


GENERAL RADIO COMPANY 
Main Office and Factory 

Wesl Concord, Massachusetts 

Telephone: (Concord) EMerson 9-4400 

(Boslon) Mission 6-7400 

Cab/. Address: GENRADCO, BOSTON 

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 

NEW YORK 
Telephone 

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

Broad Avenue at Linden, Ridgefield, New Jersey 

PHILADElPHIA HAncock 4-7419 
1150 York Road, Abington, Pa 

WASHINGTON AND BALTIMORE JUniper 5-1088 
8055 13th Street, Silver Spring, Maryland 

CHICAGO Village 8-9400 
6605 West North Avenue, Oak Park, Illinois 

SAN FRANCISCO WHitecliff 8-8233 
1186 Los Altos Avenue, Los Altos, California 

LOS ANGELES HOllywood 9-6201 
1000 North Seward Street, Los Angeles 38, California 

CANADA CHerry 6-2171 
99 Floral Parkway, Toronto IS, Ontario 

REPAIR SERVICES 

Staff 

George G. Ross, Manager 
Leo J. Chamberlain 
Peter Bishop 
Edward F. Sutherland 

Kipling Adams, Manager 
John E. Snook 

C. William Harrison, Manager 
John C. Held 
Frank J. Finnegan 

William M. Ihde, Manager 
L. C. (Tom) Fricke 
Robert P. Delzell 
Lane W. Gorton 

James G. Hussey, Manager 
Donald M. Vogelaar 

Joseph E. Belcher, Manager 
Frank J. Thoma 
Kenneth J. Castle 
John R. Ross 

Arthur Kingsnorth, Manager 
Richard J. Provan 

New York East Coast 

General Radio Company 
Service Department 

General Radio Company 
Service Department 

West Concord, Massachusetts 
Telephone: (Concord) EMerson 9-4400 

(Boston) Mission 6-7400 

Broad Avenue at Linden 
Ridgefield, New Jersey 
Telephone: (N. Y.) WOrth 4-2722 

West Coast 

General Radio Company 
Service Department 
1000 North Seward Street 

Midwest 

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

Los Angeles 38, California 
Telephone: HOllywood 9-6201 

(N. J.) WHitney 3-3140 

Canada 

Bayly Engineering, Ltd. 
First Street 
Ajax, Ontario 
Telephone: EMpire 2-3741 

EXPORT REPRESENTATIVES 
For a list of representatives in other countries, see inside back cover 



EXPORT 

AUSTRALIA 
WARBURTON FRANKl INDUSTRIES PTY., LTD. 
• "strumenls Division 
307-315 Kent Street 
Sydney, N.S.W., Australia 
Phone BXI1I1, Cable: BOOSTER 
Offices: Melbvurne, Brilbane, Adelaide 

BELGIUM 
s. A. MULTI TECHNIC 
30, Place Sainctelette 
Bruxell.s 8, Belgique 
Tel.: 25 .16.36, Teleg,.: MULTI TECHNIC 

CANADA 
(See inlld. 

front cover) 

DENMARK 
SEMLER & MATTHIASSEN 
22, Teglvaerklgade 
K+benhaven 6, Danmark 
Tel: *2903 1 i, Telg, .: SEMMATT 

EGYPT 
MR. MOUSTAPHA EZZAT ABDEL WAHAB 
106, Mohamed Bey Farid Street 
P.0.B.1537 
Cairo, Egypt, U.A .R. 
Tel. : 77352, Cables: TULIP 

FINLAND 
K. L. NYMAN 
11 Meritullinkatu 
Helsinki, Finland 
Tel.: 66 39 09, Cabl .. : KLNYMAN 

FRANCE 
Ell. RADIOPHON 
148, Avenue Malakoff 
Pari. 16 , France 
Tel. : KLEBER 32 50, Cable: RADIOPHON.PARIS 

RADIOPHON CORPORATION 
509 Madison Avenue 
New York 22, New York 

GERMANY 
DR. ·ING. GUNTER NUSSLEIN 
Dornigweg 6, Postfach 42 
Ettlingen/ Karlsruhe, 
lundelfepublik Deutschland 
Tel.: ETTLINGEN 2566 

GREECE 
K. KARAYANNIS 
Karitsl Square 
Athens, Greece 
Tel.: 23.213, Cable: RAKAR 

INDIA 
MOTWANE PRIVATE LIMITED 
127 Mahatma Gandhi Road 
P.O.B. 1312, Fo,t 
Bombay 1, I "dia 
Tel. : 252337, Telg, .: CHIPHONE 
Branches in : Calcutta, Lucknow, Kanpur, New Delhi, 

Madras, Bangolor., and Secunderabad 

ISRAEL 
EASTRONICS LTD. 
22 Maze St,eet 
P.0.B.2554 
rei Aviv, Israel 
Phone: 66890, Cables: EASTLAND 

LAND SEAS PRODUCTS CORPORATION 
48 Welt 48th St,eet 
New Yo,k 36, New Yo,k 

REPRESENTATIVES 

ITALY 
ING. S. & DR. GUIDO BELOTTI 
Piazza Trento 8 
Milano (718), lIalia 
Tel.: 54.20.51, Teleg, . : INGBELOTTI 
Uffici: Genoa, Roma, Napoli 

JAPAN 
MIDORIYA ELECTRIC CO., LTD . 
3, 2·Chome, Kyobashi 
Chuo-ku, Tokyo, Japan 
Tel.: 561·9256, Cables: MIDRIYAELC 

LA TIN AMERICA 
AD. AURIEMA, INC. 
85 Broad Street 
New York 4, New York 
Cables: AURIEMA, Telex : 2791 NEW YORK 
Resident representatives in principal cities 
of South America, Central America, Mexico, 
and the Caribbean Area. 

NETHERLANDS 
TECHNISCH VERKOOPKANTOOR GROENPOL 
13-15 Prinsengracht 
POltbul 1188 
Amsterdam, Holland 
Tel. 64474, Teleg, .: GROENPOL 
Telex : 11177 

NEW ZEALAND 
w. & K. McLEAN LTD. 
7 Anzac Avenue 
P.0 .B. 3097 
Auckland, New Zealand 
Phone: 34.541, Cables: KOSFY 

NORWAY 
MASKIN.AKTIESELSKAPET ZETA 
Drammensveien 26 
Postbaks 2492 5 
Oslo, Norway 
Tel.: 4418 55, Tolog,. : MASKINZETA 
Telex : 1157 

REPUBLIC OF SOUTH AFRICA 
ROGERS·JENKINS AND CO. (PTY) LTD. 
249 Main Street 
P.0.B.3762 
Johannesburg, Republic of South Africa 
Phone: 22·4402, Cables: TEMPUS 
Telex : JX308 

SPAIN and PORTUGAL 
AD. AURIEMA, INC. 
85 Broad St,eet 
New York 4, New York 
Cables : AURIEMA, Telex : 2791 NEW YORK 
Resident representatives in Madrid and Lisboa 

SWEDEN 
JOHN C. LAGERCRANTZ 
Var'aVGg8n 57 
Stockholm, Sweden 
Tel.: 63 07 90, Cable : FIVESSVEE 

SWITZERLAND 
SEYFFER & COMPANY, INC. 
Badenershasse 265 
ZUrich, Schweiz 
Tel : 25 54 11, Teleg, .: RADIOSEYFFER 

TURKEY 
MEHMET VASFI MUESSESESI 
Galata, Bankalar Cad. 71-73 
P.O.B. 143 
Istanbul, Turkey 
Tel .: 447590, Cables: VASFI 

UNITED KINGDOM 
CLAUDE LYONS, LTD. 
Valley Works 
Hoddesdon, Herts, England 
~::~x~52~~2~leg, .: MINMETKEM HODDESDON TELEX 

CLAUDE LYONS, LTD. 
76 Old Hall St,eet 
Live,pool 3, England 
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THE HALLMARK OF QUALITY 
Quality is traditional in product::; that bear 

the GR label. General Radio in struments are 
quali ty in::;t\'llmellt~ , built fr?m quality CO~ll­
ponent::; to give rehable servIce and to. m3:l~l­
tain their accuracy over a long and u::;cf ul life. 

Thi::; Company'::; earlimit products \~'ere lab­
oratory standards, and Gene~'~l RadIo today 
::;till supplie.· the ::;tandard::; of Illductance, ca­
pacitance, and frequency that are basIC to the 
electronic::; indu::;try. The successful manufac­
ture of stalldard::; is predicated on quality, 
both in design and in production. This trad I­
tion of quality is evidenced t~rough ou t th~ GR 
line. GR instruments are deSIgned a nd budt to 
cxacting specifications, to be accurate, rugged 
and reliable. Many a laboratory has GR prod­
ucts built several decades ago which arc sti ll 
Q'iving satisfactory service. 
b Performance specifications are an important 
yardstick for quali ty . General Radio sp~cifica­
tions are con 'ervati ve and honest. Each lIl st\'ll­
ment is calibrated to tolerances at least 25% 
tighter than those p~bli shed. Perfo~'mance 
to these speri fi("ation~ !. . guarall tecd fur h,·o 
years. Gelleral Radio is the first instrume.nt 
manufacturer to make thl ' guarantee 011 Its 
enti re line of products. 

Although these specifications attest the ac­
curacy, range, and versatility of G R product~, 
they cannot disclose all the attention t.o detaIl 
in design, m.anufacture, sales al~d, servIce t~at 
helps to malll ta!l1 General RadIO s reputatIOn 
for reliable instrumen ts . 

DESIGN 
New circuits, new components, new designs, 

new techniques - these form the basis of new 
General Radio instruments. General Hadio de­
velopment engineers have a wide variety of 
background and experience in the United 
States and abroad . The advice of this engi-

o 
:Twoyear Warranty 

We "' arrant that each new in~lru· 
menl wid by U\ IS free hom defeclS 
In material and \Iol)r~ man~hlp ~nd that 
properl)- u~d II .... ill perform In fu ll 
accordafll."c \\<uh apphC".Ib1e ~pctlfiu. 
l ioI1~ for a period of ."'0 )'car) url"r 
urillnal \hlpmcn\. Any In)lrUmCnl or 
component thai I~ found v.uhln the 
\lIoo·)ear rcnod nOllO meet Ihc\c 
)\anuJnh after (,am.nalion b~ our 
faClOry, d'''lnci office, or aUlhorized 
repa ir allcncy pc:r)onnd will be: re· 
p;lIrctl or, 111 our oplton, rcplacctl 
... lI hoUI charlle. c,ccpt for 1Ut>c, or 
ball c riu Ihal h.tl'e ,1\en norm,1I 

GENERAL RADIO COMPANY 
WEST (01'1( 010, MAn A( HUSmS 

I .... ~), __ _ . , "'~ . ''' ~ _~ (l~ .• ,.~ 

'1~ , 1 
".,~=:i.'":."=':'!:. :~:~:'".:~.:.::.~ .. 

This worronty tog occom­
ponies 011 Generol Rodio 

instruments. 

neerin g ::; ta!" is available to General Radio cus­
tomer::; in the olu tion of their measurement 
problems. 

MANUFACTURE 
Quality is also evident in details of construc­

t ion; externally in the sturdy, aluminum 
panels, diab wi th 10\\'-reftection b~ckground 
and carefully designed scales, quality knobs, 
well thought out panel layout and markings, 
attractive finish, and in trument-grade hard­
ware. 

Inside the instruments a re precision com­
ponents, many of them made by General Badio, 
reliable etched circui t::;, rugged nOll magneLIC 
chassis, a nd cable::; with braided coverin g. 

All the 'e part::; and component::; as well as 
desig;n practice::; are controlled by a compre­
henSIve ::; tandard::; program, \\-hlCh keep::; the 
number of di!1'erent pieces, tool::; and pro­
cedures to an economic minimum, thereby 
making possible high quality at moderate 
prices. The ::; tandards program abo includes 
constant ::;tudy and testing to evaluate and to 
maintain quality. The manufacture of the 
products is caITied out by skilled workmen 
aided by the mo::;t modern machinery, and 
quality is further a::;sured by frequent ::;tages 
of inspection. 

SALES 
Supporting and extending the quality that 

runs through General Radio design and manu­
facturing processes are the policies and opera­
t ions of the Sales Engineering Department, 
which are summarized on the preceding page 
- WE SELL DIRECT. The GR sales engi­
neer is responsible not only to his company, 
but also to the customer, His job is not only to 
sell GR products, but also to be sure that the 
customer buys the instrument best suited to 
his needs. 

SERVICE 
General Radio service laboratories are lo­

cated in several of our District Offices and 
at the main plant in West Concord. They can 
furnish prompt, efficient, and satisfactory 
service when needed. 

PUBLICA TIONS 
A monthly publication, The General Radio 

Experimenter, dcscribes new developments, as 
well as general technical information. Sent free 
upon requesL the magazine is distributed to 
more than ioo 000 readers located in the , . 
United States and 83 other countn es. 

v 
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VISIT OUR LABORATORIES AND FACTORY 
We cordially invite you to visit om engi­

neering laboratories and factory . 
HOURS FOR \ 'ISITORS: 10 :00 A.M. to '* :00 P.M. 

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

GENERAL RADIO CO. 

Our plant is located in West Concord at 
22 Baker Avcllue. This is a short distance 
from the intersection of State Routes 2 and 
62, and the accompanying lnap gives details 
of this a rea . 

PATENTS 
Many of olll' prodllcts arc manufactllred and sold 

und!'r Unitrd Statrs Letters Patent owned by the Gen­
eral Radio Compan~' 0 1' under license grants from other 
compani<'s. To simplif~' the listing of these patents they 
a re given here in a single list and referred to at each 
instrumpnt only by appropriate reference numher. 

]. "Certain vacuum-tube amplifier devices, electric 
wave fil ters, vacuum-t ube oscillators, and sound-level 
meters are licensed by " ' estern Elrctric Company, Inc., 
under a ll United Stat.es Letters Patent owned or con­
trolled by American Telephone and Telegraph Com­
pan,\', 01' \Vestern Electric Compan.v, Inc., and any 01' 

a ll other United States patents with respect to which 
Western Electric Company, Inc., has the righ t to grant 
a li cpnse, solely for utilization in rcsearch, investigation , 
measurement, testing, instruction, and development 
work in pur!' and applied science, including engineering 
and indllstria l fields." 

2. " This apparatus uses inventions of United States 
Pat.ents licensed by R.adio Corporat.ion of America. 
Patent numbers supplied upon request.. Licensed only 
for use in measuring or testing electronic devices, 

electron tube circuits, parts of such devices and circuits, 
and elements for use in sllch devices and circui ts." 

3. Patent D 161,030. 
4. P atent 2,548,457. 
.5. Patent 2,802,907. 
6. Licensed under designs, patents and patent appli-

cations of Edgerton. Germeshauspn and Grip!'. 
7. Patent 2,949,592 . 
8. Patent Applied For. 
n. Patent Re 24,20~. 

JO. Patent 2,367,681. 
II . Patent 2,374,248. 
12. Patent 2,376,394. 
13. Patents D 142,777 and D 143,807. 
].I. Patent 2,763,733. 
15. Patent D 187,740. 
16. Patent 2,362,503. 
17. P atent 2,354,718. 
18. Patent 2,58] ,133. 
19. Patent 2,872,639. 
20. Patent 2,943,277. 
21. Patent 2,942,172. 
22. Patent 2,966,257. 
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WE SEll DIRECT 
To develop the type of product manufactured by the General Radio Company requires a 

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

There has always been close contact between our Company and our customers, many of whom 
are themselves engineers and scientists. To maintain and to further this contact is the responsi­
bility of our staff of sales 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. 

View of General Radio plant in West Concord, Massachusetts. 

Because of the technical nature and diverse uses of our equipment we feel that a direct method 
of marketing is the most efficient and useful to the buyer. Consequently, the Genera l Radio 
Company sells its products directly to the user in the United States and Canada, \\"ith no inter­
mediary distributing organization, on a net, no discount basis. The buyer is thus assured of 
receiving the lowest possible price less all resale discounts and commissions 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 major marketing areas of the United States and in Toronto the Company maintains district 
sales offices, which are staffed 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 technical 
and commercial questions. The locations of these offices are given in the inside front cover of 
this catalog. 

In order that customers ouLside the United States may receive equivalent tcchnical service, 
exclusive representatives have been appointed in most countries abroad, each capable of giving 
technical, commercial, and service information regarding General Radio products. For a list of 
export representatives, see the inside back cover of this catalog. In all matters regarding Genera l 
Radio apparatus, the customer should communicate with the appropriate representative. Priccs 
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 representatives in those countries. 
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HOW TO OROfR 
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 ot' for calibrations that must be made 
before shipment. When minor modifications 
are desired to adapt the equipment to the cus­
tomer's purposes, our Sales Engineering De­
partmen t will be glad to discuss the details. 

Fot' EXPOH'l' ORDl~HS please state the desired 
line-voltage and frequency. For example: 2:30 
voltsj.50 cps; 115 volts/ 50 cps. 

TelEGRAPH AND CABLE ORDERS 
We have direct teleprinter cOl1nections with 

both Western Union and Bell System TWX 
for prompt handling of messages. Our TWX 
call letters are CONC MASS 972. 

LJse the code words accompanying each 
catalog description. Our cahle address is 
C:ENRADCO CONCORD (MASS). 

ADDRESS 
All communications, except when otherwise 

advi::;ed, should be sent to General Radio Com­
pany, West Concord, Massaehm;etts, to one of 
our district offices (see inside fron t cover), 
01' to the appropriate export representative. 

PACKING 
There is no charge for our domestic pack­

ing 01' regular export packing and no charge for 
shipping cOlltainers or case . . Cases are not. 
returnahle. 

2 POUNDS 5 POUNDS 

Air Air 
Air Air Parcel R.E.A. Air Air Parcel 

Freight Express Post Express Freight Express Post 

BUFFALO ...... . $9.65 $6.27 $1.15 $2.79 $9.65 $6.27 $2.65 
CLEVELAND ..... 10.45 6.27 1.15 2.82 10.45 6.27 2.65 
DETROIT ....... 10.85 6.27 1.15 2.84 10.85 6.27 2.65 
CHICAGO . .. .. . 12.00 6.27 1.26 2.86 12.00 6.27 2.94 
ST. LOUIS ...... 12.65 6.27 1.39 2.57 12.65 6.30 3.31 
ATLANTA .. ..... 12.45 6.27 1.26 2.55 12.45 6.27 2.94 
HOUSTON ...... 15.75 6.27 1.47 2.65 15.75 7.26 3.63 
DALLAS ...... _. 15.90 6.27 1.47 2.65 15.90 7.26 3.63 
LOS ANGELES ... 22.15 6.27 1.60 2.80 22.15 8.54 4.00 
SEA TILE ........ 22.15 6.27 1.60 2.78 22.15 8.54 4.00 

75 POUNDS 100 POUNDS 

Truck Truck 
or Rail or Rail 
Freight Freight 

Air Air For· R.E.A. Air Air For· 
Freight Express warder Express Freight Express worder 

BUFFALO ....... $10.95 $14.78 $5.40 $7.96 $10.95 $18.16 $5.40 
CLEVELAND ..... 13.15 19.58 5.87 8.99 13.15 24.56 5.87 
DETROIT ....... 13.60 19.58 5.87 9.75 14.32 24.56 5.87 
CHiCAGO .... . . 15.25 26.78 6.76 10.79 16.80 34.16 6.76 
ST. LOUiS ...... 16.40 29.18 7.41 10.6 3 18.25 37.36 7.41 
ATLANTA ....... 16.20 26.78 5.56 10.16 16.95 34.16 5.56 
HOUSTON ..•... 21.25 43 .58 9.52 13.89 24.15 56.56 9.52 
DALLAS ........ 21.40 43.58 9.28 13.64 25.36 56.56 9.28 
LOS ANGELES .. 30.65 62 .78 11.81 18.93 38.18 82.16 11.81 
SEATILE ....... 30.65 62.78 11.81 18.76 37.56 82.16 11.81 

SHIPPING INSTRUCTIONS 
Cule:;s speci ric in:;tructions accompany the 

order, we shall usc our judgment as to the best 
method of shipment. Repair parts or other 
items needed quickly will be hipped by air if 
requested. The following table shows approxi­
mate cost of four different methods of ship­
ment to major cities in the United States, 
door-to-door. 

Export hipments via ail' freight save trans­
port ti me and in most cases transport cost ... 
For example, the estimated charges, factory 
to Milan, Italy, for 100 pounds net weight 
of instruments (sh ipping weight 150 pounds 
by ail', 219 pounds by ocean freight) arc 
~63 .20 for air frcight and $10 1.50 for ocean 
carrier via New York. Air shipping weigh t 
and ocean shipping weight are approximately 
50 and 100 percent morc, respectively, than 
the net ,,-eight. 

TERMS 
All priccs are FOB West Concord, l\[a::;sa­

chusetts. 

MINIMUM BILLING 
Tn order to reduce the proportion of clerical 

and shipping cost::; on "mall orders, the mini­
mum billing per order is !,;10.00. This mini­
mum app lies to all purchases except repair 
parts and cash-wi th-order tran:-;act ion::;. 

SOURCE INSPECTION SURCHARGE 
. \ surchargc of I pcn'en t, $2.;')0 minimum, 

app lies on all order:-; requiring in:-;pection at 

25 POUNDS 40 POUNDS 
- - t- -

Truck Truck 
or Roil or Rail 
Freight Freight 

R.E.A. Air Air For· R.E.A. Air Air For· R.E.A. 
Express Freight Express warder Ex press Freight Express warder Express 

$3.00 $9.65 $8.02 $5.40 $4.41 $9.65 $10.05 $5.40 $5.47 
3.07 10.45 9.62 5.87 4.76 10.45 12.61 5.87 6.02 
3.13 10.85 9.62 5.87 5.02 10.85 12.61 5.87 6.44 
3.20 12.00 12.02 6.76 5.37 12.00 16.45 6.76 6.99 
2.89 12.65 12.82 7.41 5.11 12.65 17.73 7.41 6.76 
2.87 12.45 12.02 5.56 4.96 12.45 16.45 5.56 6.51 
3.12 15.75 17.62 9.52 6.19 15.75 25.41 9.52 8.50 
3.10 15.90 17.62 9.28 6.12 15.90 25.41 9.28 8.36 
3.45 22.15 24.02 11.81 7.88 22.15 35.65 11.81 11.19 
3.44 22.15 24.02 11.81 7.82 22.15 35.65 11.81 11.10 

200 POUNDS 400 POUNDS 

Truck ~k 
-

or Rail or Roil 
Freight Freight 

R.E.A. Air Air For· R.E.A. Air Air For· R.E.A. 
Express Freight Express warder Express Freight Express warder Express 

$9.72 $1 6.75 $36 .12 $8.42 $19.24 $28.80 $72.04 $15.84 $38.28 
11.10 20.85 48.92 8.72 22.00 40.20 97.64 16.44 43.80 
12.12 23.29 48.92 9.12 24.04 45.08 97.64 17.24 47.88 
13.49 28.10 68.12 10.60 26.78 55.40 136.04 20.20 53.36 
13.39 31.35 74.52 11.68 26.58 61.60 148.84 22.36 52.96 
12.77 28.95 68.12 11.12 25.34 56.40 136.04 22.24 50.48 
17.73 43.55 12.92 15.20 35.26 86.00 225.64 29.40 70.32 
17.42 45.82 112.92 14.80 34.64 90.24 225.64 28.60 69.08 
24.45 71.36 164.12 23.62 48.70 141.92 328.04 47.24 97.20 
24.23 69.97 164.12 23.62 48.26 138.24 328.04 47.24 96.32 



our plant either by one of the Government 
services 01' hy the customer's 0\\"11 inspection 
department 0 1' other private agency. The 
inRpection Rurcharge applies on each ship­
ment source inspected. 

CONDITIONS OF SALE 

Determillation of prices, terms and condi­
tions of f:iale, and final acceptance of orders 
are made on ly at our factory, 'VeRt Cone·ord, 
l\Iassachusetts. 

Domestic Terms: Ket 30 days if credit has 
been arranged; otherwise un less paym~nt is 
received before shipment, shipment will be 
made C.O.D. 

When full payment accompanies an order 
for equipment, except for repair~, w.e pay 
transportation charges to any pon~t 111 ~he 
continental United States (not Il1cludlllg; 
Alaska and the Canal Zone) on carrier of our 
choice. 

Export Terms: Full payment in ad vance of 
shipment 01' by sight-draft against irrevocable 
letter of credit at New York or Boston bank. 

REMITTANCES: 
Should be made payable at pal' in Boston or 

New York funds. 

PRICE CHANGES 
All prices are subject to ehallge without 

notice. Formal price quotations remain opell 
for 30davs. 

Prices · shown will be increased by the 
amount of any applicable sales, Uf:ie, excise, or 
similar taxes that are no,,· in effect or that may 
hereafter be imposed by Federal, State, 01' 

local governments. 

NO TRADE OR EDUCATIONAL DISCOUNTS 
Our prices are esLablished 011 a direcL-Lo­

CUf:itomer basif:i, which permits no special dif:i­
counts. By the elimination of distribution or 
resale diRCQUllts, all Wiers pay the lowest pos­
si ble priccH. 

QUANTITY DISCOUNTS 
When 10 01' more identical parts or Variae@ 

autotransformers (not instruments) arc 01'­

del·ed at the same time for single shipment to a 
f-iingle destination in the continental United 
States (not including the Canal Zone) and 
Canada, the following quantity discounts are 
aJlO\yed except as noted otherwise: 

10- 19 .. . 
20- 99 .. . 
100 or more 

5 percent 
10 percent 
15 percent 

Questions regarding the applicability of 
quantity discounts to any item in this catalo.g 
will be answered promptly by our Sales Engi­
neering or Commercial Departments. 

SPECIFICA TION CHANGES 
We reserve the right to discontinue any 

item without notice and to change specifica­
tions at any time without ineurring any obli­
gation to incorporate new features in instru­
ments or parts previously sold . 
WARRANTY 

'Ve 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 fuJI accordance with applicable spec ifi ca­
t ions for a period of two years after original 
shipmellt. Any instrument or component that 
is found within the two-year period not to 
meet these standards after examination by our 
faetory, district office, or authorized repair 
ageney personnel will he repaired or, at our 
option, replaeed without charge, except for 
tubes or batteries that have given normal 
service. 

REPAIR PARTS 
When ordering repair parts, be sure to de­

seribe completely the parts required, using 
the symbol numbers and description from the 
parts list, and give the type number and serial 
number of the illf:itrument. 

RETURNED MATERIAL 
Repair se rvic.;e i::; available from the factory, 

West Concord, l\Iass., or from the Repair Serv­
iees listed on the inside front cover of this 
catalog. 

When returning instruments for repair, re­
c.;aIibratioll, or for any other reason, please 
ask for a Return Material Tag and shipping in­
structions. PleaFie state type number and 
serial number of the inf:iLrument and date of 
purehase. 

DOMESTIC SALES AGENCIES 
Because of our direeL-sales policy no gen­

eral sales agencies are appointed. Complete 
stocks are carried only at the factory ware­
house. Partial stocks are maintained at all of 
our district offices (see inside front cover). 

EXPORT REPRESENT A TIVES 
Export salef:i are handled by resident repre­

sentatives in most overseas countries. Com­
plete technical and commercial information is 
available from these representa tives, at the 
addresses listed on the inside back cover of the 
catalog. 
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IMPEDANCE-MEASURING INSTRUMENTS 
For the measurement of all types of impedance, re­

sistive or reactive, inductive or capacitive, at frequencies 
well up into the uhf band, nu ll methods have proved 
to be the most acceptable on grounds of both precision 
and convenience. Most of the !lull methods used from dc 
to radio f req uencies Qf the order of 100 megacycles are 
adaptations of the fundamental Wheatstolle bridge cir­
cuit, although other types of networks which can be ad­
justed to give zero transmission are sometimes used. 
Other systems, such as resonant circuits, using deflec-

tion-type instruments also have advantages fo r certain 
applications. 

At very-high and ultra-high frequencies, where im­
pedances can no longer be treated as lumped elements, 
bridge circuits based on coaxial-l ine techniques have been 
developed in the General Radio laboratories. Impedance 
can also be determined at these frequencies from a 
measurement of the standing-wave ratio t hat the un­
known element introduces into a smooth t ransmission 
line. Slotted lines fo r t his measurement a re desc ribed 
in the coaxial equipment section. . 

DIRECT-CURRENT BRIDGES 
The so-called Whel1tstone bridge, Figure 1, has been 

used for over a century for the measurement of direct­
current resistance and is sti ll considered the funda-
mental circuit for the purpose. It measures an unknown 
resistance in terms of calibrated standards of resistance 
from the relationship: 

(1) 

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

The General Radio Company manufactures three dc Wheatstone bridges: 
RANGE OF 

TYPE NAME MEASUREMENT ACCURACY REMARKS SEE PAGE 

1650-A Impedance Bridge 1 mil ta 1 Mil ±1% ± 1 mil Alsa measures ac R, L, C 22 

1652-A Resistance Limit 1 fl ta 1 Mil 0.5% as limit bridge Equally useful as produc- 6 
Bridge 0.25% by null method tion or laboratory bridge 

--
544-B Megohm Bridge 0.1 Mil to 1 MM'J. 3% up to 1000 Mn Exce llen t for measuring 8 

resistors and insulation re-
sistance 

ALTERNATING-CURRENT BRIDGES 
The basic circuit of Figure 1 is also applicable to 

alternating-current measurements. With impedances 
substituted for res istances, two conditions of balance 
must be satisfied, one for the resistive component and 
one for the reactive component. The equations of bal­
ance can be written in either of the fo llowing forms: 

isfy these equations, at I east one of t he t hree arms A, P , 
or B must be complex. 

The reactance Xp can be measured in terms of a simi­
la r reactance in an adjacent arm or an unlike react.ance 
in the opposite arm, as indicated in Figure 2. 

Rp + jXp = Z j!ZN Y B (2) 
Gp + jBp = YAYNZ B (3) 

Equation (2) expresses the unknown in terms of its 
impedance components, while Equation (3) expresses the 
unknown in terms of its admittllnr.e components. To sat-

Resistive Balance Figure 3 shows the four basic meth­
ods in common use fo r balancing the loss component of 
the unknown impedance. These are (a) resistance in se­
ries with the standard reactance, (b) resistance in para l­
lel with the standard reactance, (c) capacitance in par­
allel with a n~sistive arm, and (d) capacitance in series 
with a rC'sistive arm. 

(a ) (b) 

(Left ) Figure 1. Th e gene ral Whe at­
stone bridge ci rcuit. 

(Righ t) Figure 2. Circui ts for capaci ­
tance bridges in which like re a ctanc es, 
e N and C p, or unlike reactances, LA 

and CP. are compare d. 

Ie ) 

R. 

(d ) 

Figure 3. Four basic methods of obtain­
ing resistance balance. 

1 
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Dissipation Faclor and Storage Faclor An important 
characteristic of an inductor or a capacitor is the ratio 
of resistance to reactance or of conductance to suscep­
tance. This ratio is t('rmed dissipation factor, D, and its 
reciprocal is sto rage factor, Q. These ratios aI'(' defined 
in Figure ~ in terms of phase angle IJ and loss angle o. 
Dissipation factor is directly proportional to the energy 
dissipated, and storage factor to the energy stored, pel' 
cycle. Power factor is defined as 

P. F. = cos IJ = sin 0 
and differs from dissipation factor by It'ss than 17,- when 
their valuE'S arc Ipss than O.l. 

x 

R 

R G I 
0= eot8=,)(=B'=a=ton.S 

Power Foetor = 
eo./1. !t 

Z 

Figure 4. Vector diagram showing the relations between factors 
D and Q, and angles 0 and o. 

In Figure -I, R & X an' til(' sl' ri l's r('s istanc(' and r('a('t­
ance, and G and Bare thl' pamllel co ndllctancp and SllS­
c('ptance of the impedance or admittance involved. 

Dissipation factor, which varil's d irect ly with t,he loss, 
is commonly used fo r capacitors and, to a I('sscr extent, 
for inductors. Its reciprocal, storage factor, Q, is mor(' 
often used for inductors, because it is a m!':lsur(' of th(' 
voltage stcp-up in a tuned circuit. 

Tlw circuit can often be arrangpd so that thc bridgl' 
control for the resistive balance can be calibrated in dis­
sipation factor or in storage f:1Otor, for a given freclllt'ncy . 

Series ond Parallel Components Ever~' impedlulc(' can 
be expressed in tprms of either se ri l'S or paralll'1 compo­
nents. The choi ce is a mattcr of convenience for th(' 
problem at hane!. One cannot tell from a single mcasurc­
ment whether a combinat ion of a resistive and a reac­
tive clement is actually parallel or series, and regardleRs 
of the physical configuration, the resiRtive and reactive 
components can be measured as, and expressed as, (1) 
series impedance components, (2) parallel impedance 
components, or (3) admittance components. 

Figure 5. Series and parallel components af impedance. 

The relation between these various systems (see Fig­
Ul'e 5) are: 

So that : 

\\"here : 

C J> = Cs ( 1 ) ; Cs 
1 + D' 

X s ( I + D' ) 

It. should be noted Lh:tt only [01' values of Q below to (01' 
f) > .1) does the difference between serieR and parallel 
reactance exeeed 1';1, . For very low Q's, however, the 
difference is marked; "'hen Q = 1, the parallel reactance 
is twice the seri eR reaelance. It is obvious thal if t hcre 
were no losses ill the reaetive elements (i.e., G = "'), se­
ries and parallel reactance would be equal. 

\\'hether a bridge measures series or parallel compo­
nents depends upon its own configuration of elements. 
:'.Ieasul'ements with t he bridge shown in Figure 3b, for 
example, will yield parallel values fo r the unknO\\"11. 
Similarly the bridge of Figure :3a will give series values. 

Substitution Methods Substitution methods of meas­
urement, as contrasted to the direct method described, 
call be used to advantage with all ac bridges, In th is 
nlethod the unknown is measured in terms of the differ­
ence betweell two settings of a calibrated resistance or 
reactance, In the l11eaSuren1('nt, of capacitance by a paral­
lel substit,ution method, for instance, as shown in FigUl'c 
ti, the unknown capacitance is conl1ect('d in parallel with 
an adjustable calibrated capacitor in either the N- or 
P-arm of the previously balanced bridge, and the cali­
brated ('len1('nt is readjusted until the bridge is again in 
balance. 

Increased accuracy in tbe capacitance measurcment 
resu lts from the fact that the measurcment is solely in 
terms of the difference between two settings of a cali­
brated precision calJacitor, the bridge ci rcuit function­
ing only as an indicator of identical balance conditions. 
The bridge circuit does, however, enter into the dcter­
mination of dissipation factor. 

The series substitution method of Figure 7 is used to 
make resistance and reactance dials direct reading in 
ohms, on the radio frequency bridges. 

TRANSFORMER BRIDGES 

Transformer \\'indings, which can provide ('xtrelllely 
precise voltage ratios, will pcrform the sall](, function as 
ratio anTIS in convcnt iOllal bridp;(' circuits. Tlw~' hav(' the 
furt,l1('r advantage of very low impedance to ground, 
which greatly lessens the effects of st.ray shunt illlpcd-

ances, and, in t,he Type 161:~-A Capacitance Bridgc, 
obviates thc need for a guard circu it when :3-ttorminal 
capacitors arc measured . Tr:Uls[ol'lller ratio arlllS are 
also used in the Type I (i05-A Impedance Co mjJtlnttor. 



LIMIT BRIDGES AND COMPARATORS 

Ol(/OCES 

(Left) Figure 6. Paralle l substitution 
method of measurement. (Right) Figure 
7. Circu it for series substitution method . 

In limit testing the unbalance voltage of the bridge 
is used to actuate meters that indicate the degree of 
deviation of one impedance from another. In the Type 
1652-A Re~istance-Limit Bridge an adjustable resistance 
standard is included and the instrument is thus a com­
plete system for limit testing of resistors over a wide 
range of values. Also the operation can be inverted, i.e., 

the bridge balanced as in a conventional bridge, and the 
answer read on the d ials of the internal standards. 

The Type 1605-A Impedance Comparator uses a 
phase-selective voltage measuring system, and the 
quadrature components of the difference between the 
unknown and an external standard impedance are dis­
played independently on the two meters. 

AC BRIDGES 
NOMINAL I SEE 

TYPE NAME MEASURES ACCURACY FREQUENCY REMARKS PAGE 

Power-Frequency Bridges 

1611-B Capa ci tance C o to 11,000 p.f ± 1% 60, 120 cps For testing insulators, bushings, capacitors, 
Test Bridge D o to 60% ± 2% cables, and polarized electrolytic capaci- 10 

tors. Measures grounded capacitors. 

740-B Capaci tance C 5pf to 11 OOp.f ± 1% 60cps Measures un g rounded capa citors. 12 
Tes t Bridge D o to 50% ±1.5% 

Audio-Frequency Bridges 

16S0-A Impedance R 1 mfl to 1 Mfl ±1% dc,l kc Completely self-contained, general pur-
Bridge C 1 pf to 1000p.f ± 1% pose, la bora tory and production bridge. 22 

L lp.h to 1000 h ±1% Belongs in every laboratory and electronic 
Also D and Q plant. 

