced ~ inch apart. Two 
TYPE 274-P Plugs are supplied with each capacitor. 
High terminal (inside foil) is marked H. 
Mounting: i\Iica-filled, low-loss phenolic cases. 
Dimensions: See sketch. Over-all height, 1% in ches for 
large case, 1 inch for small case, exclusive of plugs . 

2 MTG. HOLES 
NO. 18 DRILL 
IN LARGE CASE 

Maximum F1'equency Limit TV eight 
Type Capacitance Peak Volts for Max Volts in'Ounces Code Word Price 

SOS-A 100 J.<J.<I 700 12Mc 4 CONDENALLY $ B.OO 
SOS-B 200 J.<J.<I 700 7 4 CONDENBELL 6.50 
SOS-E 500 J.<J.<I 500 3.5 4 CONDENCOAT 6.00 
SOS-F 0.001 J.<I 500 2 4 CONDENDRAM. 6.00 
SOS-G 0.002 J.<I 500 1.1 5 CONDE.'IEYRE 6.50 
SOS-K 0.005 III 500 500kc 5 CO:-iDEXFAC'l' 6.50 
SOS-L 0.01 III 500 320 5 COND8XGIRL B.SO 
SOS-M 0.02 1,1 500 200 6 cox DJ,;X !I~JAD 9.00 

*SOS-R 0.05 J.<I 500 100 11 co" D8XCALM 13.50 
*505-T 0.1 III 500 ~ k.l. 12 CON DI;X CROW 16.50 
* SOS-U 0.2 III 500 13 CON DJ,; XWIPE 24.00 
* SOS-X 0.5 J.<I 500 10 15 CONDENWILT 52.50 

* Mounted in large case. 

(Left) Change in capacitance as a function of frequency for TYPE 505 and l4~9 Capacitors. These changes are referred 
to the values which the capacitors would have if there were neither iuterfacial polarization nor series inductance. 
Since the capacitors are adjusted to their nominal va lues at 1 kc, the l-kc value on the plo t should be used as a basis 
of reference in estimating frequency errors. (Right ) Dissipation factor as a function of frequency. 
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CAPACITORS Standard 

TYPE 1409 STANDARD CAPACITOR 

USES: These capacitors are fixed l:itandardl:i for 
laboratory usc. When they are used in con­
junction with a TYPE 722-D or a TYPE 722-M 
Precision Capacitor in a parallel substitution 
method of measurement, precise measure­
ments of capacitance up to several micro­
farads can be made. For capacitor manufac­
turers who maintain a capacitance standardi­
zation laboratory, a set of TYPE 1409 Standard 
Capacitors, used with a TYPE 716-C Capaci­
tance Bridge, is recommended. 

DESCRIPTION: The TYPE 1409 Standard Ca­
pacitor uses a silvered mica and foil stack sim­
ilar to that used in the TYPE 505; units are 
selected for low dissipation factor and are put 
through an additional aging process. The final 
accuracy and stability are thus exceptionally 
good. The units are mounted in cast aluminum 
cases, with silica gel to provide continuous 
desiccation, and are sealed with high-tempera­
ture potting wax. The cases are furnished with 
jack-top binding posts. A ground terminal is 
provided. 

FEATURES: ~ Stability within ± 0.01 % is ob­
tained by careful, controlled construction and 
aging. 
~ A calibration certified within ± 0.04 %, is 
furnished with each unit for both 2-terminal 
and 3-terminal connections. 
~ Plug-in terminals are arranged for conven­
ience in using the capacitors. Several units can 
be stacked one upon the other without the use 
of leads and without cumulative error. 

SPECIFICATIONS 

Accuracy of Adjustment: Within ± 0.1 % of the nominal 
capacitance value engraved on the case. 
Catibration : Measured values of capacitance for both 
the two-terminal and the three-terminal connections at 
a specified room temperature are entered in the calibra­
tion certificate. These values are obtained by direct 
comparison, to a precision of better than 0.01%, with 
a like standard periodically certified by the National 
Bureau of Standards to an accuracy of ± 0.03% in 
absolute capacitance. 

The TYPE 1409 Standard Capacitors may be connected 
in parallel with no cumulative error, by plugging them 
together. 
Temperature Coe ffici e nt of Capacitance: + 35 ± 10 ppm 
per degree Centigrade between 10° and 700 C. 
Di ssipation Facto r: Less than 0.0003 at 1 kc and 23° C. 
See curves on preceding page. 
Frequency Characteri stics : See curves on preceding page. 

Capac i - llJaxi1num Frequency ,scnocs 

Values of series inductance and series resistance at 1 
~1c are given in the table below. Th is resistance varies 
as the square root of the frequency for frequencies 
above 100 kc. 
Leakage Resistance: 5,000 megohm-microfarads or 
100,000 megohms, whichever is the lesser. 
Max imum Voltage : 500 volts peak at frequencies below 
the limiting frequencies tabulated below. At higher fre­
quencies the allowable voltage decreases and is inversely 
proportional to the frequency, approximately. These 
limits correspond to a temperature rise of 40° Centi­
grade for a power dissipation of 5, 6, and 7.5 watts 
respectively, for the three case sizes. 
Mounting: Cast aluminum cases with rubber feet. 
Terminals: Two insulated jack-top terminals, plus jack­
top terminal and ground strap. 
Dimensions : Small case, 37i x 4 x 2 inches; medium case, 
3 U x 4 X 21116 inches; large case, 37i x 5% X 21116 inches. 

Resistance Weight 
lance Peak Limit JOT Inductance in Oh1ns in 

Typ e i11 I'J 
1409-F 0 .001 
1409-G 0 .002 
1409-K 0.005 
1409-L 0 .01 
1409- M 0 .02 
1409-R 0.05 
1409- T 0. 1 
1409- U 0 .2 
1409- X * 0 .5 
1409-Y t 1.0 

* l\1ounted in medium casco 
t Mounted in large case. 

156 

]folt s Max. Volts 1:11 ,."h ,,/ 1 Jl[ c Pounds Code Word Price 

500 4.0 l\Ic 0.050 0.02 1U GOODCONBOY $ 32.00 
500 2.3 Mc 0.050 0.02 17i GOODCONBUG 32.00 
500 1.1 Mc 0.050 0.02 17i GOODCONCAT 34.00 
500 640 Kc 0.050 0.02 17i GOODCOXDOG 34.00 
500 370 Kc 0.050 0.02 17i GOODCONEYE 36.00 
500 175 Kc 0.055 0.02 17i GOODCOl'\PIG 39.00 
500 100 Kc 0.055 0.02 17i G{)ODCONROD 42.00 
500 50 Kc 0.055 0.02 17i GOODCONSIN 50.00 
500 20 Kc 0.055 0.02 1% GOODCONSIDI 80.00 
500 10 Kc 0.070 0.03 21"'1 GOODCOXTOP 130.00 
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Decade CAPACITORS 

TYPE 1419-A POLYSTYRENE DECADE CAPACITOR 

USES: The TYPE 1419-A Polysty rene Decade 
Capacitor is particularly useful in research 
and development " 'ork on computer and in­
tegrator circuits and on low-level a-e ampli­
fiers, because of its very low dielectric absorp­
tion. Its consta ncy of capacitance and dissipa­
tion factor as a function of frequency also 
make it extremely useful in measuring circuits 
and as a component in filters and tuned cir­
cuits. The high insulation resista nce and low 
dielectric absorption make a nearly ideal capa­
citor for d-c ,york. 

DESCRIPTION: This new decade capacitor is 
based on development work and manufac­
turing experience by General Radio since 
1940. The individual capacitor units are non­
inductively 'YOllnd and heat-stabilized, re­
sulting in units of long-time stability approach­
ing that of the best, silvered-mica capacitors. 
The tape lI sed for the dielectri c is specially 
prepared of purified high-molecular-weight 
polystyrene, haying "ery high resistance and 
freedom from polarization. H ermetic sealing 
with Teflon feed-through insulators assures 
high performan ce even under adverse humid­
ity conditions. Newly developed switches ha,"e 
very low capacitan ce a nd loss, achieved 
through the lise of a minimum quantity of 
low-loss supporting insulation. 

Each decade uses four capacitors, ,,·hose 
capacitance magnitudes are in the ratio 
1-2-2-5, and which are connected in parallel 
com binations by the s,,"itch to produce decade 
steps. 

FEATURES: ~ High insulation resistance. 
~ Low dielect ri c a bsorpti on. 
~ Low dielect ric losl:l. 
~ Capacitance and disl:lipation factor vary 
only slightly with frequency. 
~ Completely shielded a nd hermetically sealed. 
~ All insulation of highest available quality. 
~ Three-termina l construction. 
~ Excellent long-time ' tability. 

SPECIFICATIONS 

Capacitance Range: .0011'f to 1.11l'f in steps of .0011'f. 
The three decades have steps of .001, .01, and .11'f 
respectively. 
Zero Capacitance : Approximately 351'1'f. 
Accuracy: Individual capacitors are adjusted to an ac­
l"UJ"acy of ± L %. The capacitance at the terminals, less 
the zero capacitance, is within ± 1 % of indicated value 
for any setting. 
Dissipation Factor: Dissipation factor caused by dielec­
tric loss is less than 0.0002 at all frequencies above 100 
cycles. At high frequencies, series metallic resistance 
increases t.he dissipation factor as shown by the curves 
on page 159. 
Insulation Resistance: Greater than 1 megamegohm 
(10 '2 ohms), \\'hen measured at 100 volts, 23° C, a nd 
50% RH. 

T ype 

Maximum Voltage : 500 volts d-c or peale 
Frequency Characteristics: The d-c capacita nce is equal 
to the 1-kc va lue within O. L %. At high rrequeneies, 
series inductance causeH capacitance to increase as 
shown by the cu rves on page L5D. 
Dielectric Absorption: See Voltage Recovery. 
Voltage Recovery: The voltage reeover.v at the terminals 
is less than 0.1 % of the origina l charging voltage, afte r 
a cha rging period or one hour and a 10-second dis­
charge t hrough a resistance equa l to one ohm. per volt 
of cha rging. 
Mounting: Aluminum panel and cabinet. 
Dimensions: (Length ) 13 x (width) 4ij.{6 x (depth) 5 
inches, over-all. 
Net Weight: 8% pounds. 

Code Word Price 
1419-A Decade Capacitor ................. ....... I BIGOT $205.00 
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CAPACITORS ~----- Decade 

TYPE 980 DECADE CAPACITOR UNIT 

Type 9S0-F 

USES: The TYPE 980 Decade Capacitor Units 
are compact, convenient assemblies of high­
grade capacitors mounted on an eleven-point 
switch to give a total capacitance variation of 
10:1 in ten equal increments. They can be 
built into tuned circuits, wave filters, oscilla­
tors, analyzers, amplifiers, equalizers, and 
other permanent or experimental equipment. 

Decades are available in three different 
dielectric materials: paper, for uses where 
dissipation factor is not critical; silvered 
mica for better dissipation factor and use in 
higher ambient temperatures; and polys­
tyrene, for applications requiring very low 
dielectric absorption and constancy of both 
capacitance and dissipation factor as a func­
tion of frequency. 

DESCRIPTION: Each decade consists of four 
capacitors of magnitudes in the ratio of ], 2, 
2, 5. The switch selects parallel combinations 
to give all in tegral values between 1 and 10. 

The switch is rigidly constructed and in­
cludes a detect mechanism for positive loca­
tion of position. The switch dielectric, includ-

Type 9S0-C Type 9S0-L 

ing the shaft, is heat-resistant, cross-linked 
polystyrene. Contacts are made by cams bear­
ing on phosphor-bronze springs, the whole 
contact structure being heavily silver plated. 

Units are furnished complete with knob, 
photo etched dial plate, and switch stops. The 
switch, with dial plate and knobs, is available 
separately (see price list below). 

FEATURES: ~ All component capacitors are 
carefully selected and aged for maximum 
stability with time. 

~ Paper-dielectric units are thoroughly im­
pregnated with molten ceresin, one of the 
most efficient sealers against moisture. Wind­
ing is non-inductive with the foil projecting at 
each end of the roll , which minimizes dissipa­
t ion factor and residual inductance. 

~ Mica-dielectric decades use silvered mica 
molded elements for low-capacitance decades 
and TYPE 505 units for the TYPE 980-F. 

~ Polystyrene decades have high insulation 
resistance, low dielectric absorption and low 
losses. 

SPECIFICATIONS 

Accuracy: Capacitance increments on all units are 
within ±1 % from zero position when measured at 1 kc 
except the TYPE 9S0-L, which is accurate within ±2% . 
The units are checked with the switch mechanism high, 
electrically, and the common lead and case grounded. 
The zero capacitance of all units is 101'I'f and must be 

added to the switch settings to give the total capaci­
tance. 
Dielectric> See table. 
Dissipation Faclor: See table. 
Frequency Characteristics: See plot p::tge 159. The rise in 
both capacitance and dissipation factor is caused at low 
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Units 

Panel space and mounting 
dimensions of TYPE 980 
Decade-Capacitor- Uni ts; 
for depth behind panel, 

see Dimensions_ 

frequcncics by interfacial polarization and at high fre­
quen('ies by series inductance and rcsi,t:tnce. 
Maximum Voltage: 500 volts peak for a ll unit~ «('x('cpt 
9S0-L \\'hich is ratcd at :300 volts ) at frequcl1l'ic, below 
the limiting frequ cncics tabulated below. At hiO'hcr 
freq uencies the allowable vol tage decreases and i~ i 11-

versely proportional to the square root of the frequen('v. 
These limits correspond to fi temperature rise of 40° 
Ccntigrade for a power dissipation of 2.5 watts for the 
TYPE 9S0-F and 3.5 watts for all other units. 

Type Capacitance Dip/ectric 

980-A 1.0 tLf in 0.1 tLf steps Polystyrene 
980-8 0.1 .uf in 0.01 tLf steps Polystyrene 
980-C 0.01 tLf in 0.001 tLf steps Polystyrene 
980-F 1.0 tLf in 0.1 tLf steps Mica 
980-L 1.0 tLf in 0.1 tLf steps Paper 
980-M 0.1 tLf in 0.01 J.Lf steps Mi ca 
980-N 0.01 !.J.f in 0.001 J.Lf steps Mica 

CAPACITORS 

2 MTG. HOLES 

# /0 -32 TAP \) i ~ 

.. ":!,'" 

I_J 
[g,&] 

/6 

980-A,-B,-C 

Terminals: Flexible insulated leads are provided. 
Mounting: Machine screws fot' attaching the decade to 
a panel are su pplied. 
Dimensions: Pancl spacc, see accompanying sketch; 
dcpth behind panel, TYPES 9S0-A, -B, -C, 3Ys inches; 
TYP ES \lBO-F, -L, -:\1, -N, -Il{s inches. 
Net Weight : TYPES 9S0-A, -B, -C, 2 pounds, 2 ounccs; 
TYPE \lSO-F, 3 pounds, 12 ounces; TYPE 9S0-L, 1 pound, 
10 ounces; TYPES 9S0-M and -N, 1 pound, S ounces. 

Frequency Limit 
Dissipation Fa clor in Kc /01' Code 
al I k f' (lwl ?;J0 r JlI a:/;. V o/lage lV ord Price 

Less than 0.0002 I 10 AVAST $66.00-
Less than 0.0002 100 AVER'l' 51.00 
Less than 0.0002 1000 AVOID 57.00 
Less than 0.0003 10 ACUTE 128.00 
Less than 0.010 1 ADAGE 28.00 
Less than 0.001 100 ADDER 42.00 
Less than O. 001 I 1000 ADDLE 26.00 

980-PI Switch only. ~ ... .. .. ...... ....... .. ...... ... .............. swrrCIIBIUD 11.00 

Other decade units : Decade Resistors, page 170. D ecade Inductors, page 165. 

L,:(t ) Typical plot of change in capacitance at maximum setting of each decade as a function of frequency. The 
capacitance curves are referred to the value the capacitor 1V0uid have if there were no in terfacia l polarization and no 
se ries inductance. S ince the capacitors are arijllsterito thei .. rated accuracy at 1 kc, the L-kc va lue orl the plots shou ld 
he used as a basis of reference in estimating the frequcncy error. ( RighI ) Typical plot of dissipation factor as a func­
tion of frequency. 
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CAPACITORS Decade 

TYPE 219 DECADE CONDENSER 

USES: The TYPE 219 Decade Condensers find 
uses in every laboratory as tuned circuit ele­
ments, bridge impedances, fi lter elements, or 
as components of any circu it where a wide­
range variable capacitor is necessary. 

DESCRIPTION: The TYPE 219 Decade Con­
densers are assemblies of three TYPE 980 
Decade-Capacitor Units mounted in a shielded 
cabinet. Each decade has eleven posit ions, 0 to 
10 inclusive, so that t he decades overlap. A 
positive detent mechanism a ll ows the switch 
to be set accurately. 

FEATURES: ~ A wide range of direct-reading 
capacitance values. 
~ Accuracy sufficient for most laboratory 
work. 
~ T he zero capacitance has been kept at a 
minimum, and its value is markf'd on f'ach box 
for ready reference. 
~ Dissipation factor has been held low by 
employing sil vered-mica capacitors on all 
decades except the O.I-microfarad decade of 
the TYPE 219-l\I . 
~ M ica dielectri c is used throughout the 
TYPE 2I9-K, ,yhich can therefore be used 
where the comparatively high losses of paper 
capacitors cannot be tolerated. 
~ Low-l oss switches. 

SPECIFICATIONS 

Accuracy: All units are accurate for capacitance incre­
ments from zero position within ± 1 %, exrept the 0.1-
microfarad decade of the TYPE 219-:\[ which is within 
±2 % . The zero capacitance of the TYPE 219-K is 40 
"I"f and of the TYPE 219-M is 35 1"1"f. 
Dissipation Faclo r: ThE' dissipation fador for the in­
dividual decades is given in tllP spe("ifi("ations for the 
TYPE 980 D ecade-Capacitor Unit. 

O.1 6~" 0.015n O. IO~" o .oln O.IO~" o.oln 

Residua l impedances in the TYPE 219 Decade Condenser. 

Maximum Voltage: 500 volts except for the highest 
decade in TYPE 219-:\1, where it is :300 volts. 

Frequency Characteristics : The variation of capacitance 
and dissipation far·tor with frequency is similar to that 
sho\\"n on page J 50 for Typ~J 980 Decade-Capacitor 
Un i t~, modified b.y the adJitional residual impedances 
Sho\l"Il in the :wtompanying sketch. 

Terminals: Standard jack-top binding posts with [, 
%,-inch spacing a re used. The shield is eonnected to the 
"C" termina l. 
Mounting: The decades are assembled on an aluminum 
panel and mOllnted in a shielded Iyalnut cabinet. 

Dimensions: TYPES 2 19- K and 219- \ 1, (length) 13%, x 
(width) 5Y2 x (height) 5Ys inches. 

Net Weight: TYPE 219-K, 10%, pounds; TYPE 219-,\1, 
5% pounds. 

Type 980 
_ -=cT-"Y",P...:ce_--, __ __ ----::--,- Capacitance No. of Dials Derades Used 

219-K 1.110 J.Lf in 0.001 J.Lf steps · ·· · ·· · 1 3 -I F, M, K 
Code Word 

CROS>; 

Price 
$220.00 

120.00 219-M 1.11 0 J.Lf in 0.001 J..I f steps .... .. . 3 L, 1\1, N 13 I{U; I{ 

See page 157 for decade capacitor with polystyrene dielectric. 
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STANDARD INDUCTORS 
The desira blc attributes of a ny inductor to be uscd 

as a laboratory standa rd include: 
( J) High stability of inductance value, 
(2) Small va riation of inductance with frequenc~' , 
(a) Small varia tion of inciuctanee with current, 
(-I ) High ratio of inductive reactance to resistance 

at t he desired operating frel\ucnc.\', 
(5) Lo\\" temp('J"ature coetficir nt, 
{()) R casolllLble ph,\'sical sir-e, 
(7) High dpgree of astati('ism, 
On the follo\\"ing pag;f's a re described a number of 

both fi xcel a nd variable inductors representing dif1"r ren t 
eeonomic ('ompromiscs among the abovc factors, 

FleURE A, Equivalent 
circui t of an air-rorcd 

induc tor L. 

AIR-CORED INDUCTORS 
High stabilit~" lo \\" temperature coefficient, a nd neg­

ligihle va ria tion of indueta nee lI'ith current a re best 
met by tOl"Oidal a ir-('ored inductors, as cxemplified by 
t he TYPE 1-182 Standa rd Indu(,tors, \\"hose s,\'mmet­
rieal a nd rigid eoil eonst I"tlC"tion has proved to bc 
sta hle over several ,\'ears to better t ha n 0,02 percent. 
The variat ion of serips in duc,tanc'e, L, \\-ith frequen(' ,v 
is a dual phenomenon that gives a minimum L some­
\\-he'rp bctwe'(' n 200 e and 2 ke_ At frcquen cies so low 
that Q is Ie'Rs than unit \- til(' effeet of cdelv ('urrent s 
pred ominate'S, an d eause's-a dpr-reasC' in I .. \\-ith-intreasing; 
f. At high,,!" frcq ue'n ('ies, ,,-hen ' Q cxepcds unity, the 
('ffe'(-t of til(' distrihutpd eapac ita n('C', C fI, of the coil 
predomin ate'S \\-hi('h ('>luses " to inr-rease \\-ith .f. For 
frcquenciC's \\-C' ll 1)('low t he rC'SOIHLIl t I" value the frac­
tional in erease in I .. due to (' () is approximately 

~: = (£ Y = w'L Co , 

Xo yariation of induda n( 'C' \\-it h ('ul'l'ent oc('urs, :\I1d 
a n a ir-(,ored indudor ('an be ('onsidered as a n ideally 
linear cin'uit f' lemen t , 

The losses in a.n air-('orC'd inductor are (a) an "ohmi c" 
or [ ' /?,- loss from th C' spri('s rcsistanee of the l\inding, 
(b) a loss in the copJlPr ('aused by eddy currents, a nd 
(e) di('lect ric losses in the in sulat ion , An equiva len t 
ein'ui t taking these losses in to accoun t is sho\\"n in 
Figure A, 

The effects of t he va rious loss ('om\JOnents a re most 
easily represented b,v t he plot of c issipation fa('tor 
against frequen('y, Figure B, In loga ri t hmic coordi­
nates, t he three dissipat ion-factor componen ts of a n 
air-core inductor ('an all be I'epresen tcd by straigh t 
lines as showll, The component, D" caused by the d-c 
resistance of t he \\'inding, varies inversely \I-it h fre­
quency, II-hile D. due to eddy-curren t loss in t he ('oppe l' 
(and associated with skin-effect), is directly propor­
t iona l to t he frequclH',\', The dissipation factor, D o, of 
the distributed capaeitanC'e of t he winding produel's 
/)d, II-hich is proportional to t he square of the frequene,v 
within t he significan t range II-here Do is independen t 
of frl'quency_ Note t hat Dd reaches t he value Do at fo, 
The total d issipation factor, D, is the sum of t hese 
three components a nd has a minimull) value whi('h 
O(,CUI'S \\"ell below t he natural frequency, f 0, of t he 
induetor, 

It \\"ill be observed t hat at low freque.n('ies t he dissi­
pation faetor, D, is determined entirely by series re-

sistance, while at high frequencies the eddy current 
a nd dielectric losses predominate, 

The minimum value of d iss ipation factor obtainable 
depends upon t he geonlPtr,l' of the coil and upon the 
diamet.er of the \\'ire , Insulated stra nded wire (Litzen­
draht) is frequent ly employed to reduce D, by using 
sma ll individual wire diameters, 

IRON-CORED INDUCTORS 
A larger indudallf' c C:lon be obtained in a given 

volume, 01' Id t h a given amoun t of copper, if a core 
material of high permeabilit ,\- is us~d, The term" iron " 
is used loosely and gen crieally to iden t ify such ferro­
magn etic materia ls, a lthough t-I1l'se m ateria ls arc 
high ly developed speeia l a lloys, in sheet, strip, or 
bonded granular form, 

The economy in co il constru('tion resulting from 
t he use of " iron " eorl'S is obtain l' :l \\'ith some sacrifice 
of per/'orma nee in a n indur, tor used as a ca li brated 
standa rd_ Stability is ordina ril y rcduccd, since t he 
inductanC'e drp('nds not only on geonwtry but a lso on 
the permeability of t hc ('a rc m:t lerial. This permea­
bility II-ill var_\" some what II-ith (' UI'l'Cn t, because of its 
inhcren t cha nge II-ith magne tir-ing fo rce, a nd may a lso 
be s ubj e('t to a sligh t aging_ B,I' propel' desig n a nd 
(' hoie (' of eorc materia l, as excml) lified by the TYPE_'; 
H-W, J -190, and 1-18 J, indu(,tors s:Ltisfaf'tory as second­
a ry standards an d as adjustable decade clements can 
bc reali zed, 

In a n iron-('o rr d indue to r, 10ll'e l' values of Dc a nd 
D. call be obtain cd , due to t hl' in ('rcase of effective 
pcrmeabilit _l', II-hi le /) " rema ins un('h:LIlged and Io is 
I'Pchlcpd sonwll-hnt _ Thl'ce other lin cal' corc ('omponents 
of di ssipa tion faetor must be added to the winding 
compon ents sholl-n in Figure B_ I':ddy ('II/Tents in the 
core produec a ('ompont' nt , /)" \I-hieh , like D" is di­
rc('( I ~' proportional to the frr'fJul' IH',)' and \\"hich is 
mimimized ill a dust ('ore made hy molding fjne iron 
powder in a n in su lating hinder, Iioll-cver, by t he use 
of fin e II-irr', /). ('a n he made nl'gligible compared to 
f) c, The hys tel't'sis compo nen t or dissipation factor, 
/)/" is inde]J( 'nden t of fl'C'fJ u('n('_\' but , sincc it is pro­
portioll>Ll to t he magnl'tir-ing forr'e , it hc('onws van ish­
ingl,v small as the opemt ing kv('1 a.p prmL(' hl's zero 
(initial pel'llwa,hilit y) _ 'I'll(' rehl.tive'ly s ma ll component, 
D" causNI hy r( 'sidlml 1088(,s in ti l<' iron is constan t 
II-ith frr'qu('nl'y a nd, lik (' Ih, \\"(llIld he I'cprescnted by 
a horiw n t:d lin c in Figure 13, 

FIO; UltE B_ Dis;;i paLion fa c Lor va riaLion wiLh frequency 
showin ;; Lhe relaLive conLribuLio ns or Lh e several loss 

CO llliJO Il CnlS. 

a:: 
f2 
~ 
z 
Q 

~ 
iJi 
<fl 
(5 

FREQUENCY 

GENERAL RADIO COMPANY 161 



INDUCTORS Standard 

TYPE 1482 STANDARD INDUCTOR 

USES: The TYPE 1482 Standard Inductor is 
an accurate and highly stable standard of 
self-inductance for use as a primary standard 
in the 1a borato ry and as a precise working 
standard in impedance measurements at audio 
frequ encies. 

DESCRIPTION: Each inductor is a symmetri­
cally wound toroid on a ceramic core . It has 
a negligible external magnetic fi eld and essen-

t ia lly no pick-up from external fi elds. The 
inductor is hermetically sealed in a mixture 
of ground cork and sili ca gel, after whi ch t he 
" 'hole assembly is cast with a potting com­
pound into a cubical aluminum case. 

Three terminals are provided, two for the 
inductor leads a nd the third connected to t he 
case to afford either a two- 0 1' three-terminal 
standard. Prior to calibration t hese indu ctors 
a re thermally aged to equali ze winding strai ns. 
Calibrations are made with the low terminal 
of the winding grounded to case by a metal 
link between the two bindin g posts. Cali bra­
t ions are made at 100 c in terms of a similar 
inductor, certified by the National Bureau of 
Standards. An individual calibration certifi­
cate gives corrections appli cable at 200 c, 
500 c and 1 kc. 

FEATURES: ~ High stability of inductance. 
~ Free from mounting strains a nd humidity 
errors. 
~ Inductance independent of voltage. 
~ Precisely adjusted and accurately cali­
brated at specifi ed room temperature. 
~ Highly astatic, and e lectrostati cally 
shielded. 
~ Low and known temperature coeffi cient. 

SPECIFICATIONS 
Inductance Range : See price table. 
Temperature Coefficient of Inductance : Approximately 30 
parts in 10' per degree C. Minute temperature correc­
tions may be computed from d-c resistance. 
Accuracy: Nominal limits of ad justment , see table. 
Limits of measured certi ficate value, equivalcnt to 
National Bureau of Standards certification, see table. 
D-C Resistance: See table for rcpreRentative values. 
Low-Frequency Dissipation Factor: At low frequencies, 
the dissipation factor (essentia l I." from d-e reBistanee) 
is given approximately by D = K If. See l:thlc for ]{. 

Nominal Limit~ of I *Resonant 
l';ominal Limi ts Cert~flcate FreqllenCIj 

Fa/lie . T ype Inductance % % kr 
--- -------
1482-8 100/Lh ± 0.25 "=0.10 ~500 
1482-C 200/Lh ± 0.25 ± 0.05 2150 
1482-D 500 /Lh ±0.1 ± 0.03 1180 
1482-E 1 mh ±0.1 ± 0.03 700 
1482-F 2 mh ±0.1 ±0.03 620 
1482-G 5 mh ±O.l ± 0.05 :370 
1482-H 10 mh ± 0.1 ±0.0j3 2~0 
1482-J 20mh ±O.l ± 0.0:3 170 
1482-K 50 mh ± 0.1 ± 0.08 92 
1482-L 100 mh ±0.1 ±0.0:3 61 
1482-M 200 mh ± 0.1 ±0.0:3 38 
1482-N 500 mh ± 0.1 ±0 .03 27 
1482-P 1 h ± 0.1 ±0.0:1 15.3 
1482-0 2 h ±O.l ±0.0:3 10.2 
1482-R 5 h ± O.l ±0.03 6.2 
14412-T 10 h ± 0.1 ± 0.03 ·>. 3 
* Representative values. Actual values given on certificate. 

Resonant Frequency : See table. 
Maximum Input Power: For 20 0 C. ri se, 3 watts. 

For precise \\"ork, 1.50 C. rise, 200 milliwatts. See 
table for corresponding current limi tations. 

Mounting: Alu minum cabinet \\'ith carrying handle and 
ru bher feet, black crackle finish. 
Terminals: Two insu lated jack-top te rminals, plus jack­
top ground terminal anrl strap . 
Dimensions: 6Y2" x 6Y2" x 8" height over-all. 
Weight : 11 Y2 pounds. 

*D-C Milliamperes 
Resistance *K 1"111S for Code 

ohms T'a/lles 200mw 3w lVord 
---

0.29 460 8~0 3200 I NDUCTO'l'AG 
0.:3!J :310 720 2800 IND UCTO'l'ED 
O.(iO HlO 580 2240 INDUC'l'O'l'IM 
1.0li 16!J 430 1680 INDUC'l'O'l'OP 
2.20 175 :300 1160 IN DU C'l'O'l'UB 
~. 9 156 200 780 I NDUC'l'OVA'l' 
8.8 1:32 155 600 IN DUC'l'OVEX 

18.5 14 7 10'* ~OO fNDUC'l'OWAD 
... 6 1~ 6 66 255 IN DUC'l'OWE'l' 
92 1-+6 47 180 INDUC'l'OWlG 

110 88 ... 3 165 INDUC'l'OWOW 
8 ... 0 108 2 ... 94 INDUC'l'OYAK 
600 95 18 70 I N DUC'l'OYES 

1350 107 12 -+7 I N DUC'l'OBUG 
3500 111 7.5 29 INDUC'l'OBIN 
8100 129 5.0 19 I NDUC'l'OBAL 

P1'ice 

$90.0 
90.0 
95.0 
95.0 
95.0 
95.0 
95 .0 
95.0 
95.0 
95.0 
95.0 
95.0 

105.0 
125.0 
150.0 
195.0 

o 
o 
o 
o 
G 
o 
o 
o 
o 
o 
o 
:J 
o 
o 
o 
o 
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Standard 

USES: The TYPE 1481 Inductors have higher 
lo,,--frequency values of storage factor Q than 
the TYPE 1482 Standard Inductors. They are 
useful at audio frequencies as standards of 
se lf-inductance, although their accuracy of 
adjustment is not so high as that of the TYPE 
1482 Inductors, and, for some uses, allo\\-ance 
must be made for their voltage coefficient 
of inductance. 

DESCRIPTION: These inductors are uniformly 
\yound toroidal units on molybdenum-perm­
alloy dust cores, identical in construction wi th 
the toroids used in TYPE 940 Decade Inductor 
Units. The aluminum case affords an electro­
static shield. 

INDUCTORS 

TYPE 1481 
STANDARD 

INDUCTOR 

FEA TURES: ~ High storage factor, Q - be­
tween 230 and 300, maximum. 
~ Q is greater than 1 down to 6 cycles. 
~ Inherently astatic. 
~ Electrostatically shielded. 

SPECIFICATIONS 

Accuracy: Spe tahle below. Accuracy of adjustment. is 
limited to the change produced by n singlp turn of the 
,,·inding. X ominal vnlue of inductance, ,,·ith tolerall('e 
limi ts, and current for 0.25 % change in induetanee, a rc 
engraved on the case. Calibration is at initia l [Jer­
meability. 
Storage Factor, Q: Maximum initial Q is between 2:~0 
a nd 300. The plot of Figure 1 shows the variation of 

dissipation factor ( D = ~) as a function of frequency 

for ini t ia l permeabili ty, i.e., with no hysteresis loss. 
H ysteresis loss for an r -ffi-S current I in terms of I, (see 

table) will add approximately .001 f directly to D. 

Current Coefficient of Inductance: Per cent change in 

induct a nce as a fUllction of f is given in Figure 1, page 

166), where I is the I"-m-s operating current and I, the 

c--..,.-~-:---

current that wou ld produce a 0.25 % linear increase in L. 
Incremental Inductance: D-C bias wi ll rcduee the initi a l 
inductance as sho"'/l in F igme J, page 16(i. 
Frequency Characteristics: P er ("en t change in indudancc' 
with frequene.v is plotted in Figme 2, helo,,·. 
Temperature Coefficient of Inductance: Approximately-
0.0025 % per degree C, between J 6° a nd :32° C. 
Safe Operating Limits: (1 ) :\[a;.. imum terminal voltage, 
500 volts, r-m-8 or (2) maxirpum r-m-s current = 70 I" 
whichever limi t is pertinent. 
Distributed Capacitance: Between 28 I'l'f for the I-mh 
unit and :3:3 1'1'1" for the 5-h unit. 
Mounting : Alumi num case. External fini ~h, black 
crack le. 
Terminals : Jack-top binding posts, one grounded to 
casco A pair of double-ended plugs i ~ furnished, for con­
nection to jaek-top binding posts. 
Dimensions: Case (height) :3 % x (width) 3Ys x (depth) 
1% inches; over-a ll height, including terminals, 4% 
inches. Net Weight: 14 ounces. 

~ 5 

2,r--t_t-If-t_I-I-+---1f-t--LJ~ -
;.~~ 

(Left) FIGUHE 1. In· 
i tial D versus fre­
quency for lypical 
unils (D" = 0). 

~ 'r-t--t~-f~fV'+~~Af7h~~ 
5 ' r-t--+-4+'~+h~~~~ 

<I 05r-t--t-ft-;-'f+7hy..+I'+7h'+-j-~ 
~ 

Type 
Inductor 
1481·A 
1481·8 
1481·C 
1481·0 
1481·E 
1481·F 
1481-G 
1481·H 
1481·J 
1481-K 
1481·L 
1481·M 

!I-aminal 
J nductance 

L 
1 mh 
2 mh 
5 mh 

10 mh 
20 mh 
50 mh 

100 mh 
200 mh 
500 mh 

1 h 
2 h 
5 h 

ACCllTaCY 

% 
±1 
±1 
±1 
±0.5 
±0.5 
± 0. ,5 
±0.25 
± U.25 
±0.25 
±0.25 
±0.25 
± 0.25 

(Right) FIGUllE 2. 
Percent increase in 
Lo witb frequency. 

R~M-S Current, 
I" for 0.26% 

increase in Lo 
ma 

201-
17 
11 
7.6 
5A 
:3 .4 
2.4 
1.7 
J.J 
0.76 
0 .54 
0. :3·[ I 

Resonant 
Frequency fo 

kc 
940 
660 
420 
300 
2JO 
1:30 

91 
64 
-10 
2S 
20 
12.5 

~ U'r-t--l-tt-r It-h'it---/t-l-trl t-r-+-4--i 

~ 0.1 

~ :::r-t-I--IT,t-/+ 

Approx. 
D-C 

Resistance 
\l 

0.04 3 
0.15 
0.25 
O.H 
0 .95 
2.;n 
.u 
7.2 

22 
40 
91 

230 

I 

00 200 500 

Code 
Word Price 

I NDUCTOSAP $28.00 
I N DUCTOSET 28.00 
I:\IJ UCTOSIG 28.00 
1:\ IJUCTOSO'l' 28.00 
1 :\lJuC'l'OSU~I 28.00 
I:\IJ UCTOPAL 28.00 
I NDUCTOPEG 30.00 
I NIJUC'fOPI'l' 30.00 
I N DUC'l.'OPO D 3~.00 

I NDUC'l'OPUB 3D.OO 
I NDUCTOHAM 32.00 
I NDUCTORED 34.00 
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IN Due TOR 5------

USES: The TYPE 107 Var iab le Inductors find 
their greatest uses in the laboratory as adjust­
able standards of modprate accuracy for 
measurements of se lf and mutual inductance, 
and as circuit elements in bridges, osci llato rs, 
and similar equipment, 

Variable 

TYPE 107 VARIABLE INDUCTOR 

DESCRIPTION: Two coils, a rotor and a stator, 
are mounted concentrically, As the position 
of t he rotor is changed the coupling between 
t he t wo coils changes, and the indu ctance is 
varied, 

In most models stranded wire is used, in 
which t he separate strands are insulated from 
one another, The coils are impregnated and 
baked in a high-melt ing-poin t material before 
being securely mounted to the phenoli c panel. 

FEATURES: ~ Continuous adjustment of se lf 
or mutual inductance, Direct reading in in­
ductance for the series connection of the coil s, 
Inductance for the parallel connection is 
exactly one-fourth the value shown by the 
dial. Total inductance range of approximately 
25:l. 
~ Rotor a nd stator may be quickly connected 
in either series or parallel as a self-inductor, 
or used separately as a mutual indu ctor, 
~ Hotor and stator inductances have been 
equali zed so that losses are not appreciably 
increased by circulating currents when the 
parallel con npct.ion is used, 

SPECIFICATIONS 
Self-Inductance Range: Sl'l' tabll' bC'low, 
Mutual Inductance: fk(' tah le below, Eithl'r posil ive 
01' negative value'S of mutual incluc,t :l.l"'P C':1I1 1)(' oh­
tained, Th c ('xaC"t formu la for thl' m u tual indud:lllcc is 
e llgmv('d on ('ac'h illdividua l ill st rul11C'lIl. 
Calibratian: Th(' ill duc'tance fOl" t he s('r i C'~ cOllllcct.ion, 
measmed at .I kc alld :wcmale within ± I (10 of full-sc',ti,' 
reading;, i~ c ll grave'd 011 tlw dial. 1'11(' induetall('l' for t.ll(' 
parallcl c'onnedioll i~ oll('-fomth of I Iw Hl' ril'~ inducta nce 
within ±0, 1 %, 

The mutual induel :\IIC'(' acrm:lcy i~ ±2,fi( ~ of the 
maximum mutual illcludallc'e val up , 
Frequency Errar: 1'11(' fr:H'tinn:t1 ill("f"e'asc ill induc'tarH"e 
with frequency \I·ill b(' ['Ill when' I i~ lil(' operating 
frequency a nd .fo tllP natmal frequency. Full-scale 
values of /0 arc ktbulalpd helo\l·. To :t first app!"Oxima­
tion f o varirs illvE'rRPly as I h(' ~quart' !"Oot of I h(' Hc'a le 

setting, The ,'h'lngc of c1iHsipal i011 f:l("lnl' J) = h wit h 

frequenc.v for full-sC", L1 e sc··11 illg, sC' ri ('" c'on nc'c' l ion, is 
shown in the plot. Iw lol\". 
Maximum Power and Current: Currc'nl for 15 waUs 
maximum diKsipa(ion , C'OIT(,SPOlldilll{ to a ~Oo C lem­
perature rist' , is given in t llP (alJlp 1)(·1011" and is en­
graved on thl' nameplate. 
D-C Resistance : See tab lE' beloll". Th~'Kt' Rcri('~ c'onnef'tion 
values nrc Pllgraved all thl' lIamCpl:lLP. For parallC'1 
eonnedion~ I he rI'Si"Lall("c is c·loset.\' Y.I' Lhe t.ahu l'ltcd 
values. 

Terminals: Slandard %:-inrh spar'ing, jark-top binding 
posts are provided whic'h a llow separate connections to 
rotor !Il1d s tatol'. Conne('ting links are slIpplied so that 
l'itlwr :1 HC'r iC's o r p!lmllpl ('onnedion of the I'Oto r and 
s lator c'a ll hC' made :Lvai la hle :tt !I t hird pair of hinding 
posts. 
Mounting: All IIlIits art' mOllnted on p hl'lIo li c p,tIlcls 
a llcl enc' losed in lion-shielded W:llllllt (,>lhillets. 
Dimensions: Ii 11 X (i I ~ x 8%: illc'hps high, ovcr-all. 
Net Weight: 5 pounds, a ll rangE'S, 

o 
.01r--1---r--1~~~:2::S--1-1 

, 001 ~----~-----L----~------~-----L----~ 

10e 100e Ike 10ke 100ke IMe lOMe 

Dissipa lio n fae lo r ( f) = IIQ) versus freq uency for 
TYI'~; 107 Variable InduNors for I.h" full· sca le series 

COIIIIt'c licHl. 

J\"al/lral FrN/II PI/('!J 
S/'/j~r"dudal/l'e 

'I'!J}JI' II....'erif's J>urallel 

107-J 9- 5Ol'h 2.25-12.5I'h 
107- K 90- 500 I'h 22.5- 125 I' h 
107· L 0.9- 5 mh 0,225-1.25 mh 
107- M 9- 50 mh 2.25-12.5 mh 
107.N 90-500 mh 22. 5- 125 mh 

* Fol' flll1-e('ulc $ctting. 

.1Iitl ual 
I" dudallce Serie .... 
0 - 10.8I'h 0700 
O- llO I'h llOO 
0 - 1,1 mh 360 
0- 11 mh J20 
0- 110 mil 35 

(ke)' 

}Jw'allel 

6500 
1900 

620 
210 

tiO 

lJ-C 
Ne"islwu'e 

!I 

0.05 
0.38 
Hi 

:12 
~.10 
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ti. 
1.7 
0.G5 
0,18 

Code 
II' 0/'£1 

!lAH~]~ 1 

!l AItPY 
HARRY 
!lOTEI.. 
HOVER 

Price 
$85.00 

85.00 
90.00 
95.00 
95.00 



Decade -----~ INDUCTORS 

USES: These boxes are particularly useful in 
circuit development and experimental fi lters, 
equali zers, and other networks. 

DESCRIPTION: The TnI'; 1400 Decade Induc­
tor is an assem bly of three or fou I' TYPE 940 
Decade-I nductor l·n its in a sing le meta l cabi­
net. T he units have no elect ri cal con nection 
to the panel, but a separate groun d te rminal 
is pro\'ided \\·h ich can be connf'cted to the 
adjacent " 10 \\·" te rminal , \\·hieh leads to the 
smallest decadc. 
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Pe,·ccnl increase in Lo "i lh freq uency. 

TYPE 1490 
DECADE 

INDUCTOR 

SPECIFICATIONS 
Frequency Characteristeristics : B.v vert ieal in terpola tion 
in t.he accompan:l'ing plot the percentage increase in 
effective series inductance (above the geometric value 
when .r = 0) ma~' be obtained for an~' setting of the 
non-ground inductors. 
Term inals : .Jack-top binding pm:ts. 
Mounting : The decades are mounted on an aluminum 
panel in a metal cabinet. 
Dimensions : 1490-A J2 :Ji x 7:Ji X 5 11 inc·hes over-all 
heigh t. l-mO-B 161 <l x 7:Ji x 5 Y:2 i n(" hes over-all hc igh t. 
Net Weight : TYPE 1+90-A, 15~1 poundR; TYPE \+90-13, 
l!)~ pounds. 

Other specifications arc identical with those for the 
Typg 9+0 Deeade-Ind\l<"tor Units. 

T!Jpe 
1490-A 
1490-B 

Ind II ctance -=-~ ______ ('ode lVord_-,-___ Price 
1.11 h, total, in steps of 0 .001 h . . . . .. .. . 1 CLUMP $295.00 

11.11 h, total, in steps of 0 .001 h...... . .. COACH 395.00 

NOTE: The TYPE 1432 Deeacle Resistor and the TYPE 2Hl Decade Capacitor can be found on pages 169 and 
J GO rcspeetively . 

TYPE 940 DECADE-INDUCTOR UNIT 

USES : The TYPE 940 Decade-Inductor Un its 
are convenient elements for use in wave fi lters, 
equal ize rs, ancl tuned eireuits throughout the 
runge of audio and low-radio frequencies. AH 
tomponents ill oscillators, analyzers, and simi­
lar equipment, they are especially useful during 
the preliminary design period when the ability 
to yary circuit elements over relatiyely wide 
ranges is necessary to determine optimum 

operating values. As moderately precise stand­
ards of inductance they have values of 10\\·­

frequeney storage factor, Q, which are much 
la rger than can be ohtai ned with air-cored 
coil s. 

DESCRIPTION: Each unit is an assembly of 
four toroids \\-ound on molybdenum-permalloy 
dust cores. All four coils (relative values 1, 2, 
2, 5) are connected in series, and the s\\·itch 
short-circu its combinations of the coi ls to 
give the eleven successive \'alues from 0 to 10. 
The switch blades are beryllium eopper \\·ith 
palladium-alloy stud contaets to de('n'ns(~ 
both contact and volume resistan(;e. 

FEATURES : ~ High values of storage factor Q 
are obtained in all models, with maximum 
values above 200. 
~ Toroidal cOllstrudioll practically eliminates 
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INDUCTORS 

any extcrnal magneti c field, and makes it 
possible to stack the coils closely without 
crl'Ol'S from mutual inductance. The tOl'oids 
are nearly astatic to externa l magnetic 
f-iclds. 

Decade 

~ E lectrostatic shielding and mecha nical pro­
tection are furnished by the a luminum fram e 
alld covers. 
~ Moisture is kept from the windings by Imx 
impregnation. 

SPECIFICATIONS 
Accuracy: Each uni t is adjustcd so that its induc tance 
at zero freq uenc.v a nd initia l permeabilit.v will be the 
nominal value within thc accuracy tolerance given in 
thc fo llowing tablc: 

Inductance pcr 
step 

Accuracy 
1 mh 10 mh 100 mh 
±2% 1 ±1 % I ±0.5% 

1 h 
±0.25% 

Frequency Characteristics: For a ny specific operating 
frequency, Figure 2 sho\\"s the percentage increase in 
efIective series inductance (above t he geometric value 
whE'n f = 0) whi ch is encountered wit.h the extreme set­
tings of each of the four D ecade Inductor Units when 
thc chassis is floating. Vertical interpolation may be 
uRed for intermediate settings. 

FIGUHE 1. Percent change in normal and incremental 
induc tance with a-c and hias current. Incre mental Curve 

is limited to an a-c excitation less than 11. 
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Change in Inductance with Current: Fractional cha nge 
in init ial inductance with a-c current for each size of 
toroid is shown in the normal curve, Figure 1, in terms 
of the ratio of the operat.ing current I, to I" the current 
for 0.25 % cha nge. For ratios below unity, inductance 
change is direct ly proportional to current. Values of I I 
listed below are approximate and are based on the 
la rgest inductor in circuit fo r each setting. 

RMS I, (ma) for 0.25 % Increase 
Switch Sctting 

9JO-A 9·W-B 940-C 9~0-D 

1 I 
24 7.6 2.4 0.76 

2,3, -l 17 5.4 1.7 0.54 
5, 6, 7, 8, 9, 10 11 3.4 1.1 0.34 

Incremental Inductance: D-C bias current h will reduce 
t he initia l inductance as shown in the incremental 
curve, Figure l. 
Dissipation Factor: See Figure 3. 
D-C Resistance: 60 ohms / henry for TYPE 940-A, .J.5 
ohms / henry for TYPES 940-B, C, D . 

FIGUlU; 2. Perccnt increase in L o witu freq uency. 

FREOJENCY KILOCYCLES 

Temperature Coefficient: Approximately -0.0025% pcr 
degree C between 16 and 32° C. 
Maximum Voltage: 500 volts nns. The switch will break 
the circui t at 500 volts if turned rapidly to the new 
setting, but voltages above 150 may cause destructive 
arcing if the switch is set between dctent positions. 
Maximum Current: 70 times the pertinent II value. 
Terminals: Soldering lugs are provided. Circuit insu­
lated from chassis. 
Mounting: Each decade is complete with dial plate, 
knob, and mounting screws. 
Dimensions: (Width) 774: x (height) 331 x (depth be­
hind panel) 374: inches, over-all. 
Net Weight: 3Y2 pounds. 

.I 
A 

,~ ,/ 
'\ 

~ l? / '0 

' I--~ /f 
--~s~ 

~ I!~tlrp I 

, ~ 4 ,'f!7 
~ /t 

, I 
, 

FIGURE 3. Variation of dissipation factor for the full 
value of each inductor. Dashed curves correspond to use 

with chassis floating. 

Type I nductance Code IV ord Price 

940-A 0.01 h in 0.001 h steps ... __ ............ INDUCTOANT 

940-B 0.1 h in 0.01 h steps.... . . . . . . . . . . . . . INDUCTOBOY 

940-C 1 h in 0.1 h steps.... . .. . . . . . . . . . . DWUCTOCA'l' 

940-0 10 h in 1 h steps. _ . . . . . . . . . . . . . . . INDUCTODOG 

Non.: : dccade-resistor unib and decade-capacitor units are listed on pages 170 and 158 respectively. 
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RESISTORS 
Because of accuracy of adjustment, long­

t ime stability, low and uniform temperature 
coefficient, and relative immunity to ambient 
humidi ty conditions, the wire-wound resistor 
is the most su itab le type for use as a labora­
tory standard at aud io and low-radio fre­
quencie,;, as well as at dc. In the resistance 
range from a fraction of an ohm to about one 
megohm such resistors have been developed 
to a high state of refinement t hrough im­
provements in resistive alloys and in design 
and manufacturing techniques. The wire­
wound resistors in the form of fixed elements, 
individual decades, and decade assemblies 
("decade boxes") described on the following 
pages are designed for a-c use as well as for d-c. 