1603-A Z-Y Bridge R,X 0-1000 fl ± 1% 20 cps-20 kc Will balance for any impedance from 0 to 
G,B 0- 1000 p.mho ± 1% "'. Ideal for measuring audio.frequency 24 

transducers. 

716-C Co pacitance C 100pf to lp.f ± 0.1% 1 kc Direct Reading 
Bridge C 1 00 to 1000pf ±0.1% 30 cps to 300 kc Direct Reading 13 

C 0.1 to 1000pf ±0.2% 30 cps to 300 kc Su bstitution Method 
0 0.00002 to 0.56 ±2% 30 cps to 300 kc 

1613-A Capacitance C 5pf to O.Ollp.f ± 0.1% 400 cps Measures 3-terminal capacitors. 18 
Bridge D o to 0.11 ± 2% 

1632-A Inductance L O.OOlp.h to 1111 h ±0.1% 1 kc Measures both series and parallel induct- 20 
Bridge G O.Olp.mho to ± 1% once. 

llllmho 

160S-A Impedance I1Z ± 0.01% to ±0.01% 0.1,1,10, Direct indication on me ters, no balancing. 
Comparator ± 10% 100 kc Guard ci rcuit included. 26 

118 ±0.001 to 
± 0. 1 radian 

Radio-Frequency Bridges 

716-CSI Capacitance C 0.1-1100pf ± 0.1% 0.5 to 3 Mc High-frequency model of Type 716-C. 33 
Bridge D 0.00002 to 0.56 ± 2% 

916-AL Radio X ± 11,000 fl ± 2% 50 kc to 5 Mc Use for measuring antennas, lines, compo-
Frequency at 100 kc nenls. 32 
Bridge 

R o to 1000 fl ± 1% 
1606-A Radio X ±5000 fl 01 ± 2% 0.4 to 60 Mc Use for measuring antennas. lines, compo-

Frequ ency 1 Mc nenls. 30 
Bridge 

R o to 1000 fl ± 1% 

For a more complete discussion of bridge circuits see "Impedance Bridges Assembled from Laboratory Parts," by h'an G. Easton. Copy free 
on request. 
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(Right) Figure 9. Elementary schematic 
circuit diagram of the Type 716-P4 
Guard Circuit connected to the Type 
716-C Capacitance Bridge showing the 
unknown capacitance and its terminal 

impedances. 

(left) Figure 8. General bridge network 
with guard circui t, and unknown three· 

terminal impedance. 

r - - -

I GUARD CIRCUIT 

GEN 

UNKNOWN 
CAAilCITOR 

Guard Circuit "Whenever the impedance to be meas­
ured is located at an appreciable distance from the 
bridge, or when it has appreciable capacitance from its 
terminals to ground , a guard circuit can be used to 
eliminate the effects of the unwanted residual imped­
ances. The usc of the guard circuit permits the accurate 
measurement of the direct capacitance and dissipation 
factor between two terminals of a three-terminal net­
work. One of the most important applications of such a 
measurement arises in the determination of the proper­
ties of die lectrie materials. A guard electrode, which 
forms, with the two measuring electrodes, a three-termi­
nal system, is often employed in sLlch determinations to 
eliminate effects of variable lead parameters as tempera­
ture or other conditions are changed. A guard ci rcuit, 
TYPE 716-1'4, is available for use with the TYPE 716-C 
Capaci tance Bridge, and guard terminals are provided 
on the TYPE 54~-B Megohm Bridge and t he T YPE 1605-
A Impedance Comparator. 

work is in balance if either of the following conditions is 
met: 

:Figure 8 is a schematic of a generalized bridge net­
work with guard circuit. It can be shown that the net-

A B :F A N S 
N=P=}j Jj=p=r 

Obviously these conditions include the ordinary equa­
tion of balance of the fom-arm network A-B-N-P. 

Figure 9 shows the elementary schematic diagram of 
the guard circuit, used with the TYPE 71G-C Capacitance 
Bridge. In this circuit the guard point is brought to 
ground potential by successive balancing of t.he bridge 
alone and of the bridge and guard circuit (ST) in paral­
lel. This balance is facilitated by additional balances 
first of the bridge alone and t,hen with the coupling 
circuit (FH) connected. Impedance H is supplied by the 
capacitance of t he ground terminal of the unknown 
(Cx ) to shi eld. At final balance, terminals :3, 2, and 1 arc 
a ll at the same potential. Impedance K has no effect, 
because it is part of the guard-circuit impedance, T. 
Both ends of impedance H are at t he same potential, 
so that it has no effect. Hence, the impedance measured 
is that of Cx alone. 

COAXIAL LINE INSTRUMENTS 
NOMINAL SEE 

TYPE NAME MEASURES ACCURACY FREQUENCY REMARKS AGE 

1602-B Admittance B, G 0.1 to 1000 mmho ±3% 
Meter X, R 1 to 10,000 ohms 

1607-A ra nsfer Function I :H o to 1500 ohms ±5% 
and Immittance Y:H o to 600 mmhos 
~ridge V';V, 0 to 30 

I';" o to 30 
B, G o to 400 mmho 
X, R o to 1000 ohms 

874-LBA ~Iotted Line VSWR 3% or 
better 

The Admittance Meter The upper-frequency limit of 
convent.ional bridge circuits using lumped-parameter 
elements is determined by t.he magnitude of the residual 
impedances of the elements and leads. In general, the 
corrections for these become unmanageable at fre­
quencies higher than a few hundred megacyqles, and 
circuits based on coaxial-line techniques are more satis­
factory. 

20 to 1500 Mc For admittance, impedance, and 34 
VSWR measurements on coaxial 
lines, antennas, networks, com-
ponents 

25 to 1500 Mc Measures four·terminal transfer 36 
unctions of tubes, transistors and 

networks; also 2-terminol func-
ions, impedance and admit-
once 

300 to 5000 Mc tandard instrument for uhf im- 52 
pedance and VSWR measure-
ment 

The TYPE 1602-B UHF Admittance Meter (see page 
34) is a null device based on these techniques. Through 
adjustable loops, it samples the currents flowing in three 
coaxial lines fed from a common source at a common 
junction point and terminated, respectively, in the 
unknown element, a standard conductance, and a stand­
ard susceptance. The outputs of the,loops are combined, 
and when the loops are properly otJented, the combined 



output becomes zero, so that a null balance is produced. 
Scales associated with the three loops give the value of 
the unknown admittance directly. 

The Transfer Function and Immittance Bridge Like the 
Admittance Meter, the Transfer Function and Immit­
tance Bridge is a null instrument using coaxial lines and 
adjustable coupling loops. A schematic is shown on page 
37. It can measure ~-terminn,l functions, such as forward 
and reverse transconductance and transsusceptance, 
transimpedance, input-output ratios of voltage and 
current, and output-input ratios, as well as the 2-termi­
nal functions of admittance and impedance. 

This instrument is particularly useful for evn,luating 
the transfer functions of vaclium tubrs and transistors 
in the vhf n nd uhf ranges. 

The Slotted Line One of the basic methods of deter­
mining impedance of a coaxial device is the measure­
ment of the standing-wave ratio it introduces into a 
smooth line. The measurement is made by means of a 
coaxial line in whose outer conductor is a longitudinal 
slot. An electrostatic probe enters the line through this 
slot and can be moved a lone the line to sample the electric 
field between the inner and outer conductors. From the 
voltage maximum and minimum, and their location with 
respect tu t.he unknown, the impedance can be calculated. 

The TYp~~ 874-LBA Slotted Line for general imped­
ance measurement is described in the Coaxial Section, 
pages 38 to 55. 

DETECTORS 
(See also the discussion of detectors on page 56). 

To obtain the maximum precision of balance with any 
bridge or null-balance circuit, it is necessary to obtain a 
virtually complete null balance. With modern amplifiers, 
however, sufficient sensitivity can be obtained to utilize 
all the potential precision of any null-balance network, 
even with relatively low applied bridge voltage. 

The desirable characteristics of a bridge detector are: 
(1) High sensitivity, preferably the abi lity to detect a 

few microvolts. 
(2) High selectivity, to reject harmonics, noise, or 

other interfering signa ls. This is particularly important in 
measuring iron-cored coils and other nonlinear elements. 

(3) Quasi-logarithmic response, to obviate the neces­
sity of gain adj ustments during the balancing procedure. 
These requirements are best met by some combination 
of amplifier, filter, and llull indicator. At audio fre­
quencies, a tuned amplifier with meter or earphones is 
satisfactory. The TYPhl1232-A Null Detector and Ampli­
fier is a high-sensitivity device of this type. With visual 
indicators, such a system can a lso be used at frequencies 
up to several megacycles (TYPE 1212-A). 

From a few hundred kilocycles to some 40 meO'a­
cycles, well-shielded radio recpivel's make excellent de­
tectors, while at very-high and ultm-high frequencies 
the preferred syst.em is a heterodyning oscillator, mixer, 
and fixed-frequency amplifier (TYPE D:,\,T). 

GENERATORS 
The important considerations in thl:' selection of a 

power source for ac bridge measurements are good fre­
quency stabil ity, adequate power output, and low har­
monic content. For those General Radio bridges that 
require external generators, a wide choice is available. 

For si ngle-frequency measurements at -wo or 1000 
cycles, the TYPE 121~-A Oscillator is satisfactory. For 
measurements over a range of frequencies, recomniended 
oscillators arc the TYI'~~s ]:)0 ~-B, 121O-C, and 1:~02-A 
at low and audiu frequ encies; the TYPES 1:3aO-A and 
1211-B at medium frequencies; and, from 0.5 Mc to 

BI(I!)(}[S 

2000 Mc, the various vhf and uhf Unit Oscillators and 
the Tn!!; 1361-A UHF Oscillat.or. 

CONNECTIONS-SHIELDING 
Adequate ground connection and shielded generator 

and detector leads are necessary precautions in any 
b~ldge measur~ments, but. are particularly important at 
high frequenCies. At audiO and low-radio frequencies, 
electrostatic shielding of the leads is usually all that is 
necessary; above a few megacycles, coaxial leads must be 
used, and these must be securely grounded to the detec­
tor, generator, and bridge shields to provide a com­
pletely shielded system, and to eliminate common im­
pedances between generator and detector. 

SPECIALIZED MEASURMENTS 
Vacuum Tubes and Transistors No single device will 

measure all the desired characteristics of tubes and 
transistors, nor will it measl1l'e anyone property at all 
frequencies. The fundamental vacuum-tube parameters 
- plate resist.ance, amplification coefficient, and trans­
conductance - are measured easily and accurately at 
low frequencies by the TYPE 1661-A Vacuum-Tube 
Bridge. Of transistors, it wi ll measure the short-circuit 
conductance parameter, including the hi hybrid para­
meter, and the forward and reverse voltage ratios, in­
cluding the hT hybrid parameter. The hI. a, and {3 factors 
as well as other open-circuit parameters can be calcu­
lated from these measurements. 

At very high and ultra-high frequencies the TYPE 
1607-A ~ransfer Function and Immittance Bridge 
measures Important parameters of both tubes and tran­
sistors. For transistors, these include short-circuit cur­
~'ent g::in, open-circuit voltage-feedback factor, hybrid 
mput Impedance and hybrid output admittance. For 
tube~, they include open.-circuit voltage gain, trans­
adm~ttance, feedback adlmttance, and input and output 
admittance. These last two quantit.ies can be measured 
at low frequencies by the TYPE 1603-A Z-Y Bridge. 

The equivalent-ci rcuit parameters of tunnel diodes at 
high frequencies can also be measured on the Transfer­
Function and Immittanre Bridge. 

Small capacitances, such as the colleC'tor-to-base 
capacitance of a transistor, are easily measl1l'ed on the 
TYPE Hi05-A Impedance Comparator. A similar method 
of measurement is used to determine t he small phase 
angles of high resistances. 

TYPE NAME SEE PAGE 

1661-B Vacuum-Tube Bridge 28 
1607-A Transfer Function and 

Immittance Bridge 36 
160l-A Z-Y Bridge 28 

Dielectric Measurements For the measurement of the 
dielectric constant and dissipation factor of insulating 
materials, the TYPE 71 G-C Capacitance Bridge is recom­
mended at low frequencies (up to 100 kc), and the TYPE 
716-CS1up to 5 Me. With the bridges, the TYPE 1690-A 
Dielertric Sample Holder is useful in 2-terminal meas­
urements. The TYPE 716-P-l Guard Circuit can be used 
with the TYPE 716-C Capacitance Bridge when the 
sampl~ is in a conditioning chamber, 01', alternatively, 
th~ ~YPE 1605-A Impedance Comparator, with its 
bUlIt-ll1 gnard, can be used for the measl1l'ement. 

TYPE 

716-C 
716-CS1 
160S-A 
1690-A 

NAME 

Capacitance Bridge 
Capacitance Bridge 
Impedance Comparator 
Dielectric Sample Holder 

SEE PAGE 

13 
33 
26 
17 
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HESISTANCE 

TYPE 1652-A RESISTANCE LIMIT BRI DGE 
A LIMIT BRIDGE FOR RAPID TESTING 

A WHEATSTONE BRIDGE FOR THE LABORATORY 

USES:The Resistance Limit Bridge is intended 
primarily for dc production testing of resis­
tors. It can be used-
~ To indicate percentage deviation from an 
internal standard. 
~ To match pairs of resistors. 
~ To compare resistors to a standard sample. 
~ To measure resistance precisely by the null 
method. 

For manufacturers and users of resistors, this 
bridge offers an accurate and rapid means of 
separating resistors into tolerance classifica­
tions and for selecting resistors to close toler­
ances. The manufactttrer of electronic equipment 
can use it to advantage in matching pairs of 
resistors for operation in balanced circuits. 

Its accuracy is adequate for all but the most 
exacting requirements in the laboratory, and 
its ability to measure resistors as large as one 
megohm without the inconvenience of adding 
booster batteries makes it much more conven­
ient than the onliuary decade bridge. 

The bridge can also be adapted for use as 
the control unit in automatic sorting or in­
specting. A relay, in conj unction with external 
amplification, can be substituted for the indi­
cating meter, to actuate various types of se­
lection mechanisms. By adjustment of the 
sensitivity of the relay, end points can be es-

tablished to determine tolerances such as 
±5%, ±10%, and ±20%. 

DESCRIPTION: The TYPE 1652-A Resistance 
Limit Bridge uses the conventional equa l-arm 
Wheatstone bridge circuit . The bridge is sup­
plied from a constant-voltage dc source, and 
its indicating meter is calibrated ill percentage 
difference between the unknown and the stand­
ard over a range of ±20%. 

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

111 easurements are made simply; the stand­
ard is set to the nominal value of the resistor 
under test, and the percentage difference is in­
dicated on the meter. The test procedure can 

Schematic circuit diagram of the Type 16.52-A 
Resistance limit Bridge. 



be greatly faci li tated by the use of a test fix­
ture (such as the TYPE lG50-P1 , page 23) into 
which the resistors can he plugged, and which 
can be operated in conjullction with a s\\'itch 
that shorts the meter ci rcuit prior to removal 
of the resistor from the jig. Panel terminals 
for such a switch are provided. 

Resistance Limit Bridge used to test relay coils for precision 
relays and switches. 

Bf(IDGES --DC 
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For the matching of resistors, the resistor to 
be matched is connected to terminals pro­
vided and the intel'l1al standard is set to zero. 

U sed as a conventional Wheatstone bridge, 
the circuit is balanced by adjustment of the 
internal standard to equality with the un­
known resistor ; the calibrated meter is used 
as a null indicator. 
FEATURES: 

~ Rapid and accurate for limit tests . 
~ Extreme simplicity of operation. 
~ Large meter scale, colored gold for 5% 
li mits and silver for 10% limits. 
~ Equally useful for general resistance meas­
urement. 
~ Covers a wide resistance range - one ohm 
to one megohm. 
~ No batteries required. Operates from 115-
volt or 230-volt, GO-cycle line. 
~ Ruggedly constructed and enclosed in 
welded aluminum cahinet. 
~ Accurate - can measure resistors to an 
accuracy of ±0.25% . 
~ Indicating meter cannot be damaged by 
unbalan ce 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 reILds from -20% to +20%, with 
the standard ErA (RETMA) tolerance range of ±5% 
and ±10% clearly indicated by gold and silver coloring, 
respectively . 
Accuracy: As a limit bridge, ±0.5% or better; for match­
ing, ±0.2% ; for null measurement, with internal stand­
ard, ±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: One volt when the meter 
indication is zero. As the meter indication varies from 

TYPE 

-20% to +20% the voltage across the unknown will 
vary from 0.89 volt to 1.10 volts. 
Power Supply: 105 to 125 (or 210 to 250) volts, 60 cps. 
The power input is approximately 30 watts. 
Accessories Supplied: TYPE CAP-22 Three-Wire Power 
Cord, spare fuses. 
Tube Complement: One TYPE 6X4 and two TYPE 6SU7-
GTY's. 
Mounting: The bridge is supplied for either relay rack or 
bench mounting. Cabinet has wrinkle finish. 
Dimensions : \Vidth 19, height 8%: inches (-!85 by 225 
mm); depth behind panel ; bench model, 11~ inches 
(290 mm); rel,q-rack model, 10%: inches (275 nun). 
Net Weight : 29 pounds (13.5 kg).' 

CODE WORD PRICE 

1652-AM 
1652-AR 
1652-AMQl 
1652-ARQl 

Resistance Limit Bridge (Bench Model . . .. .... . BUXOM 
BADGE 
BUXOMRABID 
BADGERABID 

$520.00 
520.00 
645.00 
645.00 

Resistance Limit Bridge (Relay-Rack Model) . . . 
Resistance Limit Bridge (50 cps) . ...... . ... . . 
Resistance Limit Bridge (50 cps) ... ........ , . 

MEGOHM BRIDGE: The TYPE 544-B :l\1egohm Bridge (page 8) is a Wheatstone bridge for 
measurements fl'om 0.1 megohm to 1,000,000 megohms. The TYPE 1862-B Megohmmeter 
(page 1:30) and the TYPB 1230-A DC Amplifier and Electrometer (page 128) are also 
dm'i~lled for measurements in the megohm range. 
AC LIMIT BRIDGE: The TYP1~ lG05-A ImpcJance Comparator (page 26) is designed for the 
rapid comparison of resistors, capacitors and inductors at 0.1, 1, 10, and 100 kc. 
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TYPE 544-B MEGOHM BRIDGE 

FOR MEASUREMENT OF INSULATION RESISTANCE, RESISTIVITY, DIELECTRIC ABSORPTION 

USES:The TYPE 5H-B Megohm Bridge is very 
useful for measurement of all types of resist­
ances in the megohm ranges. These include 
composition, film, and carbon resistors; insula­
tion resistance of electrical machinery such as 
generators, motors, and transformers; of elec­
trical equipment such as rheostats and house­
hold appliances; of single conductors, cables 
and capacitors; of long sections of high-volta~e 
cables; of paper capaci tors; and of slabs of 
insulating materials. 

Volume resistivity and its change with tem­
perature and humidity can also be determined. 

Guard connections are provided for the 
measurement of three-terminal resistors such 
as multi-wire cables, three-terminal capaci­
tors, networks, and guarded specimens of in­
sulating 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 time intervals 
from one second to many hours. 

With external decade resistors, the bridge 
can be used for intercomparison of resistance 
standards. 

DESCRIPTION: The TYPE 5H-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 in the diagram at the 
bottom of the page, with the power applied 
across the arms A and B, and the vaCUUffi­
tube voltmeter connected across the conju­
gate pairs, A -N and B-P. For checking the 
galvanometer zero, the tube is isolated from . 
the bridge voltage in the CHECK position, 
with the high resistors, Nand P , connected 
to the grid exactly as in the OPERATE posi­
tion. The effects of any voltages, alternating 
or direct, in the unkno"'n resistor, P, and of 
any grid current in the tube will not appear in 
the bridge balance because they are balanced 
out in the zero adjustment. There is also a 
CHARGE position, in which the unknown 
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 

""" o-:c:--(;---j + GUARD 

___ ~IC","" 
, OP! IUT[ 

CHECII. 

<0'.:t8~, B I .e , '" .;~~ B (.:1 -:0' 
o C.V AliIO ~"':: • c.u .. ~o 

N A N A N 

'--- -' 

Schematic diag rams a f the mega hm bridge. 
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charge at a maximum rate. The zero of the 
galvanometer can also be checked at any time 
,rithout being affected by t he residual charge 
ill Lhe capaciLor. 

FEATURES: 

~ Direct measurement as high as 1,000,000 
megohms. 
~ Constant fractional accuracy, regardless 
of setting. 
~ Voltage applied to unknown is held approx­
imately constant regardless of value of re­
sistance. 
~ Voltage stabilization prevents surges 111 

charging curren t. 
~ Safe to operate since all high-vol tage termi­
nals are insulated and current limiters are in­
cluded in the power supply. 

BI(ID(J[S -DC 
KES/STANCE 

The Megohms diol of Type 544-B Megohm Bridge. The scale 
is approximately logarithmic over the moin decade from 1 to 10. 

SPECIFICATIONS 

Range: 0.1 megohm to 1,000,000 megohms, ('overed b~r a 
dial and a 5-position multiplier switch. A resistance of 
1,000,000 megohms can be distinguished from infini ty. 

Accuracy: ±3% on the 0.1, 1, and 10 multipliers; ±~% 
on the 100 and 1000 multipliers. Above 10,000 megohms, 
the accuracy is essentially that with which t he ~ca l e on 
the MEGOHMS dial can be read . 

Power Supply: Two types of power Sllppl~r are availttble: 
(1) an ac operated unit delivering dc test voltages of 500 
and 100 volts to the bridge, and (2) a battery power sup­
ply of 90 volts. The ac unit operates from a 105- to 125-
volt (or 210- to 250-volt), -10- to 60-cycle line. The bat­
tery power suppl~r consists of one No. 6 dry cell and 
three 45-volt batteries. This supplies 45 volts for the 
tube anode and 90 volts for the test voltage. 

The bridge with ac power uni t will also operate satis­
factorily from a -IOO-cycle supply, alt hough line-fre­
quency ripple will be somewhat greater t han with a 
oO-cycle supply . 

Power Input: 60 watts at 115 volts, 60 cps; with bat-

TYPE 

tery supply, approximate current requirements are 60 
ma for cathode heaters and 7.5 ma for anode. 

External Bridge Voltage: Up to 500 volts can be applied 
from an external source. 

Tube Complement: \Vith battery power Sllppl~r , one lL-I; 
the 500-volt power Sllppl~r use~ one each 6K7-G, 
fiX5-GT, 5U~-G, fiJ5-GT, oleo-GT, -JAl, two NE--1S. 

Accessories Supplied: Test probe. \Vith ac power supply, 
a TYPE CAP-22 Three-Wire Power Cord, spare fuses, 
spare neon ballast tllbe. Batteries are supplied with the 
battery-operated model . 

Mounting: Shielded oak cabinet with cover. 

Dimensions: \Vidth SY2, height 22Y2, depth 8 inches (220 
by 575 by 215 mm ), over-all, with cover closed . 

Net Weight: With battery power supply, 29 Y2 pounds 
(1:3.5 kg); with ac power supply, 26 Y2 pounds (12 kg); 
T YPE 5+.J-PlO, U :l1 pounds (fi .5 kg) ; TYPI'; 5~-I-P3, 
11 :l1 pounds (5.2 kg). 

CODE WORD PRICE 

544-BA Megohm Bridge, with AC Power Supply ......... AGREE $415.00 

544-BB Megohm Bridge, Battery Operated {lncl. Batteries} ALOOF 290.00 

544-P3 AC Power Supply Unit Only .. ..... ... . ...... . AGREEAPACK 165.00 

544-P10 Battery Power Supply Unit Only . . ... .. .. . . ... ALOOFAPACK 40.00 

OTHER INSTRUMENTS FOR HIGH RESISTANCE MEASUREMENTS: Two dired-illdieating in­
struments for measuring resistances in the megohm range are the TYPE 18G2-B l\fegohm­
meter, described Oli page 130, and the TYPE 12:30-A DC Amplifier and Electrometer, de­
scribed on page 128. 
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Bf(IOGES -60-, 120-CYClE 
-------------------------------~ 
CAPACITANCE 

TYPE 1611-B CAPACITANCE TEST BRIDGE 
WIDE-RANGE TEST BRIDGE FOR 

SHOP, FIELD, OR LABORATORY 

USES: Capacitance and dissipation-factor meas­
urements at 60 cps and 120 cps can be made 
quickly and conveniently ,yith this bridge. 
Among its uses are: 

~ Laboratory and shop testing of paper and 
mica capacitors. 

~ Measurements of polarized electrolytic 
capacitors , including tantalytics, at 120 cps 
or 60 cps. 

~ Measurement of dielectric properties of 
solid insulation and transformer oil. 

~ In the electric power industry, for the 
shop testing of insulators and insulation, in­
cluding bushings, transformers, rotating ma­
chines, and cable. 

~ For the wire and cable manufacturer, this 
bridge offers a convenient and 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 eleeL ronics indu;;lry wi ll find it useful, 
lIoL ollly for rouLine eapt1<'itallce and dissipa­
Liou factor LeBLs Oil componont capacitors, 

but also for checking capacitance to ground 
of transformer windings, shields, and circuit 
C'lements. 

DESCRIPTION: The circuit used is the series­
resistancc capac·itance bridge. Onc 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 direet-reading dial. The 
variable resistors in series with the standard 
capaeitors are calibrated directly in dissipa­
tion factor. 

A shield terminal is provided, to which a 
guard electrode or a ground term inal can be 
connected for :3-terminal measurements. 

A visual null indicator is used, consisting 
of a tuned amplif-ier and an eleetron-ray tube. 

The entire instrument is ac operated. 
For (iO-cyele measurements, bridge power 

is derived directly from the power line. For 
120-cycle measurements, an exiel'l1al oscil­
lator, TYPE 121-!-D is used. Other frequencies 
up to 1000 cps can also be used, if the detector 
filter is tuned externally. 

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

FEATURES: 

~ 'Vide range - 0 to 11,000 Mf. 

~ l\Ieasures either 2- or 3-terminal capacitors. 

~ Visual null indicator is an advantage in 
noisy locations. 

~ Detector sensitivity increases as balance 
point is approached, which greatly simplifies 
proce. s of locating balance. 

~ Much less expensive than high-voltage 
equipment. 

~ Moderate external electrostatic fields do not 
affect accuracy . 

~ A de polarizing voltage can be introduced 
from an external source. 

~ Measures polarized electrolytic capacitors 
ulldor condi Lions of acLual usc - with 120-
cycle ripple volLage applied . 
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~-------------
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SPECIFICATIONS 

Capacitance Range: 0 to 11,000 I'f at 60 cps. 1 to 11,000 
,..£ at 120 cps or other external frequency. 

Dissipation-Factor Range : 0 to 60% at 60 cps. Range p ro­
portional to frequency. (0 to 120 % at 120 cps.) 

Dial readings must be multiplied by the ratio [0 for fre­

quencies other than 60 cps. 

Accuracy: Capacitance, ± 1 %. D issipation factor, ±(2% 

of dial reading + 0.05% x [0 d issipation factor). 

Sensitivity: Capacitances from 100 pf to 10,000 I'f can be 
balanced to a precision of at least 0. 1 %. 

Detector Filter: Tuned to 60 or 120 cps, selected by 
switch. Jack provided for use of an external fi lter for 
other frequencies. 

External Generator: Required for frequencies other t han 
60 cps. T YPE 121-!-D Unit Oscillator listed below is rec­
ommended fo r 120-cycle measurements. 

External Fields: For bushing testing, t he fie lds usually en­
counte red in shop and laboratory, even li p to several 
thousand volts, \\·i ll not atIect the accuracy. For meas­
urements in locations where t he overhead voltages are 
very high, t he unknown shou ld be shielded. 

AC Voltage Applied to Capacitance under Test: Varies from 
a maximum of approximately 125 volts at 100 pf to less 

TYPE 

than 1 volt at 10,000 I'f. A maximum of one volt-ampere 
of reactive power is delivered to the sample. Voltage 
can be reduced by an e~ternal rheostat on the four high­
est ranges for measuren1ent of tantalum capacitors. 

Pola rizing Voltage: An external dc pola rizing voltage of 
up to 500 volts can be applied for measurements on the 
four highest multiplier ranges. Terminals a re provided. 

Te mperatu re and Humidity Effects: The readings of the 
bridge are unaffected by temperature and humidity 
variations over the range of room conditions normally 
encountered (18 to 35 C, 0 to 90% RH). 

Powe r Supply: 105 to 125 (or 210 to 250) volts, 60 cps. 
A 50-cycle model is available; see price table below. 
Power input is 15 watts. 

Tube Complement: One each 6X5-GT / G, 6SJ 7, and 6U5. 

Accessories Supplied: TYPE CAP-22 Three-Wire Power 
Cord and spare fuses. . 

Other Accessories Required : 120-cycle oscillator, if 120-
evcle measurements are to be made. TYPE 12H-D Unit 
Oscillator is recommended. 

Mounting : Luggage-type case, completely shielded to 
insure freedom from electrostatic piekll p. 

Dimensions: Width 147.:1, height 16, depth 10 inches 
(370 by 410 by 255 tum), over-all. 

Net Weight: 30),-2 pounds (1.J. kg). 

CODE WORD PRICE 

1611-B 
1611-BQ1 

Capacitance Test Bridge .. .. . . ....... ... .. . FAVOR 
FAVORPASHA 

$650.00 
700.00 Capacitance Test Bridge, for 50-cycle supply .. 

TYPE 1214-D UNIT OSCILLATOR 
FOR 120-CYCLE MEASUREMENTS WITH TYPE 1611-B BRIDGE 

ments of capacitance and dissipation factor in 
accordance with EIA standards. T he output 
control is a fout-posit ion switch to provide 
four different output impedances, to match t he 
TYPE 1611-B Bridge at each of its four 120-
cycle multiplier settings, and is marked in 
terms of bridge mult ipliers. 

A jack is provided for plugging in an ex­
ternal oscillator so that the output trans­
former and s,,-itching can be used at frequen­
cies other than 120 cps. 

This oscillator drives the TYPE 1611-B 
Capacitance Bridge at 120 cps for measure-

Complete specifications for the TYPE 1214-D are 
given on page 106. 

TYPE CODE WORD PRICE 

1214-0 120-cycle oscillator (including power supply). . ... ABBOT $100.00 
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BRIDGES -60-CYClE 
CAPACITANCE 

TYPE 740-B CAPACITANCE TEST BRIDGE 

RELIABLE, MODERATELY 

PRICED BRIDGE FOR 

SHOP AND LABORATORY 

USES: The TYPE 7-!O-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 
polarized electrolytic capacitors. The capacitor 
manufacturer can use it for production tests, 
the capacitor user for acceptance tests. It is 
particularly useful in testing polarized elec­
trolytic capacitors, because the test condi­
tions approximate the normal operating con­
ditions of use. 

DESCRIPTION: The circuit used in this instru­
ment is that of a series-resistance capacitance 
bridge. One ratio arm is variable in decade 
steps, and the other is continuously variahle 
and calibrated directly in capacitance . 

The TYPE 7-!O-B Capacitance Test Bridge 

is a simpler instrument than the TYPE 161l-B, 
with a smaller capacitance range and lacking 
some of the features of the latter instrument. 

FEATURES: 
~ Measures the direct capacitance of un­
grounded capacitors. (Use TYPE 16ll-B Bridge 
for grounded capacit.ors.) 
~ Visual null indicator makes the bridge use­
ful for production testing in noisy locations. 
~ Simple to operate. 
~ ~ ormal operating conditions for polarized 
electrolyti c capacitors are reproduced by the 
use of a dc polarizing voltage. The ac voltage 
impressed by the bridge itself is small and 
simulates the ripple usually encoun tered in 
pO\yer-supply filters. 

SPEc! FICA TIONS 

Capacitance Range: 5 pf to 100 /Lf in seven ranges. Ca­
pacitance values a re read directly from a logari thmic 
dial and multiplier switch. 
Dissipation-Factor Range: 0 to 50% in two ranges. Scale 
has 50 diviRions. 
Capacitance Accuracy: Wi thin ± 1 % over the main decade 
(1 to 11) of the CAPACITANCE dial for a ll multiplier 
settings except .0001. \Yi thin ± 1.5% or ±3 pf, which­
ever is the la rger, on t he .0001 multiplier on the main 
decade of t he CAPACITANCE dial. Below 100 pf the 
error gradually increases to ±5 pf as zero is approached. 
Dissipation Factor Accuracy: Within ±1 .5% of full-scale 
reading for a ll capacitance multipliers except .OOOL 

Voltage Applied to Unknown: Varies continuously with 
the bridge setting from approximatel~' :35 volts on the 
lowest range to approximately one volt on the highest 
range. 

Polarizing Voltage: A dc polarizing voltage of up to 500 
volts can he applied at panel terminals. 

Power Supply: 105 to 125 (or 210 to 250) volts, 60 cps. 
The po\yer inpu t is 15 watts. 

Tube Complement : One each 6X50T / 0, 6J7, 6E5. 

Accessories Supplied: TYP E CAP-22 Three-\Vire Power 
Cord , spare fuses. 

Mounting: Luggage-type case. 

Dimensions: Width 15, height 1·+}.-'2, depth 9~ inches 
(385 by :370 by 2:35 mm ), over-all. 

On the .0001 capacitance multiplier a correction of 
0.3% should he subtracted from the dissipation-factor 
dial read ing. When this correction is made t he accuracy 
is within ±2 dial divisions on the.x1 multiplier and with-
in ±1 division on the xlO multiplier. Net Weight: 19 pounds (9 kg). 

TYPE I CODE WORD 

740-B Capacitance Test Bridge . . . . . . . . . . . . . . . . . . . . . B-A-B-E-l---+-$-3-00- .00--

PRICE 
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TYPE 716-C CAPACITANCE BRIDGE 
FOR THE PRECISE MEASUREMENT OF 

CAPACITORS AND DIELECTRIC MATERIALS 

USES: This precise, dired-reading, capacitaJlC'e 
bridge can be used for a wide variety of capaci­
tanf'P and dissipation-factor mea~Ul'emen ts. 
Within its cope are the determination of di ­
elef'tric constant, dissipation factor , loss fac­
tor, phase angle, and other dielectric proper­
tief' of insulating materials , as "'ell aR their 
change with such factors as frequency, tem­
perature, and humidity. 

In addition to direct-reading capacitance 
measurements, the bridge is capable of meas­
uring other impedances by substitution meth­
ods. Among these are the inductance and 
storage factor of large inductors. up to several 
thousand henrys; the inductance and resist­
ance of cables at fref]lIencies up to 300 kc; the 
resistance and parallel capacitance of high­
valued resistors, up to several thousand meg­
ohms; and capacitances up to several thousand 
microfarads. 

By the addition of all external decade re­
sistor, the bridge can be converted to either a 
series- or a parallel-resistan ce bridge; the 
latter is especially useful in measuring the 
resistance of electrolytes. 

In the General Radio laboratories the TyPJ<; 
716 Capacitance Bridge is used for capacitance 

standardization measurements. In production 
it is used for the testing and adjustment of 
precision fixed capacitors. 

DESCRIPTION: The TypJ<; 716-C Capacitance 
Bridge ii:i a modified Scherillg bridge, direct 
reading in capacitance from 30 cps to 300 ke, 
and in dissipation factor at 100 cps, and 1, 10, 
and 100 kc. 

A wide capacitance range at 1 kilocycle is 
obtained by four sets of ratio arms giving 
multiplying factors from 1 to 1000 in decade 
steps. The built-in standard is a worm-driven 
variable precisioll capacitor, calibrated to read 
directly in total capacitance. All capacitances 
to ground of the input transformer and ratio 
arms are removed from tllP capacitance arms 
by enclosure in a shie lded compartment insu­
lated from the grounded panel and connected 
to the j unction of the ratio arms. 

Dissipation factor is indicated directly by 
the scale sett ing of an ail' capacitor and from 
a decade-step f'apacitor connected across the 
fixed ratio arm. The 12-inch scale of the air 
capacitor is approximately logarithm ic, so 
that, while having a maximum reading of 
0.06, its smallest division near zero is 0.000], 

13 
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thus allowing the estimation of 0.00002. The 
accuracy of the dissipa tiOll factor reading over 
the wide capacitance range is made possible 
by added capacitance across the lower-valued 
ratio arms, so that the product RCwJ.l1* of all 
the ratio arms is the same. 

FEATURES: 
~ "Vide capacitance and frequency ranges 
~ High a.ccuracy 
~ Direct-reading dials 
~ Operation is simple, and both terminals and 
controls are arranged for convenience and 
flexibility of operation. 
~ Operation up to 300 kilocycles pel' second is 
made possible by careful design of the shielded 
transformer to minimize leakage impedances 
and dielectric losses. 
* Where 1\1 is the multiplier setting. 

,----o(l GEN. 0-----, 

SPECIFICA liONS 
Ranges of M easu reme nt 

Capacitance, direct-reading: 100 pI to 1.1 J.Lf at 1 kc; 
100 pf to 1150 pf at 100 cps, 10 kc, and 100 kc. 