Resistors designed for a-c use differ from 
those intended for use only at direct current 
in that low series reactance and constancy of 
resistance as frequency is varied are impor­
tant design objectives. Inevitably, resistors 
have capacitance and inductance associated 
with them, and these residual reactances be­
come increasingly important as the frequency 
is raised, acting to change the terminal resist­
ance from its low-frequency value. 

For frequencies where the resistance and 
its associated residual reactallces behave as 
lumped parameters, the equivalent circuit of 
a resistor can be represented as shown in 
Figure 1. The indu ctance L is the equivalent 
inductance in series with the resistance, while 
the capacitance C is the equivalent capaci­
tance across the terminals of the resistor. 

To analyze the behavior of the equivalent 
circuit as frequency is varied, it is necessary 
to differentiate clearly between the concepts 
of equivalent series and equivalent parallel 
circuits. The two-terminal circuit of Figure 1 
can be described as an impedance, R. + jX., 

or as an admittance, G + jB ( = ~p + j~p ) , 

wherein the parameters are a function of fre­
quency. This distinction between series and 
parallel components is more than a mathe­
matical exercise - the use to which the re­
sistor is put will frequently determine which 
component is of principal interest. 

The expressions for the effective series re­
sistance (R.) and the effective series reactance 
(X.) of Figure 1 are: 

~ eR R. = -;::---,----:-;~----
[1 - (;J2J ~ (RWC)2 

(1) 

R L 

0 

1 
::QOOO) 

1 
0 

c 
FIGURE 1. Equivalent ci rcllit o r a resistor showing the 

re~idual impedances associa tcd wi th the resis tance. 

X.= (2) 

where 

Wo = ---= and - = w2LC 1 ( W )2 
v lLC Wo 

(3) 

The effective parallel components are given 
by: 

B 
1 

- Xp 

(4) 

(5) 

At frequencies sufficiently low that terms 
involving the square of frequency are negligi­
ble, the resistor may be represented by a 
two-element network consisting of the d-c 
resistance, R, in series with an inductance equal 
to L - R2C or in parallel with a capacitance 

L 
equal to C - R2' Because of the presence of the 

R2 term in the equivalent reactive parameters, 
shunt capacitance is the dominating residual 
for high values of resistance, while for low 
values of resistance the se ries inductance in­
variably predominates. It is, in fact, a common 
fallacy to speak of "non-inductive" resistors 
in resistance values where shunt capacitance 
controls, and variations in inductance of the 
winding can have no significant effect on the 
reactive component. 

In the simplified circuit described above, 
the effective parallel resistance of a resistor 
in which shunt capacitance dominates would 
be independent of frequency. Actually, other 
effects may cause the parallel resistance to 
decrease with frequency. For example, dielec-
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RESISTORS 

CCMPARISON OF 

I-KILOHM 

WIRE WOUND RESISTORS 

.01 f------+--- "/-"----7'--7"-1----------1 

.001 t--~.L.;r'-_r_1_-----+_----...,.L_j 

.0001 L-_____ L-____ ...L.....L ____ ---1 

100e Ike IOke IOOke 

FREQUENCY 
FleuRE 2. Phase angle as a fun ction of frequency for a 
Gene/'al Radio mica-card resistor and for three CO Ill­

rnercial wire-wound types. 

tric losses in the shunt capacitance, C, of Figure 
1 are equivalent to a resistance 

1 
Ro = DwC 

\\"hich decreases with increasing frequency and 
causes even the parallel resistance to decrease 
rapidly beyond a certain frequency. That por­
tion of the shunt capacitance, C, " 'hich is dis­
tributed causes a similar rapid decrease in 
resistance, even if its dielectric loss is Ilegligi­
ble. 

General Radio wire-wound resistance cle­
ments are designed to minimize inductance in 
low-resistance values and to miuimize capaci­
tance for high values of resistance. All units 
up through 100 ohms utilize a so-called Ayr­
ton-Perry winding, in which each resistor con­
sists of two parallel windings of opposed 
direction, so that the current flow in the t ,,·o 
windings is in opposite directions. The external 
magnetic field, as a result, is effectively can­
celed so that, typically, the residual inductance 
of such a \\"inding is of the order of 1% of the 
inductance of a corresponding single winding. 

Elements having 200 ohms resistance or 
higher are unifilar-wound on their flat rec­
tangular "cards". The inherent phase angle of 
these resistors is su bstantially lower than that 
obtained with so-called" non-inductive" spool­
wound resistors commonly used commercially. 

Wire-wound resistors of these types exhibit 
a negligible frequency error in resistance up 
to about 500 kc, for values of resistance up to 
500 ohms, and only moderate errors at one 
megacycle. 

Introduction 

When assembled into decades, these resist­
ors have added to their own residual imped­
ances those of the s \\"i tches, wiring, and cab­
inet. The equi\'alent circuit is then that of 
Figure 3, which represents a single decade of 
the 510 type. For assemblies of such decades 
in the TYPE 1432 Decade Resistor the same 
circui t is still valid. The incremental indllrt­
a nres of the several decades in the rirruit are 
additive', but the capacitanre is approximate'ly 
that of highest decade in use. Typic-al \'alues 
of the residual impedances for the various types 
of General Hadio resistors are given in the 
specifi cations for each type. 

It shou ld be noted that. the effect of the 
residual reactance depends greatly upon the 
way the resistor is con nected in to a circu it. 
Heactallces can often be tu ned ou t, partinl­
larly in parallel circuits. This is a particularly 
important consideration with the higher­
valued resistors of 10,000 ohms and above. 
When the resistor is w.:ied as a parallel ci rruit 
element, the upper limi t of frequency for a 
given error is some 10 t imes higher than for 
the series connection. 

Probably the best kno,,-n resistance alloy is 
manganin, used for over half a century in the 
manufacture of precision resistors . This old 
established alloy is still the most suitable for 
low "alues of resistance. For higher values, 
where small-diameter wire is required , more 
modern, proprietary alloys ha ve been demon­
strated to be superior. Such a lloys are charac­
terized by low, positive temperature coeffi­
cients, su bstantially constant over a \I'id e range 
of temperatu re. They ha\'e, in add iti on, negli ­
gible thermal emf against copper, high tensi le 
strength, relative immunity to the efferts of 
humidity and atmosphere, and are relatively 
i Il sensiti ve to strain. These newel" alloys are 
used in a ll GR precision resistors of 40 ohms 
and above. 

FleURE 3. Equiva lent circuit 01" a /'esista nce decade, 
showing location and nature 01" residual impedances. 
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Decade RESISTORS 

TYPE 1432 DECADE RESISTOR 

USES: Accurate decade resistors are necessary 
whereyer electrical measurements are made. 
They are used in circuits where a wide range 
of resistance values is required or where varia­
ble dummy generator and load resistances 
a re fl eeded. The accuracy of TYPE 1432 
Decade Hesistors easily meets the require­
ments of these app li cat ions and a lso permits 
them to be used as laboratory standards and 
as ratio a rms for direct- and alternating­
current bridges. 

Although designed primarily for direct­
current and audio-frequency work, many of 
the models are useful well into the radio­
frequency range. 

General Radio decade resistors are the 
standard of the industry. They have been 
manufactured continuously since 1915 and 
have been constantly improved in accuracy, 
stabili ty, and appearance through the use of 
the finest availab le materials and manufactur­
ing techniques. 

DESCRIPTION: The TYPE 1432 Decade Re­
sistor is an assembly of TYPE 510 Decade­
Resistance 1) lJi ts ina single cabinet. Mechan­
ical as well as electrical shielding of the uni ts 
is provided by the attractive aluminum 
cabinet and panel, which com.pletely enclosc 
both the resistance uni ts a nd s,,'itch contacts. 
The resistance elements have no electrical 
connection to the cabinet and panel, for " 'hich 
a separate shield terminal is provided. 

Three-, four-, and five-dial decade assem­
blies are avai lable. Each decade has eleyen 
contact studs and ten resistance units, so 
that the dial values overlap. Positive detent 

mechanisms in conjunction with bar-type 
knobs permit the operator to sense the posi­
t ion of the switches without looking at the 
panel. 

FEATURES: ~ Low zero resistance - less than 
0.003 ohm per decade. 
~ High accuracy - 0.05% for most decades. 
~ Low tempera Lure coefficient of resistance. 
~ Negligible t hermal emf to copper. 
~ Resistors are adj usted to speci fied values at 
their 0\\"11 term ina ls rather than at the box 
terminals, so that resistance increments a re 
always correctly indicated. 
~ Residual reactances are small a nd are given 
in the speci fications so that approximate fre­
quency characteristics can be computed. 

SPECIFICATIONS 

Frequency Characteristics: Similar to those of individual 
TYPE 510 Decade Resistance Units, modified by t he 
increased series inductance, Lo, and shun t capacitance, 
C, due to t he wiring and the presence of more than one 
decade in the assembly. At total resistance settings of 
approximately 1000 ohms or less, the frequency charac­
teristic of any of th('se decade resistors is substantial I.\' 
the same as those shown for t he TYPE 510 Decade­
Resistance Units in t he plot on page 171. At higher 
settings, shunt capacitance becomes the controlling 
factor, and the effective value of this capacitance de­
pends upon the settings of the individual decades. See 
Residual i mpedances below, and Figure 3, page 168. 

Residual Impedances: 
Zero Resistance (Ro): 0.002 to 0.003 ohms per dial at 

dc: 0.04 ohms per dial at 1 ;\lc; proportional to square 
root of frequency at all frequencies above 100 ke. 

Zero Inductam'e (T, o): 0.10 /Lh per dial. 
Effective Shunt Capacitance (C): This value is deter­

mined largely by the highest decade in use. With the 
LOW terminal connected to shield, a value of 15 to 10 ""f per decade may be assumed, l'ounting decades dO"'n 

from the highcst. Thus, if Lhc third deen,de from the top 
is the highest resistan{'e decade in eireuit (i.e., not set at 
zero) t he shun ting terminal raparitalwe is 45 to :30 ""f. 
If the highest derade in thc assemb ly is in use, t he effel'­
t ive capacitanee is 15 to 10 ""f, rcgardless of t he 
settings of the lower-resistanec decadcs. 
Temperature Coefficient of Resistance: Less than 
=0.002 % per degree Centigrade at room tempera­
tm es, except for the 0.1 II decade, where the box wiring 
"'ill increase the over-all temperatu re coefficient. 
Type of Winding : See speeifications for TYPE 510 
Decade-Resistanee Units, page 171. 
Accuracy of Adjustment: All cards are ad justed at de 
within =0.05 % of the stated value at Jheir termin als, 
('xl'ept the I-ohm units, whieh are adjusted within 
=0 .15%, and the O.l-ohm units, " 'hieh are adjusted 

~within =0.5% . 
Maximum Current: See specifications for TYPB 510 
Decade-Resistanee Units, page 171. Values for 40° C 
rise are engraved on panels directly above switch knobs. 
Terminals: Jack-top binding posts set on General Radio 
standard %:-inch sparing. Shield terminal is provided. 
Maunting : Aluminum panel and cabinet. 
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Dimensions: Width, 4VI6 inches; height, 41116 inches; 
length, lOVI6 inches for 3-dial, 13 inches for 4-dial, and 
15%; inches 1'01' 5-dial box. 

'l'lJpe Resistance 

1432-F 111 ohms, total, in steps of 
1432-K 1,111 ohms, total, in steps of 
1432-C 11,100 ohms, total, in steps of 
1432-J 11,110 ohms, total, in steps of 
1432-N 11,111 ohms, total, in steps of 
1432-L 111,100 ohms, total, in steps of 
1432-M 111,110 ohms, total, in steps of 

Net Weight: TYPE 1432 - A, C, F, 4 pounds, 2 ounces; 
TYPE 1432 - J, K, L, Q, 5 pounds, 4 ounces; TYPE 
1432 - M, N, P, 6 pounds, 5 ounces. 

No. of Type 510 
Dials Decades Used Code TV orr! Price 

0.1 ohm 3 A, 8, C DELTA $68.00 
0.1 ohm 4 A, 8, C, 0 DEFJTIR 92.00 

10 ohms 3 C, 0, E DEBAR 78.00 
1 ohm 4 8, C, 0, E DEBIT 100.00 
0.1 ohm 5 A,8,C,D,E DEMON 116.00 

10 ohms 4 C, 0, E, F DECAY 106.00 
1 ohm 5 8, C, 0, E, F DEMIT 128.00 

1432-A 1,110,000 ohms, total, in steps of 1000 ohms 3 E, F, G DEMUR 98.00 
1432-Q 1,111,000 ohms, total, in steps of 100 ohms 4 0, E, F, G DEPOT 121.00 
1432-P 1,111,100 ohms, total, in steps of 10 ohms 5 C, 0 , E, F, G DETER 143.00 

TYPE 510 DECADE-RESISTANCE UNIT 

USES: Because of their accuracy, compactness, 
and sturdy construction the TYPE 510 Decade­
Resistance Units are ideal for assembly into 
production test instruments, bridges, and 
other experimental and permanent equipment. 
They are particularly usefu l in applications 
where only one or two decades are needed, 
or where a TYPE 1432 Decade Resistor can­
not be mounted conveniently. In many cases 
the use of these units will release for general 
laboratory work relatively more expcnsive 
decade resistors, that would otherwise be 
tied up for long periods of time in experi­
mental equipment. 

DESCRIPTION: Winding methods are chosen 
to reduce the effects of residual reactances. 
The 1- and lO-ohm steps are Ayrton-Perry 
wound on molded phenolic forms especially 
shaped and heat treated to minimize aging 
effects. The 100-ohm steps are Ayrton-Perry 
wound on a form of silicone-fiberglas laminate. 
The 0.01- and O.l-ohm steps are hairpin­
shaped ribbon, while the 1000-, 10,000-, and 
100,000-ohm steps are unifilar wound on thin 
mica cards. 

Each decade is enclosed in an aluminum 
shield, and a knob and etched-metal dial 
p late are supplied. The mechanical assembly 
is also avai lable complete with shield, blank 
dial plate, switch stops, and knob, but with­
out resistors, as the TYPE 510-P3 and -P3L 
Switches. 

FEATURES: ~ High accuracy - ± 0.05% for 
most units. 
~ Excellent stabi lity - newly developed 
stable resistance alloys, with fina l resistance 
ad justment after artificial aging at high temper­
atures above normal operating temperatures. 
~ Good frequency characte ristics - most 
TYPE 510 Decades can be used at frequencies 
as high as several hundred kilocycles, as well 
as at dc. 
~ Low temperature coefficient. 
~ Negligible thermal emf to copper. 
~ Unaffected by high humidity - even the 
high resistance units can be exposed to high 
hu midity for long periods of time without 
significant permanent change in resistance. 
Note: For decade capacitors, see pages 157-160. For decade in­
ductors, see pages 165, 166. 

SPECIFICATIONS 

Accuracy of Adjustment: Resistors are adjusted to be 
accurate at card terminals within the tolerances given 
in Table I. 
Maximum Current: See Table I below. Maximum cur­
rent is engraved on the dial plate supplied with each 

decade. 
Frequency Characteristics: The equivalent circuit of a 
decade resistance unit is shown on page 168. The values 
of the residual impedances are listed in Table I. 

The accompanying plot shows the maximum per-
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Decade 

centage change in effective series resistance of sevcn 
decades as a function of frequency. For TYPES 51O-A 
and 510-B the errol' is due almost entirely to skin effect 
und is independent of switch setting. For TYPE 51O-C 
the errol' changes slow I." with dial setting and is a maxi­
mum at maximum rcsistance setting, while for TYPE 
51O-D a broad maximum occurs at the 600-ohm setting. 
For all the higher resistance units, t he error is due al­
most entirely to t he shunt capacitance and its losses and 
is approximately proportional to t hc square of t hc rc­
sistance setting. 

The high-resistance decades (TYPES 51O-E, 510-F, 
and 51 O-G ) are very common I." used as paral lcl rc­
sistance elements in resonant circui ts, in which t hc 
shunt capacitance of the decades becomes part of t he 
tu ning capacitance. The para llel resistance cha nges b~' 
only a fraction, between a tenth and a hundredth, of the 
amount indicated in the plot as the series-resistance 
change, depending on frequency and the insulating 
materia l in the switch. 
Switches: Quadruple-leaf, phosphor-bl"Onze brushes bear 
on lubricated bronze contact studs % inch in diameter. 

RESISTORS 

These brushes a re bent so as no t to be tungen t to thc 
arc of travcl, t hus avoid ing cutting and affording a 
good wiping aetion. A cam-type detent is provided. 
There a re eleven contact points (0 to 10 inelusive). Thc 
switch resistance is between 0.002 and 0.00:3 ohm. The 
effective eapacitan ce of the s" 'itch is of the order of 
5 J.l.J.l.f , with a dissipation factor of 0.06 at 1 kc for t he 
standard cellulose-filled molded phenolic switch form , 
a lld 0.01 for t he mica-filled phenoli c form u~ed ill t he 
TYPE 5 10-G Uni t. 
Temperature Coefficient of Resistance: Less than 
± 0.002% per degree Centigrade at 23° C. 
Terminals: Soldering lugs a rc provided. 
Mounting : Each decade is complete "' it h dia l platc llnd 
knob and can be mountcd on any panel between y.( inch 
and % inch in thickness. A tcmplate is furnished wi th 
each unit. 
Dimensions: Over-all diameter, 3l{6 inches ; depth 
behind panel, 3;.(6 inches ; template and dimension 
sketch mailed on request. 
Net Weight: TYPE 510 Units, 11 ounces; TYPE 510-P3, 
972 ounces. 

TABLE I 

'i'ype 
51O-AA 
51O-A 
51O-B 
51O-C 
5LO-D 
510-E 
51O-F 
51O-G 

Resistance 
per Step (DR) 

Ohms 
0 .01 
0 .1 
1 

10 
100 

1,000 
10,000 

100,000 

Power 
1'{ aximwn CWTent per Step 

A ccuracy 40° C Rise walls 
±2 % 4 a .16 
±0 .5% 1 .6 a .25 
±0 .15 % 800 ma .6 
±0 .05% 250 ma .6 
±0 .05% 80 ma .6 
±0 .05 % 23 111a . 5 
±005% 7 ma .5 
±0 .05 % 2 :3 ma .5 

C* Lo 

0 .0] 7 . 
J.l.JJ.! J.l.h 
7 _40-. .-;5,----,------;O~. O~ 

0 .014 7 . 7-4 . 5 0 .02:3 
0 .056 7 . 7 --! . 5 0 .02:3 
0 . 1 ] 7 . 7-4 .5 0 .02:3 
0 .29 7 . 7--! .5 0 .023 
3 .3 7 . 7-4 .5 0 .02:3 
9.5 7 . 7-4 .5 0 .023 

- 7 . 7-4 . 5 0 .02:3 
* The larger capacitance occurs at the lowest setting of the decade. The values given are for un its without the shield cans in place . \Vith the 
shield cans in place, the shunt capacitance is from 10 to 20 JlJ1f greater than indicated here, depending on whether the shield is tied to the 
swi tch or to the zero end of the decade. 

Resistance 

Type 'i'otal P er Step 

510-AA 0.1 ohm 0.01 ohm 
510-A 1 ohm 0.1 ohm 
510-B 10 ohms 1 ohm 
510-C 100 ohms 10 ohms 
510-0 1,000 ohms 100 ohms 
510-E 10,000 ohms 1,000 ohms 
510-F 100,000 ohms 10,000 ohms 
510-G 1,000,000 ohms 100,000 ohms 
510-R 100,000 ohms Decade Steps, i.e., 0.1, 1, 10, 100, 

1,000, 10,000, 100,000 ohms 
510-P3 Switch only (Black Phenolic Frame) ........ ........ ..... 
510-P3l Switch only (low-loss Phenolic Frame) ....... .. ......... 

Maximum percen tage change in 
series resistance as a function of 
frequency for TYPE 510 Decade-

0 

5 

I 

Code IV orrl 

EASEL 
ELATE 
ELDER 
ELEGY 
ELBOW 
ELECT 
ELVAN 
ENTER 

EAGER 
ENVOY 
ESTOP 

I --

P rice 

$17.50 
14.00 
20.00 
20.00 
21.00 
22.50 
26.00 
35.00 

22.50 
8.50 
9.50 

lIB In ST 

I 
EPS 

~ 
A .In STE 

I 
PS 

c.....-::: C ion STE PS 
EPS lOon t 

0 

-.....::~.:--:: -----:--::::- -t- ,. t----.: -- -- "" -
Resistance Units. ~ 

~f 

"'" 
~ ""- 1"- .""-

"'" "" 
,«:' "", ,II 

5 \ ------\ - - - <;--- l~--~ ----~t- F--- - ----1 ,II 
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RESISTORS Compensated 

TYPE 670-F COMPENSATED DECADE RESISTOR 

USES: The TYPE 670-F Compensated Decade 
Resistor is a constant-inductance decade re­
sistor for use in a-c measurements where 
non-reactive increments of resistance are 
desired. Inductance compensated decade re­
sistors are usefu l in tuned-circuit substitution 
measurements, as variab le resistance elements 
ill antenna measuring circuits, and, in general, 
for any use where constancy of inductance is 
desired as resistance is varied. 

DESCRIPTION: Each decade is made with a 
double set of switch contacts, by means of 
which a copper winding is exchanged, step 
by step, for the resistance units, thus keeping 
the total inductan ce constant regardless of 
resistance setting. This arrangement is shown 
in the diagram below. 

FEATURES: ~ Inductance remains constant 
within 0.1 microhenry regard less of resistance 
setting. 
~ Total inductance is about one mi crohcnry 
and can usually be balanced out in prelim i­
nary adjustment. 

SPECIFICATIONS 

Type of W inding : The lO-ohm and I-ohm steps are 
Ayrton-Perry resistance cards, while the O.l-ohm steps 
a rc bifilar ribbon units. 
Accurocy of Adjustment: R esistance increments are ro r­
rect within ±0.1 % for the lO-ohm steps, ±0.25 % for 
the l-ohm steps, and ± 1 % for the O.l-ohm steps. 
Zero Resistance : D-C, about 0.04 ohm; at I Mc, about 
0 .3 ohm; above 100 kc, proportional to square root of 
frequency. 
Inductance: T ypically 1.05 microhenry, within 0.1 
mirrohenry regard less of resistance setting. 
Switches: Double-leaf, phosphor-bronze brushes bear on 
lubrieated bronze eonta("t studs U inch in diameter. 
These b rushes are bent so aH not to be tftngent to the 
a rc of travel, thus avoiding cutting a nd affording a good 
wiping aetion. A cam-type detent is provided, a nd t here 
a rc cleven contact points (0 to 10 inclusive). 
Terminals : Standard % -inch spacing is used on the ter­
mimds. A ground post connected LO shield a nd pa nel is 
also provided. 
Frequency Characte ristics : Simila r to those of TYPE H:32 
D ecade R esistor, page 169. Change in resistance with 
frequenc~' results almost entirely from skin effect. 

Although skin effect produces a positive change in 
res istance, the skin effect in the compensating winding 
is greater than that in the resistance units. Accordinglv 
t here is :t Ill't negative c-hallge in resistan('e inl"ren1l'nt s 

from this effect. That is, the increment in resistance 
between one switch point a nd the next higher one will be 
less at high frequencies than at low. T his " negative skin 
effect," at one megacycle, is about -0.8% for the units 
decade and about -0.6% for the tens decade. 
Maximum Current: 

Current in ma 
Decade for -l0° C Rise 

O.l-ohm-per-step 1600 
l-ohm-per-step 800 

lO-ohms-per-step 250 

Mounting : The decade units are moun ted on aluminum 
pa nels in ('opper-lined wa lnut eabinets. 
Dimens ions : Panel, ( length ) 1:~ x (width) 5 inches. 
Cabinet, (height) 5 inehpH, over-all. 
Ne t Weight: 5Y:; pounds. 

In the cOlll pensa ted decade 
resistor opposi te ends or the 
swi tcb b lade make con tac t 
with resistance or ind uct­
a nce windings, respectively. 
As . a resistance step is 
added to the circuit, a com ­
pensati ng inductance step is 

fe illoved , and vice versa. 

Type Resistance Code Tr 0,.(/ 

---6-"-70-F=--'1'-:=0-t:-o~1~1~1-o'h;-m-s-, -:-t-:otal , in s-te-p-s- o-=-f -=O-.-=-l -o-=h-m- .-.-. '--I - AB¥::;::; --I 
P,.itp. 

$100.00 
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Attenuator 

USES: The TYPE 1450 Decade Attenuator is 
useful in power-level measurements, trans­
mission-efficiency tests, and in gain or loss 
measurements on transformers, filters, ampli­
fiers and simi lar equipment. It can also be 
used as a power-level control in circuits not 
equipped with other volume controls. 

DESCRIPTION: The resistors used in each 
decade are mounted in compartments in a 
cast aluminum housing, which is completely 
shielded by the addition of aluminum 
(·overs. Eaeh deeade eonsists of fom T-pads 
se ri es-con nee ted by cam-operated switches, 
arranged with positive detents. All cams are 
mounted on a ('antral shaft whieh is provided 
with ball bearings. Ea('h pad is eomplete ly 
shielded, a nd a shield is interposed between 
the input and output elements of eaeh pad. 
Each decade has eleven positions, () to 10 in­
clusive, so the dceacle:-; oH'rlap. 

RESISTORS 

TYPE 1450 

DECADE ATTENUATOR 

The assembly of decades is mounted in a 
cast aluminum cabinet. 

FEATURES: ~ A wide range of attenuation 
values is possible in small steps. 

~ The accuracy of the boxes is maintained 
even at low radio frequencies. 

~ Decade-type switches make the boxes con­
venient to use. There are no stops on t he 0.1-
and 1-db-per-step decades, facilitating quick 
return from full to ze ro attenuation when 
making adjustments. Switches a re a rranged 
for break-before-make operation to prevent 
" blasting" and meter damage. They can he 
adjusted for make-hefore-break operation if 
req uesLed at ti me of ordering. 

~ An etched plate is attached to the case, 
indi cating mismatch loss for terminations 
other than GOO ohms. 

SPECIFICATIONS 

Attenuation Range: '110 or 1 J J decihels in steps of 1 
or 0.1 decibe l, rcspe( ·tively. 
Terminal Impedance : 600 ohms in cilhcr dil·p(·tion. An 
f'khed plate on t1lP (":thinet indil"at('s Lhe mismakll loss 
for other than <iOO-ohm (·in·uit s. 
Accuracy : Eal"h illtiiviliu :d r('sistor is adjusted wiLh in 
±0.25 % of its (·OIT('(·t vahle. The 101l"-frequpn('y error in 
attenuation is Il'ss Lhan plus 0.00-+ db (TA ), or O.OOti 
db (TB) ±0.25( 'j;, of Lhe indi('aL'ClTCib\?'::t1uc , provided the 
aLtenuator is tprminaLed h.\' a plII'e resistance of 600 
ohms. \Vhen propcrly terminaLed, Lhe input impedancc 
is 600 ±:~ohms. ,/J]... 
Frequency Discrimination: Less than 0.1 db ± 1 % of the 
indicated valuc at frcqucn(·ies be lolV 200 ke. 
Maximum Input Power: 1 wat.t. 
Switches: Cam-type switches are uscd lI"ith tlyelve posi­
tions covering :360°. Thl' dials a rc numbered from "0" Lo 
" 10" in(·lusive and tl1(' tll"('lfth poinL is also ("onnl'cted Lo 
"0". Stops :lI"() p!'ovi(,pd in t.llo RII" il("h nll'('I,allislll 1'01' 

the JOO-db dccade. No stops are provided to prevent 
complete rotation of the 10- and I-db deeades, but spac­
e rR, wh i('h are provided, ("all be used under the mounting 
screws Lo aI"!, as stops 1'01' the knob . 
Characteristic Impedance: (j00 ohms both direetions. 
I'; ither cnd (·:tII be used as input. 
Mounting: The decade uniLs are mounLed on an a lumi­
num palwl ill a mpta l cabinet. Each deeadc is individu­
a ll y shie lded, and a ll shie lds are (·onne(·tecl to the pallel 
and the "0" terminal. R ela.v-raek mounting is avaibble 
on sppcial order at an additio na l charge. See price list 
helow. 
Terminals: Jack-top binding posts with %-inl"h spacing: 
common terminal or '1' units grounded to ('hassis; ground 
terminal provided. 
Dimensions: J.J.50-TA, JO X 5% X 12 )i indles, over-all; 
1.J50-TB, 12 x 5% x 12 )i inchcs, over-all. . 
Net Weight: 1.J 50-TA, 10% pOllntlH ; 1.J50-TB,I -I.Y:; 
pound s. 

Type 
14S0-TA 
14S0-TB 

RUt':J!e 
110 db in steps of 1 db ...... . 
111 db in steps of 0.1 db . ... . 

I III IH,it'!.'.I'P 

600 ohms 
600 ohms 

'I'YflP of Seeliull 

I ~ 
Cude Wurd 

I
NETWORKT.<\.M 

NETWORKTUB 
$240.00 

340.00 
For relay r:,ek mOlinLing ( ID-illeh) add $ 10.00 to auove priecs a nd add R Lo Lypc number (Type J-150-TAB., 

for example). 

GENERAL RADIO COMPANY 173 



RESISTORS Voltage Divider 

TYPE 1454-A DECADE VOLTAGE DIVIDER 

USES: The TYPE 1454-A D ecade Voltage Di­
vider provide" accurately known voltage ratios 
for use ill determining voltage transmission 
ratios by direct comparison or by null methods. 
It is particularly valuable in linearity meas­
urements a nd meter calibration. 

Its high input impedance, high resolution, 
and high accuracy make it a " oidely used 
laboratory accessory for both d-c and audio­
frequency measurements. 

DESCRIPTION: The decade voltage division is 

accomplished hy the use of the K elvin-Varley 
circuit. Fou r resistor decade" a re connected 
in "uch a manner that their settings are ad­
ditive, while maintaining a constant input 
resistance. 

FEATURES: ~ High accuracy. 
~ Constant input resistance. 
~ Separate ground terminal provided. 
~ Voltage ratios between 1.0000 and .0001 
in steps of .0001. 
~ N egl igi ble thermal emf. 

SPECIFICATIONS 

Voltage Ratio: .0001 to l.0000 in steps of .000l. 
Accuracy: ±(0.1 % + .000001). All resistors are ad­
justed to within ±0.05% of nominal values. The voltage 
ratio error will rarely exceed 0.05 %, a lthough at low 
settings of eac h decade, the error can theoretically 
approach ± 0.1 % . 
Frequency Characteristics: If the external capacitance 
placed ac ross the output terminals is less than 50 J..L1.d , the 
frequency error is less than 0.1 % to 20 kr for any setting. 
Input Resistance: 10,000 ohms. This value is engraved on 
the p:lIW I. 
Output Resistance: Varies with output setting, depend­
ing primaril~o on the setting of the highest decade in use. 
Maximum Input Voltage : 230 volts rms (or dc) for -l0° 
Centigrade rise of resistors in the input decade. This 
va lue is engraved on the panel. 
Resistance Units: TYPE 510 (see page 170). Unifila r on 
mica for two decades. Third and fourth decades a re 
Ayrton-Perry on phenolic cards. 
Temperature Coefficient: Of the individual resistors, 
less than ±0.002% per degree Centigrade. Since the 
vol tage ratio is determined by the ratio of resistors of 
similar construetion, the temperature coefficient of the 
voltage ratio is very nearly zero at normal room ambient 
temperatures and within the power rating of the box. 
Terminals: Jac k top binding posts with standard %:-inch 

Type 

spacillg at input and output. A separate ground post is 
provided, so that t he divider circu it can he used 
grounded or ungrou nded, with t he shield grounded. 
Mounting: Aluminum panel and cabinet. 
Dimension.: (Length) 15%: x (width ) 57i x (height) 
5 inches, overal l. 
Net Weight: 77.i pounds. 

K' ~ VI 

W t-- ~ :n VI 

" " " I I I 0 0 0 

0 
0 0 
0 " 0 '" 9 

INPUT OUTPUT 

Code Word 
1454-A Decade Voltage Divider .................. 1 ABACK $145.00 
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Fixed 

TYPE 500 RESISTOR 
The TYPE 500 Resistors are particularly 

recommended as resistance standards for usc 
in impedance bridges and as secondary stand­
ards for laboratory usc. The plug-type termi­
nals make them readily interchangeable in 
experimental equipment. Screw terminals are 
also supplied for more permanent installa­
tions. Resistors are similar in construction to 
those used in Typg 510 decades. (Page 170.) 

This resistor is a ll accurately adjusted re­
sistance unit \\'ax-sealed in a phenolic case to 
exclude moisture a nd to provide protection 
from mechanical damage. 

FEATURES: ~ Convenient and accurate 
~ Negligible thermal emf to copper 
~ Low temperature coeffi cient of resistance 
~ Excellent high-frequency characteristics 
~ Standard % -inch terminal spacing for 
plug-in use 

SPECIFICATIONS 

RESISTORS 

Accuracy of Adjustment: ±0.05 % at the terminals, 
exeept for the I-ohm unit, which is adjusted within 
±0.15% . 
Frequency Characteristics: Similar to those of the TYPE 
510 Decade-Resistance Units for resi~tance values up 
to 600 ohms; somewhat better for higher resistanees, 
because of the relatively small shunt capacitance of an 
isolated resistor. 

Mounting : Black molded phenolic ease is used for all 
units having a resistance of less than 1000 ohms. For 
units having a resistance value of 1000 ohm.5 or higher, 
a low-loss mica-filled phenolic case is used . Both types 
are sealed with a high-melt ing point wax. Typ .,;~ 500-A 
through -V are in small case; TYPES 500-W and-X in 
large case. 

Maximum Power and Current: All units will dissipate 
one watt for a temperature rise of _100 Centigrade. The 
value of current fo r this rise is given in the table below 
and is engraved on e:lch unit. 
Temperature Coefficient: Less than ±0.002% per degree 
Centigrade at normal room temperature. 

Dimensions : Small case, (length) 2U x (width) H{6 
inches. Two mounting holes, spaced 2~ inche" No. 16 
drill. Large case, (length) :31~6 x (width) 2Ys inches. 
Two mounting holes, spaced 3Ys inches, No.2 drill. 
Net Weight: 2 ounces. 

Type of Winding : Less than 200 ohms, Ayrton-Perry; 
200 ohms and higher, unifilar on thin mica cards. TYPES 
500-V, W, a nd X a re made up of multiple mica cards 
in series. 
Terminals: Both terminal screws and plugs are supplied. 
Each terminal stud is recessed as a jack to accommo­
date a plug. Standard U -inch spacing is used. High 
termina l is marked H. 

~~i~ O~~CC~N~ 
SMALL CASE 

2 MTG. HOLES 
NO.18 DRILL 
IN LARGE CASE 

Code TVord Type Resistance in Ohms AI aximum Ct!1-rent 
500-A 1 1.0 a RESifl rBlRO 

Price 
----~~~~--~~--~------~--------~--~~~~----,----- $ 5.00~----

500-6 10 310 ma RESISJ'D.';SK 5.00 
500-K 20 220 ma RESIS'l'FIL~I 5 .00 
500-C 50 1.J0 ma RESISTFORO 5.00 
5?0-D 100 100 ma RESISTFROG 5.00 
500-E 200 70 rna RESISTGlRl. 5.00 
500-F 500 45 ma RESlSTGOAT 5.00 
500-G 600 40 rna RESISTGOOD 5.00 
500-H 1000 30 rna RESISTHYMN 5 .00 
500-l 2000 22 ma RESISTBELL 5.00 
500-M 5000 Hma RESISTPIPE 5.00 
500-J 10,000 10 rna RESIsnULK 5.00 
500-R 20,000 7 ma RES[STBARN 5.00 
500-T 50,000 4.5 ma RESISTGULL 5 .00 
500-U 100,000 :3 ma HESISTHOI.L 5.00 
500-V 200,000 2.2 ma HESIS'J'VOTE 7.00 
500-W 500,000 1.4 ma RESISTWALL 13.50 
500-X Megohm 1.0 rna RESISTHULL 22.50 

POTENTIOMETERS. General Radio 970-series potentiometers are listed on page 231. 
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SOUND- AND VIBRATION-MEASURING 
EQUIPMENT 

Measurement is an essential element in the 
efficie nt evaluation and cont roL of noise a nd 
vibration. The necessary measurements a re 
made po:-iR ihle by Ceneral Hadi o's compre­
lwnsi\'p linp of inst ruments. 

'1'h(>sp imitrllments are a result of a contin­
uing development program sin ce 1933, \\'hen 
Genera l Radio announced its first noise meter. 
The sta nd ard sound-level meter, \\'hi ch is the 
basic sound-measuring instrument, has been 
imprO\'ed in each successive model in perform­
a nce, in con\'enience, and in versatility, cu l­
minating in t he present TYPl~ 1551-A Sou nd­
Level Meter. 

This instrument conforms to t he Ameri can 
Stand ard on Sou nd-Level l\Ieters.* An excel­
len t , gelleral-purpose microphone is Sll pplied 
as standard equipment; but other trans­
ducer systems, the TYPE 759-P25 Dynamic 
Microphone Assembly, the TYPl~ 1551-PIL 
a nd TYPl~ 1551-PIH Condenser Microphone 
SystemR, and the TYPES 759-P35 and P36 
Yibrat ioll Pickup and Control Box arc 
a \'ailable for specia li zed measurements. Theil' 
characte ri stics are tabu lated on the next 
page. 

The TYPE 1555-A Sou nd-Sul'\'ey l\Ieter is a 
simplified version of t he sound-level meter, 
particularly designed for convenience in usc, 
small-size, and low cost, and it is \\'idply used 
",hen a single measUl'ing instrument is satis­
factory. 

Either one of these in st ruments can be 
used to measure o\'e r-a ll le\'el, a nd this \'alu e 
is the first important measure of a noise. A 
frequency a nalysis is a lso desirable in order to 
t rack do\\'n the sou )'('e of the noise a lld to 
determine effici ent cont rol measures. Fo)' 
t hat reason t he 1'1'1' g 1551-A Sound-Level 
Meter is designed to pro\'ide an output that is 
the amplified electri cal rep lica of the acoustic 
signa l at t he microphone. This outpu t signa l 
can t hen be analyzed on a frequency basis by 
one 01' more of the Genera l Radio a na lyzers, 
such as t he THE 1550-A Octave Band Noise 
Analyzer , t he Typ}, 760-B Sound Analyzer, 
and the TYPI!J 736-A Wa\'e Analyzpl'. A gen­
eral des(')'iption of these analyzers is given in 
t he section on wave analysis (see page 223). 

Satisfactory noise measurements depend on 
the use of measuring equipment that is kept 
in propel' op()rating condi tion. Although the 
instruments are inherent ly reliab le and stable, 
after long periods of use thei r performance 

may change. In order to insure t hat important 
changes \yill be discovered a nd rorrerted, the 
T YPE 1552-B Sound-Level Calibrator has bef'n 
developed . It provides a calibration or the 
oyer-all system at 400 cps. Whcn dri\'pn by a 
400-cycle oscillato r at a 2-volt level a nd 
mounted on a ny of the microphones li sted 
below, it supplies a known acoustic signa l to 
the microphone. The THE 1307-A Transistor 
Oscillator is avail ab le as a conven ient source 
fo r driving the cali brator. 

The measurement of impact noise has pre­
viously required an extensive instrumentation 
setup, including a cathode-ray oscillograph. 
The development of t he TYPE 1556-A Impact 
K oise Analyzer has no\\' made it possible to 
obtain useful measurements on t hese impact 
noises \\'ith a simple setup, consisting of the 
TYP1~ 1551-A Sound-Le\'el Meter a nd a TYPE 
1556-A Impact X oise AnalyzeI'. 

Wi t h t hese instruments, one ean make the 
measurements that arc necessary for evaluat­
in g practically allY indust ri a l noise problem . 
They can be uscd by non-techniral personncl 
and a re designed for long life a nd t rouble-free 
operation. The li se of these a nd other 11oise­
measuring i nst rll men ts is discu ssed thoroughly 
in t he H andbook of Noise M easul'emenl, pu b­
li shed by the Ccneral Radio Company, and 
ava ilable at one dollar a copy, postpaid. 

The Ceneral Had io lin e of v ibration meas­
uring equipm cnt in cludes the TYPI" 761-A 
Vibration Meter, which is used to measure the 
a('celcrat ion, ve loc ity, a nd di,'pla('cment of a 
v ibrat in g clement, a nd the 1'1'1'1', 762-A Vibra­
tion Analyzer , \\'hich is used to a na lyze 
t he vibrat ion in to its components. A vibration 
pickup, TYPloJ 759-P35, is a lso availab le to 
convert t he sound-level meter to a vibration 
metel'. 

Another important group of vibrat ion in­
struments a re stroboscopes, (see page 191) 
" 'hich permit vibrating objects to be viewed 
in te rmittently a nd produce t he optical effect 
of slo\\'ing down or stopping a periodic vibra­
tion. 

A booklet , ent it led J[ea suremenl of r ibm­
tion discusses the use of these instruments in 
typ ical vibrat ion measurements. A copy will 
be mailed, free of charge, on request. 

* . tmt'rirnn Sfrwdard for 8ollnd-Lcl'el .lfelers for the Jleasurement 
oj Noise and OIlier Sounds (Z24.3-!944); American Standards Asso­
ciation, 70 East 45th St., New York 17, N. Y. 
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SOU N 0 VIBRATION 

INSTRUMENTS 

Type J nslnunent A pp/icalion Page 
1551-A Sound-Level Meter Accurate measurement of noise lcvcl: measurement where 178 

a nalysis is req uired ; measuremcnts for co nformity to noi se 
test eodes 

1555-A Souml-Survcy i\Ieter Prelimin ary noise surve.\'~: routille <.: ltel'ks; qu ick tests 183 
lI'here a n inconspicuous meter 01' extreme portability IS 
desired 

1550-A Octave-Band Analyzer Analysis of wide-band noises; evaluation of speech-inter- 185 
ference level and loudness 
---

76O-B Sound Analyzer Anal,"sis of pit('hed sounds, where a knowledge of individ- 186 
ual frequel1('~' components is desirab le 

736-A \Yave Analyzer Acc uratc measurement of individual frequency compo- 22-1 
nents of definite and stablc piteh 

1556-A I mpa(·t ~ oise Analyzer Analysi~ of impa(·t-type sounds a nd vihrations. \Ieasure- 187 
ment of peak a mpli t ude and duration of impulse-ty pe sig-
na ls 

-
Sound-Lcvcl Calibrator 

--
Over-all ,u-oustic cheek of cal ibration of sound-Ievcl me- 184 1552-B 
tel's, sound-slII've.\' metcrs, and a na lyzers and for establish-
ing referen('c Icvels 

- ---
761-A VibraLion i\[eter Vib ration mcaSlII'cments down to 2 eps 188 

- --- --
762-B Vibration Analyzer Analvsis of frcqueney {'omponcnts of vibration dOIl'n to 190 

2.5 cps 
1307-A Transisto r Oscillat-o-r--- Test-tOil(' sou rc'c for TYI ' I': I 552-B Sound-Level Calihmtor 109 

TRANSDUCERS USED WITH SOUND-LEVEl METER 

Csefu/ Ji'req- Jl [a.ri- Ma:ri-
Sew;ilivil!l [,eve/ l~an{Je Hal/ (fe mil/II mum See 

dl! re 1 voll/ rll! re 0.0002 ('!I t /es/ 'l'empPr- H /llnid- Page 
T ype Yam~ U, 's I'bar !l.iJar 8(~(·. It/ure, °C ily', % Xo. 

759-310 Rochelle-SaIl :::;lIi"Jp lied with TYI' I,- - -5(i to -()O 2~ to l-~ 20-ROOO -15 SO--
Cn 'stal 155 1-A Sound-Level To 15~ with 
;\11(' rop ltonc ;\l ctC' r, C:p ncral Plll'- ::L UX. ::Lttcn-

pose ( noL I'('com- uatOl'! 
mended for use lI' it h 
long ('ahle ) 

---,- ----
759-P25 D"namie R epla('es 75\)-:110 -5G to -GO 2-1- Lo UO 35-JO,000 75 100 181 

;\iicrophone when long ('able is 
Assemb ly nceded, a nd when 

tem peratul'c 01' hu-
midi t~· pl'cvent use 
of crystal miel'ophone 

1551-P1L Condcn,:cl' Rep la('e~ 75Q-:~10 1'0 1' -51i to -()O 50 to 1~0 20-18,000

1 

100 80 18O 
;\li('rophonc lI' ide-freq 11t'IWy-nlllgP To 150 with 
Sy~tem meas ul'empnt~ : ('an bc aux. 

used wi th long ('able aL(' llllatOl'! 
- - --

1551-PIH High-Ll·vl· i Hepiaees 75\)-:110 1'01' - 70 Lo -7(i 70 tu 11iO 20- 18,0°°1 100 80 180 
Conden:'l' l' high-I l.'vp l >l nd wide- Tu 170 with 
:\[i (, l'opho'I(' fl'cqucn{'~'-nlilge aux . 
System nlE'aSUl'cnl('nts: ('an attenuatol'! 

be used lI'i t h long; 
("lhle 

759-P35 YilJra t iun Rl'pla.{'cti 75D-;1l0 fu r 800 mv / g O.;~ to 20-l200 ,J5 80 182 
and 759-P36 l'iekup <Lnd vib ration to 1000 ;{\)OO ill. / se(' .' 

Control Box measurements mv / g O.OOJ to 
(Ro('helle ;H in. / sec. 
Salt Cn 'sbl ;101' in. to 
:\ ('('e l e l'~ 0.25 in. 
ol1letC' l' ) 

1. TYPE 1551 -1'1 l 20 db Attenualul' Pad which plugti into " filtE'!' in " a ncl " filLer ouL" ja('ks un tiuli nd -levl·1 meter 
panel will provide neecssal'Y atten uation. 

2. Rochelle Salt Crystal Un i t~ ma~' Ilt' pel'ma nenll .,· damaged if exposed to high humidiLy 1'01' lung pel'io(k 
The condpnsel' microphonE'S will not be pel'manenll~' damaged, bu L will become noisy a nd inopel'. ltivp as mois­

Lu re reduces the intiu lation l'etiitiLance between Lhe active plaLes of t he condenser. S('oring microphone in J etitiicator is 
rccommended. 
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SOU N 0 ------~ ------ Sound-Level 

USES: This accurate, portable instrument 
measures the sound-pressure level at its micro­
phone. In its primary function as a noise 
meter, this sound-level meter is the accepted 
instrument for the measurement of both prod­
uct noise and environmental noise by industry, 
commercial laboratories, regul atory bodies, 
and noise-abatement groups. 

Typical users include: 
Machine and appliance manufacturers, in 

the development laboratory as well as on the 
production line. It provides a means of estab­
lishing noise standards and of accepting or 
rejecting products on the basis of noise tests. 

Acoustical engineers and physicists, for the 
measurement of noise produced by machinery 
and for determining the acoustic properties of 
buildings, vehicles, and materials. 

Industrial hygienists and psychologists, in 
surveys of the psychological and physiological 
effects of noise, and for the determination of 
satisfactory noise environments in factories 
and offices. 

Secondly, this sound level meter consti­
tutes, with its accessories, a complete sound 
measuring system. The available accessories 
include : 

Continuous spectrum analyzer (page 186) 
for the frequency analysis of pitched sounds. 

Octave band analyzer (page 185) for rapid 
spectrum analysis of broad-band noises and for 

TYPE 15 51-A 
SOUND-LEVEL METER 

measurement of loudness and speech interfer­
ence levels. 

Impact analyzer (page 187) for evaluating 
impact-type sounds. 

Wide-range microphone for high-fidelity 
measurements (page 180). 

Dynamic microphone (page 181) for use at 
remote locations \\'here a long cable is neces­
sary bet,,'een microphone and meter or where 
extremes in temperature or humidity are en­
countered. 

Vibration pickup (page 182) for the meas­
urement of solid-borne vibrations. 

Acoustic calibrator (page 184) for over-all 
acoustic checks of sensitivity. 

Other type!' of microphones can also be used, 
and other accessories, such as graphic level 
recorders and tape recorders, can be operated 
from the sound-level meter. 

In addit ion to its application in sound and 
noise measurement, this instrument can also 
be used as a portable amplifier, attenuator, 
and voltmeter for laboratory measurements in 
the audio frequency range. 

DESCRIPTION: The Type 1551-A Sound-Level 
Meter consists of a non-directional micro­
phone, a calibrated attenuator, an amplifier, 
weighting networks to approximate the re­
sponse of the human ear to pure tones, and an 
indicating metel'. 
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Meter 

The complete instrument, including batter­
ies, is mounted in an aluminum case with an 
{,[lsily removed cover over the panel. The 
microphone is mounted on a bracket and folds 
dO"'n into a panel recess \"hen not in use. In 
this storage position of the microphone, bat­
teries are automatically turned off. An a-c 
power supply unit is available. 

FEATURES: ~ Small, compact, and easily port­
able - ,,"eighs only 11 pounds with batteries. 
~ Simple to operate. 
~ Meets all standards of the American Stand­
ards Association, the American Institute of 
E lectrical Engineers, and the Acoustical 
Society of America. 

SOU N 0 

~ Separate output systems for panel meter 
and output terminals. IVhen a sound analyzer 
is used, meter can be used for monitoring. 
~ Two-speed meter movement permits meas­
mement of either steady or fluctuating sounds. 
~ Wide range - from 24 to 140 db. 
~ Sub-miniature tubes in negative f edback 
amplifier circuits provide excellent stability. 
~ Batteries are readily available. 
~ Amplifiers and panel meter have " 'ide fre­
quency response, 20 cycles to 20 kilocycles. 
~ Low internal noise level. 
~ Internal calibration system for standard­
izing amplifier gain. 

SPECIFICATIONS 

Sound-Level Range: From 2.J, db to HO db (re 0.0002 
microbar). 
Frequency Characteristics: Anyone of four response 
characteristics, A, B, C, and 20 kc, can be selected by a 
panel switch. 

The A, B, and C weighting positions are in accordance 
with American Standard Specification on sound-level 
meters (American Standards Association) . 

The A and B weighting positions approximate the 
response of t he ear to pure tones referred to a -lO-db 
level and a 70-db level, respect ively, at 1000 cps. 

The C weighting provides uniform response to all 
frequencies within the range of the microphone. This 
characteristic is used for measuring high sound levels, 
for measuring sound-pressure levels, or when the in­
strument is used with an analyzer. 

The 20 kc position allows t he use of the complete 
frequency response of the sound-level meter's ampl ifier, 
,,"hich is fiat from 20 c to 20 kc, so that complete use 
can be made of wide-range microphones such as the Gen­
eral Radio TYPE 1551-P 1 Condenser :'IIicrophone Sys­
tems. Filter jacks are provided to permit modification 
of frequency characteristics by insertion of specia l 
networks. 
Microphone: The microphone is a high-quality Rochelle­
salt·c rystal diaphl'llgm type. Condenser and dynamic 
microphones are available as accessories. See page 180. 
Sound-Level Indication: The sound level is indicated by 
the sum of the readings of the meter ,md attenuator 
switch . The clearly marked, open-scale meter covers " 
span of 15 db with calibration from -5 to 10 db. The 
attenuator is calibrated in lO-db steps from :30 to 1:30 db 
above the standard reference level. 
Output: An output of 1 volt across 20,000 ohms (when 
the panel meter is at full sc.Je ) is aV:Lilable at an output 
jack. The output can be useJ to drive frequency 
amtlyzers, recorders, and oscillographs. 
Meter Damping : The panel meter is provided with two 
dilTerent damping characteristics, selected by a switch. 
In the FAST position, the meter ballist ics agree with 
the current ASA standards. In the SLOW position, 
the meter is heavily damped and indicates, for easy 
reading, the average level of rapidly fluctuating sounds. 
Calibration: i\Ieans are provided for standardizing the 
sensitivitv of the electrical circuits in the sound-level 
meter b.\: comparison "'ith a voltage derived from a 

Type 

105- 125 volt a-c pc.wer line. After standardization, the 
accuracy of sound-level measurements, as specified in 
ASA standards, is within ± 1 db for average machinery 
noise. The TYPE 1552-B Sound-Level Calibrator (page 
184) is available for making periodic acoustic checks on 
the over-all calibration, including microphone. 
Temperature and Humidity Effects: Readings are inde­
pendent (within 1 db) of temperature and humidi ty 
over normal ranges of room conditions. 
Power Supply : Two 1Y2-volt size D flash light cells 
(Rayovac 2LP or equivalent) and one 57 Y2-volt Burgess 
XX.J,5 battery or equivalent a re supplied. The TYPE 
1252-A Power Supply for a-c operation is available. 
Tube Complement: Four Raytheon CK-512-A.,,( and three 
Raytheon CK-53:3-AX tubes. 
Accessories Supplied : TYPE CAP-ll Power Cord for 
calibration checks; telephone plug. 
Accessories Available: See pages 180 to 187. 
Cabinet : Sh ielded aluminum and plastic cabinet., with 
cover, which also serves as a convenient and rugged 
carr.ving case. 
Dimensions : (height) 6% x (length) 10'% x (width) 
8Ys inches. 
Net Weight: 11 pounds with b"tteries. 

Batteries are furnished with tbe Sound-Level Meter. 
For a-c operation, the TYPE 1262-A Power Supply 
a ttacbes to the sound-level meter ca binet, as sbown 
above. For complete specifica tions, see page 147. 

Code Word Price 

1551-A 

1262-A 

Sound-Level Meter * ................... '1 
Set of Replacement Batteries . ........... . 
Power Supply •...... .................. 

MIMIC 

MIMICADBAT 

MANLY 

$385.00 
3.55 

70.00 
*PATENT NOTICE. See Note 1, page viii. 
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SOU N 0 Microphone 

TYPE 1551- P1 CONDENSER MICROPHON E SYSTEM 

The Type 1551-PIL (for normal-level mras­
urement) and the Type 1551-PIH (1'01' hil!;h­
level measurement) arc condense r microphone 
systems designed for usc \I'ith thr Type 
1551-A Sound-Level Meter 1'01' I1waslI1'ing 
sounds over \yide frequency rangrs, Thrsr mi­
crophones arc not damaged by high sound 

levels 0 1' by high temperatures. 
Applications include: 
Measurement of high-frequency, high-level 

noises produced by ai r streams, \I'ood- and 
metal-working machinery, t urbinrs, and jet 
engines. 

General-purpose sound-level measurements 
in locations where ambient conditions (tem­
perature, sound-level) are severe. 

l\Ieasurements on high-fidelity sound repro­
duction systems over the fu ll audio spectrum. 

DESCRIPTION: The Type 155 L-PI L Condenser 
Microphone System uses a 21-BR-150 micro­
phone and measures sound pressure \cv('1 lip to 
155 db; the Type 15.51-PIH, ,,-hich uses a 
21-BR-180 microphone, measures level::; up to 
170 db. 

The microphone base houses a sllhminiatm e 
prc-amplifier tllhe , A battery-operated pO\l'rr 
supply, \I'hieh faste ns to the end of the Sound­
Level l\Iete r, provides pre-amplifier filament 
a nd plate pOlyer a nd polarizillg voltage for the 
mirropholle. All extelli:iioll eable, a tripod, a lld 
a leather carJ'yi ll g case arc supplied. 

SPECIFICATIONS 
Frequency Response : 20 cycks to 18 kiloc.\'(·ks with ('it Iwl' 
microphone. A typical response curve is show n belol\'. 
Calibration: The outpu t levc l as a funet ion of fl'(,t]upnC'y 
is measured in our laborato r.v by comparison lI' it h :t 
standard miC'l'Ophone that is calihmtpd pcriod ically, 
The measlll'ed level at 400 ('., 'c les is supplied. 
Direct Use with Analyzers: These assemblies can Ruppl,\' 
a signal directly to t he TYPE 1550-A Octave-Band 
Noise Analyzer 01' the TYPE 760-B Sound Anal.,'?'!' r, 
provided t hat the level of the measured componcnts is 
ftbove 70 db (re 0.0002 microbm') for T yp]:; 1551-1'1 L, 
and 85 db for TYPE 1551-PIH. (A TYPE 1552-B Sound­
Level Calibmtor is then necessary for absolute Iev!'1 
calibration .) An output is provided for this connect ion. 
Maximum Sound-Pressure Level : 

For the TYI'E 1551-PIL Condenser :\Iicrophon(' 
Assembly, non-linear distortion is belo\\' 1 (i6 at levels 
up to 135 db, a nd less than 10 % at 155 db. At levels 
above 1~0 db, the TYPE 1551-Pll 20-db Pad must be 
used to keep the signal within the range of the TYPI, 
1551-A Sound-Level Meter. 

For t he TYPE 1551-PIH High-Level :\Iicrophone 
Assembly, non-linear distortion is below 1 % up to 150 
db and below 10 % up to 170 db. At levels above 160 db 
with the TYPE 1551-PIH s.\'stem, the TYPE 1551-PII 
20-db Pad is necessary. 
Minimum Measurable Sound-Pressure Level : 

For the TYPE 155J-P1L: 50 db (re 0 .0002 microbar). 
For the TYPE 1551-PIH: 65 db (re 0 .0002 microbar). 

Temperature and Humidity : :VIaximum recommended 
operating temperatUl'e of the microphone in its probe is 

Type 

2 120 F, T h(' micropholle is not damal!;cd b.\- rxposul'e to 
high humidity, but prolon!1;ed exposure ma." cause 
electriC'a l leakage and render it temporarily inoperative, 
Batteries : One 1 Yz-volt size D flashlight ('('1\ (R:tyovac 
2LP or rquivalent,) and one :{OO-volt B batt('r.\' (Ever­
c:LCly 4[):3 01' Burl!;eRs V-200) arc suppli rd . 
Tube Complement : One Raytheon TYp~] CK-512-AX (in­
stalled in microphone base assembl.\'). 
Mounting: The microphonp on its basr plugs into one 
end of a 10-foot cahle, lI'hi('h has a fitting lI'ith standa rd 
,Y.\-20 tripod thread, Thr othcr cnd of the cable is 
connected to tbr power suppl.\' unit, II'hi('h fastens to 
t he end frame of the Sound-Level :\Ietcr. 
Dimensions: Leather carrying caRe is approximately 
(height ) 7 x (length) 5Yz x (width) 8Yz inehes, 
Net Weight : Complete in carrying case, 7 Ibs, 60z, 

FREOUENCY IN CYCLES PER SECOND 

('ode Word Price 
1551-PlL 
1551-Pl H 
1551-Pll 

Condenser Microphone System ....... . . .. I XOXAL--,-----:$~~3~0~0~.~0~0;---

High-Level Microphone Assembly. . . . . . . . XATAL 300.00 
20-db Pad . .. . . . . . . . . . . . . . . . . . . . . . . . . . . LABEL 15.00 
Set of Replacement Batteries . . . . . . . . . . . .. KONALADBAT 11.15 
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Accessories SOU N 0 

S TAN DAR D AC C E S S 0 R I E S FOR THE T Y P E 1551- A 

SOUND-LEVEL METER 

The following accessories are available for 
use with the TYPE 1551-A Sound-Level Meter 
to increase its fi eld of appli cation and to adapt 

it for specialized types 0[' measurement. These 
accessories can also be used with tl1(' oldrr 
TYPE 759-B Sound-Level Mekr. 

DYNAMIC MICROPHONE ASSEMBLY 

For some measurements, particularly where 
a long cable must be used bet\\·een microphone 
and meter, or \\·here large ranges of tempera­
ture and humidity are encountered, a dynamic 
microphone is preferable. The TYPE 759-P25 
Dynamic Microphone Assembly ineludes, in 
addition to the microphone, a 25-foot cable, 
an input transformer, and a tripod. The trans­
fo rmer plugs into the Sound-Level Meter in 
place of the standard microphone, and the 
microphone cable plugs into the transformer. 

SPECIFICATIONS 

Sensitivity: Open-circuit output of typical microphone 
i ~ DO db below one volt per microbar, and of microphone 
pillS transformer is 60 db below one volt per microbar. 
This sensit ivity is satisfactory for use with both the 
Typ..; J551-A and the TYPE 759-B Sound-Level :VIeters. 
Direct Use with Analyzers : :\1icrophone output can be 
sllpplied direct ly to the TYPE 1550-A Octave-Band 
'\" oiRe Ana lyze'r and the T YPE 760-B Sound Analyzer 
provided the level of the measured components is above 

!~ a-IIIIIIPtII~, 
~ 20 ~ 100 200 ~ 1000 2000 ~ I000O ATgo-ICWE"K11~1 

FREOUENCY IN CYCLES PER SECOHO 

Typical response curves of TYPE 1551-A Sound-Level 
Meter with TYPE 759-P25 Dynamic Mi'Tophone As­

sembl y. 

'I'ype 

(B) l\1icrophone and ·Iransronner plug into the sound­
level lIIe ter as shown auove. 

70 db (re 0.0002 !,ba r). (A TYPE 1552-13 Sound-Leve l 
Calibrator is then necessary to obtain absolu te level. ) 
Maximum Safe Sound-Pressure Level: Sound-pressure 
levels above 140 db can damage the microphone. 
Calibration: Output level is checked in Olll' laboratoril's 
at several frequencies against a standard microphon e 
t hat is calibrated periodica lly. The level at 400 cycle8 is 
supplied. 
Cable Correction : No correction is necessary for the 
25-foot cable supplied or the TYPE 759-P22 lOO-foot 
cable. 
Net Weight : .p 8 pOllnds. 

Code IV Ol'r/ Price 
759-P25 
759-P22 

Dynamic Microphone Assembly .......... 1 

Extra 100-foot cable ................... . 
NABOR 
KASAL 

$189.25- -
30.00 

20-DB ATTENUATOR PAD 

The TYPE l 551-P 11 20-db Attenuator Pad extends 
the range of the TYPE J 55 l-A Sound-Level :\1eter up­
ward by 20 db. The pad is a resistive network whi('h 
reduces over-all instrument gain when it is connecLed 
between the " filter-in " and "filter-out" jacks. \\"i t h 
t his pad and the Rochelle-sa lt microphone, the range 
of the instrument becomes 44 to 160 db. 
Net Wp.ight: t:i ounces. 

Type Code Word Pri('e 
--~15=51-~P~1 ~1 --'--2~0~--d~b-A~"-e-n-ua-t-o-r~P~a~d~. -. -. -. . - .-.-.-. -. -.. - .-.-.-. -. -.. 'I----L-A-B-E-L----.---~$~1 ~5~.O~O----
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SO U N D Accessories 

VIBRATION PICKUP AND CONTROL BOX 

Tbe v ib ration pickup and control box plug into the 
sound-level meter in place of tbe microphone, as sbown 

in tbe photogr·apb above. 

Over-all frequency responsc characteristic of the vibra­
tion p ickup, control box, and so"nd-Ievel meter for con­
stant appl ied accelerat ion, velocity, and displacement, 

respecti vel y. 

Type 

The TYPE 759-P35 Vibration Pickup is an inertia­
operated crystal device which generates a voltage 
proportional to the acceleration of the vibrating body. 
By means of integrating networks in the control box, 
voltages proportional to velocity and displacement can 
also be delivered to the sound-level meter. The desired 
response is selected by means of a three-point switch 
on the control box . 

SPECIFICATIONS 
Calibration : The db readings of the sound-level meter 
can be converted into absolute values of displacement, 
velocity, or acceleration by means of calibration data 
supplied. 
Range : The range of measurement of the pickup and 
control box when used with the TYPE 155 l-A or the 
TYPE 759-B Sound-Level Meter is approximately as 
fo llows: 

R-m-s D isplacement - 16 micro-inches (minimum). 
R -m-s Velocity - 500 micro-inches per second 

(minimum). The upper limit of velocity a nd disp lace­
ment measurements is dependent on the frequency and 
is determined by the maximum acceleration permissible 
before non-linearity occurs (10 g). 

R-m-s Acceleration - 0.15 to 3900 in. /sec/sec (10 g). 
Net Weight : TYPE 759-P35 Vibration P ickup, 8 ouncP" 
(pickup only); pickup plus 7-foot cable and tips, 1 
pound; TYPE 759-P36 Control Box, 1 pound, 13 ounces. 

+2 0 
1\ 
1\ 

I \ 
0 +1 

I \ 
\ 

ACCELERATION 
\VELOCIT Y 

0 

~ 
./ OI~PLAGEMENT 

0 

10 KlO 1000 
FREQlA;NcY - CYCLES PER SECOND 

Code Word 
759-P35 
759-P36 

Vibration PickuP . . .... . .. . . . ... . ... .. . . 1 

Control Box • ... . ....... . ..... . ........ 
NOSEY 
NANNY 

$40.00 
65.00 

TRIPOD AND EXTENSION CABLE 

For measurements where the microphone must be 
located at a distance from the meter, the TYPE 759-P25 
Dynamic Microphone is recommended (see page 181). 
However, a 25-foot extension cable and tripod for 

mounting the Rochelle-salt crystal microphone can be 
supplied . With this cable a correction curve is furnished, 
giving the cable correction as a function of temperature 
of the microphone. 

----7~5-'l9·~'=Pp~e2~1-----.~~--~~~------~~~------------~---C-:~--eI-l\·11-{BT-Oo-l'd---'--~$~P3~15·~ic.~e5~0~ 
Tripod and Extension Cable .... . .. .. . .. .. 1 h 

HANDBOOKS 
The Handbook of Noise Jl,ieasllTement, published by 

General Radio Company, covers thoroughly the meas­
urement of noise and other airborne sounds. Authors are 
Dr. A. P. G. Peterson of the General Radio Engineering 
Staff and Dr. Leo L. Beranek, Associate Professor at 
the Massachusetts Institute of Technology. 

Copies of this handbook are avai lable from the 
Genera l Radio Company at a price of $1.00 each, post­
paid, in the United States and Canada. . 

Companion manual is entitled The Measurement of 
Vibration . Written by Ervin E. Gross, Jr., of the General 
Radio Engineering Staff, the text discusses vibration, 
its measurement, and analysis. 

Copies of this handbook are available f!'Ce from the 
General Radio Company. . 
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Survey Meter ~----- SOU N 0 

TYPE 1555-A SOUND-SURVEY METER 
The Type 1555-A Sound-Survey Meter is an 

inexpensive, pocket-Eized instrument for use in 
general survey measurements. 

This handy, versatile meter can be used for: 
Measuring noise levels in homes, offices, fac­

tories, and outdoor locations. 
Measuring noise levelE produced by appli­

ances, office equipment, and machinery. 
Preliminary surveys of noisy areas for esti­

mating the possibility of hearing damage to 
personnel. 

Measuring level and dispersion pattern of 
reproduced sound from public-address systems, 
theater sound systems, and home sound sys­
tems. 

Surveys by field engineers for acoustic ma­
terial companies. 

Acoustic experiments in physics classes . 
EEtablishing satisfactory levels for speakers 

and singers, at rehearsal and in classes. 
Determining cross-over characteristics and 

dynamic range of high-fidelity music repro­
ducing systems. 

Measuring the frequency-response charac­
teristic of loud speakers and rooms. 

DESCRIPTION: The T ype 1555-A Sound-Sur­
vey Meter consists of a non-directional micro­
phone, a continuously-adjustable, calibrated 
attenuator, a stable amplifier with three 

weighting net\\'orks, and an easily read indi­
cating meter. 

The entire assembly, including microphone 
and batteries, is housed in a rugged, two-piece, 
aluminum case. The attenuator and weighting­
network selector are fingertip operated. This 
permits one-hand operation of the instrument. 

FEATURES: ~ Small enough to fit in pocket. 
~ Can be used when set on a tab le, when 
mounted on t ripod, or when held in hand. 
~ Miniature in size, yet it uses standard and 
well-tested components. 

SPECIFICATIONS 
Range: From 40 db to 136 db (re 0.0002 mi crobm) 
Sound-level is sum of the attenuator and meter indica­
tions. 
Frequency Characteristic: Three difTcrent frequency char­
acteristics can be selected by the main control swi tch. 
In the C and C + 30 db weighting positions substan­
tially equal response to all frequencies between 40 and 
8000 cps is obtained. This characteristic is ordinarily 
used for all levels above 85 db. 

The B weighting position is used for levels between 55 
and 85 db. Its response fo llows the 70-db contoUl' estab­
li shed as t he standard of weighting for sound-level 
meters. The A weighting position is usually used for 
levels between -l0 and 55 db. I ts response follows ap­
proximately the -lO-db contoUl' established for sound­
level-meter weighting. In addition to providing means 
for making the usual weighted level measUl'ement, these 
characte ristics permit one to estimate, by comparative 
measUl'ements with difl'erent weighting characteristics, 
the relative importance of low-frequency components 
ill the sound being measured. 
Accuracy: The B and C weighting positions are in ac­
cOt'dance with the Rtandard for sound-level meters 
established by the American Standards Association 
when the tolerance of the standard is increased by 1 db. 

Type 

The gain of the amplifier is so set that the sensitivity of 
the instrument is correct at 1000 cps within ± 1 db. 
Stability : The ampli fie r is stablized by feedback to 
minimize the elTcct of changes in batte r.\' voltage. 
Temperature and humidi ty changes over t he nornu l 
range of room condit ions have no no tieeable efl'ect. 
The temperature coeffi cient of the sound-level indicatiJn 
is low and is in the order of 0.03 db per degree F . 
Operating Limits: The maximum safe operating tempera­
ture of the instrument is 1150 F. Temperatures above 
1300 F will permanently damage the Rochelle-s:dt 
crystal in the microphone. 
Microphone: A crystal diaphragm-type microphone is 
moun ted at the top of the instrument. 
Batteries: One l Y2-volt size C flashlight battery (Ra.\·o­
vac lLP or equivalent) and one 30-volt hearing-aiJ 
battery (Eveready 413E or equivalent) a re supplied. 
Tube Complement: 1'\\'0 Raytheon CK-512-AX anu 
two Raytheon CK-53:3-AX tubes. 
Cabinet: Aluminum, finished in black and has a standard 
.xt:-20 threaded tripod mount . A leather "ever-ready" 
carrying case is available, which permits operation of 
the instrument without removal from the case. 
Dimensions: 6 X 3Ys X 2Y2 inches, over-all. 
Net Weight : 1 pound, 1-l ounces, wit h batteries. 

Code TVord 
1555-A 

1555-P2 

Sound-Survey Meter .................... 1 

Set of Replacement Batteries . ........... . 
Leather Carrying Case . ................. . 

MISER 

MISERADBAT 

CAGED 

$150.00 
1.80 

10.00 
PATENT NOTICE. Sec Note I, page vi ii. 
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SOU N D Calibrator 

TYPE 1552-8 SOUND-LEVEL CALIBRATOR 

Calibrator fils over microphone as shown above. At left 
is the TYPE 1307-A Transistor OscillalO!". 

USES: The TYPE 1552-B Sound-Level Calibra­
tor supplies a knO\m acoustic signal for 
checking the over-all performance of sound­
level meters, including the microphone. The 
calibrator is designed to fit over a number of 
microphones (see listing under specifications) 
and can also be used to calibrate the TYPE 
1550-A Octave-Band Noise Analyzer or the 
TYPE 760-B Sound Analyzer when they arc 
used directly with these microphones. It can 
be used to supply an acoustic reference level 
for audio systems, provided one of the micro­
phones listed or its equivalent is used. 

The TYPE 1307-A Transistor Oscillator is 
designed to operate. with the Sound-Level Cali­
brator and serves as both oscillator and level 
indicator. 

DESCRIPTION: The calibrator has a Emall , 
stable loudspeaker mounted in one end of a 
cylindrical enclosure; the other end is open 
and fits over the microphone. Acoustical 
coupling between the speaker and the micro­
phone is fixed by chambpr and microphone 
dimensions. The calibrator provides acoustic:tl 
shielding as well as a high test level to reduce' 
effects of ambient noise during calibrat ion. 
These conditions make cali bration checks 
accurate and readily repeatable. 

SPECIFICATIONS 

Input: 2.0 vo1t~ at ~OO cycles across GOOf!; ha rmonic 
content must bc 5% or less. 
Microphones : The calibrator can be used on the fo llow­
ing microphones without the need of specia l adaptors. 

Hhure Brothers, TYPE 9808 (Hupplied on 1551-A [tnd 
759-B Sound-Level Meters) 

TYPE 1555-A Sound Survey :-'feler 
OR TYPIc 759-P25 . 
OR TYPE J551-P1L and OR TYPE 1551-PlII 
Shure Brothers, TYPE H8BH9 
" -estern E lectric TYPE (j~O-AA 
K ellogg Microphone. 

Terminals: Input terminals [tre TYPE 9:~8- \V Bi nding 
posts spar-ed ~.I-in ch so as to rcccive the T YPE 274-l\lB 
Double Plug. 
Accessories Required : A ,WO-cycle source, with output 
(·ontrol and vol tmeter. The TYp~: 1:307-.'\ Transistor 
osc-illator, a battery-operated device \\·ith self-contained 
voltmeter, is recommended (sce page lOB). The co m­
bination of t he TYPE 12H-A Unit Oscillato r la-c opcr-

ated, sec page 112) and the TYPE 180:3-B Vacuum-Tube 
Voltmeter (page ] 30) a re a lso sat isfactory. 
Dimensions : (length) 4Yz x (diametcr) 2Yz inches, over­
all. 
Net Weight : 12 ou nces. 
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1307 -A Transistor Oscillator (see page 109)....... O?lIEGA 
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Analyzer ~----- SOU N 0 

TYPE 1550-A OCTAVE-BAND NOISE ANALYZER 

USES: The Octave Band Noise Analyzer is 
used for the simple and rapid analysis of broad­
band noises, " 'here a knowledge of individual 
frequency components is not required. 

It is particularly useful for: 
Noise measurements on aircraft, vehicles, 

and machinery ; 
The analysis of environmental noise, as in 

offices and factories, where speech-interference 
level is important ; 

Studies of environmental noise as related 
to hearing damage; 

Production testing and noise-level accept­
ance tests. 

It is also useful in studies of the acoustic 
characteristics of rooms and of materials. 

DESCRIPTION: The Octave-Band Noise An­
alyzeI' is portable, battery-powered, and oper­
ates from the output of a sound-level meter, or, 
when the level is sufficiently high, directly 
from a microphone. It contains eight band­
pass filters, anyone of which can be sele.cted 
by a switch ; an attenuator; and an amplIfier, 
which drives both an indicating meter and a 
monitoring output. 

FEATURES: ~ Movable reference dial on attenu­
ator to facilitate reading. 

~ Monitoring output is provided. 
~ Meets A. S. A. standards. 
~ Operates from output of the TYPE 1551-A 
or the TYPE 759-B Sound-Level Meter as well 
as other sound-level meters \\'ith outputs ade­
quately free from noise and distortion. 
~ Can be used directly with microphone for 
high sound levels. 
~ Amplifier input jack permits amplifier to 
be used alone. 
~ A-C power supply can be substituted for 
batteries for laboratory use. 
~ Filters can be used alone fo r other types of 
measurements. 

SPECIFICATIONS 

Range: 20 cycles to [0,000 cycles in 8 bands, 
20 c to 75 c (low pass) 600 c to 1200 c 
75 c to 150 c 1200 c to 2400 c 

150 c to aoo c 2+00 c to 4800 c 
:300 c to 600 c 4800 c to 10,000 (high pass) 
In addition, a band with a flat characteristic from 20 c 

to 10 kc is available at two switch posit ions for con­
venience in calibration against t he sound-level meter. 
Input Level: Between 1 and 10 volts for normal range. 
Levels below one volt reduce the range of reading ; those 
higher than 10 volts overload the filters. 
Input Impedance: 20,000 ohms. Input is isolated by a 
rosistance pad, so that performance is independen t of 
source if source impedance is constant over audio range 
or is small compared to 20,000 ohms. 
Source : Sound-level meter supplying analyzer input 
must have low hum, low internal noise, and low distor­
tion. The TYPE 1551-A Sound-Level Meter is recom­
mended . 
Direct Use with Microphone: The TYPE 1551-P1L and 
-P1H Condenser Microphone Systems or the TyP!" 
759-P25 Dynamic Microphone Assembly can be used If 
the band levels exceed 70 db, 85 db, a nd 70 db, re­
spectively (reO.0002/Lbar). A TYPE 1550-P1 Microphone 

Type 

Adaptor Plug is required with the Typg 759-P25 
Dynamic Microphone Assembly. 
Level Indication: Level is sum of meter and attenuator 
readings. 
Attenuation: Except for the lowest and highest bands, 
at least 30-db attenuation is obtained at one-half the 
lower nominal cut-off frequency and twice the upper 
nominal cut-orr frequency; at least 50-d b attenuation is 
obtained at one-fourth the lower nominal cut-ofT fre­
quency and at four times the upper nomina l cut-ofr 
frequency. The 75-cycle low-pass filter has at least 
30-db attenuation at 200 c and 50 db at 400 c\·clcs. The 
4800-c.vcle high-pass filter has at least 30-db attenua­
tion at 2-100 cycles and 50 db at 1200 c'yC' les. 
Accessories Supplied : Dial and dial clamp; shielded cable 
for connecting analyzer to sound-level meter. 
Tube Complement: Three 1U+ and one 1T+. 
Power Supply: Battery, Burgess 6TA60. Battery is 
included in price. For a-c operation, TYPE 1261-A 
Power Supply (page H7) fits battery compartment. 
Dimensions: (Width) 11 % x (height) 12 % x (depth) 9 
inches, over-all. 
Net Weight: 27 pounds including battery. 

Code Word Price 
1550-A Octave-Band Noise Analyzer........ . ... ABEAM $535.00 

6.25 
4.00 

128.00 
1550-P1 
1261-A 

Replacement BaHery for above..... ... ... ABEAMADBAT 

Microphone Adaptor Plug............ ... MATOR 

A-C Power Supply. . . . . . . . . . . . . . . . . . . . .. NUTTY 
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SOU N 0 

USES: The Sound Analyzer is a continuous­
spectrum instrument, which measures the 
amplitude of each frequency component in a 
complex sound . It is recommended for the 
analysis of sounds having definite pitch, such 
as those produced by engines and motors, 
appliances and machines operating at es­
sentially constant speeds, and of sounds whose 
components are harmonically related. It is 
particularly valuable in identifying the sources 
of pitched sounds in machines. 

The Sound Analyzer is also a useful general­
purpose electric-wave analyzer for the audio 

0 

0 

0 .. ., 

Analyzer 

TYPE 760-8 
SOUND ANALYZER 

II \ 
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range, and a tuned null indicator for use with 
impedance bridges. 
DESCRIPTION: The Sound Analyzer is a tun­
able voltmeter whose band width is a constant 
percentage of the center frequency. It consists 
of a three-stage direct-coupled ampli fier with 
a tunable null circuit in a negative-feedback 
loop. It is battery powered and portable, and 
operates from the output of the sound-level 
meter, or, when component sound levels are 
high enough, directly from a microphone. 
Operation is unaffected by ordinary electro­
magnetic and electrostatic fields. 

SPECIFICATIONS 

Frequency Range : From 25 to 7500 cps in five ranges: 
25 to 75, 75 to 250, 250 to 750, 750 to 2500, and 2500 to 
7500 cycles. 
Fre qu e ncy Cal ibration Accuracy: ± 1.5% of the frequency 
dial setting or ± 1.5 cps, whichever is the larger. 
Input Voltage Rang e : 1 millivolt to 10 volts for usable 
indications. Meter scale indicates component tones 
down to 1 % of fundamental or loudest tone. 
Frequency Response : Flat within ±2 db over entire range. 
Where ranges overlap, the sensitivity is the same on 
either range, within ± 1 db. 
Band W idth : 2% of selected frequency - relative atten­
uation is 3 db at 1 % off peak frequency. 
Dire ct Use With M icrophone: 

Microphone Type 
759-P25* 
1551-PIL 
1551-PlH 

Component Levels Must Exceed 
70 db 
70 db 
85 db 

* Type 1550-P1 Adaptor P lug required. 

Type 

Input Impedance: Between 20 kl1 and 30 1.11 (dependent 
upon setting of sensitivity control). 
Te mpe rature and Humidity Effects : Undcr very severe con­
ditions slight shifts in frequency calibration, sensitivity, 
and bandwidth may occur. 
M e ter: Two ranges, +2 to -30 db and -12 to - 40 db. 
Auxiliary percentage ranges of 0 to 120% and 0 to 2-l % . 
Output: An output jack is provided for aural monitoring 
of the fi ltered signal. This feature is also useful when the 
analyzer is used as a bridge-balance indicator. 
Tube Complement: Three lL4, one 1 U4, one neon lamp 
(NE-51). 
Batteries: Four 1.5-volt batteries (Burgess 2FBP), three 
45-volt batteries (Burgess Z30NX). Batteries are sup­
plied with instrument. 
Accessories Supplie d : Shielded cable-and-plug assembly 
for connecting analyzer to sound-level meter. 
Case : Shielded, airplane-luggage-type carrying case. 
Dime nsions: (Length) 18 x (width) 10 x (height) llYz 
inches, over-all. 
Net Weight: 36Yz pounds, with batteries. 

Code Word Price 
760-B 

1550-P1 
PATENT NOTICE. 

Sou nd Analyzer .. .. .. ... . . .. . . ... . ... . 1 

Set of Replacement BaHeries for above . . . 
Microphone Adaptor Plug ...• ••• ••••••• 

ATTAR 

ATTARADBAT 

MATOR 

$520.00 
13.10 
4.00 

See Note 14, page viii. 
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Analyzer ------------~----- SOU N D 

TYPE 1556-A IMPACT NOISE ANALYZER 

The Impact Noise Analyzer evaluates the 
characteristics of impact-type sounds, which 
cannot be measured adequately by cOlwen­
tional noise-measuring equipment designed for 
steady-state measurements. Such noises in­
clude those produced by punch presses, forging 
hammers, fire-arms, pile drivers, office machin­
ery and similar equipment. From the stand­
point of hearing damage, these sounds consti­
tute a serious problem for industry. They 
have hitherto been measurable only with 
complicated methods employing a cathode-ray 
osci llograph. 

The two characteristics of impact sounds 
that seem most significant are the peak ampli­
tude and the duration, or decay time. This 
analyzer measures both these quantit ies and, 
in addition, a quasi-peak value that is useful 
in determining the variation among peak 
values in repetitive impacts. 

The Impact Noise Analyzer is designed to 
operate from the output of a TYPE 1551-A 
Sound-Level Meter and, when the micro­
phone on the sound-level meter is replaced 
by a vibration pickup (page 182), wi ll evaluate 
the vibration impact characteristics of the 
device being studied. 

Additional applications include the measure­
ment of reverberation time and some types of 
loudness studies. 

DESCRIPTION: The Impact Noise Analyzer 
contains a battery-operated, degenerative, 

transistor amplifier, simultaneously driving 
thre.e a-c vol tmeter circ.uits, which consist of 
rectifiers, storage capaCitors, and a common 
d-c electronic voltmeter. T he electrical storage 
system (a capacitor charged by a rectifier) 
makes it possibl e to measure three character­
istics, the peak, quasi peak, and time averaO'e 
of a single impact with only one indicati~lg 
meter. Peak value is the maximum sound 
pressure le\-el reached by the noise; quasi peak 
is a continuously indicating measure of the 
high sound-pressure levels reacherl just before 
the time of indication; and time average is a 
measure of t he average level over a predeter­
mined period of time, which, when subtracted 
from peak level is a measure of the time dura­
t ion of the sound. 

SPECIFICATIONS 

Input: Any voltage between 1 and J 0 volts for normal 
range. Inputs below 1 volt reduce the range of reading. 
Input Impedance: Between 25,000 and 100,000 ohms, de­
pending on the setting of the LEVEL control. 
Frequency Range: 5 c to 20 kc. 
Level Indication: Meter calibrated in decibpls from -10 
to + 10. Atten uator s\\"ikh increases range by 10 db. 
Peak Reading : Rise time is less t han 50 microseconds 
for a value within 1 db of peak value (for rectangular 
pulses). Storage time at normal room temperature is 
greater than 10 seconds for 1 db decrease in value. 
Quasi Peak Reading: Rise t ime of less than ,X( milli­
second and decay time of 600 ± 120 milliseconds for 
rectifier circuit. 
Time Average Reading: Charge t ime of rectifier circuit 
selected by seven-position switch, having times of .002, 
.005, .01, .02, .05, .J, and .2 seconds for the resistance­
capacitance time constant. Storage time at normal 
room temperature is greater than 1 minute for 1 db 
decrease in value. 

Auxiliary Instruments Required: A sound-level meter or 
frequency analyzer to supply the analyzer input. 
Input Terminals: Cord with phone plug at one pnd. 
Batteries: One l .\1-volt size D Aashli.,.ht cell (Rayovac 
2LP or equivalent) and one -IS-volt 13'battery (Burgess 
XX30 or equival!'nt) arc supplied . 
Transistors: Three TYPE 2N J05 or equ ivalents. 
Tube Complement : One TYPE CE-6-118. 
Cabinet : A~uminum, fin ished in organi c black. Carrying 
case supplIed. 
Mounting: May be fastened to end fram e of TYPE 15.51-A 
Sound-Level Meter. 
Dimensions: 7.\1 inches (wide) x -I,X( in ches (d!'!'p ) x 
6.\1 inches (high). 
Net Weight: 4~2 pounds; carrying case, 1 pound. 

Pboto at righ t shows 
how Impact i'\ oiSi! An­
a � yzer· altaches to 
Sountl-Levcl Me ler. 

Typ~e~,-~ __ ~~~ __ ~~~ ____ ,-~C~o~d~e~l~V~ol~·d~-. __ ~~P~I~·i~ce~ __ _ 
lSS6-A 1 Impact Noise Analyzer .. 1 i\1EDAL $210.00 

PATENT NOTICE. See Note I. page viii 
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VIBRATION ~----- Vibration 

TYPE 761-A VIBRATION METER 

USES: Vibrations in machines and structures 
can be measured quickly and easily with this 
instrument. For the manufacturer of machin­
ery and equipment, the TYPE 761-A Vibration 
Meter is extremely useful in research, design, 
and product ion testing. Maintenance engi­
neers will find it usefu l for checking the oper­
ating condition of bearings, gear trains, and 
other mechanisms. Excessive vibrations due 
to improper adjustment or to structural 
resonances can be located and measured. 

Its excellent low-freq uency response per­
mits the study of the operation of belt drives 
and of the effectiveness of mountings designed 
to reduce vibrations in adjacent structures. 

A frequency analysis of the measured 
vibration can be made with the TYPE 762-B 
Vibration Analyzer (page 190). 

DESCRIPTION: The TYPE 761-A Vibration 
Meter consists of: an inertia-operated, Ro­
chelle-salt, crystal pickup, which delivers a 
voltage proportional to the acceleration of the 
vibratory motion; an adjustab le attenuator; 
an amplifier; and a direct-reading indicating 
meter. An integrating network can be switched 
to convert the output of the vibration pickup 

to a voltage proportional to either displace­
ment or velocity. 

T he Vibration Meter reads directly in root­
mean-square inches, inches per second, and 
inches per second per second. 

Accessories include various tips and an 
eight-inch metal probe for the pickup to fa­
cili tate measurements in normally inaccessible 
places. Avail ab le at additional cost is the 
TYPE MAP-2-S1 Permanent-Magnet Clamp, 
which replaces the probe or t ip when measure­
ments are taken under conditions where 
hand-held operation would not be satisfactory. 
The accompanying illustration shows the 
magnetic clamp in use. 

FEATURES: ~ Portable and self-contained. 
~ Easy to operate. 
~ Direct reading. 
~ Low-frequency response down to 2 cycles 
per second. 
~ Independent output system for panel meter 
and output jack. 
~ Semi-logarithmic meter scale permits wide 
range of measurement with a single mul tiplier 
setting. 
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Meter VIBRATION 

SPECIFICATIONS 

Ranges: The vibration meter is direct reading in the 
following ranges: 
Displacement: 16 micro-inches to 30 inches, rl11s. 
Velocity: 160 micro-inches per second to :~OO inches 
per spcond, rms. 

Acceleration: 0.160 inch per second per second to 3900 
inches per second per second, rms. (O.OOOclg to LOg). 
Response Characteristics: The response fo llows the 
theoretical curves shown below within the following 
tolerances. 

Qllanlily. _ _ __ ___;~=_;____;-__;_-R-a__,n-'g'--e==_;__,_-__;_---T-o-l-el:_;·a:_:n;;:c,--e ___ --,,--.,..-==-_F_'_1"e~q'_u_e_n_o;c"'"y-R-a-n_:::g_::e=-:_;:--
Acceleration 0.160 in. / see / see to 3900 in. / see / see ±LO % 4 to 500 cps Down 25 % at 2 cps 
Velocity 1600!lin. / see to 300 in . / see ±1O % 5 to 500 cps Down ~O% at 2 cps 
Velocity Below 1600 !lin. / sec ±15% 20 to 500 cps Down 25 % at 10 cps 
Displacement 160 !lin. to :1O in. ± 10% 10 to 500 cps Down 50% at 2 cps 
~isplacement Below 160 !lin. ± 15 % 20 to 500 cps Down 25 % at 10 cps 

Abo\"e ,')00 cps th e errol' inf'reases nnd rnay reach =30% at 1000 cps. This is caused by the differences in response of individual pickups near 
resonance. 

Pickup Unit: Inert ia-operated, Rochelle-salt-cr.vstal type. 
Output of pickup is O.SOO volts pCI' g. :\Ton-linearity oc­
curs at JO g 01' :~900 inches pf' r second per second. Point 
and ball tips and an S-inch extension rod are supplied. 
Meter: Scale reads directly in the quantity being meas­
ured - root-mean-square micro-inches for displace­
ment , root-mean-square micro-inches pCI' second for 
velocity, and root-mean-square inches pel' second per 
second for acceleration . 
Attenuators: A lO-step attenuator changes the meter 
senle range by a factor of :{O,OOO to 1. Additional multi­
pl iers indicate the correct units of measurement. and 
multiplying factors for each response characteristic. 
Calibration: Connection to any a-c power line makes it 
possihle to check the over-a ll calibration excluding 
p ickup. 
Terminals: A jack is provided on the panel for plugging 
in a pair of head telephones in order to listen to the 
v ibrat ions being measured, for connecting the TYPE 
762-B Vibration AnaIY7.er, or for connecting a cathode­
ray oscillograph. 
Tube Complement: One CK-5I2-AX, two 1N5-GT and 
one IDS-GT am required. 
Battery: A sin gle self-con tained ba ttery unit, (Ray-O-Vac 
Ko. AB6J or equivalent) , \I·hi ch supplies the necessary 
plate and filament voltages, is in cluded. 
Accessories Supplied: TYPE 76l-Pl Vibration Pickup, 
pO\l·er cahle for calibration check, spare pilot lamp, and 
plug for outpu t jack. 
Case: Sh ipldecl carrying case of airplane-luggage con­
SLrllct ion. 
Dimensions: (Height) 12Yz inches x (length ) n Yz inches 
x (width) 9);2 inches. 
Net Weight: 22 % pounds with battery; 17~ pounds 
without battery. 
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Vibration picknp held in 
place hy the TYPE MAP· 
2·S1 Permanent.iVragnet 
Clamp. 
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FREQUENCY IN CYCLES PER SECOND 

Readings of tbe Vibration Meter as a function of fre­
quency for a constant displacement of 0.001 incb (rms). 

Type 

761-A I Vibration Mete.r .... .. : .................... . 
761-P 1 Replacement Pickup .> ••••• •••••••• •• ••••• 

Replacement BaHery for above .... . .............. ........ . . . 
MAP-2-S1 I Permanent-Magnet Clamp .. ............ . 

* Giye inst rum ent serial number when ol'dering. 

Code Word 

VIRUS 

KOSEY 

VIRUSADBAT 

MAGNO 

GENERAL RADIO COMPANY 

Price 

$510.00 
40.00 

6.25 
8.25 
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VIBRATION Analyzer 

TYPE 762-8 VIBRATION ANALYZER 

USES: The TYPE 762-B Vibration Analyzer 
makes possible the analysis of vibration phe­
nomena having fundamental frequencies as 
low as 2.5 cycles per second. It is intended 
primarily for use with the TYPE 761 -A Vibra­
tion Meter but can also be used for general 
harmonic analysis of very-low-frequency volt­
ages in the laboratory. 

Its range includes practically all frequencies 
normally encountered in vibration studies, 
from the fundamental vibrations of ships and 
other large structures to the unbalance vibra­
tions of high-speed centrifuges. 

DESCRIPTION: The analyzer is similar in all 
essential characteristics of performance, con­
struction, operation, and appearance to the 
TYPE 760-B Sound Analyzer (page 186) except 
that the frequency has been lowcred by a 
factor of 10, the output meter has a single 
logarithmic range, and provision has been 
made fo r operation with broad selcctivity if 
desired. The latter arrangement is particu­
larly usefu l in identifying components in the 
two lowest frequency ranges (2.5 to 25 cycles 
per second) and in making analyses involving 
components that vary slightly about a mean 
frequency. 

SPECIFICATIONS 

Frequency Range: 2.5 to 750 cycles, covered in five 
ranges as fo llows: 2.5 to 7.5, 7.5 to 25, 25 to 75, 75 to 
250, 250 to 750. 
Band Width : For the sharp selectivity position, the rela­
tive attenuation is approximately 30% (:3 db) at a fre­
quency differing by 1 % from that to which the analyzer 
is tuned. For the broad selectivity position, the attenua­
tion is at least 30% for a frequenc.1' dirIerence of 5%. 
At one octave from the peak, the relative attenuations 
are a t least 98% (35 db) and 90% (20 db), respectively. 
Frequency Calibration : Sharp select i l'it~, network, ± 17':2 % 
or ± 17':2 cycles, whichever is the larger, over the three 
highest ranges (25 to 750 cycles) ; on the t\\·o 101"er 
ranges (2.5 to 25 cycles), the accuracy is ±5% or ±0.2 

cycle, whichever is the larger. The frequency as de­
termined with the broad selectivity network deviaLes on 
the average by less than ±2% from that determined 
with the sharp selectivity network. 
Frequency Response : The response of the sharp selec­
tivity network is flat within ±2 db over the entire range. 
At points where two ranges overlap, the sensitivity is 
the same on either range within ±1 db. The sensitivity 
of the broad selectivity netl\'ork is the same as that of 
the sharp selectivity network \yithin ±2 db. 
Tube Complement: Three 1L.J, one 1S5, and one neon 
lamp (NE-.J8). 
N et W eight : 3-+3--:( pounds, with batteries; 277':2 pounds, 
without hatteries. 

For other specifications see TYPE 760-B, page 186. 

Type Code Word Price 

762-8 1 Vibration Analyzer . ...... . . . ... .. ..... . .. 1 AWARD $585.00 
PATENT NOTICE, See ~ote 14 page viii. 
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STROBOSCOPES 
The STROBOSCOPE permits rotating 01' re­

ciprocating objects to be viewed int.ermit­
tently and produces the optical effect of slow­
ing down or stopping motion. For instance, an 
electric fan revolving at 1800 rpm will appar­
ently be stationary if viewed under a light 
that flashes uniformly 1800 times per minute. 
At 1799 flashes per minute, the fan will appear 
to rotate at 1 rpm, and, at 1801 flashes, it will 
appear to rotate backward at 1 rpm. Because 
the human eye retains images for an appre­
ciable fraction of a second, no flicker is seen 
except at very low speeds. The apparent slow 
motion is an exact replica of the original 
higher-speed motion, so that the motion of a 
high-speed machine can be analyzed under 
normal operating conditions. 

When the flashing rate of the light is ad­
justable, the control can be calibrated in 
flashes (01' revolutions) per minute. The sta­
tionary image that is seen when the flashing 
rate of the lamp and the rotational rate of a 
shaft are equal permits very precise speed 
measurements to be made. 

General Radio stroboscopes are electronic­
flash devices, in which the flash duration is 
very short, of the order of a few millionths of a 
second, which allo\\'s very rapid motion to be 
arrested. 

The S'rROBOTAC ® is a compact, portable, 
stroboscopic tachometer that operates from 
the a-c power line, and is capable of speed 
measurements to better than 1 %. It is equally 
useful for slow motion studies. ' Because there 
is no mechanical connection between tachom­
eter and machine, no power is absorbed by the 
tachometer. Therefore, speed measurements 
can be made on very low-po\\-er mechanisms 
and on production equipment such as spindles 
on a textile spinning frame, motors, and other 
machines. With the STROBOTAC, a number of 
such machines can be checked for uniform and 
correct speed, nearly as easily as one can aim 
an ordinary flashlight. 

For applications where a brighter light is 
desired, the STIWBOLUX ® can be added. Its 
flashing rate is controlled by the S'I'ROBOTAC. 
Another auxi liary light source, the STROBO­
LUME, emits a very-high-intensity flash that is 
particularly useful for viewing low-speed ma­
chines, such as looms and printing presses. The 
STROBOLUME has sufficient brilliance for use in 
high-speed photography. 

The Contactor is a device for attachment to 
a rotating shaft to flash a stroboscope once 
for each revolution. The Contactor permits 
absolute synchronism with a shaft which may 
be constantly varying in speed. A phasing con­
trol is provided to permit flashing of the light 
at any point in the 3600 rotation of the shaft. 

The MICROFLASH is an ultra-high-speed 
light source for single-flash photography of 
rapidly moving objects, such as bullets or 
the spray pattern of fuel injection nozzles. 

The TYPE 651-AH Recorder (page 228) can 
be used in conjunction with a stroboscope to 
produce a photographic record of high-speed 
phenomena, particularly of transient motion, 
where the lack of a uniform repetition rate 
precludes the use of visual methods. 

POLARISCOPE 

Use of t he high-intensity STROBOLUME light 
source with a polariscope makes possible dy­
namic measurement of strain in photoelastic 
models. The General Radio Polariscope, 
designed particularly for this use, is also 
an inexpensive, portable device for static 
measurements, since photographic exposure 
times of only a few millionths of a second 
do not demand the heavy, vibration-free 
mounting of a conventional polariscope. The 
large, 8-inch fie ld permits easy viewing of 
either isoclinic or ischromatic patterns. Sub­
stantially monochromatic illumination is ob­
tained from the STROBOLUME'S blue-rich spec­
t rum through the use of a standard photo­
graphic filter. 

The charaderistics of the light output from General Radio Stroboscopes are tabulated below: 

Flashes 
Instrument per Second 

Strobotac 50 to 240 
10 to 60 

Strobolux 10 to 100 
1 to 60 

Single F lash 
Strobolume 10 to 50 

o to 10 
i\licrofiash Single F lash 

* Approxllnate value for lowest frequency shown. 
** ApPJ"Oximate value based Ji peak light value . 

Peak Light * Flash Duration ** Beam Horizontal *** 
1\1 ega candlepower 111 icroseconds Candlepower seconds 

0.02 
003 

.2 

.35 
1.8 
0 . 14 

10 
50 

10 
40 
15 
24 
42 
10 
30 
2 

*** Product of previous two columns. 
Contactor - see page 198. 
Polariscope - see page 197. 

0.2 
1.2 
3 .0 
8.4 

75.5 
1.4 

300 
100 
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STROBOSCOPES ~----- Strobotac ® 

TYPE 631-BL STROBOTAC® 

STROBOSCOPIC TACHOMETER 
ACCURATE TO ± 1 % 

FOR SPEED MEASUREMENT AND 
SLOW-MOTION STUDIES 

USES: Wherever machines operate, there are 
uses for the STROBOTAC - in the design lab­
oratory, in production maintenance, and in the 
repair shop. Use it: 
- for the slow-motion observation of 

Cams Gears Pawls 
Pulleys Fans Sprockets 
Governors Linkages Chains 

and other machine elements 

- for the rapid a lignment of close-tolerance 
mechanisms in production 

- for calibrating tachometers in aircraft 

- for measuring the speed of 

Motors 
Production machines, such as textile spindles 
Small, low-power devices 
Machines in underload and overl oad tests 
Any repetitive motion that can be seen, even 
if mechanically inaccessible 

DESCRIPTION: The STROBOTAC includes, in one 
compact unit, a strobotron lamp in a parabolic 
reflector, an electronic pulse generator to con­
trol the flashing rate, and a power supply 
operating from t he a-c power line. The flashing 
rate is adjusted by a large knob (see photo), 
and the corresponding speed in rpm is indi­
cated on an illuminated drum dial on the top 
face of the unit. The flashing rate can also be 
controlled from an external generator or con­
tactor, or from the a-c power line. 

The normal speed range is from 600 to 
1-1,-100 rpm. An additional low range extends 
down to 60 rpm. Speeds above 1-1,400 can be 

measured by using flashing rates that are sim­
ple submultiples of the speed to be measured. 

At speeds of 600 rpm and below, flicker be­
comes pronounced, because the human eye 
cannot retain successive images long enough to 
create the illusion of continuous motion. This 
flicker, and the low average level of illumina­
tion, set 600 rpm as the lower limit of speeds 
for which the S'l'ROBOTAC is recommended 
for slow-motion studies. For lower speeds, use 
the S'l'ROBOTAC to flash the STROBOLUME, page 
194, which produces a high-intensity flash. 

For more light at speeds above 600 rpm, 
use t he S'l'ROBOLUX. 

FEATURES: ~ Small, compact. 
~ Short flash - gives sharp images. 
~ High accuracy. 
~ Requires no contact with machine - ab­
sorbs no power. 
~ Easy to set - easy to read. 

SPECIFICATIONS 
Range: 600 to 14,400 rpm on dial in two ranges, 600 to 50-cycle models are avai lable as listed below. Priccs 
3600 rpm and 3600 to H,.WO rpm ; useful at speeds up to quoted on requcst for other voltages and frequcncies. 
100,000 rpm. Additional low rangc of 60 to l-I~O rpm Power Input: 05 watts, maximum. 
(71 0 scale values) for flashing Sl'ROBOLUfilE. Tube Complement: One TYPE 631-P1 Strobotron, one 
Accuracy: ±1 % of scale reading above 900 rpm on 6X5-GT /G, and one 6N7-GT/ G. 
normal (600 to H,400) range when scale is standardized Accessories Supplied: TYPE CAP-35 seven-foot power 
in terms of a frequency-controlled powcr line. cord, plug to fit contactor jack, spare fuses. 
Flash Duration : 10 to <!o microseconds. Mounting: ~i(etal cabinet with handle. 