Capacitance, substitution: 0 .1 pf to 1050 pf with the 
internal standard. 

0.1 pf up to value of available standard with ex­
ternal standard. 

Dissipation Factor, direct-reading: 0.00002 to 0.56. 
Dissipation Factor, substitution: 

C standard 
0.00002 to 0.56 X C unknown' 

Accu racy 
Capacitance, direct-reading: ±0.1 % ±(0.6 pf X capac­

itance multiplier setting) when D < 0.01. 
Capacitance, substitution: ± 1.2 pf 
Dissipation Factor, direct reading: ±0.0005 or ±2% 

of dial reading, whichever is larger. 
Dissipation Factor: substitution: ±0.00005 or ±2% 

for the change in D when the change is less than 0.06. 
When D is greater than the limits given above, cor­

rections must be made to maintain the stated accuracy. 
Formulae are supplied to make these corrections. A 
correction chart for the precision capacitor is also sup­
plied which allows accuracy of substitution measlll'e­
ments of ±0.05% or ±0.6pf. A 1l0-point calibration is 
available, at extra charge, which allows substitution 
measurements to be made with an aCCUl'acy of ±0.05% 
01' ±0.2pf. 
Frequency Range: 30 cps to 300 kc. To maintain the ac­
curacies stated above, the operating frequency must not 
differ from the range-selector frequency by more than a 
factor of three. 
Zero Capacitan ce Across th e Unknown Terminals: Ap-

TYPE 

proximately 1 pf (negligible in substitulion measlll'e­
ments or direct measllJ'ements \I'ith the multiplier at 
10 or higher). 
Temperature and Humid ity : Variations of temperature 
from 65 to 95 F have no significant efTect on the accuracy 
of the bridge. 

Precise measlll'ements of dissipation factor should not 
be attempted when the bridge has been exposed to ab­
normally high relative humidity, un less it is first dried 
by heat or a desiccant. 
Power Input : 1 watt, maximum, at GENERATOR 
terminals, which allows a maximum of 200 v at 1 kc, or 
50 v at GO cps. If the generator and detector connections 
are interchanged, 700 volts can be applied at 1 kc and 
lower. 
Accesso rie s Suppl ied : One TYPE 27+'1 L Shielded Patch 
Cord and one TYPE 87+.R34 Patch Corel. 
Accessori es Required : Oscillator, high-impedance de­
tector, and, for substitution measurements, a balancing 
capacitor. The TYPE 121O-C Unit RC Oscillator (page 
102) is recommended with the TYPE 12:l2-A Null 
Deteetor (page (0) for measurements up to 100 kc. The 
TYPE 1:302-A Oscillator (page 99) ('an also be used. At 
low radio frequencies, a radio l'Ceeiver is a satisfactory 
detector. The TYPE 1422 Precision Capacitor and the 
TYPJ,s 505, 1409, and I-WI Fixed Capacitors are recom­
mended as balancing capacitors. 
Mounting : Relay-rack mounting 01' hardwood cabinet. 
Dimensions : Relay-rack model: width 19, height 14 
inches (485 by :360 mm), depth behind panel 9 inches 
(2:30 mm). Cabinet model: width 21%" height 14~, 
depth 1l~ inches (555 b~' 365 by 290 111m). 
Net W eight : n.ela~'-rack model, ~4Y2 pounds (20.5 kg); 
Cabinet model, 5~Y2 pounds (25 kg). 

CODE W ORD PRI CE 

716-CR 
716-CM 

Capacitance Bridge (Relay-Rack Model) ........ . BONUS 
BOSOM 

$625.00 
655.00 Capacitance Bridge (Cabinet Model). . . ........ . 

11 O-Point Calibration for Internal Precision Ca-
pacitor .... ... . . ... .. ... . ... . . . ... . . . . .. . WORMY 50.00 

TYPE 1610-B CAPACITANCE MEASURING ASSEMBLY: A complete capacitance measuring 
assembly, including bridge, guard circuit, generator , and detector is listed on page 15. 
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TYPE 716-P4 GUARD CIRCUIT 
USES: The Guard Circuit facilitates the measurement 
of guarded dielectric samples and of other small capaci­
tances where a three-terminal measlll'ement is necessary. 
It is particulari:v useful in the measurement of compo­
nents and materials over wide ranges of temperature and 
humidity, because it eliminates from thc measurement 
the etTects of the leads from the bridge to the sample in 
its condi tioning apparatus and permits the same ac­
curacy of measurement that would be obtained if the 
sample were positioned directly at t he bridge terminals. 

DESCRIPTION: Sec schematic. The guard arms Sand '1' 
make it possible to balance any combination of capaci­
tance and loss normally encoun te red in the terminal 
impedanee of t he unknown. 

The circuit and switch ing arc arranged for either di­
rect reading 01' substitut ion methods. An ll50-pf vari­
:.hl e balancing capacitor is built into the guard circu it 

for substitution measurements and can be switched in or 
out of circuit, as required. Thus, the onl~' external con­
nection required is that to the unknown itself, for eith er 
direct-reading or substitution meas\ll'ements. 

SPECIFICA liONS 

TYPE 

Capacitance Range: DCHigned for u~c wit.h the xl multi­
plier ranges of the TYI'J; 7W-C Cap;witanl'e Bridge, i.e., 
~. range of 0- 1050 pI'. The range can be extended by the 
addit ion of external cap:wit:ul("e to the standard arm of 
the bridge. 
Frequency Range : Corresponds LO that of TYP1, 71Q-C. 
Guard Balance Capacitor: Any v:tlue of c:tpac itance be­
tween the gua rd point and the high measuring terminal 
up to 1000 pf can be balanced out. 
Accessories Supplied : One TYPE 87~-Q2 Coaxial Adaptor. 
One TYPE 8:{8-B Alligator Clip. 
Net Weight : TYPE 7lH-P~R, 17 pounds (8 kg); TYPE 
71H-P4M, 2:3 pounds (10 .5 kg). 
Dimens ions: Width 19, height 9%, depth 8%; inches 
(~85 by 2:35 by 225 mm). 

CODE WORD PRICE 

716-P4M 
716-P4R 

Guard Circuit (Bench Model) . .. ....... . BOSOMGUARD 
BONUSGUARD 

$350.00 
330.00 Guard Circuit (Relay-Rack Model) ........... . 

PATENT NOTICE. See Note 4, page ,·iii. 

TYPE 1610 CAPACITANCE MEASURING ASSEMBLIES 
COMPLETE SYSTEMS FOR CAPACITANCE MEASUREMENT 

USES: Each TYPE 1610 Capacitance Measur­
ing Assembly is a complete set of equipment 
for highly precise measurement of capaci­
tance and dissipation factor an d for inter­
comparison of capacitance standards. Meas­
urements can be made by either direct or sub­
stitution methods. 

The 1610-B Capacitance Measuring Assem­
bly, which includes a guard circuit, can be 
used for three-terminals measurements and 
for measurements on samples some distance 
from the bridge. 

For two-terminal measurements of dielec­
tric constant and dissipation factor, t he TYPE 
1690-A Dielectric Sample Holder mounts 
dire!'t Iy Oll t he capacitance bridge. Specimens 
of dielectric materials in the form of standard 

ASTM 2-inch (or smaller) disks can be meas­
ured. 

DESCRIPTION: Three models of the TYPE 1610 
Capac itan ce leasuring Asselnblies are avail­
able: 

TYPB 161O-B, for two- and three-terminal 
measurements from 30 cps to 100 kc, includes· 

TYPE 716-C Capacitance Bridge 
TYPE 716-P4 Guard Circuit 
TYPE 1210-C Unit R-C Oscillator 
TYPE 1203-B Unit Power Supply 
TYPE 1232-A Null Detector 

Cabinet rack, connecting cables, adaptor 
panels, and power cord . 

TYPB 161O-B2, for two-tel'min a l measure­
ments from 30 cps to 100 kc, includes: 

15 
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Type 1610-8 

Typ]!; 716-C Capac:iLance Bridge 
TYPE 121O-C Unit R-C Oscillator 
TYPE 1203-B Unit Power Supply 
TYPE 1232-A Null Detector 

Cabinet rack, connecting cables, adaptor 
panels, and power cord. 

TYPE 161O-AH, for two-terminal measure-

Type 1610-82 

ments at 1 Me, includes : 
TYPE 716-CS1 Capacitance Bridge 
TYPE 1214-M Unit Oscillator 
TYPE 1212-A Unit Null Detector 
TYPE 1212-P2 One-Megacycle Filter 
TYPE 1203-B Unit Power Supply 

Cabinet rack, connecting cables, adaptor 
panrls, and power cord. 

SPECIFICATIONS 
Abbreviated specifications are given below. For com­
plete specifications see TYPE 716-C (page 13) for the 
TYPES 1610-B and 161O-B2, TYPE 716-CS1 (page ;n) 
for the TYPE 1610-AH, TYPE 716-P4 (page 15), Typ," 
12:32-A (page (0), TYPE 1210-C (page 102 ), and THE 
121-1-M (page lOG ). 

Ranges of Measurement 

Capacitance: 0.1 to 1050 pf (to 1.b.tf for 2-terminal 
measurements on Type 161O-B and -132 ). 

Dissipation Factor: 0.00002 to 0.56. 

Accuracy 

Capacitance, direc·t-reading: ±0.1 % 
Capacitance, substitution: ± 1.2 pf 
Dissipation Factor: ±2% 

TYPE 

Frequency Range 
TYPES I61O-B and IGI0-B2: :10 cps to 100 kc. 
THE 16I0-AH: 0.1 to 5 Mc, I-Mc oscillator is 

supplied. 
Power Supply: 105 to 125 volts, 50 to 60 cps, 100 watts 
at 115-v line. Assembly will operate satisfactorily on 
power-supply frequencies up to 400 cps, provided that 
the supply voltage is at least 115 volts. 
Accessories Supplied : ~ecessary cables, adaptor , power 
('ord, alligator clip, spare fuses. 
Dimensions: Width 22>--2, height -13, depth 20 inches 
(570 by 1090 by 510 mm) over-all. 
Net Weight : TYPE 1610-B, 203 pounds (92 kg); TYPE 
IG10-B2, 180 pounds (82 kg); TYI'I'; 1610-AH, 150 
pounds (69 kg). 

CODE WORD PRICE 

1610-8 
1610-82 

Capacitance Measuring Assembly ..... 
Capacitance Measuring Assembly (less Guard 

SEDAN $1720.00 

1420.00 
1035.00 

Circuit) .................... .. ..... . . . . . 
1610-AH 1-Mc Capacitance Measuring Assembly .... . 

PATENT NOTICE. Sec Notes 1. 2, and 4, page viii. 

SABER 
SIREN 



Ok/DCES ---AI 
CAPACITANCE 

TYPE 1690-A DIELECTRIC SAMPLE HOLDER 
FOR MEASUREMENTS OF SOLID DIELECTRIC MATERIALS 

USES : The TypJo] 1699-A Dielectric Sample Holder is a 
micrometer-driven sample holder of the Hartshol'l1 
type,* intended primarily for measurement of dieleetric 
constant and dissipation factors of speeimens of dielee­
t ric materials in the form of standard ASTM 2-inch 
diameter disks. It is suitable for any flat sample who~e 
largest dimension is not greater than 2 inches and thick­
ness not greater than 0.3 inch . It can be used, for exam­
ple, with resonant eircuits for susceptance-variation or 
frequency-variation measurements, with the TYp]~ 
716-C and Typ], 716-CSl Capac itance Bridges, the 
TYPE 874-LBA Slotted Line, and the TYPE 1()02-B 
Admittance Meter. 
D£SCRIPTlON : A precision micrometer screw drives the 
movable grounded electrode with respect to a fi xed 
insulated electrode. The serew adj llstment eontrol is a 
large instrument knob, in contrast to the small thimble 
employed in the IIsual mfw hinist's micrometer. Attached 
to the knob is an accurately divided drum which incli­
cates the spac ing between ·electrodes. The micrometer 
screw is eleetrica lly shunted by a J11et:ti bellows, assur ing 

positive low-resistance connection at a ll times. A release 
mechanism is incorporated in the design of the movab le 
electrode, so that when full positive contact is made 
between the two electrodes, the drive disengages, thus 
protecting the mechanism against mechanical st ress. 
When the surfaces of the specimen are not exactly 
parallel the movable electrode will adjust itself to the 
plane of the speeimell surface. 

.'\. vel'l1ier capacitor with a capacitance range of 5 pf 
is also provided, for use in determining capac itance 
increments in the susceptance-variat ion method. This 
capacitor is of the cyl indrical type, the movable cylinder 
being a precision micrometer screw. Ten tUl'l1S of the 
screw cover the range of 5 pf, and the d rum attached to 
the screw is accurately divided into 50 divisions, each 
corresponding to .01 pL 

The assembly is mounted in a rugged aluminum cast­
ing, which shields it on four sides. The shielding is 
completed by two removable cover plates, which permit 
access to the electrodes. The holder can be mounted on 
either horizontal or vertical panels. 

For a more complete description of this in trument 
refer to the General Radio Experimenter, \'olume 26, 1\0. 
3, August, 1951, and Volume 28, No.1, June, 195:3. 

FEATURES: 

~ A dielectric specimen can be measured over a wide 
range of frequencies with the same holder in difTerent 
measuring circu its. 
~ Corrections for edge fringing and stmy capacitance 
a re taken care of by t l1(' ealibmtion . 
~ Rigid casting supports enti re structure. 
~ Large easi ly read dials. 
~ Complete shielding. 
~ Flexibility - can be used with a number of dilTerent 
bridges or other measuring circuits. 
~ Precision cal ibration provided for each holder. 
~ "Floating" elee·trode proteets pre(·ision drive. 
* L. Hartshorn and \\ .. H. Ward. I'roccedinws of the Institution of 
Electrical Engineers, \"01 79, PI' 597-609 (1936). 

SPECIFICATIONS 
Electrodes : Diameler, 2.000 inches ±0.0025 inch. Sur­
fa(·es a re ground optically flat within a few wavelengths. 
Electrode Spacing: Adjustable from zero to O.:l-inch indi­
cated by the micrometer reading in mils. 
Vernier: Incremental capacitance is 5 pf, nominal. 
Calibration : For the main capacitor, a chart is provided 
giving the calculated air capacital1(·e as a function of 
spacing. A correction curve is also provided with each 
holder, giving the measured deviations from calculated 
values over t he range from 300 mils to 10 mils spacing. 
In accordance with recommended ASTM practice, this 
calibration is referred to the calculated geometric value 
at a spacing of 100 mils. Accuracy is ±0.2% ±O.l mil. 

For the vernier capacitor, a correction chart is pro­
vided, from which capacitance differences can be deter­
mined to an accuracy of ±O.OO-I pf. 
Zero Capacitance: Approximately 11 pf. 
Operating Temperature: Up to 150 C. 

TYPE 

Frequency : No significant error occms at frequencies 
below 100 Mc. At higher frequencies satisfactory resu lts 
can be obtained for many types of measurements. 
Accessories Supplied: T YPE 1690-Pl Adaptor Assembly 
for mounting to the TYPES 716-C and -CSI Capacitanee 
Bridges. Hardware is supplied for mounting sample 
holder on TYPES ?-lO-B, 1611-13, 544-13 Bridges and 
TYPE 1862-13 Megohmmeter. 
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 calibration charts. 
Dimensions: Mounted on adaptor, 6>i by 5~ by ,I~ 
inches (160 by 150 by 115 mm), over-all. 
Net Weight: 3~ pounds (1.8 kg). 

CODE WORD PRICE 

1690-A 
1690-P2 

Dielectric Sample Holder . .. .. .. . ....... . . . . LOYAL $435.00 
Adaptor Assembly (for connection to coaxial 

equipment) ........ . .. ..... ..... ..... ... . LOYALMOUNT 20.00 
PATENT NOTICE. See Note 4, page viii. 
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TYPE 1613 CAPACITANCE BRIDGE 

TYPE 1613-A - TEST SET, CAPACITANCE BRIDGE, TTU 24/E, 

PRECISION, THREE-TERMINAL, DEPOT 

TYPE 1613-K -l-KC, THREE-TERMINAL CAPACITANCE BRIDGE 

USES: This is an excel lent capacitance bridge 
for precise, three-terminal measurements. 
The TYPE 1613-A JOO-c?cle model is basically 
a calibrator for the capacitive fuel-gage 
testers 1 that check the accuracy of aircraft 
fuel-quantity gages. It meets the essential 
requirements of specifications MIL-T-4778 
(USAF) and has been given the mi litari ly 
assigned commercial-standard designation 
TTU U / E, as listed above. The TYPE 161:3-E: 
model is a similar bridge which operates at 
1 kilocycle pel' second. 

DESCRIPTION: The circuit is that of a trans­
former bridge , with an ingenious method for 
making the dissipation-factor dial direct­
reading. The inductively coupled ratio arms 
are in the detec·tor circuit, so that the voltage 
on the unknown capacitor remains COllstant 
as the bridge ratio is changed . The direct im­
pedance of the T network used in the stand­
ard side of the bridge balances the direct 

impedance of the unkno,\·n. The balance 
equations are: 

Gx = G.l (Jl1) 
and Dx = wR (G"l + Gll ) 

where 111 is a multiplier of 1 or H 0 (as selected) 
and Gx is the series capacitance of the un­
known. 

The sum (G A + Gll ) is kept constant, so that 
R is proportional to Dx and is thei'efore di­
rectly calibrated in dissipation factor. Other 
transformer-type capacitance bridges require 
a computation to obtain this quantity. 

The standard capacitor, which forms the 
differential unit consisting of GA and Gll , is 
actually a 50-to-llOO pf variable air unit and 
a lOOO-to-lO,OOO pf decade of silvered-mica 
capacitors. The sum (G A + Gll ) is kept con­
stant by the addition of an extra set of stator 
plates to a worm-driven, variable, precision 
capacitor, and by differential switching of the 
mica units. On the X VIo range the lower 
1 General Radio TYPE H29-A, page 171, is this type of device 
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limit is extended doml by a factor of 710, so 
that thc over-all range' hccomeH 5 to 11,000 pf. 
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The oscillator is thermistor stabilized and 
uses a Wien-bridge selective RC network in 
a three-stage feedback circuit, which has such 
a high loop gain that the frequency is prac­
tically independent of tube parameter changes. 
The frequency-determining components are 
GR precision resistors and capacitors. A 
buffer cathode-follower amplifier is added to 
prevent external loading from affecting the 
frequency . 

FEATURES: 

~ Rapid and accurate balancing. 

~ High selectivity. 

~ Panel lights indicate direction of capacitance 
unbalance to simplify measurement procedure. 
~ Easy to operate - few balance controls. 

~ No guard circuit is necessary for three­
terminal measurements. 

SPECIFICATIONS 
Ranges of M easu rement 

Capacitance: 5 to 11,000 pf. 
Dissipation Factor: 0 to 0.11. 

Accu racy 
Capacitance: ±0.1 % from 11,000 to ~O pf, riRing to 

0.8% at 5 pf. 
Dissipation Faetor: ±2% of reading ±0.0002. 

Inte rnal Oscillator Freque ncy 
TYPE 16B-A: ~OO cps. 
TYPJ, 161:3-K: 1 kc. 
Oscillator output is 25 voltR, nominal. 

Detector Sensitivity: Xl J\ [ ULTIPLIE:R position - 10% 
deflection for .05 nf 6 C. 

XYto J\IULTIP"LIER position - 10% deflection for 
.005 pf 6C. 
Detector Se lectiv ity 

TYPE 161:3-A: Down ~-l db at 800 cps, dO\m 72 db at 
60 ('ps. 

TYPE 161:3-K: Down -l-l db at 2 kc. 
Effect of Impedance to Third Te rminal (Chassis) : Impedance 
from thc unshielded lead to chassis shunts the oscillator 
and, therefore, caURes no bridge errol' . The output volt­
:lge is reduced approx imatel~' 50% by shunt impedance 
of 5 kl! or 0.1 fA on the Typ," Hi1:3-A 01' of 5 kl! or 
.02 f.'f on the TYPE 1G1:3-K 

Impedance from the coaxial lead to chassis shunts the 
bridge transformer. On the X 1 ~IULTIPLIER posi­
tion, there is negligible ellect from a shunt of 1 kl! or 
0.1 f.'f on the TYPE H)1:3-A 01' of 1 kn 01' .02 f.'f on the 
TYPE 1G13-K On the X Yto MULTIPLIER position, 
there is negligible effect from 10 kl! or .01 f.'f on the 
TYPE 1G1:3-A or of 10 kn or .002 f.'f on the TYPE 16B-I\:. 
Accessori es Supplied : For connection to TYPE 1429-A 
Fuel Gage Tester, two unshielded cable assemblies and 
one commOll ~hieltled assembly; for connection to TYPE 
0:3 Fuel Gage Tester, one cable harness, including terI)li­
nation unit assembly; for general-purpose three-terminal 
measurements, one coaxial and one unshielded cable 

TYPE 

:1RRembl~', with TYPE 874 connectors. Power cord is also 
supplied. 
Tube Compl eme nt : 5-5751; 1-12AT7WA; l-~j'\:-l\vA. 
Power Supply: 105 to 125 volts, 50- GO ('P". :30 watts 
input at 1 15-volt line, 
Dimensions : Width 2272, height H, depth 12%; illehe~ 
(575 by aGO by 325 mm), over-all, including cover. 
Net Weight : 55 pounds (25 kg). 

For a more complete description of this instrument 
refer to the General Radio Experimenter, Volume :32, 
No.9, February, 1958. 

View of Ty pe 1613-A Capacitance Brid ge showing 
ca binet wi th cove r in place. 

CODE WORD PRICE 

1613-A 
1613-K 

Capacitance Bridge, 400-cps model .. .. .. ... . SUPER 
SULLY 

$2175.00 
2375.00 Capacitance Bridge, 1 OOO-cps model .. . . . ... , 
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TYPE 1632-A INDUCTANCE BRIDGE 
PRECISE BRIDGE FOR STANDARDIZATION OF INDUCTORS 

USES: The TYPE 1632-A Inductance Bridge is 
designed for the precise measurement of either 
the series or the parallel components of t\\·o­
terminal grounded inductors, at audio fre­
quencies, over a wide range of inductance. Its 
high accuracy makes it suitable for standard­
ization measurements, while its convenient in­
line readout feature and the absence of a slid­
ing balance make possible rapid measurement" 
of high precision. 

l\Ieasurement of incremental inductance can 
be made at low levels of ae and dc excitation . 

DESCRIPTION: The O"'el1 circuit used in this 
bridge is shown schematically in the accom­
panying diagram. In this circuit, the standard 
reactance is a capacitor, which, owing to its 
very low residual impedances, exhibits a neg­
ligible change in its effective capacitance over 
the audio range. The O"'en circuit also makes 
possible the use of the high accuracy of decade 
resistors for the inductance balance. The dec-­
ades can be switched to either a series 01' a 
parallel connection, so that the bridge can be 
made direct reading in either series 01' parallel 
components of the unknown inductor. Over a 
wide range of Q, the unknown can be measured 

in terms of whichever components are most 
con vellient . 

Inductance is indicated by the setting of a 
six-decade control; conductance by the setting 
of four decades and a variable air capacitor. 
The inductance dials, which sholl' only the 
pertinent digit of each decade, indicate directly 
either series 01' parallel inductance. Resistance, 
either series or parallel, is the reciprocal of the 
conductance setting. An eight-position multi­
plier automatically indicates both the decimal 
point and the units for both inductance and 
('ond uctance. 

SERIES PARALLEL 

Elementary schematic of bridge configuration for series and 
parallel inductance measurement. 



To obtain maximum accuracy for the meas­
urement of both large and small values of 
inductance, the residua l impedances associ­
ated with the "unknown " terminals have 
been minimized. 

FEATURES: 
~ Extremely wide range, 0.0001 Mh to 1111 h . 
~ ±0.1 % direct-reading accuracy. 
~ High resolution - six significant figures. 
~ Will detect 0.1 millimicrohenry. 
~ Easy, fool-proof readout with in-line decade 
readings and indicated decimal points. 
~ X 0 sliding balance. 
~ Measures series or parallel inductance. 
~ Instructions, equations, and circuits en­
graved on the panel. 

Bf(lDGES -AF 
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The Type 1632-A Inductance Bridge is shawn in a laboratory 
set-up for the me a sure ment of standard inductors. 

SPEC! FICA liONS 

Ranges af Measurement 
Inductance : 0.0001 ",h to 1111 h. 
Canductance: 0.0001 ",mho to 1111 mhos. 

Accuracy 
Inductance : ±0.1 %, direct-reading. This accuracy is 

reduced at the extremes of the inductance, Q, and fre­
quency ranges. The lowest inductance range (0.0001 to 
111 ",h) has a direct-reading accuracy of ±1 %. 

When the Q of the unknown is less than unity, the 
accuracy is reduced to (+0.05 ±QB)%/ QX. Values of 
QB at 1 kc (the phase angles of the compensated RB re­
sistors) are given in the table. 

d-H; .,h Z e -High Z f-High 
Range a, b, c d -Low e -Low f-Low Z g h 

RB 1 n JO n 100 n lkn 10kn 100kn 

± .03% ± .OOSo/c ±.002o/c ±.002o/c ± .02% 
!--:-:c--

QB at Ike ± 0.1% 

For frequencies higher than 1 kc, the error can be 
determined from the above expression with the QB 
values multiplied by the frequency in kilocycles. There 
is an additional error of 0.1 X 10-8 J'% on the lowest 
inductance range and of -I- X 1O- 8 .f2% on the highest 
range. ' 

Two nearly equal inductors can be intercompared to 
a precision of one part in 105 or better. 

The bridge adds approximately 1 pf to the capaci­
tance across the inductor. 

Conductance : ±1 % direct-reading accuracy. This 
accuracy is reduced at the extremes of the Land G 
decades, of Q, and of frequency. The eN capacitor 
decades are ad justed within ±1 % +2 pI'. 

When the Q of the unknown is greater than 10, the 
error, when the bridge reads either series resistance 

or parallel conductance, is increased to Qx (=0_05 
±QB)%. See the table above for values of QB at 1 kc. 

For frequencies above 1 kc, the value of QB is multi­
plied by the fl'equency in ki locycles. 

\Vhen the bridge reads series resistance, there is an 
additional errol' of 0.15 Qx% at 1 kc and with the L 
decades set at one-tenth full scale (RN = 10 kn). This 
error is proportional to frequency (with constant Qx) 
and approximately proportional to the resistance (R.v) 
of the L decades. 
Maximum Measurable Q : For series connection, propor­
tional to frequency, 60 at 100 cps. For parallel connec­
tion, 80 at 100 cps and R_v of 100,000 ohms, inversely 
proportional to frequency and to R.v. 
Maximum Safe Bridge Input Voltage : One volt on low­
inductance ranges to 100 volts on high ranges. Values 
are engraved on the panel. 
Accessories Required: Generator and detector. The TYPE 
1:304-B Beat-Frequency Audio Generator (page 100) or 
the TYPE 121O-C Unit R-C Oscillator (pagp. 102) with 
the TYPE 1206-B Unit Amplifier (page 6~) and the 
TYPE 1232-A Null Detector are recommended (page 
(j0). 
Accessories Supplied : Two TYPE 27~-NL Shielded Patch 
Cords for connection to generator and detector, TYPE 
1632-P1 Tmnsformer to match low bridge-input im­
pedances to generators which require a 600-ohm load . 
Mounting : Aluminum cabinet and panel with end 
frames. Can also be relay-mck mounted. 
Dimensions : Width 19}1, height 16, depth 10}1 inches 
(~95 by -1-10 by 270 mm), over-all; depth behind panel 
8}1 inches (230 mm). 
Net We ight : 40 pounds (18}1 kg). 

For a more complete descript.iull of this instrument 
refer to the Geneml Radio Expe1'imenter, Volume 33, 
No. 11, November, 1959. 

TYPE CODE WORD PRICE 

I Inductance Bridge ........ . .......... , .... . BARGE $950.00 1632-A 
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Flip-tilt cabinet holds bridge firmly tilted at almost any angle and provides protection when bridge is not in use. 

TYPE 1650-A IMPEDANCE BRIDGE 
COMPLETELY SELF-CONTAINED UNIVERSAL BRIDGE 

USES: The TYPE 1650 Impedance Bridge will 
measure the inductance and storage factor , Q, 
of inductors*, the capacitance and dissipation 
factor, D, of capacitors, and the ac and dc re­
sistance of all types of resistors . 

In the laboratory it is extremely useful 
for measuring the circuit constants in experi­
mental equipment, testing preliminary sam­
ples, and identifying unlabeled parts. In the 
shop and on the test bench it has manyappli­
cations for testing and component sorting. 

Three-terminal measurements can be made 
in the presence of considerable stray capaci­
tance to ground. 

DESCRIPTION: This bridge is a completely self­
contained and portable instrument. Five sep­
arate bridge circuits are included to give 
* Incluru ng such low-Q inductors as rf coils measured at 1 kc. 

flexibility and wide range. Battery-powered, 
low-drain transistor oscillator and detector 
are included. The panel meter indicates both 
dc and ac bridge unbalances, and, therefore, 
headphones are not required. 

The measured quantities, R, L, C, D, and Q, 
are indicated directly on dials with logarithmic 
scales. No multiplier is necessary for the D 
and Q indications and the C, R, or L multipliers 
and the units of measurement are indicated by 
the range switch setting. 

The bridge circuits are made up of high­
quality, stable components to give accuracy 
for many years under a wide range of condi­
tions. Orthonull, a patented mechanical-gang­
ing device is used to make low-Q (high-D) bal­
ances possible without a "sliding null". This 
mechanism, which may be switched in or 
out as desired, adds accuracy as well as con­
venience and makes easy many low-Q meas­
urements that are practically impossible on 
other impedance bridges. 

The design provides a handle and a captive, 
protective cover and allows the bridge panel 
to be tilted and held firmly at any angle. 

FEATURES: 

~ Completely self-contained and portable. 
~ Wide impedance range, covering all com­
mon components. 
~ Orthonull to facilitate low-Q balances. 
~ Meter indication of ac as well as dc unbal­
ances, so that headphones are not necessary. 
~ Transistor oscillator and detector powered 
by common "D" cells. 
~ Provision for applying dc to components 
being measured. 
~ Easy-to-read dials. 
~ Excellent D and Q accuracy. 
~ Very small residual errors. 
~ Long battery life; easy replace men t. 
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SPECIFICATIONS 
Ranges 

Resistance: 1 mr! to 10 i\'[r!, 8 ranges ac or dc. 
Capacitance: 1 pf to 1000 /,f, 7 ranges, series or paral­

lel. 
Inductance: 1 /'h to 1000 h, 7 ranges, series or pamllel. 
D: (of series capacitance): 0.001 to 1 at 1 kc 

(of parallel capacitance): 0.1 to 50 at 1 kc 
(C.=C p within 1% if D <0.1) 

Q: (of series inductance): 0.02 to 10 at 1 kc 
(of pamllel inductance) : 1 to 1000 at 1 kc 
(L. = Lp within 1 % if Q> 10) 

Accuracy 
Resistance ': ±1 % ± 1 mr! (residual R = 1 mr!) 
Capacitance : ±1 % ±1 pf (residual C = 0.5 pO 
Inductance: ±1 % ±1 /'h (residual L <0.2 /'h) 
D: ±5% ±.00l at 1 kc or lower 
l/Q: ±5% ±.001 at 1 kc or lower 

Frequency Range: (1 kc supplied in ternally) 
1 % accuracy for R, 20 cps to 5 kc; for Land C, 20 

cps to 20 kc. D and Q ranges are functions of frequency. 
Internal Oscillatar Frequency t : 1 kc ±2%. 

TYPE 

1650-A Impedance Bridge . ........... . 

PATENT NOTICE. See notes 1. 19 and 22, page viii. 
* For de resistance, accuracy is 1 % from In to lOOkn. An external 

Internal Detector: Response, flat or selective at 1 kc; sen­
sitivity control provided. 
Internal DC Supply: 6 v, 60 ma max. 
Power Supply: -l D cells, supplied. Current drain (ac 
measurements) 10 mao 
External Oscillator and Detector: TYPE 121O-C Unit R-C 
Oscillator (page 102) and TYPE 1232-A Null Detector 
(page 60) are recommended for audio measurements. 
DC Polarization : 600 volts may be applied (from ex­
ternal source) for series capacitance measurements. 
Accessories Available : TYPE 1650-P1 Test Jig. 
Other Accessories Required: None. Headphones may be 
used for high precision at the extremes of the bridge 
ranges. 
Mounting: Aluminum cabinet, with captive cover. 
Dimensions: Width 12%:, height 1272, depth 7%: inches 
(325 by 320 by 200 mm), over-all, including handle. 
Net Weight: 17 pounds (8 kg). 

For a more complete description of this instrument 
send for General Radio Reprint No. E-108. 

CODE WORD PRICE 

BATON $450.00 
DC Supply is requi red for 1 % accuracy above 100 kll. 
t External ac and de sources can also be used. 

SERIES CAPACITANCE PARALLEL CAPACITANCE RESISTANCE SERIES INDUCTANCE PARALLEL INDUCTANCE 

Schematic diagrams of the five circuits u;ed in the bridge. 

TYPE 1650-Pl TEST JIG 
MINIMIZES EFFECTS OF LEAD CAPACITANCE 

This teRt-jig adaptor provides a way to con­
nect components quickly to a pair of terminals, 
which can be placed on t he bench directly in 
front of the operator. Thus, the test jig and 
1650-A Bridge make a rapid and efficient com­
ponent sorting device when the panel meter 
of the 1650-A is used as a limit indicator. 

The teRt jig makes a three-terminal connec­
tion to the bridge, so that the residual zero 
capacitance is negligible. The lead resistance 
(0.08 ohm total) has effect only when very low 
impedances are measured, and the lead capaci­
tance affects only the measurement of the Q 
of inductors, introducing a small error in D 

1 
(or Q) of less t han 0.007. 

Test jig makes three-terminal connection to the Type 1650-A 
Impedance Bridge for rapid connection and measurement of 

components. 

TYPE 

1650-Pl Test Jig . .... . 

NET 
WT 

100z 

PRICE 

$19.00 
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TYPE 1603-A Z-Y BRIDGE 
A UNIVERSAL AUDIO-FREQUENCY 

IMPEDANCE-MEASURING INSTRUMENT 

USES: This remarkabl e bridgc can easily he 
balanced for any imp<,dance connected to its 
te rminals and bclongs in any laborato ry ,,-here 
impedancc measuremcnts a re madc_ For ex­
ample, the TYPE 160:3-A Z-Y Bridge can bc 
used to measurc: 
~ R, L, and C components, or any combina­
tions of them , 
~ Reactance-resistancc curvcs for elcct ro­
acoustic transd L1cers. 
~ Open- and :;hort -circuit t ra nsformer charac­
tcristics, 
~ Frequency characteristics of elect rolyl ic 
eapacitors, 
~ Hesonances of indu ctors and transformers, 
~ Complex input , output, and characteristic 
impedan ccs of transmission nct,,-orks. 
~ Transistor input and output impedances, 
~ Cha ractcristicR of sonar elementR, 
~ Conductivity of liquids. 
~ Circular-arc plots of so lid s and liquids 111 

electrochemi cal research . 
~ Negative resistance of active circuits . 

DESCRIPTION: The ba. ic circuit is the fami liar 
rcsistance-capaeitancc bridge. An initia l bal­
a nce is made withou t the unkn own element , 
and then a fin al balance \yith the unknown in 
the circuit. The difference in control sett ings 
betwecn these two balances is the value of t he 
un knm\"11. 

Low impedances are measured directly in 
tcrms of R and X, and high impedances, i .e. 
low ad mittances, a re measured directly in 
tcrms of G and B. Any value of unknm\"l1 can 
be balanced as either an impedance or admit­
tance. 

Rand G read ings are independent of fre­
quency. X and B read ings are direct at 100 cps, 
1 kc, and 10 kc. At other frequencies, X mllst 
be diyided, an d B multiplied, by t he ratio 

operating frequency f 
reference frequency 1. 

The controls and switching of the TYPE 
1603-A Z-Y Bridge provide the utmost in 
convenience of operation. The unkl1m\"l1 is 
a \lmys connected to a single pair of terminals 
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for impcdance or admittance measurement for 
both initial and final balances. The main 
sc lcC'tor s l\'itch connects the unknown inter­
IHtlly for eithcr impedance 01' admittance 
mca:-;llI'cmcn t and disconnects it d ming t he 
init ia l ilfLlance . 

Thc rdcrencc-frcq nellcy swit rh may be 
u,.;ec! as a multiplier for t he X and B ranges 
\\'hCll it, is se t to a ntluc othcr than nearcst 
t he act ua l opc rat illg frcqucncy. 

By Hclcc( ion of detcctor eOllllcrt iOIlS, one 
call mcasul'c ( I ) thc grounded, (~) the direct 
or ( :~ ) t-IIC total dclta \ 'alllc, balanced or UIl­

haln.llC'cd , of (he llllkll own clcmcnt - a \'alua-

ble abilit.Y Ilot P0:-;:-;PH:-;Pc\ by most other instru­
ments . 