Dimensions: 7% X 9 X 10 inches, over-all; lens dia., 5 
Peak Light: 0.02 to 0.03 megacand lepower. inches. 
Power Supply: Type 631-BL, 105 to 125 volts, 60 cycles. Net Weight: 9,Yz pounds. 

Type Power Supply Code Word 

631-BL Strobotac® 1 115 volts, 60 cycles. . . . . . .. BRUIN 
631-BLS3 Strobotac® 115 volts, 50 cycles . . . . . . .. BRUIN PASHA 
631-BLSB Strobotac® 230 volts, 50 cycles. . . . . . . . BRUINREGAL 
631-P 1 Replacement Strobotron . .. .... .... .... . . SENNA 

PATENT NOTICE. See Note 6, page viii. 
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$160.00 
170.00 
170.00 
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Strobolux® ~-- STROBOSCOPES 

USES: The S'I'ROBOLUxis a white-light source for 
use with the STROBOTAC in applications where 
the areas to be illuminated are larger than the 
S'l'ROBOTAC can cover, or where greater light 

TYPE 648-A STROBOLUX ® 

AUXILIARY LIGHT 

SOURCE 

intensity is required. Although its flash is not 
so short as that of the MrcRoFLASH (page 
196), it can be used as a light source for single­
flash photography. 

DESCRIPTION: TYPE 648-A STROBOLUX con­
sists of a power supply and lamp, capable of 
producing brilliant light flashes at speeds up 
to 6000 per minute. The triggering source is a 
STROBO'I'AC, which can be externally controlled 
if desired. 

The lamp furnishes a brilliant white light 
whose intensity is between ten and one hun­
dred times that of the S'l'ROBOTAC. 

SPECIFICATIONS 

Range : From single fl ashes to 6000 per minute. 
Duration of Flash : Between ]5 and 50 microseconds, de­
pending upon flashing speed and the setting of the 
SPEEDS range switch. The shorter flash is obtained at 
the higher spppds. 
Peak Light: 1.S megacandlepower at single flash; 0.2 Mcp 
at 6000 flashes per minute. 
Guide Number: The guide number (distance in feet x 
aperture) for single flash photography is approximately 
20 with a film speed of 100 (ASA). 
Power Supply : 105 to 125 (or 210 to 250 volts), 50 to 60 
cycles. 
Power Input: 125 watts, maximum. 

Type 

Tube Complement: One 5Z3 Rectifier ancl one T ype 
64S-Pl Lamp. 
Mounting: Sheet-metal case with black wrinkle finish. 
Lamp and its 9-inch reflector are mounted in one side 
of P.HSP, the power stlpply in the other. The removable 
lamp assembly has a U x 20 tripod thread and connects 
to power supply through a 9-foot cablc. 
Accessories Required: A SrROBOl'AC is necessary to oper­
ate the SrRoBoLuX. 
Accessories Supplied: TYPE CAP-35 seven-foot p:r,;er 
cord, cable for STROBOl'AC connection, spare fuses. 
Dimensions: 13%; x 11 % x 13U inches, over-all; lens 
diameter, SU inches. 
Net Weight: 31%; pounds. 

Code Word Price 

648-A Strobolux® .. .. . ... ... .... ........... ... ' 1 
648-Pl Replacement Lamp ..... . ... .. ........... . 

SCALY 
SURLY 

$250.00 
18.50 

PATENT NOTICE. See Note 6, page "iii. 

Light and compact, the STROBOTAC is easi ly held in one 
band , wbile tbe fla sbing rate is adj usted by tbe otber 
band. 

View of STROBOLUX and STROBOTAC. Cable [or inter­
counections is furnished. STltOBOLUX lamp is removable 
for use at end of a nine-foot cable. 
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STROBOSCOPES --~------ Strobolume 

USES: The STROBOLUME produce a brilliant, 
white, light flash that is well uited for study­
ing motions of machines operating at re la­
tively low speeds. Two important applications 
are the analysis and adjustment of shuttle 
motion in textile looms and of color register 
in printing. 

The S'l'ROBOLUME is designed to be flashed 
from an external contactor, such a' the TYPE 
1535-B (page 195), and hence is particularly 
useful where the motion to be examined is 
related to angular posi tion of a shaft, such 
as a crankshaft, camshaft, or countershaft, 
on one end of which a contactor is held or 
clamped, It can also be flashed from a S'l'RO­
BOTAC. It is adaptable as a light ource for 
single- and multiple-flash photography in re­
search projects, where the motion of the sub­
ject i often too fast to be stopped by con­
ventional "speedlights. JJ 

TYPE 1532-8 STROBOLUME 

HIGH-INTENSITY LIGHT SOURCE 

DESCRIPTION: The elements of the S'l'ROBO­
LUME are a high-voltage transformer and 
rectifier ; a capacitor, ",hich is charged to 
about 2500 volts from the rectifier; and a 
lamp through which the capacitor i dis­
charged to produce the flash. The discharge 
is initiated by a special strobotron tripped 
by an extel'llal impulse. Either of two va lues 
of capacitance can be used, as elected by a 
switch. The larger is for flashing rates up to 
1200 per minute with intense light for short 
periods, the smaller for rates up to 3000 with 
about 1/ 20th as much light. The entire as­
sembly is mounted in a small metal case with 
handle. 

FEATURES: ~ Brilliant, high-intensity, short 
white flash. 

~ Overload breaker prevents overheating. 

~ Compact, light, portable assembly. 

~ Lamp as embly is removable and has a 14-
foot extension cable. 

~ Lamp housing has tripod thread. 

~ Long-life sealed-beam lamp easily replaced. 

SPECIFICATIONS 

Flash ing Speed Range: High inlensity - conlinuous, 
60 fla hes pel' minute, maximum; intermillent, 01' for 
short periods, up to 1200 pel' minute. Low intensity ­
continuou up to approximately 3000 pCI' minute. 
Peak Light : 10 megacandlepo\\'er at 60 flashcs pel' minute; 
0.14 mcp at :3000 rpm. 
Du ration of Flash : Approximately 30 micro econds with 
intensity swilch at HIGH; approximalely 10 micro­
seconds ",ith switch a t LOW. 
Gu ide Number: The guide number (distance in feet x 
aperture) 1'01' HIGH intensily is approximalely 25 
with fast film speed of 100 (,ASA). 
Flashing Control : TYPE 15:35-B COlltactor or TYPE 
6:31-BL Strobotac with TYPE 1532-P2 Transformer 
Cable. 
Tube Comple me nt : 

1 Rectifier - TYPE 816 
1 Strobotron - TYPE OA5 
1 Flash Lamp - TYPE 1532-Pl (GE Typo FT-220) 

Type 

Accessories Supplied : Power cord with ground terminal, 
flash conlrol cord with push button, and a plug to 
which a contactor can be connected. 
Other A ccesso ries Require d : None, if lamp is to be flashed 
manually by push button. For stroboscopic work, a 
TYPE J5:35-B Contactor, 01' a TYPE 631-BL STROBOTAC 
with TYT'B 15:32-P2 Transformer Cable is needed. 
Mounting: Metal case; lamp is removable ; torage space 
for lamp cable is provided in case. Lamp housing has 
tripod socket with U x 20 thread. 
Powe r Supply : 105 to 125 volts, 50 to 60 cycles or 210 
to 230 volts, 50 lo 60 cycles; see price list below. 
Power Input : At HIGH intensity, 105 watts at 60 flashcs 
per minule; 500 watts at 1200 flashes per minute. At 
LOW intensity, 120 watts at 300 flashes per minute. 
Dimens ions: 1:~ x 7Yz X llYz inches, over-all; lamp unit, 
6 inches diameter x 5%; inches. 
Net W e ight: 18Yz pounds. Lamp unit, only, 2 pounds. 

Code Word Price 
1532-8 
1532-P1 
1532-P2 
1532-8Q18 

Strobolume, 115 volts, 50 to 60 cycles . . . .. TI1'LE 
Replacement Lamp . . . .. . . . . . . . . . . . . . . . . .. 'l'OWEL 
Transformer-Cable (Length: 7 feet) . , . . . . . . . TULIP 
Strobolume, 230 volts, 50 to 60 cycles . . . . . TITLE REPEL 

$275.00 
22.00 
13.00 

300.00 
PATENT NOTICE. Sec Tote 6, page viii. 
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Contactor -----~ STROBOSCOPES 

TYPE 1535-8 CONTACTOR 

USES: The TYPE IS3S-B Contactor is a control 
and coupling device for synchronizing a strobo­
scope with a rotating shaft, so that motion 
can be observed as a function of shaft angle. 
It is particularly useful in the examination 
of relatively low-speed machinery with the 
TYPE IS32-B S'l'ROBOLUME, in such applica­
tions as the timing of loom shuttles and the 
adjustment of register in printing. It can be 
used equally well with the S'l'ROB01'AC or with 
the combination of STROBOTAC and STROBOLUX, 
at speeds up to SOOO rpm. 

DESCRIPTION: The elements of the contactor 
are the electrical contacts, the phasing sys­
tem, and the mechanical coupling system. 

The electrical contact system comprises an 
accurately rotating cam and a low-inertia 
breaker arm. One contact is made for each 
revolution of the drive shaft. 

The phase-adjusting system permits a 360-
degree adjustment of the contacts with respect 
to the rotating shaft. The relative position 
of the contacts is shown on a scale graduated 
in S-degree intervals. The scale can be set 
to zero with no change in the contact setting. 
This is particularly useful for making timing 
studies. Two phasing adjustments are pro­
vided; one is located on the contactor body, and 
the other is at the end of a detachable ten-foot 
flexible shaft. 

The mechanical coupling system consists of 
an I8-inch flexible shaft, whose free end termi­
nates in a powerful, multipole, Alnico magnet 
with spring-loaded centering device, which as­
sures positive drive from a centered steel or 
iron shaft without need for drilling and tap­
ping the shaft. 

The entire assembly is mounted on a sturdy 
four-foot rod secured in a sturdy, cast-iron 
base, ]8 inches in diameter. The contactor 
may be located at any point on this rod and is 
locked in position by a thumbscrew. 

'Type 

FEATURES: ~ Can be easily attached and re­
moved from machine while in motion. 
~ Remote phase-control haft is removable. 
~ Ball bearings are used on rotating parts. 
~ Flexible drive coupling shaft can be bent 
through 90 0 angle for work in crowded loca­
tions. 
~ Auxiliary coupling devices are furnished for 
permanent coupling to shaft, or where shaft 
is non-magnetic. 
~ Contactor can be removed from stand and 
mounted permanently on machine. 

SPECIFICATIONS 

Speed Range: a to 5000 rpm. 
Contacts per Revolution: One 
Range of Phase Adjustment: 360 0 

Range of Height Adjustment: 6 inches to 4 feet 
Diameter of Base: 18 inches 
Accessories Supplied: Auxiliary coupling devices for con­
nection to shaft in which hole has been drilled. 
Other Accessories Required: W"hen the contactor is used 
with a STROBOTAC, t he TYPE 1535-P 1 Adaptor Cable 
is needed for connection to the S'l'ROBOTAC. 

Net Weight: 19%; pounds. 

Code Word 
1535-8 
1535-Pl 1 

Contactor ... .... ... . .............. .... "1 CROOK 
Adaptor Cable . . ........................ , CROOKCABLE 

$150.00 
6.00 

PATENT NOTICE. See Note 6, page viii. 
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STROBOSCOPES --~ Microflash 

USES: The MrcRoFLASH is a light source for 
single-flash, ultra-high speed photography. It 
produces a high-intensity flash of approxi­
mately 2 millionths of a second duration, capa­
ble of arresting extremely rapid motion and 
recording it with conventional camera equip­
ment. 

The MrcRoFLASH finds many applications in 
engineering and the physical sciences, par­
ticularly in such fields as ballistics, hydraulics, 
kinematics, and industrial chemistry. Among 
these are studies of wear or abrasion, of turbu­
lence in fluids, of fractures in solids, of mechan­
ical distortion at high rotational speeds, and of 
the atomization of liquid fuels. 

DESCRIPTION: The elements of the MrcRo­
FLASH are a power supply, a gas-filled lamp, 
and a trigger circuit. A high-voltage trans­
former and rectifier, operating from the a-c 

TYPE lS30-A 
MICROFLASH 

LIGHT SOURCE 

FOR ULTRA-SPEED 

FLASH PHOTOGRAPHY 

power line, charge a capacitor across the lamp 
terminals. An electrical impulse, which may be 
derived in anyone of several ways from the 
phenomenon to be photographed, ionizes the 
gas in the lamp, and the energy stored in the 
capacitor is dissipated in a discharge through 
the lamp, producing a short brilliant flash. 
A minimum of 10 seconds is required between 
flashes for the capacitor to become fully 
charged. 

The trigger circuit includes an amplifier, so 
that the flash can be tripped with a conven­
tional crystal microphone, if desired. The flash 
can also be triggered by either a make or a 
break contact. 

FEATURES: The outstanding feature of the 
MrCRoFLASH is its high-intensity, very short 
flash. During the flash, an object moving at 
1000 feet per second is displaced only about 
two hundredths of an inch. Consequently, 
sharp records can be obtained of bullets and 
other projectiles in flight. 

SPECIFICATIONS 

Duration of Flash : Approximately 2 microseconds. 
Peak Light: 50 megacandlepower. 
Guide Number : The guide number (Distance in feet x 
aperture) for the MICROFLASH is approximately 20 with 
film speed of ASA 100, and with the subject several feet 
from the lamp. 
Temperature and Humidity Effects: T emperature and 
humidity variations (32 to 100° F, 0 to 95% R.H.) 
have no appreciable effect upon the operation of the 
instru men t. 
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60 
cycles. 
Power Input: 70 watts. 

Type 

Tube Complement: 
1 - 5U4-G 1 - FG-17 (GE) 
1 - 2V3-G 1 - 6AC7/ 1852 

1 - TYPE 1530-P1 (General Radio) 
Accessories Supplied: Microphone with cable, tripod, 
2 spare TYPE 1530-P1 flash lamps, plug for connection 
to contactor-trip jack, power cable, and spare fuses. 
Mounting: The power supply and trigger circuits are 
assembled in one metal case, the lamp in another. The 
two cases lock together for transportation, completely 
protecting the lamp and controls. 
Dimensions : 25Ys X 13.l4' x ll%; inches, over-all; lens 
diameter, 8.l4' inches. 
Net Weight: 72 pounds. 

Code Word Price 

1530-A 
1530-Pl I 

Microflash . . . ..................... ...... '1 
Replacement Flash Lamp . ............... . 

TAFFY 
TONIC 

$695.00 
24.00 

PATENT NOTICE. See Note 6, page vi ii . 
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Polariscope ~ S T ROB 0 S COP E S 

TYPE 1534-A POLARISCOPE 
F OR DYNAMIC AND STATIC STRESS ANALYS I S 

USES: The General Radio Polariscope is used 
in the study of static and dynamic stresses 
in transparent, photoelastic models of struc­
tural members by means of the fringe patterns 
that they exhibit under polarized light when 
stressed. It is best adapted to the study of 
two-dimensional stresses such as are set up 
by tension, compression, and bending in 
members of uniform thickness, viewed normal 
to the stressed axis. Because the photographic 
exposure time is extremely short, it can be 
used for dynamic as well as static observations. 
It is suitable for the study of both isoclinic 
and isochromatic patterns. 

The Polariscope has many applications in 
physics and mechanical engineering, among 
them the study of the effects of fillets and 
other stress-relieving contours. 
DESCRIPTION: The view below shows the 
elements of the TYPE 1534-A Polariscope. The 
incandescent lamp unit shown is used for 
adjustment and focussing and is supplied with 
the polariscope. For photographing the stress 
patterns, this lamp is replaced by a STROBO­
LUME (see price list page 194), which emits a 
brilliant flash of approximately daylight qual­
ity, lasting not more than 30 microseconds 
(30 millionths of a second), so that dynamic 
patterns can be arrested for photographing. 
The Polariscope with the STROBOLUME lamp is 
shown on the next page. 

The blue richness of t.he STROBOLUME spec­
trum permits the use of a filter, peaked in the 
blue-green at 4800 Angstroms, to give essen­
tially monochromatic light. 

The polarizer and analyzer assemblies are 
identical, each mounting a plane polarizer 
with a degree scale calibrated from zero to 
both plus and minus 90° for isoclinic (loci of 
equi-directional stresses) determination. A 
quarter-wave retardation plate, removable 
without tools, rotatable, and registering for 
right- or left-hand circular polarization, per­
mits isochromatic (loci of equal net intensity 
stresses) patterns to be observed. Optical field 
is 8 inches in diameter. 

All elements are horizontally adjustable 
along the 36-inch shafts and vertically adjust­
able over about 12 inches. Vee and flat ways 
insure optical alignment. Thumbscrews hold 
desired settings. Bases of a ll components are 
provided with mounting holes for use when 
the shafts are not required. 

The Straining Bridge furnished with the 
instrument will serve for simple set-ups, but 
is not inLendeu to be an accurately calibrated 
straining frame. Such equipment can be de­
vised by the user to fit his particular require­
ments. Similarly, for dynamic stress analysis, 
both the straining means and the flash-trip­
ping circuits should be tailored for the job 
by the user. 

View of complete Polariscope with incandescent light sonrce and camera. 

G E NERAL RADIO COMPANY 
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S TROBOSCOPES --~ Polariscope 

FEATURES: ~ Light weight and low cost, re­
sulting from the use of a high-speed flash and 
its consequent elimination of long photo­
graphic exposure requirements. 
~ High photoelastic sensitivity, resulting from 
use of light of very short wavelength. 
~ Photographic records can be made without 
darkening the room. 
~ Can be used in drafting room as easily as in 
laboratory. 

~ Convenient and simple to use. 

~ Large, 8-inch optical field. 

~ Uses conventional camera equipment; 114.5 
apertu re with slow fi lm is adequate. 

~ Dynamic stresses can be studied. 

~ Brings photoelastic measurements within 
reach of the laboratory with a modest budget 
and limited space. 

SPECIFICATIONS 

Components Supplied : 
1 TYPE J 534-P 1 Polarizer 
1 TYPE 153..l-Pl Analyzer 
1 TYPE 153.J.-P2 DifTuser 

Dimensions: 36 X 147'2 X 18 inches, over-all. 
Net Weight : 32 pounds. 

1 TYPE 1534-P3 Strain Bridge 
1 TYPE 153~-P.J. Camera Bridge 
1 TYPE 153~-P5 Fi lter 

L igh t. a nd dark· fie ld photographs of specimen, illustrat· 
ing fringe patterns shown under circu la r pola rizat ion. 

1 TYPE 153.J.-P6 Incandescent Light Source 
2 TYPE 153.J.-P7 Shafts (36 inches long) 

Optical Field: 8-inch diameter. 
Vertical Adjustment: 12 inches. 
Accessories Requi.ed : TYPE 1532-B Strobo]ume, camera 
with ground glass and lens of J /4.5 or faster. Camera 
Bridge has captive U -20 thumbscrew to fit tripod socket 
on camera. 
Other Accessories Recommended : ' Vratten No. 75 front­
of-lens filt er. Permits camera shutter to be opf'ned for 
short periods in artificial light \\'ithout danger of fogging. 
Film : Process fi lm is recommended for optimum results. 
Model Material : CR-39 Columbia Resin is recom­
mended. Models contour-cut from sheets cast between 
plate glass surfaces require no further finishing. 

T ype Code TVord 
1534-A Polariscope . ....... . ..... . ...... . ....... 1 FOCUS 

Bulletin with complete description mailed on request. 
1532-8 Strobolume . ... . ......... .. .. .. ..... . .... 1 'l'I'l'LE 

PATENT NOTICE. See Note 6, page viii. 

View of Pola riscope with Strobolume flash source . 
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SWEEP DRIVES 
Automatic data display is becoming of great 

importance in instrumentation as the need for 
more data in less time demands greater effi­
ciency in the use of manpOlyer and time. The 
devices described in this section are mechanical 
accessories for already existing instruments that 
will convert them to automatic operation. Good 
quality, manually adjustable instruments of 
most kinds can be easily adapted for automatic 
display work. The vastly improved efficiency 
of the converted instrument will pay for the 
conversion many times over. 

The most flexible of these is the TYPE 
1750-A Sweep Drive. Adjustable over a wide 
range of angular displacement and speed, 
this device can be attached to a knob, dial, 
or shaft to operate as a robot hand that will 
turn the shaft back and forth in a prescribed 
manner. Equipped with an internal poten­
tiometer that is ganged to the output shaft, 
this s,,'eep drive supplies a d-c voltage, pro­
portional to angle, that serves as a position 
indicator. 

The TYPE 907-R and 908-R Dial Drives can 
be used to perform this same function at 
lower cost but with less flexibility. Driven by 
synchronous motors, they are restricted to 
one speed. The low-speed models are designed 
for only one traverse without resetting and 
do not reverse. 

The TYPE 908-Pl and 908-P2 Synchronous 
Dial Drives are extremely simple drives. To 
achieve the lowest possible cost, consistent 
with utility, they depend upon the known 
constant-speed characteristic of the synchron-

Oscillograms of the frequencychat'acteristic of a TYPE 
874·FR Rejection Filter tuned to 76 Mc. Sweep range 
is 48 to 250 Mc (upper) and 250 to 900 Mc (lower). 
Oscillator is driven by the TYPE 1750·A Sweep Drive; 
input amplitude is held constant by the TYPE 1263·A 
Amplitude.Regulating Power Supply. Vertical scale is 

square·law. 
Type 

Graphic records of the frequency "esponse of a tape 
recorder. Source was a TYPE 1304·B Beat.Frequency 
Audio Generator, driven by a TYPE 908·R96 Dial Drive. 
The vertical line at 100 cycles is the frequency calibra· 

tion reference. 

ous motor to supply position information. 
They can be set to cover different angles of 
dial rotation, and they reverse automatically 
to yield an oscillating motion. 

The TYPE 874-MD is a motor drive specifi­
cally designed to attach to the TYPE 874-LBA 
Slotted Line. This drive can be set to provide 
reciprocating traverse over a wide range of 
horizontal displacements at continuously ad­
j ustable speeds. Like the TYPE 1750-A Sweep 
Drive it provides position information from a 
d-c voltage developed across a potentiometer 
ganged to probe carriage. 

An essential characteristic of sweep oscilla­
tors, in particular, is constancy of output with 
frequency. The TYPE 1263-A Amplitude­
H.egulating Power Supply, when used with 
General Radio Unit Oscillators, provides a 
means of maintaining constant output. It oper­
ates in a feedback loop, comparing the d-c 
voltage obtained from a rectifier in the oscilla­
tor output with a reference potential and using 
the resultant signal to control the osci llator 
plate-supply voltage. 

To supply both horizontal and vertical in­
formation for cathode-ray display of signals 
between 200c and 500kc, the TYPE 1210-Pl 
Detertor and Discriminator is designed for 
use with the TYPE 1210-B Unit R-C Oscillator. 
Both the detector and discriminator time 
constants are matched to minimize pattern 
phase shifts at the sweep speed of the TYPE 
908-P2 Synchronous Dial Drive. 

See Page 
17S0-A 
908-R 
908-P 
1263-A 
874-MD 
1210-Pl 

Sweep Drive .........•.•••..•......•••.....•.........• 200 
203 
202 
l±8 

Dial Drives ....... .................................... . 
Synchronous Dial Drives ....... ........................ . 
Amplitude Regulating Power Supply . ................... . 
Slotted-Line Motor Drive • .............................• 
Detector and Discriminator . ...•...•................•..• 
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SWEEPS ----~ Universal 

TYPE 17S0-A SWEEP DRIVE 

F OR WIDE-RANGE 

AUTOMATIC 

DATA DISPLAY 

USES: Measurements by sweep methods over 
wide frequency ranges are made possible and 
practical with the TYPE 1750-A Sweep Drive, 
which adapts manually-operated equipment to 
sweep operation. It can be used in the display 
of any electrical quantity as a function of the 
shaft angle of the device being swept and can 
be adjusted to sweep in reciprocating motion 
any arc up to 300 degrees, at speeds up to 5 
per second. Its universal coupler attaches easily 
to any knob, dial, or shaft. Used in conjunc­
tion with Unit Oscillators (see page 204), it 
makes available an extremely versatile system 
of swept signal sources covering a frequency 
span from 0.5 Mc to 2000 Mc. Because of their 
wide frequency coverage, only four Unit 
Oscillators are required for this span: TYPE 
1211-B, 0.5 to 50 Mc; TYPE 1215-B, 50 to 250 
Mc; TYPE 1209-B 250 to 920 Mc; TYPE 1218-A, 
900 to 2000 Mc. For a constant output over the 
entire frequency range of a.ny one of these four 
Unit Oscillators, the TYPE 1263-A Amplitude 

The sweep drive attached to the tuning knob of a sh01't­
,vave receiver. 

Regulating Power Supply is used. (See page 
148). Provision is made in the Sweep Drive for 
the generation of deflection voltages for a 
cathode-ray oscilloscope, to present visual dis­
plays of circuit characteristics. 
DESCRIPTION: The Sweep Drive is powered by 
a small motor, which drives the output shaft 
through an adjustable rack and a differential. 
Sweep frequency is determined by the motor 
speed, sweep arc is determined by the adjust­
able rack, and sweep center position is con­
trolled through the differential. All adjust­
ments can be made while the drive is in mo­
tion. An adjustable limit switch can be set to 
stop the drive when predetermined limits of 
motion of the driven shaft are exceeded. The 
limits can be set up to nine full turns of the 
driven shaft. Any 300-degrees of the nine-turn 
range can be swept at one etting of the swecp­
arc control. Other 300-degree arcs may be 
swept by varying the center position control. 

An oscilloscope-deflection-voltage circuit 

01 

View of the coupling attachments furnished with the 
Sweep Drive. At left is the coup ling shaft, to which has 
been attached the universa l clutch. The other views 

show the clutch and the clutch attached to a knob. 
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Universal -----~ SWEEPS 

provides a horizontal deflection voltage that is 
proportional to shaft angle. A blanking circuit 
is included to eliminate the oscilloscope return 
trace, and produce a base line for oscilloscope 
display. 

FEATURES:~ Adapts manually operated equip­
ment for automatic data presentation. 
~ Can be attached to any dial, shaft, or knob. 
~ Three dials adjust sweep speed, sweep arc, 
sweep center \vhile the drive is in motion. 

~ Generates horizontal deflection voltage pro­
portional to shaft angle for oscilloscope dis­
plays. 
~ Adjustable limit switches protect against 
accidentally exceeding pre-set limits of shaft 
travel. 
~ Provides constant-output swept oscillators 
when used with a TYPE 1263-A Amplitude 
Regulating Power Supply. 
~ Brings sweep techniques to the laboratory 
or production line at minimum cost. 

SPECIFICATIONS 

Reciprocating Output Shaft: 
Center Position: Adjustable over 9-tmn range. 
Sweep Arc: Adjustable 30-300 degrees. 
Torque: Rated max. 24 ounce-inches. 

inches; knobs and dials, 1 to 4 inches. Continuously 
adjustable. 
Limit Switch: Adjustable within 9 turns. 

Sweep Speed: Adjustable 0.5-5 cycles per second. 
Moment of inertia limi ts the speed at which a load can 
be driven. 

Sweep Voltage : 2.5 volts peak to peak, ungrounded . 
Blanking : Shorting contact closed during clockwise 
rotation of driven shaft, ungrounded. 

Height of Shaft: Adjustable from 2Yz-4 Ys inches over 
bench. 

Accessories Supplied : Couplings, tube of lubricant, spare 
fuses. 

Flexible Coupling: 5;li inches long. 
Provision for Coupling: Shaft diameters, X and % 

Input Power: 115 volts, 50-60 cycles, 60 watts ma.ximum. 
Dimensions: 17Yz" wide, 9" high, 8X" deep. 
Weight: 22Yz pounds. 

Type Code Word 

1750-A I Sweep Drive (115 volts, 50-60 cycles) •.••• • •••••• '1 
1750-AQ18 Sweep Drive (230 volts, 50-60 cycles) ••••••••••••• 

S'.rUDY 
STUDYREPEL 

For a complete sweep system, add the following: 

Type 

1263-A 
874-VR 
274-NF 
874-Q6 
874-VQ 
874-WM 

Amplitude-Regulating Power Supply .••.•.•.•.•.•.••••••.•••.••••••• 
Voltmeter Rectifier ...•.......... ••• •.•.•••.• ••••• •. • . •••• •.• •• •••• 
Patch Cord ...... ..• .....•••••••.•••.•••.•.• • • • •..••.•••••.•••••.. 
Adaptor ...............•...•....•..•.•.•.......•.•.•.•.•...•.•.•• 
Voltmeter Detector* .........••.•.•...•.....•...•...•....•......... 
50-ohm Termination * ....•.••.••••.•.........•.•.•.•.•.•.........• 

Price 
$460.00 
495.00 

Page 

148 
49 

242 
242 

49 
55 

* Used when 50-ohm systems are measured, to rectify the output of the network under test and to provide vertical deflection voltage. 

TYPE 1750-A Sweep Drive 
and the TYPE 1263·A Ampli­
tude Regu lating Power Sup­
p ly set up to sweep a TYPE 
1209-B Unit Oscillator, thus 
provid ing a constant sweep 
output over a Irequency span 

oI 250 Mc to 920 Me. 

AUTOMATIC SWEEP DRIVE 
FOR THE SLOTTED LINE 

For the automatic sweep­
ing of the slotted-line, which 
is used in VHF and UHF 
measurements, see page 48. 
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SWEEPS ------~ ------ Dial Drives 

AUTOMATIC DIAL DRIVES 

Today, sweeping techniques that utilize 
oscilloscopes fo r visual indications and re­
corders for permanent records are becoming 
more and more popular. An inexpensive solu­
tion to adapting manually-operated equip­
ment to sweep operation, is the TYPE 908-P 
Synchronous Dial Drives or the TYPES 907-R 
and 908-R X-Y Dial Drives. For equipment 
that uses TYPE 907 or 908 Dials, these dial 
drives replace the knob "\\·ith a motor drive 
directly. The TYPE 908-P Drives attach to 
either front-of-panel or back-of-panel TYPE 

907 or 908 Dials (page 236). The TYPE 907-R 
and 908-R Drives attach to front-of-panel 
TYPE 907 or 908 Dials respectively. For 
equipment that does not use TYPE 907 or 
908 Dials, replacing the original dial with a 
TYPE 907 or 908 (see page 236), will make the 
shaft s\\"eepable with these Drives. Instru­
ments that use TYPE 907 or 908 Dials are : all 
Unit Osci llators, TYPE I304-B Audio Beat­
Frequency Generator, TYPE I303-A Two­
Signal Audio Generator and the TYPE I330-A 
Bridge Osci llator. 

TYPE 908-P SYNCHRONOUS DIAL DRIVES 

USES: Two synchronous dial drives, differing 
only in speed and torque output, are avail­
able. The TYPE 908-PI is intended for use 

with a graphic recorder, since its synchronous 
motor supplies a convenient time base. The 
TYPE 908-P2 with a higher speed, although 
also useful with a recorder, is particularly 
suitable (on low-torque instruments) for 
limited sweep applications using an oscillo­
scope with a long-persistence screen. 

DESCRIPTION: The dial drives have a syn­
chronous motor that reverses its direction 
whenever it encounters a mechanical stop. 
To limit the sweep range to a value less than 
that provided by the built-in dial stops, ad­
justable stops that attach to the dial are pro­
vided. A disengage lever and a power switch 
and cord are provided. 

SPECIFICATIONS 
SPEE D: 

T ype Pinion 908 Dial 907 Dial 
908- P 1 4 RPi.\I 4 / 15 RPi.\I or 4 / 10 RPM or 

225 secs / rev 150 secs / rev 
908- P2 30 RPM 2 RPM or 3 RPM or 

30 secs / rev 20 secs / rev 
On logarithmic frequency dials used on TYPES 130-l-A 

and 130:3-A Oscillators, the sweep times are as follows : 
90S-P 1 50 sec / frequency decade or 15 sec / octave 
90S-P2 6% sec / frequency decade or 2 sec / octave 

Torque at Pinion : 90S-PI 5-inch-oun ces· 90S-P2 % inch­
ounce. TYPE 90S- P 1. will drive all the oscillators listed at 
the top of the page, but with Typ," 121S-A Unit Oscil­
lator, the life of the drive is reduced . TYPE 90S-P2 will 
drive the TYPES 1209-B, 121O-B, 1211-B, 12l5-B, 
1303-A and 1304-B very satisfactorily. It is not recom­
mcnded for use with TYPES 120S-B and 1330-A. It will 
not drive the Typ," 121S-A. 
Power Supply : 105 to 125 volts, 50-60 cycles. 
Dimens ions: 3%-inch diameter .x 3 inches deep, over-all, 
excluding power cord. We ighl : 1 pound, 3 ounces. 

Type 

Note : Data are for 60-cycle operation. Multiply speeds 
by .% for 50-cycle operation. 

TYPE 908-P2 Synchronous Dial Drive mounted on a 
TYPE 1304. Beat-Frequency Audio Generator. 

Code lVord Price 
908-Pl 
908-P2 I 

Synchronous Dial Drive················· ··1 
Synchronous Dial Drive ..... . . . ....... .. . . 

SYNDO 

SYNKA 

$27.50 
27.50 

DIALS FOR USE WITH THESE DRIVES-See page 236 for TYPE 907 and 908 Gear-Drive Precision 
Dials. 
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Dial Drives -----~ SWEEPS 

TYPE 907-R AND 908-R DIAL DRIVES 

USES: It is often desirable to have a sweep 
voltage proportional to shaft position, as well 
as an automatic sweep. Tlus sweep voltage is 
used to drive the independent variable axis of 
an x-y plotter, an oscilloscope, or a separate 
channel on a single-axis recording system. 
The" -R " Dial Dri ves include a potentiometer 
to supply this sweep voltap;e. In oscilloscope 
work, because of t he relatively slow sweep 
speeds, the oscill oscope tubes with long-per­
sistence screens (P-7 pho phor) should be 
used. 

DESCRIPTION: The higher-speed models oper­
ate with a self-reversing synchronous motor 
in the same way as t he TYPE 908-P Syn­
chronous Dia l Drives. The lower-speed models 
drive the dial in a counter-clockwise (increas­
ing frequency on GR oscillators) direction 
only. A friction clutch is supplied to prevent 
damage if the motor is permitted to run after 
t he dial has reached its stop. The sy nchronous 
motors used in these drives provide a con­
venient t ime base for recorder plots. 

When mounted, the drive motor may be 
disengaged from the dial for manual opera­
t ion of the instrument with a direct-coupled 
knob on the dial drive. This kn ob is also used 
to rotate a fri ction coupling to center the po­
tentiometer about any dial setting. 

TYPE 907-R Dial Drive monnted on a TYPE 1208-£ 
Un it Oscilla tor. 

For use with a wide range of d-e output 
levels, and, t herefore, with a wide variety of 
recorders, binding posts are provided for t he 
insertion of a selected d-c supply voltage to 
the uri ve potentiometer. Binding posts are 
also available for the position signal output. 
A power switch and cord are included. 

SPECIFICATIONS 

Power Supply : Motor: 105-120 volts, 50-60 cycles, 3 
watts. Potent.iometer, see below. 

Weight: 907-R one pound, 11 ounces. 
908-R two pounds. 

Dimensions: 907-R 4 (diameter) x 3Ys (deep) inches. 
908-R 5%; (diameter) x 3Ys (deep) inches. 

Note: Data are for 60-cycle operation. Multiply speeds 
by % for 50-cycle operation. 

_ __ Typ_e _ _ 
907-R1S 
907-R144 
90S-R12 
90S-R96 

Type 

907-R1S 
907-R144 
90S-R12 
90S-R96 

Pinion Dial 
Center-tapped 
Potentiometer 

Dial Speed Speed Rotation Resistance 
907 YzRPM 18°/ min CCW 201d2 
907 4 RPM 144° / min Self -reversing 20 kQ 
908 Yz RPM 12° / 111il1 CCW 50 kQ 
908 4 RPM 96° / rnil1 Self-reversing 50 kQ 

Code Word 
Dial Drive ......... ..................... . 
Dial Drive ......... ..................... . 
Dial Drive .............................. . 

EARLY 

EDUCE 
EGRE'.r 

EJECT Dial Drive .............................. . 

Max 
Potentiometer R eso-

Current 

10 rna 
10 rna 
10 ma 
10 ma 

iution 
0.4° 
0.4° 
0.2° 
0.2° 

Price 

$55.00 
55.00 
55.00 
55.00 

DIALS FOR USE WITH THESE DRIVES-See page 236 for TYPE 907 and 908 Gear Drive Precision 
Dials. 
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UNIT INSTRUMENTS 
General Radio Unit Inst ruments are elec­

tronic building blocks for the laboratory. 
Their compact, rugged construction makes 
them equally useful for production-line test­
ing. They are simple, inexpensive, high­
quality, high-performance units that can be 
used individually or combined to form more 
elaborate systems. 

for everyday work. These Units are particu­
larly sui table for the educational laboratory, 
where they are not only easy to fit into the 
budget, but help t he student to see an elabor­
ate system as a combination of simpler com­
ponent apparatus. 

FEATURES: ~ Laboratory accuracy. 
~ Low cost. 

Uniformity of cabinet and power supply de­
sign permit economies in manufacture, with­
out sacrifice of performance, u tili ty, or quality. 

~ Reliable. 
~ Versatile, with 874 Coaxial Elements. 
~ Add-a-unit fl exibility . 

The purpose of the Unit line is to make 
available to laboratories at a reasonable price, 
simple, basic instruments that are needed 

~ Compact construction. 
~ Simple to operate. 
~ Can be relay-rack mounted. 

204 

See 
pages 

112,27 

See 
page 
114 

See 
page 
113 

See 
page 
116 

See 
page 
116 

See 
page 
116 

See 
page 
116 

See 
page 
118 

OSCILLATORS 
TYPE 1214-A UNIT OSCILLATOR-400e & 1000e, $75.00. 
TYPE 1214-AS2 UNIT OSCILLATOR-120e, $100.00. 

Modulator for high-frequency oscillators; power source for 
bridges. Built-in a-c power supply 115 v, 60 c. Low distortion. 
TYPE 1210-8 UNIT R-C OSCILLATOR-20e to 0.5 me, $165.00. 

General purpose - sine and square wave output - outputs 
50, 2,500 and 12,500-ohms - slow-motion drive - 2 watts 
maximum - requires Unit Power Supply. 
TYPE 1211-8 UNIT OSCILLATOR-0.5 to 50 Me, $275.00. 

P o\\"er source for bridges - general purpose - audio a-m 
modulation from TYPE 1214-A or other external source - well 
shielded - precision drive, 2 logarithmic ranges - 200 mw­
requires Unit Power Supply. 
TYPE 1215-8 UNIT OSCILLATOR-50 to 250 Me, $190.00. 

Power source for measurements - audio modulation from 
TYPE 1214-A or other external source - uses GR Butterfly circuit 
- precision drive - requires U nit Power Supply. 
TYPE 1208-8 UNIT OSCILLATOR-65 to 500 Me, $200.00. 

General purpose - exceptionally wide range - audio modula­
tion from TYPE 1214-A or other external source - well shielded 
- 80 mw - precision drive - requires Unit Power Supply. 
TYPE 1209-8 UNIT OSCILLATOR-250 to 920 Me, $235.00. 

Power source for measurements - frequency covers all UHF 
television channel frequencies - uses OR Butterfly circu it-
200 mw - audio modulation from TYPE 1214-A or other external 
source - precision drive - requires U ni t Power Supply. 
TYPE 1218-A UNIT OSCILLATOR-900 to 2000 Me, $465.00. 

Power source for measurements - pulse, square-wave, and 
sine-wave modulation from TYPE 1217-A, TYPE 12lO-B and 
TYPE 1214-A - grounded-grid - tuned with t ransmission lines 
in grid and cathode circui ts - 200 mw - precision drive - re­
quires Unit Power Supply. 
TYPE 1220-A UNIT KLYSTRON OSCILLATOR-2700 to 7425 Me, 
$205.00 less klystron. Power source for measurements - eight 
separate refiex klystron tubes with self-contained cavities to 
cover rallge - ampli tude modula t ion: in ternal lOOO-cycle square 
wave - square wave or pulse from TYPE 12lO-B or TYPE 1217-A 
- frequency modulation or sweep: sine-wave from T YPE 1214-A, 
TYPE 12lO-B, or 60 c line - 75 mw. 
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U NIT ---------~ ---- INSTRUMENTS 

TYPE 1213-C FREQUENCY/TIME CALIBRATOR-$235.00. 
Secondary frequency standard - includes stable crystal, See 

multivibrator, heterodyne detector, pulse amplifier - produces page 
harmonics for calibration up to 1000 Mc - also pulses for 'scope 88 
calibration - requires Unit Power Supply. 

TYPE 1217-A UNIT PULSER-$235.00. 
Compact, versatile pulse generator - pulse duration 0.2 to 

60,000 j.Lsec. - rise time, 0.05 j.Lsec. - internal repetition rates, See 
30 c to 100 kc - square waves at any frequency in range - page 
output 20 volts - external drive, if desired - output impedance, 122 
200n for positive pulses, 1500n for negative - requires Unit 
Power Supply. 

AMPLIFIERS AND DETECTORS 
TYPE 1206-B UNIT AMPLIFIER-$85.00. 

Single-ended push-pull circuit - output 3 watts, 20 c to 50 kc; 
1.5 watts 10 c to 100 kc; 0.5 watt at 250 kc - output impedance, 
600n - less than 1 % harmonic distortion - droop in 30-c square 
wave, 15% open circuit; rise time, 1j.L sec, open circuit - max. 
gain 34 db - requires Unit Power Supply. 

TYPE 1219-A UNIT PULSE AMPLIFIER-$200.00. 
Over 500 rna load current available - output impedance, 50 

to 150n for positive pulses, 50 to 430£2 for negative - driving 
voltage, 20 v negative, 2 v positive - max. pulse duration, nega­
tive drive, 1000 j.Lsec; positive, 5000 j.Lsec - duty ratio 0.1 and 
0.5 - rise and decay time, 0.04 j.Lsec - built-in power supply. 
TYPE 1212-A UNIT NULL DETECTOR-$145.00. 

Sensitive, wide-frequency range, logarithmic voltage indicator 
for use as null detector in a-c bridge measurements - less than 
40 j.LV for 1% deflection at 1 kc - range 30 c to 5 Mc - on-scale 
range of 120 db - requires Unit Power Supply. 
TYPE 1216-A UNIT I-F AMPLIFIER-$335.00. 

30-Mc i-f amplifier with 0.7 Mc pass band - 2 j.Lv sensitivity­
accurately calibrated attenuator and meter - 80 db range - for 
use with crystal mixer and Unit Oscillator, as indicator in 
heterodyne-type null detector from 50 Mc to 5000 Mc - also to 
measure relative signal levels, attenuation, TV transmitter har­
monics, crosstalk, etc. Has own 115 v, 60 c power supply which 
can also supply companion Unit Oscillator. 

POWER SUPPLIES 
TYPE 1203-B UNIT POWER SUPPLY - $40.00. See page 144. 

See 
page 

5 

See 
page 
123 

See 
page 
66 

See 
page 
68 

Recommended for use with most Unit Instruments, unless more specialized uses require 
one of the other supplies - 300 volt d-c, up to 50 ma - 6.3 v a-c, 3 amp - operates from 
115-v, 60 c. 
TYPE 1201-A UNIT REGULATED POWER SUPPLY-$85.00. See page 145. 

Plugs into Unit Instrument - supplies 6.3 v a-c at 3 amp; 300 volts regulated d-c up to 
50 ma - operates from 115 v, 50 to 60 c. • 
TYPE 1202-A UNIT VIBRATOR POWER SUPPLY - $125.00. See page 146. 

For field use where a-c line is not available - operates from 6 v or 12 v storage battery, or 
equally well from 115-volt a-c line - output, 300 v d-c at 55 ma; 6.3 v a-c at 2.7 amp - with 
battery input, 115-volt, 115-cycle output also available. 

TYPE 1204-B UNIT VARIABLE POWER SUPPLY - $1 00.00. See page 145. 
Includes Variac ® Autotransformer for adjusting plate voltage - panel meter indicates a-c 

output voltage and current - 0 to 300 v d-c at 100 ma; 6.3 v a-c at 3 amp - output available 
at binding posts as well as multipoint connector. 
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VARIACS General 

VARIAC ® AUTOTRANSFORMERS 
General Radio's famed V ARIAC® auto­

transformer gives smooth, continuous, manual 
control of a-c vo ltage from zero to 17% above 
input line voltage. Available in single units 
and in combinations in ratings from 300 va to 
25 kva, Variacs are designed for continuous 
service, long life, and minimum maintenance. 

USES: A few of the countless applications of 
the Variac in the shop and in the laboratory 
are: 
~ Control of a-c voltage in testing and devel­
opment work. 
~ Control of electric heaters and ovens in the 
laboratory and pilot plant. 
~ Overvoltage and undervoltage tests. 
~ Output voltage control in transformer-rec­
tifier power supplies. 
~ Voltage control on racks for aging of lamps, 
vacuum tubes, and dry-disk rectifiers. 
~ Lighting control in theaters, auditoriums, 
photographic studios, and darkrooms. 
~ Motor speed control. 
~ Voltage control in the calibration of volt­
meters and ammeters. 
~ Phase-angle control in the calibration of 
\\"attmeters and po\\"er-factor meters. 
~ Variacs, although built for 115- and 230-
volt circuits, can be used on circuits of high­
er or lo\\"er yoltage in conjunction with fixed­
ratio auxiliary transformers. Ganged units are 
available for parallel, series, and polyphase 
connections (see page 208). 

DESCRIPTION: The Variac consists of a single­
layer winding on a toroidal iron core. As the 
dial is rotated a carbon brush contact traverses 
the winding, "tapping off" a portion of the 

TERMINAL PLATE 
Terminal plate of high-im­
pact-strength molded phen­
olic has barriers between ter­
minals to prevent accidental 
short circuits. 

CIRCUIT 
Circuit diagram printed on 
t erminal plate assists in mak­
ing proper conn ections. 

TERMINALS 
Terminals a re combination 
screw and solder type. 

BRUSH 

total voltage across the winding. The brush is 
always in contact with the winding, and the 
voltage between turns is always less than 1 
volt, even in the largest models, while in the 
smallest model it is only about 0.3 volt. 

The voltage increments obtained as the dial 
is turned are a lways less than the voltage 
between turns; since the brush spans more 
than one turn, the change in voltage is prac­
t ically continuous. The brush characteristics 
are such that excessive heating does not occur 
in the turns bridged by the brush. 

DURATRAK: W-, V-, and lVI-model Variacs 
have brush t racks treated by the Duratrak* 
process, which coats the brush-track surface 
with a uniform silver a lloy, to prevent oxida­
tion and brush-track deterioration. Duratrak 
makes the Variac as durab le as a fixed-ratio 
autotransformer. Duratrak means long life, 
high overload capacity, and minimum main­
tenance requ irements. 'With Dumtrak, a Variac 
can stand a momentary overload of 1000 per­
cent without damage. 

FEATURES: 
~ High efficien cy 
~ Smooth control 
~ Good voltage regulation 
~ K egl igible \\"aveform distortion 
~ Voltage varies linearly wi th d ial rotation 
~ Output voltage is essentia lly independent of 
load. 
~ Avai labi lity of output higher than line 
voltage. 
~ Adaptabi li ty of W- and M-models to motor 
drive, if de ired. 
*Developed in the General Radio Laboratories. 
PATENT NOTICE: See Note 8, page viii. 

KNOB 
Large, fluted, positive-grip 
knob. 

DIAL 
Dial indicates output voltage 
ill la rge numera ls, easily read 
from a distance. 

DURATRAK 

Duratra k coating prevents 
brush-track deterioration on 
overloads, lengthens life. 

CORE 
Strip-wound core of high­
grade silicon steel. 

WINDING 
Smooth, uniform winding, 
banked 011 ins ide of toroid 
single layer on outside. ' 

WEIGHT 

General R ad io uni t brush, de­
signed for constant contact 
pressure. Brush holder cannot 
touch winding if brush is 
damaged - prevents but'll­
outs. Brush i ~ easi ly and 
quickly replaced if necessary. Cutaway view of V-model Variae 

Aluminum structural parts 
minimize weight. 
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General 

Aluminum disk rad i­
ator [or rapid heat 
d issi pation. 

Molded phenolic nut 
clamps co il firm ly to 
base. 

Hollow sleeve bolt 
engages nut and car­
ries shaft. 

Square a luminum 
base for COl1\"en ient 
mounting and adapt­
abiH ty. 

Cutaway view of 
W-model Variac 

VARIACS 

Brass take-off connector, bearing on 
bronze leaf spring in radiator. 

General Radio unit brush, bearing on 
D uratrak commutator surface. 
Ball bearing (not standard, but sup­
pl ied on order, see page 217). 
Accurately wound coil, banked on 
inner rad ius. 
Strip-wound core. 
Annul ar cups o[ molded phenolic com­
pletely encase core. 
Lower bearing. 

Resin-impregnated glass-cloth insu­
lates coil [rom base, but maintains 
good thermal contact. 

GENERAL SPECIFICATIONS 

Frequency: Specifications of W- a nd V-models a re for 
50- to 60-cycle service. Variacs can be operated at rated 
current and voltage at line frequencies from 50 to +00 
cycles. For 25-cycle service, refer to page 216 . For 
400- to 1200-cyrle service, refer to page 215 . 
Rated Current can be drawn from the Variac at a nv dial 
posit ion. When the overvoltage connection is used, the 
load should no t take more tha n rated current at maxi­
mum output voltage. 
Maximum Current can be drawn at the input line voltage 
when t he line-voltage connection is used . At a ny lower 
setting the Va riac will control a constant-impedance 
load drawing no more tha n the maximum CLUTent at 
li ne voltage. 
Output Valtage is the range of voltage available at the 
output terminals with ra ted input voltage. 
Terminals: T ype W2, \V5, V-l O, V-20, and W50H have 
combined soldering and screw-type terminals. T ype 
W50 has stud terminals and screw-type pressure con­
nectors. 
Line-Voltage or Overvoltage Output Connections : " Line 
Voltage Connection" refers to the connect ion for output 
voltage ra nge of zero to line voltage. " Overvoltage 
con nections" refers to the connection for output voltage 
range of zero to 17% above line voltage. 