FEATURES: 
~ Will balance for lll1Y unknown. 
~ Covcrs en t ire audio-frequency range. 
~ 1 % accuracy for both real and imagin n, r~' 
components (0 7 kc. 

~ Reads directly in ohms or mirl'omho:-; . 
~ Fast. convenient opcration. 

~ ('an mca:-;ul'C grounded, direct, or babnced 
impcdn.nccR OJ' admit tanccs. 

SPECIFICATIONS 
Frequency Range: 20 rps to 20 kc. 
Impedance and Admittance Range : - 00 to + 00 • 

Tlw unknowlI is measured u.s a ll imp('d~L))('p if t,llC 
ahi'olutp I'p~istall('p is less than 1000 ohms and the 
"h,:olutp I'P:H'tal1('(' is Ips8 than 1000 (Jo/.n ohm,;. 

'I'll(' ullkllown is mpasured as an admittance if the 
:l.h,:olute ('onduetam'e is less t han 1000 micromhos and 
thC' :th~olutp slIs('(.'p tancc is less than 1000 (J /.(,, ) mi­
rromhos. 

CndC'1' rpl'lain limited conditions, a ('hoi(·c of Z or Y 
ll1e:u'lIl'C'll1cnls is possible. 
Accuracy (fOI' meaSlll'enwnts wit.h the Iinknown 
grollndC'd ) 
H : ± l % 

±21l main R di :t! , 01' ± 0 .2n ,:"R di rt! 
±0.0002(Jkr)(X) 

X: ± l % (±2% ahove 7 kr, ±:l% n.hove 15 kc) 
±2(J,, /J)f! main X dial, 01' ± 0.2(f .. l f)\l ,:"X dbl 
± 0.0002( f,,, )U 

G: ± I% 
±2 I'mhos main G di:ll , 01' ± 0.2 I'l11ho ,:,,(,' di"l 
±0.0002(Jk< )1~ 

TYPE 

B: ± l % (±2 % above 7 kc, ±3% ahove 15 kc) 
±2U/.(,, ) I'mhoH m:1in B dial, or ±0.2(J If o) I'mho 
,:"jJ e1i,,1 
±0.0002('h,)G 

TheRC' specifications appl~' to mC'asurements made 
with t hC' unknown gl'ounded. There al'e slighU.,· larger 
el'rol's :1.t hi gh fl'eqlleneiPR for d il'eet 01' dcll:1. mC'asul'C'­
mellt,;. 
Maximum Applied Voltage : 130 volts rms on bl'idge, 
giving IpHs lhan :32 volts on unknown. 
Accessories Required: C,"liiJmted oscillator 01' suitable 
genel'ator :1I1d delC'rtol'. The TYPE 1210-C Unit, Osrilla­
tor (pagC' 102) is rC'eommended. TYPE 12:~2-A XliII 
])cte(,j,or (page 60) is re('ommended. 
Accessories Supplied : One TYPE 27 -I-~P and one TYPE 
87-l-R3-1 P atch Cords. 
Mounting: Aluminum cahinet and panel. Carrying 
handle ])!,ovided. . 
Dimensions: Width 12 1'2, he igh t 13>-2, depth 8>-2 inches 
(:~20 by 3-15 by 220 mm ), over-all. 
Net Weight : 21}1 pounds ( 10 kg). 

For a more complete de~cription of this instrument 
send fol' the Geneml Radio R eprint No. E-102. 

CODE WORD PRICE 

1603-A Z-Y Bridge ..... ... . ... . .... ........ ... .. . CATER $450.00 

,\,'t-" 

~'v ~
,., 

<c.~ R 50 B BALANCE 
CLOSED ----:.. CONTROLS 
FOR V. 

y~ 
Elementary schematic diagram of the 

Type 1603-A Z-Y Bridge. 
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TYPE 1605-A IMPEDANCE COMPARATOR 
ACCURATE AND VERSATI LE ON THE PRODUCTION LINE AND 

IN THE LABORATORY 

USES: T ypical uses for this highly preelse In­
st rument in clude: 
~ Rapid testing, sort ing, and matehing of preei­
sion components, etched boards, subassem blies 
and complex networks, either manually or in 
('om bination with automatic sort ing equipment. 
~ :Vl easuring the effects of ti me, temperatlll"e, 
humidity, and pressure on eomponents, \\'it h 
high precision and continuous indi cation. 
~ Rapid test for trac king of ga nged potenti­
ometers a nd variable capacitors. 
~ Frequency characteristics of components. 
~ Easy comparison of quantities usually re­
quiring laboratory techniques, such as : 

Small impedance differences. 
D of low-loss dielectric- mah·ri als. 
D of inductors. 
Q or phase angle of wire-wound ref' istol"s 

or potentiometers. 
Balance of transformer windin gs. 
Transistor eapacitanees. 

DESCRIPTION: This co mpletely self-contain ed 
impedance comparator indi cate" directly on 
two panel meters the differenee in impedance 
and phase angle between a pair of elements 
connected to its terminals. Three highly desir­
able characteristics not usually obtained to­
gether are combined in this unique instrumen t : 

- high accuracy 
- high speed 
- ,vide ranges of impedan ce and freq uency. 

As a resul t, not only does it bring laboratory 
accuracy to production-line in spection , but, 
conversely, it brings the speed of the prod uc-

tion test to measurements in the laboratory . 
The basic circui t of the comparator is a 

bridge circuit, with the unknown and stand­
a rd impedan ces serving as two of the bridge 
arms and the halves of a center-tapped trans­
form er secondary winding serving as the othcr 
two arms. An in ternal R-C oscillator dri"ing 
the transformer primary winding proyidcs 
frequencies at 100 cps, 1 kc, 10 kc, and 100 kc. 
The bridge unbalance voltage, resul t ing from 
inequali ty of standard and unknown imped­
ances, is separated into in-phase and out-of­
phase components . which are amplified and 
indi cated directly by t \\·o meters reading. re­
spectively, impedan ce magnitude difference in 
percent and phase-angle difference in radia ns. 

The transformer is especially design cd to 

Block schematic of the Type 160S-A Impedance 
Comparator. 
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have as high a degree of co upling as possible 
bet\\'een the two halves of its secondary wind­
ing. The coefficient of coupling achieved is 
greater than 0.9997, and the open-circuit volt­
ages of the two halves are balanced to within 
1 part in 106• This makes possible measure­
ment of differences as ] 0\\' as ,01 % on the TYPB 
1605-A and .003% on the TYPE 1605-AH and 
minimizes the loading effect of external im­
pedances on the bridge transformer. 

An unusual type of cathode-follower circui t 
provides a very 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 environmental test chamber. 

For operating external se lector circui ts. 
meter voltages are available at the real' of the 
instrument; a plug connector is supplied. 

Calibration can quick ly be checked at a ll Y 
lime by means of a simple built -in nehl"ork. 

FEATURES: 
~ High-speed meter indication : no balancing 
operation required. 
~ Wide frequency range: 100 cps to 100 kc. 
~ High accuracy. 
~ Versatile: compares impedan ce;; of any 
phase angle. 
~ Wide impedance range: 2 ohms to 20 meg­
ohms. 
~ Compares both magnitude and phase angle 
simultaneously and indicates direction of 
unbalance. 
~ Guard point avai lab le. 
~ Completely self-contained. 
~ Meter terminals are brought out at rear 
for operation of automatic sclection devices 
or recorder. 
~ Meters are protected so that thc instrument 
need not be externally shorted bct\\'cen meas­
uremellts to prevent off-scale damage. 

SPECIFICATIONS 
Ranges of Measurement 

160S-A 
160S-AH 

* to 0.1 pr with reduced accul'acy. 

Meter Ranges 
Type 160S-AM, -AR 

20 /Lh to 10,000 h 
200 /Lh to 10,000 h 

Impedance Magnitude Difference : ±0.3%, ±l %, 
±:)%, ±10%, full scale. (Can he adjusted for max imum 
of 50%. ) 

Phase Angle Difference: ±0.00:3, ±0.01, ±0.0;3, ±O.I 
rad ian, fu ll scale. The phase angle d ifference is ver, ' 
neari, ' equal to the D difference for capacitors 01' in­
ductors, 01' the Q differenf'e fo r rc~istors, as long as the 
Dol' Q is less than 0 .1. 
Type 160S-AHM, -AHR 

Impedance Magnitude Diflerence : ±O.l %, ±0.3%, 
± 1 %, ±3%, full scale. 

Phase Angle Difference : ±0.001, ±O.OO:), ±0.01, 
±O.O:~ rad ian, fu ll scale. 
Accuracy of Difference Readings: :3% of fu ll scale; i.e., for 
the ±0.3% impedance-difference scale, accurac.,· is 
O.OO\) % of the impedance magnitude being measured. 
Voltage Across Standard and Unknown: TYPE W05-A, 
approximatel,' 0.3 volt; TYPE 1605-AH, 1 volt. 
Tube Complement: 1-5651 5-12AT7 

1-5751 3-6U8 
3-12A\"7 1-6ASiG 
4-6AL5 1-3AlO 

Power Supply: 105 to 125 (01' 210 to 250) volts, 50 to 60 
cp~: about 100 watts input at 115 volts. Instrument 
wi ll operate satisfactorily on po\\"er-supply frequenc ies 

TYPE 

lip to 400 cps, provided that the suppl,' voltage is at 
least 115 volts. 
Accessories Supplied: TYPJ, CAP-22 Three- \\"ire Power 
Cord, telephone plug, external-meter p lug, adaptor 
plate assembly (fits panel term inals), spare fURes. 
Mounting: Relay-rack panel with cabinet; Typ], 
1605-AR and -Ai-TIt have fittings to permit either in­
strument or cabinet to be removed from rack without 
disturbing the other; TYPE l605-AM and -AIfM have 
end supports for table 01' bench use. 
Dimensions: Width lU, height 7, depth 1351 inches 
(485 by 180 by 3~5 mm), over-all; depth behind panel 
12 inches (:305 mm). 
Net Weight: 2951 pounds (1:3.5 kg ). 

For a more complete description of this instrument 
send for General Radio Reprint No. E-I03. 

CODE WORD PRICE 

1605-AM 
1605-AR 
1605-AHM 
160S-AHR 

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

GIPSY 
. GUNNY 

DENSE 
DEVOR 

$800.00 
800.00 
925.00 
925.00 

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

P.-I.TENT NOTICE. See Notes 4 and 1.';, page viii. l\1odels with other meter ranges or other freqllencies are available on special order. 
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TYPE 1661-A 
VACUUM-TUBE BRIDGE 

FOR MEASUREMENTS OF 

OPERATING PARAMETERS OF 

VACUUM TUBES AND TRANSISTORS 

USES: The Tip:c; 1661-A Vacuum-Tube 
Bridge mak('s possible the mcusur('ment of (be 
low-frequency dynamic coeffieients of vacuum 
tubes and transistors over very " 'ide ranges of 
values and under a \"ide variel y of operating 
conditions, 

For vacuum tubes, independent, direct­
reading measure men ls of vol tage-am plifica­
tion factor , resif'tance, and t ranscollductancc 
can be made quickly and easily, 

For transistor applications, wi thin the range 
and sensitivity of the bridge one can determinc 
the sholt-circuit conductallce parameters gi, 
go, gr, and gl as ,,'ell as the IIr and hi para­
meLers directly. Some opell-circuit parameters 
can be measured if careful extel'll:11 shieldin~ 
is provided "'here required. The hlb (ex) and 
hie ({:J) parameters as "'ell as the open-circuit 
impedal[('e parameters can be calculated 
from the short-circuit cOllductallce measure­
menls, 

Although 1I0t ill tended for the sel'\'ice-test­
ing of tubes and transistors , the vacuum-lube 
bridge is more lhan adequate for the rugged 
job of production testing, and it is a most 
accurate device for evalualing tube coefficients 
and most transistor low-frequency parame­
ters. 

III devdopment and research , t hi s instru­
ment affords a meanR of studyil lg lhe behavior 
of tubes alld tran~islors used ill UllCOll\'en­
tional ami ~p('cial circuits, where allY one of 

t he electrodes may be used as the control 
electrode and where the parameters 111ay han: 
negati ve values, 

The circuits ha\'e large enough CUl'l'ent­
cal'l'yi ng capacity allCl sufficient insulation so 
that many trallsmitting tubes can be tcstcd 
in addition to \,ccci\' ing tubes alld tl'an~istorf'. 
DESCRIPTION: The bridge makes usc of a Itc\,­
nating-culTent Ilull methods of measurcmcnt , 
in which phase-shift and eapacit an('c crrors 
ha\'e be('n gi veil ~pecial considerat ion in ordcr 
that the operatillg range of the hridgl' may be 
as wide as possible. Each of t-he thrc(' ('0-

efficients is obtained in terms of 1 he ratio of 
two allel'natillg lest voltages. A th ird \'o\t­
age is employed in the capacitallce balancing 
circuit, but its value docs not ell ier illt o t he 
results, 

An extremely flcxible arrangement of t Il(' 
conirol circuils makes it possible to mcal'Ul'e 
the resistance, voltage ratio, and trallsconduC'l­
ance parameters refcrrcd to allY pail' of elec­
trodes. Conneclious from the tube or tran~il'­
tor under test to lhe measurillg cirC llit arc 
made by mea1l:; of coaxial cables and jacks 
connected to a nine-terminal ja('k plate 
mounted on the pewcl. l-lIui-ied ca.bles ('an be 
secured to 01' groullded to the pane\. Sixteen 
coaxial plugs arc lllOUlltcd 011 the panel. 
permitting a\\'idc "ariely ofilltercOllncctiOIlR 
bcti\'een the ja('\.;: plate, the lllcasuring circuit, 
and exterllal po\\"er i:iupplics. 
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BI(IDGES -AF 
~--------------------------------w IIACUUM-TUBE 

Twelve adaptor plates for plugging in t ubes 
and t ransistors (see specifi cat ions) are provided. 

In this lat est version of the Vacuum-Tube 
Bridge, selection of either of two inte rnal 
resistance standards permits operation at a 
bridge ratio that yieJds improved sensit ivity 
at the resistance and transconductance ex­
t remes. 

A s" 'itch permi ts the independent test ill g of 
each section of t" 'in (two-ident ical-section) 
tubes, ,yit hout t he need for reconll ectin g pateh 
cords. 

Self-bias resistors can be cOllll ected for 
either singJe- or two-Rection tubes. 

The operating frequency can be 270- 400 
cps or 1000 cps, 

Simplifie d d iagram a f the circuit emplayed for th e measure­
ment of t ra nsconducta nce with the Type 1661 -A Va cuum-Tube 
Brid ge, The p oints of introdu ction of the test voltages e , a nd e, 
are changed by a switch when the other co e fficients are meas­
ure d. Another switch reverses the polarity of e, wh e n ne g a tive 

valu es o f the coefficients are to be measured. 

FEATURES: 
~ A :;imple and straigh tfor\,'ard measurement 
procedure is used and is exactly the same for 
all three coeffi cien ts. At balance, t he qua ll t i ty 
being measured is indicated directly to t hree 
f-igures by bridge dial settings. 
~ Independent measurements of the t hree 
main t ube para meters are possible, i.e., 1l 0ll e of 
t he balances depends in any way on allY other. 
~ X egative values of the coefficients can he 
measured as readily as positive values. 
~ The transconductance of a t ube havill g a 
high value of grid-to-plate capacitall ce mil be 
measured wi thout errol' from this capac it.a ll (·e. 
~ Low-frequency pa rameters of trallsistors 
can be measured. 

STANDARD 
j RESISTAHCE 

CAPACITANCE 
BALANCE 

SPECIFICATIONS 
Range: Amplification factor (Ii), 0.001 to 10,000 . 

Dynamic in ternal plate resistance (1',,), 50 ohms to 
20 megohms. . 

T ransconductance (Ym), 0.02 to 50,000 micromhos. 
Under proper condi tions, t he above ranges (">1n he 

exceeded. The various parameters can also be mea~u red 
,,·ith respect to various elements, such as screen grid ~, 
etc. Negative as well as posit ive values can be measured . 
Accuracy : Wi thin ±2% for resistances (-rp switch posi­
tion ) from 1000 to 1,000,000 ohms. At lower and higher 
values the error in ereases. 

The expression Ii = 1"pg ", will check to ±2% when 
the quantiLieH arc a ll measured by t he bridge, and when 
r" is between 1000 and 1,000,000 ohms. 
Frequency : 270 to 400 cps, or 1000 cps. 
Tube and Transisto r Mounting : Adaptors a re provided fo r 
:~- and -I-Iead transistOJ's and fo r tubes of 4-pin , 5-pin , 
{i-pin, small 7-pin, large 7-pin, octal, lortal, miniature 
hu tton 7-pin , miniature button 9-pin (noval), acorn 
(5- and 7-pin ), fi at-press subminiature up to 7 \\'ires, 
and 8-wire subminar. In addi t ion, a universal adaptor, 
,,·itb nine soldering lugs, is provided so t hat un based 
(mnsistors, unmoun ted tubes, or t ubes wi t h nonstand­
ard bases, can be measured convenien tl~' . F or short lead 
subminiature tubes, for nuvistors, and for t ransisto rs, 
soekets :ue supplied " 'hich can be moun ted on t he uni­
versal adaptor. Thus all standard commercia l receiving 
tubes and transistors can be measured . The panel jack 

TYPE 

1661-A Vacuum-Tube Bridge . 

plate and t he adaptors a re made of low-loss (on,t uml) 
phenolic, reducing to a minimum t he shunt ing effeet 
of dielectric 10 ses on t he d.vnamic resistanee being 
measured. 
Cu rrent and Voltage Ratings: :\[aximum allowable plate 
eurrent, 400 ma; maximum plate voltage, 1500 volls, 
Ele ctrode Voltage Supply : Batteries or other su itnble 
power supplies are necessary for providing t he variolls 
vol tages required by the devi('e under test. 
Bridge Source : T YPB 12H-A Oscillator (page 10(; ) is 
recommended. 
Null Detecto r: The TYPE 1232-A Tuned Amplifier an d 
Xull D etector (page 60) and t he TYPE 1212-A Uni t X ull 
D etector (page 61 ) is recomm.ended. 
Accessories Supplied: Adaptor~ and sockets as listed 
above, all neeessary plug-in leads, and shielded pateh 
(" OJ'ds for conneeting generator and detector, adaptor 
euse, 
Mounting : The instru ment is mounted in a ha rdwood 
cabinet. A wooden storage ease is provided for the 
adaptors and leads. Storage space is provided for a 
spare universal adaptor, on which any type of socket 
can be permanently mounted. 
Dimensians : Widt h 15%;, length 20, depth 11 inches 
(.f00 by 510 by 280 mm ), over-all. 
Net Weight : TYPE 1661-A weighs 40 pounds (18.5 kg). 
The accessories supplied and t he accessory box weigh 
14 pounds (6.5 kg ). 

CODE WORD PRICE 

BEIGE $1100.00 
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IMPEDANCE 

TYPE 1606-A RADIO-FREQUENCY BRIDGE 
FOR THE MEASUREMENT OF ANTENNAS, LINES, NETWORKS 

AND COMPONENTS FROM 400 KC TO 60 MC 

USES: The TYPE HiOCi-A Hadio-FrcqurIH'Y 
Bridgr mcasurcs impccl:mccs simply :1l1d :1C'­
cUl':1trly at frcquencics from -1-00 kc to GO 1\Ic. 
It mCaf;lIl'CS dircctly t hr rcsist ancc and l'eact­
allC'C of alllcllllaR, lranRmiRf'ion linrR . nctwol'ks. 
and compollrllts. i\ lthollp;h dCRigncc\ primarily 
for nwaslII'ing t hc 10\\' valll(,s of impcdance 
most oftcn (,1H'01Illicrrc\ in rf d('\'iees, its range 
can bc cxt cndcd by meanR of an ('xtrl'11al 
parallcl capacilor so as to measll1'e high im­
pcc\ancrR, s uch as l'lIncd circlIits , 

DESCRIPTION: The b riclp;e cirC'uit uscd is 
sholl'n sdlC'matica ll y in t.hc diagram brloll'. 
:\ LeaSUl'rITI(,1l ts arE' madc by a seric;,;-sll bst i 111-
t ion methoel. Thc compollrnts of thc unknown 
impedance arc c1dcrmincd from thr changc in 
set tings of capa('itors (',I and C". Thr lIn-

DEl, 

UNKNOWN 

known reactance at 1 Mc is read dircct ly in 
OhlllS from t hr dial of ('1>, and 1.hc un kn'own 
rcsistancc in oh ms from thc cl ial of ('A, 

In making measUl'cments the briclp;e is first 
Imlanccd by means of capacit.orf; Cp and C,l 
wi th :1 short-ei rC'ui t across t he un kno\\'n 1 cr­
minals. Thc sho l' l is t.hen removcd , t.hr lln­
knO\rn impcdancr eonncr(-rd, and j,]w bridge 
rebalanced. Thc rrsisl ancc is t hen given by 

R - J> (('A2-(' /1l) 
x - \ 11 ('K 

and the reactancc by 

y = ~ (_1 _~) 
• % W ( 'P2 ('PI 

whcrc t.hc RlIhRC'riptR 1 and 2 dcnotc thr dia l 
readings for the inil'ial and final baln.nc('s 
rrspceti\'e ly. 

Th(' r(,f< if<t-ive eompollent. is mcaimrrd in 
terms of a jh'l'{/ resistor (HB ), a fiXC'cl capaei 101' 
(C\,). alld a val'iahlr capacitor (C,l). This 
featurr is an important farto)' in the high­
frequcllcy performancc of t.hc bridgc bccausr 
residual parameters can be made much smaller 
in a fix('el I'cf< istor and a variah le caparitor 
than in a variablr r('sistor. 

Thc TYPE 1 GOG-A Bridgr ineorporatrs sr\'­
eral important feat urrs in bridg(' drsip;n , . 1 
sing/!' , in 1!'1'11a l bl'1'r/gC' i1'011Sj01'111C'1' , lls('d to 
conple an ex t(' 1'11:1.1 gencralol' t () 111(' hridg(' 
(' i rcuit, coyerf< thr ('nti rr l ;')0:1 freq U('IH'Y 
mngc of the illstl'llmrnt whilc its triple shiC'1d-



ill~ keeps undesired coup lillg:,; to all insignifi­
cant l('vc1. .\ special t!fpC nf I'ariablc air capaci­
lor. heLv in ).!; vcry 101\' los:,;c:-> a nd indu('(ancc, is 
llsed for Lile reaclancc balall('('S allli thc inil' ial 
resisLall('c balance. In t h i:,; capaci I 01' I h c com­
pletc roLor etnd stalor sed ions are milled out 
or so lid blo('k::; of aiumi nlllll , a consl rudion 
that avoids losses aL I hc j oill I i'i bet II'Ccn pial cs 
a nd spa('c rs a nd providci'i thc u t most. stabi li ty. 
Finally , thc cntirc mechanical cl('sign is i'iuch 
that the inslTn'llI,cnt can operate IInder difficult 
clwirunlll cntal c()nditi()ns ~ illlil ar Lo I hosc spcei ­
fiC'd for tcsl in g mililary elc('( I'Oni(' i'i cquipment, 
\\'hid1 makcs I hc Tn'I'; lliOtj-.\ Brid!!;c all 
ex('p ll c ltt in strumcnt for portablc field lISI'. 

FEA TURES: 
~ [[igh a<.:<.:uru<.:y and reliability, 
~ Fa.st, :- implc upcnd iou. 
~ Wid(' rrequcn('y l'an).!;c. 
~ ~Icasures most impedan<.:cs dire(,1 Iy. 
~ Small , ligh t, ami ru).!;gcd for fi eld lISC ­

('arrying casc avai lab lc. 
~ I Ilit ial h:tlalH'c CO il troi s have locks to prc­
vent accidclltal movement. 
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Reactance and resistance of an antenna system measured with 
the Radio-Frequency Bridge. 

SPECIFICATIONS 

Frequency Range: -100 k(' lu (i0 '\Te_ 
Reaclance Range : ±500011 nl 1 \\(-. TI,i" I':I,II).!;C vn,ric" ill­
ver"('I." It~ Lhl' rl'cqlle,lt'~ '; :L'HI :d, 01 hel' freqllc,\('ie~ I he 
dial readill).!; m"'iL hc dividcd hy Lhe frcqllc lI(,~ ' ill mC).!;:L­
('\'('ll'~. 
Resistance Range: 0 Lu 1000\!. 
Accuracy: L"or rca('t.an('c :It frcqllcII('ics lip Lu 50 :'II ,', 
±(2% + I!! + 0.0008 X /{ X f), ",herc h' is I hc mcas­
urcd rcs i ~La,H'c ill uhms amll is Lhc fl'l'<\IIC'H" - ill :'Il, ', 

For rc~i't:LJH'C , :Llfrc<\lIcII('ies up 10 50 :'11 (', 

[
If 10- ' .\ ] 

± 1 % +0,0021[,( 1 + 1000) % ± I !I +0, I !t 

,uhjc('l Lu ('urrc('(ioll fur rc~idu:d lJ:Lmmclcrs, N is Ihc 
Illeasurcd rc~islall('e ill ohms, .\ is thc mC:lsurcd rcad,.. 
:l1I('C ill uhms, :LIld I is til(' frcquc ll e,\' ill \1 (" ,\ 1 hi).!;h fre­
qucII('i('~ , thc ('o''J'c ('Liuli dcpclld~ UpUil t.hc frequclI('\, a lld 
IlUl).!;lIiLudc of lhc UllkIlO\\'II rcsisLa,H'c ('Omp() II c lli. .\ 
d",rl frolll ",hi('h I hc ,'ol'J'c('liulI (':1Il hc dctermilll'd is 
).!;iv(, 11 ill Lhc ill~tl'lH'lioll hook suppli('d ",il h Ihe hrid).!;c. 

S ,d isfa('(or,'- upcmtiull ('all hc ohl:Lillcd aL frcquClH'i es 
itS 10\\' as 100 k(' alld sumc\\'haL :Ibovc liO :'lie \\' ilh 1I0t 

qu il e a~ ).!;uud :L('ellm('~' "'~ illdi('aLcd alJuvl' , Thc f' Icrm 
is impurlallt. ()lIl~- at freqllclI('il'~ ah()vc 10 :'11 (', Thc I II 
Icrm is importallt olll~' aL vc r," 10\\' fl'cq ucII,.ics ",hcli I hc 
resislall( 'c of a high-I'cadall(' e, lU\\'-luHS ('apa('itul' i~ 
111l':t~ul'cd. 
Terminals: UClle l':Lt.UI' :Mld dclcdur ICl'mill:Lis a,re Tyl" '; 
S7 1 Coaxi:d COIIIIC('(UI'S .. \ daplul's lu :Ill "UlllmUIII.,' uscd 
('o:Lxial ('Ullllc(' luI'S :Lre avaibhle (scc p:L).!;C 12). 

TYPE 

Accessories Supplied: Twu lcallH uf dilTe l'c ilL lell).!;Lhs fot' 
('Ollll l'('lilll-\ Ihe 11 II kll 0'" II imped:LI,.,C 10 Ihe hrid).!;c 11'1'­
mill:dli, OIlC ' 2-ill. ~pa('cr nlld OliC % -in. , li :\2 '('1'('\\' fut' 
L",o TYI'I'; 87-1-H,22 Coaxial Cablcs for "Oil lie'''' illj:( lhc 
).!;clll'ralor alld dc\c,'lol', :llld OIlC TYI'I'; 8i·l- l'U58 P:LIICI 
COllllc('lol'. 
Other Accessaries Required: H,:Ldiu-frcquc,H'.\' ).!;cllcnilul' 
alld delcdul'. The 1'1'1'1'; 1:;:;O-A Urid).!;e ()~('illHlor alld 
thc '1'YI"·; 1211-13 UlliL O"(' ill :LLu ,' am ~al isfa'" 01'," 1-\('11-
emlors, as are thc Tyr·); 1001-A alld til(' TYI'E 805-C 
~t:Llldal'(l-Sigll:ll GCIIl'ralol'li. AL frcqllc 'H'i ('s a,hovc 50 
\1(· :1 '1'1'1" '; 12 15-13 Unit Oseillalol' ur a TYI'J-; 1021.-.\V 
~talld:U'(l-Signal GCllcralul' is rc('olllmclldcd. Scc p:1l-\cs 
85- 1 1:3-

,\ \\'c ll-shicldcd ('Umllllllli('aLiulls I'c(' e ivc r ('uvcring I hc 
dcsircd frequclH'Y ralll-\c makcs a satisfa('lot'.v dclcelor. 
[L is rc('ummclldcd t hat thc rc('eivel' hc fitt ed \\'i lll lhc 
Tyl"'; 87-1-1'1358 1'allel COllllcdor or 01 hc l' ('oaxial ('UII­
IIc('lul' lu :Lvoid Icaka).!;c :LI, lhc illpuL ('Oll ll e('l iull. 
Mounting: Wcldcd a[umillum ('ahi nct slipplied. ,\ h,).!;­
gal-\l'-I,\'pc "arry in g ('asc is :wailahlc scpamll'ly. 

Dimensions: Wid th 121 '.I, hci).!;hl !) y,;, dcpLh 10 h il1l:hcs 
(:120 b." 2-15 lJy 200 mm ), over-all. 

Net Weight: 2:1 poullds (LO.5 k).!; ) ",ithouL eart'y illg casc; 
2!) pounds (1:1.5 kl-\) \\-iLh (,:1''J'~'illl-\ mRC, 

l·'ur :L morc ('omplelc dc~(.,.iplio" of lhis in sLl'ulllcllt 
I'der 10 Ihc C:l'lIcral H,adio Exp('l'imelllcl', Volumc :10, 
:\u, I, JUIIC, 1\)55, 

CODE WORD PRICE 

1606-A 
1606-P1 

Radio Frequency Bridge*. , . ' , , , , 
Luggage-Type Carrying Case . , ' . ... , .. , , , . 

CIGAR 
BILLY 

$660.00 
17.50 

"PATENT NOTICE, Sec Nutes 4 alit! 12, I"'gc \'iii. 
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BNIDGES -NF 
IMPEDANCE 

TYPE 916-AL 
RADIO-FREQUENCY 
BRIDGE 

FOR THE MEASUREMENT OF ANTENNAS 

LINES, NETWORKS, AND COMPONENTS 

AT FREQUENCIES FROM 50 KC TO 5 MC 

USES: The Typl.; 9IG-.\.L Bridge measures 
impedances quiekly and aerUl'atf'ly at fre­
quencies from 50 ke to ;j ::\le. It measures 
directly the resistanee and reactance of an ­
tennas, transmission linef', neh\'orkf', and 
components. Although def'igned primarily for 
measuring the low values of impedance mOf:t 
often encountered in its frequellc}' range, its 
impedance range can be extended by means 
of an external parallel capacito r ;;0 as to meas­
ure high impedances, such as tUlled circuits. 
DESCRIPTION: The ci rcui t is sim ilar to that of 
1 he THE HiOG-A R-F Bridge used at higlwr 

frequencies (~ee page 30). Two transformers 
are used to cover the entire frequency range, 
the 10\\'er limit of which can be extended 
dO\nl to l;j kc for many measurements. 

FEATURES: 

~ High acC'uruc·.v and reliability. 
~ Fast, simpl e operation . 
~ Measures most impedances directly. 
~ Su itable for fi eld use. 
~ ~ \' dial permits measurement of large 
capacitances and f:mall inductances. 

SPECIFICATIONS 
Frequency Range : 50 kc to 5 :\1c. S,.tisf:.tctory operation 
ror man., ' mea~lIrpmellts can be obtn,ined at rreqlleneie;; 
as 10\\' as 15 k(". 
Reaclance Range : ± 11,00011 :tt 100 kc. Thi;; range variC';; 
illversely as the frcqueTwy, and at other frequencies the 
dial readings must he divided b~' the frequency in hun­
drC'ds of h. To fa(' il itate the meaStII"ement of small rc­
:wtan("('s, the instrument is provided ",ith an inr-remental 
readallee dial ",hieh has a ntll~c of 100 ohms at 100 k(". 
Resislance Range: a to 1000!!. 

Accuracy : For readallc'(' "t freq ll ellC" ieH lip to :~ :\[e, 

± (2% + 0.2 X 1r~~ !l + :l.5.f'k,.f( X lO- IUIl) ",here f{ 

is til(' meaRtII"ed re;;i,tallec ill ohms and h,. is the rre­
quenc'~' in kc·. Thc E'ITOrR ill rt'aebnc'e inc·rease relatively 
rapidl~' at rreque lleies above :{ :\1(": and at 5 :\1e the 
aceurae~' is ±(2% + 0.01!! + 2.:1 HI"' X 10 -31l). 

For reRiRtfuH"e, at freqlleneies up to 5 :\[e, ±(1 % + 
O.lll), subj cet to correction 1'01" residual parameters at 
low frequencies. The eorrection depends IIpon the fre­
qnency and upon the magni tude of the unknown react­
ance eomponent. A plot of th is correction is given in 
the instruction book supplied ",ith the bridge. 

TYPE 

Accessories Supplied: Two inpu t transformers, one cover­
ing the lower portion of the frequency range, the other 
the higher portion; two leads of different lengths (for 
("onneeting t he unknown impedance ); two TYPE 87~­
R22 Coaxi:ll Cables for con neeting generator and 
dC'teetor; one TYPE 87~-PB58 Panel Conneetor. 

Other Accesso ries Required: Radio-frequcncy genemtor 
and detector. The Tnl, l:nO-A Bridge Oseillator (pagc 
107) and t he TY!' I, 1211-B Unit Oscillator (page 108) 
are satisfaetor.v generators ,t;; are t hc Typ~J 1001-A and 
the TY!'I': 805-C Standard Signal Gcncrators (pages 88 
and 86). A well-shielded radio receiver eovering the 
desired [rcC[ucne.,' range makes a satisfaetor.v detector. 
It is recommended that the re('eiver be fitted with the 
TY!'I~ 874-PB58 Panel Connertor (page ~I ) supplied to 
avoid leakage :tt the inpu t eonneetion. 
Mounting: Luggage-t~'pe. Both input transformers arc 
stored inside thc c·asc. Coaxia l ('ables, leads, and in­
struetion book arp stored in the c'over of the instrument 
when not in use. 
Dimensions: Width 1:3 1-:;, height 17, depth 11 >i inches 
(:~ '1 5 by ~:~5 b.v 290 mm ), over-all. 
Net Weight: :3·P -:; pounds (16 kg ). 

CODE WORD PRICE 
916-AL Radio-Frequency Bridge . .......... ... .... . CLUCK $670.00 

PATENT NOTICE. See "otes 4 and 12, page viii. 



Both commercial and mili tary specifications 
for capacitors of 1000 pf and less call for meas­
urements of capacitance and dissipation factor 
at a frequellcy of 1 Mc. The TYPE 716-CS1 
Capacitance Bridge has been designed spe­
eifically for these measurements. This bridge, 
a modification of the standard TYPE 716-C 
model, has unity ratio arms, a single capaci­
tancc range, and a limited frequency range. 

BI(IDGES ~I(F 
CAPACITANCE 

TYPE 716-C51 
CAPACITANCE BRIDGE 

FOR CAPACITANCE 

MEASUREMENTS AT 

11 MEGACYCLE 

The standard capacitor is designed for usc at· 1 
Mc. and above, and the input transformer il-i 
designed for high-frequency operation. 

In addition to its use in testing capacitors, 
the TYPE 716-C81 Capacitance Bridge is satis­
factory for measuring dielectrics with the 
TYPE 1690-A Dielectric Sample Holder at the 
ASTl\1 test frequency of 1 :'lc. 

SPECIFICATIONS 
Ranges of M easureme nt 

Capacitance, direct-reading: 100 to 1150 pf. 
Capacitance, substitution: 0.1 to 1050 pf. 
Dissipation Factor, direct-reading: 0.00002 to 0.56. 

D' . t' F t b t"t' OOOOO? C , [-'",h,,) IS~lpa IOn'ac or, SU S I utlOn:. ~ Xc "n'ku ,,'wn 

to 0.56 X C s tandard 

C unknown 

Accuracy 
Capacitance, direct-reading: ±0.1 % ±(0.6 pf X 

capacitance multiplier setting) when D <0.01. 
Capacitance, substitution: ±1.2 pf. 
Dissipation Factor, direct-reading: ±0.0005 or ±2% 

of dial reading, whichever is larger. 
Dissipation Factor, substitution: ±0.000050r ±2% 

for the change in D when the change is less than 0.06. 
The tated accw-acy is for 1-~1c measu rements . Thc 

~ame accuracy can be obtained from 0.1 ~Ic to :3 Me if 
corrections are made for the effects of residual im­
pedances and if adequate selectivity is provided by the 
null detector. 
Frequency Range : Calibrated for 1 Mc, the bridge operatcs 

TYPE 

satisfactorily at, frcquc JJ eics between 0.1 and 5 ~r('. 
Accessories Required : Generator and detector. For meas­
urement at one megacycle onl~', the TYPE 121·]-;v{ Unit 
Osc illator (page 106) is the recommended gencrator; for 
measlll'ements over the rangc of 0.5 to :3 Mc, the TYPE 
1211-B Unit Oscillator with Unit Power Supply (pll,ge 
108); other oscillators and standard-signal gencrators 
are also satisfactory. For the detector at 1 ~Ic the TYr~~ 
1212-A Unit Null Detector (page 61) \\'ith TYPE 1212-1'2 
One-~1egacycle Filter and Unit Power Suppl.v is recom­
mended. For operation at frequencies other than 1 ~1(', 
a \\'ell-shielded communieations receiver should be tlsed. 

For substitution measurements, a balancing capacitor 
is needed. This may bc a fixed TYPE 505, 1409, or 1~0l 
Capacitor 01' a variablc TYPE l-J.22 Precision Capaeitor 
(pages 158- 166). 
Accessories Supplied : Two TYPE 87.J.-R.3.J. Cablcs, to fit. 
generators and detcctors reeommended abovc. 
Other Accessories Available : For measurements on llll­

guarded dielectric: speeimens, the TYPE 1690-A Dielee­
tl'ic Sample Holder (page 17) is recommended . 

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

CODE WORD PRICE 

716-CMS1 
716-CRS1 

Capacitance Bridge (Cabinet Model). ...... . . . BOGEY 
BACON 

$600.00 
575.00 Capacitance Bridge (Relay-Rack Model) ...... . 

110-Point Calibration for Internal Precision 
Capacitor .. ........... . .. . ............ . WORMY 50.00 

TYPE 1610-AH CAPACITANCE MEASURING ASSEMBLY: A ("ompletl' al-isemhly, illcludillg 
bridge, generator, detector, and relay rlwk i:; lil-ited on page Hi. 
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BR/DGES --VHF-UHF 
ADMITTANCE 

TYPE 1602-B U-H-F --

ADMITTANCE METER 

A UNIQUE INSTRUMENT FOR UHF-VHF 

ADMITTANCE, IMPEDANCE, AND VSWR 

MEASUREMENT FROM 40 TO 1500 MC 

USES: The AdmiH.ance lVktel' is a null-type 
illst run1f'lIt for c\etf'rminillg t.he components 
of an ullknowll adm ittance ill the vhf-uhf 
range. lL i;; pm-t-icularly llseful for measure­
ments 011 eoaxial systems: antennas, lines, 
coaxial components, etc. It ('all be used as an 
indiealor for adjusting a network to a prede­
termined admittance or for matehing one net­
work to another and is part.icularly useful in 
matehing antennas and other net\\'orks to 
50-ohm ("ircuits. 

As a eomparator, the Admittanee :Meter can 
be used to det-ermine impedall('e magnitude, 
reflect ion-coefficient magn i t IICle, and voltage 
stalldillg-wuve ratio. 

The u,;efulness of the AdmiLtance 1\leter is 
greatly enhanced by the many accessories 
avai lab le for use with it. Amollg these are: 

The TYPI'; 87-1- - LK20 COllstant Impedance 
Adju,;tahle line, which can he set to one-ha lf 
wavelengt h to eliminate correetions for the 
lengt h of transmission line between the un­
known and the measuring point. \Vhell the 
line is set to one-quarter "'avelength, the Ad­
mittanee Meter dials read din'et Iy in imped­
ance parameters, i.e., the series resistance and 
reactance of the un known. 

The TYPE 87-1--UB Balun, for usc in meas­
uring balanced impedances, su('h as TV receiv­
ing antennas and trallsmis,;ion lines. 

The TYPE 874-1\1 Component j\[onnt, ,yhieh 
provides a convenient means of connecting 

lumped clements (resistors, capacitors, or 
inductors) to the Admittance MeteI' for meas­
urement. 

Adaptors for most types of military con­
nectors and for rigid vhf and uhf transmiRsion 
lines used with TV transmitt-ing antennas. 
With theRe adaptorR and the adjustable lin(' 
mentioned ahove, the over-all ac(' u rac~' or 
measurement is more than adC'C]llatC' for 
antenna meaRlirements in design, test, and 
in st-allnt ion _ 
DESCRIPTION: The TypF. IG02-B Admittance 
Meter ('omprif;es a coaxial lill c t.o which l.hC' 
unknown is connected, a shielded pickup loop 
t.o sample the current, a second line and loop 
term in ated in a pure resistance, and a third 
line and loop terminated in a pure reactanC'e. 
All arc fed from the same vo ltage sourCC', 1'0 

that the ir iJlput voltageI' arc in phase, and 
the current ill each line is pl'Oport-ional to the 
adm ittance. The vo ltage indu('ed in each loop 
is proportional to t-he current in the corre­
sponding lin e ami i,; dependC'nt npon the OI'ie11-
tation of t-l1C loop, whieh is adjustable. 

The three loops arc connected ill parallel, and 
the vo ltage from the loop in the unknown lill e 
is canc(' led by adj uf;t-, ment of the loop,; eon pled 
to the sbndanl line~ until a null is reached. 
The condnet-ance alld susceptance of t he 11n­
knO\m a re read directlv from t-he scales of t he 
stand.-il'd loops, while tile scalp or t 1)(' loop in the 
unknowJl line indicates the multiplying factor. 



________ B{(IDGES -VHF-UHF 
~~--------------w 1I0MITTIINCE 

Admittance Meter set up far VSWR measurements on a coaxia l 
switch. 

FEATURES: 

~ Dial :scales arc direct-reading, independent 
of frequency. 
~ ~ 0 slidi ng balall ee; real alld reactive ad­
justment:s arc illdepelldellt. 
~;\"o illitial bala.ll('e is lleces:sary. 
~ \Vide frequency range - clirect-reading 
from -10 to 1500 Me; call be used aL frequencies 
as low as 20 )'lc. 
~ Covers completely both vhf and uhf tele­
visioll bancls. 
~ ;\ ccurate, rapid , and easy to usc. 
~ Call be used with TYPE Di\T Detector to 
mea"ure VSWR clirecLly. 

SPECIFICATIONS 
Range: Thcorctically, zcro to infillity ; pr~lcti(":dly, lhc 
lower limit is delcrmillcd by thc smallest readable ill­
crcmcllt 011 thc Rcail', whieh is 100 mierolllhos (0.1 
millimho ). Thc uppcr limit is 1000 lllillimhos. Hallgt' is 
thc samc for both ("ullductancc :Iml sus("cptallcc, bu t 
SlIS('Cpt:IIlCC C:1Il bc cithcr positivc 01" Ilcgativt', i.c., thc 
SUS('Cpt:IIlCC dial is calibratcd from -20 tu +20 
Illillimho~ . i\lullipl~' illg factors from 1 to 20 arc pro­
vided, :llld faetors from 20 to 100 {'all bc dclcrmillcd 
appruxinmLel.v. 

Vs\rR as high as 10 cml be readily mcasurcd by a 
vulla/!:t'-ralio method. For stalldillg-II":LVe mlios IcSb 

t Imll 1.2, VSWR call bc mcasurcd by ~I direetd'P:ldillg 
mt'thud i,l whieh t hc magllitude is dclcrmillcd from the 
lllcter rcadillg of a Typ," DNT Dctcctor I\'ithout ad­
justmcllt of t hc .\dmil tall("c :'Ilcler conlrols. 
Accu racy: For both cOllductan("e :llld susccptallcc (up Lo 
1000 ]\(c ) . 

from 0 Lu 20 millimhos ± (3% +0.2 millimho) 
from 20 Lo co Illillimhos ±(3y:\1% + 0 .2 millimho) 
whcrc ;\1 is thc ~calc Illultipl~ri.ng facLor. .\bovc 1000 
:'lit-, ClTo rs ill l"l"casc sligbll.I' , 'Ind, at 1500 ~h', t.hc 
Imsie figurc of :1% in thc cxprcssion abovc bCt'omcs 
5%, leo r malt-hill/!: impcdanccs 1.0 50 Ohlll~, thc :\('eu­
ral'~' is :1% up 10 1500 ~rc . 

Frequency Range: 10 to 1500 ::'Ill', direct-rcading. Hange 
(':In Ill' cxlclldcd downward 10 20 ~lc, if a frcquency 
('UITl'l't iUIl is applied to I.bc SIlH('cplan('e rcadin!1;. 
Accessories Supplied : Two Ty"" l!)02-P-I· 50-I! Tcrmina­
t iOIl, ror UHC as eondllet:lll C'c Rlalldards, and onc Typg 
lti02-PI Adjustablc Stub lind one TYPl!J Hi02-P3 Vari­
:Ihlc .\ir Capacitor, for SUH('cplancc standards; two 
TYPB 87-I-R22 Pal.ch Cords for l'ollllel'lions to gencrator 
and dctcdor; :lnd onc Typg 87-t-P1358 Panel Conncctor 
for illstallatiun on dclcetor. A woodcn storagc case is 
flll"lliRhcd. 
Other Accessori es Required: Genemtor and dctcdor. 
(:cnt'ratol' shou ld ('ovcr deRirccl frcqucllcy raugc and 
dcliver bCtll'CC Il I volt and 10 volls. Typg 1208-B (05 to 
500 i\1c), TYI'l!J 12J5-B (50 to 250 Mc ), Type 120!l-B 
(250 to !l20 1c) and TYPE 1218-A (!l00 to 2000 i\lc) 

Unit O~(' illators (pagcs 110- 112) alld thc TYPE I:)ti1-A 
Oseilhllor (pagc 10!)), :Irc rcC'ollllllcndcd. Thc TYPl!J 
1021-.\ U alld -A V C:cncmlorR :Irc :\lRU HlIlisr:wlol'\". 

Delt'('\ur scnRit ivil y Hhollid bc hc\l('l" t,han 10 iniero­
voll~. Tn'" ():t\'T Detcclors (pagc 58) m'c l'cc'olllillendcd. 
Other Accessori es Available : CO<lx i~1 1 ~ldaplor8 (pagc 42); 
linc slreLc hc r (pagc -Hj ); Imlull (p'lgc 5 1); :llld compo­
ncnl mount (page -I:)); Smith ('harts (page' 55). 
Terminals: All tcrlllill<lIH :lrc Typ," 871 Coaxial COll­
IlcdorR. AdapLors arc aV~lilablc for olhcr coaxial sys­
tems (page ·J2 ). 
Dime ns ions : Width 5Y2, height 7Y2, dcpth 5 Y2 inches 
(1·10 by 1.\)5 by 1-10 111m), without standards ur ullknO\\"l1. 
Net Weight : 8y,;: poullds (:1.8 kg). 

For :1 morc eomplete dcsniplioll uf lhis illHtrumcllt 
refer 10 thc General Radio 8.cperilllclI{cr, Volumc 28, 
Xo. :~, .\.ugust, 1!l5:3 a lld Vulume :~ -I, No.5, :'Il:Iy, I!lUO. 

Schematic diagram of admittance meter circuit, with standards, 
generator, an d null d etector connected for 

admittance measure ments. 

TYPE CODE WORD PRICE 
--~1~6~0~2~-B~~~U7-~H~-~F-A~d-m~it-ta-n-c-e~M~e-te-r-.-. -. . -.-.-.-.. -.-.-.-. -,-,-.,-,-,--r-~~H~O~N~E~y~--r--$~2~95.00 
1'.\TENT NOTICE. See Note 4, page viii. 

OTHER COAXIAL IMPEDANCE-MEASURING DEVICES: TYP E; lCi07-A Transfer-Function 
a nd IllIlllit tallce Bridl!;e (pag;e ;36); TUJ-; 8/4-L11.\ :-;Iot(ed Lille (pag;e 52). 
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B!(IOGES --VHF-UHF 
/MM/TTANCE 

,;. -

Instrument with Transfer-Function Indicotor mounted in place. Storage box with 
accessories is shown above . 

TYPE 1607-A 
TRANSFER-FUNCTION AND IMMITTANCE BRIDGE 

25 TO 1500 Me 

USES: The Transfcr-}'tmction and Immil­
tallec * Bridge is a null-type instrumcnt for 
vhf and uhf measurement of the fonyard and 
rcvcrse transfer functions and the input 
and output impedances and admittances of 
four-terminal electrical networks, either active 
or passive. The impedance or admittance of 
two-terminal circuits or components can also 
be mcasured casi ly. 

A few examples of the measuremcnts that 
can bc madc \\·ith this bridgc are: 
T ra nsistors­

a, (3, he 
Tunnel Diodes-

Equivalent circuit parametcrs 
Vacuum Tubes-

J.I. }-~l and }-)2 

General two-terminal or four-terminal networks­

Zll, Z22, Z21, Z12 
Y ll , 1'22, 1'2), )-12 

Idh IJ/12 and Ed El' El/E2 
Ungrounded components-

inductors - inductance and sclf-resonance 
capacitors - capacitance and rcsonances 
resistors - resistance and shunt capacitance 

*Immitance = impedance and/ or adm ittance 

Components, Coaxial Lines, and Other 
Grounded Elements-

Z 
y 
Ipl, rSlI"R 

DESCRIPTION: The Type 1607-A Transfcr­
FUlletion and Immittance Bridge compriscl' 
threc identical loop" magnetically coupled 
to three coaxial lines. One of these lines is 
terminatcd with a resistance standard, one 
with a reactance standard, and one with the 
network to be tested. The coupling of each 
loop is adjusted until a null is obtained on an 
extcrnal detector. Each loop has a calibratcd 
scale and the settings at null condition indi­
cate the value of the unknown. 

Two interchangeable loop-and-scale as. em­
blies (Transfcr-Function Indicator and Immit­
tance Indicator, respectively) allow either 

(left) Type 1607-P10l Transistor Mount 
(center) Type 1607-P201 Tube Mount 
(right) Type 1607-P401 Tetrode Transistor Mount 



four-terminal 01' I"wo-t(,l'minal networks to be 
measured with equal ease. 

Two constant-impedance, adjustable-length 
lines are built into the instrument to elimi­
nate the need for lead corrections. 

FEATURES: 

~ Simple to operate. 
~ :\[eai-lUl'es eJIeetive network parameters of 
transistors, diodes, tubes, and two-terminal 
and four-terminal networks, artive and pas-
81\'e . 
~ Wide frequency range - 25 to 1500 ~I('. 
~ Direct-reading. 
~ Suitable both for laboratory measurements 
and for routine production measurements. 
~ Component mounts available for commoll ly 
ll sed transistors and tubes. 
~ Bui lt-in provisions for dr hiasin g. 

rv (ltlernal 
Oscillator 

BI?/f)(J[S ~VNF-fJNF 
IMMITTANCE 

-r JBs' !j20mmho 

E.Illernol 
Defector 

"Network Input" LIne 
len r,'I Ih • nl~/4, n. rv-en 
or odd inltoer 

"Network Output" Line 
len';!ln. n<!"/4 "2' even or odd 
Integer 1"1 nOI olwoys equal 10 "Ill 

Schematic diagram af rf circuits af the Transfer-Function and 
Immittance Bridg e. 

SPECIFICA liONS 
Frequency Range: 25 to 1500 :-'fr, ,,"it.h reu lltpu :1< · <"lInl.(·~­
ahove 1000 Me and when flexible cable is used in the 
lines. The use of thi~ cable is required :l.t frequencies 1)('­
lOll" 150 !\Ic and is optioll:ll 'lot ot her f,·equcncieR. 
Measurement Range : Accuracy : ( lip to 1000 :-'f<" ) 
' -o ltage " lid Cl lITpnt 

lhtios 
(H) 0- 30 2.5 (1 + VH)% + 0.025* 

Tranoim peUanrC(Z,,)2.5(1 + IZ-;')01 +12" I .* 
0- 1500 ol,m~ '\j50 10 . ()o)ms 

Tr;lnR;l,c1mitt:ln("c(y~,)2.5 (1 + ly-:' ) 01 + 0 r. I " 
0- 600 mmhos . '\j 20 ,0 .() mm 10 

Impedanee (Z ,,) 2.0 (1 + Iro") 010 + 1.0 ohm* 
0- 1000 ohms '\j:; I ( 

Admittanre (Y,,) 
O-~OO mmhoH 2.0 (1 + ~~') % + 0.-1 mmho* 

Dc Bias : Terminal~ nrp pro\"icIPcI for int.rodlwing dr bi:l.R 
*\\ "11"1) thf' 0.1 l\i(ultiplip PbtC' is 1I ~('d. thNi(' r('s idll~1 (,I'J'OJ'S n.l'(, 
:-ignifirantly I'NitH'{'(1. 

TYPE 

from exterl1ld HOlm·es. :'IIaximum bias ("ulTpnt, 250 ma, 
c·ontinuous; higher currents are permissible for short. 
periods; maximum bias voltage, 400 volts. 
Accessari l's Suppl ied : Range-Extension Unit; Transfer­
Funct.ion Indicator; Immiltance Indicator; G termina­
t.ions (open, short, matc lwd, etc.); standards; 10-db at­
t en uator; 8 air lines (21.5 and ·13 em); 3 U-linc sections; 
("onstant-impedance adjustable line; a special tel'; two 
0.1 multiplier plates; 10 patch cords; carrying case lI"ith 
storage space for instrument :l.nd accessories. 
Accessories Required : Generator, det.ector, :l.nd mount for 
unknown device. Unit Oscillators (page 110) and Typ]c 
D ~T Dctpr(,ors (page 58) are recommended. For ('ol1xi:l1 
:l.c\::t.ptors spc page 42. Spc below for mounts availablP . 
Other Accessories Available: FOLlr transistor mounts, 
ungrounded component mount, anel t.ube mounts listed 
in the pricr t.able below. 
Dimensions: Case, 11 .Y.J: hy 1{l1 by '10 in rhes (290 hy 
;riO by 1020 mm). 
Net Weight : 63 ponnus (20 kg). 

For 11 more complete drscription of this instrument., 
Ider to the General Nadio Experimenter, Volume 32, 
~o. JO, \f:l.rch, Hl58, :l.ncl \ Tolume 33, No. ii, i\f:l.~', 1959. 

CODE WORD PRICE 

1607-A 
1607 -P1 01 

1607-P102 

1607 -P 111 

Transfer-Function and Immittance Bridge .. 
Transistor Mount (JEDEC-30, 0.200 in. D pin cir­
cle, for TO-5. -9, -11, -39 and similar packages) 
Transistor Mount (JEDEC-30, 0.200 in. D pin cir­
cle, g rounded emitter, for TO-5, 9-, - 11, -39 and 
similar packages) •••••••••..........•.•••. 
Transistor Mount(O. l 00 in. D pin circle, grounded 
base, for TO-1, - 18, -23, -24 and similar pack-

HYDRA $1775.00 

TRANSMOUNT 60.00, 

TORICMOUNT 60.00 

1607-P201 

1607-P401 

1607-P601 

ages) .••••• •••••••••••. ....•....•. . ..• • . 
Tube Mount (7-pin miniature, grounded cathode, 
for Type 6AN4 and similarly based tubes) ...•. 
Tetrode Transistor Mount (0.200 in. D pin circle, 
grounded base, for TO-12 and similar packages) 
Ungrounded Component Mount ............ . 

BASEYMOUNT 

TUBESMOUNT 

TETRAMOUNT 
COMPOMOUNT 

65.00 

75.00 

65.00 
25.00 
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COAXIAl INSTRUMENTS AND COMPONENTS 
At very-high and ultra-high frequencies, the induct­

ance, capacitance, and radia tion of ord i nary leads make 
t hem unsuitable for most applications. Also, at high 
frequencies t he distribu tion of inductance and capaci­
tance along leads becomes significan t. In order to 
eliminate radiation and stray-field effects and t.o ar­
range the distribu tion of inductance and capacitance 
in a manner that can be easily handled mathematicnJly, 
coaxial lines having a constant va lue of cha racteristic 
impeda nce (that is, a uniform distribu tion of inductance 
and capacitance) are generally used as connecting 
elements. One value of characteristic impedance - 50 
ohms - has been widely adopted. Other values such as 
60, 72, 95, 100, and 125 are a lso used in special a,ppliea­
t ions, but most general-purpose coax ia l lines have a 
50-ohm characteristic impedance. 

Coaxial lines are useful at low frequencies a lso, be­
cause of the excellent shielding provided and ber:w se 
lead inductance and capacitance can be accurately 
calculated and cont rolled. 

At high frequencies, t he basic method of measming 
the impedance of a circuit is to measlll'e the voltage 
standing-wave pattern set up on a section of trans­
mission line terminated in the unknown im pl'dance. 
Unless t he unknO\\'n impedance is the same as Lhe 
eharacteristic impedance of t he line, some of th(' power 
t raveling from the source to the unknown is reflected 
back from the unknown , and, as it t ravels back to the 
source, sets up an interference pattern on the line. The 
actua l impedance of the unknown can be determined 
from the ratio of the maximum to minimum a mpli tude 
of t he interference pattern (standing wave) and from 
the electrical distance from t he unknown to a minimum 
in the standing-\\'ave pattern. One instrument used to 
measure the standing-\yave pattern is t he i-llotted Line, 
which contains a mall movable probe t hat samples the 
electric field at va rious points along the line. 

Bridge circuits built in coaxial-line form s a re a lso 
used to measure impedance at very high and ul t ra-high 
frequencies. Instl'llments of this type a re the Admit­
tance ~Ieter and the Transfer-Function and Immi ttance 
Bridge. 

For maximum utilization of inst ruments and for the 
construction of development and measurement circui ts, 
man.\· different types of coaxial elements a re required. 
The General R adio line of coaxial connectors, adaptors, 
terminations, fil ters, attenuators, volt meters, fixed and 
adjustable air lines, tees, elbows, and other accessories 
includes most ty pes of commonly used coaxial circuit 
components. 

THE TYPE 874 COAXIAL CONNECTOR * 
A coaxial connector is effectively par t of a t ransmis­

sion line, and at very-high and ul t ra-high frequpncies 
must not significan t ly affect the standing-wave pattern 
on the line. The General Radio TYPJ;; 874 Coaxial Con­
nector is recommended for its excellent electrical char-

(Le ft) Ty pe 874 
Coaxial Connector. 

(Right) Cross section 
of two connectors 
plugged together. 

acteri stics as well as for the convenience offered by its 
unique mechanical fea tmes. 

The TYPE 874 Connector has a 50-ohm characteristic 
impedance and is useful from dc to about 7 Gc . . -\ny 
two of these connectors, alt hough identical, can be 
plugged together, eliminating t he inconvenience and 
deterioration in performance so often encoun tered wi th 
plug-and-j ack type connectors. This hermaphrodi te 
feature, plus t he fact that TYPE 874 Connectors merely 
plug together without any t \yisting, makes the "87-!" 
the easiest-to-use coaxial connector available. All Gen­
eral R adio hi gh-frequency instruments and coaxia l 
components a re equipped \\'ith TY PE 874 Connectors. 
T o simplify use of the TYPE 87-! Connector with other 
connectors and to permit use of other connectors wi t h 
TYPE 874 equipped instruments, an extensive line of 
low-reflection adaptors is offered. 

Recent ly added members of the TyPE 874 family arc 
locking-type connectors and ada ptors and I'eces~ed 
panel connectors. Lorking and non locking connecto rs 
are fu lly compatible. t ~Io reover, two locking connectors 
can be plugged directly together without locking, in 
the ~ame manner as regu lar connectors. If a locking; 
('onnection is desired . t he locking nu t on one connector 
is screwed onto the t hreaded coupling nut of the other 
connector. Use of loc king connectors, besides providing 
rigid mecha nical connection, results in 30 to 40 db less 
leakage than with regular connectors. 

Cutawoy vie w of basic conne ctor joined with c o ble conne ctor. 

The basic elements of the TYPE 874 Coaxial Con­
nector are a n inner conductor, an outer conductor. and 
a supporting polystyrene bead. The inner and outer 
conductors a re simila r in principle; each is essentiall~' a 
tube with four longitudinal slots in t he end and wi t h 
t wo opposite quadrants displaced inward . When t wo 
connectors a re plugged together, the undisplaced quad­
rants of one connector overlap the displaced quadrants 

l:tLI--Lm~ 
100 I 2 3 4 5 6 7 

f REQUENCY- GC 

Typical VSWR of Type 874-B and -BL Connectors. 

of the other and form circular inner and outer sm faces. 
The mutua l overlapping, as \\'ell as the resulting circu­
lari ty of the joined conner tors, can be seen in t he 
accompanying cross-section drawin g of t wo connectors 
joined together. 

* P.~TENT NOTICE . See Note~, page viii. 
t Except for 874-1' eries of Panel Conn ectors. 



Cross-section drawing of two locking connectors joined together. 

In the locking version, t he basic connector is equipped 
lI'ith a locking nut, threaded on t he inside and knurled 
on the outside, and a threaded coupling nut, When two 
locking connectors are joined, the locking nut of one is 
screll'ed onto the coupling nut of the other, while t he 
locking nut of t he second connector is backed off and 
not used, As with regular TYPE 874 Connectors, the 
locking type are hermaphrodite, any tll'O making a pair, 
On locking panel connectors. the threaded locking nut 
is omitted, since the mating connector will always be 
equipped with one. 

In the locking connection, t he locking nut draws t he 
two connectors together until the two coupling nuts 
come in contact with each other. In this position, the 
internal mating elements of the connector are engaged 
but are not bottomed against each other. Bottoming 
of the mating elements is avoided to prevent damage to 
the connector and to preserve a lOll' VS' YR. 

:'-Ianv of t he more recently manufactured TYPE 874 
Compo'nents are designed for easy substitution of a 
TYPE 874-BL Locking Connector for t he TYPE 814-B 
Connector. One can easih' determine whether such 
replacement is possible by 'observing \\'hether a groove 
J,f inch wide and ].(4 inch deep is visible behind t he 
coupling nut. If tbis groove is visible, a locking con­
nector ean be mounted on the component. 

COAXIAL 
CONNECTOI(S 

Type 874-QCP and -QNJA Adaptors plugged together. This 
assembly will connect a Type C jock to a Type N plug . 

ADAPTORS 
TYPE 874 Coaxial Adaptors are useful not only for 

connecting TYPE 874 connectors to other connector 
types, but a lso as means of interconnecting several 
different systems with a minimum number of adaptors. 
For instance, interconnection of all combinations of 
T YPES N, C, BNC, and UHF plugs and jacks in a 
laboratory would requi re 32 direct adaptors (most of 
which a re not commercially available), while only 8 
TYPE 814 Adaptors lI'ill perform the same job and at 
the same time permit use of any of the four systems 
named with TYPE 874 connectors. 1\Iore than 30 d iffer­
ent TYPE 87-1 Adaptors permit use of TYPE 874 con­
nectors wit h all commonly used military and commer­
cial coaxial connectors. 

By using t he new TYPE 874 Locking Adaptors, one 
can semipermanently equip instruments fitted with 
TYPE 814-PL Locking Panel Connectors with con­
nectors of a lmost any desired type. The TYPE 874 Lock­
ing Adaptor offers a connection that is not easi ly lost, 
yet one t hat can be quickly removed if another type of 
connector is desired , 

When a TYPE 874-PRL Recessed Panel Connector is 
used, the adaptor extends only about an inch beyend 
the panel surface . 

INDEX 
Page Page 

Adaptors . 42 , 51 Trombone 46 
Adjusta ble lines 46 low-Pass Filters 45 
Air lines 46 M icrometer Vernier 52 
Attenuators 48 Mixer Rectifier 45 
8alun 51 Mount 43 
Coble 44 Open-Circuit Termination 47 
Co ble Connectors 40,41 Panel Connectors 40,41 
Capocitor, Coupling 43 Patch Cords 44 
Capacitor, Variable 49 Probe, Coupling 43 
Clamps 43,51 Radiating line 43 
Cliplock 43 Rectifier, Voltmeter . 50 
Component Mount 43 Rotary Joint 43 
Connectors 40, 41 Series Inductor 49 
Constant-Impedance line 46 Short-Circuit Terminations 47 
Coupling Elements 43 Slotted line . 52,54 
Coupling Probe 43 Smith Charts 55 
Crimping Tools 41 Stand 51 
Detector, Voltmeter 50 Stondard Terminotions 47 
Ell 43 Stubs 49 
Fi lters, Low-Pass 45 Tee 43 
Fixed Attenuators 48 Terminal Pod 51 
Fle xible line 44 Terminal Unit 47 
Indicator, Voltmeter 50 Terminations 47 
Inductor, Series 49 Tools 4 1 
Insertion Unit 43 Trombone line 46 
Kit, Slotted-line 54 Tuning Elements 49 
lines Variable Capacitor 49 

Adjustable 46 Vernier, Micrometer 52 
Constant-Impedance 46 Voltmeters, Coaxial 50 
Radiating 43 Voltmeter, Re ctifier 50 
Rigid 46 Wrenches 41 
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COAXIAL 
CONNECTOI(S 

CONNECTORS 
The TYPB 874 Coaxial Connector line iu­

cludes some 30 different connectors for use on 
cables, panels, and rigid air line. The familiar 
TYPE 874, any two of which, although identi­
cal, plug together, is now available in a locking 
version for use where rigid connection is de­
sired. Other additions to the TYPE 874 family 
are recessed panel connectors, which add to 
the appearance of an instrument while sub­
tracting from the bench space requircd. All 
connectors of the TYPE 874 line arc compatible 
with one another; allY two (regular, locking, 
or one of each) still make a pair. * 

Although TYPE 87-1 Connectors can be 
assembled with ordinary pliers and wrenches, 
a tool kit is available and is recommended for 
added convenience. 

Maximum input voltage for TypJ~ 874 Con­
nectors is 1.5 kilovolts. l\Iaximum input power 
is 150 watts at 1000 l\Ic, and is inversely pro­
pOl"tional to the square root of frequency . 

TYPE 874-B BASIC CONNECTORS 
For usc on rigid, ::lO-ohm, air-dielectric, 

coaxial lines. Consists of inner and outer 
("onductors, insulating bead, coupling nut, 
and retaining ring. Fits lines made from 
%-inch-OD, %;-inch-ID tubing and 0.244-
inch-diameter rod. The inner couducLor is to 
be screwed into an 8-32 hole tapped in the end 
of the rod, and the retaining ring for the 
coupling nut is to be snapped into a J,M-inch­
deep, 0.035-inch-wide groove cut in the tubing. 

The TYl'E 874-BL Locking Conuector in­
dudes a threaded locking nut for usc with 
other TYPE 874 locking connectors and adap­
tors. Locking connectors are fully compatible 
with regular, Hon-Iocking connectors.'" 
Net We ight : 1 ounce (30 g). 

Type 87 4-QUJl locking Adoptor secured to Type 874· PRl Re­
cessed Panel Connector converts lalle r to rigid, semipermanent 

UHF jock. 

TYPE 874-C CABLE CONNECTORS 
For use on TYPE RG cables as well as 011 

General Radio TYPE 874-A2 Cable. Consists 
of a basic connector plus inner and outer 
transition pieces, soft copper ferru le, and 
rubber guard . The transition pieces arc tapered 

Un ossembled Type 874-8 
Bosic Connector. 

to maintain the characteristic impedance of 
the connector and cable throuO"hout the chano'e 
in diameter. The cable inner:' conductor is to 
be soldered to the inner transition piece and the 
cable braid is held against the outer tl:ansiLion 
piece by the crimped ferrule. The rubber O"uard 
provides straiu relief and a protective h;ndle. 
Net Weight: 2 ounces (60 g). 

. The TYPE 874-CL Locking Cable Connector 
lllcludes a threaded locking nut for usc with 
other TY1>~~ 874 locking connectors and adap­
t~rs. Locklllg connectors are fully compatible 
WI th regular, non-locking connectors. * 
Net Weight : 2,Y:; ounces (70 g). 

PANEL CONNECTORS 
TYPE 874-P. Similar to the TYPE 874-C Cable 
Conr:ector except with a panel adaptor and 
nut 111 pl~ce. of the ru?ber guard. The panel 
adaptor fIts llltO a l%;-mch-diameter hole in a 
panel KG t? .!i inch ~hick, and will elamp the 
connector III any deSIred orientation. 
Net Weight: 3 ounces (85 g). 

TYPE 874-P~. Flange-mounted panel con­
nector. ReqUIres a l%;-inch-diameter hole in 
panel of any th i?kne~s . Four No. 29 (0.13G­
Inch) holes arc dnlled m flange, I%; inch center 
to center, to accept machine screws. Panel 
space refluired is lK6 by 1116 inch. 
Net Weight: 2 ounces (60 g). 

TYPE .874-PL. Locking-type panel connector. 
ReqUJ.res a l~-iuch-diameter hole in panel YJ6 
to ;!.4 ll1ch thIck. Connector is screw-mounted 
a:nd ,requires four No. 29 (0.136-inch) holes; 
I%; ll1ch center to center, to accept machine 
screws. Threaded coupling nut accepts any of 
the TYPE 874 locking connectors or adaptors. 
COllnector a lso accepts nonlocking connectors. * 
Panel space required is lK6 by Hi6 inch. 
Net Weight: 2 ounces (60 g). 

TY~E 874-PRL. Locking-type panel cOll llector, 
deSIgned for recessed mounting to save space 
and 'preseJ~t neat panel appearance. Requires 
~>{2-mc~-dlameter hole.in panel from K6 to X 
ll1ch. thICk. Connector IS screw-mounted, and 
~'equlres four No. 29 (0.136-inch) holes, IVt6 

lllch center to center, to accept machine 
screws. Connector accepts both lockin gaud 
regular TYPE 874 Connectors. * Installed TYPE 
~74-PRL Connector protrudes only about Ys 
ll1ch beyond panel front, and requires only 
I%; by I%; inch of panel space. 
Net Weight : 2Y2 ounces (70 g). 
* Except for SH-P Series of Panel Connectors which will not lUate 
WIth lockmg COIlTLectors. 



.-------- TYPE 874 COAXIAL CONNECTORS ---------. 
TYPE fiTS CODE WORD PRICE 

Basic 874-B 50-ohm Rigid Air Line 
Connectors 874-Bl 50-ohm Rigid Air line (locking connector} 

COAXBRIDGE $1.60 
COAXYPIPIT 2.50 Shown on page 40 

874-C 
874-C8 

Cable 874-C9 
Connectors 874-C58 

874-C62 

874-Cl 
874-Cl8 

Cable 874-Cl9 
Connectors 874-Cl58 
-lacking 

874-Cl62 

874-A2 Cable 
RG-8/U Cable 
RG-9/U, RG-116/U Cables 
874-A3, RG-29/U, RG-55/U, RG-58/U, 

RG-58A/U Cables 
RG-59/U, RG-62/U Cables (nonconstant impedance) 

874-A2 Cable 
RG-8/U Cable 
RG-9/U, RG-116/U Cables 
874-A3, RG-29/U, RG-55/U, RG-58/U, 

RG-58A/U Cables 
RG-59/U, RG-62/U Cables (non constant impedance) 

COAX CABLER 2.30 
CQAX'CORDER ' 2.30 
COAX CAMMER 2.30 

COAX CAllER 2.30 
COAX CANDOR 2.30 

COAXYROBIN 
COAXPARROT 
COAXYJUNCO 

COAXYSNIPE 
COAXYSWlfT 

3.50 
3.50 
3.50 

3.50 
3.50 

874-P 
874-P8 

874-A2 Cable COAXPEGGER 3.20 
RG-8/U, RG-9/U, RG-116/U Cables COAXPUTTER 3.20 

Panel 874-P58 874-A3, RG-29/U, RG-55/U, RG-58/U, 
Connectors RG-58A/U Cables COAXPANNER 3.20 

874-P62 RG-59/U, RG-62/U Cables (nonconstant impedance) COAXPOLlER 3.20 
-------+------1------

874-PB 
874-PB8 

Panel 874-PB58 
Connectors 
-flanged 874-PB62 

874-Pl 
874-Pl8 

Panel 874-Pl58 
Connectors 
-locking 874-Pl62 

874-PlT 

874-A2 Cable 
RG-8/U, RG-9/U, RG-116/U Cables 
874-A3, RG-29/U, RG-55/U, RG-58/U, 

RG-58A/U Cables 
RG-59/U, RG-62/U Cables (nonconstant impedance) 

874-A2 Cable 
RG-8/U, RG-9/U, RG-116/U Cables 
874-A3, RG-29/U, RG-55/U, RG-58/U, 

RG-58A/U Cables 
RG-59/U, RG-62/U Cables (non constant impedance) 
Wire lead 

874-PRl 874-A2 Cable 
Panel 874-PRl8 RG-8/U, RG-9/U, RG-116/U Cables 

Connectors 874-PRl58 874-A3, RG-29/U, RG-55/U, RG-58/U, 
-locking, RG-58A/U Cables 
Recessed 874-PRl62 RG-59/U, RG-62/U Cable (non constant impedance) 

874-PRlT Wire lead 

COAXAPPLER 
COAXBATHER 

COAXABATER 
COAXBARKER 

COAXYflNCH 
COAXYVIREO 

COAXTHRUSH 
COAXTOUCAN 
COAXWILlET 

3.20 
3.20 

3.20 
3.20 

3.75 
3.75 

3.75 
3.75 
3.75 

COAXYGOOSE 4.00 
COAXCONDOR 4.00 

COAX CURLEW 4.00 
COAXAVOCET 4.00 
COAXMERLIN 4.00 

~
ONNECTOR 4 MTG HOLES CONNECTOR A MTG HOLES CONNECTOR "MTG HOlE~IECONNEC10R "MTG HOLES 

MTG HO_~fE) 0136 OIA , _ M~E _~ 0 lJ6 OIA MTG HOLE" 0 136 DIA "/ MTG HOLE """ 0 136 OIA ........ 