For ambient temperatures above 50 deg. C. the 
VAIUAC should be derated accordi ng to this curve. 
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KVA Rating is the maximum current multiplied by 
normal inpu t line voltage. A Variac can handle, at a ny 
lower setting, a constant-impedance load that draws 
at rated inpu t volt.age a current no greater t ha n the 
maximum current. 
Temperature Rise: Va riac ratings a re based on operation 
at ordinary room temperatuI"Cs, with an average tem­
perature ri se of not more than 50° C. \Vhen ambient 
temperature exceeds 50° C, kva ratings should be de­
creased as shown in the cha rt on t his page. 
No-Load Loss is measured at 60 cycles with rated input 
voltage. Lo ses a re guaranteed not to exceed the 
values given in specifications. 
Driving Torque is t he to rque required to t urn the 
Variac shaft. 
Panel Thickness is the maximum t hickne s of the panel 
on which the Variac can be mounted, with the shaft 
norma lly supplied. 
Mounting : See photogra phs on Pages 208 to 217. 
Dimensions: Over-a ll dimensions a re given with the 
individual Variac descript ions. Complete dimensional 
sketches and drilling templa tes will be furnished on 
request. 
Weight: See individual specifications. 

For use when high initial snrge current may be expec ted 
(moto,' s tarting, inca ndescent lamp load, e tc.) and for 
short-time overloads, the VAlUAC rated current may 
be exceeded on a time-current basis as shown in thi s 
figure. Th is curve app lies to Duratrak Variacs ONLY_ 
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VARIACS ~------ Gangs 

GANGED VARIAC@ASSEMBLIES 
FOR PAR ALL E L, S E R I E S, AND T H R E E - P HAS E 0 PER A T ION 

The usefulness of tbe Variac is adapted, through two­
and tbree-gang Variac assemblies, to the control of 
several circuits from a single knob, or to the control of 

three-phase circuits. The wye and open-delta connec­
tions are the most commonly used. 

PARALLEL COMBINATIONS 

(0) (b) LINE 

LINE 

The larger-size VARlACS (V-20 
and W50) can be operated in paral­
lel if a TYPE 50-PI Choke is used 
to limit circulating current, as shown 
in circuit (a) at left. Load rating of 
two identical VARlACS in parallel 
is twice that of a single V ARlAC. 
Parallel operation is not usually 
recommended for smaller V ARl­
ACS, because the use of the next 
larger size V ARlAC is more eco­
nomical. Where a load rating in ex­
cess of two W50 units is needed, a 
third unit can be added by using a 
TYPE 50-P2 Choke, as shown in 
circuit (b). See page 214 for prices of 
chokes. 

THREE-PHASE COMBINATIONS 

Open-Delta Connection: With th is connection, two 
Variacs will control a three-pbase load from a three­
phase source. Maximum output voltage can be either 
line voltage or 17 percent above line voltage. The load 
rating of a two-gang open-delta circuit is l.732 times 
tbat of a single Variac. \\Tith 230-volt models, output 
voltages of more than double the supply voltage can be 
obtained, a lthough current and power ratings are 
halved. 
Wye Connection : Wye-connected Variacs can be oper­
ated from three-phase lines of twice the Variac voltage 
rating. This is because the voltage across each leg of 
a wye-connected assembly equals line volts divided by 
Va, and bccausc U5-volt Variacs are wound for a maxi­
mum of 135 volts and 230-volt Variacs are wound for 
a maximum of 270 volts. With the wye con nection, the 
voltage across the Variac on a 460-volt line is 266 volts, 
and on a 230-volt line, 133 volts. Although the over­
voltage feature is sacrificed in t his circuit, the kva rating 
is increased by the ratio 133 :115. Load rating of a wye­
connected assembly is 3.47 times that of a single unit. 

SERIES 

LINE 

hr---Q-Q ....... Q-E-~)....---O-QQ-QQ~! 

LOAD 

Left: A three-gang 
TYPE V -20 Va riac, 

(TYPE V-20G3) . 

Right: A three-gang 
TYPE W5 Var i ac 
(T YI'E W5G3 ) . For 
photo of a cased W· 
model_ gang, see page 
210. For a TYPE W50 

gang, see page 214. 

w~o ;:: " ..J 0 
..J 

DELTA 

OPERATION 

w z 
:::; 

WYE 

TYPE 50-PI Choke for 
limiting circulating cur­
rent in parallel combina -

tions. 

The series connection is useful in the operation of 
U5-volt units from 230-volt lines and 230-volt unit 
from 460-volt lines. Tbis circuit cannot be used, how­
ever, when a common connection between line and load 
is required, as, for instance, when the load is grounded. 

Ganged Variacs are supplied completely assembled 
and ready for wiring and installation. 
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W-Model -----~ 

THE W-MODEL VARIAC 

The new W-model Variac is the latest result 
of a continuous development program that 
started over 20 years ago, when General Radio 
introduced the first commercial variable auto­
transformer. The advent of the W-model is a 
major stride in this development. Design fea­
tures include Underwriters Laboratory listing, 
military ruggedization, and counterbalanced 
rotating parts. The basic open units have in­
creased ratings and square mounting bases for 
convenient installation. Cased models are 
totally enclosed for protection from dust, with 
ready access to the interior. Wall-mounted, 
cased models have conduit knockouts, for 
ganged assemblies as well as for individual 
units. 

A new portable model, whi ch can be used in 
either a horizontal 01' a vertical position, has a 
built-in circuit breaker and is supplied with 
a carrying handle. This model is avai lable 
with the new standardized three-wire grounded 
cord set and receptacle, as well as with the 
more usual two-wire arrangement. 

W-model Variacs, which are available in the 
popular 2- and 5-ampere sizes, are interchange­
able with comparable-size V-models*, since 
mounting holes corresponding to those of V­
models are provided on the W-model base. 

The flexibility of the new design permits 
the manufacture of units incorporating many 
special modifications, such as the addition of 
ball bearings, motor drive, continuous 360-
degree rotation, and two separate brush tracks. 
All W-models are Dumtmk t reated. 

M-model Variacs for 400- to 1200- cycle 
service are similar in design to W-models (page 
215). 
* V-models in these sizes are still available for those who find it 
inconvenient to change to the new W -models. 

Portable model with 
convenient handle bas 
overload protector and is 
available in 2- and 3-wire 

models. 

Cased model for wall 
mounting bas conduit 

knockouts. 

Uncased model has hio-ber 
rating, lower priceilian 

its predecessor_ 

Cover of cased model is easily 
removable for access to ter­
minals, mounting holes, and 

hrush. 

Shaft can be easily ad­
justed or replaced without 
disturbance to the rest of the 

assembly_ 

VARIACS 

VARIAC INDEX 
115-VOLT INPUT 

J(1T A Type Page 
O.:~(j I-c-W""_"""2-'---121O 
0.9 W-5 211 
1.5 V-IO 212 
3 V-20 213 
5.75 W50 21-1 
6 V-20G2 1213 
9 V-20G3 213 

11 .5 W50G2 214 
17.25 W50G3 214 

w 230-VOLT INPUT 
~ --';0'-;.6:-· -;- W-SH 211 
il: W-2G2 210 

W 
II> 
<I: 
J: 
A. 

1.2 V-IOH 212 
1.8 W-5G2 211 
2.-1 V-20H 213 
3 V-IOG2 212 
-1.8 V-20HG2 213 
(j V-20G2 213 
7.5 WSOH 214 

15 WSOHG2 214 
22.5 WSOHG3 214 

460-VOLT INPUT 

- 1.2-1 W-SHG2 1211 
2.4 V-IOHG2 212 
4.8 V-20HG2 213 

15 WSOHG2 214 
230-VOLT INPUT 

--r.o WSHG2 211 
W2G3 210 

2.0 V-IOHG2 212 
3.1 W5G3 211 
4.0 V-20HG2 213 
5.0 V-IOG3 212 

10 V-20G3 213 
t:l 13 W50HG2 214 
~ _2_0...,...,.-:-,-:-.,.,WSOG3 214 
... 460-VOLT INPUT 

2.1 I W5HG3 1211 
4.0 V-IOHG3 212 
8.0 V-20HG3 213 

26 WSOHGJ 214 
- - l\Iotor Drives 217 

Specials 217 
High-Frequency 

Units 215-6 
25-cycle Ratings 216 

Overload protector, a new 
feature on portable models, is 

reset from front panel. 
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VARIACS ----~ 360 va 

NEW TYPE W2 VARIAC WITH DURATRAK 

Type W2 

Uncased Model. 
Moun ting Base: 3xr 

inches square. 
Dep th Behi nd Pa nel: 

3'o/i'6 inches. 
Four Mou nting Holes 

on 2%:-i nch square. 
Max. Panel: % iLlch. 

Type W2M 

Cased Model, with Con· 
dLl it Knockouts. 

Case Dimensions: 'Vidth 
4Ys in., Heigh t: 59{6 in., 
Depth: 4Yt in. 

Type W2MT 

Portah le Model. 
For 2-Wire Serv ice (Type 

W2MT3 for 3.Wi re) . 
Wi th Overload P rotec­

tor, Carrying Hand le, 
Cord, P lug, and Outlet. 

Case Dimensions: same 
as fo ,· W2M. 

Ideal for laboratory use, speed controls on 
small motors, voltage control on electronic 
equipment, and for use with x-ray, diagnostic, 
and therapeutic instruments, these small Vari­
acs have all the features of the new W line. 
The W2 can be supplied with ball bearings 

and motor drives, and is availab le either as a 
cased, un cased, or portable unit, for a wide 
variety of mounting arrangements. Mounting 
holes to match those of the older Type V-2 are 
also included. 

Type 

W2 

W2M 

W2MT 

Line· Voltaae 
Connection 

Overvoltaae 
('onnection 

~ ~ . 
;l~ ~ i~", ~tl 1 

%1 ~I g 1 ~~ i;~ ~.~~'" 
~ ~ ~ ~~ -~ 

~ c ~ -:. ~ I:::' ~ ~ ~ ~- ~.~, 
'" ~ ;:l'" >'- ;l ;l'" ~r;; ~I " ~{l ~~ ~~... E-~ "G~... ~ .R-~ ~ S. ~ ~ 's 8 -- ~ Code E" C d ~ ~·o ~ ;::! ~ ~ '0 -.:0 -.:0 ~ ~ ~ .~ ~ os ~ 

Mountina ..... ;:,.. P:: v_ ~ "",v -.SL ~_ ~6G 0:0..9 Q" >-: R. Word Price 
~U=-n-ca-s-e-;-d---''--- 115 2.+ 0-115 3_1 0 .36 0-135 2.4 3.5 5-10 3% - B- A- G-A-L- 1-- $=-1-3-.S- 0-

With case 115 - 2- 0-1152:<30-:30 0-135 - 2 - 3T---s::I0- 4Ys BAGER 19.00 

Portable ill See Note Below 0-135 - 2 - 3:5 -5~ 4%: -B- A- G- r-C- I- 2- 4-.-00-

W2MT3 

2-wire 
Portable 
3-wire 

115 See Note B elow 0-135 - 2 - - 3-· .-5 - - -:5=-- '-:10=-- 4%: - B-A-G-O-M- 1-----=-26-=-.-=-00,-

MT models are shipped with overvoltagc connections and corresponding dia l scales, but can be supplied on special 
order with line-voltage connections and dial scales. 
The TYPE W2 dia l p late is reversible, with 0-U5 on one side, and 0-135 on the other. Angle of rotation is 320 degrees. 
Replacement brushes for TYPE W2 Variacs are TYPE VB-I, 55¢ each. 
Complete dimension drawings furnished on request. 

GANGED ASSEMBLIES. One unit in each gang 
is reversed to provide a mounting base at each 
end of the assembly. A set of right-angle 
mounting brackets is also supplied. Assem­
blies are available either cased or uncased. 

Type Descript-ion VI' e-ight Code Word Pl·ice 

W2G2 I 2- 9a"9 W2 I 7 I BAGALGANDU I $32.00 
W2G3 3-9a"9 W2 11 BAGALGANTY 48.00 

For cased assembly, add suffix M to TYPE 
Number, and add $8.00 to price. Dials are 
marked 0 to 10 on one side, 10 to 0 on the 
other. To determine ratings of gang for various 
classes of service, refer to page 208. For ball 

bearings and motor drive, refer to page 217. 
For 25-cycle operation, refer to page 216. 

Complete dimension drawings furnished on 
request. 

TYPE W2G2M, 2.gang 
W2, with case. See page 
208 for view of u!leased 

ganged assembly. 
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0.9 kva ~ VARIACS 

NEW TYPE W 5 VARIAC WITH DURATRAK 

Types W5M, W5HM 
Cased Model, with Con­

duit Knockouts. 
Case Di mcnsions: 

Wid th 4% in., Height 
6J16 in., Depth 4·U in. 

Types W5MT, W5HMT 
Por·tahle Model. Types W5, W5H, W5L 

Uncased Model. 
Mounting Base: 4~ inches 

square. 

For 2-Wire Service (TYPE 
WSMT3 for 3·wire) . 

Depth Behind Panel: 4 inches. 
}' our Mounting Holes on 3% inch 

sq uare. 

With Overload Protector, Car­
rying Handle, Cord, Plug and 
Outlet. 

Case dimensions same as for 
Max. Panel: % inch. TYPE WSM. 

Additional mounting holes matching those 
of the older TYPE V5 to facilitate interchange­
abili ty. (For the few instances where replace-

ment of t he V by the W Variac is impos­
sible, manufacture of the V5 is being con­
tinued.) 

Line-Voltaoe 
Connection 

Overvoltaoe 
Connection 

~ ~ ~ g Q 

~d a d -..~ &~ 
~ I ~ I I ~~ !>"S ~ 
O ~ - ..., ~.~ ,-

~ ~ ....:. Q ~~..... ..... <U ..... ~ ~ I <- ~ OOJ 

~ §' 11 ~ _~1 ... " ~ ;:! §' 11 ~ ~ _ ·s <1 ~] 
~~ ~ 5 ~ '0 ~ ~ ~ d ~~ d ~ S ~ ~ . ~ ~ ~ ~ Code 

Type Mountino ..:;~ ~c..J 0;" ~ c..J O~ 0;" ~Oc..J "'~ Q 5 > a Word Price 
""W= 5e..<:..:.- I"UTn-'c-"as":'e::"d="'--1-'-;'-11;-;5,1":":';;=-6 0-115 7:8""" 0.9 0-135 - 6- -"'':0'9'-1-':-10-::-_-=2'::-0 - 16% CO'l'AL $17.00 

==W~5=L====:-;wu~~n:':'I' ct:ha:s~cead~s=e===== :I=~l ::-::1:'-:5 8.5 0-115 -1-1- T.27 --=- --=- -:;-1i;:2- I -l;-;0~-~20i:- 1 -6"'Y2;-'2; I-c-O'-T-U-G- I ----'--17-.-5':""'0 
W5M 115-5- 0-li5 (f5" Q.75 0-135-5- 9 10-20 7~ COTER 22.50 

--=--I·.....,..~~-I 
W5MT Portable 115 See Note Below 0-135 5 9 10-20 8U COTIC 27.50 

2-wire 
W5MT3 

W5H 

Portable 
3-wire 
Uncased 

115 See Note Below 0-135 5 

230 2 0-230 2.6 .6 0-270 - 2-
115 1 0-270 1 

- W-5-H-M--1-:C"'"a-s-ed-:----- 1-=-23=0 - 2- 0-230 ~ -:6 0-270 - 2-

W5HMT Portable 
2-wil'e 

115 1 0-270 1 
2:30 S ee Note Below 0-210 - 2-

9 10-20 8U COTOM 30.00 

9 10-20 6Y2 JOBAL 19.00 

9 10-20 7~ JOBER 24.50 

10-20 8 JOBIC 29.50 

M1 models are shIpped WIth overvoltage connectIons and correspondmg dIal scales, but can be supplIed on speCIa l 
order with li ne-voltage connections and dial scales. Complete dimension drawings furnished on request. 
The TYPE W5, vY5M, W5H, a nd \V5HM dia l p lates are reversible, with line-voltage scale on one side, and over­
voltage scale on the other. Angle of rotation is 325 degrees for W5, 323 degrees for W5H. 
Replacement brushes for TYPE W5 Variacs are TYPE VB-2, 55¢ each ; for TYPE W5H Yariacs, TYPE VB-I, 55¢ each. 
GANGED ASSEMBLIES. One unit in each gang rious classes of service, refer to page 208. 
is reversed to provide a mounting base at each For ball bearings and motor drive, refer to 
end of the assembly. A set of right-angle page 217. For 25-cycle operation, refer to 
mounting brackets is also supplied. Assem- page 216. 
blies are available either cased or uncased. Type Description W eight Code Word Price 

For cased assembly, add suffix M to type W5G2 2-gang, 115 v 14~ COTALGAN OU $41.00 
number and add $8.00 to price. Dials are W5HG2 2-gang, 2:30 v 1.J. JOBALGANDU 45 .00 

---
marked 0 to 10 on one side, 10 to 0 on the W5G3 3-gang, 115 v 21 U CO'l'ALGAN'l'Y 61.00 ---
other. To determine ratings of gangs for va- W5HG3 3-gang, 2:30 v 20% JOBALGANTY 67.00 

The cased models, TYPES W5M, W5iVlT, and W5MT3, are listed under the reexa mination service of the Un-
derwriters Laboratories and may be installed in any normal locations. The un cased TYPE \V5 is listed for use in 
applications where the in sta llation is approved. 
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VARIACS ~------ 1.5 kva 

TYPE V -IOMT, 
V-IORMT 

-~. 

,,,...,"r'r----

Line-V oltaae 
Connectiun 

'" ~ ~~ 
;:l<:! <:! 

~I ~I 
§~ '" C~ ~" 

~'" ""'~ 
;:l'" ... " ;:l 

;::J " 

~~ 
~~ d t R 

R:::l ~~ Type lIIountina ~,C ;::JC """' .~ ;...,..- 0:>- "",I..) O..:c 
V-l0 Uncased, with 115 10 0-115 13 1.5 

terminal strip ---
V-10M Wi th case and 115 10 0-115 13 1.5 

terminal strip -- --
'~Tith case, ter-

V-l0MT minal box, cord, 115 10 See Nole below 
plug, switch 

V-l0H Uncased, with 230 4 0-230 5.2 1.2 
terminal strip 115 2 

230 0-230 
--- 1.2 V-l0HM Wi th case and 4 5.2 

terminal strip 115 2 -- --
With rase, ter-

V-l0HMT minal box, cord, 230 4 See N ole below 
Qlug, switch 

THE V-l0 VARIAC 

WITH DURATRAK 

Available in several models, all of which 
have Dumtmk construction, the V-10 Variac 
with 10 amperes rated current and 13 ampere~ 
maximum .. fo], 1I5-volt service, approaches 
the capacIty of commonly used outlets, cords, 
p lugs, and No. 14 wire circuits. 

TYPES V-lO and V-10M are listed under the re­
examination service of the Underwriters Labora­
tories. 

TYPE V-10M, V-IORM TYPE V-IO, V-lOR 

Overvoltage 
Connection 

R "'" ~ <:! '" 1 C ~~ <:l ~" 

1 ~~ s"5 ~ 
~ '-' 

~.~ 
.~ 

~~ ~i~ 
,,~ 

~] ],1 ... " 
..?~ .~ ~ d~~ ~ ~ ~;:l Code 
<5~ ~-S - ;:l ~C Word Price "'iaC) Qc < .. 

0-135 10 17 30-60 11 % HAZEL $33.00 

0-135 10 ~ 30-60 11% HEAVY 35. 50 

--- - -- ---

0-135 10 17 30-60 12Ys HELOT 40.00 

- -- ---
0-270 4 17 30-60 10% HINNY 34.00 
0-270 2 
0-270 - 4- l'7 30-60 

--
11 HOARY 36.50 

0-270 2 ------ ---

0-270 4 17 30-60 11)1 HOBBY 41.00 

MT models are shipped \lith overvoltage connections and corresponding dials, but can be supplied on special order 
with Line-voltage connections and dials. 
All models are hipped \yith overvoltage dials unless line-voltage dia ls are specified on order. Dials are reversible, 
one side for panel mounting, the other for table mounting. Angle of rotation is 315 degrees. 
Replacement brushes for TYPE V-I0 Variacs are TYPE VBT-2, 65¢ each; for TYPE V-lOR Variacs, TYPE VBT-4, 
65¢ each. 
Complete dimension drawings furnished on request. 

GANGED ASSEMBLIES 

Dials are marked 0 to 10 on one side, 10 to 0 on the 
other. To determine ratings of gangs for various classes 
of service, refer to page 208. 

Complete dimension drawings furnished on request. 

Type 
V-l0G2 
V-l0HG2 
V- l0G3 
V-l0HG3 

Weight 
in lbs. 
27 
27 
37)1 
36~ 

212 GENERAL RADIO COMPANY 

Code Word P rice 
HAZELGANDU $79.00 
HINNYGANDU 81.00 
HAZELGANTY 113.00 
HINNYGANTY 116.00 



3 kva ------~ VARIACS 

TYPE V-20 VARIAC 

WITH DURATRAK 

Largest of the V-models, the TYPE V-20, 
has a capacity of 3 KVA. 

Line- lT oltaae 
Connection 

~~ ~ 
"''' ~" ~ I ;:l l 

" o ";:! ~ " ~ :: ~ ~~ ",;; ;:l'" 
~,g . ~ " 

'" " "- ci t ~ ~ ~ "-
~ ~ -", '" ~ c5 ~ ",, ;:l 

Type M ountina ~ ~ ~ G "" e" 0"", 

V-20 Uncased, wi th 115 20 0-115 2fl 3.0 
terminal strip 

-- -- --- - --
V-20M With case and 115 20 0-115 26 3.0 

terminal box 

~ 'g 
~C; ~ ~ 
j l ~~ 

- " O-;i ~I ;:l '" 1l~ ~~ B~ ~ ... 
;:l'" " ;:l ~~ O~ ~ e" 

0-1:35 20 ~ 

0-135 20 2"l 

1 
;:l" 
"''' ~ ... .., 
.s~ .;:S> 
t:::l . ~ ." '" ~ , - '" .~ " : ~ .;l ~ 
... ;:l ." '" Q ", --:R. 

55-110 22 

55-110 22 ;!i 

TYPE V-20M, 
V-20HM 

\-!. 

Code 
W ord P rice 

J UNTO $52.00 

JEWEL 58.00 

V-20H Uncased, with 2:30 - 8- 0-230 lOA 2.4 0-270 - 8- ~ 55-110 21 JOLLY 52.00 
terminal strip 115 4 0-270 4 

V-20H M With case and 230 - 8- 0-230 lOA 2.4 0-270 -8- 55-110 21 ,Y2 JIMMY 58.00 
terminal box 115 4 0-270 4 27 

All models are shipped with overvoltage dials unless line-voltage dia ls are specified on order. Dia ls a re reversible, 
one side for yanel mounting, t he other for table mounting. Angle of rotation is 317 degrees for V-20, 319 degrees 
for V-20H. Complete dimension drawings furnished on request. 
Replacement brushes for TYPE V-20 Variacs are TYPE VET-5, $1.30 per set; for TYPE V-20H Variacs, TYPE VBT-2-2, 
$1.30 per set. 

GANGED ASSEMBLIES 

T ype W eight - lbs . Code Word 
V-20G2 48,Y2 JEWELGAN DU 
V-20HG2 46,Y2 JIM:lI1YGAN DU 
V-20G3 69,Y2 JEWELGAN 'I'Y 
V-20HG3 68 JIMMYGANrry 

P rice 
$126.00 

126.00 
182.00 
182.00 

Dials are marked 0 to 10 on one side, 10 to 0 on the 
other. T o dctermine ratings of gangs for various classes 
of service, refer t o page 208. 

Complete dimension drawings furnished on request. 
A TYPE 50-PI Choke is rccommended when two 

Variacs are operated in parallel, to limit circulating cur­
rents in case of misalignment. When three Variacs are 
operated in parallel, both a TYPE 50-PI and a TYPE 
50-P2 are recommended. See page 214 for prices. 

TYPE V-l0 VARIACS WITH SPECIAL-PURPOSE TERMINAL BOXES 

TYPE V -lOMTC 

TYPE V-IOMTF 
The TYPE V-10MTC Variac has standard ;!i-inch 

holes for BX or conduit. The TYPE V-lOMTF has a 
three-prong out put receptacle, line cord wi t h three­
prong plug, a t wo-pole switch, and fuses for li ne and 
out put. Box dimensions of both mudels a re 2% by 3% 
by 2 inches deep. 

T ype Description Code P rice 
Word 

V-l0MTC " ' it h knockouts for HERON $39.00 
condui t 

V-l0MTF Wit h s\\'itch and fu ses CANDY 51 .00 
for 3-wire service 
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VARIACS 

TYPE 
W50, W50H 

~ 
0 '" 
<o~ ~ , <..> 

~ 0:::-
'<:0<..> 

~ '" '----" 0 ;0 
~:;; ~ '" ", R. R.;::;: ~~ "' c 

Type Mounting ..... :::.. ~~ 
----

W50 Un cased 115 50 ---- ----
W50M Cased 115 40 --
W50H Un cased 230 25 
W50HM Cased 230 20 

U5 

TYPE W 50 VARIAC 

TYPE WSO VARIAC 

Largest of the Variacs, the new Type W50 
has load ratings even higher than the Type 50 
which it supersedes. Motor-driven models are 
available. 

Line-Voltage Overvoltage I Connection Connection ~ '" 
~ j~ ;:l I ~~ 
R. 6~ ~"5 .:<! 
~'" '" "' - ",.~ 

.~~ 

" ~ o~ ~ I "'''' ~ '" 
~ .. 

~~ '" , ~] .;:l <» 

.fr~ ~~ ;::,'" .~ ~ 
~;::;: HR."'-

~~E: %:::.. ~ ~ " '" ... '" ~;:l 

&~ &~ " '" c,c ;.. ;:l "' c 
""O~ 6;,q ~~ <0...:) ~c :<;~ 

--- ------ --- ---so 50 200-400 50 0-115 50 5.75 0-135 --- --- - -----
~ 50 200-400 57 0-U5 45 5.1S 0-135 

0-230 
--- 7.5 0-270 ---zs 50 200-400 53 32.5 

0-230 31 7.l3 0-270 ---w- 50 200-400 60 
0-270 10 

7 kva 

TYPE 
W50M, 

W50HM 

Code 
Wore/ PTice 
GATAr, $120.00 

GA'I'ER 145.00 

NrrAL 120.00 

NITER 145.00 

Dial pla tes are reversible, and are marked for overvoltage connection on one side, and for line-voltage connection 
on the other. Angle of rotation is 320 degrees. Complete dimension drawings furnished on request. 

Replacement brush set for TYPE W50, W50M is TYPE VBT-6; for TYPE W50H, W50HM is TYPE VBT-7. Price 
$5 .00 per set. 

GANGED ASSEMBLIES 

Type Description Weight Code WOTd Price 
W50G2 2-Gang W50, uncased 1031bs. GATALGANDU $260.00 
W50G2 M 2-Gang W50 , cased 115 Y2 GATALBONDU 310.00 

W50G3 3-Gang W50, uncased 15S GA'I'ALGAN'rY 385.00 

W50G3M 3-Gang W50, cased 173.%2 GA'!'ALBONTY 440 .00 

W50HG2 2-Gang W50H, uncased 109 NITALGANDU 260.00 
W50HG2M 2-Gang W50H, cased 121 Y2 NITALBONDU 310.00 

W50HG3 3-Gang W50H, uncased 167 NITALGANTY 385.00 

W50HG3M 3-Gang W50H, cased IS2 7? NITALBONTY 440 .00 

SO-PI Choke Hi PARALLCHOK 14.00 

50-P2 Choke l ~ TRIPLECHOK 14.00 

For series, parallel, or three phase connections, ganged W50 units can de­
liver up to 26 kva. See page 20S for calculation of ratings. Be sure to order 
chokes for the parallel connection. Dials on ganged units read 0-10. Dimen­
sion drawings on request. TypE W50G2M 

Types W50, W50M, W50H, W50HM are listed under the reexamination service of the Underwriters' Laboratories. 
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400-cycle ----------~---- VARIACS 

TYPE M VARIACS FOR 350- TO 1200-CYCLE SERVICE 

Ty pe M2 

Type M5 D ime n sions identical 
with TYPE W2, exceft 
depth behind panel is 272 

inches. 

Dimensions identical wi th 
TypE 'V5, except depth be­

hind panel is 2% inches. 

Type M l 0 
Base: 5 %: inches squa"e; depth 

behind panel: 3l{6 inches; four 
mounting ho les on 't;l~- i nch 

TYPE M Variacs are the high-frequency 
equivalents of the TYPES W2, W5 and V-10. 
They are similar in design to the 50-cycle 
W-models, but are much smaller and lighter. 
TYPE M Variacs are especially useful with the 
400-cycle power supplies that are used in air­
borne and maritime equipment. They can be 
supplied with ball bearings and 50-cycle motor 
drives (page 217). 

FEATURES: ~ TYPE M Variacs are mechani­
cally rugged, built to withstand a vibration 
test of 10 to 55 cycles, 1j 32-inch amplitude, 
and a 1200-ft-lb shock test of MIL-T-945A. 
~ The coil bears solidly, through a thin insu­
lator, against a cast aluminum base, which 
in turn has an annular mounting surface. Good 
thermal conductivity is thus achieved be­
tween coil and base and between base and 
panel. 
~ Wiring diagram on terminal board. 
~ Usable from 350 to 1200 cycles per second. 

Type M2 

Line Frequency 350- 1200 cps 
Input Voltage 115 v 
Output Voltage 0- 135 or 0 lJ5v 
Rated Current 2 amp. 
Maximum Current· 3 amp. 
No-Load Loss at 400 c 3w 
No. of Turns on Winding 402 
D-C Resistance of Winding 6.6(1 (approx ) 
Driving Torque 5- 10 oz-in. 
Angle of Rotation 320 degrees 
Replacement Brushes VB-I : 55¢ 
Weight, Lb. 1% 
Code Word BAGGY 

Price $ 14.50 

square. 

~ Duratrak contact surface provides extra 
factor of reliability under overload. Instan­
taneous peaks of ten times rated current can 
be handled. 
~ Brush track shows no significant wear after 
one million cycles of brush operation (0 to 
maximum and return). 
~ Two-ampere model (TYPE M2) has 400 
turns, giving adequate resolution for many 
computing and control operations. 
~ Ganged assemblies are designed for mini­
mum volume. Coils are mounted back-to-back 
on a single base for two-gang assembly. 
~ Variac meets military corrosion, salt-spray, 
and fungus-resistance requirements. 
~ Four corner mounting holes provided for 
ganging and mounting, in addition to the 
three standard mounting holes used on V­
model Variacs. 
~ Can be used at 50 and 50 cycles, at reduced 
voltage. 

M5 Ml0 M20t 
350-1200 cps 350- 1200 cps 350- 1200 cps 
115 v 115 v 115v 
0- 135 or 0- U5 v 0- 135 or 0- lJ5 v 0- 135 or 0- U5 v 
5 amp. 10 amp. 20 amp . 
7.5 amp. 13 amp. 26 amp. 
6w 14 IV 27 \I' 

293 209 169 
1.3(1 (approx ) 0.36(1 (approx ) 0.15(1 (approx ) 
10- 20 oz-in. 30- 60 oz-in. 30- 600z-in. 
325 degrees 315 degrees 319 degrees 
Vl3-2: 55¢ VBT-2: 65¢ VBT-8: $2.00 
3!4 6% 13 
CANNY CABIN CAVIL 

$ 18 .50 $30.00 $48 .00 

* For line voltage connection only. t Dimensions: Base, 7% inches square; depth behind panel, 3916 inches; four mounting 
For ganged models, refer to the following page. holes on 67!j-inch square. 
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VARIACS ----~--- 400 and 25 cycles 

GANGED TYPE M VARIACS FOR HIGH-FREQUENCY SERVICE 

TYPE M Variacs are available as two-gang 
assemblies for lI5-volt, three-phase, open­
delta connection (or for controlling two cir­
cuits from a single shaft), and as three-gang 
assemblies for 208- or 230-volt, three-phase, 
wye-connection (or for controlling three cir­
cuits from a single shaft) . 

A TYPE 50-PI Choke is recommended if a 
two-gang unit is to be operated in parallel; 
for three-gang units, a TYPE 50-P2 Choke is 
required in addition to the TYPE 50-PI. 

NetWt . 
Type Description Lbs. Code W01'd P1'ice 

M-2G2 2-Gang M-2 3% BAGGYGANDU $33.00 
M-2G3 3-Gang M-2 5Y2 BAGGYGANTY 49.50 

--
2-Gang M-5 6% M-5G2 CANNYGANDU 41.00 

M-5G3 a-Gang M-5 1O~ CANNYGAN'l'Y 61.50 

M-l0G2 2-Gang M-lO 12Ys CABI NGANDU 65.00 
M-l0G3 :3-Gang M-l0 19 CABINGANTY 97.00 

M-20G2 2-Gang M-20 26 Y2 CAVILGANDU 107.00 
M-20G3 3-Gang M-20 38Ys CAVILGAN'l'Y 155 .00 

For ball bearings and motor drive, refer to page 217. 
Complete dimension drawings furnished on request. 
For prices of chokes sc • page 2U. 

TYPE 71-A VARIAC TRANSFORMER 

The TYPE 71-A Variac Transformer is a 
source of continuously adjustable, low-voltage 
power, with a completely isolated secondary 
winding. A step-down transformer is combined 
with an adjustable t ransformer on a common 
core, and the slider track is calibrated in open­
circuit voltage. The simple, rugged case is 
easily mounted for either laboratory or built-in 
use. The TYPE 71-A Variac Transformer is use­
ful in t he control of cathode voltage, low-volt­
age testing, brightness of microscope lamps, 
and in similar applications. 

Input: 115 volts, 60 cycles. 
Output Current: 5 amp m~'(imum . 

Output Voltage: 0-16 volts open ci rcuit. 0-13 volts at 
5 amp. 
No- Load Loss: Less than 5 watts. 

Dimensions: Length 5Y2 in., width 3% in., height 
3 ~ in., over-all. 
Weight: 4 lbs. 

Type Code Word Price 
71-A I Variac Transformer. .. . I POppy I $29.50 

VARIACS FOR 2S-CYCLE SERVICE 

230-volt Variacs, designed for 50-cycle 
service, can be used on 25-cycle supply at 

one-half their 50-cycle voltage and load 
ratings. 

Line-Voltage Connection Ove1'voltage Connection 
Rated Rated Output Output Ma.c Output [{VA at Max Output Rated Output 

Input - Current- Voltage C1trrent - Output Voltage Cw-rent -
Type Volts Amperes Range Amperes Voltage Range Amperes 

W5H , HM, HMT 115 2 0-115 2.6 .3 0-135 2 
V-l0H, HM, HMT 115 4 0-115 5.2 .6 0-135 4 
V-20H M 115 8 0-115 10.4 1.2 0-135 8 
W50H 115 25 0-115 32.5 3.75 0-135 25 
W50HM 115 20 0-115 31 3.5 0-135 20 

For prices, code words, and other specifications see pages 211, 212, 213, and 214. 
When ordering, please specify that VARIAC is for 25-cycle service, in order that proper dial may be furnished 

216 GENERAL RADIO COMPANY 



Special VARIACS 

SPECIAL VARIACS 
Special Variacs can be supplied to meet spe­

cific requirements, such as additional winding 
taps, fungicide treatment, special shaft lengths, 
or output voltages or voltage ranges different 
from those of standard models. 

The General Radio Company welcomes in-

quiries on special Variacs, and is glad to fur­
nish them when the quantities involved are 
sufficient to make production economically 
practicable. 

Variacs can also be supplied on special or­
der less knob, dial, etc., at lower net prices. 

BALL BEARINGS 

W- and M-models can readily be supplied 
with ball bearings, which provide more precise 
alignment, and slightly lower and more con­
stant torque. 

When ordering a Variac or gang equipped 
with ball bearings, add the suffix - BB to the 
type number and add the price shown in the 
accompanying table. 

For cutaway view of ball-bearing model, see 
page 207. 

Surcharge for Ball Bearings 

TV5, lV5JI, TV50, 
W2, U-2 1lI-5 llI-JO U-20 lVijOH 

Single. $5.00 $6.00 $7.00 $8.00 $15.00 
2- gong . 7.00 8.00 9.00 10.00 20.00 
3- gong . 9.00 10.00 11.00 12.00 25.00 

MOTOR-DRIVEN MODELS 

Motor drives can be furnished on all Variacs. 
The motor mounting plate is attached to the 
Variac base by four posts, and the motor is 
geared to the Variac shaft. All motor-driven 
models are equipped with ball bearings. 

Fully enclosed, two-phase, gear-reduction 
motors of the servo type, having very low mo­
ment of inertia, are used. Three basic speeds 
are avai lable, which together with a selection 
of stocked standard coupling gears make pos­
sible the assembly of units having full traverse 
rates of 2, 4, 8, 16, 32, 64, and 128 seconds. 
The 2- and 4-second models are intended for 
high-speed servo applications (such as TYPE 
1570-A Line Voltage Regulator) while the 
slower-speed models are primarily intended for 
remote positioning appli~ations. The latter are 

A motor-driven TYPE \V5 Variac. 

normally supplied with a phase-splitting ca­
pacitor, the former without. The fastest tra­
verse times are available only on the smaller 
models (W2, W5, etc.), while the slowest is 
available only on the V10, V20, W50 sizes. 
Limit switches are supplied on the slower­
speed models, and are available on any unit if 
desired for signalling purposes or to stop 
rotation at any point. 

Cases similar to those on W gangs are avail­
able for motor-driven models, whether single 
units or gangs. 

The price for motor drive varies with the 
size of the Variac and the quantity ordered. 
We shall be glad to quote prices and to recom­
mend the most suitable model for your re­
quirements. 

A special TYPE \V5 Variac wi Lh two brushes, one at 
each face of winding. 
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V A R I A C S ------~ --------- Regulator 

TYPE 1570-A AUTOMATIC VOLTAGE REGULATOR 
HANDLES ANY LOAD UP TO 6 KVA 

USES: The TYPE 1570-A Automatic Voltage 
Regulator is used in both laboratory and in­
dustrial applications where constant a-c line 
voltage is required. It combines high accuracy 
for laboratory use with large capacity for 
industrial applications. Typical applications 
for this instrument are: Laboratory power, 
computors, criti cal transmitter supply volt­
ages, meter test benches, carefully controlled 
industrial processes and installation in mili­
tary equipment. 

DESCRIPTION: The TYPE 1570-A Automatic 
Voltage Regu lator consists of a Variac® adjust­
able auto-transformer, an auxi liary step-down 
transformer which multiplies the power rating 
of the Variac, and a servomechanism, ,,"hich 
controls automatically the setting of the 
Variac to hold the output voltage constant. 

The rectified output voltage is fi ltered, and 
the d-c component compared to a stable 
voltage reference tube to obtain a d-c error 
voltage. This error voltage is amplified by a 
two-stage balanced amplifier with lead and 

lag networks for shaping the phase and ampli­
tude response for optimum performance. 

The thyratron-controlled servo-motor is a 
true proportional control de,· ice rather than 
an ol·Y-on device and provides a smooth con­
tro l with no "dead zone." The Variac driven 
by this servo-motor is equipped with ball­
bearings to reduce friction to a minimum. 

The militarized model, TYPE 1570-AS15, 
consists of two rack-mounted units. Control 
circuit is on one panel; Variac, buckboost 
transformer and servo-motor are on another. 
This model meets U. S. Navy and Air Force 
specifications for electronic equipment. 

FEATURES: ~ Zero waveform distortion. 
~ High accuracy. 
~ Independent of load. 
~ No power-factor restrictions. 
~ Tolerates short-duration overloads. 
~ Adjustable output voltage. 
~ High efficiency. 
~ High response speed. 
~ High power capacity. 

The osci LLograms below show traces o f 60-cycle vo ltage sine-wave peaks illustrating the response speed of the TYPE 
1570 L ine Voltage Regulator. (a ) Left, 2% change (step function ) in voltage input to regu lator; (h) center, vo ltage 
output of regu lator as a resu lt of 2% input vo ltage chauge shown in (a ) ; (c) right, vo ltage output of regu lator as 

the input voltage is changed 1 %. 
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Regulator VARIACS 

SPECIFICATIONS 

(Table-tap, relay-rack, and wall models) 

IJNR£GULATCO -, 
TWO- PHASE 

MOTOR 

IlEGI.H.AT£D 
OUTPU' 

E lementary schematic dia~am of thc TYPE 1570 Line 
Voltage li.egu lator. 

Input Voltage Range : The desired output voltage will be 
maintained if the input voltage does not vary by more 
than "=10 % from this value of output voltage. A "=20% 
range connection is also avai lable. 
Output Voltage: Adjustable over a range of "=10% from 
a base value of 115 volts (for TYPE I570-AL) or 230 
volts (for TYPE 1570-AH) by means of a screw-driver 
adjustment on panel. 

115 Nominal 230 Nominal 
Output V ollage AdJustable AdJustable 

"=10 % "=10% 
Input voltage as 90% BO % 90 % BO% 
a percentage of to to to to 
output voltage* 110 % 120 % 110 % 120% 
Output current 
amperes 50 25 20 10 

E:VA - 3- --- 2:5 6 5 ------ ---
Accuracy in % 
of output voltage 0.25% 0.5% 0.25 % 0.5% 
Speed of 
Response volts 
per secondt 

10 20 20 40 

* TYPES 1570-AL and l570-AH can be connected for either ""10% 
or ::1::20% input voltage range. Instruments are shipped connected 
for ""10% range unless 20% range is specified on order. 
t Slightly less for very small yoltage corrections. 

Tube Complement: 2-12AX7's, 1-5051, 2-5727's. 
Terminals : Two 15-ampere panel cords, supplied with 
the instrument may be used to connect the regulator 
when it is used as a portable instrument. Terminals are 
easily accessible when other connections are desired. 
Waveform Distortion: None. 
Accessories Supplied : Rack and table models - 2 power 
cords, spare fuses; wall models - cabinet, cover, and 
mounting screws. 

Type Description 

Waveform Error: The average value of the output 
voltage is held constant, and a loaded d-c power supply 
operated from the output of the regulator will give 
constant output voltage regardless of the harmonic 
distortion present in the power line. The rms output 
voltage will also remain constant, regardless of the 
harmonic distortion present, as long as the phase and 
amplitude of these harmonics are constant. If the har­
monic content changes, the rms value will change by an 
amount less than A R /n, where A R is the change in 
the harmonic amplitude and n is the harmonic number. 
Ambient Temperature: Full ratings apply up to 40°C. 
Frequency : 60-cycle models will operate from 55 to 65 
cycles; 50-cycle models, from 45 to 55 cycles. 
Pawer Consumption: No Load 35 watts 

Full Load 100 watts 
Mountings: Relay Rack (-R model), Table top ( - M 
model), Wall (- W model) , and militarized (-S model) 

Dimensions: 
Width . ............ . 
Height ......... ... . 
Depth (over-all) ... . . 
Depth (behind panel) 

Weight . . .... ... .. . .. . 

Rack and Table 
Top Models 

19 in. 
7 in. 

12Ys in. 
11%: in. 
56Y2 lb. 

Wall Jj{ odels 
13Y2 in. 
19Y2 in. 
BUin. 

63Y2 lb. 

View of militarized model, TYPE 1570-ALS15 which 
meets specification MIL-E-4158A. Specifications on 

request. 

Code Word Price 
1570-ALM Table-Top Model, 115 volts, 60 cycles CEDAR $480.00 
1570-ALR Relay-Rack Model, 115 volts, 60 cycles .. . CHARY 

1570-ALW Wall Model, 115 volts, 60 cycles ......... CLOWN 
1570-AHM Table-Top Model, 230 volts, 60 cycles .... CHALK 

1570-AHR Relay-Rack Model, 230 volts, 60 cycles ... CURLY 

1570-AHW Wall Model, 230 volts, 60 cycles . ... .. ... CLOSE 
1570-ALQ6 * 115 volts, 50 cycles . ........ PASHA t 
1570-AHQ 11 * 230 volts, 50 cycles . ........ REGAL t 
1570-ALS15 Militarized Model, 115 volts, 50and 60 cycles CLOTH 

* Insert M, R, or \Y , for lable, relay-rack, or wall model, respectivel.\' . 
t Suffix; add to code word for corresponding 60-cycle model, i.e., CEDARPASHA for TYPE 1570-ALMQ6. 
PATENT NOTICE. See Note 8, page viii. 

Note: Quantity prices will be quoted on request. 

GENERAL RADIO COMPANY 

480.00 
480.00 
480.00 
480.00 
480.00 
495.00 
495.00 
625.00 
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VARIACS -----~----- Motor Controls 

VARIAC SPEED CONTROLS 
FOR OPERATING D-C MOTORS FROM A-C LINES 

V ARlAe Speed Controls are compact, high­
performance motor speed controls, designed 
to operate d-c shunt, compound, or series 
motors from an a-c line. The motors are 
operated with constant field excitation and 
adjustable armature voltage, obtained from a 
Variac autotransformer and rectifier, so that 
shunt motor regulation characteristics are 
obtained. 

No electronic tubes are used in these controls. 
Rectifiers are selenium types, so there is no 
time delay in starting. 

Variac ® Motor Speed Controls are avail­
able in six power ratings: VI5, Ys, Y3, %, I, 
and 172 horsepower. They are simple and 
rugged, have good regulation, and are par­
ticularly suited to shop installation. They 
have given excellent performance in a wide 
variety of laboratory, machine-tool, and in­
dustrial applications. 

For each size motor speed control, a basic 
model is available for assembly into other 
equipment. These are identified by the suffix 
W in their type numbers. These models include 
the basic components of the mounted controls, 
but switching and, except for the 1- and 1Yz­
models, overload protection must be supplied 
by the user. 

Figure 1 is the basic circuit for the motor 
speed controls. Two sets of full-wave rectifiers 
are used. One set supplies fixed field voltage; 
the other a continuously adjustable armature 
voltage, controlled by a Variac. 

The choke in the armature circuit, in con­
junction with the full-wave selenium rectifier, 
assures continuous conduction throughout the 
a-c cycle, providing a low-impedance source of 
essentially ripple-free armature current. 

Armature overload protection is accom­
plished with slo-blow fuses in the 1/ 15th and 
Ys hp-models, with magnetic circuit breakers 

in the ~ and % hp models, and with thermal 
circuit breakers in the Variac in the 1 and 172 
hp models. 

The appliance-type switch supplied with the 
TYPE 1700-B and TYPE 1702-A controls is 
available as a separate item, the TYPE 1702-P3 
Switch, to use with the W-Models. This 
switch has enough contacts to break the a-c 
and d-c circuits simultaneously, and also to 
handle reversing and dynamic braking. The 
drum switch supplied with the TYPE] 704-B 
and the TYPE 1705-B, which is particularly 
suited for machine-shop production work, is 
also available as a separate item for use with 
the W-models. 

Type 

1702-P3 I Switch ......... . 
170S-Pl Drum Controller. 

Code 
Word Price 

FLlPO \$ 6.00 
DRUMO 22.00 

The various units, with specifications, are 
described on the following pages. 

Variac Motor Speed Controls offer : 
~ Smooth Wide-Range Speed Control- 15:1 
for most applications; up to 100:1 or more 
with light or smooth loads. 
~ Versatile Starting Characteristics : Smooth, 
controlled starting for delicate loads; fast 
high-torque starting for heavy loads. 
~ Dynamic braking in all models Ys hp and 
higher brings the armature to a quick stop. 
~ Instant Starting and Quick Reversing. 
~ Negligible A-C Ripple - Motor need not 
be derated - No torque pulsation. 
~ Low First Cost. 
~ Very low maintenance. No electronic tubes. 
~ Simple installation. 
PATENT NOTICE. See Note 8, page viii. 

FIGURE 2. Speed. Torque Characteristics of a typical 
motor and speed control installation. 

2500r-----,--..----,----r-----, 

ARMATURE 

" Jl; 

b 
SERIES ~ 10001----t----I---'::::'O'-4<=---+----I 
FIELD 

SHUNT 
fiELD 

5001-----+--+----=====1= __ --=:::1-_---1 

FIGURE 1. Circuit diagram of a Variac Motor Speed Control. 
~~-~2~S-~5~0--±75--~,OO~-~'U 

PER~ENT RATED TORQUE 
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Motor Controls ----~ VARIACS 

TYPE 1701-AK AND 1701-AM 
For shunt motors, 1/ 15 hp and below. 
Typical applications are: Feed drives for 

lathes, milling machines, grinders and punch 
presses; rewinding and take-up drives; jewel­
ers' lathes and other very light machinery; 
photographic and other processing equipment. 
- AK model has two speed ranges; - AM 
model has one, and armature fuse is accessible 
from front panel. 

TYPE 1701-AU 
Like TYPE 1701-AK, but for seri es and uni­

versal motors. One speed range. Gives shunt 
regu lation characteristics with inexpensive 
universal motor at speed up to 10,000 rpm. 
Motor field and armature leads must be 
separate. 

Applications similar to TYPE 1701-AK, but 
including also higher speed applications, su ch 
as small, very high-speed drill presses. 

TYPES 1701-AKW AND 1701-AUW 
Basic models of the 1/ 15-hp controls. These 

contain the essential elements such as the 
choke, rectifiers and transformers mounted 
on a chassis, and the Variac supplied as a 

separate unit to be mounted by the customer. 
No swi tches or overload protection are sup­
plied. They may be chosen by the customer to 

Type Model DC Field Speed 
1701-AK ] 15 v . O-rated 

Complete 38 v. 0-2 x rated 
1701-AM in 115 v. O-rated 
1701- AU Cabinet 10 v. O-rated 

16 v. 
1701-AKW 

Basic 
115 v. O-rated 
38 v. 0-2 x rated 

(Chassis and 
1701-AUW Variac ) 10 v. O-rated 

16 v. 

Input Line: 105-125 v. , 60 c. or 105-120 v., 50 c., 175 watts. 
Armature Output : 0-115 v. dc, 0.8 a. 

suit his applications. 
Unit Price 

Code Word 1-4 5-19 20-up 
\VLNDY $85.00 $83.00 $8J .00 

---
\l'lOO W 85 .00 83. 00 81.00 

------
" ' EARY 90.00 88 .00 86.00 

- --
SlmUM 72.00 68.50 65.50 

- --
SH I NY 77.00 73 .50 70 .50 

Overload Protection: Fuses, supplied on complete models only. 
Molors: Mod-S Shunt, 1/ 15 hp, 1725 rpm, 1O%: lbs, Code Word MOTOR*, Price $ 38.00 . Type 

Mod- 4 Universal, 1/ 15 hp, 8800 rpm, 3%: lbs, Code Word MOTOR*, Pnce $21.50 . 1701-AK 
Dimensions: Cabinet Models: 5Ys x 6Ys x 4% inches, ov('r-all. 

Basic Models: Chassis 6,Ys x 9 x 2%: inches, Variac 3)i x 31!{6 x ~ % inches. 
Weight : Cabinet Models: 6 pounds. 

Basic Models : Chassis 2 )i pounds, Variac 3Y2 pounds. 