- I ~I -;- ---, \~ {JI- ----.\ ~ '"'-
- - !: --- ~:: l - ~ ~ -- ~ :: // 

M o:;! • 0:;' o:;! %:' 
~ --" ----.!o ~I _ ~r ~ 

I I 1 I I 1 
16 1°"'4 i6,oT 16 1°7 

TYPE 874-P TYPE 874-PB TYPE 874-PB TYPE 874-PL TYPE 874-PRL 
fRONT OF PANEL BACK OF PANEL 

TOOLS 
The TYPE 87-1-TOK Tool Kit consists of an 

iuner-conductor wrench to hold and install 
both the insula Ling bcad and the inner con­
nectors, and an outer-conductor wrench and a 
coupling-nut wrench to install the outer con­
nector and to tighten the coupling nut. While 
all TYPE 874 connectors can be assembled with 
ordinary tools, use of these wrenches will 
greatly facilitate installation of connectors on 
both rigid line and cable. 

When a TYPE 87-1 Connector is installed on 
shielded cable, a ferrule must be crimped to 
secure the cable braid to the shell of the con­
nector. Pliers can be used to crimp the ferrule, 
but where many connectors are to be installed, 
or where the neatest possible crimp is desired, . 
use of the TYPE 87-1-T058 or -'1'08 Crimping 
Tool is recommended to produce a hexagonally 
shaped crimp. 

( ) 

I 
874-TOK 

CONNECTOR 

874·C, CL, C58, CL58, C62, CL62, P' } 
PB, Pl, PRL, P58, PB58, PL58, PRL58, 
P62, PB62, PL62, PRL62 . 

874-C8, CL8, C9, CL9, P8, PB8, Pl8, } 
PRl8 . 

CRIMPING TOOL 
TYPE 

874-T058 

874-T08 

TYPE CODE WORD PRICE 

874-TOK 
874-T058 
874-T08 

Tool Kit 
Crimping Tool 
Crimping Tool 

COAX KITTEN 
COAXCRIMPO 
COAXCRIMBA 

$20.00 
85.00 
75.00 
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COAXIAL 
AlJAPTOI(S 

ADAPTORS 
TYPE 87-1-Q Adaptors permit interconnection of 

TYPE 874 Connectors und most other mi litalY and 
commerci,tl coaxial connectors, and are also wide l~' used 
to cross-connect other t~'pes of connectors. (See ill uR­
tration on pa.ge :39.) Because of the fact that an." two 
TYPE 8n Adaptors mute with each other, a few TYPE 
87-1- Adaptors ean perform an intereonneetion job that 
would otherwise requ ire a large number of direct 
adaptors - assuming the latter were available. 

In orderi ng a.daptors b~' type number, remember that 
the letter suffix indicate~ the t~'pe of eonnerto r on t he 
adapto r, and not t he type connector that the adaptor 
fits. (For instance, the J in TYPB 87-1-Q~J indicates 

0 

1 1 .08 

~ 1,06 

~1,04 

102 

'00 

B74- U:5A 

Y 'J~ 
iA"" 4" 
0 

that the adaptor contains a TYPE jack, and therefore 
fits a TYPE N plug.) A final L in the type designalion 
indicates a locking adaptor, that is, one that contains a 
locking T YPE 87,!- Con nector. T hese locking adaptors 
can be used to convert TYPE 87-1--PRL recessed panel 
connectors into neat, semipermanent TYPE BKC, C, K, 
SC, TNC, or UHF jacks. 

TYPE 87-1-QUIA, -QU2, and -QU:1A Adaptors are 
used to connect t he rigid lines in television t ransmitting 
antenna svstems to instruments fitted with TYPE 87-1 
Connectol:S, as, fo r instance, t he TYPE 1602-B UHF 
Adm ittance :\1eter and the T YPB 87-1 -LBA Slotted Line. 

'" 1---1--'-
J",.,l.,.,1 

J7 *.1 ! 
j;? l'--

~ 108 

, 0.1----+--1--

'j.. v'81'"1'1-I 
2000 

'0' 
'DO """",,-_:::,,-==-=---,,"-,-.:.:-==.:::.c 

FREOUENCY-Me 

Typical VSWR introduced in line by pairs of Type 874 Adaptors plugged together. 

ADAPTORS 
TYPE CONNECTS TYPE 874 TO NET WT' CODE WORD PRICE 

TO TYPE 874-QBJA BNC Plug 1 oz COAXBOGGER $4.75 

BNC 874-QBJl BNC Plug (locking 874) 1 \1'2 oz COAXCASHEW 5.75 
874-QBPA BNC Jack 1 \1'2 O Z COAXBUNNER 5.25 

TO TYPE 874-QCJA C Plug 1 oz cOAXcOGGER 5.50 

C 874-QCJl C Plug (locking 874) 20z COAXYPECAN 6.50 
874-QCP C Jack 20z cOAXCUFFER 6.25 

TO TYPE 874-QHJA HN Plug 1 \1'2 oz COAXHAWSER 6.00 

HN 874-QHP HN Jack 2 \1'20z COAX HANGER 7.50 

TO TYPE 874-QLJA lC Plug 50z COAX UTTER 12.00 

LC 874-QlPA lC Jack 7 \1'2 oz cOAXlUGGER 20.00 

TO TYPE 874-QlTJ l T Plug 4 v.. oz COAXlAGGER 20 .00 

LT 874-Ql TP IT Jack 7 az cOAXlOBBER 25.00 

TO TYPE 874-QNJA N Plug 1 \1'2 az cOAXNAGGER 5.00 

N 874-QNJl N Plug (lacking 874) 20z COAX WALNUT 6.00 
874-QNP N Jack 1 v.. oz COAXNUTTER 5.00 

TO TYPE 874-QSCJ SC Plug (Sandia) 1 :Y. oz cOAXCOSTER 9.00 

SC 874-QSCJ SC Plug (Sandia) (locking 874) 20z COAXAlMOND 10.00 
874-QSCP SC Jack (Sandia) 1 Va oz COAXCASHER 9.00 

TO TYPE 874-QTNJ TNC Plug (Sandia) 1 oz COAXTUNNER 6.50 

TNC 874-QTNJ TNC Plug (Sandia) (locking 874) 1 \1'2 oz COAXYHAZEl 7.50 
874-QTNP TNC Jack (Sandia) 1 \4 oz COAXTUSKER 6.50 

TO TYPE 874-QUJ UHF Plug 1 oz COAXYUNDER 5.00 

UHF 874-QUJl UHF Plug (locking 874) 20z COAXYBEECH 6.00 
874-QUP UHF Jack 1 \1'2 OZ COAXPUPPER 5.00 

TO TYPE 874-Q2 274 Plug or Jack 20z cOAXTIPPER 5.50 

274 874-Q9 938 Binding Posts 30z COAXPOSTER 6.00 Shown on page 240 
874-QN6 274-NO Patch Cord 1 oz COAXCHOSER 3.75 

874-QUIA V.-in . Son UHF Rigid line, 
RG-155/U (EIA TR·134) 7 0z COAXYUMBER 35.00 

TO UHF 874- QU2 Pia -in Son UHF Rigid line, 
RG-153/U (EIA TR-134) 1 \4 Ib COAXYUSHER 80.00 

RIGID LINE 874-QU3A 3 \1'. -in. Son UHF Rigid line, 
RG-154/U (EIA-TR134) 5 \4 Ib COAXYUlTRA 135.00 

* . " ' vide b 2.2 . 



874-K 874-LR 
874-MB 

874-Y 

COUPLING 
TYPE 874-K COUPLING CAPACITOR. :\. short 
length of coaxial line having a cy lindri cal 
capacitor in series with the inner conductor. 
High frequencies are transmitted with small 
reflections, but dc and low audio freq uencies 
are blockcd. 
Coupling Capocitance : ·+700 pf -20% +50%. 
VSWR: Less than 1.06 at 1000 Mc, 1.15 at 2000 Mc, 1.3 
from 2000 to ~OOO Mc. 
Voltage Rating: 500 volts. 
Length: 3 inches (76 mm). 
TYPE 874-LR RADIATING LINE . . \llo"·s cou­
pling to the field within a coaxial system. 
Short coaxial line with opening in outer con­
ductor that can be partly or complrtely cov­
ercd by a rotatable sleeve. 
VSWR : Closed, less than 1.05 at 1000 !\ie, less than 1.4 
at 3000 Me, and less than 1.35 at ~ooo Me. 
TYPE 874-MB COUPLING PROBE. blrctrostatic 
probe consisting of a binding post mounted 
on a TYPE 874 Coaxial Connector. 
Over-all Length : 3 inches (76 mm). 
TYPE 874-EL 90° ELL. Convenient right-angle 
line section with TYPE 874 Coaxial Connector 
at each end. 
Characteristic Impedance: 50 ohms. 
Electrical Length : Approximately 7 em. 
VSWR: Less than 1.06 at 2000 Me; less than 1.5 at -1000 
~Ic. 

TYPE 874-JR ROTARY JOINT. Csed when one 
part of a system must be rotated wit h respec-t 
to another part. 1 ot for motor-driven appli­
cations. 
VSWR: Less than 1.06 at 1000 Mc; less than 1.3 at -1000 
~Ic. 

TYPE 874-T TEE. For connecLing sLub. and 
other elements in shunt with a coaxial line. 
TYPE 874-X INSERTION UNIT. This is a hollow 
cylinder fitted with a TYPE 874 Connector at 
each end, and with a sleeve that slides back to 
provide acces. to a space about 2 inches long 

I 
/ I 

Typica l VSWR of 
Types 874-K, -EL, and 
-J R. tSpecifications are 
shown in red .) 

COAXIAL 
COUPliNG ELEMENTS 

874-M 

ELEMENTS 
and U6 inch in diameter. In this space may be 
mounted arrangements of small components, 
such as rc'sisLor~, capacitors, or inductors. The 
insertion unit can be used as a shielded hous­
ing for impedance-matching networks, at­
tenuator pads, vhf tl'aIJsformers, filters, and 
many other networks. It offers excellent 
shielding, minimum di. continuity in the line, 
ancl convenience. 
TYPE 874-Y CLiPLOCK. A spring that can be 
slipped over TYPI'; 874 Coaxial Connector to 
provide secure lock, preventing accidental 
disconnection or slippage. 
TYPE 874-M COMPONENT MOUNT. A shieldecl 
enclosure with jack-top binding posts inside, 
TYPE 874 Coaxial Connector outside, for con­
venience mounting of small component being 
measured. Use of mount minimizes "lead " 
reactance and stray capacitance in impedance 
measurement. of circuit elements and net­
works from dc to ;3000 Mc. Connects directly 
to TYPE 874-LBA Rlotted Line, TYPE 1602-B 
Admittance ~Ieter, TYPE 874-LK Adjustable 
Lines, and a ll GR coaxial elements. 

Supplied with the mount are short- and 
open-circuit terminations to simplify deter­
mination of corrections for length of line be­
tween mea. uring point and component being 
measured. 
Frequency Range: Dc to 5000 Mc. 
Accessories Supplied : One Typ!,; 87-1-WN:3 Short-Circuit 
Termination, one TYPE 87-l-WO:3 Open-Circuit Termi­
nation. 
Accessory Recommended : One TYPE 8H-LK20 Constant­
Impedance AdjusLable Line (page -!6) for LIse wiLh TYPE 
Hi02-B Admittance Meter. 
Dimension: Diameter :3 inches (76 mm); height of shield 
can, 2% inche (65 mm). NET 

TYPE CODE WORD WT* 

874-K Coupling Capacito COAXKICKER 3 oz 
874-LR Radiating Line COAXMITTER 40z 
874-M Coupling Probe COAX PROBER 30z 
874-EL 90° Ell C0AXANGLER 3 oz 
874-JR Rotary Joint COAXJOINER 3 oz 
874-T Tee COAXTOGGER 3 az 
874-X Insertion Unit COAXHOPPER 4 oz 
874- Y Cliplock COAXLOCKER 1 o z/1 0 

874-M Component Mount COAXYMOUNT 80z 
* To convert oz to g, multi ply by 28. 

PRICE 

$9.50 
12.00 
3.50 
8.50 

12 .00 
11.00 
12.00 

10 for 
2.50 

27.50 
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COAXIAL 
CABLE AND PATCH COHOS 

874-A2 or -A3 874-R33 

874-R20 

874-Rn 'h-'. 

COAXIAL CABLE AND PATCH CORDS 
CABLES 

TYPE 874-A2 COAXIAL CABLE. Flcxiblr 
double-shielded bulk cable for permanent or 
sem ipermanent installations. Consists of No. 
14 standard inner conductor separated from 
the two braided tinned-copper shields by 
0.2:50-inch OD polyethylene insulation, and 
a 0.:36;")-in ch OD outer polyvinyl-chloride 
jackc(. 
Characleristic Impedance: 50 ohms ±5%. 
Nominal Capacitance: 29 pI' per foot. 
Attenuation : 2.6 db per 100 ft at 100 Me; 10.5 db per 
100 It at 1000 Me. 
Propagation Velocity Faclor : G6%. 
Net Weight : 2%: Ib (1.3 kg) per 25 ft. 

TYPE 874-A3 COAXIAL CABLE. Same as above 
except inner conductor is 19 strands of 0.0066-
inch tinned soft copper wire, separated from 
t he two braided shields by 0.116-in ch OD 
polyethylene insulation, and a 0.206-i11ch OD 
outer polyvinyl-chloride jacket. More flexible 
t han the TYPE 87-1-A2, but losses are higher. 
Recommended for most general-purpose ap­
pli cations. 
Characleristic Impedance: 5Q ohms ±5%. 
Nominal Capacitance: 29 pI' per foot. 
Attenuation: 5.3 db per 100 ft at 100 Mc; 22 db per ft at 
1000 Me; qS db per 100 ft at 3000 Mc. 
Propagation Velocity Faclor: 66%. 
Net Weight: 1 Ib (0,45 kg) per 25 ft . 

PATCH CORDS 
TYPE 874-R20 PATCH CORD. For con nections 
where maximum shielding and minimum loss 
are desired . Consists of three feet of TYPE 

874-A2 Cable with a TYPE 87-1-C Cable Con­
nector on each encl. 
Net Weight : 7 ounces (200 g). 

TYPE 874-R22 PATCH CORD. ('oll;-;i"(,, of t hrcc 
fcct of Typ," 87-1--. \:-\ Cable with a TYI' I'; 

874-C58 Cable Conll rctor on each clld. H(>(·­
om mended whcrr hoth maximum shielclin l!; 
and flexibility arr lH'cclrcl. 
Net Weight: 4 ounces (115 g). 

TYPE 874-R22L PATCH CORD. Ramr as Tn}: 
874-R22 except with '['1'1'1 '; 87-1 -CL58 Locking 
Cable Conncctor 0 11 r[teh end. 
Net Weight : 6 ounces (170 g). 

TYPE 874-R33 PATCH CORD. Consist" of thrcc 
feet of flexible, single-::;hielded, 50-ohm coaxial 
cable, with olle end terminatcd in a TYPE 

874-C58 Coaxial ConlJcctor and the other in 
single TYI'I.; 274 Plug" . 
Net Weight : 4 ounces (115 g). 

TYPE 874-R34 PATCH CORD. Similar to Typ}; 

87-!-R33, b111 wil h O Il C end term in ated in a 
TYPE 274-N K Rhi rlclrcl Douhlr Plug rn.thrl' 
than single '1'1'1'1'; 27-1 Ping". 
Net Weight: -I Ollnces ( 1 15 ~). 

TYPE CODE WORD PRICE 

874-A2 Coaxial Cable COAX CUTTER $o.so/ft 
(0.27/ft 

in lengths of 
25 ft or more) 

874-A3 Caaxial Cable COAX GABBER 0.3slft 
(0.2o/ft 

in lengths of 
25 ft or more) 