TYPE 1703-A (Vc, hp), 

T Y P E 1700 - B (V3 hp), AND 
TYPE 1702-A (% hp) 

These fractional horsepower models are 
completely assembled with switching and 
control elements on the face of the cabinet. 
Typical applications include feed and spindle 
drives, winding machines, grinders, drill 
presses, conveyors, and processing machinery. 

W-MODELS 

1700-CW, 
(TYPES 1703-BW, 
AND 1702-BW) 

Basic models of the 7t to % hp controls, 
these models have the essential elements, in­
cluding the braking resistor, mounted on a 
simplified chassis with cover. The V ARIAe is 
supplied separately to be mounted by the cus­
tomer. A suitable switch or drum controller 
can be supplied (see page 220) . 

GENERAL RADIO COMPANY 

R ecom­
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l\IOD-.5 
l\LOD-4 

l\IOD-5 
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VARIACS Motor Controls 

Type Model DC. Field Speed 
1703-A 115 v. O-rated 
(Ys bp) Complete 66 v. O-l 7:1 x rated 

48 v. 0-1 72 x rated 
1700-B in 115 v. O-rated 
(~ hp) 75 v . 0-1.15 x rated 

Cabinet O-rated 1702-A 115 v. 
(~hp_) _ 75 v. 0-1.15 x rated 
1703- BW 115 v. O-rated 
(Ys hp) Basic 66 v. 0-17:1 x rated 

(Chassis with 48 v. 0-172 x rated 
O-raLed 1700- CW cover, and 115 v. 

(~ hp ) Variac) 75 v. 0-1.15 x rated -
1702-BW 115 v. O-rated 
(~ hp ) 75 v. 0-1.15 x rated 

Code Word 
WEBBY 

AFOOT 

AMAZE 

SABOT 

SALTY 

SATIN 

Unit Price 

1-4 5-19 20-up 
$105.00 $102 .00 $99.00 

- ----- ---
180.00 176.00 172.00 

--- --- - --
255.00 245.00 235.00 

------
90.00 87.50 85 .00 

--- - -----
155.00 151.50 148.00 

- -- - -- ---
215.00 206.00 197.00 

Recom­
mended 
Motor 

MOD-ll 

MOD-3 

MOD-6 

MOD-ll 

MOD-3 

MOD-6 

Input Line: 105-125v., 50-60c., 275 watts, for Ys hp. 105-125 v., 60 c., 560 and 1150 watts for }i, and ~ hp respectively. 
(50 c ava ilable on special order). 

Armature Output : 0-115 v., dc at 1.5, 3.0 and 6.5 amps for ~, Ys and ~ hp respectively. 
Overlood Protection : Fuses in Ys hp and magnetic circuit breakers for ~ and ~ hp complete controls only. 
Motors : Mod-II, Ys hp Compound with interpoles, J725 rpm, 25 Ibs, Code ViToI'd MOTOR*, Price $58.00. 

Mod-3, ~ hp Compound with in terpoles, 1725 rpm, 30 Ibs, Code Word Mo'roR*, Price $65 .00 . 
Mod-6, ~ hp, Compound with in terpoles, 1725 rpm, 60 Ibs, Code Word ~!oTOR*, Price $106.00. 

Dimensions 170:3, Cabinet :'IIodel 7Ys x 7~ x "HVs, () Ibs, Basic :\1odel, Chassis 772 x 10 7:1 x 372, '+72 lbs, Variac 37:1 x 
and 31 Yt6 x .. 1%, :372 Ibs. 

Weight: 1700, Cabinet Model 12Ys x 9% x 6, 23 72 Ibs, Basic Model, Chassis 9~ x 12% x 5, 17 Ibs, Variac {Yz x 
'+1 ~6 x 572, 672 Ibs. 

Type 
1704-B 
(1 hp ) 
1705-B 
(l 3-1 hp) 
1704-BW 
(1 hp ) 
1705-BW 
(1 72 hp ) 

1702, Cabinet Model 1372 x 1572 x 672, ,11lbs, Basic Model, Chassis 11 7:1 x 157:1 x 5Ys, 2772 lbs , Varia 
5~ x G7:1 x 5Ys , 11 7:1 Ibs. 

T Y PES 1 70 4-B (1 h p) AND 1 70 5 - B ( 1 1;'2 h p) 

Model D.C. Field 
Chassis, with cover, 

Variac, 
and 

230 v. Controller 

Chassis, cover, 
160 v. 
128 v. 

and 
Variac 

Speed 

O-rated 

Each of these types is a complete control 
system with separate covered chassis, Variac 
and drum controller. -BW models are iden­
tical with -B models except that controller 
is not furnished. 

Unit Price 

Code Word 1-4 5-19 
WEEDY $330 $316 

------
WAXER 380 365 

20 up 
$302 

---
350 

R ecom­
mended 
Motor 

MOD-9 

MOD-lO 
0-1.12 x rated - -- - -- ---
0-1.25 x rated SAVOR 308 294 280 MOD-9 

------ - --
SAXON 358 343 328 MOD-lO 

Input line: 210-250 v. , 60 c. and 50 c., 1500 and 1950 watts for 1 and 13-1 hp respectively. 
Armatu re Output : 0-2:30 v. dc, .+.5 and 6 amps for 1 and 13-1 hp respectively. 
Overload Protection : Circuit breaker in Variac. 
Motors: Mod-9, 1 hp, Compound with in te rpoles, 1750 rpm, 75 Ib8, Code Word MOTOR*, Price $235.00. 

Mod-l0, 172 hp, Compound with interpoles, 1750 rpm, 87 Ibs, Code Word MOTOR', Price $270 .00. 
Dimensions (fo r both types) : Chassis 20 72 x 13% x 5% , Variac 7% x 51Yt6 x ( 1)11;, Controller 3 x 3% x 9. 
Weights : 170'+, Chassis 383-1 Ibs, Variac 21 7:1 Ibs, Controller 3 Ibs. 

1705, Chassis 4'+3-1 Ibs, Variac 21 7:1 Ibs, Controller 3 Ibs. 

* When ordering control with motor, use compound code word ; for example, WINDYMOTOR is the code word for 
T YPE 1701-AK with motor. Motors are not sold separately. 
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WAVEFORM .. MEASURI NG INSTRUMENTS 
The choice of an instrument for evaluating the com­

ponents of a complex electrical signal, an acoustic 
noise, or a mechanical vibration depends upon t he 
character of the signal, t he information t hat is needed, 
and how t he result s are to be used. F or example, if the 
wave is a periodic one that i stable in frequency, each 
individua l component is readily measured wi th t he 
TYPE 736-A Wave Analyzer. The very high select ivi ty 
of t his a nalyzer with its 4-cycle bandwidth is inde­
pendent of the frequency to which t he analyzer is 
t uned, because the analyzer is a heterodyne type. This 
selectivi ty characteristic, obtained by quartz-crystal 
fil ters, is invaluable in t he measurement of in termodu­
lation distortion of amplifiers and other audio equip­
ment . As an electronic voltmeter in the measurement 
of t he t ransmission characteristics of electrical wave 
fil ters and as a null detector for impedance bridges, 
the excell ent selectivi ty is of part icular value in avoid­
ing the effects of interfe ring signals, hum, noise, and 
di st,ort ion products. 

The TYPE 760-B Sound Analyzer described in the 
section on Sound and Vibration, whose bandwidt h is 
a constro n t percentage of the frequency to which its 
dia l is set, finds its greatest use in t he measure men t of 
the components of noise, eit her electrical or acoustical, 
when t he selectivi ty of the TYPE 736-A Wave Analyzer 
is often too great for rapid analysis, and in t he measure­
ment of noises whose frequency components fluctuate. 

Although its tuning is continuous, if one assumes 
tha t t he analyzer separates its range from 25 to 7500 
cps in to contiguous bands, according to its effective 
bandwid th, it will have about 190 bands wi t hout ap­
preciable everlap, as cont rasted with about 1500 bands 
for the same range wi th t he wave analyzer. The TYPE 
762-B Vibration An alyzer is a similar unit for lower 
frequencies. Its range from 2.5 to 750 cps is that of 
greatest in terest in t he field of vibration. 

T ype Name Class 
736-A Wave Heterodyne 

An alyzer 50-kc. crys-
ta l fil ter 

760-B Sound R-C De-
Analyzer generative 

762-B Vibration R-C De-
Analyzer generative 

1550-A Octave- L-C Fil ter 
Band 
Noise 
Analyzer 

1932-A Distortion R-C Rejec-
and Noise t ion 
Meter 

830-R Wave Fil- Narrow 
te l' P ass Band 

651-AE Oscillo- Opticalre-

Frequency 
Ran ge-cps 
20- 16,000 

25- 7500 

2.5- 750 

20- 10,000 

50- 15,000 
(funda-
mental) 

1000 

Film S peed 

Tuning 
j\[ ethod 

Continuous 
(l range) 

Continuous 
(5 ranges) 

Continuous 
(5 ranges) 

Band 
Switch 
(8 bands) 

Continuous 
(5 ranges) 

FLxed 

When a still simpler divi sion of the spectrum is de­
sired, the TYPE 1550-A Octave-Band N oise An alyzer 
(desJribed in t he section on Sound and Vibra tion) is 
avail able for division of the spectrum from 20 to 10,000 
cps into eight bands. 

Thc T YPE J 932-A Distortion and N oise Meter is a 
more specialized, yet remarkably vcrsatile analyzer, 
designed for the routine and rapid measurements on 
audio systems. This elcctronic vol t meter uses t he 
complete signa l as a reference value. A selective net­
work suppresses the fundamental component, and t he 
remainder, which includes distort ion components, hum 
and noise, is t hen measured. This single-number dis­
tortion rating is a convenient and frequently used 
figure of meri t of the performance of an audio system. 

Used wi th a cathode-ray oscillograph, it becomes a 
versatile production testing tool, * immediately indi­
cating optimum condi tions, whenever adjustments a re 
made that a ffect distor tion 0 1' noise. N oise, distortion 
and hum are readily distinguished, and a distinct.ion 
between second-harmonic and third-harmonic distor­
tion can also be made. 

Complete record of the waveform of a signal can be 
obtained by the use of t he TYPE 651 Oscillogra ph R e­
corder to photograph the motion of t he spot on a 
cathode-ray oscillograph as the spot is deflected by 
the electrical wave. 

rt is sometimes desirable in measm ements to be 
able to improve the waveform of an exciting signal. 
The T YPE 830-R 'Wave Filter is available, to isolate a 
]OOO-c~rc le compon ent . This frequency has been se­
lected because it is t he one most commonly used for 
measurement purposes. 

* w. P . Buuck, .. A Sim plified System of Wave Analysis for P ro­
duction Testing," General Radio E xperimenter, vol. 28, no . 2, July, 
1953, PI' 1- 7. 

B andwidth 
(3 db ) 

4 cps 

2% of in-
dicated 
frequency 

2% and 
10 % of in-
dicated 
frequency 

2:1 

Rejection 
band at 
60 db = 
0.02% 

10 cps 

I n put 
V oltage 
Range 

]0 micro-
volts to 
300 volts 

1 milli-
volt to 10 
volts 

1 milli-
volt, t o ]0 
volts 

66 db 

80 db 

!II! eas1l1'ement 
Application 
Separating 
steady 
components 

Separating 
components 

Separating 
components 

Broad-Band 
Noise 

Harmonic 
Distort ion-
Relative 
Hum and 
Noise 

Fil tering 
1000 cycle 
source 

Power 
S1lpply 

A-CLine 

Batteries 

Batteries 

Battery 

A-C Line 

None 

A-C Line 

See 
Page 
224 

186 

190 

185 

226 

225 

228 
651-AH graph Re- cording on 5-35 fps -AH model is also used for high-speed strobo-

corders 35 mm fi lm 25-100 fps scopic photography. 
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WAVEFORM ~----- Analyzer 

USES: The wave analyzer is used to measure 
the amplitude and frequency of the com­
ponents of a steady-state complex electrical 
waveform. These include not only the com­
ponents of harmonic distortion, but also those 
of intermodulation distortion, noise, and 
hum. 

Specific uses of the TYPE 736-A Wave Ana­
lyzer include the measurement of distortion 
components in audio-frequency equipment, 
broadcast receivers and transmitters, tele­
phone systems, public address equipment, 
oscillators, amplifiers, and vacuum-tube cir­
cuits in general; harmonic studies on electric 
power systems and electrical machinery; 
hum measurement in a-c operated communi­
cation equipment; noise analysis; and induc­
tion studies on telephone lines. As a sharply 
tuned voltmeter, it is invaluable in the meas­
urement of the transmission characteristics of 
electric wave filters and as a null detector for 
impedance bridges. It is an excellent detector 
for intermodulation distortion measurements 
when the TYPE 1303-A Two-Signal Audio 
Generator is used as a source. 

DESCRIPTION: The TYPE 736-A Wave Ana­
lyzer is a heterodyne type of vacuum-tube 
voltmeter. The intermediate-frequency ampli­
fier includes a highly selective filter using 
three quartz crystals. The use of a heterodyne 
method makes it possible to vary the response 
frequency while using a fixed-frequency filter. 

TYPE 

736-A 

WAVE 

ANALYZER 

The output of the local oscillator and the 
whole of the complex waveform to be exam­
ined are fed to a balanced modulator where 
their combination produces both the sum 
and difference frequencies, or side bands, in 
the output. The original of the complex wave­
form is not passed by the modulator inter­
mediate-frequency output transformer, and 
the local-oscillator carrier frequency is su p­
pressed in the output because of the two-tube 
balanced modulator employed. 

The 50-kilocycle component of the upper 
side band, proportional to the voltage of that 
frequency present in the original wave to 
which the main dial is set, is selected and 
amplified by the intermediate stages. The 
step attenuators provided make it possible to 
measure a wide range of voltages. 

FEATURES: ~ A "fiat top" characteristic as 
shown by the curve (next page) is obtained 
by using the three-crystal filter . This feature 
makes tuning easier and increases the stability 
of the tuning adjustment. 
~ A very wide range of input voltages-
1,000,000 to 1, full scale - can be accommo­
dated directly. 
~ Self-contained calibrating systems make it 
possible to standardize the voltage and fre­
quency calibrations easily at any time. 
~ The input impedance is constant at 1 
megohm, but a built-in 100,000-ohm poten­
tiometer is provided as an alternate input 
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Filter ------~ WAVEFORM 

system where absolu te voltage levels need 
not be determined . 
~ External magnetic field cau se no trouble 
becau e the balanced modulator i fed by a 
phase inverter tu be, rather t han by a trans­
form er. 
~ Humidity effects are minimized by the her­
metic sealing of all c ritical parts. 

Transmission characteri s ti c of Ihe crysta l filter in the 
TYPE 736-A ~ ave Analyzer. 

SPECIFICATIONS 
Frequency Range: 20 to 16,000 eyries. 
Selectivity : Approximatel~r as shown in plot, above. 
The rcsponse is down 15 db at 5 cycles, :30 db at JO cy­
eies, 60 db at 30 cycles from the peak. The selectivity 
is eonstant over the frequency range. 
Voltage Range : 300 microvolts to :300 volt fu ll scalc. 
The 101\·cst division on the meter corre ponds to 10 !-'v. 
The over-all range is dividcd into four major ranges: 
:300 !-'v to :300 mv, :3 mv to 3 v, :30 mv to :30 v, 0.:3 to :300 
v. Each of these ranges is divided into even scale 
ranges: for example, the 0.:3 v lo 300 v rangc ha the 
following full -scale ranges: 0.3 v, 1 v, 3 v, 10 v, 30 v, 
JOO v, 300 v. 

A direct-rcading dccibcl scale is also provided. 
Voltoge Accuracy: Wi thin ±5~ on all ranges. Spurious 
voltages from higher order modulation products intro­
duced by thc detector arc suppr ssed by at least 70 db. 
Hum is suppressed b.1' at lea t 75 db. 
Input Impedance: One megohm when used for direct 
___ 1_'.ype 

. , . , 
? ~ . , . 

C'l'CLES OfF RESONANCE 

~ 

( \ Ii .. m· • 
!o 
g 1\ 2-*-

1 \ ~ 
l:J 

~ ~ 

I) \ 2 

-/ ~ -
voltage mcasurements. \\'hcnused with the inpu t poten­
tiomctcr it is approximately LOO,OOO ohm. 
Accuracy of Frequency Calibration: ± (2('0 + 1 cycle) . 
Tube Complement: 

3 - 6C6 I - 6C5 
2 - 6I\:()-G 1 - 6X5-G 
:3 - 6Ji 1 - 6F5-G 
J - 6B8 ;3 - NE-48 neon lamps 

Power Supply : A-C line, 105 to 125 volts, -10 to 60 cyclcs. 
A change in the power transformer connec-tion permits 
the use of 210 to 250 volts, -10 to 60 cyc'les. A voltagc­
stabilizing circui t is included. Power inpu t is about 65 
watts. 
Accessories Supplied: Spare neon lamps, spare fuses, 
one TYI'B 27-!-NEO Shiclded Connector, and a TYPE 
CAP-;35 Power Cord . 
Mounting: Shielded oak cabinet. 
Dimensions: (Width) 19}1 X (heigh t) 2578 x (dcpth) 
lO Ys inches, ovcr-all. 
Net Weight: 86~ pounds. 

Code IV ord Price 

736-A I Wave Analyzer ....... . . ................... 1 ASKE-W~-'~-$771 ~15~0~.~070---
PATENT NOTICE. See Note 2. page viii. 

For other audio-frequency analyzers, see pa ges 185 to 190. 

TYPE 830-R WAVE FILTER 
The TYPE 830-R Wave Filter i ' a harp ly­

tuned, narrow-band-pas uni t, whi ch can be 
u ed to eliminate harmonics from di tor ted 
waveforms, for i olation of a 1000-cyc le com­
ponent of a com plex waveform , a nd to elimi­
nate 'puriou s-frequency voltages from a 1000-
cycle measuring ystem. Its loll' attenuation 
in the pas band makes it particularly useful 
in 1000-cyc le bridge measure ments to remove 
h a rmoni c from t he generator voltage. 

This filte r is sharply tuned for minimum 
attenuation at 1000 cyc les and maximum at-

'," 

II II I ~.W, , 
, /. \' 

,: '"'" ~1!it 

i., / " -
I 

1/ 
Ii - ,- - -rA£OlI:NCY IN (,VCL.ES ptR s(CONO 

SPECIFICATIONS 
tenuation at the econd harmoniC' frequenC'y, Attenuation Characteristic : Scc accompanying curve. 
2000 cycles. The inpu t a nd ou tput coi ls of this Voltage Limit : Voltagcs up to :l volts at any frcqucncy 

mar be applied to the 500-ohm input, or LO volls at the 
unit a re tapped '0 t hat the filte r can be used 5000-ohm input, wi thou t signifi cantly altcring thc re-
with diffe rent terminating impedances. sponsc curves. At higher voltage levcl , light shifts in 

I t can be operated from a vacu u m tu be the frequency of the alten uation peaks may be expected. 
(plate resistance 5000 ohms) or a 500-ohm Terminals: Soldering lugs. 
line into a circuit of almost a ny impedance ~\~~h~i:~~er~~f~igh t) 478 x (width) 3% x (depth) 
with sati ,factory result. Net Weight : :3 }1 pounds. 

T ype Cut-Oil Fl'equency [mpeciance Code TV ord Price 
----~~--~--~~~--~----~l~s~o~o~o-o-r-s~oo~n~t~o----~~-----,--~~~--l.---~--

830-R 1000 cycles 50,000, 5000, 500 or FIL'rERROTE $50.00 
son 
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WAVEFORM ---~ Dist. Meter 

TYPE 1932-A DISTORTION AND NOISE METER 

USES: The TYPE 1932-A Distortion and Noise 
Meter measures distortion, noise, and hum 
level in audio-frequency circuits. In conjunc­
tion with the TYPE 1931-A Modulation Mon­
itor, the TYPE 1170-B F-M Monitor or the 
TYPE 1184-A TV Monitor, it can be used to 
measure these quantities directly in the out­
put of radio broadcasting transmitters. It 
finds many uses in the electronics labora­
tory and in the production testing of radio 
receivers as a wide-range, highly sensitive 
voltmeter for such measurements. as signal-to­
noise ratio, A VC characteristics, and hum level. 
With the aid of an oscilloscope, individual 
hum and distortion components can be identi­
fied. 

DESCRIPTION: The principal elements of the 
unit are a high-gain amplifier with an R-C 
interstage coupling unit that balances to a 
sharp. null, a calibrated attenuator for adjust­
ing the sensitivity, and a vacuum-tube volt­
meter. Degeneration maintains stabi lity in 
amplifier gain and a flat transmission cha rac­
teristic, except within an octave of the null 

l"""r Cll'Q,Jl fS 

"""" ;--..;::;.:..---- --, CA t/S"AreD 
A"C~roR 

frequency. The null frequency is continuously 
variable. The null network eliminates the 
fund amental of the audio-frequency signal, 
leaving only the di stortion products, ,,-hich 
are indicated directly on the panel meter. 

The null network is s\yitched out of t he 
circuit for noise and hum measurements, and 
the instrument then operates as a highly 
sensitive voltmeter. Two input circuits are 
provided: (1) a transformer for bridging a 
600-ohm line; and (2) a direct connection to 
the 100,000-ohm gain control. 

FEATURES: ~ Continuous adjustment of fre­
quency over the entire audio range is proyided. 
~ Quick frequency selection. 
~ Frequencies up to 45,000 cycles are passed 
by the amplifier circuits, so that distortion 
measurements can be p.1ade on fundamental 
frequencies up to 15,000 cycles. 
~ Distortion as low as 0.1 % can be measured. 
~ An auxiliary dbm calibration is provided. 
~ An osci lloscope connection is provided for 
visual observation of the noise or distortion 
components. 

Fllnc liona l schematic of the 
TYl'E 1932-A Distorlion and 

Noise Mcler. 
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Dist. Meter WAVEFORM 

SPECIFICATIONS 

Distortion Range : Full-scale deflections for 0.3%, 1 %, Tube Complement: 
3 %, 10 % or 30% distortion. 4 - 6J5-GT 1 - 6IC6-GT 1- 6X5GT 
No ise Measu re me nt Range : SO db below reference cali- 1 - 6SN7-GT 1 - 6H6 2 - OD3 
bration level, 01' SO db below an audio-frequency signal Accessories Supplied : TYPE CAP-35 Power Cord, cable 
of zero dbm level, at maximum sensitivity . for connecting to the TYPE 1931-A Modulation Monitor, 

spare fu ses. 
Audio-Frequency Ra nge : 50 to 15,000 cycles (funda- Other Accessories Required: For measuring the dis-
menta l), for distortion measurements; 30 to .,15,000 cy- tortion in oscillators and other audio-frequency sources 
cles for noise and hum measurements. no additional eq uipment is required. For measmements 
Dbm Range: Power-level range is from +20 to -60 on amplifiers, lines, and other communications net-
dbm. (0 dbm i one milliwatt in 600 ohms). \\'ork , a low-di stortion oscillator is required. TYPE 

130l-A Low-Distortion Oscillator (see pap;e 103 ) is 
Input Vo ltage Range: 1.2 to 30 volts for the 100-kilohm recommended. When the modulated output of a radio 
in put, und O.S to 30 volts for the 600-ohm bridging transmitter is to be measmed, a linear demodulator is 
inpu t . necessary. The TYPE 1931-A Modulation Monitor 
Accuracy: For distortion measu rements, ±5% of full (page 142) 01' TYPE 1170-B F-M Monitor (page 139) and 
scale for euc h range ±residual distortion as no ted be- t he TYPE llS+-A TV Monitor (page 140) are recom-
low; for noise and dbm measurements, ±5 % of full mended. However, any detector system having mini-
scale. mum undistorted output of 1.5 volts rms can be used. 
Residual Distortion level: Terminals: T erminals are provided at the real' for con-

100-Kilohm Input : 0.05 %, max ., below 7500 c. nection to the modulation monitor. A Western E lectric 
0.10 %, max. , above 7500 c. jack is provided at t he panel a lso, as an auxilia ry input 

Bridging Input: 0.10 %, max., between 50 and ci rcui t. Plugging into th is jack automatically discon-
70 c. nects t he rear connectors. 

0.05 %, max., between 70 and Power Supply: 105 to 125 (or 210 to 250 ) volts, 50 to 
7500 c. 60 cycles. The line input power is 65 watts. 

0.10 %, max., above 7500 c. Mounting: The instrument is relay rack mounted. E nd 
frames are available for table mounting. (See price list 

Residual Noise level : Less than -SO db. below. ) 
Input Impedance: 100,000 ohms unbalanced, and 600- Panel Finishes : Standard General R adio black crack le. 
ohm bridging input (10,000 ohms ), balanced 01' un- Certain standard finishes which can be processed in 
balanced. quantity ('an be supplied . 
Meter: A large meter with an illuminated scale is pro- Dimensions : Panel (length ) 19 x (height) 7 inches ; 
vided, culibmted in percentage and db. The ballistic depth beh illd panel, 12 inches. 
chamr'Leristic is similar to t hat of a vu meter. Net Weight: 37% pounds. 

Type Code Word PI·i ce 
--~1~9~32~-~A----~D~:i~s~to-r~ti~o-n-a--n~d~N~o~is-e~M~e~t-e-r'-'-'-' -' -" -'-'-'-'-'-'-'-'-l--T-'r-\B--O-o--~---'--~$~6~5~0~.~0~0----

FRI-412 Aluminum End Frames.. . • • • • • • • . • • . . • . . ENDFRAMDIG 13.00 Pair 
PATENT NOTICE. Eee Notes 2,15, page vii i. 

TYPE 1932-Pl A-M DETECTOR UNIT 

The TYPE 1932-Pl A-M D etector Unit, for 
measuring t he A-M noise level in F-M trans­
mi tter , consists of a linear rectifier and an 
r-f filter, with provision for introdu cing an 
p.uc1io-frequency cali brating voltage. The de­
tector output, after filtering, is passed through 
a stalld ard 75-microsecond de-emphasis cir­
ct.: i t to the Distorti on and K oise Meter. The 
de-emphasis circuit can be switched out to give 
a flat characteristic, if desired. A microa m­
meter indi cates the diode current. Audio Output: 

Provision is made for the use of an external 
diode detector to cover ranges of canier fre­
quency not in cluded in the normal operat ing 
range of the self-contained diode detector. 

:30-30,000 cycles ± 1 db; or 75 }.Lsec de-emphasis 
characteristic. 

1 to 1.5 volts, into 100 kf! load. 
Diode: IN34-A Crystal. 

SPECIFICATIONS 

Terminals: T elephone jack for a-f voltage: coaxial con­
nector for r-f voltage: plug fo r inserting in to panel jacks 
of Distort ion and Noise i\Ieter; telephone jack for 
externa l diode detector. 

R-F Input : 4 to S volts required, from low-impedance Accessories Supplied : 1 TYPE S74-CS Cable Connector. 
line, 50-220 Me. Mounting: Black wrinkle-finish case. 
Audio Input : 400 cycles; 4 to S volts; WOO-ohm input Dimensions: 5:Y.i X 6 x 2Y2 inches, over-all. 
impedance. Net Weight: 1Y2 pounds. 

Type Code Word 
--~1~9~3~2--~P~1 --'-~A--~M~D~e-te-c-t-o-r ~U~n~it-.-.-. -. -. -. -.. - .-.-.-.-.-. -. -. -.. -.-.-.-.-. ~I ---A--MDET 

P rice 

$95.00 
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WAVEFORM ---~ --------------------------Recorder 

TYPE 651 OSCILLOGRAPH RECORDERS 

USES: These devices are designed for record­
ing the trace of a cathode-ray oscillograph to 
obtain an accurate record of transient phe­
nomena. Typical applications are the study 
of the response of electrical networks to sud-

denly applied voltages, the recording of 
swi tching transients, and the study of the 
instantaneous variations of voltages and cur­
rents in electrical machinery under arbitrary 
load variations. 

High-speed motion up to several thous::tnd 
frames per second can be recorded with the 
TYPE 651-AH, when the subject is illuminated 
by a high-speed stroboscopic light source. 

DESCRIPTION: In the TYPE 651-AE and TYPE 
651-AH Oscillograph Recorders, the film is 
driven continually past the aperture, so that 
the trace of the horizontally deflected cathod e­
ray spot is recorded as a continuous line. 

The large centra l driving sprocket and a 
bottom take-up reel are driven by separate 
motors in the TYPE 651-AE. 

The TYPE 651-AH uses a single motor, 
driving the take-up reel, and an electrical 
governor on the sprocket shaft. eN ote: the 
photograph above shows t he TYP1~ 651-AE). 
When the TYPE 651-AH is used for high­
speed stroboscopic photography, framing is 
provided by the stroboscopic light source. 

SPECIFICATIONS 
Film: Any ~5-mm film or paper with standard perfora­
tions. Daylight loading with negligible waste. 

TYPE 651-AE: When motors a re operated at the 
specified voltages, film speeds between approximately 
5 and 35 feet per second a re obtainable. Motors geared 
for lower speed ranges can be supplied on special order. 

TYPE 651-AH: Approximately 25 to 100 feet per 
second for spec ified voltages. 
Lens System : Lens must be purchased separately . A lens 
of aperture! / 1.5 and2-inch focal length in an adjustable 
mounting that permits focusing for distances between 8 
and 100 inches is available, assembled with mounting 
plate to fit the recorder. (See price list). The image for 
focusing is observed directly on the equivalent of a 
ground glass in t.he plane of the film. The lens is equ ipped 
with an iris diaphragm. 
Oscillograph Screen: A low-persistence actinic blue 
screen (P5 or Pll pho phor ), should be used. 
Reels : Capacity of reels, 100 feet. 

F li ght of a bu llet, as recorded by the TYPE 651-AII 
and a s Lroboscope a t 10,000 fla shes per second. 

Type 

Drive System: TYPE 651-AE: Both the film-drive sprockct 
and the take-up reel are uriven by universal (a-c or 
doc) motors. The film speed is varied by applying 
voltages between (i5 and 200 volts to these motors. 

TYPE 65 I-AH: The take-up reel is driven by a uni­
versal motor, whose speed is varied by appl.v ing volt­
ages between 65 and 230 volts. An ad justable electric 
governor con trois the sprocket shaft speed. 
Speed Control : For a-c drive, a \V5HMT Variac is rec­
ommended; for doc drive, a rheostat shou ld be used. 
Starting Characteristics: TYPE 651-AE: Full operating 
speed is reached in approximately 25 feet of film travel 
at m,tximum speed. At lower speeds, less film is con­
sumed in reaching operating speeds. 

TYPE 651-AH: Full speed in from 10 to -W feet. 
Accessories Supplied: TYPE CAP-35 Po""er Corel. 

Type Length 
651-AE 1 12 inches I 
651-AH 12 inches 

}V'idth Height 

181~ I 1672 
1672 

Net TVeight 

I 
32 pounds 
:30~ pounds 

Waveform recorded by TYPE 651-AE from ca Lhode-ray 
oscilloscope screen. 

• • • • • • • • • • • • • • • • • • I • • 

• • • • • • • • • • • • • • • • • • • • 
Code TVord Price 

*6S1-AE 
*651-AH 
6S1-PS 

Oscillograph Recorder. _ ................. '1 
Oscillograph Recorder .. . __ ........ - .. - - .. 
Lens Assembly, f/l.S x 2.0" •••• • •.•... •• . 

DINER 

DRYAD 

DIARY 

$600.00* 
650.00* 
165.00 

* Without lens. 
PATENT NOTI CE. See Note 6, page ,-iii. 
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PARTS AND ACCESSORIES 
The General Radio Compan~' has ciPvclopcd and is 

constant ly improving on a ('ompiPte lill(' of parts for 
usc in its labomtory llnd industrial instruments. The 
design objeeliv('s are different from those that govern 
the design of parts for tv and radio receivers and sim­
illlr assemblies; among them are unfailing reliability, 
long life, conven ience, excellent appearance, and kno\\"n 
eleetrical eharacteristics. All General Radio parts are 
painstakingly designed; they use the best avai lable 
materials; and production is tooled to ~'ie l d reas:JI1able 
flriC'es in consideration of the rigid design rcquircments. 
Another important design consideration is to produce 
in tegrated groups of basic elements that fit together 
clec-trically and have a unity of appearance. 

An excellC'nt example of the integrated line is found in 
General Radio bin ding posts, coaxial clements, plugs 
and jacks. Binding posts, for instance, are constructed 
of brass with Bright-Allo~' platf'. Bright-Alloy is a high­
conducting trimetal plating which does not tarnish (it 
has a lo\\"er tarnish rate even t han nickel, for example), 
\\"ill not fingermark, and solders as readil~' as any kno\\"n 
material. Polystyrene insu lation, in hoth reel and hlack 
for color coding, is used because of its high resislivit~, 
and exceptionally low loss. The captive top \\"ill accept 
the standard GR TYPE 27-1- Plug which seats with a 
taper into the chamJered binding post top to assure 
mechanical and electrical stabi li ty . The insulators are 
keyed to the binding posts and ina~' be keyed to the 
panel if desired. They ma." also be used to mount the 
TYPE 938 Jar·le Both the binding posts and the jack 
have tips for soldering - no lugs are used as they can 
introduce an uncertaint v of contact. 

The TYP1~ 87-1- Coax ial Connector, introduced by 
General Radio a fell ' ycars ago, has alI·ead.\· become an 
aceepted laboratory standard for high-frcquenc~' work . 
An extensive lin e of coaxial elements using this con­
nector is described in a separate section (Pages -1-5 to 
62). The inner connector is the correct size to accept a 
TYPE 27-1- P lug. 

The T~'pe 274-MB Double Plug is another connector 
that has become standard equipment in almost all 
laboratories. The springs of the plugs, as with all TYPE 
274 Plugs, are of hardened beryllium-copper. for low 
contact resistance, and are molded, for strength, into a 
black polystyrene body, which has a raised ridge a long 
one side so that polarity can be noted by touch. To 
reduce the chance of electrical shock, no metal part 
except the plugs themselves is exposed . 

The new TYPE 970 Potentiometers have been de­
signed with particular care to produce an instrument­
grade potentiometer at reasonable cost. Care has been 
taken in the selection of all materials to produce a high 

d('~r('c of l1wchanical ~trength and stahil it~, couplpd 
\\'ith COITl,(·t ('1C'rtrical design. For ('xample, the smallpst, 
pl'lH'lirahlC' size rC'sistan('c \\'ire is selected to obtain 
high res:Jlulion. They arp \\'ound b.v speciall.\" designed 
machines to produ('c uniformity of spacing and tension 
on the \\'inding form; the \\'ound form is tightly ce­
mentej into the bakelite shell molding, \\'hich hu 
nlindri r'al \\'alls of uniform cross-section so that it \\'ill 
n'ot age out of round. Strong shafts made of glasR­
reinforced polye tel' are used, so that the shaft is electri­
call.\' dead, and the capacitance to ground is corre­
spondingly reducC'd. 

The Typ," 1420 Capacitors are of unique design. 
Both the stator and the rotor sections are made from 
extruded a luminum stock. The plates are cut from this 
solid shaped stock by high-precision, ganged circular 
saws. Thus the complete rotor or stator stack is cut 
from a homogeneous piece which virtua lly eliminates 
the contact resistance inherent in the conventional 
stock construrtion. These new capacitors are being 
in tl'Odured into General Radio equipment and are 
offered 1'01' general sale for the first timR with th is cata­
log. Theil' advantages in stabili ty and mechanical 
strength are ohvious; their electrical characteristics 
arC' equally good. 

The General Radio knobs a re well known for thC'ir 
attractive appearances and mechanical excellence. 
Sha ft holes are bored for precision, and all except the 
smallest are provided \\'ith t\\'o set-screws. They are 
available in a varietv of models and sizes and are con­
sistent in style with 'the binding posts. 

Dials are designed to t he elosest mechanical to ler­
an res, and are available for direct ch'ive, friction drive, 
and gear dl'iv(', \\'ith a black matte finish to reduce glare 
and thus to provide even bettcr readability. 

The TYPES 941 and 942 Transformers probably pro­
vide the best performance of any audio transformers 
commereially available. The former is a general-purpose 
impedance-matching transformer for general laboratory 
work in audio and ultrasonic frequencies. The latter 
is a high-level output transformer with excellent fre­
quency range alld very low distortion. The primary has 
separate windings so that it may be used in the conven­
tional push-pull circuits or in the recently developed 
single-ended push-pull circui t. This transformer is an 
excellent one for hi-fi use where the handling of high 
peaks of output power without distortion is essential. 

The TYPE 578 Transformer is designed specifically 
for generator or det.ector isolation in a-c bridge circui ts, 
and has an effective inter-winding capacitance of only 
0.3,.,,.,f. 
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PAR T S -----~ Capacitor 

TYPE 1420 VARIABLE AIR CAPACITOR 

USES: The TYPE 1420 capacitor was developed 
especially for use in laboratory instruments 
requiring low dielectric losses, low inductance 
and resistance, and high mechanical and ther­
mal stability. It is used in the TYPE 1606-A 
Radio-Frequency Bridge and in the TYPE 
874-VC Variable Capacitor. 

DESCRIPTION: These capacitors are of novel 
construction. The rotor and stator are each 
machined from solid, shaped aluminum extru­
sions of identical alloy. The illustration shows 
how the one-piece stator also serves as a 

frame for the assembly. The ends of the stator 
are bored to receive concentric split rings, 
made of thermally stable cross-linked poly­
styrene. These rings are held in compression 
by precisely machined clamps of the same 
alloy as the stator. Vestiges of plates are left 
in both stator ends and clamps to register 
with turned grooves on the insulators for 
precise axial positioning. Threaded ball­
bearing cages of plated brass are clamped in 
the center of the insulating rings, and the rotor 
is carried by a glass-polyester shaft. The front 
bearing cage has an integral flange fo r mount­
ing the capacitor on a panel, and the rear 
cage has a thin-walled perforated section to 
which a rotor lead can be soldered . A two­
fingered coin-silver spring, permanently af­
fixed to the rotor, makes sliding contact with 
the rear cage. There is no metall ic path 
through ball bearings to rotor or stator. A 
solder lug is attached directly to the stator 
at the rear. 

FEATURES: 
~Low residual inductance and resistance. 
~Good linearity. 
~Low . temperature coefficient. 
~Insu latcd rotor. 
~Sea led; long-life bearings. 

SPECIFICATIONS 
Capacitance Range : 

Nominal 
Max. Min. 

H 250 16 
G 130 14 
F 70 13 

Range/or 
Linear val'iation 
216 ±5}.t}.tf 
108 ±5}.t}.tf 
54 ±5}.t}.tf 

The rotor-to-ground capacitance is about 2}.t}.tf, and 
the stator-to-ground capacitan ce is abou t 6}.t}.tf, for a ll 
sizes. The data in the above table are for the capacitor 
used as a two-terminal device, with rotor grounded. If 
stator is grounded, maximum and minimum capacitance 
values will be decreased by about 4}.t}.tf. 
l inearity : The variation of capaeitance with angle of 
rotation is guaranteed linear within ±0.2% of full 
scale. The angular range of linear variation is 160°,. 

T ypical linearity is better than ±O.l % . 
Dielectric Losses: For the grounded-rotor con nection, the 
dielectric losses correspond to a DoCo product of less 
than ,01 x 10- 12• The rotor-to-ground capacitance has a 
D oCo product of 0.1 x 10- 12 • This loss component is 
in parallel with the main capacitance only for the 
grounded-stator connection. 
Insulation Resistance: Greater than lO" ohms under 
standard ASTM laboratory conditions (23 0 C, 50% RH). 

Type 

Temperature Coefficient of Capaci,ance : Approximately 
+.003 % per degree C. 
Shock and Vibration : Will pass shock and vibration tests 
of MIL-T-945-A. 
Maximum Voltage: 700 volts peak. 
Inductance: Approximately 0.006 micro-henry. 
Torque: 2 ounce-inches maximum. ' 
Net We ight : TYPE 1-l20-F, 4 OZ; -0, 4}1 oz; -H, 5}1 oz. 
Dimensions : See sketch. 

Depth behind panel 

F I%; inches 

i OIA. 

G 2 VB "-I~ --1' ffl)\--lilf-.?IH1-:f--tlIr 
H2 Ys 
Shaft Dia. %" 

Code Word Price 
1420-F 
1420-G 
1420-H I 

70 J.1.J.1.f, max . . .. . . .. .. . .. . .. . . .. ... . . . . 
130 J.1.J.1.f, ma x . . .. . . ... . .. . ... .. .... ... . . 
250 J.1.J.1.f, max . .. ... .... . .. . .. . .. . ... ... . 

MARRY 

MATIN 

MAXIM 

$20.0~ 
21.50 
22.50 

See pages 236 to 238 for knobs and dials for use with these capacitors. 
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Potentiometers ----~ PAR T S 

970 SERIES POTENTIOMETERS 
The 970-Series Potentiometers are moder­

ately priced, high-quality controls designed 
for excellent linearity and long life. They can 
be used not only at dc, but also throughout the 
audio- and ultrasonic-frequency ranges and, 
in many applications, at low radio frequencies. 

DESCRIPTION: The materials used in the all­
phenolic body (1), dust-proof cover (2), and 
glass-reinforced-polyester shaft (3) minimize 
the capacitance to ground. Low inductance re­
sults from the use of a thin winding form of 
phenolic laminate. A small-diameter brush (4) 
of precious-metal alloy assures high resolution, 
since it touches only two wires at a time on 
the resistor. Brush arm and spring (8) are 
combined into a single stamping of spring­
temper phosphor-bronze. The screw (10) that 
holds the cover to the base passes through a 
horseshoe-shaped slot in the brush arm to 
serve as a rotational stop that exerts no force 
on the brush. The brush rides with uniform 
pressure on the firmly anchored wires at the 
edge (5) of the resistance winding. The com­
bination of precious-metal contact, firm track 
and uniform contact pressure minimizes elec­
trical noise. 

13 

9 

The projecting hub (6) permits adjustment 
of the shaft with respect to the contact brush 
while the case is closed. This hub rotates in 
a reamed brass insert molded into the cover 
to form a metal-to-metal main bearing close 
to the plane of the brush. The shaft is rigidly 
held by this hub, and a second bearing is pro­
vided by a stainless-steel insert (9) to guide 
the shaft in the base. This arrangement pro­
vides stable, repeatable settings. 

Resistance elements are wound of low­
temperature-coefficient alloys. Linearity is as­
sured by uniform turn spacing, on a mandrel 
that is firmly cemented into the smoothly 
cylindrical base molding. 

The turret terminals are both riveted 
and soldered to the ends of the winding (11) 
and to the spring-bronze contact take-off in 
the cover (12), so that none of the fixed 
internal connections depend on pressure alone. 

SPECIAL TYPES 
Units in the 970 design can be made on 

special order with: 360 mechanical rotation, 
taps as close as ~ inch apart along the entire 
winding, resistance other than list-ed values, 
resistance tapers, resistance tolerance and 
linearity tolerances better than standard. For 
applications requiring maximum shaft rigidity, 
shafts of metal-cored phenolic or of metal can 
be supplied. 

GANGING 
When ganged, the 970-Series Potentiometers 

retain their low-capacitance characteristics. 
Units are designed to be nested with phenolic 
spacing rings stacked on a long shaft, and held 
together with thin metal clamping rings and 
tie rods. This assembly allows units to be 
set in any desired phase relationship. In­
quiries are welcomed on special-design basis. 

KNOBS 
Recommended knobs for these potentiom­

eters are described on page 238. Use TYPES 
KNS-6 and KNSP-6 for TYPES 971,972, 973, 
and 974; TYPES KNS-8 and KNSP-8 for 
TYPES 975 and 976; and TYPES KNS-12 and 
KNSP-12 for TYPES 977 and 978. 

Dial plates to fit these potentiometers are 
listed on page 237. 
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PAR T S Potentiometers 

TYPE 971 TYPE 972 TYPE 973 TYPE 974 

, -------.l 

f ~~ 
""!£ 

If ~ .. ~ ~ .J~ ·,3 
--I 1-25001A. --I ' 1-.250 01A. -I 1-.375 DIA. --l f-.315 DIA. 

2 HOLES 2 HOLES 
2 HOLES 2 HOLES 6-32 TAP 6 - 32 TAP 
4 - 40 TAP 4-40TAP 

.~. i .jt. .!m I ' I I ; , ' I 
L7~OJ L'iDlJ L'O~OJ 14D1A. 

14 CIA . ' 4 0IA. 

APPROX I MATE WEIGHT 1/2 OZ. APPRO XIMATE WE IGHT 3 / 4 OZ APPROXIMAT E WEIGHT I OZ. APPROXI MATE WEIGHT 13/ 4 OZ. 
EFFECTIVE ELECTRI CAL ROTATION 3 20°f SO EFFECTI VE ELECTRICAL ROTATI ON 320

0
tS· EFFECTIVE ELECTRICAL ROTATION 320°15° EFFECTIVE ELECTR I CAL ROTATION 320

o
!5° 

TOTAL MECHANICAL ROTATION 3301:5° TOTAL MECHANICAL ROTATION 330,!So TOTAL MECHANICAL ROTATI ON 330!So TOTAL MECHAN ICAL ROTATI ON 3300tSO 

STANDARD RESISTANCE TOLERANCE to .. STANDARD RESISTANCE TOLERANCE ±5'1. STANOARD RESISTANCE TOL ERANCE ±5~ STANDARD RESISTANCE TOLERANCE :5% 
AVERAG E TORQUE 10l. IN. AVERAGE TORQUE I al. IN. AVERAGE TORQUE 11/4 OLIN. AVERAGE TORQUE 11/4 Ol. IN. 

8 

". ~. ~ I I I . , 

ftil "'- I I I " 

~. 'Ii ' .• ~ 10 " , 

• 
~ 6 ~ e 

~ 0&",,"<,,) __ 

~ ; " ~e, 1 
e~ ~ ,<. '\( "'-o J 

.r& .... (lI 

~ 2 
~ " ~ 4 .rll.r,o<,,+O' .lI~1-lI", ~ 6 

.r&.r,o<"", .... (lI.".,,'" : .r,o<,,+O<,,; ;~~\" 
...!~~O lI",.o 

lie,.". :\:, a:: <"0 ' ..0 m\".·~_ .. ~ -: j"j'\ '~~ , . f I" " 
~ 22 ~ 2 I I I"t ~ 

. 
" I I I ~ ( ~ 2 

0 0 I I I I I I'. 0 I I I " 0 I 
0 20 ' 0 60 . 0 '00 0 20 '0 60 80 '00 0 20 ' 0 60 80 '00 0 20 '" 60 80 '00 

AMBIENT TEMPERATURE - ' C AMBIENT TEMPERATURE ,'C AMBIENT TEMPERATURE-'C AMBIENT TEMPERATURE··C 

NOMI NA L r;:C';,;;~:;T mO'UrlJ:%",~~~~ NOMINAL r::C:3~~ 
rcMI'CRArtHt. 

NOMINAL 
OII'CRATIIIt. 

rrf'C rrf'e 

'N~C;;~~o;~ 
Type COEFFICieNT Type coeFFICIEN T 

:~!':;o::: 'Ene 
ReSISTANCE 

OF urre 
RESISTANCE RESOLUTION 

LErre. 
£ SISTANCC 

0' 
RESOLUTION NOEI'CNOC/IIT 

LETrE 
/lCSISTA"'CE 

0' 
RESOLUTION 

,,"os 
RESISTIVITY 

OHIIS 
ReSISTIVIT' 

OHNS 
RESISTI 'IIT, LlNEA""Y OHMS 

RES/STI 'I/ TY 

B 2 , 

I 
G 5 I 

I G 5 I 

I 

0 10 I 

I 
G 5 

+0 .07~ 
0 10 

+ 0.07% 
0 10 

+ 0 . 07% 
E 20 

+ 0,0 7 % 
I I I I 

<I" < I" 
0 10 

I J-
E 20 

I r-L 
E 20 

I 

F 50 

I 
E 20 F 50 F 50 

<0. 5% 
G 100 

<0,5% 

F 50 G 100 G 100 1- H 200 
I G 100 

± 0.002'1. I H 200 
±O,O02% 

I 
H 200 

±O.OOU, 
J 500 

+0,002'1. 

H 200 

I 
I ± a J 500 

I 
±a J 500 

I I 

±I .. K _1000 
I I ±'" <0,5'1. <0.5% 

K 1000 L 2000 J 500 K 1000 

4-I I 
<0.2'1. 

M 500Q 
< 0.2 '1. 

K 1000 

I . 
L 2000 L 2000 

I r-L I --L L 2000 M 5000 M 5000 N 10,000 

M 5000 +0.002, I N 10,000 
+0'T

2
" 

N 10,000 + 0,002'1. I P 20,000 + 0.002'1. I 
N 10,000 I .j) <0.2 '1. P 20,000 <0.2'1. P 20,000 

I 
<0,1'1. Q 50,000 

I 
<0.1 % 

P 20,000 I Q 50,000 I Q 50,000 I R 100,000 I 

Unit Unit Unit Unit 
Type Code Word Price Type Code Word PTice Type Code lVord PTice Type Code TVOTd PTice 

971-8 A1\'1'RIMBI'l'E $3.50 972-C B A,, '1'ERCREW $3.75 973-C CAN DIDCRE W $4.00 974-0 DA 1\CERDU LL $4.50 
971-C ANTRDICREIY 3 .50 97211> B A1\TE R DULL 3 .75 973-0 CA :\'DIDD UI, L 4 .00 974-E DAl\CERE ARL 4 .50 
971-0 A N'l'RIMD ULL 3 .50 972-E B ANT E REARL 3.75 973-E CAN DIDEARL 4.00 974-F DA :\'CERFALL 4.50 

~ 
971-E A1\TRIME ARL 3 .50 972-F B Al\TE R<'A LL 3 .75 973-F CA1\ DIDFA I. L 4 .00 974-G DANCERGER~I 4.50 
971-F ANTRI l\lFA LL 3 .50 972-G BA~TIi:RGER~[ 3 .75 973-G CAXDIDGER~1 4 .00 974-H DAl\CERH UXT 4.50 
971-G A Nrl'RI MGERM 3.50 972-H BAl\TERI-l U NT 3 .75 973-H CA NDlDH UN'l' 4 .00 974-J DA NCERJ UMP 4.50 
971-H AN'l'RI ~!Il UXT 3.50 972-J B .\ XT Ii: RJ U~lI' 3.75 973-J CAN DIDJ U~IP 4 .00 974-K DA XCERKISS 4 .50 
971-J AN'l'RDIJ U~IP 3.50 972-K B A 1\'l'E RKISS 3.75 973-K CA :\,DIDKIS~ 4 .00 974-L DA :\' CERLEAP 5.00 
971-K ANTRBIK I SS 3.50 972-L B .\N T ERLEA P 3 .75 973-L CA :\,DIDLE.\ P 4 .25 974-M DA NCER~IILK 5 .00 
971-L ANrl'RI ~[LEAP 3.50 972-M BA XTER~IILK 3 .75 973-M CA XDID~lIl.K 4.25 974-N DA XCER:\, ULl, 5 .00 
971-M AN'l'RIM~lILK 3.50 972-N B AN TERl\ U LL 3.75 973-N CAN DID X G [.; L 4 .25 974-P DAl\CERPARK 5.00 
971-N A N'l'RDIN ULL 3.50 972-P BANTERPARK 3 .75 973-P CA:\' DIDPA RK 4.25 974-Q DA XCERQ UAD 5.00 
971-P A NTRIMl'ARK 3.50 972 .... Q B A XTERQUAD 3.75 973-Q CAl\ DIDQ UA D 4 .25 974-R DAl\CERRIS K 5 .00 

232 GENERAL R A D I 0 CO M PANY 



Potentiometers PAR T S 

TYPE 975 TYPE 976 TYPE 977 TYPE 978 
t 

l!' "" 

! 

n 
'" (So I 

~~ 
I 

I I 

W 
t 

I 
~ 1--37501 •. ~ 1-.375 01. 