874-R20 Patch Cord COAX HATTER 7.50 
874-R22 Patch Cord COAXFANNER 7.60 

874-R22l Patch Cord COAXYFIXER 10.00 

874-R33 Patch Cord COAX LINKER 5.00 
874-R34 Patch Cord COAX FITTER 6.00 



COAXIAL 
FllTEI(S -MIXE/( 

FILTERS 

LOW..f>ASS FILTER 1000 f,ta 

TYPE 874-F LOW-PASS FILTERS 
Reduction of harmonics from a uhf generator 
is usually necessa r.,· for beRt measurement 
r('"ult s, especially wi th systems containing 

~~~ 
'v'"'c ..... srOP-U"D1'I(SPO,,"SE 

or-
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Typical Stap-band 
Response of 

Type 87 4-F 500 
low-Pass Filter. 

Typical Insertion loss 
and VSWR. Type 

874-F Filters. 
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OPERATING FREQUENcy 
CUT·QFF fREOUENCY 

vo ltmete rs, nonlinear elements, or scctions that 
might resonate at a harmonic frequency, or if 
high standing-wave ratios are to be measured 
by means of a slotted line. The TYPE 874-F 
Low-Pass Filters are of the TschebyschelJ 
type, which produces a very steep cutoff char­
acteristic at the expense of passband flatness. 
Owing to dissimilarities in the individual sec­
t ions in eaeh filter, spurious responses in the 
stop band are very small. 
Accuracy of Cutoff Frequencies: -0%, +10%. 

PHYSICAL NET 
TYPE lENGTH t WEIGHT* CODE WORD PRICE 

874-F18S l8S-Me Low-Pass Filter 17% in. 140z COAXRUFFER $30.00 
24.00 
22.00 
22_00 
22.00 

874-FSOO SaO-Me Low-Pass Filter 10316 in. a oz COAXDIPPER 
874-F 1 000 lOOO-Me Low-Pass Filter 7Ys in. 60z COAXMEGGER 
874-F2000 2000-Me Low-Pass Filter 43fa in. 50z COAXPUSHER 
874-F4000 4000-Me Low-Pass Filter 2Ys in. 40z COAXLENDER 

* To convert oz to gt mu ltiply by 28. t To convert in. to mm, multiply by 25.4. 

MIXER 

TYPE 874-MR 

MIXER RECTIFIER 

The M ixer Rectifier isa useful frequency con­
verter, and in combination with a TYPE 
1216-A Unit I-F Amplifier ':' it forms a uni­
yersal uhf-vhf heterodyne detector for the 
laboratory. The high-frequency signal is mixed 
\\'ith a signal from a local oscillator (funda­
mental or harmonic) to produce a difference 
frequency of 30 Mc, \\'hich ii'i then fed to the 

Schematic diagram 
of Type 874-MR. 

CONVERTER OUTPUT 
0-40 Me 

TO l-F AMPLIFIER 

~ 
AND INDICATOR 

IN21-e 
+~ 

(----==Z50""------_~ 
LOCAL OSCILLATOR SIGNAL INPUT 

40-5000 Mc 40- SOOOMc 

i-f amplifier. The 250-ohm series res istor iso­
lates the signal circuit from the local-osci llator 
circuit. 
* Other i-f amplifie rs or receivers ope rating at freque ncies between 
o a nd 40 i\ I c can a lso be used . 

SPECIFICATIONS 

Operating Frequency Range : 40 to 5000 iVlc; at lower and 
higher frequencies with decreased sensitivity. 
Maximum Crystal Current: 25 rna . 

Maximum Input fram local Oscillator: 2 volts. 
Cutoff Frequency of Output Filter: 40 Mc. 
Output Impedance: Approx. 400 ohms. 
Accessories Required: Local oscillator for heterodyning 

(Unit Osci llato rs a re recommended ). Patch ('ord~ (page 
H) a re needed for connections. For complete detector 
assembly, see page 58. 
Net Weight: 5 ounces (140 g). 

TYPE I I CODE WORD I PRICE 

874-MR Mixer Rectifi;;;l COAXVERTER $32.50 
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COAXIAL 
A/I( LINES 

874-L20 

874-LA 

874-LK20 

FIXED AND ADJUSTABLE AIR LINES 
TYPE 874-LlO, -L20, -L30, RIGID AIR LINES. 
For spacing stubs or other elements of a 
coaxial system. Each air line consists of a 
length (10, 20, or 30 cm) of 50-ohm, air­
dielectric coaxial line with a TYPE 874 Coaxial 
Connector at each end. 

TYPE 874-LA ADJUSTABLE LINE. An air­
dielectric coaxial line that can be telescoped 
to change its length. 1Jsed in matching net­
works. Contacts are made by multiplc spring 
fingers. 
Characteristic Impedance : ~ot constant - approximately 
50 ohms when full~' collapsed, approximately 57 ohms 
when fully extended. 
Adjustme~t Range: 25 cm. 
Physical Length : 33 em (min) to 58 em (max). 

TYPE 874-LK 1 0, -LK20 CONSTANT -IMPED­
ANCE ADJUST ABLE LINES. A line stretcher 
with a very low VSWR and a uniform char­
acteristic impedance of 50 ohms. Especially 
useful for eliminating the usual Smith-chart 
corrections for length of line bet\\'een un­
knmn1 and impedance-measuring device. The 
TYPE 1602-B _\.dmittance Meter can bc made 
direct-reading in impedance by adj ustment 
of the over-all line length to an odd multiple 
of a quarter wavelength_ This line is also usefu l 
as an impedance-matching transformer and 
phase-adjustment element in coaxial systems. 
Impedance: 50 ohms. 

' &0 
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. 
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, 

b 

Typicol VSWR of 
Types 874-LA 

ond -LK IO. 

L (Specificotions 
are shown in red. ) 

& 7 

Adjustment Range: TYI'I, 87·1-l, lClO, 10 ('Ill (half wave 
length at 1500 em); TyI'Jo; 87·1-1,K20, 22 ('Ill (half '\':Lve 
length at 680 Me). 
Physical Length : TYPE 87·1-LK lO, :;5 ('Ill (mill ) to 15 elll 
(max); TYPE 87--l-LK20, 58 ('1Il (min) to 80 ('Ill ( lIlax ). 
VS WR : TYPE 87--l-LK20 - le~s Limn 1.0:; a t. 500 :\It', les~ 
than 1.06 at 1000 :\Il', l e~s Lilan 1.08 at. 1.j00 :\It', less 
than 1.10 at 2000 J\Ie. 

TYPE 874-LKlO - same :18 '!'YI'I': 871-1,[(20 10 2000 
Me, less than 1.15 at :;000 :\ Ie, IC~8 Lh:\II J.2 aL 1000 :\Ie, 
less than 1.25 at 5000 J\I c. 

TYPE 874-LT TROMBONE CONSTANT-IMPED­
ANCE ADJUSTABLE LINE. With t.his line 
stretcher, built likc a tWlldJOllC' I-iJidc, thc Wicr 
can vary the lcngth or a .)O-olu11 Lraul-imis"ioll 
line between two fixed (,crmilJals \\·ithout. 
moving either tcrminal OJ' lISi ll P; flcxihlc cable. 
Consists of two 1'1'1'1'; 8U-LJ\:20 Adjustable 
Lines mounted parallel (,0 OllC anothcr ami 
joined at one end by a V-shapcd I-icdiOIl to 
forl11 a rigid asscmbly. Can bc plugged iuto 
two adjacent Typg 874 Coaxial COll ll cdoni 
or inserted in a linc by I11ca ll f; of Lwo clls (Ilot 
included) when linc is ul-icd vcrticaJJy to save 
space. Low VSWR. _\.11 cx(:cllcJl( phasing ullit. 
Characteristic Impedance: 50 ohmR. 
Frequency Range: Dc to 2000 :\Ie ('!'YI'J'; 87·I-LKlO is 
recommended above 2000 i\l('). 
Adjustment Range : -104 em (halI " 'llVe aL :3 10 Me). 
Physical Length: 61 cm (mill) to 8:; ('111 (max). 
Spacing: I%; inches bet\\"{'C'1l (·ClltcrH. 
VS WR : Less than 1.10 to 1000 .\le, and 1.25 W 2000 i\fe. 

NET 
TYPE WT" CODE W O RD PRICE 

874-L10 10-cm Air line 20z COAX DECKER $8.00 
874-L20 20- cm Ai r Li ne 40z COAXVENTER 8.50 
874-L30 30-cm Air line 6 0z CO AXTRIPL Y 9.00 
874-LA Adjustable lin e 10 0z COAX LAPPER 25.00 
874-LK10 10-cm Canstant-

Impedance Ad-
justable line 10 0z CO AXKENTER 40.00 

874-LK20 22-cm Constant-
Impedance Ad-
justable Lin e 140z CO AX KEEPER 40 .00 

874-LT Constant-Imped-
ance Trombon e 
Line 2 Ib COAXTROMBO 9S.00 

* To convert oz to g, multiply by 28. 



COAXIAL 
TE!(MINA TlONS 

874.WN3 

874·WM 874·Wl00 

874·WN 874·WO 874.W03 

STANDARD TERMINATIONS 
TYPE 874-WM 50-OHM TERMINATION. A 
;jO-ohm ' cylilldrical rcsistor mounted in a 
tapel'pd eo:txiul holckI', useful for impedance 
matching, m.;tahlishmcllt of refcrence condi­
tions, alld termillation of filters and attenu­
atol's. 
Dc Resistance: 1)0 ohms ±l%. 
Maximum Power: I ~ wal I, ("ont.inllous, 500 watts peak. 
vs WR : I A'~~ I.h:tll 1.05 1.0 1000 l\[c, 1.08 to 2000 Mc, 1.13 
to .. 1000 l\le. 

TYPE 874-WN SHORT-CIRCUIT TERMINATION. 
A fixpd sl10rt ing sLrap mounted in a connector, 
for estab li shillg refercnce conditions on coaxial 
lines alld for 11. e in sllbst itlltion measurements. 

TYPE 874-WN3 SHORT-CIRCUIT TERMINA­
TION. Rame ~LS TYJ'l'; 874-WK except that the 
short circlliL is at a poiut 3 cm (3.2 cm elec­
trical distall ce) beyond thc face of the bead in 
the TYPI'; 874 COllnector. This distance cor­
rcspollds to Lhe distancc between the bead 
and the grolilld plane of thc TYPE 874-M 
CompolIPllt MOllllt (;:;pc page 43) and the 
effcc tivp dis1.allc·e betwpcn thc bead and the 
balallcwl tPl"millals in thc TYPE 874-UB Balun 
(sec page' 51). 

TYPE 874-WO OPEN-CIRCUIT TERMINATION. 
A shieldillg cap for open-circuited lines, for 
establishing reference conditions on coaxial 
lincs and for W30 in substitution measurements. 
Prodllct's all open circuit at same point in line 
t hat TYl'I', 874- WN produces a short circuit. 

TYPE 874-W03 OPEN-CIRCUIT TERMINATION. 
Same a:; Tn]', 8U-WO, except that position 
of open circuit corresponds to position of short 
circuit ill TypF. 874-WK3. 

TYPE 

874-WM 50-ohm Termination 
874-WN Short-Circuit Termination 
874-WN3 Short-Circuit Termination 
874-WO Open-Circuit Termination 
874-W03 Open-Circuit Termination 
874-W100 lOO-ohm Coaxial Standard 
874-W200 200-ohm Coaxial Standard 

*To com'crt oz to g, multiply by 28. 

g<:F=~t~~T~'~~O~FR~ES§.m~"~~~~~~~ 
TERNINATION. IN TYPICAL UNIT. ACCUflACY :!:o.I5cm. 

'Q 0 .4 INOIVIOUAL CALIBRATIoN "TO ABOVE ACCURACY 
LIMITS SUPPLIEO WITH fAOi UNit 

200 !iOO 1000 2000 

MEGACYCLES 

Typical VSWR and position of pure resistance terminotion for 
(above) Type 874·Wl00 and (below) Type 874·W200. d is the 
distance from the position of the short or open circuit produced 

by a Type 874·WN3 or .. W03 to the position of 
the pure resistance termination. 

TYPE 874-W1OO 100-OHM COAXIAL STAND­
ARD. Produces known resistive termination 
at specific locations on coaxial lines. Useful 
for checking detector linearity, accuracy of 
directional couplers, bridges, and admittance 
meters. The known location of the purely re­
sistive termination permits the production of 
many known complex impedances through 
the addition of sections of TYPl!: 874-L Air 
Line (page 46). 
Dc Resistance: 100 ohms ± 1 %. 
Maximum Power: 73 watt continllolls, 150 watts peale 

TYPE 874-W200 200-0HM COAXIAL STAND­
ARD. Same as TYPE 874-WlOO except stand­
ard resistance is 200 ohms. 
Dc Resistance: 200 ohms ±1 %. 
Maximum Power: ~ watt continuous, 50 watts peak. 

NET WEIGHT* CODE WORD PRICE 

2Y2oz COAXMETTER $17.50 
20z COAXNULLER 3.50 
20z COAXYTRINU 4.75 
20z COAXOPENER 2.00 
20z COAXYTRIPO 3.75 
30z COAXCENTER ~5.00 
30z COAXTILTER 35.00 
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COAXIAL 
A TTENUATOI(S 

874-GIO 

874-GA Cross section of coupling system used in Type 874-GA_ 

ATTENUATORS 
TYPE 87 4-GA ADJUSTABLE A TTENUA TOR 

A mutuaL-inductance (waveguide-beLow-cut­
off) type of attenuator, usefuL for producing 
known voLtage ratios, for measuring attenua­
tion, and for adjusting voLtage magnitude_ 
Consists of a Loop that can be positioned 
Longitudinally within a hollow tube by the 
rotation of an outside sleeve. One turn of the 
sLeeve produces a 20-db change in attenuation. 
SLeeve and tube are calibrated directly in 
decibels of relative attenuation on a microm­
eter-type scaLe. The absolute attenuation i!:l 
the sum of the insertion Loss and the attenuato r 
reading. The input system is a short coaxiaL 
line with a connector at each end, one end for 
connection to the power source and the other 
for connection to a 50-ohm termination, an 
adjustable stub, or any desired Load_ The 
output of the Loop is brought out through 
three feet of double-!:lhieLded ;:50-ohm flexible 
cable, which is approximately matched at the 

Calibrated Range: 120 db (relative attenuation) with 
input line terminated in 50-ohms; 129 db with input 
line terminated in adjustable stub to minimize t he elec­
tric field at the coupl ing point (scale reads -9 to 120 
db ). Usable range depends upon shielding between 
input and output. 
Inserlion loss: (from input eonnector to end of output cable 
at 1000 Mc, when signal source impedance is 50 ohms) 

With input line terminated in 50 ohms, and scale set at 
o db: 33 ±2 db; set at -9 db: 18 ±2 db (scale settings 
below 0 are not accurate). 

lVith input line terminated in adjustable stub (which 
extends the mnge over which the calibration ilS aCG"Urate to 
the -9-db scale setting): 20 ±2 db minimum. 

(Insertion loss is approximately invel'scly propor­
tional to frequency up to 1000 :'lc.) 
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FREQUENCY-GC 

Typical VSWR of Type 874-GA Adjustable Attenuator. 
(Specifications are shown in red.) 

Loop end by a ;")O-ohl11 re!:listor betweell the 
low side of the Loop and ground. 

Can be used with TYPE 874-VR Voltmetcr 
Rectifier and TYPE 874-VI Voltmeter Indi­
cator to convert a "C"nit Oscillator in to a 
!:lignal generator. 

Insertion loss Directly Through Tee: Negligible. 
Accuracy of Attenuation 

Stub-Ierminaled input: ± ( 1 % of difference in attenua­
tion reading +0.2) db, direct reading (-9 to 60 db ). 

50-ohm terminaled input: ±(lYz% of difference in :It­
tenuation readings ±0.2) db, when corrected (0 to (i0 
db). Correction chart supplied . 
Cutoff Frequency : 12,300 Mc. 
VSWR Introduced into line: Less than 1.03 at 1000 :'lc; 
less than 1.12 between 1000 and .J.OOO Mc. 
VSWR of Oulput: Less than ~. at 1000 Me, less than 5 up 
to 4000 Mc. 
Maximum Permissible Power : :'I1aximum power in input 
line is inversely proportional to square root of fre­
quency, and shou ld not exceed 150 watts at 1000 :'lc. 
Output power should not exceed Yz watt. 
Frequency Range: 100 to .J.OOO i\Ie' . 
Net Weighl: 1~ pounds (0.6 kg). 

TYPE 874-G3, -G6, -GW, -G20 FIXED ATTENUATORS 

Single-section, ~r-type resistance pads, useful 
for adding fixed known attenuation in 50-ohm 
systems and for matching generators or loads 

to 50 ohms. Consists of one disk resistor aud 
two cyLindrical resistors, as shunt and series 
elemtnts respectively. 



Dc Resistance: 50 ohms ±1 % when terminated in 50 
ohms. 
VS WR : Less than 1.1 to 1000 1Ic, 1.2 to 3000 Mc for all 
units: to 4000 Mc, less than 1.:3 for -G20, U35 for -GlO, 
and 1A for -G3 and -Go. 
Accuracy of Attenuation in SO-ohm System: ±1.5% of 
nom inal attenuation at de: ±0.2 db from value indi­
cated on curve to 1000 :\1<-, ±O.-l db to 2000 1Ic, ±O.O 
db to .. WOO :\Ic. .. 
Temperature Coefficient : Le~s than .0003 db r C / db. 
Max imum Power Input : 1 watt continuous, 3000 watts 
peak. 

Physical Length : 3~ il\('hes (90 mm ) over-all. 
Ne t Weight : 2 ounces (GO g). 

COAXIAL 
TUNING ELEMENTS 

0 
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FRfOUENC'f-GC 

Typical VSWR of Type 874 .. G Attenuators . 
(Specifications ore shown in re d .) 

TYPE CODE WORD PRICE 
--~8~7~4~-~G~A~--~A~d-iu-5-ta~b~l~e-A-t-te-n-u-a-t-o-r .-.-.-.. -.-.-.-.-.-... -.-.-.-.-.-. -.. -.~--c~O~A~X~LO~SS~ER ~--~$~6~5.00--

874-G3 Fixed Attenuator (3 db) .... . . . . .. . . . . . . . . . . COAX FULLER 36.00 
874-G6 Fixed Attenuator (6 db) ...... . . . . . . . . . . . . . . cOAXNODDER 30.00 
87 4-G 1 0 Fixed Attenuator (10 db) . . . . . . . . . . . . . . . . . . . cOAXBELLER 30.00 
874-G20 Fixed Attenuator (20 db) ....... . . . . . . . . . . . . cOAXNEPPER 30.00 

874 .. 020 

"""'Al.t. <>uc"", 
ltl'l:.14"-

874 .. VC 874-XL 

TUNING ELEMENTS 

TYPE 874-020 AND -050 ADJUSTABLE STUBS. 
For matching or tuning and for use as react ive 
elements. Can be used with indicator and sca le 
a,~ reaction-type wave meters. Consists of a 
coaxial line with a slidi ng short circuit of the 
mult iple-spring-finger type. The 20-cm stub 
i" ca librated in electrical length from the 
junctioll of the branch line with the through 
line in a TYPE 87-:1:-1'. The 50-cm stub is not 
c-a librated but has an adjustable rcferenc-c 
marker. 
Characteristic Impedance : 50 ohms. 
Maximum Travel of Short Circuit: TYP1, 87~-D20, 20 cm; 
TYPE 8H-D50, 50 cm. 
Physical Length : TYPE 87-1-D20, 28 em (min) to -l8 cm 
(max); TYPE 8H-D50, 58 cm (min) to 109 cm (max). 

TYPE 874-VC VARIABLE CAPACITOR. Tuni ng 

element for resonant-l ine circuits, matching 
t ransformers, and balum; at low freq uencies 
lI'he re line-type elements are awkward to use. 
\Ve ll-~hie lded, high-temperature polystyrene 
in~Ll l at i on and prec ision ball bcaring~. 
Scale: 0- 100. 
Capacitance Range: H igh freq uencies, see curve. Low 
frequel1eies, U to ,0 pf at ('onnector, 16.5 to 72.5 pf at 
T-jundion. 
Capacitance Variation : Linear. 
Dimensions: Diameter 2~ inches (52 mm), height 5~ 
inches (1:35 mm). 

TYPE 874-XL SERIES INDUCTOR. Used as a 
general-purpose tuning element in resonant­
line circui ts, matching transformers, and 
baluns at low frequenc ies. 
Series Inductance : 0.226 /Lh ±5% at 1 kc. 

NET WEIGHT* CODE WORD PRICE 
TYPE 1 874-D20 

874-050 
874-VC 
874-XL 

20-cm Adjustable Stub ....... ..... •... . . .. .. 
50-cm Adjustable Stub .......•. . ........ . .. . 
Variable Capacitor . . . .. ... ... .. .. . .. . .. •• . . 

602 
10 az 
120z 

COAXTUBBER $15.00 
COAXBIGGER 18.00 
COAXYFARAD 60.00 

Series Induclor . .. ..... .. ...... . . . .. . ..•.... 30z COAXDUCTOR 15.00 

,,: To convert oz to g, mlliti pi,,' by 28. 

49 



50 

COAXIAL 
VOlTMETEKS 

874-VI 

COAXIAL VOLTMETERS 
TYPE 874-VQ VOLTMETER DETECTOR 

Can be u::;ed with Voltmeter Indicator (see 
belo\\") for voltage measurement, with a tuned 
audio ampli fier such as t he TYPE 12:32-A 
Tuned Amplifier as a sensit ive detector 
(approx 100 /J.v) of modulated signals, or with 
a microammeler as an rf detector. It intro­
duces no appreciable discontinuity when in­
sert-ed in a ;30-ohm coaxia l li ne . With the TYPE 
87-1,-WM 50-ohm term ination, it can be used 
:' ,S a matched detector to terminate a line. 
Frequency Range as Matched Detector: 0.5 to 2000 Mc. 
Usable rrom 60 cps to 5000 :\1 c. 
Re50nant Frequency : Approximately 5+00 Me ; correction 
"lII"ve supplied. 
Maximum Rf Voltage : 2 volts. 
VSWR : Less than 1. 1 at LOOO i\1 (", 1.2 at 2000 :\1c. 
Crystal: 1N2:n~, 
Bypass Capacitance : .-\ ppl'Oximately :300 pI". 
Dimensions : Length : ~ r,L hcight 2 ).1 ill('hcs (!J5 h~T 65 
111m ). 
Net Weight : 5 OIlI H'eS ( H O g). 

TO METER TO METER 

874 · \10 

Schematic diagram of Types 874-VR and 874-VQ, 

TYPE 874-VR VOLTMETER RECTIFIER 

III conj unction with the Voltmeter Indicator 
(sec belo\\' ), can be used to measure or to 
moni tor the voltage in coaxial systems. It 
COll tains a 50-ohm resistor in series wit h the 
output line, and thus can be used to measure 
the voltage behind a ,50-ohm impedance. The 
unit, when used with a signal source, will 
simu late a 50-ohm generator with a known, 
equivalent open-circuit voltage, In addition 
it is a good general-purpose detector, and can 
be used with a microammeter or, when high 
sensitivit~1 i,; de:;ired (approx. 100 /J.v), with 

mod ul ated :;ignab allll a t Ull ed audio allljJlificr 
SUd1 as the TYPE 1:2 :3:2- _\ TUlled Amplifier. 
Frequency Range for Voltage M easu reme nts : 15 to 2300 
:\1c, subject to l'eSonalll'" ('(l ITC('t ion above 500 :\ Ie. 
Voltage ind ications and ("o rrc('t voltage rH lios ("H 11 be 
obtained at both higher '1I11 l lol\'('r fn-f[u(aJ('ies. ~('c ('ul'\·e. 
Resonant Frequency : Approximatcly !j 100 .\ 1<- : ('OITel'lioll 
{,lII"ve supplied. 
Maximum Voltage : 2 volts. 
Crystal : IN2:lB. 
Bypass Capacitance : Approxi m,tlel.,· :100 pf. 
Dimensions: Lcngth :3 r,1. heigh t 2 ).1 ill('hes (V5 uy li5 
mm ). 
Net Weight: 5 ounces (1-10 g). 

'0f-t-t---9=:::l:::::±+-

~ I~ ' ~ w. 
~~ ~ ~ .71-+-+--+-+-++-

'0 
FREOUENCY- kMt 

Average correction fa ctor for Type s 874. VQ and 87 4-VR. 

TYPE 874-VI VOLTMETER INDICATOR 
[ll el icatc!; t hc rcct i (i ed d(' IHI t pu I of ei t her t-he 

TYPB 874-\'Q or Tt l' l'; S7-I-V n a lld pl't)\-id (',; 
means for measuri ll l-!; Lhc volta!!:l' at a ll Y len- I 
between 0.1 a nd :2 vo lt s. A huilt -in (iO-('p,; 
ca li bration system clill1 inaLrs e rro r~ :L ri ;.; ill l-!; 
from differc nces in cry,;tal I'c('Lifi ('a t ion cffi ­
ciencies. 
Range and Accuracy of Calibrating Voltage : 0_1 lo 2 volts 
±.05 volt. 
Crystal Current for Full-Scale Indication : 200 1"1. 
Power Supply: 105 to 125 (u r 2 10 to 250 ) vo l1s, 30 to liO 
('ps. 
Input Resistance : liOO uhm~ Illi ll illllllll, 10,000 uhms 
maximum _ 
Accessories Supplied: '1'Y I' '' CA I'-22 1'0\\,(' 1' Co rd. 
Other Acce5Sorie5 Required : O lle '1'Y I' )-; S7 1-ln 1 Pa1ch 
Cord (page -1--1- ) requi red 10 ('ulillel'l Voltlll('[('r Hel'lifier 
to Voltmeter I"d i('atOl'. 
Dimensions: 5 ).1 b~T 5).1 hy 1).1 i llchc~ (1.10 by 110 b,Y 105 
mm ) over-all. 
Net Weight : :~ Ib 1 07, (1..5 kg). 

TYPE 

874-VQ 
874-VR 
874-VI 

Voltmeter Detector 
Voltmeter Rectifi er 
Voltmeter Indicator 

CODE WORD 

COAXVOQU ER 
COAXRECTOR 
CO AXVOLTER 

PRICE 

$30 ,00 
30 ,00 
90 ,00 



COAXIAL 
BALUN 

874-UB-P4 

874-UB 
III 

874-BM 

874-UB-P3 

874-UB-P2 874-Z 

BALUN AND ACCESSORIES 
TYPE 874-UB BALUN 

The TYPIi: 87-I-U 13 Bailin is a l.lIned coaxial transformer 
thn.t permils mPtlSllrempnl.s on b:1lanced devices w.ith 
genera II." :lV:lilablf' eO:lxi:11 :wd grounded measunng 
eqll ipment. Used wit.h t.he TYPE 8H-LBA Slotted Line 
01' t.he TYI'I~ Ili02-B Admitt.:wce Meter, it permit~ 
balanced mpaslIr('mcnts 011 200-ohm balanced com­
ponents from 5~ t.o lOOO i\1c without appreciable in­
Rert ion 10H~ 01' t l"ansform:d ion elTor. When the Balun 
is u~ed wil h Lhe Admil L:uH"e i\ [eter and the TYPE 8H-LE: 
Consbnt-Imppd:lllee AdjusLable Line, the Adm ittanee 
:V[ete r reads balam'ed imped:lnee direcLl~·. 

The balun ronverLs [rom unbalanced to balanced 
:Iccllmtel~' b~' usillg an art if-ie-inl hn,lf-wave line, adjusted 
for operation at. :L parl.i(·ul:.r frequency by means of 
shunt tuning pl ement.~. TheRe clements, listed below 
and described on page ~H , :11'1' not supplied with the 
Balun but, shou ld be ordered sep:lmtely. 

Frequency 
__ Ra_n-'g:-..e __ --M-c-~-__ c::_-T u_ning Elements Required 

54-88 2 Type 874-VC and 2 Type 87 4-X L 
88-140 2 Type 874-VC and 2 Type 874-L30 

140-174 2 Type 874-VC and 2 Type 874-L20 
174-216 2 Type 874-VC and 2 Type 874-Ll O 
170-2 80 2 Type 874-050 and 2 Type 874-L30 
225-2 80 2 Type 874-020 and 2 Type 874-L30 
275- 380 2 Type 874-020 and 2 Type 874-L20 
350-525 2 Type 874-020 and 2 Type 87 4-L 10 
470-1000 2 Type 874-020 

Frequency Range: !i I Lo LOOO i\1e with accessory elements 
as I i~t cd u.hovP. 
Accessories Supplied: Olle TYI' I': 87~-UB-Pl :~OO-ohm 
Terl11ill:ll , one TYI' I': 87-1- \\' N:1 ShorL-Circuit Termina­
tion, one TVI'I': 87~-\V0:1 Open-CircuiL Termination. 

Typica l VSWR of Type 874-UB-P3 (left) 
and Type 874-BM (right ) 

TYPE 

874-UB 
874- BM 
874-UB- P2 
874-UB- Pl 
874-UB- P4 
874-Z 
874-ZC 

Bolun .. . . . . . . . .... . . . . . . . . . 
lOO-ohm Balanced Termination . 
200-ohm Terminal Unit . 
JOO-ohm Terminal Pad . 
Adaptor (Balun to Twinax) . 
Stand . 
Extra Clamp . 

*To r'ony(~ r't 0 7. to g, TlIultiply h) 28: to ('on,ocl't Ib to kg, divide by 2.2. 

Other Accessories Recommended : One TYPE 87-l-LE:20 
Adjustable Line (for use with the TYPE Hi02-B Ad­
mittance Meter), one TYPE 87~ -Z Stand, and tuning 
elements listed above. 
TYPE 874-BM JOO-OHM BALANCED TERMINATION . 
Facil itates balanced-line measurements. 
Dc Resistance: 300 ohms ±5%. 
Frequency Range: 0 to 1000 !\1c. 
VSWR: 1.2 to 900 Mc. 
TYPE 874-UB-P2 200-0HM TERMINAL UNIT_ Connects 
the balun to a balanced network who~e impedance is to 
be measured at its own terminals. The balun convertF 
t he 200-ohm balanced line to a 50-ohm coaxial line: 
thus, the 200-ohm balanced line can be treated as an 
extension of the 50-ohm li ne of the measuring device. 
Characteristic Impedance : 200 ohms. 
Frequency Range : Dc to 1000 i\Ic. 
Recommended Transmission Line: RG-86 U. 
VSWR : 1.2 to 300 Me, l.3 to 1000 Me. 
TYPE 874-UB-PJ JOO-OHM TERMINAL PAD. Converts to 
300 oh ms the 200-ohm balanced output impedal1!'e 
produced from a 50-ohm unbalanced source b~' the 
balun. This pad fae ilitates power and voltage measure­
ments on balanced systems with signal generators and 
detectors designed for use with 50-ohm coaxial circuitf'. 
TYPE 874-UB-P4 ADAPTOR . Provides a reliable shielded 
connection between the balun and TYPE RG-22 U 
(small-size twinax) cable. Adaptor includes TYPE 
UG--l22 , U twinax connector, which connects to TYPE 
UG-421j U cable connector. 

TYPE 874-Z 5T AND 
A fi rm support [or components of coaxial systems. Con­

sists of a heavy cast-iron base with rubber feet, 22-inch 
and 8-inch stainless-steel rods, and three universal 
clamps. The vertieal rod can be used to holcl long tu ning: 
stubs. T he horizontal rod can be moved longitudinall~ ' 
or can be 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 ",ill fit a range of diameter~ 
and wi ll hold between two rodR of different diameters. 
An." desired a rrangement can be set up qu i ckl~- . Base 
can be bolted to table top for permanent setups. 

COOE WORO NET WEIGHT* PRICE 

COAXYBALUN l JA Ib $75_00 
COAXLOAOER 1 Y2 oz 12.00 
COAXTERMER 1 oz 6.50 
COAXTUGGER 20z 18.00 
COAXTWINNY 4Y2 oz 60.00 
COAXHELPER 5 Y2 Ib 19.50 
COAXYCLAMP 3 oz 2.25 
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COAXIAL 
SLOTTED LINE 

Type 874- LBA Slotted Line with Type 874-LV Micromete r Vernier 

SLOTTED LINE 

TYPE 874-LBA SLOTTED LINE 

USES: One of the most important basic meas­
uring instwments used at uhf is the slotted 
line. With it, the standing-wave pattern of the 
electric field in a coaxial transmissiOIl line can 
be measured and the VSWR, phase of the 
reflected wave, impedance of the load, wave­
length of the rf signal, losses in attached ele­
men ts, degree of mismatch between load and 
line, and other characteristics of antennas, 
components, coaxial elpments, and networks 
can be determined . 

The frequel1c'y range of the Slotted Line i" 
from 300 to 5000 Mc. The addition of lengths 
of TYPE 874: Air Line (page -:1:6) extends the 
frequency range to below :300 Mc. 

:.'I1easurements can be made on balanced 
lines and component'S with the aid of a Typ}; 
87-t-CB Balun (page 51) . 

DESCRIPTION: The Slotted Line is a .'50-ohm 
air-dielectric, coaxial line whose electric field 
is sampled by a probe that projects through 
a longitudinal slot in the line. Probe coupling 
is adjustable. The probe carriage is driven by 
a pulley-and-cord arrangement convenient ly 
operated from one end of the line, and can be 
precisely set. A soun'e of about 1 milli,,'att rf 
pOII"cr is adequate for most measurements. 
Suitable generators are listed on the next 
page. A crystal rectifier i.' built into the car­
riage and can be tuned to the operating fre­
queney by meallS of an adj ustable stub. The 
crystal output can be used to deflect a micro­
ammeter or, if the driving o.-cillator is modu­
lated, to operate an audio amplifier. Another 
excellent detector is a heterodyne type with a 
crystal mixer and i-f amplifier. All three types 
of detector are described on the next page. 

FEATURES: 
~ Highly accurate but reasonably priced. 
~ Hugged enough for production use. 

~ Wide frequency range, from below 300 ::'IIc 
to ;")000 lVIc. 
~ Self-cleaning and self-lubricating. 
~ Wide variety of accessories avai lable (, eo 
following page). 
~ Low-reflection adaptors available to conncct 
to most types of coaxial connectors. 

SPECIFICATIONS 

Characteristic Impedance : 50 ohms ± Y2 %. 
Probe Travel: 50 em. Scale is calibrated in millimeters. 
Scale Accu racy : ±(O.l mm +0.05%). 
Frequency Range : :300 to 5000 :\Ie. At :300 1\1e, the Slotted 
Line covers a half wavelength. Operation belol\' :300 Me 
is possible with 81 ightly reduced accuracy by \I~e of 
lengths of TYI'E 87-+ AirLines (page -16) . 
Constancy of Probe Pe ne tration: ± lY2 %. 
Residual VS WR : Less than 1.025 at 1000 i\Ic, less than 
1.07 at ·1000 i\1e. 
Accessories Suppl ied : Storage box and spare drive (',,])1('. 
Accessories Requ ired: Adjustable Stub (TYPE 87-1-D20 ) 
1'01' tuning the l'rystal rectifier when audio-fr('qlleJH'~' 
detec'tor 01' mieroammeter is u~ed; suitable detector and 
generator (page 5:{); one eaeh TYPE 87.J-.R22 al1d TYI'J, 

87.J-.R:H Patch Cords for generator and detcetor ('011-

neetions. 
Accessories Available : A complete kit of TYI'I, 87-1 
l'ol1xial clements is de~e ribed 011 page 5-1. For measllJ'€'­
ment of VSWR greater than 10, a TYPE 87-1-LV :\li­
erometer Vernier is re('ommended. Smith Charts :ll'e 
listed 011 page 55. Adaptors :tl'e listed on page ·12. 
Dimens ions : 26 by .,Yz by 3Yz inches (660 by 115 by 
89 mm). 
Net W eight : 8 1-2 pounds (3.9 kg). 

TYPE 874-LV MICROMETER VERNIER 

For precise measurements of high VSWH by 
the width-of-minimum method. Consists of a 
micrometer head calibrated in centimetcrs 
(calibrated to .001 cm), mounted on an arm 
that can be attached to the rear base rod of thc 
slotted line. One turn of the micromcter barrel 
advances the head by 0.5 mm. Maximum 
range is 2 cm. Can be read to ±.002 mm. 

TYPE I CODE W ORD 
874-LBA Slotted Line COAXRUNNER 
874- LV M icrometer Vernier COAXREADER 

PRICE 

$230.00 
30.00 
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COAXIAL 
SLOTTED LINE 

SLOTTED LINE ACCESSORIES 
GENERATORS 

Uni~ Osc\llators arc a,'ailable to cover any 
portlOlI of the frectucnC'y range of the Slotted 
Line. Standard-Aignal Gcnerators such as 
thc 1"11'1<; J021-.\U and 102L-AV'(page 90) 
may also be used. IGxC'cpi. for the TYPJD 1214 
Ulli~ pscillators do n?t ill (',ude power supplies; 
the 1YPI'; 1203-B UnIt Power Supply is recom­
mCl~ded for .gelleral usc. Where line voltage is 
l:luhJect to freque nt variations the TYPJD 
1201-B Unit Hegutnted Power S~pply should 
be used, 

If a modulated signal is desired the TYPJD 
I2L-i-A (i'iine '\'LwC') or TU I£ 1210-0 Unit Os­
cillator (l:liue or square wave) can be used to 
supply the modulating signaL 

With Lhe Tn']'; l:2U-i-A Modulatin rr Power 
Supply, Lhe signal can be modulated bby 1-kc 
square wavel:l .. This power supply was designed 
at) a compalUOIl to the TYPE 1361-A Unit 
Oscillator, but call be ul:led satisfactorily with 
Lho other Unit Oscillators listed. 

TYPE PAGE PRICE 

1215-B Unit Oscillator, 50· 250 Me 1 10 $210.00 
1208- B Unit Oscillato r, 65-500 Me 110 230.00 
1209-B Unit O s cillator, 250-920 

Me 11 0 260.00 
G e n er- 1361 - A Unit Oscillator, 450-1050 

ators Me 10 9 285.00 
1218-A Un it O s cillator, 900-2000 

Me 11 0 465.00 
1220-A Unit Oscillator, 2700 

7425 Me 1 13 * 
1203- B Unit Pow er Supply 137 50.00 

Power 1201-B Unit Regulated Pow er 
Sup- Supply 137 85.00 
pli e s 1264- A Modulating Power 

Supply 139 285.00 

Modu- 1214- A Unit O s cillator 106 75.00 
lators 1210-C Unit R- C Oscillator 102 180.00 

* Prit'C depend::; on frcqllcl\('Y. 

DETECTORS 
A~lY olle of t hree types of detector can be used 
WI Lh the S lott ed Li ne: a heterodyne detector, 

a microammeter and built-in crystal or a 
VSWR amplifier and indicator. ' 
. An excellent general-purpose uhf detector 
IS the hcterodyne type. The Gencral Radio 
TYPJD DNT Detectors cover the frequency 
range from 40 to 2030 Mc (up to [jOOO Mc by 
the u.se of harmonics), E~ch TYPJD D~T sys­
te~ mC.ludes a local osctllator, i-f amplifier, 
mixer, h lter, attenuator pad and ell. 

The simplest suitable detector is a mic ro­
ammeter ~nd built -in crystal. Sensitivi ty is 
l~w, but It can be used satisfactori ly with 
high-power osci llators. Excellent results can 
be obtained with a 50-lLa meter and oscil­
lator power between 100 mw and 20 watts 
for VSWR's between 1 and 5. A TYPE 8U-D20 
2.0-.cm Tuning Stub is required, Meter seni'ii­
tlVlty control consisting of a lO-ki lohm vari­
able shunt resistor is recommended. 

Most popular VSWR meters will serve as 
satisfactory detectors with the Typ),; 874-LBA, 
Use of such a detector requires that the gen­
erator be modu lated at 1 kc. Also, a Typ),; 
874-D20 20-C111 Stub is required for tuning. 

TYPE PAGE PRICE 

DNT-l Detector (40 to 530 Me) 58 $665.00 
DNT-3 Detector t220 to 950 Me) 58 693.00 
DNT-4 Detector t870 to 2030 Me t ) 58 898.00 
874- 020 20-em Stub 4 9 15.00 

t Up to 5000 ~Ic by the lise of harmonics. 

FIL TERS 
A low-pass filter should be used between 
generator and slotted line to eliminate har­
monics of the signal source. The filter cutoff 
frequency l:lhou ld be chosen to pass the funda­
mental but not harmonics. Sec page -1-5 for 
complete specifications. 

TYPE PAGE PRICE 

874-F185 185- Me Low- Pass Filter 45 $30.00 
874- F500 500- Me Low- Pass Filter 45 24.00 
874-Fl000 1000- Me Low-Pass Filter 45 22.00 
874-F2000 2000-Me Low-Pass Filter 45 22.00 
874-F4000 4000-Me Low - Pass Filter 45 22.00 

Typical me asure ment setu ps showin g Slotted line used with (left) VSWR ind icator and (right) he terodyne detector, 

e-4-C'eO 
Tl, ..... "'-G STili::l 

" ~-UNKNOWN 
8740UIA SLOTTED LI NE 
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COAXIAL 
KITS 

COAXIAL KITS 

TYPE 874-EK BASIC SLOTTED-LINE KIT 

For impedancf' and VSWH l11 easurpments 
with the slotted line, a group of coaxia l ele­
ments is availab le as t he TYP8 874-EK Basic 

Slotted-Line Ki t. The TYPE 874-LBA Slo tted 
Line is included in t he ki t, but generator and 
dctector are not. 

TYPE 

Coaxial Cable . 
Basic Connector . 
Cable Connector . 
Cable Connector . .... . . . . . •. . ... .. . .... .. . . ......... . . . . 
Adjustable Stub . 
Adjustable Stub . 
Adjustable Line . 
Slotted Line . 
Panel Connector . .. 

874- A2 
874-B 
874-C 
874-C8 
874-020 
874-050 
874-LA 
874-LBA 
874-P 
874-QNJA 
874-QNP 
874-R20 
874-R34 
874- T 
874-WM 
874-WN 
874-WO 
874-Z 

Adaptor to Type N Plug ....... .• ..... . . . .. . . . . . . . .... . . . .... 
Adaptor to Type N Jack. 

874-EK 

Flexible Line . 
Patch Cord . 
Tee . 
50-ohm Termination . 
Short-Circuit Termination . 
Open-Circuit Termination . . 
Stand . ...... . .... . . . 

Basic Slotted-Line Kit . 

KITS FOR THE MEASUREMENTS 

OF CABLE CHARACTERISTICS 

Various combinations of TYPE 87-1: Coaxial 
E lements can be used very effectively with 
Unit Instruments and associated equipment 
to measure attenuat ion, characteristic im­
pedance, velocity of propagation, and capaci­
tance of both coaxial and twin-conductor 
cab les. For convenience in ordering, the neces­
sary equipment is offered in assemblies for 
specific types of measurement. These kits an 
their use are described in Reprint E-104, 
"The Measurement of Cable Characte ristics," 
availab le' on r CCIl IP"t .. 

. ~ . . ~ ... '" 

QUANTITY 

25 ft 
2 
2 
2 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 

::::.-

PRICE 

$6.75 
3.20 
4.60 
4.60 

15.00 
18.00 
25.00 

230.00 
6.40 
5.00 
5.00 

15.00 
6.00 

11.00 
17.50 

3 .50 
2.00 

19.50 

$398.05 



SMITH 
In impedance and YS\VH measUl'ements, it 

is often necessary to determine t he impedance 
transformation produced by a length of tranf'­
mission line. Eq uations can be used, but the 
calculations are laborious. A chart on which 
calcu lations can be made graphi cally with 
ve ry little effort was devised by P. H. Smith1 

and is known a the Smith Chart. The chart 
can be used to determine the \ 'SWR cor­
responding to any impedance and to convert 
from impedance to admittance and vice versa. 
This chart is very useful for meaSUl'ements 
using the TYPE 1602-B Admittance ~Ieter 

TYPE 

Smith Chart-Admittance Coordinates 
(20-mmho characteristic admittance) 

Smith Chart-Impedance Coordinates 
(50-ohm characteristic impedance) 

Smith Chart-Normalized Coordinates 
Smith Chart-Normalized Expanded Coordinates 

'Eleclronics. Vol 17, :\'0 I. pp 130- 133. 3 18- :123 , January 1944. 

COAXIAL 
SMITH CHAf(TS 

CHARTS 
and t he TYr8 87-!-LBA Slotted Line. 

FoUl' forms of Smith Chart are availab le: 
one " 'ith normalized coordinates, for use ,,-ith 
lines of any impedance; one with normalized 
expanded coordinates; one with impedanc-e 
coordinates based on a ;')O-ohm characte ri ~tic 
impedance; a nd one with admittance coordi­
nates based on a 20-mmho characteristic ad­
mittance. The ;)O-ohl11 charactCl"istic imped­
ance (20-mmho characteristic admittance) is 
common to a ll General Radio coaxial eq uip­
ment. Charts are pri n ted on thin 83'2 by 11 
inch paper. 

CODE WORD 

ADMITCHART 1 

IMPEDCHART I 
NORMACHART 
EX PANCH ART 

2Minimllm quantit) sold. 

QUANTITY 

1

1 gg ~ 
200 
500 

1000 

PRICE 

$2.00 
3.75 
7.00 

14.00 
25.00 
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DETECIORS AND AMPliFIERS 
DETECTORS 

I n practically a ll types of elect ri cal mea ul'e­
ments, a means must be providcd for a ural or 
visual indi cation of t he desired mea urcment 
cond it ion. For bridge measurements, t he indi­
cator, or detector, must have some degree of 
scleet i"i ty to eliminate spurious signals, noisC', 
and harmonies of t he desired signa l. F or volt­
age a mplitude measurements, a wide lincar 
range is desira ble, and in modula tion measul'c­
men ts the out pu t signal should be a fa ithful 
reproduct ion of the modulation envelope. 

For these applications, a number of dctec­
tors a re in common u 'e : 

1. Amplifie r follO\\'cd by a metcr or head­
phones. 

2. Simple rectifier to convert an ac signal 
to dc or to demodulate a n rf signal. 

:3. Rimple rect ifie r follo\\'C'd by a high-gain 
a mplifier wi th a n a ural or visual indi cator. 

-.1:. ~Iixcr in \"hich t he ign al to be measured 
is heterodyned wi th a signal of a different 
frequency from a n oscillator and the difference 
frequency a mplified in a fixcd-frcquC'll<'y, 
ba ncl-pass, high-ga in a mpli fie r. 

I my 

500 
874 +VO. VR, 1232-4 AMPLIFIER 
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FREOUENCY 

Sensitivity and frequency range of various detectors. The sensi­
tivity figures shown for the Type 874-VO and -VR Detectors are 
for a modulated signal (50% or more) with the amplifier tuned 
ta the modulator frequency. At frequencies below obout 500 kc 
on additional bypass capacitor must be added to obtain the 

sensitivity indicated. 

Type DNT Detector is recammended for use with the Type 
1602-B UHF Admittance Meter and is shown here with the 
Admittance Meter in the measurement of resistors at 800 Me. 

An amplifier with l1wtC'r or hC'adph onC's is 
commonly usC'd ill LIl(' frN1Uf'IH'Y 1'11n/l;C' he­
tween a few cyelC's a lld ~('\' ('I'a l mC'gac'y C'l ps. 

The TYPE ]2:~2- .\ '1'UII C'd Am plifi C' )' ;md N ull 
Detector is an ill strunw llt of t his t~' pc', t llll a ble 
over the a udi o-f )'C'q ll C' ncy l'1111 g(', " 'it h h\'o 
addi t ioll a l opC' rat ill g frC'qu C' ll('iC's at ;iO a ne! 
100 kc.lls llliusua lly high :-:C' nsit i\'ity , low IIoise 
IC\'el, excc ll C' nt Hc lc·eti\·ity , a nd hi/l;h /l;a ill ma ke 
it sui tab le for t he most C'X;)c·t i ng hrid/l;p-nH' :1 s­
Ul'e lTI C'nt I'eqllil'(·mcnt s. 

The T!Jpe J 212-_\ l 'll i / j' "/I11 j)r/tc/ol' is an 
untuned detcc (.or, whi eh (,0 \' (' 1':-4 a \\' id C' fl'e­
qucl1ey ran/l;e a llcl U:-:C'~ limitill/l; a mplifi C' l's to 
produ cC' a non-linear c'omprC's~ i()1l or thr Ilwt er 
seale of at INtHL 100 db, th\!" C' limilla.tillg Lhe 
need for a mplifier gaill adjust n)('nt s during 
bridge ba laneillg operat ions. 

Fol' maximllm C' fTC'di\ 'C' sC' ll siti\' it y, one of 
t hC' accessory filt ers should \)(' tlsC'd at i he in­
pu t : t he '1'YI'I'; 1:2 t 2-1' I , fo), f' limilla t illg pickup 
at the powC'I'-lill C' frC'quC'IH'Y ill I1H'HSlII'P Il1 C' IIt s 
abovC' to ke; a lld thC' ')'YP8 121 :2-1':2, 1'01' maxi­
mum sell siti vity and sC'1C'(' t i\·it .v a t 1 mega­
('Y ('\ C' · 

Simple reetifi C' l's arC' Of(- C' Il usr ci at. t hC' higher 
rl'cquC'n cies. The Type H74-1"q I"vllln{'/(' I' De­
lecto/' a nd Type <''574-l"R '\ "ollme!N Rrc!i,(ir/' 
('o ver a ve ry wiele frf' qu(, IH'Y ra llgC', as illdi­
ca ted on t hC' chart. \Yhcn llsC'cl dil'C'et ly with 
a meter 0 1' a tC' lC' pholl(' heae! "ei , i h (' , c n ~ i t i\'ity 
is 10" '. '(j eel wi th an audio a mp li fiC' r, s\! (' h as 



the TYPE 1232-A, they are sensitive detectors 
of modulated signals. 

At very-high and ultra-high frequencies, the 
heterodyne method of detection has many 
advantages. It can have high sensitivity, a 
wide frequency range, any amount of selec­
tivity, and excellent linearity. In the Type 
DNT DetectoTS, the signal is heterodyned in a 
TYPE 874-MR Mixer Rectifier with a signal 
from a Unit Oscillator. The 30-1\1c beat fre­
quency is amplified and detected by a TY~E 
1216-A Unit I-F Amplifier. Various local oSCIl­
lators can be used to cover the very extensive 
frequency range shown in the chart, and har­
monic operation can be used to extend the 
range of any oscillator . The 80-db linear range 
is also useful in relative voltage-level meas­
urement. 

SEE 
TYPE CLASS PAGE 

1232-A High-Gain Tuned Amplifier 60 

1212-A Broadband Logarithmic Amplifier 61 

DNT Heterodyne with I-F Amplifier 58 

874-VQ,-VR Crystal Rectifier 50 

AMPLIFIERS 

The General Radio Company manufactures 
a variety of laboratory amplifiers which meet 
many of the needs for amplification in research, 
engineering, and industry. The following am­
plifiers are described in this section: 

1. The Type 1232-A Tuned Amplifier and 
Null Detector, which, in addition to its uses 
as a null detector, is an excellent preamplifier 
for use with microphones, vibration pickups 
and oscilloscopes. In combination with the 
TYPE 874-VQ Voltmeter Detector it becomes 
a sensitive detector of modulated signals at 
frequencies up to 5000 Mc. 

2. 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. 

3. The Type 1206-B Unit Amplifier is a 
hiO"h-quality, general-purpose, 3-watt ampli­
fie~' which operates over the audio and ultra­
sonic frequency ranges, and which has excel­
lent transient response. An outstanding 
feature of this instrument is its low-frequency 