APPROXIMATE WEIGHT 3 OZ . APPROXIMATE WEIGH.T 4 OZ. APPROXIMATE WEIGHT 9 oz. APPROXIMATE WEIGHT 12 Oz. 

EFFECTIVE ELECTRICAL ROTATION 320°-:2° EFFECTIVE ELECTRICAL ROTATION 320"±Zo EFFECTIVE ELECTRICAL ROTATION 320·!2° EFFECTIVE ELECTRICAL ROTATION 320·!Z" 

TOTAL MECHANICAL ROTATION 330"tSO TOTAL MECHANICAL ROTATION 330o~5° TOTAL MECHANICAL ROTATION 330:tSo TOTAL MECHANICAL ROTATION 330!-5° 

STANDARD RESISTANCE TOLERANCE :2% STANDARO RESISTANCE TOLERANCE "!:2% STANDARD RESISTANCE TOLERANCE ±Z"4 STANQARg RESISTANCE TOLERANCE !2% 
AVERAGE TOROUE 3 1/2 OZ. IN. AVERAGE TORQUE 3 1/2 OZ. IN , AVERAGE TORQUE 10 OZ IN . AVERAGE TORQUE 10 OZ IN. 

r 

AMBIENT TEMPERATUAE- ' C 

'0 10 1 

I 
'E 20 +E 20 1 

I I 
+F 50 I 

+0.01'-
'F 

+0.07% 
+F 

+0.07,. 
'G 

+0.07% 
' E 20 I 50 I 50 I 100 1 

' F 50 

I 

(0.5% ± I % +G 100 I <O,S'"4 ±1"4 "G 100 <0.2% ±O.S"4 ' H 200 <0. 2"4 ±0.5"4 

+G 100 

I I 
' H 200 I I I 

· H 200 
I I +J 500 

I ' H 200 'J 500 I +J 500 "K 1000 I 
J 50 0 

±0.002% 
K 100 0 

±o.oo!«. 
K 1000 

±0.002" 

I 
I 

L 20 00 
I 

I 
K 1000 

I 
I 

1 
L 2000 

I 
I 

I 
L 2000 M 50 00 

<0.2"4 <0.2"4 <0.1 '1. <0.1"4 
L 2000 

I 
M 5000 

I 
M 5000 

I 

N 10,000 

I M 5000 

I 
N 10,000 

I 
N 10,000 P 20,000 

N 10,000 
±O,S"4 

P 20,000 1 
±0.5"4 

P 20,000 
±0.2'1. 

50,000 
±0. 2"4 

1 

I I 

Q 

I 
<0. 1"4 <0.1"4 

P 20,000 +0,002"4 Q 50,000 
+D'T

a Q 50,000 fO.002% R 
Q 50,000 

I 
R 100,000 I R 100,0 00 I <0.05"4 T <0,05'1. 

R 100,000 . 
(O.OS"4 

T 200,00 
<O.OS"4 

T 200,00 I U I I 1 

.. NOT USUALLY MANUFACTURED OR STOCKED. INQUIRIES ARE INVITED. 

Unit L'nit Unit Unit 
Type Code Word P"ice Type CodeWord Price Type Code Word Price Type Code Word Price 

975- J EAGLETJU~IP $4.75 976-K FA:-IGELKISS $5 .50 977- K GAXDERKISS ' $6.00 978-L HAMPERLEAP l7.Oo 
975-K EAGLE'1'KfS3 4 .75 976-L FAXGELI,EAP 5 .50 977-L GA:-IDERLEAP 6 .00 978-M HAMPER.\ULK 7 .00 
975-L EAGLE'rL.EAP 4 .75 976-M FA:-IG~L~lILK 5.50 977-M GANDER~IILK 6 .00 978-N HA~I PERNULL 7.75 
975-M EAGLE'l'MILK 4.75 976-N FANG8LKULL 6 .00 977-N GA~DER:-IUI, L 6 .75 978-P IIAMPERPARK 7.75 
975- N EAGLETNULL 5.25 976-P FA:-IGELPARK 6.00 977-P GAXDEHPAHK 6.75 978-0 HA~IPERQ UAD 7.75 
975- P EAGLETPARK 5 .25 976-0 I FA:-IGELQUAD 6 .00 977- 0 I GA:-IDEHQ UAD 6 .75 978-R I IlA~IPERHI"K 1 7.75 
975-0 EAGLETQU AD ,5.25 976-R FANGELRISK 6 .00 977- R GANDERHISK 6 .75 978-T IlA~IPERT!cK 8.50 
975- R EAGLETHISK 5.25 976-T FAXGEL'l'ICK 6.50 977- T GANDEHTICK 7.50 978-U HAMPERULNA 10.00 
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PAR T S 

TYPE 942-A 
OUTPUT TRANSFORMER 

90 WATTS CONTINUOUS RATING 

The TYPE 912-A Transformer is a high-level output 
and impedance-matching unit with excellent frequency 
response and low distortion. It is suitable for use in the 
highest-quality sound-rcpmducing systems, in radio 
transmitter modulators, and for general use as a high­
level step-up or step-down matching transformer. 

The low-loss toroidal core carries eight individual 
windings, giving a wide variet.v of impedance ra tios. All 
duplicate windings a re matched to the nearest turn. 
Leakage reactance between primar.\· sections is very 
small , to give minimum distortion from switchi ng 
transients in conventional push-pull circuits, and con­
nections to individual primaries are provided for the 
single-ended push-pull amplifier circuit. 

0 I 
~ / ::::-VV TC"", ~c , "'-A 

cV ($ '\ 50 \ . §£h , 
0 

2 
( ( db L 

I ", 20< 2(k 2<k 
3 A 4. 3.96 , 4 h 

B 0.50 0.48 0.36 22 
0.30 0.261 1.02 '2.8 

4 0 0.20 0.165 1.67 9.6 

10 20 50 100 200 , 
5f{J kc ~ ~:2~ ~~ 
FREQUENCY 

Primary Impedance: 6600 ct, 1650 ct, or 413 ohms. 
Secandary Impedance: 4, 8, 16 ct, 23, 32 ct, 47, 59, 93 
ohms. 
Impedance Transformation Rotios: 4.42, 7.04, 8.85, 12.89, 
17.70, 25.78, 28.16, 35.4, 5J .6, 70.8, 103.2, 112.6, 
141.6,206.2, 283.2, 413, 825, and 1650. 
Distortion: 1 % or less at nominal impedance and con­
tinuous rated power above 30 cps. 
Power Rating: 90 watts continuous for 35°e ambient. 
With d-r, in windings, rating must be reduced so as not 
to exceed allowable power loss. 
Allowable Power Loss: 8 watts for 300 e rise. 
Maximum Transformer Temperature : 65°e . 
Primary Inductance : Approximately 2-1 henrys at initial 
permeabi li ty with primaries in series, increases with 
operating level. 
Insulation: Tested for 2000 volts between individual 
windings and between each winding and case. 
Dimensions : (Height) 3%: inches x (diameter) 5U inches. 
Net Weight: 7 pounds. 

Type Code Word Price 

942-A I TRANTORDOG $65.00 
PATENT NOTICE. See Note 1, page viii. 

Transformers 

TYPE 941-A 
TOROIDAL TRANSFORMER 

FOR IMPEDANCE MATCHING OR BRIDGING IN 
LOW-LEVel 600-COMMUNICATION CIRCUITS 

This transformer has highly astatic windings and 
tight coupling. The toroidal core is a spiral of high­
permeabili ty-alloy tape. Identical pairs of windings on 
each half of the toroid minimize pickup and induction 
field, while close coupling between inner and outer 
windings keeps leakage reactance low and extends 
high-frequency response. 
Frequency and Impedance Ranges : See Table I 
Zero-Signal Inductance : Inner windings, in series, 5 to 6 
henrys; outer windings, in series, 20 to 21 henrys. 
Voltage Matching: Inner windings, 0.015% or better; 
ollter windings, 0.08% or better. 
Operating Level : See Table II 
Distortion: See Table II 
Resistance: Inner windings, in series, 9 ohms; outer 
windings, in series, 34 ohms. 
Dimensions : Aluminum case, 3% x 3Ys x 1% inches. 
~vIounting blocks project %! inch beyond case in 3Ys 
inch dimension. Mounting holes are 3% inches on cen­
ters and are drilled for clearance with 10- 32 machine 
screws. 
Net Weight: 137'2 ounces, 

Terminating 
Impedances 
f! I! 

600 9600 
600 2400 
600 2400 
600 600 
]50 600 
150 600 
37.5 600 

TABLE I 

Frequency for 
1 db drop 

80 c- 100 Kc 
20 c-135 Kc 
80 c-340 Kc 
20 c-200 Kc 

5 c- 50 Kc 
20 c-200 Kc 

5 c- 50 Kc 

TABLE" 
Level 

Watts dbm 
1.26 31 
1 30 
0.5 27 
0.032 15 

Type Code Word 

941-A TRAN'l'ORCAT 

Flat Insertion 
Loss Less than 

0.3 db 
0.2 db 
0.2 db 
0.1 db 
0.7 db 
0.2 db 
0.8 db 

60-cycle 
r-m-s distortion 

<1 % 
<0.5% 
<0.2% 
<0.1% 

Price 
$45.00 
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Transformer ~----- PAR T S 

TYPE 578 SHIELDED TRANSFORMER 

This transformer is used in direct-reading 
a-c bridges to isolate the bridge circuit from 
changes in electrostatic potential in the gen­
erator (or detector) circuit and to reduce the 
effect of the capacitance of the external circuit 
to ground. It can also be used to isolate any 
measuring circuit from the generator or de­
tector, or to produce a balanced output from 
a grounded generator. 

Three shields are used, one around each 
winding and a third to bring the core lamina­
tions to the potential of the case. The direct 
capacitance from primary to secondary is 
Jess than 0.3 J.i.J.i.f, and the capacitance added 
arross the bridge arms is less than 80 J.i.J.i.f, 
which is Jess than the usual generatol'-to­
ground capacitance. 

The transformer covers a wide frequency 
range and can be used either step-up or step­
down. 

Grounded bridge 
supplied through 
a double-shielded 
transformer. 
When case is 
grou nded, the 
capacita n ce 
placed acl'OSS 
each ca paci ta nce 
arm is 40 J1.J1.f. 
Note that the 
winding shie ld 
on the bridge 
side i s not 
g. rou~ded, but is 
floatmg. 

SPECIFICATIONS 

Turns Ratia: 4 to 1 or 1 to 4 . 
Ranges : See price table. 
Capacitances: see drawing. 

C" C2, C" CG • •• • • • • • ••• • •••• •• •••••• each 200 J1.J1.f 
Ca ... ... . .. . . . . ..................... . ... . 0.3 J1.J1.f 
C" Cg ••••• . •• • •• • •••• • •••••••••••••• . each 70 J1.J1.f 
~ .................................. . .... W~ 

Winding Inductance: Turns squared (sec table) multi­
plied by 3.5 x 10-6 henries, approx. 
D-C Resistance : (In ohms) 30 times inductance in 
hel1l'ies, approx. 
Voltage ' Limits : The high-impedance winding of TYPES 
578-A or -B may be connected directly across a U5-volt 
50- to 60-cycle line if the impedance connected to the 
other winding equals or exceeds the lowest value given 
under " low impedance" in the table below. The TYPE 
578-B may be used at 25 cycles under the same condi­
tions. 

For TYPES 578-A or -B, the 101Y-impedance winding 
may be connected directly to a 115-volt, 50- to 60-cycle 
line provided that the resistance across the high-imped­
ance winding exceeds 10,000 ohms. The TYPE 578-B 
may be used at 25 cyrles under the same conditions. 
Insulation: The insulation from winding to winding and 
from windings to case will withstand 1000 volts, peak. 
Dimensions: Base, 3Ys x 21~6 inches; height, 4Ys inches. 
Net Weight: 2Y2 pounds. 

I~ 

Impedance Range* 
Low-Impedance High-Impedance 

Type Turns Frequency Range* Winding Winding Code Word Price 
$25.00 

L . 

578-A 1600 to 2400 150 cycles to 10 kc 150 n to 5 kn 1 1 kn to 100 kn 1 
578-8 1000 to 4000 20 cycles to 5 kc 60 n to 6 kn 1.2 kn to 120 kn 
578-C 60 to 240 \ 2 kc to 500 kc 20 n to 2 kn 0.4 kn to 40 kn 

TABLE 
TENOR 
TEPID 

25.00 J ~~ 5~ 
25.0~ I}~ .1-0' 

~ 

*These ranges are for transmission within 6 db. At extremes of both impedance and frequency ranges, the transmission may be down by 
12 db. 
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PAR T S ~------ Dials 

TYPE 908· WB TYPE 901l·WA 

GEAR-DRIVE PRECISION DIALS 
The TYPE 907 and 908 Gear-Drive Precision 

Dials have aluminum d ial p lates with black 
anodized finish. Scales are individually en­
graved on an automatic, self-indexing engra\"­
ing mach ine. The fine, rad ial, accurately lo­
cated li nes d ivide the complete circ umference 
in l.o 360 divis ions numbered from 0 to 360. 

tlettings can be consistently dup licated to 
one-fifth of a d ivision , a ll o\\' ing a p recision of 
resetting of better than 0.06 % of full scale. 
Parall ax is eliminated bv the use of an indica­
tor that always remains' flush with the surface 
of the dial, ancl wh ich at the same time ab­
sorb, through the flex ibil ity of its mounting 
arm, any slight eccentricities of I he main shaft. 

The ring gear and dri\'e pinion are precis ion­
cut gears, sp ring p ressed to elim in ate any back­
lash. T he d ri \'e ratio is 10:1, and it is possible 
to use a cali brated vernier or i ncremen t dial on 
Lhe p inion shaft if desi red. Any standard 
TYPI~ 901 dial (page 237) can be adapted for 
lise 011 the p inion shaft. The drive pinion is 
held ill a sLainless-:steel collet, \\'hich runs in a 
phosphor-bronze bushing. The collet allows 

the dril'e to be adjusted for any panel t.hick­
ness up to %; inch. 

The main d ials are set permanently and 'e­
curely to their shafts through the use of t\\·o 
set-scre\\" 90° apart; th is procedure elim inates 
any d ia l back lash that migh t otherwise oc­
cur. The d ial hubs are bored to receive a 
3i-inch shaft, but a split bushing is furnished 
for u.-e \\"i th Ii -inch shafts. 

TIle dial indicator, knob , and all nece:s a ry 
mounting parhl are :supplied, as are complete 
drilling and mounling iilstructions. 
MOTOR DRIVES - ~ I otor dril'es for at ta('h­
ment to t.hese dial;.; arC' c1C'scribed on pa~e 202 . 

i\ lo tor dri ve 
a ll achcdto a 
908.type di a l 
on the TYPE 

130 1 .. B Bea l· 
F r eq ll e n cy 
Alld io Ge ll ' 
era lo r. 

Dial III ax. Panel Total 
Panel Area 

.Yet 
11' eight 

Code 
TVaI'd Type MOlmting AI'e Dil'isiolls Thickness 

~ 4-INCH DIAMETER GEAR-DRIVE PRECISION DIALS 

907- W A I Fron t-of -Panel I 
907- WB Bark-of-Panel 

360 
360 

~ 6-INCH DIAMETER GEAR-DRIVE PRECISION DIALS 
908- WA I Front-of-Panel 
908- WB Back-of-Panel 

PATENT NOTICE. ee Note 13, page "iii, 

360 
360 %; inch 

-l x [) inches 
oj x [) inehes 

(j x 7 L? inch('" 
(j x 7 1 ; inrheti 
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11 oz. 
11 oz. 

21 oz. 
1\) OZ, 

J)I'l'AB 

J)ll'OI' 

UlVAl' 

J)IVIM 

Price 

$10 .50 
10.50 

$14.50 
14.50 



Dials PAR T S 

FRICTION-DRIVE AND 

DIRECT-DRIVE DIALS 

TYPE 904-VF TYPE 902-TF TYPE 901-WD 

These dials a re attractive in a ppearance, with ac­
cUI'ate, photo-etched scales, and a re intended for uses 
where precisel.\' cut scales and precision drivps are not 
needed . Dial plates arc of aluminum, with black a nod­
ized finish. 

The friction-drive mechanism, which is available on 
the 2;)i-inch a nd ~- i n ch sizes, consists of a thin disc, 
which is mounted on the back of t he dia l plate, gri pped 
and driven by two small discs attached to the frietion­
drive shaft. The tension of the drive can be easily 

Dial 
T ype Arc Divisions 

~ 2-INCH DIAMETER - TYPE 901 DIALS 
901-TO 180° 

I 
100 

901-VO 270° 100 
901-WO 360° 100 

~ 2%-INCH DIAMETER - TYPE 902 DIALS 
902-TO 
902-VO 
902-TF 
902-VF 

180° 
270° 
180° 
270° 

100 
100 
100 
100 

~ 4-INCH DIAMETER - TYPE 904 DIALS 
904-TF 
904-VF 

PATENT NOTICE. See Note 13. page viii. 

100 
200 

adjusted after installat ion . 
D ia ls are insulated from the sha ft. Knobs are secured 

to their shafts b~' the use of two setscrews separated by 
90° a nd are supplied bored to receive a % -inch shaft. 
Bushings a rc supplied for lise on Yt-i nch shafts. 

The ind icators shown in the photographs are designed 
to remain Hush with the surface of t he dial, thus 
eliminating parallax a nd absorbing a n.v slight eccen­
tricit ies of the main sha ft . Indicators, mounting screws, 
drive knobs, and drill ing templates a re furnished . 

Net Code 
Drive TV eight lV ord P rice 

D irect 2 oz . DILOG $2.00 
D irect 2 oz. DILAP 2.00 
Direct 2 oz. DILID 2.00 

Direct 2>-"2 oz . DIMAP $2.50 
D irect 2 >-"2 oz. DUUD 2.50 
F riction, 3.3:1 + oz. DIMOB 4.00 
Friction, 3.3:1 4 oz. DIM lJG 4.00 

Friction, 5 :1 8 oz. DIPEN $5.00 
Friction, 5:1 8 oz. DIPlJT 5.00 

DIAL PLATES FOR 970-SERIES POTENTIOMETERS 

The 4-inch and 
2 ;)i-inch sizes a re 
reversible; one side 
for use as dia l p late, 
with pointer- type 
knob ; the other side 
for use as dial, at­
tached to knob. The 
2-inch size is single 
side, fo r dial plate 
on ly. Photos show, 
left to right, d ia l­
plate side of 970-P:3, 
d ia l side of 970-P2, 
970-P 1. Scales covel' 
fu ll angle of wind­
ing - 320°. 

5 
~ ....•.... 6' . . 

"0.- .,lto., 
'.~ ._. 

('J0 • • 
• (X) 

• -' 

. .' '(0 /. . 
o 

Type Dia. Use lVilh Type 

970-PI 1 2" 197 J, 972, 973, 974 
970-P2 2%," 975, 976 
970-P3 4" 977, 978 

........ 
5 6 ' . . : ·Do. . . ~. 

- 0). ~(\I ' •••• . ~.' ./ . 
o .. 0'.' . . 

GENERAL RADIO COMPANY 

Code 
TV orcl P rice 

I 

DIPAL \ $0.20 
DIPOT .45 
DIPUG .65 
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PAR T S --------- Knobs 

TYPE K N FLUTED KNOBS 
These molded phenclic knobs are used on General 

Radio laboratory instruments. Each is molded in one 
piece with :1 brass insert hored for a ;Va-inch shaft except 
t he TYPE KNSP-j, which is reamed for a !.i-i nch shaft. 
A bushing is furn ished with each of the others to adapt 
i t to a !.i-inch shaft. Knob is clamped to shaft by Lwo 
set-screws spaced 90 0 apart, except in TYPE KNSP-6, 
which has 135 0 spacing. TYPE KNB-I has single set­
screw. 

TYPE KNB-1 
TYPE KNB-2 

TYPE KNSP-1 

TYPE KNSP-6 

TYPE KNSP-8 

TYPE KNS-12 
The TYPE K F lu ted K nohs are shown apP"oxi-
ma tely t hree-eighths ac tua l size in the pho togl'aph. 

TYPE KNB-1 10/16" SKIRT DIA WITH BAR 
TYPE KNB-2 10/16" SKIRT DIA WITH BAR 

Bar-Type especially convenient on switches. 
Unit Prieet 5*- 19 20- 200- -100- 2000 
I n lots oJ H)9 :399 1!)90 up 
TYPE KNB-l $0 . 80 $0 .70 $0.65 $0 .60 $0.57 
TYPE KNB-2 $0.85 $0.75 $0 .70 $0.65 $0 .60 

Code Word: K~B-l, BARKNOBON1<; Weight Jor 5: 3% oz. 
Code Word: K~B-2, BARKNOBTWO W eight Jor 5: 6 oz. 

TYPE KNSP-1 10/16-INCH SKIRT DIA 

Unit Pried 1 5*-19 1 20-1 200- I 400- 1 2000 
In lots oJ 199 :399 I!)n!) up 

$0.60 $0.50 $0.47 $0.44 $0.42 

Code Word: NURLNOBDEN Net lVeightfor 5: 6 oz. 

TYPE KNSP-6 WITH POINTER 10/16" SKIRT DIA 
TYPE KNS-6 WITHOUT POINTER 
Unit Prieet 
In lots oJ 
KNSP-6 or 
KNS-6 

5*- 19 20- 200- 400- 2000 
199 :39n 1999 up 

$0.60 $0.50 $0.47 $0.44 $0.42 

Code Words : KNSP-6, NURLNOBSIX 
KNS-6, NURLNOBOLJT Net Weightfor 5: 5}2 oz. 

TYPE KNSP-8 WITH POINTER 110/16/1 SKIRT DIA 
TYPE KNS-8 WITHOUT POINTER 
Unit Price '!' 
I n lots oj 

5*-10 20- 200- 400- 2000 
199 399 19!)9 up 

KNSP-8 or 
KNS-8 

$0.70 $0.60 $0:-57 $0.54 $0 .52 

Code Words : KNSP-8, NLJRI.NOBATE 
KNS-8, NLJRI.NOBOAF Net lVeightJor 5: 8 oz. 

TYPE ZKNU-3 11 0/16/1 SKIRT DIA WITH SPINNER 
T hi knob has an a uxilia ry finger spinner so that knob 

can be spun rapidly with the index finger. Particularly 
useful with slow-motion drives. 
Code 1V0rd: SPINNOBTHE Net lVeight: 2%; oz . 
Unit Pliee $1.55 

TYPE KNSP-10 WITH POINTER 21,4/1 SKIRT DIA 
TYPE KNS-10 WITHOUT POINTER 
Unit Price r' 5*-19 20- 200- 400- 2000 
In lots oj 199 399 1999 up 
KNSP- IO or $0 .95 $0.82 $0.7 5 $0.70 $0.65 
KNS-lO 
Code Words: KNSP-lO, NLJHI.NOB'l'EN 

KNS- IO, NLJRLNOBORB Net Weight for 5: 12}2 oz. 

TYPE KNSP-12 WITH POINTER 2%" SKIRT DIA 
TYPE KNS-12 WITHOUT POINTER 
Unit Plice',' 
I n lots oj 
KNSP-1201' 
K NS-12 

5*-19 20- 200-
1 9~) 399 

$1.15 $1.05 $0 .95 

Code 1V0rds: KNSP- J2, NLJRLNOBGIG 

400- 2000 
j999 up 
$0.90 $0 .85 

K 1 S-1 2, NCRLNOBDOZ Net lVeightJor 5: 17 oz. 
PATENT NOTICE. See Note 13, page viii. 
* Minimum quantity sold . t Net. No further quantity discounts. 
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Plugs and Jacks ~ PAR T S 

PLUGS AND JACKS 

TYPE 274 PLUGS AND JACKS 

TYPE 274 Plugs and Jacks, origina ted by General 
Radio in J 92 ... , arc almost universally used in electron ics 
and communicaLions laboratories for connecting equip­
ment in temporary or semi-permanent setups and for 
connecLing plug-in clements in tuning systems and 
other laboratory instruments. All TyPIC 2H Plugs and 

TYPE 274-P PLUG 
Furnished with nut and soldering lug. 

Code TV ol·d: STANPARCAT 
Quantity Unit Pl·ice "f 

10*- 99... . . . . . . . . .. $0. 125 
100 - 999 . ........... . . 105 

1000 - 1999. . . . . . . . . . . . . . 087 
2000 - 19999. . .. ...... . .. .085 

TYPE 274-U PLUG 
Ji-28 threaded stud . Jack top accepts 

TYPE 274 P lug. Code IV ord: STANPARGOT 
Quantity Unit Price .j 

10*- 99.. . ...... . .... $0 .20 
100 - 999. . ... ......... .175 

1000 - 1099. . . . . . . . . . . . . . . 165 

TYPE 274-J JACK 
Fits TYPE 274 Plugs. N iekel-plated 

brass. Code II' ol·d: S'I'ANPARTOP 
Quantity Unit Plicei· 

10*- 99. . . . . . . . . . . . . $0 .06 
100 - 999 .. . .. .. . .... . .0495 

1000 - 1999..... .. . . . . . . .0468 
2000 - 10,999............. .044 

TYPE 274-SB SHORT-CIRCUIT 
PLUG 

Handy for shorting two terminals. 
Consists of two TYPE 274-U Plugs con­
nected by two plated links. 
Code IV ol·d: S'l'ANPARZ[P Price: $0 .75 

TYPE 674 JUMBO PLUGS 
AND JACKS 

Heavy-duty parts, designed for 35 
amperes. Similar in design to TYPE 274, 
but larger. Nickel-plated brass, with 
beryllium copper springs. Nuts and 
soldering lugs included. 

TYPE 674-P JUMBO PLUG 
Code TVord: STANPARAPE 
Quantity Unit hice "f 

10*- 99. . . . . . . . . . . . . . . . $0.53 
100 -190. . . . . . . . . . . . . . . . .48 
2{J0 -999. . . . . . .......... .43 

TYPE 674-J JUMBO JACK 
Code TV ord: STANPARAYE 
Quantity Unit Price "t 

10*- 99. . . . . . . . . . . . . . . . $0.22 
]00 - 199. .. .. ........ . .. .21 
200 - U09. . . . . ....... . . .. .20 
* ~Iinimum quantity sold. 
t Net prices. No further quantity discounts. 

Jacks are rated at 15 amperes. Plugs have nickel-plaLed 
brass stud, beryllium copper springs. Jacks are nickel­
plated brass. These p lugs and jacks are designed for 
positive and rel iable contact. The plug seats firmly in 
the jack so that the p lug springs are not depended 
upon for mechanical stability. 

TYPE 
274-MB 

INSULATED 
DOUBLE 

PLUG 

274-MB Ra. ;ng , 

. r-1-5/16 -i 15 Q . pe ak , 
Black ! _ 4000 v. pe a k, 

POly •• y.en~1 =m f B.eakdown, i ll 23.000 v . 

Polarity/ ru 1-11/16 peak 

Ind;,a'o, I i 1 
Set Screw -l 3/4 t- Di ss. foctor 

Clamps O.8 )J )J f < 0.0005 
all kc. 

Attractively designed, molded-polystyrene double­
plug assembly for rapid and conven ient connections in 
the laboratory. Fits TYPE 938 Binding Post and TYPE 
274 Jacks on standard % -inch spacing ; jack top permits 
stacking for multiple connections. Low capacitance, low 
losses, completely insulated for hand protection, polarity 
indication molded in. 

Code TVord: STAi'lPARBUG 
Quantity Unit Price ·r 

5*- 9........ . . .. . . . $0.65 
10 - 99..... .. ........ . 55 

100 - 19U. . . . . . . . . . . . . . . .52 
200 - 999. . . . .. . . . . . .... . 49 

1000 up. . . . . ............ .47 

TYPE 274-DB INSULATED SINGLE PLUGS 
Red or black polystyrene-insulated plug with jack 

t?P ; set screw clamp on plug end for wire or telephone 
tIp. 
TYPE 274-DBl (black) Code Word: STAPLUGANT 
TYPE 274-DB2 (red) Code Word: STAPLUGARC 

PO 'Y$,YrcnO~I/2rf Joel. , .. '''':111 ' .:,~:ok 
Clo mp ~J 

Quantity Unit Price t 
5- 9 . . . . . ... . . . $0 .50 

10- 99. . . . . . . . . . . .40 
100- J99 . . . . . . . . . . . .38 

274-081 274-082 
(blgclt ) (red ) 

200- 299. . . ........ .36 
1000 up. . . . . . . . . . . . .34 

TYPE 274-ND SHIELDED DOUBLE PLUG 
Double plug in die-case aluminum case for completely 

shielded connecLions to a pair of TYPE 938 Binding 
Posts. Cable entrance to cap is from either side, and 
polarity indication is provided. Fits TYPE 274-N F 
Universal Patch Cord (page 242) 
Code Word: STAPLUGDOG Price: $1.50 
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PAR T S 

TYPE 938 
BINDING 

POST 
HAS THE 

ELECTRICAL AND 

MECHANICAL 

PROPERTIES 

NEEDED 

FOR MODERN 

HECTRONIC 

INSTRUMENTS 

The TYPE 938 Binding Post is designed to 
meet exacting requirements. It combines ex­
cellent electrical pl"Operties and ingen ious 
mechanical design. Materials are carefull.v 
chosen for t heir electrical and mechanical 
properties - brass with Bright-Alloy plate 
for high conductivi ty, and polystyrene insu­
lation for high resistance and low power 
factor, either red or black for color cocling. 

It can be moun ted on metal 01' insulating 
panels, of a thickness from zel"O to i){6 inch. 

Binding Posts 

:\Iechan ical detai ls are shown below. The 
insu lators can be keyed to binding post and 
to panel for positive register. 

Six different methods of connection are 
po sible with this assembly (see below). The 
binding post has t he same height above 
panel as t he TYPE 874 Coaxial Con nector (sec 
page 61), whose center will take a TYPE 274 
Plug, so that a grounded binding post can 
be mounted adjacent to t he coaxial connec­
tor to fit a TYPE 274-l\IB Double P lug. 

PATENT NOTICE. Sce Note 3, page viii. Unit PTicfS'!' ]00- ]000- 2000- 10,000 
Type 

938-P 
938-R 
938-W 
938-WB 
938-WR 

Metal top, 938-F Spacer .. . ... .. . . ... . 
Metal top, red Insulators ...... ....•... 
Metal top, black insulators . .. .. . ..... . 
Black top and black insulators ... . .. . .. . 
Red top and red insulators •...... . .... . 

Code 'Word 10*- 99 
S'l'ANPARDO'l' $0.38 
S'l'AN PARGlG . 45 
STANPARANT .45 
S'l'ANPARBAN .53 
S'1'ANPARCUB . 53 

999 1999 9n99 ~ 
$0 .33 $0. 31 $0.30 $0.29 

.39 .36 .345 .33 

.39 .36 .345 .33 

.45 .42 .395 .38 

.45 .42 .395 .38 
* l\ Iinim utn quantity sold. The above binding post combi nations arc shipped unassembled. 
t Net prices. No further quantity discounts. " ' hen assembly and/ or individual packaging before shipment is 

required, add 5¢ per binding post for each operation. 

METHODS OF CONNECTION 

Banana plug 

U-= 
stabilized by 

U~ ~"~.' U~~ R __ ,=. 
I .10m,"., 

when fully alligator 
inserted For metol- clip fits -- @ Standard @CI~mp~all ~ ~ top binding inside ~ ~;: Spade terminal 

" Plug enters 
post only jack top ' .... with%" telephone wire sizes binding post , of all , throat will , tip , up to No. 10 body, assuring U binding clamp under without 

II contact even posts nut cutting when nul 
is loose ft"1'\ 

MECHANICAL DETAILS 

Locking keys in %-inch mounting bobs can be omitted if locking feature is not wanted. 
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Binding Posts PAR T S 

TYPE 938 BINDING POST- BASIC PARTS 
Binding posts and insulators are available separately 

for those who prefer to stock the basic parts and to 
assemble binding posts as required. 

T he insulators also will mOllnt a TYPE 938 Jack, see 
below. Both binding post and jack have soldering tips -
no lugs are used. 

PATENT NOTICE. See Note 3, page viii. 
Unit Pl"ices'i' 100-

Type Code TVaI'd 10*-99 999 
938-A Metal- Top Binding Post , , . . . . . . . . .. .. , S'l'AN PARASP $0.32 $0 .28 
938-C Black- Top Binding Post , . ' . .... .. . . .. . . S'l'ANPARAWL . 40 .34 
938-0 Red- Top Binding Post , ...... .. . .. .... . S'J'ANPARARM .40 .34 
938-BB Black Insulators (Pair} ........ • . . .... ' S'l'AN PARAUK . 13 .11 
938-BR Red Insulators (Pair}, , , ...... . .. . .. . .. S'l'ANPARATE . 13 .11 
938-F Spacer .. ... , .. . , . , .... . ..... . ...... S'l'ANPARBON . 06 .05 

OTHER ACCESSORIES FOR TYPE 938 BINDING POSTS 
TYPE 938-Z FLAT INSULA TORS 

These insulators mount two binding posts, and arc particularly easy to assemble, 
since %-inch spacing is maintained without exact machining. 

Price 'i' pel' pair 
5*- 100- 1000- 2000- 10,000 

Type Code TV01'd 99 999 1999 9999 up 
938-Z I Insulator I S'l'ANPARHOI) I $0.175 I $0.165 I $0.155 I $0.145 I $0.14 

1000- 2000- 10,000 
1999 9999 up 
$0 .26 $0.25 $0.24 

.32 .30 .29 

.32 . 30 .29 

.10 .095 .09 

.10 .095 .09 

.05 .05 .05 

Black Polystyrene %" square 

~nti-ratatianal 
~ socket 

~ll 
~3/4--1 

938-Z 

Fits Type 938 
Binding Posts 

TYPE 838-B ALLIGATOR CLIP TYPE 938-L SHORTING LINK 

Slender-nose clip that fits inside jack top of all T YPE 938 Binding Posts. 

Type 
838-B 1 Alligator CIiP I 
938-L Shorting Link 

Unit Pl"ices'j' 100- 200- 1000 
Code WOl"d 10*-99 199 999 up 
S'l'ANPARN IP 1 $0.15 1 $0.14 1 $0. 13 1 $0.12 
s'rANPARBE'r .10 .09 .09 .085 

TYPES 938-J JACK AND 938-X JACK ASSEMBLY 
A jack and jack assembly llsing TYPE 938-BB Insu lators. J ack is similar to 

T YPE 274-J J ack, but with longer shank. Fits TYPE 274 P lugs. 

Type Code Word 

:~:=~B I ~::~ A~~~';'bi;. 'BI~~k ' i~" ......... :: :: :: :: : I ~~~~:~=~~~ 
938-XR Jack Assembly; Red Ins . .... , .. , , . , , .. ! S'l'ANPARHIT 

* Minimum quantity sold. t Net prices, No further quantity discounts. 

Unit Prices'i 
10*-99 

I 
$0.32 I 

.45 

.45 

100-
999 
$0.28 

. 39 

.39 

GENERAL RADIO COMPANY 

I 
Bright-Allay- Captive link for 
plated brass rapidly connecting 
.........-. or disconnecting 
--.....A.. binding posts 

mounted on 

938-L JA" centers 

1000-
1999 
$0.25 

. 35 

.35 

2000-
9999 

$0 .22 I 
.315 
.315 

10,000 
up 

$0.21 
.30 
.30 
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PAR T S Patch Cords 

'il. 

'Type 
274-NF 

TYPE 274-NF UNIVERSAL PATCH CORD 

50 n Choraderistic Impedance Tinned Copper Braid 3400 v. peak , breakdown 

3 amperes peak , rating .116"d \ Block 1200 v. peak, .rating 

V' I' . RTMA Standard 
~ Polyethylene ,ny,'e _ I . . 

;:all'- ----... d.- ....L..TelephoneT,ps 
~-r ~ . . . =-- - rAWG 20 ."... Q IE-Brlght-Alloy-
95~~f --..-, Stranded Tinned '--' • 3/8'd plated brass 
-~ Copper ~ __ .Connect to 

I Pigtail 3 long 274-NF . I Bonding Posls 
I---- 3 fee! ~ Directly 

The TYPE 274-NF P atch Cord is thc basic unit of 
an extremcly versatile s.vstem of conncctors. By usc of 
ava ilable adaptors a nd p lugs, conncctions ca n be made 
to General R adio TYPE 874-Coaxial Elemcnts, TYPE 
938 Bind ing Posts, and Genera l Radio TyPE 938-B 
Cl ips. Army-1\avy type N, B1\'C, C, HN, a nd UHF 
coaxial con nectors, and VHF and UHF transmission 
lines are all accommodated through thc '1'1'1' 1, 874 
Coaxia l Adaptors on page 62. These conll<'ctions ean ,...1 
be made with a minimum number of units, permitting 
maximum fjcxibility from a given patch cord and 
con neetor assortmen t. 

The photogmph at Lhe left indicatcs how the TYPE 
27.J-NF Patc h Cord is attached to the TYPE 874-Qu 
Ada ptor, 1'1'1'1, 8:38-B All igator Clips, the TYPE 274-1\IB 
Double P lug, and the TYPE 274-ND Shielded Double 
Plug. 

Code lVord 
Patch Cord .. .. .•.... ..... ..• . .. . •. . . . .... .•.. . . • . . .. • . . . . • . . . .. 1 STAN PA RG AG $1 .50 

(A bove) TYPE 274.-NCO 

(Below) TYPE 274-NEO 

TYPE 274-NCO PATCH CORD 
The TYPE 274-NCO is a th rp-p--foot shielded lead 

tcrminatcd \\'it h TYPI, 271-:\TB doub le plugs. 

T ype Code IV ord 
274-NCO I Patch Cord · . . 1 S'l'A N PARZOO I $3.50 

TYPE 274-NEO PATCH CORD 
Thc TYPE 27~-~EO is 11 shiclded lead, three feet 

long, termina tcd with TYPE 27·I-ND shielded double 
plugs whi ('h a rc permanentl ~' attached. 

T ype Code IV ord 
274-NEO I Patch Cord .. . 1 STAPL UG EY1" 

TYPE 874-06 ADAPTOR 

P rice 
$5 .00 

Fits TYPE 271 -NF Universal Patch Cord to ronnc('t 
TYPE 87·[ Coax ial sy~Lem Lo TY), I, 27-+ ba na na-plug 
term inals )pagc 2:30). 

Coaxial patch cords are dcscribed on page 60. 
T ype Code IV ord 
874-Q6 I Adaptor . ..1 COAXCJ.QSEU 

P'I'ice 
$2.25 

A 3-wire power cord and mat­
ing receptacle are also avail ­
able . Write for details. 

(A bove) 
TYPE 874-Q6 

Adaplor 

(Left ) 
TYPE CAP-3S 
Power Cord 

PATENT NOTICE. See Note 4, page viii. 

TYPE CAP-35 POWER CORD 
This is the pO\\'er cord supplied wi th Gcneral R adio 

a-c opcrated instruments; TYPE SJ cord rated by thc 
Undel'\\Tilers Laboratories at 7 ampcres and 230v rill s. 
r\ high-quali ty, durable ('onncctor, desi)l;lled fo r rugged 
service. Cord is 7 feet long, (·onsistin g of Lwo No. 18 
stranded conductors, rubber covered . Plug and con­
nector bodics arc molded in rubber dirc(· t ly to thc rubber 
sheath of the cable. 

Typc~e~~ __ ~~ __ ~~~ __ C~oc~le~l V~o~r~d __ ~l~J~ri~ce~ 
CAP- 35 I Powe r Cord . I 8 oz. I CORDY $1.75 
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Smith Charts ------~ ---- APPENDIX 

SMITH CHARTS 

In measurements on transmission-line cir­
cuits, it is often necessary to determine, or 
to conect for, the impedance transformation 
produced by a length of line. Transmission-line 
equations can be used to make the calcula­
tion, but the process is laborious. A chart with 
which the calcu lations can be made graph­
icall y with very little effort has been devised 
by P. H. Smith 1 and is known as the Smith 
chart. In many cases valuable information 
can be gained by directly plotting a series of 
measurements on the chart. In addition to the 
application indicated above, the chart can be 
used to determine the VSWR corresponding 
to any impedance and to convert from imped­
ance to admittance and vice versa. This chart 
is very useful for measurements using the 
TnE 1601-A V-H-F Bridge, TYPE 1602-B 
U-H-F Admittance Meter, and the TYPE 874-
LBA Slotted Line. 

Smith charts are usually drawn with 
normalized impedance coordinates, so that 
they can be used with lines of any impedance. 
For work at a single characteristic impedance, 
a chart reading directly in impedance or 
admittance is more convenient, because it 
eliminates the normalizing operation. Four 
forms of the Smith chart are available, one 
1 Electronics, Vol. 17, No . I , pp. 130- 133,318- 325, January 1944. 

Type 

with normalized coordinates, one with 1": :-n11-
alized expanded coordinates, one with im­
pedance coordinates (50-ohm characteristic 
impedance), and one with admittance co­
ordinates (20-millimho characteristic admit­
tance) . The 50-ohm characteristic impedance 
(20-mi lli mho characteristic admittance) is 
common to a ll General Radio coaxial equip­
ment. Charts are printed on thin 8Yz" x 11" 
paper. 

Several copies of the appropriate chart are 
furnished with the TYPE 874-LBA Slotted 
Line, the TYPE 874-UB Balun, the TYPE 
160l-A V-H-F Bridge, and the TYPE 1602-B 
U-H-F Admittance Meter. Charts for other 
applications and additional charts for use 
with the above instruments can be obtained 
from General Radio Company at the f01l0w-
ing prices: 

Quantity 
50 

100 
200 
500 

1000 
2000 

Price 
$2.00 

3.75 
7.00 

14.00 
25.00 
47 .00 

Be SLlre to specify which type of chart is 
wanted. 

Code TV07'd Price 

Smith Chart-Admittance Coordin c:tes .. .... . . ... .. .... .. . ADMITCI-IART See Above 
(20-mi Ilimho Characteristic Admittancel 

Smith Chart-Impedance Coordinates . . . ... . ... .. . . .. .. ... . 
(50-ohm Characteristic Impedance) 

Smith Chart-Normali:red Coordinates . ...... .. ..... . . . .. . 
Smith Chart-Normalized Expanded Coordinates .... .. . . .. . 

IMPEDCI-IART 

NORMACI-IAR'.r 

EXPANCI-IART 

GENERA L RAD I O COMPANY 

See Above 

See Above 
See Above 
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APPENDIX 

The accompanying chart may be used to find: 
(1 ) The reactance of a given inductance at a given 

frequency . 
(2 ) The reactance of a given capaeitance at a given 

frequency. 
(3 ) The resonant frequency of a given inductance and 

capacitance. 
In order to faci litate the determination of magnitude 

of the quantities involved to two or three signifiC'ant 
figUl'es t he chart is divided in to two parts. FigUl'e I is the 
complete chart to be used for rough calculations. Figure 

Reactance Charts 

2, which is a single decade of Figure 1 en larged approxi­
mately 7 times, is to be used where the significant two 
or three figures a re to be determined . 

TO FIND REACTANCE 
Enter the charts vertically from the bottom (fre­

quency) and along the lines slanting upward to the left 
(capacitance) or to the right (inductance). Correspond­
ing scales (upper or lower) must be used throughout. 
Proj ect horizonta lly to the left from the intersection and 
read reactance. 

Write for Enlarged Copies of These Charts 
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Reactance Charts APPENDIX 

Always obtain approximate value from Figure 1 before using Figure 2 
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TO FIND RESONANT FREQUENCY 
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6 7 8 9 10 

USE OF FIGURE 2 

Enter the slanting lines for the given inductance and 
capacitance. Project downward from their intersection 
and read resonant frequency fro m the bottom scale. 
Corresponding scales (upper or lower ) must be used 
throughou t. 

Example: The sample point indicated (Figure 1) 
corresponds to a frequency of about 700 kc and an in­
ductance of 500 /-Lh, or a capacitance of 100 /-L/-Lf, giving 
in either case a reactance of about 2000 ohms. The 
resonant frequency of a circuit conta ining these value, 
of inductance and capacitance is, of course, 700 kc, 
approximately. 

Figure 2 is used to obtain additiona l preCISIOn of 
reading but does not place the decimal point which must 
be located from a preliminary entry on Figure 1. Sil1('e 
the chart necessarily requires two logarithmic decades 
for inductance and capacitance for every single decade 
of frequency and reactance, unless the correct decade for 
L and C is chosen, the calculated values of reactance and 
frequeney will be in error by a facto r of :3. 16. 

Example : (Continued. ) The reactal1('e corresponding 
to 500 /-Lh or 100 /-L/-Lf i ~ 2230 ohms at 712 kc, their reso­
nant frequency. 
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APPENDIX ---~ Decibel Tables 

DECIBEL CONVERSION TABLES 

It is convenient in measurements and cal­
culations on communications systems to ex­
press the ratio between any two amounts of 
electric or acoustic power in units on a log­
arithmic scale. The decibel (l/lOth of the bel) 
on the briggsian or base-10 scale and the neper 
on the napierian or base-e scale are in almost 
universal use for this purpose. 

Since voltage and r,urrent are related to 
power by impedance, both the decibel and the 
neper can be used to express voltage and cur­
rent ratios, if care is taken to account for the 

D ecibel- The number of decibels Ndb corre­
sponding to the ratio between two amounts 
of power PI and P2 is 

N PI 
db = 10 loglo P

2 
(1) 

When two voltages EI and E2 or two cur­
rents II and 12 operate in identical impedances, 

EI (2) Ndb = 20 loglo E 
' 2 

and 
II 

Ndb = 20 loglo 12 (3) 

If EI and E2 or II and 12 operate in unequal 
impedances, 

EI Z2 
Ndb = 20 loglo E2 + 10 loglo ZI 

kl + 10 loglo k2 (4) 

and 
II ZI 

Ndb = 20 loglo 12 + 10 loglo Z2 

kl + 10 log[o ~ (5) 

where ZI and Z2 are the absolute magnitudes 
of the corresponding impedances and kl and 
lc2 are the values of power factor for the im­
pedances. E I , E 2, II, and 12 are also the abso­
lute magnitudes of the corresponding quanti­
ties. Note that Table I and Table II can be 

impedances associated with them. In a similar 
manner the corresponding acoustical quanti­
ties can be compared. 

Table I and Table II on the following 
pages have been prepared to faci litate making 
conversions in either direction between the 
number of decibe~s and the corresponding 
power, voltage, and current ratios. Both 
tables can also be used for nepers and the 
mile of standard cable by applying the con­
version factors from the table on the oppo­
site page. 

used to evaluate the impedance and power 
factor terms, since both are similar to the ex­
pression for power ratio, equation (1). 

N eper - The number of nepers N nep corre-

d
. . PI. 

spon 109 to a power ratIO P
2 

lS 

N 
1 PI 

nep = 2 loge P
2 

(6) 

F It t · EJ t' I J or vo age ra lOS E2 or curren ratIOS 1-

working in identical impedances, 

and 

EI 
N nep = loge-E 

'2 

N Il 
nep = loge 12 

(7) 

When EI and E2 or II and 12 operate 111 

unequal impedances, 

EI 1 Z2 1 kl 
N n ep = loge E2 + 2 loge ZI + 2 loge ~ (8) 

and 

II 1 Zj 1 kl 
N nep = loge [2 + 2 loge Z2 + 2 loge k2 (9) 

where ZI and Z2 and kl and ~ are as in equa­
tions (4) and (5). 
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Decibel Tables -----~ ----- APPENDIX 

RELATIONS BETWEEN DECIBELS, NEPERS, AND MILES OF STANDARD CABLE 

Multiply By To Find 
decibels . . . .. . 
decibels ..... . 

miles of standard cable 
miles of standard cable 

nepers ....... . 
!lepers . ...... . 

.1151 
1.056 

.941 

.109 
8.686 
9.175 

nepers 
miles of standard cable 

decibels 
nepers 
decibels 

miles of standa rd cable 

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES 

Values outside the range of either Table I 
or Table II on the following pages can be 

readily found with the help of the following 
simple rules : 

TABLE I: DECIBelS TO VOLTAGE AND POWER RATIOS 

Number of decibels positive (+ ) : Subtract 
+20 decibels successively from the given 
number of decibels until the remainder falls 
within range of Table 1. To find the voltage 
ratio, multiply the corresponding value from 
the right-hand voltage-ratio column by 10 
for each time you subtracted 20 db. To find 
the power ratio, multiply the corresponding 
value from the right-hand power-ratio column 
by 100 for each time you subtracted 20 db. 

Example--=Given: 49.2 db. 
49.2 db - 20 db - 20 db = 9.2 db 
Voltage ratio: 9.2 db ~ 2.884 

2.884 X 10 X 10 = 288.4 ~ 49.2 db 
Power ratio: 9.2 db ~ 8.318 

8.318 X 100 X 100 = 83180 ~ 49.2 db 

Number of decibels negative ( - ) : Add +20 
decibels successively to the given number of 
decibels until the sum fa lls within the range 
of Table 1. For the voltage ratio, divide the 
value from the left-hand voltage-ratio column 
by 10 for each t ime you added 20 db . For the 
power ratio, divide the value from the left­
hand power-ratio column by 100 for each time 
you added 20 db. 

Example -Given: -49.2 db 
-49.2 db + 20 db + 20 db = -9.2 db 
Voltage ratio: - 9.2 db ~ .3467 

.3467 X 1/ 10 X 1/ 10 = .003467 ~ 
- 49.2 db 

Power ratio: -9.2 db ~ .1202 
.1202 X 1/ 100 X 1/ 100 = .00001202 ~ 
-49.2 db 

TABLE II: VOLTAGE RATIOS TO DECIBelS 

For ratios smaller than those in table-Mul­
tiply the given ratio by 10 successively until 
the product can be found in the table. From 
the number of decibels thus found, subtract 
+20 decibels for each time you multiplied 
by 10. 

Example-Given: Voltage ratio = .0131 
.0131 X 10 X 10 = 1.31 

From Table II, 1.31 ~ 2.345 db 
2.345 db - 20 db - 20 db = -37.655 db 

For ratios greater than those in table -Divide 
the given ratio by 10 successively until the 
remainder can be found in the table. To the 
number of decibels thus found, add +20 db 
for each time you divided by 10. 

Example-Given: Voltage ratio = 712 
712 X 1/ 10 X 1/ 10 = 7.12 

From Table II, 7.12 ~ 17.050 db 
17.050 db + 20 db + 20 db = 57.050 db 
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APPENDIX ---~ Decibel Tables 

TABLE I 

GIVEN: Decibels TO FIND: Power and{ ~~~tr~~~ } Ratios 

TO ACCOUNT FOR THE SIGN OF THE DECIBEL 

For positive <+) values of the decibel - Both vQltage 
and power ratios a re greater than unity. Use the two 
right-hand columns. 

-VOltage Power 
Natio Ratio 

1.0000 1.0000 
.9886 .9772 
.9772 .9550 
.9661 .9333 
.9550 .9120 

?( .9441 .8913 
.9333 .8710 
.9226 .8511 
.9120 .8318 
.9016 .8128 

;") .8913 .7943 
.8810 .7762 
.8710 .7586 
.HolO .7413 
.8511 .7244 

.8414 .7079 

.8318 .6918 

.8222 .6761 

.8128 .6607 

.8035 .6457 

-1 .7943 .6310 
.7852 .6166 
.7762 .6026 
.7674 .5888 
.7586 .5754 

'1 .7499 .5623 
, .7413 .5495 

.7328 .5370 

.7244 .5248 

.7161 .5129 

t .7079 .5012 
.6998 .4898 
.6918 .4786 
.6839 .4677 
.6761 .4571 

"7 .6683 .4467 
...- . . 6607 .4365 

.6531 .4266 

.6457 .4169 

.6383 .4074 

-' ) .6310 
w .6237 

.3981 

.3890 
.6166 .3802 
.6095 .3715 

Example - Given: ± 9.1 db Find: 

-db+ .. . 
db 
0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 
1.1 
1.2 
1.3 
1.4. 

1,5 
1.6 
1.7 
1.8 
1.9 

2.0 
2.1 
2.2 
2.3 
2.4 

2.5 
2.6 
2.7 
2.8 
2.9 

3.0 
3. 1 . 
3.2 
3.3 
3.4 

(f5 
3.6 
3.7 
3.8 
3 .9 

4.0 
4 .1 
4.2 
4.3 

Voltage Power 
Ratio Ratio 
1.000 1.000 
1.012 1.023 
1.023 1.047 
1.035 1.072 
1.047 1.096 

1.059 1.122 
1.072 1.148 
1.084 1.175 
1.096 1.202 
1.109 1.230 

\ 1.122.) 1.259 
1.135 1.288 
1.148 1.318 
1.161 1.349 
1.175 1.380 

1.1 '9 1.413 
1.202 1.445 
1.216 1.479 
1.230 1.514 
1.245 1.549 

1.259 1.585 
1.274 1.622 
1.288 1.660 
1.303 1.698 
1.318 1.738 

1.334 1.778 
1.349 1.820 
1.365 1.862 
1.380 1.905 
1.396 1.950 

1.413 1.995 
1.429 2.042 
1.445 2.089 
1.462 2.138 
1.479 2.188 

1.496 2.239 
1.514 2.291 
l.53~ 2.344 
l.549 2.399 
l.567 2.455 

1.585 2.512 
l.603 2.570 
1.622 2.630 
1.641 2.692 

For negative < - ) values of the decibel - Both voltage 
and power ratios are less than unity. Use the two left­
hand columns. 

PO'J'el" 

Ratio 
+9.1 db 8. 128 
-9.1 db 0 .12.30 

Voltage Po!"er 
Hatio Ratio 
.5623 3162 
.5559 .3090 
.5495 .3020 
.5433 .2951 
.5370 .2884 

7 5309 .2818 
.5248 .2754 
.5188 .2692 
.5129 .2630 
.50i0 .2570 

.5012 .2512 
.4955 .2455 
.4898 .2399 
.4842 .2344 
.4786 .~2!Jl 

~7.4732 .2239 
.4677 .2188 
.4624 .2138 
.4571 .2089 
.4519 .2042 

-? .4467 .1995 
.4416 .1950 
.4365 .1905 
.4315 .1862 
.4266 .1820 

! .4217. .1778 
.4169 .1738 
.4121 .1698 
.4074 .1660 
.4027 .1622 

I .3981 .1585 
.3936 .1549 
.3890 .1514 
.3846 .1479 
.3802 .1445 

..> 3758 .1413 
.3715 .1380 
.3673 .1349 
.3631 .1318 
.3589 .1288 

.354~ .1259 
.350 .1230 
.3467 .1202 
.3428 .1175 

Voltage 
Ratio 

2.851 
0.3508 

-db+ .... 
db 
5.0 
5.1 
5.2 
5 .3 
5.4 

5.5 
5.6 
5.7 
5.8 
5.9 

6.0 
6.1 
6.2 
6.3 
6.4 

6.5 
6.6 
6.7 
6.8 
6.9 

7.0 
7.1 
7.2 
7.3 
7.4 

7.5 
7.6 
7.7 
7.8 
7.9 

8.0 
8.1 
8.2 
8.3 
8.4 

8.5 
8.6 
8.7 
8.8 
8.9 

9.0 
9.1 
9.2 
9.3 

Voltage POUler 
Ratio Ratio 
1.77S- - 3."i62 -

1.799 3.236 
l.820 3.311 
l.841 3.388 
1.862 3.467 

l.884 3.548 
1.905 3.631 
1.928 3.7 15 
1.950 3.802 
1.972 3.890 

1.995 3.981 
2.018 4.074 
2.042 4. 169 
2.065 4.266 
2.089 4.365 

2.113 4.467 
2.138 4.57 1 
2.163 4.677 
2. 188 4.786 
2.213 4.898 

2.239 5.012 
2.265 5.129 
2.291 5.248 
2.317 5.370 
2.344 5.495 

2;.3.71 5.623 
2.399 5.754 
2.427 5.888 
2.455 6.026 
2.483 6.L66 

2.512 6.310 
2.541 6.457 
2.570 6.607 
2.600 6.761 
2.630 6.918 

2.661 7.079 
2.692 7.244 
2.723 7.413 
2.754 7.586 
2.786 7.762 

2.818 7.943 
2.851 8.128 
2.884 8.318 
2.917 8.511 

.6026 .3631 4.4 1.660 2.754 

, .5957 .3548 4.5 l.679 2.818 
/ .5888 .3467 4.6 l.698 2.884 

.3388 .1148 9.4 2.951 8.710 

.3350 .1122 <"' 9.5 2.985 8.913 

.3311 .1096 9.6 3.020 9.1 20 
J~ 

.5821 .3388 4.7 1.718 2.951 .3273 .1072 9.7 3.055 9.333 

.5754 .3311 4.8 1.738 3.020 .3236 .1047 9.8 3.090 9.51iO 

.5689 .3236 4.9 1.758 3.090 .3199 .1023 9.9 3.126 9.772 
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Decibel Tables 

Voltage Power 
Ratio Ratio 
.3162 .1000 
.3126 .09772 
.3090 .09550 
.3055 .09333 
.3020 .09120 

~ .08913 
.08710 

.2917 .08511 

.2884 .0831 

.2851 .08128 

.2818 .07943 
.271:>6 .07762 
.2754 .07586 
.2723 .07413 
.2692 .07244 

.2661 .07079 

.2630 .06918 

.2600 .06761 

.2570 .06607 

.2541 .06457 

2512 .06310 
.241::13 .06166 
.2455 .06026 
.2427 .0581::18 
.2399 .05754 

.2371 .05623 

.2344 .05495 

.2317 .05370 

.2291 .05248 

.2265 .05129 

.2239 .05012 
.2213 .041::191::1 
.211::18 .04786 
.2163 .04677 
.2138 .04571 

.2113 .04467 

.2089 .04365 

.2065 .04266 

.2042 .04169 

.2018 .04074 

.1995 .03981 

.1972 .03890 

.1950 .03802 

.1928 .03715 

.1905 .03631 

.1884 .03548 

.1862 .03467 

.1841 .03388 

.1820 .03311 

.1799 .03236 

.1778 .03162 
.1758 .03090 
.1738 .03020 
.1718 .02951 
.1698 .02884 

.1679 .02818 

.1660 .02754 

.1641 .02692 

. 1622 .02630 

.1603 .02570 

~--- APPENDIX 

TABLE I (continued) 

-db+ 

Voltage Power Voltaa · 
db Ratio Ratio Ratio 

10.0 3.162 10.000 .1585 
10.1 3.199 10.23 .1567 
10.2 3.236 10.47 .1549 
10.3 3.273 10.72 .1531 
10.4 3 .311 10.96 .1514 

10.5 3.350 11.22 .1496 
10.6 3.388 11.48 .1479 
10.7 3.428 11.75 .1462 
10.8 3.467 12.02 .1445 
10.9 3.508 12.30 .1429 

11.0 3.548 12.59 .1413 
11.1 3.589 12.88 .1396 
11.2 3.631 13.18 .1380 
11.3 3.673 13.49 .1365 
11.4 3.715 13.80 .1349 

11.5 3.758 14.13 .1334 
11.6 3.802 14.45 .1318 
11.7 3.846 14.79 .1303 
11.8 3 .890 15 .14 .1288 
11.9 3.936 15.49 .1274 

12.0 3.981 15.85 .1259 
12.1 4.027 16.22 .1245 
12.2 4.074 16.60 .1230 
12.3 4.121 16.98 .1216 
12.4 4.169 17.38 .1202 

IG) 4.217 17.78 .1189 
2.6 4.266 18.20 .1175 

12.7 4.315 18.62 .11 61 
12.8 4.365 19.05 .1148 
12.9 4.416 19.50 .1135 

@.O 4.467 19.95 
HI.I 4 .519 20.42 

.1122 
.1109 

13.2 4.571 20.89 .1096 
13.3 4.624 21.38 .1084 
13.4 4.677 21.88 .1072 

13. 4.732 22.39 .1059 
13.6 4.786 22.91 .1 047 
13.7 4.842 23.44 .1035 
13.8 4.898 23.99 .1023 
13.9 4.955 24.55 .1012 

14.0 5.012 25.12 .1000 
14.1 5.070 25.70 
14.2 5.129 26.30 
14.3 5.188 26.92 
14.4 5.248 27.54 

14.5 5.309 28.18 
14.6 5.370 28.84 
14.7 5.433 29.51 
14.8 5.495 30.20 
14.9 5 .559 I 30.90 

Voltaae 
Ratio 

3.162 X I0 J 

15.0 5.623 31.62 10- ' 
15.1 5 .689 32.36 3.162X 10- 2 

15.2 5.754 33.11 10- 2 

15.3 5.821 33.88 
15.4 5.888 34.67 3.162XlO- 3 

10- 3 

15.5 5.957 35.48 3.162XlO- ' 
15.6 6.026 36.31 10- ' 
15.7 6.095 37.15 3. 162X 10-5 

15.8 6.166 38.02 
15.9 6.237 38.90 10- 5 

-db+ 

Power 
Ratio db 

.02512- 16.0 
.02455 16.1 
.02399 16.2 
.02344 16.3 
.02291 16.4 

.02239 16.5 

.02188 16.6 

.02138 16.7 

.02089 16.8 

.02042 16.9 

.01995 17.0 

.01950 17.1 

.01905 17.2 

.01862 17.3 

.01820 17.4 

.01778 17.5 

.01738 17.6 

.01698 17.7 

.01660 17.8 

.01622 17.9 

.01585 18.0 
.01549 18.1 
.01514 18.2 
.01479 18.3 
.01445 18.4 

.01413 18.5 

.01380 18.6 

.01349 18.7 

.01318 18.8 

.01288 18.9 

.01259 19.0 
.01230 19.1 
.01202 19.2 
.01175 19.3 
.01148 19.4 

.01122 19.5 

.01096 19.6 

.01072 19.7 

.01047 19.8 

.01023 19.9 

.01000 20.0 

-db+ .... 
Power 
Ratio db 
10-'- 10 
10- 2 20 
10- 3 30 
10- ' 40 

10-5 50 
10-6 60 
10- 7 70 
lO-s 80 
10-0 90 

10- 10 100 

To find decibel values outside the range of this table, see page 247 

GENERAL RADIO COMPANY 

Voltaae Power 
Ratio Ratio 
6.310 39.81-
6.383 40.74 
6.457 41.69 
6.531 42.66 
6.607 113.65 

6.683 44.67 
6.761 45.71 
6.839 46.77 
6.918 47:86 
6.998 48.98 

7.079 50.12 
7. 161 51.29 
7.244 52.48 
7 .328 53.70 
7 .413 54.95 

7.499 56.23 
7.586 57.54 
7.674 58.88 
7.762 60.26 
7.852 61.66 

7.943 63.10 
8.035 64.57 
8.128 66.07 
8.222 67.61 
8.318 69.18 

8.414 70.79 
8.511 72.44 
8.610 74.1 3 
8.710 75.86 
8.811 77.62 

8.913 79.43 
9.016 81.28 
9.120 83.18 
9.226 85.11 
9.333 87.10 

9.441 89.13 
9.550 91.20 
9 .661 93.33 
9.772 95.50 
9.886 97.72 

10.000 100.00 

Voltaae Po ,cer 
Ratio Ratio 

3.162 1-0 -
10 102 

3. 162X 10 103 

102 10' 

3.162X 102 105 

103 106 

3. 162X103 107 

10' lOS 
3.162X 10' 109 

105 1010 

249 



APPENDIX - ------~---- Decibel Tables 

TABLE II 

GIVEN :{ Voltage } Ratio 
Current 

TO FIND: Decibels 

POWER RAT IOS 

To f ind Ih e number of decibe ls co rresponding 10 a given 
powe r ralio - Assume the given power ratio to be a 
voltage ratio and find the corresponding number of 
decibels from the table. The desired result is exactly 
one-half of the number of decibels t hus found. 

Voltaoe 
Ratio .00 .01 .02 .03 .04 

--ro .000 .086 --.172 --.2~ .341 
1.1 .828 .906 .984 1.062 1.138 
1.2 1.584 1.656 1.727 1.798 1.868 
1.3 2.279 2.345 2.411 2.477 2.542 
1.4 2.923 2.984 3 .046 3.107 3 .167 

1.5 3 .522 3.580 3.637 3.694 3.750 
1.6 4.082 4.137 4.190 4.244 4 .297 
1.7 4.609 4.660 4.711 4.761 4.811 
1.8 5.105 5.154 5.20 1 5.249 5.296 
1.9 5.575 5.621 5.666 5.711 5.756 

2.0 6.021 6.064 6.107 6.150 6. 193 
2.1 6.444 6.486 6.527 6.568 6.608 
2.2 6 .848 6.888 6.927 6.966 7.008 
2.3 7.235 7.272 7.310 7.347 7.384 
2.4 7.604 7.640 7.676 7.712 7.748 

2.5 7.959 7.993 8.028 8.062 8 .097 
2.6 8.299 8.333 8 .366 8.399 8.432 
2.7 8.627 8 .659 8.691 8.723 8.755 
2.8 8.943 8 .974 9.005 9.036 9.066 
2.9 9.248 9.278 9.308 9.337 9.367 

3.0 9.542 9.571 9.600 9.629 9 .657 
3.1 9.827 9.855 9 .883 9.911 9.939 
3.2 10.103 10.130 10.157 10.184 10.211 
3.3 10.370 10.397 10.423 10.449 10.475 
3.4 10.630 10.655 10.681 10.706 10.731 

3 .5 10.881 10.906 10.931 10.955 10.980 
3 .6 11.126 11.150 11 .174 11.198 11 .222 
3.7 11.364 11.387 11.411 11.434 11.457 
3.8 11.596 11 .618 11.641 11.664 11.687 
3.9 11.821 11.844 11.866 11.888 11.910 

4.0 12.041 12.063 12.085 12.106 12.128 
4.1 12.256 12.277 12.298 12.319 12.340 
4.2 12.465 12.486 12.506 12.527 12.547 
4.3 12.669 12.690 12.710 12.730 12.750 
4.4 12.869 12.889 12.908 12.928 12.948 

4 .5 13 .064 13 .034 13.103 13.122 13.141 
4.6 13.255 13 .274 13.293 13.3 12 13.330 
4.7 13.442 13.460 13 .479 13.497 13.516 
4 .8 13.625 13.643 13.661 13 .679 13.697 
4.9 13 .804 13.822 13.839 13.857 13 .875 

5.0 13.979 13.997 14.014 14.031 14.049 
5.1 14. 151 14.168 14.185 14.202 14 .219 
5.2 14.320 14.337 14.353 14.370 14.387 
5.3 14.486 14.502 14.518 14.535 14.551 
5.4 14.648 14.664 14.680 14.696 14.712 

5.5 14.807 14.823 14.839 14.855 14 .870 
5 .6 14.964 14.979 14.995 15.010 15.026 
5.7 15 .117 15.133 15.148 15.163 15.178 
5.8 15.269 15.284 15.298 15.313 15.328 
5.9 15.417 15.432 15.446 15.461 15.476 

Example - Given: a power ratio of 3.41. 
Find: 3.41 in the table: 

3.41~ 10.655 db (voltage) 
10.655 db X Y2 = 5.328 db (power) 

.05 .06 .07 .08 
.424 .506 .5st! .668 

1.214 1.289 1.364 1.438 
1.938 2.007 2.076 2.144 
2 .607 2.671 2.734 2.798 
3.227 3 .287 3.346 3.405 

3.807 3.862 3 .918 3.973 
4.350 4 .402 4.454 4 .506 
4.861 4.910 4.959 5 .008 
5 .343 5.390 5.437 5.483 
5.801 5.845 5.889 5.933 

6.235 6 .277 6.319 6.361 
6.649 6.689 6 .729 6 .769 
7.044 7.082 7.121 7.159 
7 .421 7.458 7.495 7.532 
7.783 7.819 7.854 7.889 

8.131 8. 165 8.199 8.232 
8.465 8.498 8.530 8.563 
8.787 8.818 8.850 8 .881 
9.097 9 .127 9.158 9.188 
9.396 9.426 9.455 9.484 

9.686 9.714 9.743 9.771 
9.966 9.994 10.021 10.049 

10.238 10.264 10.291 10.317 
10.501 10.527 10.553 10.578 
10.756 10.782 10.807 10.832 

11.005 11.029 11.053 ' 11.078 
11.246 11.270 11.293 11.317 
11.481 11.504 11.527 11.550 
11.709 11.732 11.754 11.777 
11.932 11.954 11.976 11.998 

12.149 12.171 12.192 12.213 
12.361 12.382 12.403 12.424 
12.568 12.588 12.609 12.629 
12.770 12.790 12.810 12.829 
12.967 12.987 13 .006 13.026 

13.160 13.179 13.198 13.217 
13 .349 13.368 13.386 13.405 
13 .534 13.552 13 .570 13.589 
13.715 13.733 13.751 13 .768 
13.892 13.910 13.927 13.945 

14.066 14.083 14.100 14.117 
14 .236 14.253 14.270 14.287 
14.403 14.420 14.436 14.453 
14.567 14.583 14.599 14.616 
14.728 14 .744 14 .760 14.776 

14.886 14.902 14.917 14.933 
15.041 15.056 15 .072 15.087 
15.193 15.208 15.224 15.239 
15.343 15.358 15.373 15.388 
15.490 15.505 15.519 15.534 
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.09 
.749 

1.511 
2.2 12 
2.860 
3.464 

4.028 
4 .558 
5 .057 
5.529 
5.977 

6.403 
6.809 
7.197 
7.568 
7.924 

8 .266 
8 .595 
8.912 
9 .218 
9.513 

9.799 
10.076 
10.344 
10.604 
10.857 

11.102 
11.341 
11.573 
11.799 
12.019 

12.234 
12.444 
12.649 
12.849 
13.045 

13.236 
13.423 
13.607 
13.786 
13.962 

14.134 
14.303 
14.469 
14.632 
14.791 

14.948 
15. 102 
1,s.2M 
15.402 
15.549 



Decibel Tables ----~ APPENDIX 

TABLE II (continued) 

Voltage 
~I I 

-
Ratio .00 .02 .03 .04 .05 .OU .07 I_.~ .09 
6.0 15.563 15.577 15.592 15.606 15.621 15.635 15.649 15.664 15.678 15.692 
6. 1 15.707 15.721 15.735 15 .749 15.763 15.778 15.792 15.806 15.820 15.8:34 
6.2 15.848 15.862 15.876 15 .890 15.904 15 .918 15.9:31 15.945 15.959 15.973 
6.3 15.987 16.001 16.014 16.028 16.042 16.055 16.069 16.083 16.096 16.110 
6.4 16.124 16.137 16. 15 1 16. 164 16.178 16.191 16.205 16.218 16.232 16.245 

6.5 16.258 16.272 16.285 16.298 16.312 16.325 16.338 16.351 16.365 16.378 
6.6 16.39 1 16.404 16.417 16.430 16.443 16.456 16.469 16.4 3 16.496 16.509 
6.7 16.521 16.534 16.547 16.560 16.573 16.586 16.599 16.6 12 16.625 16.637 
6.8 16.650 16.663 16.676 16.688 16.701 16.714 16.726 16.739 16.752 16.764 
6.9 16.777 16.790 16.802 16.8 15 16.827 16.840 16.852 16.865 16.877 16.890 

7.0 16.902 16.914 16.927 16.939 16.951 16.964 16.976 16.988 17.001 17.013 
7.1 17.025 17.037 17.050 17.062 17.074 17.086 17.098 17.110 17.122 17.135 
7.2 17.147 17.159 17.171 17.183 17.195 17.207 17.219 17.231 17.243 17.255 
7.3 17.266 17.278 17.290 17.302 17.314 17.326 17.338 17.349 17.361 17.373 
7.4 17.385 17.396 17.408 17.420 17.431 17.443 17.455 17.466 17.478 17.490 

7.5 17.501 17.513 17.524 17.536 17.547 17.559 17.570 17.582 17.593 17.605 
7.6 17 .616 17.628 17.639 17.650 17.662 17.673 17.685 17.696 17.707 17.719 
7.7 17.730 17.741 17.752 17.764 17.775 17.786 17.797 17.808 17.820 17.831 
7.8 17.842 17.853 17.864 17.875 17.886 17.897 17.908 17.919 17.931 17.942 
7.9 17.953 17.964 17.975 17.985 17.996 18 .007 18.ot8 18.029 18.040 1 ' .051 

8.0 18.062 18.073 18.083 18.094 18.105 18. 116 18.127 18.137 18.148 18.159 
8. 1 18.170 18.180 18.191 1 .202 18 .212 18.223 18.234 18.244 113.255 18.266 
8.2 18.276 18.287 18 .297 18 .30 ' 18 .319 18.329 18.340 18 .350 18.361 18.37 1 
8.3 1 .382 18.392 18.402 18.4 13 18.423 18.434 18.444 18.455 18.465 18.475 
8.4 18.486 18.496 18 .506 18.517 18.527 18 .537 18.547 18.558 18.568 18.578 

8.5 18.588 18.599 18.609 18.619 18.629 18.639 18.649 18 .660 18.670 18.680 
8.6 18.690 18.700 18.7 10 18.720 18 .730 18. 740 18.750 18.760 18.770 18.7S0 
S.7 IS.7!JU IS.SUU IS.SlO I S.82U 18.830 18.840 18. 50 18 .860 18.870 18 .SS0 
8 .8 1 .890 18.900 18 .909 18.919 18.929 18.939 18.949 18 .958 18.968 18 .978 
8.9 18.988 18.998 19.007 19.G17 19.027 19.036 19.046 19.056 19.066 19.075 

9.0 19.085 19.094 19.104 19.114 19.123 19.133 19.143 19.152 19.162 19.171 
9.1 19.181 19.190 19.200 19.209 19.219 19.228 19.238 19.247 19.257 19.226 
9.2 19.276 19.285 19.295 19.304 19.313 19.323 19.332 19.342 19.351 19.360 
9.3 19.370 19.379 19.388 19.398 Hl.407 19.416 19.426 19.435 1\\444 19.453 
9.4 19.463 19.472 19.481 19.490 19.499 19.509 19.518 19.527 19.536 19.545 

9.5 19.554 19.564 19.573 19.582 19.591 19.600 19.609 19.u18 19.627 19.636 
9.6 19.645 19.654 19.664 19.673 19.682 19.691 19.700 19.709 19.718 19.726 
9.7 19.735 19.744 19.753 19.762 19.771 19. 780 19.789 19.798 19.807 19. 16 
9.8 19. 25 19.833 19.842 19.85 1 19.860 19.H69 19.H78 19.886 19.895 19.904 
9.9 19.913 19.921 19.930 19.939 19.948 19.956 19.965 19.974 19.983 19.991 

Voltage 

I. Ratio 0 1 2 3 4 5 6 7 8 9 
10 20.000 20.828 21.584 22.279 22.923 23.522 24.082 

--
25.105" 24.609 25.575 

20 26.02 1 26.444 26.84 27.235 27 .604 27.959 28.299 28.627 28.943 29.248 
30 29.542 29.827 30.103 30.370 30.630 30.881 31.126 31.:364 31.596 31.821 
40 32.041 32.256 32.465 32.669 32.869 33 .064 33 .255 33.442 33.625 33.804 

50 33.979 34.151 34.320 34.486 34.648 34.807 34.964 35. 117 35.269 35.417 
60 35.563 35.707 35.848 35.987 36. 124 36.258 36.39 1 36.521 36.650 36.777 
70 36.902 37.025 37. 147 37.266 37.385 37.501 37.616 37.730 37.842 37.953 
80 38.062 38.170 38.276 3 ' .382 38.486 31:>.588 31:>.690 38.790 38.890 38.988 
90 39.0 '5 39. 181 39.276 39.370 39.463 39.554 39.645 39.735 39.825 39.913 

100 40.000 - - - - - - - - -

To find ratios outside the range of this table, see page 247 
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Type 

CAP-35 
DNT 
K~ 

M-2 
M-5 
M-10 
V-2 
V-5 
V-lO 
V-20 
W-2 
W-5 
W-50 
50-PI, P2 
60-AM, AU 
71-A 
107 
200-B 
214-A 
219 
274 
274 
301-A 
314-A 
371-A, T 
380 
471-A 
480-P 
500 
505 
509 
510 
544-B 
546-C 
561-D 
578 
583-A 
631-BL 
631-P1 
648-A 
648-P1 
650-A 
650-P1 
651-AE, AH 
667-A 
670-F 

674 
715-A 
716-C 
716-CS1 
716-P4 

252 

B Y T Y P E NUMBER 

Name Page 

Po\\'er Cord 242 
Detectors 69 
Knobs 238 
Variac@ Autotransformer 215 
Variac@ Autotransformer 215 
Variac@ Autotransformer 215 
Superseded by Type W-2, 210 
Superseded by Type W-5, 211 
Variac@ Autotransformer 212 
Variac@ Autotransformer 213 
Variac@ Autotransformer 210 
Variac@ Autotransformer 211 
Variac@ Autotransformer 214 
Chokes 20R, 214 
Superseded by Type M 215 
Variac Transformer, 216 
Variable Inductor 164 
Superseded by Type W-2, 210 
Superseded by 970-Series, 231 
Decade Condenser 160 
Plugs and Jacks 239 
Patch Cords 242 
Superseded by 970-Series, 231 
Superseded by 970-Series , 231 
Superseded by 970-Series, 231 
Superseded by 9S0-Series, 158 
Superseded by 970-Series, 231 
Panels 117 
Resistor , 175 
Capacitor 155 
Capacitor 156 
Decade Resistance Unit 170 
Megohm Bridge 16 
A-F Microvolter 135 
Vacuum-Tube Bridge 43 
Shielded Transformer 235 
Output Power Meter 133 
Strobotac 192 
Strobotron . 192 
Strobolux 193 
Replacement Lamp 193 
Impedance Bridge 28 
Oscillator-Amplifier 29 
Oscillograph Recorders 228 
Inductance Bridge 30 
Compensated Decade 

Resistor . 172 
Jumbo Plugs and Jacks 239 
Superseded by Type 1230-A 2 
Capacitance Bridge 18 
Capacitance Bridge 20 
Guard Circuit 22 

Type 

720-A 

722 
723 
736-A 
740-B 
759-P21 

759-P22 
7S9-P25 

Name 

Heterodyne Frequency 
Meter. 

Precision Capacitor 
Vacuum-Tube Fork 
Wave Analyzer , 
Capacitance Test Bridge, 
Tripod and Extension 

Cable 
100-foot Cable 
Dynamic Microphone 

Assembly 
Vibration Pickup 
Control Box 
Sound Analyzer 

Page 

85 
151 
109 
224 

25 

182 
181 

181 
182 
182 
186 

7.59-P35 
759-P36 
760-B 
761-A 
762-B 
783-A 
805-C 
821-A 
830-R 
838-B 

Vibration Meter 188, 189 
190 
134 
96 
42 

Vibration Analyzer 
Output Po\\'er Meter 
Standard Signal Generator 
Twin-T 

874 
874-LBA 
874-MD 
901-8 
907-R 
908-Pl, P2 
908-R 
916-A 
916-AL 
938 
940 
941-A 
942-A 
970 
970-P 
980 
1000-P3 
1000-P4 
1000-P5 
1000-P6 
1000-P7 
1000-PI0 
100l-A 
1021 

Wave Filter 
Alligator Clip 
Coaxial Elements, 
Slotted Line and Vernier 
Slotted-Line Motor Drive 
Dials 
X-Y Dial Drives 
Synchronous Dial Drives 
X-Y Dial Drives 
Superseded by Type 1606-A 
Radio-Frequency Bridge, 
Binding Posts and Jacks 
Decade Inductor 
Toroidal Transformer 
Output Transformer 
Potentiometer 
Potentiometer Dial Plates 
Decade Capacitor Unit 
Voltage Divider 
Dummy Antenna . 
Transformer 
Crystal Diode Modulator 
Balanced Modulator 
Test Loop 
Standard-Signal Generator 
Standard-Signal 

Generators, 
1100-AP, AQ Frequency Standard 
1105-A Frequency Measurement 

Equipment 
1106-A, B, C Frequency Transfer Units 
l107-A Interpolation Oscillator 
1108-A Coupling Panel. 

225 
241 
45 
46 
48 

236 
203 
202 
203 

36 
38 

240 
165 
234 
234 
231 
236 
1.58 
98 
98 
98 
99 

100 
98 
94 

92 
74 

77 
80 
82 
83 
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Type 

1109-A 
1110-A 

1170-B 
1176-A 
1181-A 

lI81-AT 
1184-A 
1201-A 

1202-A 

1203-A 
1204-B 

1206-B 
1208-B 
1209-B 
121O-B 
121O-P1 
1211-B 
1212-A 
1212-P1, P2 
1213-C 

1214-A 
1215-B 
1216-A 
1217-A 
1218-A 
1219-A 
1220-A 
1230-A, AE 

1231-B 

1231-P 
1233-A 
1261-A 
1262-A 
1263-A 

1301-A 
1301-P1 
1302-A 
1303-A 

1304-B 

1307-A 
1330-A 
1390-A 
1390-P1 

IN D E X B Y 

Name Page 

Comparison Oscilloscope. 84 
Interpolation Frequency 

Standard 86 
F-M Monitor 138 
Frequency Meter . . 89 
Frequency Deviation 

Monitor 138 
Color Subcarrier Monitor 139 
TV-Transmitter Monitor. 140 
Unit Regulated Power 

Supply 145 
Unit Vibrator Po\\·er 

Supply 146 
Unit Power Supply 144 
Un it Variable Power 

Supply 145 
Unit Amplifier 5 
Unit Oscillator 116 
Unit Oscillator 116 
Unit R-C Oscillator. 114 
Detector and Discriminator 115 
Unit Oscillator 113 
Unit Xull Detector 66 
Filters 67 
Unit Time/ Frequency 

Calibrator 88 
UniL Oscillator 112 
U ni t Osci lla tor 117 
Unit IF Amplifier 68 
Unit Pulser 122 
Unit Oscillator 117 
Unit Pulse Amplifier 123 
Unit Klystron Oscillator. 118 
D-C Amplifier and 

Electrometer . 2 
Amplifier and Null 

Detector 64 
Filters and Attenuator . 65 
Power Amplifier 4 
Power Supply 147 
Power Supply 147 
Amplitude-Regulating 

Power Supply 148 
Low-Distortion Oscillator 103 
Range Extension Unit. 103 
Oscillat.or 108 
Two-Signal Audio 

Generator 106 
Beat-Frequency Audio 

Generator 104 
Transistor Oscillator 109 
Bridge Oscillator . . 110 
Random Noise Generator 124 
Voltage Divider 125 

Type 

1391-A 

1401 
1419-A 

1420 
1432 
1450 
1454-A 
1481 
1482 
1490 
1501-A 
1530-A 
1532-B 
1534-A 
1.535-B 
1550-A 

1551-A 
1.551-P1 

1551-PU 
1552-B 
1555-A 
1556-A 
1570-A 

1601-A 
1602-B 
1603-A 
1604-B 
1605-A 
1606-A 
161O-A 

1611-A 
1651-A 
1652-A 
1690-A 
1691-A 
1700-5 
1702-P3 
1705-P1 
1750-A 
1800-B 
1800-P 
1803-B 
1862-B 
1931-A 
1932-A 

1932-P1 
1951-A 

T Y P E NUMBER 

"Vame Page 

Pulse, S\\·eep, and Time-
Delay Generator 120 

Fixed Air Capacitor. 154 
Polystyrene Decade 

Capacitor . . . . 157 
Variable Air Capacitor 230 
Decade Resistor 169 
Decade Attenuator 173 
Decade Voltage Divider 174 
Standard Induct.or 163 
Standard Inductor 162 
Decade Inductor 165 
Light Meter 136 
MicroAash . 196 
Strobolume 194 
Polariscope 197 
Contactor 195 
Octave-Band Noise 

Analyzer 185 
Sound-Level Meter 178 
Condenser Microphone 

System 180 
Attenllator Pad. 181 
Sound-Level Calibrator 184 
Sound-Survey Meter 183 
Impact K oise Analyzer 187 
Automatic Voltage 

Regulator 218 
V-H-F Bridge 39 
U-H-F Admittance Meter 40 
Z-y Bridge 34 
Comparison Bridge 31 
Impedance Comparator 32 
R-F Bridge 36 
Capacitance Measuring 

Assembly 24 
Capacitance Test Bridge. 26 
Bolometer Bridge. 50 
Resistance Limit Bridge. 14 
Dielectric Sample Holder 23 
Capacitance Test Jig 21 
Variac® Speed Controls 220 
Switch 220 
Drum Controller 220 
Sweep Drive . 200 
Vacuum-Tube Voltmeter. 128 
Multipliers 131 
Vacuum-Tube Voltmeter. 130 
Megohmmeter 132 
Modulation Monitor. 142 
Distortion and Noise 

Meter. 226 
A-M Detector Unit 227 
Filter 67 
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Adaptor Plug, Microphone. . . • • 
Adaptors, Coaxial. . . . . . . . . 
Adjustable Autotransformer, Variac® 
Adjustable Lines and Stubs, Coaxial 
Adiustable Power Supply. 
Admittance Meter, UHF 
Admittallce Bridge, A-F 
Air Capacitor, Fixed 

Precision. 
Standard 
Variable. 

Air Line, Coaxial 
Alligator Clip 
A-M Detector 
Amplifier, Audio-Frequency 

Direct Curren t 
Power . . . . . . . . 
Pulse ... .. . 

Amplifier and Null Detector 
Amplitude Modulator . . . 
Amp litude-Regulating Power Supply. 
Analyzer, Impact Noise 

Noise 
Octave-Band 
Sound 
Vibration. 
Wave 

Antenna, Dummy. 
Antenna lVleasuring Equipment. 
Attenuator, Adjustable. 

Coaxial ..... . .. . 
Decade ........ . 
Pad (for sound-level meter) 

Audio-Frequency 1leter . . . . 
Microvolter. . . . . . . . 
Oscillator. 

Audio Generator , Beat-Frequency. 
Two-Bignal. . . 

Automatic Voltage Regulator. 
Automatic Dial Drives 
Autotransformer, Variac® 

Page 
185 
62 

206- 217 
54, 56 

1,1.5 
40 
3..1 

1M 
151- 153 
151.-J54 

56,151-15:3,2:30 
54 

241 
49,227 

4,5,6,1.,65 
2 
4 

123 
6,1., 66 

99,100 
148 
187 

185,186,187 
185 

185, 186 
190 
224 

98 
36,38,39,40 

64 
57 

17:3 
181 
80 

1:35 
82, 103- 1]4 

10..1 
106 
218 

199- 202 
206-217 

Balanced 110dulator 100 
Balun. ... . . 52 
Band AnaIY7,er , Octave- 185 
Band-Pass F il ter . . . 225 
Bar Knobs 238 
Basic Connector, Coaxial 61 
Basic Motor Speed Controls 221,222 
Beat-Frequency Oscillators. 82, 104, 106 
Binding Posts 240 
Bolometers.. ..... 50 
Bolometer Bridge . . . . . 50 
Bridges, Antenna 1leasuring 36,38,39,40 

Bolometer 50 
Capacitance 18,20,2,1.,25,26,28,34,36,38,39,42 
D-C limit . . . . . . . . .. H 
High-Resistance . . . . . . . . . . .. 16 
Impedance 28,31,32,34,36,38,39,40 
Impedance Comparison 31, :32 
Inductance. . 30 
Megohm 16 
Power Factor. . 25, 26 
Radio-Frequency 20,36,38,39,40,42 
Resistance H , 16, 28 
U-H-F. • . . . . .. 40 

Page 
Universal. . • 28,34 
V-H-F. . . . 39 
Vacuum Tube ..13 
Z-Y 34 

Bridge Amplifier . G4, 66 
Bridge Amplifier-Oscillator 29 
Bridge Detector 29, 6..1, G6, 69 
Bridge Guard Circui t . 22 
Bridge Transformer . . 235 
Broad-RInd Modulator . . . 99, 100 
Broadcast Monitors, Frequency and Modula-

tion . . . . . . . . . . 137- H3 

Cable, Coaxial . . . . . . 60 
Cable, Extension and Tripod 182 
Cable Connectors, Coaxia l . 61 
Calibrator, Sound-Level . . 18..1 
Cali brator, Time/ Frequency . . . . 88 
Camera (Continuous-Film Recorder). . . 228 
Capacitance Bridge 18, 20,2..1, 25,26,28,36,38, :39, 42 
Capacitors . . . . . . . 1-Jrl- l60 
Capacitor, Air Dielectric. 56, 151- 15,1.,230 

Decade 157 158 160 
Fixed . . . . . 15..1: 155: 156 
Mica Dielectric 155, 156, 158- 160 
Paper Dielectric . . 158- lGO 
Polystyrene Dielectric 157, 158 
Precision. . 15l- 153 
Standard 151-153,15-1-,156 
Variable Air . . . 56,151-1.5:3,2:30 

Capacito r Test Fixture . . 21 
Case for Sound-Survey Meter 183 

for Transistor Osci llator 109 
Chokes (for Variacs) ... 208 2J 4 
Cliplock, Coaxial . . . . . ' Gl 
Coaxial Elements . . . . . 5..1-62 
Coaxia l Pate-hcords . . . . . . . GO 
Color T-V, Subcarrier Frequency Monitor 1:39 
Comparator, Impedance 32 
Comparison Bridges 1+, 3J, 32 
Comparison Oscilloscope 8..1 
Compensated Decade Res istor 172 
Component Mounts 3,59 
Condenser Microphone System 180 
Connecto rs, Coaxial . . . . . 61 

Sh ielded . . . 239 
Contactor, Stroboscopic . .. 195 
Control Box and Vibration Pickup 182 
Centrols, Motor Speed 220- 222 
Cords, Patch and Power 2..12 
Couplin g E lements, Coaxial 56 
Couplin g Panel 83 
Crystal Diode Mod ulator. 99, 100 

Decade Attenuator 
Derade Capacitor 
D ecade Inductor 
Decade Resistor 
Decade Switches 
IkcRoe Voltage Divider 
Delay Generator, Time 
Detector and Discriminator. 
Detectors 
Detectors, Nu ll . .... 
Detector, Voltmeter . . . . 
Deviation Monitor, Frequency 

173 
157- 160 

165 
.lG9-172 
159,171 

174 
120 
115 

49, 63-69, 227 
63-69, 156,223 

..19 
. . . .. 138 
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Dial, Direct-Drive and Friction-Drive 
Gear-Drive, Precision . . 

Dial Drives, Synchronous 
X-Y .. . . . . .. . 

Dial Drives, Automatic Sweep 
Dielectric l\Ieasuring Bridge 
Dielect ric Sample Holder . 
DioGe Modulator, Crystal . 
Discriminator, Detector and 
Direct-Current Amplifier . 
Distortion and Noise ;'ileter . 
Drive, ])ial . . . . . 
Drive, Sweep . . . . . . . 
Drum Controller . . . . . 
Dummy Antenna . . . . . . 

Page 
237 
236 
202 

. 203 
19!J- 202 

18, 20, 24 
22 

99,100 
11 :3 

2 
. 226 

190- 202 
200 
220 

98 
181 Dynamic l\Iicrophone Assembly . • • • • • . 

Electrometer . . 

F-l\I l\fonitor. . 
Filter Band-Pass 

Coaxial . 
High-Pass . 
Lo\\,-Pass .. 
~ejedion .. 
Tuned Circuit 
\Vave . 

Flash, High Spere! ... 
Fork, Vacuum-Tube Driven 
Frequency-Deviation l\Ionitor . 
Frequency l\Jeasuring Equipment 
Frequency Meter, Audio 

Heterodyne. . 
Frequency IoniLor . 
Frequency Slandard . 
Friction-Drive Dial . 
Fuse Bolometer. . . 

Gear-Drive Dial. 
Generator, 0 ::i llator . 

Pulse 
Random-)I"oise . 
Sq uare- \\' a ye 
Standarcl-Signal 

Guard Circuit. 

2 

139 
225 
58 
67 
58 
58 

65, 67 
225 
J!J6 
1O!J 
1:38 
77 
89 

80,85 
138, I-II 

74 ,88 
2:37 

51 

. 236 
10 1-118 
11 9-123 

. J24 
114, J20, J22 
... 90-100 

22 

186, J90, 224 
80,85 

180 

Harmonic Anah'zer . . . . 
Heterodyne Frequency Meter 
High-Level l\Iicrophone . 
High-Pass Filler . . 67 
High-Speed Light Source 192,193, 19'1,196 

Impact Noise Analyzer .. 
Impedance Bridge . . . . 
I mpedance-1\[atching Transformer 
Inductance Bridge 
Inductor, Decade 

Fixed 
Standard . 
Variable .. 

Insulated Plugs. . . . . 
Insulators, Panel Terminal . . . . . . 
Intermed iate-Frequency Amplifier, Unit 
Intermodulation Test Source 
Interpolating Frequcney Standard 
Interpolation Equipment 
In terpolalion Osci Ilator 

Jacks and Plugs 
Jumbo Plugs and Jacks 

Eit , Slottrd Line . 
EI\'stron Oscillator 
Kliobs .. . ..• 

187 
26,28,3-! 

234 
30 

165, 166 
. 162, 163 

162, 16:3, 16-! 
16.J. 
2:39 
241 

68 
106 
86 
77 
82 

239 
239 

47 
118 
238 

IN D E X BY TIT L E 

Light l\1eter . . . . • • • • • • • • 
Limit Bridge, R esistance. . . • • 
Limit Bridges . . . . . . • 
Lines and Line Elements, Coaxial . 
Line, SlotLcd . . . . . . 
Loop, Tcst 
Low-Distortion Oscillator 
Low-Pass Filter. . . . . 

l\fatched Terminations, Coaxial 
:\Iechanical Sweep Drive. 
l\Iegohm Bridge 
l\iegohmmeter . . . . . 
:\Iega-megohmmeter . . . 
l\Ieter, Audio Frequency . 

Distortion and :\oise 
Frequency J )eyiation 
Heterodyne Freljuency 
Light . 
l\legohm .. 
1\' oise 
Ou t put . .. 
Sound-Level 
Sound-Survey . . 
U-H-F Admittance . . 
Vacuum-Tube Voltmeters 
Vibration ... .... . 

Microflash . . . . . . . . . 
1\J icro-microammeter 
l\IlCrophone Adaptor Plug 
l\Jicrophone Assembly, Dynamic 
l\Iicrophone System, Condenser . 
l\Iicroyolter . . . . . . 
l\Iixer-Reetifier . . . . 
l\Iodulation l\lonitor . 
l\Iodulalor, Amplitude. 
:\Iodulator, Balanced . . 
l\Iodulalor, Crystal Diode 
l\Iodulator, Video 
l\Ionitors, Frequency 
l\Ionitors, l\Iodulation . . 
;\lotor Driye, Slotted Line 
l\Iotor D ri Ye, Dial 
:\lotor Dri Ye, Sweep. . . 
:\lotor Speed Controls.. . .... 
:\Iulliplier (For Vacuum-Tube Voltmeter) 
Multiyibrators . 
Mutual Inductance Standard 

Noise AnaIY7.er, Impulse 
Octave-Band . . 

Noise Generator, Random 
oise l\lcter. .. 

Null Detector and Amplifier 
Null Detector, Unit .... 

Page 
136 
lJ 

14,31,32 
5-! 
46 
98 

103 
58 

55 
200 

16 
2, 132 

2 
89 

226 
138 

80,85 
136 

2,1:32 
178,183 
133, 1:34 

178 
183 
40 

128, 130 
188 
196 

2 
185 
181 
180 
1:35 
51 

· H2 
99,100 
· 'JOO 
90,100 

. . 9n,100 
138, J :3n, J"IO 

139-14:3 
48 

199- 20:3 
200 

220- 222 
1:31 
75 

164 

187 
185 

· 12-l 
178, 183 

6-! 
66 

Octaye-Band Noise Analyzer . . . 185 
Oscillator, Audio . . . 82, 103- 112, 114 

Beat-Frrqllency . 82, I ~H, J06 
Dia l Driye . . . . 190- 20:3 
Eleetro-l\Il'chanical 100 
In lerpolation . . 82 
Inverse Feedback 103, 108 
Kh'sLron . 118 
Piczo-Elcctri c . . . .. . 75,88 
lladio-Freq uency . . .. . 80, no, ]1:3, 116- 118 
Resistance-Capacitance Tuned 103, J08, I I-! 
S\\'eep Drive . . . . 200 
Transistor . . . . . 100 
TlIning-Fork-Driven 109 
U1lra-H igh-Frequency 116- 118 
Very-High-Frequency . 116- 117 
SlIpcr-High-Freqllency. 118 

Oscillator-Amplifier " • • • • • 29 
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Oscillograph Recorder . . 
Oscilloscope, Comparison 
Output-Power Meter . . 

Pad, Attenuator . 
Panel Terminal Insulator 
Parts and Accessories . 
Patch Cord 
Pickup, Vibration . . . 
Piezo-Electric Oscillator 
Plugs and J acks 
Polariscope. . . . . . 
Polyethylene Cable . . 
Polystyrene Capacitors 
Potentiometers 
Power Amplifier 
Power Cord 
Power Meter, Output . . 
Power Output Tra nsformer . . 
Power Supply . . . . . . . . . . 
Power Supply, Amplitude Regulating 
Power Supply, Unit . . . . . 
Precision Capacitor . . . . . 
Precision Dia l . . . . . . . . 

Page 
228 
84 

133, 134 

· 57, 181 
241 

229- 242 
242 
182 

75,88 
239 
197 
60 

157, 158 
231- 233 

4 
242 

133, 13l 
204 

14-4- 148 
148 

1H- 146 
151 
236 

Primary Frequency Sta ndard. .. . U 
123 
120 
122 

Pulse Amplifier , U ni t ...... . . . 
Pulse, Sweep and Time Delay Generator. 
Pulser, Unit . . . . . . . 

Radio-Frequency Bridge 
Raclio-Frequency Oscillator 
Random Noise Generator 
R-C Osci llator . . . . . . 
Recorder, Oscillograph. . . 
Rectifier , Mixer. . . . . . 
Rectifier, Voltmeter .. . .. 
Regulated Power Supply, Unit. . 
Regulating Power Supply, Amplitude 
Regulators, Line Voltage 

. 36,38,39,42 
110, 113, 116- 118 

12,1 
103, 108, 114 

228 
51 
49 

145 
148 
2J8 

Rejection Filters, Coaxial 
Resistance Bridge 
Resistance Meter, Megohm . 
Resistor, Compensated Decade 

Constant-Inductance 
Decade . . . .. . . . 
Fixed . ....... . 
Variable ..... .. . 

Rheostat and Voltage Divider 
Rigid-Line Adaptors, Coaxial . 

Sample Holder, Dielectric . . 
Secondary Frequency Standard 
Shielded Transformer . 
Signal Generators, Standard 
Slotted Line 
Slotted-Line Motor Drive 
Smi t h Charts. 
Sound Analyzer . 
Sound-Level Calibrator 
Sound-Level Meter . . 
Sound-Survev Meter . 
Speed Controls, Motor 
Square-Wave Generator 
Standard, Capacitance. 

Inductance. . . . . . 
Interpolating Frequency 
Mutual Inductance . 
Primary Frequency . 
Secondary Frequency 

RLrobolume 
Strobolux . 
Strobos('opes 
SLrobotac 

· 58 
14, 16, 28 

2, 132 
172 
172 

169- 172 
175 

231-233 
231-233 

62 

23 
74 

235 
90-100 

46 
48 

24:~ 
186 
184 
178 
183 

.220-222 
... 114, 120, 122 
.151-153, 154, J56 

.162, 163, 164 
86 

164 
74 
7,1 

]94 
· . 193 
.191-196 

192 

Stubs, Coaxial . . . . . 
Sweep Drives . 
Sweep Drive, Automatic 
Sweep Drive, Slotted Line . 

Page 
56 

48, 199- 203 
200 
48 

120 
75 

202 

Sweep Generator, Pulse, Time Delay and 
Synehronometer 
Synch ronous Dia l Drives 

Television T ransmi tter Monitor 
T erminations, Coaxial 
TeRt Fixture, Capacitor 
T est Loop . 
ThermiRtor . . 
Time-Delay, Pulse and Sweep Generator . 
Time/Frequency Calibrator, Uni t 
TranRformer, Adjustable (Variac®) 

140 
55 
2l 
98 
51 

120 
88 

206- 2J7 
235 
2:34 
234 
235 
2:34 

Bridge. 
Impedance Matching 
Power Output 
Shielded .. . 
Toroida l . .. . 
V-H-F .... . 
Variac . 

Transistor Osci llator ... 
Tripod a nd Extension Cable 
Tuned-Circuit Fi lter 

98 
216 
109 
182 

Tuning Fork Osci llator.. .. 
Twin-T Impedance-Measuring 1'1 etwork 
Two-Signal Audio Genera tor . . . . 
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