response, which extends dmn1 to 2 cycles per 
second with a drop of on ly 3 db. 

The combination of this amplifier and the 

AMPLIFIERS 

For dc amplification, the Type 1230-A DC Amplifier and 
Electrometer can be used. It is described an page 128. 

TYPE 121O-C Unit R-C Oscillator comprises a 
compact osci llator of 3-watt output up to 100 
kc and 0.4 watt up to 500 kc. 

TYPE NAME SEE PAGE 

1232-A Tuned Amplifier and Null Detector 60 

1233-A Power Amplifier 63 

1206-8 Unit Amplifier 64 

OTHER AMPLIFIERS 

In addition to the amplifiers described in 
this section, special-purpose amplifiers are 
described in other sections of the catalog. 

DC AM~PLIFIER: The TYPE 1230-A D-C 
Amplifier and Electrometer is an extremely 
stable instrument capable of amplifying very 
weak dc voltages and operating a recorder from 
the output . 

FULSE AMPLIFIER: The TYPE 1219-A 
Pulse Amplifier will produce pulse currents up 
to one-half ampere from low-power pulse 
generators. 

SOU N D-LEVEL METER : The TYPE 1551-
C Sound-Level Meter is a high-gain amplifier 
and logarithmic voltmeter, with a full-scale 
sensitivity of 20 microvolts and a range of 126 
db. 

TYPE NAME f:PAG~ 
1230-A DC Amplifier and Electrometer 128 

1219-A Pulse Amplifier 119 

ISSI-C Sound-Level Meter 182 
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OETECTOI(S 
------------------------------~ 
I/tTfRODYNE W 

TYPE 1216-A 

UNIT I-F AMPLIFIER 

TYPE DNT HETERODYNE DETECTORS (410-2030 Me) 
USES: The 30-Mc Unit I-F Amplifier is the 
basic element in a general-purpose, well­
shielded, high-frequency, heterodyne detector, 
the other elements being a mixer, a local oscil­
lator, and a filter (see diagram). Complete de­
tector assemblies (TYPE DNT) are listed below. 

This heterodyne detector is a high-sensitiv­
ity, high-frequency voltmeter for relative sig­
nal levels, a standing-wave indicator, and a 
null detector. 

As an indicator of relative signal levels, it 
can be used to measure the insertion loss and 
attenuation of filters, attenuators, and cable; 
crosstalk in coaxial switches and other devices; 
to calibrate attenuators; as a field-strength 
indicator; to measure antenna gain and radia­
tion patterns; and as a general-purpose high­
frequency receiver. Since the mixer i::i linear 
over a wide range of input voltages, the built­
in step attenuator makes possihle direct sig­
nal-level measurements over an 80-db range. 
With the use of external TYp~ 874-G20 At­
tenuators, this range can usually be extended 
to about l10 db. When the instrument is 
standardized in terms of an rf voltage stalld­
ard, as, for instance, a standard-signal genera­
tor, it can be used for absolu te voltage meas­
urements. In this application, the high sensi­
tivity (see curve) permits measurements down 
to a few microvolts. 

This detector is recommended for use as a 
standing-wave indicator with the TYPE 874-
LBA Slotted Line. 

As a null detector, it is recommended for use 
with the TYPE 1602-B UHF Admittance Meter 
and the TYPE 1607-A Transfer-Functioll and 
Immittance Bridge. 

DESCRIPTION: The TYPE 1216-A Unit I-F Am­
plifier consists of four tuned i-f amplifier 
stages, a detector, a video amplifier stage, an 
rf attenuator, and two power supplies. It is 
designed to operate from a 400-ohm source 
impedance, which is the nominal output im­
pedance of the TyPE 874-MR Mixer Rectifier. 

Automatic volume control is provided to 
facilitp,te bridge balancing and other null­
type measurements. The A VC can be switched 
out of circuit for voltage level measurements. 

A built-in, precision, film-type-resistor, step 
attenuator is included to make possible accu­
rate measurements of relative signal levels as 
high as 80 db. The indicating meter is cali­
brated in db, as well as in linear units, for 
conveniellt interpolation between the lO-db 
attenuatqr steps. 

The rcC\tified crystal-mixer current produced 
by the dscillator signal in the TYPE 874-MR 
Mixer-Rectifier can be measured on the indi­
cating meter. A knowledge of this current is 
important if attenuation measurements are to 
be made, since the oscillator voltage must be 
above a certain limit if the applied rf signal 
is large. The current is also an indication that 
the oscillator is functioning. 

One of the internal power supplies operates 
the amplifier circuits; the other supplies 
heater and plate power to the heterodyning 
Unit Oscillator. 

Modulation on the input frequency is ampli­
fied by a cathode follower aMI is available at 
the output terminals. The large meter has 
both linear and db scales for interpolation 
between attenuator steps. 

TYPE DNT DETECTORS 
Each assembly comprises one TYPE 874-MR 

Mixer Rectifier, one TYPE 1216-A Unit I-F 
Amplifier, one TYPE 874-G 10 lO-db Pad, one 
TYPJ~ 874-EL 90° Ell, one Unit Osci llator 
and one filter depending on the frequency 
range desired (see price table). 

The incoming signal and the signal from the 
Unit Oscillator are heterodyned in the Mixer 
Rectifier to obtain a 30-Mc difference fre­
quency. This beat frequency is amplified and 
indi cated on the meter of the TYPE 1216-A 
Unit I-F Amplifier . A block diagram of this 
method of detection is shmm. Higher-fre­
quency operation is obtainable by using oscil-



lator harmonics, but sensitivity is decreased, 
and care must be taken to avoid ambiguous 
beats. Both the fundamenta l and harmoni c 
ranges are shown in the curves and the price 
table. Effective harmonic ranges (i .e., without 
overlap) are shown in the curves. The lowest 
harmonic covering the desired frequency 
should be used. 

When wide ranges of frequency are to be 
covered, however, it is recommended that one 
complete DNT Detector be purchased, plus 
the necessary osci llators and filters for the ad­
ditional frequency ranges desired. For in­
stance, to cover the range from 40 to 950 Mc, 
one would order a TYPE DNT-2 Detector, 
plus one TYPE 1209-B Oscillator and one 
TYPE 874-FlOOO Filter. 

FEATURES: 
~ ' iV-ide frequency ranges. 
~ High sensitivity. 
~ Excellent shielding. 

AMPLIFIERS 
UNIT I-F 

~ A VC for null detector use. 
~ Amplifier provides power for local oscillator. 
~ Broad baLd width with good selectivity. 
~ 'Vide-range calibrated attenuator. 

SPECIFICATIONS 
TYPE 121,6-A UNIT I-F AMPLIFIER 

Center Frequency: 30 Mc. 
Bandwidth: Greater than 0.5 Mc at 3 db down: 9.5 Mc at 
60 db down. 
Sensitivity: From a -lOO-ohm source, 2 ,"volts input re­
quired fo r 1 % meter deflection (above noise), 50 ,"volts 
input for full-scale meter deflection. These a re open­
circuit source voltages. 
Naise Figure: Approx. 5 db. 
Attenuatar Range : 0-70 db in lO-db steps. 
Attenuatar Accuracy: ±(0.3 db +1 %). 
Output Circuit Bandwidth: (ModLtlation) 0.4 Mc. 
Output Impedance: 600 ohms. 
Maximum Output Valtage: 2 volts open circuit. 
Terminals : Input, TYPE 87-l Connector on 2-foot cable; 
output, %;-inch-spaced THE 938 Binding Posts. 

Supplementary Pawer Supply Output: 300 volts dc at 30 
ma; 6.3 volts ac at 1 amp. With th is power supply, full 
output wi ll not be obtained from a Unit Oscillator, but 
output is ample for heterodyne use. 
Pawer Supply: 105- 125 (or 210-250) volts, 50 to 60 cps. 
Power input, 45 watts at full load . Can a lso be operated 
at 400 cps where line voltage does not drop below 110 v. 
Tube Camplement: Two 6CB5; one e;l,ch, 6AK5, 6AL5, 
6U8,OB2. 
Accessories Supplied: Spare fuses; three-wire power cord 
atta~hecl. 
Mounting: Gray crackle-finish a luminum panel and 
sides. Aluminum cover finished in clear lacquer. 
Dimensions: Width lO >i, height 5%;, depth 6>i inches 
(260 by l-±6 by 159 mm) over-all. 
Net Weight: 8>i pounds (3.8 kg). 

SPECIFICATIONS 
TYPE DNT DETECTOR 

Frequency Range: See sensit ivity curves; also price table . 
Sensitivity: See accompanying curves. 
Mixer: TYPE 874-MR :'I1ixer-Rectifier (page 45). 
Local Oscillator: See pages 110 to 112 for specifications. 

Input Terminal: Mixer input terminal is TYPE 874 Coaxial 
Connector. For connection to other types of coaxia l 
connectors, see TYPE 874 Coaxial Adaptors, page 42. 
The TYPE 87-l-R22 Patch Cord (page -14) is also a con­
venient accessory. 

MEASURING 
DEVICE ,---- , 

FILTER I I 
~II 
_s~ __ ~ I , , 

I , ,- ___ J 

LOCAL 
OSCILLATOR 

(Right) Frequency range 
and sensitivity af Type 
DNT Detectars for both 
fundamental and harmon-

ic operation. 

FREQUENCY RANGE-MC 
2ND 3RD 4TH 

TYPE FUNDAMENTAL HARM.* HARM.* HARM.* 

DNT-l 40 -r-530 100-1030 165-1530 230-2030 
DNT-2 40t-280 70-530 120-780 170-1030 
DNT-3 220-950 470-1870 72Q-2790 970-3710 
DNT- 4 870-2030 1770-4030 2670-6030 Not recommended 
1216-A Unit I-F Amplifier 
480-P4U2 Relay-Rack Adaptor Panel for Type 1216-A 

* For ha.rmonic operation, the appropriate low-pass fi lter must be used. 
t 40 Mc is the practical low-frequency limit. 
PATENT NOTI CE. See Note 4, page vii i. 

LOCAL 
OSCILLATOR FILTER 

TYPE NO. SUPPLIED 

1208-8 874-F500 
1215-8 874-F500 
1209-B 874-Fl000 
1218-A 874-F2000 

CODE 
WORD 

NALTO 
NERVO 
NULTO 
NODDO 
AMONG 
UNIPANBOLT 

P 

$66 

RICE 

5.00 
5.00 
3.00 
8.00 
0.00 
1.00 

64 
69 
89 
34 

1 
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OETECTOf(S 
-------------~ 
NUll 

TYPE 1232-A TUNED AMPLIFIER AND NULL DETECTOR 
USES: This sensitive, fully transistorized null 
detector tunes continuously over the frequency 
range from 20 cps to 20 kc, with additional 
spot coverage at 50 kc and 100 kc. 

lt is designed primarily for use as a bridge 
detector at these frequencies. Other important 
u~es include: 

A general-purpose audio amplifier (±3 db 
from 20 cps to 100 kc). 

An amplifier for usc with the TYPE 874-VQ 
Voltme~er Detector, for detection of high­
frequency modulated signals. 

A preamplifier for crystal microphones, VI­

bration pickups, and other transd llcers, as 
well as for oscilloscopes. 

An audio spectrum analyzer for approximate 
measurements. 

DESCRIPTION: The circuit consists of a 10w­
noise preamplifier, followed by a frequency se-

lective stage, and an amplifier-compressor 
stage. Tuning is accomplished by an RC net­
work in a negative feedback loop. Input im­
pedance is made equal to optimum source im­
pedance 0 that noise output is independent of 
source impedance. 

Meter scale can be either linear or com­
pressed as controlled by a panel switch. 

The assembly is housed in a rack-bench cab­
inet (page 2.J:2) , normally supplied for bench 
use; panel extensions for rrlay-rack mounting 
are available. 

FEATURES: 
~ High sensitivity. 
~ High gain. 
~ High selectivity. 
~ Very low noise level. 
~ Contin uous tunin g;. 
~ Long battery life. 

SPECIFICA liONS 
Frequency Response: 

Tunable Filters: 20 cps to 20 kc in 3 ranges; 6% band­
width; 2nd harmonic at least 3-+ db down trom peak, 
3rd at least -10 db down; rejection filter on two highest 
ranges redllces 60-c:vrle level to at leaRt 60 dh below 
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FREOUENCY 

Typical noise levels as a function of frequency. 

peak. Frequency dial accuracy is ±3%. 
50 kc and 100-kc Filters: 2nd harmonic at least 60 db 

do\\·n. 
Flat Response: ±3 db 20 cps to 100 kc. 

Sensitivity: See plot. 
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Noise Level : Independent of SOlll'ce impedance; see plot. 
Input Impedance: Approximately 50 kilohms to one 
megohm, depending on gain-control setting. 
Max Input Voltage: 200 volts ac or 400 volts dr, without 
damage. 
Gain: 120 db on the tunable ranges; 100 db, flat range; 
106 db at 50 kc; 100 db at 100 kc position. 
Output: 1 volt into 10,000 ohms. Internal impedance 
is 3000 ohms. 
Meter Linearity: Db differences on scale are accurate to 
±5% for inputs of less than 13 volts. 
External Filter : Source impedance, 700 ohms. 

TYPE 

Compression: Reduces fu ll-scale sensit ivity by 40 db. 
Does not affect bottom 20% of scale. 
Distortion: (In flat position) less than 5%, practical I." 
all attributable to the meter rectifiers. 
Power Supply: 12 volts dc, from 9 mercury (M72) ce lls 
in series. Estimated battery life is 1500 hours. COHt iB 
about 0.4 cent per hour. 
Transistor Complement: Six 2N169A, two 2N1395. 
Accessories Supplied : Type 87-!-R34 Patch Cord. 
Dimensions: Width 8, height 6, depth 7Yz inches (205 by 
150 by 190 mm) over-all. 
Net Weight: 5%: pounds (2.6 kg). 

CODE WORD PRICE 

1232-A 
480-P308 

Tuned Amplifier and Null Detector ••........ 
Relay-Rack Panel Extensions (Pair) •••• • •.... 

VOCAL 
EXPANELDOG 

$360.00 
7.00 Pair 

PATENT NOTICE. See Notes 4 and 15, page viii. 

TYPE 1212-A UNIT NULL DETECTOR 
USES: This Unit Null Detector is an inexpen­
sive, broad-band balance indicator for ac 
bridge measurements. It is a sensitive, wide­
frequency-range voltage indicator with an ap­
proximately logarithmic relation between in­
put voltage and meter reading. This null de­
tector, with suitable input filters, can be used 
with the TYPE 1603-A Z-Y Bridge, TYPE 716-C 
Capacitance Bridge, T YPE 1632-A Inductance 
Bridge, TYPE 1661-A Vacuum-Tube Bridge, 
TYPE 916-AL R-F Bridge, TYPE 716-CSl Ca­
pacitance Bridge, and up to 5 Mc with the 
TYPE 1606-A R-F Bridge. 

DESCRIPTION: The instrument consists of a 
t hree-stage, broad-band amplifier with series­
peaking compensation. Germanium-diode clip-

pel's are used between stages to obtain the 
quasi-logarithmic input-output relationship. 

FEATURES: 

~ 50 cps to 5 Mc. 
~ Meter zero controllable from panel to cor­
rect for amplifier 01' system noise. 
~ Regulated tube voltages and balanced meter 
circuit maintain high stability. 
~ Metei' sensitivity control provided for set­
tings of voltage range desired. 
~ Headphone terminals provided. 
~ Miniaturized unit construction. 
~ On-scale range of approximately 120 db. 
~ Sensitivity increases as balance is approached 
- increases speed and precision. 

SPECIFICATIONS 

Sensitivity: Less than 40 microvolts input at 1 kc is re­
quired to deflect meter one percent of fu ll scale. 

Power Supply: TYPE 1203-B or TYPE 1201-B Unit Power 
Supply is recommended (see page 137). Power supply 
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OETECTOI?S 
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I 
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FREQUENCY 

1 

Ike 
FREQUENCY 

IOke 

RESPONSE 
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r-, 
'\ 
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can bc attached to detector to form a rigid unit by means 
of the locking strips supplied. 
Hum and Noise Level : Hum, 20 !,volts; broad-band noise, 
:~O /Lvolts. 
Tube Complement: Thrce 6AK5, one 12AX7, one OA2. 
Accessories Supplied : Power-supply plug and rable rOI1 -
nector, locking strips. 

TYPE 

10 0 

I 1------0 

I ---VOLTAGE RESPONSE 

)-I--
~SENSITIVITY AUTOMATICALLY INCREASES 

AS BALANCE IS APPROACHED 

0 V I 

60 

40 

20 

10m v IOOrnv I, 

INPUT VOLTAGE 

Accessory Filters Available: TYPE 1212-Pl, for eliminating 
low-freq uency hum and noise, TYPE 1212-P2, for high 
selertivity at 1 :\Ic. 
Dimensio~s: (Including power supply, as shown) width 
15, height 5%" depth 67:1: inches (:381 by l-t6 by 159 mm) 
over-all . 

CODE WORD PRICE 

1212-A* 
1203-8 
480-P4U3 

Unit Null Detector ......•...................• ALACK $150.00 
50.00 
12.00 

Unit Power Supply (for 115-volt linelt .........• 
Relay-Rack Panel (for amplifier and power supply) 

* PATENT NOTICE. See Notes 4 and 15, page vill. t See page 137 for 230-volt supply. 

ALIVE 
UNIPANCART 

TYPE 1212-Pl HIGH-PASS FILTER 

A shielded, BC high-pass fi. lter designed to 
attenuate low-frequency noise and hum often 
encountered in bridge meaSUl'ements. It pro­
vides about ;:>0 db attenuation at 60 cps when 
used in conj unction ,yith the TYPE 1212-A 
Unit Null Detector and fed from a 10w­
impedance source. 
Nominal Load Impedance : 1 megohm. 
Input Voltage Limit : 150 volts maximum. 
Terminals : TyPIC 87-l Connector at each end . 
Dimensions : Ys inch diameter by 4% inches long (22 by 
110 mm). 
Net Weight: 3 ounces (85 g). 

TYPE CODE WORD 

1212-Pl High-Pass Filter ..•...•.......••.•..•.•... UNCLE 
PATENT NOTICE. See Note 4, page viii. 

TYPE 1212-P2 l-MC 
A shielded, tuned LC filter designed to at­

tenuate both higher and lower frequencies, 
while providing insertion gain at 1 l\Ic. 

FILTER 

.l 

• 

PRICE 

$12.00 

Insertion Gain: When used with the TYPE 716-CS1 Ca­
pacitance Bridge and the TYPE 1212-A Un it Null De­
tector, the insert ion gain at 1 :\Ic varies from 22 db to 
32 db. 
Second Harmonic Rejection: At least 39 db. 
Maximum Input Voltage : 200 volts. 

Terminals: TYPE 87-l Connector at each end. 
Dimensions : 2" diameter, 5" long (50 by 130 mm). 
Weight : 9 ounces (0.26 kg). 

TYPE 
1-Mc Filter ...••••••••••••• • •••••••• ••••• 1 ANNUL $30.00 1212-P2 

CODE WORD PRICE 

PATENT OTICE. See Note 4, Page viii. 
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TYPE 1233-A POWER AMPLIFIER 
20 cps to 20 kc 20 kc to 11.5 Me 20 cps to 3 Me 

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

Driving acoustic generators. 
Exciting antennas for radiation-pattern and 

impedance measure men ts. 
Amplifyirlg received signals for operating 

remote modulation and frequency monitors. 
Amplifying weak signal" for oscilloscope 

deflection. 

DESCRIPTION: The excellent frequency re­
sponse of this amp lifier 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 he switched to read plate current of out­
put t ubes. 

SPECIFICATIONS 
Input Voltage: Less tlul,n 0.2 volt for full output. 
Input Impedance: 100,000 ohms in parallel with 37 pf 
(grounded ). 
Power Supply: 105 to 125 (or 210 to 250) volts, -10 to 
60 cps; 120 watts at zero output; lID watts maximum. 

RANGE SWITCH OPERATING 
POSITION FREQ. RANGE 

20 c to 20 kc 20 cps - 20 kc 
50 cps - 15 kc 

20 kc to 1.5 Me 20 ke - 1.5 Mc 
20 ke - 0.5 Me 

20 c to 3 Me 20 cps - 3 Me 

POWER" 

8 watts 
15 watts 

8 watts 
15 watts 

OUTPUT 
VOLTAGE 

150 volts, 
peak-to-peak, 
bal; 50 volts 
grounded 

I nstrument will operate with a maximum output of 10 
watts on power-supply frequencies up to -100 cps. T hree­
wire power cord. 
Voltmeter: Full-wave-average type; 150, 50, and 15 v, 
fu ll scale; accuracy ±5%, compensated to::l Me. 

DISTORTION 
OPTIMUM LOAD RISE AT RATED 

IMPEDANCE TIME OUTPUT 

600 or 150 fl 

50 fl grounded 

CRO d eflection 0.1 
plates; 1 Mfl, !-,sec. 
36" leads 

NOISE LEVEL 

60 db below 15 watts 
or equivolent to 200 !-'v 
input. 
70 db be low 15 watts or 
e quivalent to 63 !-'v in­
put. 

Less than 0.6 v, peak-to­
pe ak, bal , or equivalent 
to 600 !-'v peak-to-pea k 
input. 

Disconnected Any sin g le fre- 15 watts, with external tuned output transformer 
quency, 20 cps to 
5 Mc 

* Rated output is obtainable at 105-volt line; output is greater for higher line vo ltages. 

0.2 !-,sec 1 !-,sec 2 !-,sec 

Output pulse waveforms 20 cps to 3 Me range; input 
pulse rise time, .03 !-,see; three pulse lengths shown. 
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AMPlIFIE{(S 
UNIT 

, + ,-
ZOe: to "NtRANGE 

0 , , Z~TOZO~ = tO~:CI.3Mc' t\ -..... , , 
j \ } 

-
J -'- - --, C- .--. t-- -, + I- -. t-- r- -, 

Typical response curves for the three amplifier rang es. The 20cps-ta-
3Mc rang e is given a smooth roll-off at the high end to a ssure 

good t ra nsient response. 

Tube Complement : Two each, 6AC7, 6AG7, 807; one 6J6. 
Terminols: Input and output, TYPE 87-l Coaxial Con­
nectors with ground post for double-plug connection; 
TYPE 938 Binding Posts for balanced output. 
Accessories Supplied : Two TYPE 27-!-MB Double Plugs; 

TYPE 

I Power Amplifier ... 1233-A 
PATENT NOTICE. See Note 4, page viii. 

Phase shift ve rsus frequency for Type 1 233-A Power Amplifie r. 

two TYPE 87-l-C58 Cable Connectors; two spare line 
fuses; TYPE CAP-22 Power Cord. 
Dim ensions: Width 19%, height 7,Yz, depth 15,Yz inches 
(-+95 by 190 by 395 mm) over-all. 
Net Weight : -+6,Yz pounds (21.5 kg). 

CODE WORD PRICE 

ANGER $625.00 

TYPE 1206-B UNIT AMPLIFIER 
T his 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 1210-C 
Unit Osci llator. Single-ended, push-pull circui t 
produces excellent low-frequency response. 

SPECIFICATIONS 
Power Output: With 300-volt plate supply, 600-f! load: 
3 watts from 10 cps to 50 kc; 1.5 watts from 5 cps to 
100 kc; 0.5 watt at 250 kc. 
Distortion: Less than 1% harmonic distortion with 2 
watts output (2% with 3 watts) into 600 ohms from 20 
cps to -1 0 kc. 
Pulse Response : NO LOAD 600 f! 
Droop in 30-cycl e square wave --__ 1_5~ 20% 
Approx. Rise time: 50 v peak-to-peak 1 }lsec. 2 }lsec. 

100 v peak-to-peak 2 }lsec . 4 }lsec . 

Ma x output, peak-to-peak magnitude 260 v 120 v 

Lood Impedance : 600 ohms optimum. Blocking capacitor 
is 100 }If. (Internal impedance about 100 ohms.) 
Input Impedance : 100,000 ohms in parallel with 35 pf. 
Frequency Response : Down less than 3 db at 2 cps and 
500 kc at 10 volts (or less) output, with gain control set 
at maximum. See also powcr output specification. 
Voltage Gain : Continuously adjustable. Maximum gain 
is 50 to 1 (34 db), with no load; -+2.5 to 1 (32.6 db) into 
600 ohms. 
AC Hum in Output: Less than 15 mv, rms, with TYPE 
1203-B Unit Power Supply; less than 3 mv, rms, with 

TYPE 

TYPE 120l-B Unit Regulated Power Supply. 
Power Requirements : 6.3 volts, 2.7 amp; 300 volts, 50 rna. 
TYPE 1203-B Unit Power Supply is recommended. 
Power Supply: The amplifier plugs directly into anyone 
of t he Unit Power Supplies (pagcs 136 and 137). It can 
be rigidly attached with locking strips supplied, to form 
a complete assembly. The combination will operate sat­
isfactori ly from a ·WO-cycle supply. 
Accessories Supplied : ?l1ultipoint connector. 
Tube Complement: One 12AX7 and two 6W6-GT. 
Terminals : Jack-top binding posts with %;-inch spacing. 
Mounting : Aluminum cabinet and chassis for bench 
mounting. Relay-rack panel adaptor available. 
Dimensions: Including power supply, width 15, height 
5%;, depth 6~ inches (381 by 146 by 159 mm) over-all. 
Net Weight : 4 pounds (1.9 kg). 

g·IV--t---+--+--+--+-~~ 

CODE WORD PRICE 

1206-8* 
1203-8 
480-P4U3 

Unit Amplifier . . . . . . . . . . . .... . ARBOR 
ALIVE 
UNIPANCART 

$85.00 
50.00 
12.00 

Unit Power Supply (for 115-volt line) ... . ..... . 
Relay-Rack Panel (for Amplifier and Power Supply) 

* PATENT NOTICE. See Notes 5, 9, and 14, page viii. 



THE MEASUREMENT OF 

FREQUENCY AND TIME 
The determination of frequency directly in terms of 

time is a fundamental measurement, since frequency is 
t he time rate of recul'l'ence of cyclical phI' nomen on. The 
converse is a lso valid, since the t ime intprval required 
1'01' the occurrence of a given number of event.s of a 
fixed frequency is a constant quantity. 
. A-xiomatic::dly, the basis of frequency measurement is 
time measurement. All frequency measurements are 
specified in terms of events per unit time, usually in cy­
cles per second. The discovery of atomic and molecular 
frequency standards, of presumably ultimate stability, 
has provided new means for calibrating standard fre­
quencies and t ime intervals. Internationa l agreement 
has been obtained for Ephemeris Time (E.T. ) as the 
basic constant time scale for scientific measurements. 
The Ephemeris second is defined as 1/ 31,555,925.975 of 
the tropical year 1900. The "tropical year" is the t ime 
between suceessive vernal equinoxes. However, Uni­
versal Time, also known as Greenwich Mean Time, 
based on the rate of rotation of the earth, is used for 
navigation a nd daily living. Hence, rad io t ime signals 
and standard frequency broadcasts are now made on a 
time scale related to Ephemeris Time, but offset by an 
amount which produces approximate agreement with 
Universal Time. The internationally used Ephemeris 
Time scale is tentatively standardir,ed with respect to 
the resonanee frequency of the cesium atom at 9,192,-
6:31,770 cycles pel' seeond. The broadcast standard-time 
and frequency signals are olIset by a stated number from 
the nominal E.T. value. This number has been - 150 x 
10-10 in 1960 a nd 1961. 

Astronomical t ime observations are carried out by 
J1[ltional observatories throughout the world. Theil' 
measurements are made available to users through ra­
.dio time-signal transmissions and by telegraph in their 
respective countries. In the United States, the U.S. Na­
val Observatory transmits t ime signals by rad io through 
t he facilities of the U.S. Naval Radio Service. Standard 
time signals monitQred by the Naval Observatory are 
al,o broadcast continuously by t he standard-freq uency 
transm itters of WWV, operated by the ationa l Bu­
reau of Standards. A sim ilar service is provided in Can­
ada by the Dominion Observatory. 

The user of a frequency standard equipped with 
means for measUt'ement of t he time of al'l'ival of a radio 
time signal can then calibrate the frequency of the stand­
ard directly in terms of t ime. For the most precise re­
sult, the errors of the transmitted t ime signal must be 
taken in to account. Correction data for this purpose 
may be obtained from the Superin tendent, U.S. Naval 
Observatory, Washington 25, D.C. In addit ion, calibra­
tion accuracy depends on stability of propagation time 
from the transmitter to the receiving location. The vari­
ation in high-freqlLency propagation time is usually not 
less than ±0.1 millisecond and may be greater. Hence, 
for a precision of calibration of ±1 x 10-', a time inter­
val longer than one day (1 day = 8.6-10 x 10' milli­
seconds) is necessary between observations even if no 
additional instrumental errors are introduced. \Vith t he 
General Radio equipment described herewit h, a time in­
terval of two days should be adequate to obtain a 
calibration accUt'ate to approximately ± 1 x 10- 9• Cali­
bration to an accuracy of ±l x 10-10 will require several 
t ime determinations over a period of 15 to 20 days. 

The "working" clocks used at the Naval Observatory 
are timed by piezo-electric osc ill ators of the type used 
in stable frequency standards. These oscillato rs are 
checked against astronom ical observations and a lso 
against atomic frequency standards (whence derives 

Atomic Time, A.T.). Through close cooperation between 
t he ational Bureau of Standards and the U.S. Navlll 
Observatory, the time signa ls radiated by WvVV and 
WWVH have been closely synchronized wit h the time 
signals transmitted by )TBA on 18 kc. International 
agreement with Great Brit:.lin has likewise synchronized 
time and frequency broadcasts in t he U.K. with United 
States signals. Since the t ime signals are derived from 
the stable oscillato rs controlling the carrier frequencies 
of these stations, their ~Land"rd frequency values are 
similarly in agreement. 

Standard-frequency broadcasts in the United States 
are primarily t he responsibility of the National Bureau 
of Standards. Transmissions are made by stations WWV 
(Washington, D .C.), WWVH (Hawaii), and \VWVB 
and WWVL (Boulder, Colorado). These transmissions 
are of the greatest possible stabili ty and accuracy and 
represent a high-precision standa rd service wherever 
they can be received. It is important to note that 
W\\'VB (60 kc) and, especia lly, \vWVL (20 kc) are in­
tended to make use of the stab le propagation condit ions 
in the vlf band . For information and sched ules of trans­
mission of standard frequencies, apply to the Radio 
Standards Laboratory, National Bureau of Standards, 
Department of Commerce, Boulder, Colorado. 

The U.S. Naval Radio Station ~BA (Panama Cana l 
Zone) on 18 kc a lso rad iates on a standa rdized carrier 
frequency. The excellent geographic position of this 
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Figure 1. Block diagram of frequency standardization system. 
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Figure 2. Relation between an unknown frequency and a series 
of standard-frequency harmonics. 

station makes vlf standard t ime and frequency signals 
available over a la rge portion of thc world. 

Frequency Measurement 

An unknown frequency is measured by comparison 
with a known standard frequency. Several methods of 
carryll1g out this comparison are commonl~' used . In 
general, it is desirable to make use of a standard fre­
qucncy that lies close to the unknown frequency and to 
measure the differencc between t he unknown and the 
standard frequency by an interpolation device. The re­
latlOn between the standard ane! unknown frequencies is 
shown in Fig. 2. The heterodyne, analog, and digital 
II1terpolation systems a re out.lined in F igure :~. Since 
the human ear serves as a monitor in the heterodyne 
method, the cali brated audio oscillator need cover only 
up to a few kilorycles of rangc. The analog frequenc~' 
metel: and discriminator is direct reading in frequency, 
("ovenng well beyond the audiblc rancre of beat fre­
que.nries. The dig'it,t l coun ter frequency ~ete r has a wide 
baSIC range, covering essen tially zero to severa l tens of 
megacycles. Hence, the counter may operate directly to 
measure. the u~l<llown without requiring a detector uni t 
If th.e signal IS of adequate strength and purity. It 
l:eqUJres a t ime base, however, which must be derived 
lrom t he frequency standard if highest accuracy is re­
qllll"ed. 

The heterodyne method is often used for t he measure­
ment of noisy, keyed, or remotely originating sign,ds, 

r---
'------' 

when monitoring of t he signal is necessary to avoid in­
correct measurements. The analog method serves for 
the measurement of oscillator drift or other frequency 
checking that may require otherwise tedious man ual 
plotting of many individual readings, since t he discrimi­
nator output may be used to opemLe '" pen recorder. 
The digi tal coun ter permits high-resolution automatic 
measurement of frequencies within its basic range, re­
quiring on ly that the signals be of suitable characteris­
tics. Best results are obtained with continuous signals of 
local origin, with relatively clean spectrum of adequate 
amplitude. Above its direct resolution limit, some form 
of range extension wi ll permit use of the counter as a 
precision interpolator. Further convenience is provided 
by the use of stable tunable osci llators as transfer osci l­
hitors. These calibrated oscillators assist in the measure­
ment of in tcrmittent signals and signals above the nor­
mal frequen cy range of t he measurement system, as 
well as providing frequency-measuring devices of me­
dium accuracy by the use of their calibrated dials. 

;~ 
-I 

Figure 4. Elementary block diagram of an analog frequency 
meter. 

Maintenance of Calibrated Frequency Standards 

For the greatest accuracy, it is desirable to inter­
compare two or more local frcquency standards in ordcr 
to provide assurance of proper functioning, and to dc­
termine the relative stability of t he individual oscilla­
tors. General Radio frequency-standard equipment is 
specifically designed to fac ili tate establishment of such 
a two- or three-osc illator frequency standard. The TYPE 
1113-A Standard Frequency Oscillator does not contain 
expensive frequency-divider elements that must be 
purchased if on ly the oscillator is desired. The TYPJ; 
111~-A F req uency Divider can be easily transferred from 
one osci llator to another if, for any reason, it is desired 
to usc the alternate source of driving signals. Inter­
comlXtrison eq uipmcnt for the checking and rccording of 
f req ucney standard oscillator perf ormancc is descri bed 
below. 

METHOD 
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OR 
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BEAT INDICATOR 

FREQUENCY METER DETECTOR 

OSCI6~ATOR f----i RANGE ~~TENSION '---- +-'1'---1 
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I 
I L ____________________________ ~~~~.:~ 

ELECTRONIC 
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COUNTER 
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} 

DIGITAL 
COUNTER 
METHOD 
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METHOD 

Figure 3. Measurement of the fre­
quency difference between an un­
known frequency and a nearby 

standard frequency. 
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Fig. 6. System for intercomparison of two standard·frequency oscillators, by meons of a digital frequency 
meter, to a resolution of ± 1 x 10-11. 

For the highest resolution intercomparison, t\yO oscil­
lators a re put through sepamte multiplier cha ins, 
which produce output frequencies of 1000 Mc. The out­
Pllt of each multiplier is applied to a common mixer and 
the two signals a re beat together. The beat not,e, which 
is produced when one oscillator frequency is slightly of I­
set from the other, is amplified and applied to a digita l 
period counter through a low-pass filter. The output 
of the digital counte r is applied to a digital-to-analog 
converter, which selects the th ree most sensitive digits 
of the indication and supplies the required drive to a 
graphic recorder. Figure 6 is a block diagram of this 
system. The resolution of this system is approximately 
±1 x lO-ll, with a sampling t ime of approximately 
one-tenth second. In addi tion to the intercomparison 
feature, this assembly provides output signals up to 
1000Mc. 

An intercompariso n system uf less resolution and 
lower cost is shown in block diagram form in Figure 7. 
It is useful for averaging times of 5 seco nds or longer. 
The use of multiplier chains which produce 100-:\Ic out­
put frequencies, together wi t h the frequency meter­
discriminator in its most sensit ive operating range, i. e., 
t he in terpolation mode, produces a resolution of ap­
proximately ±O.! cyc le per second, or ± 1 x 10- 9 at 100 
Mc. If a second frequency multiplier unit to 1000 Mc is 
added in each leg, the resolution can be increased to 
±1 x 10-10• The availabi lity ot low-noise frequency 
multipliers, with appropriate mixers and rad io-fre­
quency coaxial fittings, makes it re lativel~r easy to inter­
compare oscillators by multiplication of their frequen­
cies and use of their difference frequency to operate fre­
quency-measuring equipment and recorders. Combina­
tions other than those illustrated arc available and can 
be a rranged to sui t individual needs. In most cases, 
standard frequen cy signals will be provided for measure­
ment purposes in the vhf-uhf and higher-frequency 
bands. 

A tnhle of contents for the instruments described in 
this section of the catalog is given at the right. 

COUNTING DECADES 

Figure 5. Elementary block diagram of a digital frequency 
meter (counter). 
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TYPE 1120 FREQUENCY STANDARDS 
The TYPE 1120 Frequency Standards are 

highly stable sources of standard-frequency 
signals. Standard-frequency output signals are 
available at decade intervals from 100 cps to 
1000 Mc, as well as at 5 Mc, 60 cps, a nd -100 
cps. The standard-frequency osci llator oper­
ates at 5 Mc, using a high-Q 5th-overtone­
mode quartz crystal. A frequency-divider 
chain provides lower frequencies by means of a 
series of divider circuits in cascade. Frequen­
cies above 5 Mc are produced in locked­
oscillator-type, low-noise frequency-multiplier 
units. 

The Syncronometer* (synchronous motor 
clock) integrates the oscillator frequency and 
provides a time indication. By means of the 
built-in, precisely adjustable microdial con­
tactor, the frequency of the oscillator can be 
compared with standard-time signals. Alter­
natively, the standard can be calibrated by 
comparison with standard-frequency broad­
casts. 

General Radio frequency standards, with 
a3sociated measuring equipment, make excel­
lent national standards of time and frequency 
for communications ministries. They are use­
ful as frequency monitoring and measuring 
systems for checking the frequencies of radio 
transmitters. The high stability and low aging 
rate of the frequency of the 5-Mc oscillator 
makes it suitable for use as an observatory 
clock, with the frequency divider and Syncro­
nometcr. 

A fUllctionallayout of the frequency stand­
ards is given on page 65 (Figure 1). The in­
dividual components are described on the fol­
lowing pages, as are the frequency-measuring 
systems developed foruse with these standards. 

General Radio Frequency Standards are 
known the world over for reliability and sta­
bility. They are used by governmental agen­
cies, industrial plants, research laboratories 
and m ilitary services. Current models offer 
improved stability and a 'rider range of output 
frequencies than earlier designs. In addition , 
these standards offer the highest quality, lo\\,­
noise, standard-frequency signals for uhf and 
microwave applications. The vhf and uhf 
signals are essentially free from submultiple 
output frequencies. 

New techniques; circuits. and components 
have been used wherever applicable, ronsistent 
with conservative design. Practical compro­
mises have been sought throughout to pro-
* Trademark pending. 

Type 11 03- B 
Syn cro ­
nometer 

Type 111 4-A 
Freque ncy 
Divid e r 

Type 1113-A 
Stand a rd ­
Frequ e ncy 
O sci llator 

Type 111 2 -A 
Fre quency 
Multi p lier 
1-10-100 Mc 

Type 1112-B 
Fre que ncy 
Multipli er 
1000 Mc 

Bl ank 
Pa ne ls 
to f ill 
Ra ck 

Type 1120-AH, 1000-Mc Frequency Stand a rd 



vide performance commensurate \I'ith the 
present state of the art at prices in keeping 
"'ith equipment for everyday use. Thus, in 
accord with General Radio practice, the instru­
ments are designed to be rugged, accurate, 
and dependable for ordinary environments but 
not to cope with the stringent requirements of 
the military services for extreme environ­
mental conditions. 

The individual components of the standard 
are available for special applications. Since the 
5-Mc reference oscillator is a self-contained 
unit, it is possible to operate several oscillators 
for intercomparison checking without the pur­
chase of unnecessary frequency dividers or 
other auxiliary equipment with each oscillator. 

F/(EQUENCY 
STANDAI(DS 

The separate frequency-divider and frequency­
multiplier units may be purchased as required. 
It is a simple matter to provide multiple 
standard-frequency work areas by this means. 

Each frequency-standard assembly is sup­
plied in a floor-type relay rack. The panels 
and relay rack are finished in General Radio 
gray crackle lacquer. Space is available in the 
rack for addition of such auxiliary items as 
line-voltage regulators, emergency power sup­
ply units, radio receiving equipment and loud­
speakers. 

For a detailed description of the TYPE 1120 Fre­
quency Standards, see R. W. Frank, F. D. Lewis, and 
H. P. Stratemeyer, CIA Stable and Reliable Frequency 
Standard," General Radio Experimenter, 35, 4, April, 
1961. 

SPECIFICATIONS 
The performance specifications of these frequency 

standa rds are listed under the descriptions of the com­
ponent uni ts described in the following pages. Two 
models are available, TYPE 1120-A and TYPE 1120-AH. 
Type 1120-A Frequency Standard 
Components : 

TYPE 1113-A Standard-Frequency Oscillator. 
TYPE 1114-A Frequency Divider. 
TYPE 1103-B Syncronometer. 
Floor-type relay rack. 
Blank panels to fill rack. 
Connection Cables. 

Output Frequencies: 5 Mc, 1 Mc, 100 kc, 10 kc, 1 kc, 100 
cps. Plug-in units for ,100 cps and 60 cps are also avail­
able. See TYPE 1114-A Frequency Divider, page 70. 
Power Input: 140 watts, maximum, at 105 to 125 (or 210 
to 250) volts, 50 to 60 cps. 
Dimensions: Width 22, height 7672, depth 1872 in ches 
(560 by 1950 by 470 mm ), over-all. 

TYPE 

Net Weight: 82 pounds (:37.5 kg). 
Type 1120-AH 1000-Megacycle Frequency Standard 
Components: 

TYPE 1113-A Standard Frequency Oscillator. 
TYPE l1U-A Frequency Divider. 
TYPE 1103-B Svncronometer. 
TYPE 1112-A Frequency Multiplier. 
TYPE 1112-B Frequency Multiplier. 
F loor-type relay rack. 
Blank panels to fill rack. 
Connection cables. 

Output Frequencies: 1000 Mc, 100 Me, 10 Mc, 5 Mc, 1 Mc, 
100 kc, 10 kc, 1 kc, 100 cps; optionally 60 cps and 400 
cps (see page 70). 
Power Input: 375 watts, maximum at 105 to 125 (or 210 
to 250 ) volts, 50 to 60 cps. 
Dimensions: Width 22, height 7672, depth 1872 inches 
(560 by 1950 by 470 mm), over-all. 
Net Weight: 142 pounds (65 kg). 

CODE WORD PRICE 

1120-A 
1120-AH 

Frequency Standard. . ...... .. ....... . ENDOW 
ENJOY 

$3640.00 
6450.00 lOOO-Megacycie Frequency Standard . 

TYPE 1116-A EMERGENCY POWER SUPPLY 
An emergency power-supply unit is available to 

maintain continuous operation of a frequency standard 
comprising an osci llator, frequency divider, and clock 
unit. The TYPE 1116-A Emergency Power Supply 
furnishes ac power from storage batteries, the switch­
over being accomplished automatically upon failure of 
the main ac supply. The transition to battery supply 
occurs without interruption of the continuous operation 
of the oscillator and t iming system, so that calibrat ion 
procedure in volving time integration can be fully relied 
upon . 

While the design of the TYPE 1113-A Standard­
Frequency Oscillator prevents the possibility of perma­
nent damage in the event of power failure, a period of 
homs or even days may be necessary for t he standard 
to recover equilibrium a fLer a temporary unsettlement 
callsed by power fa ilme. 

The emergency power sllppl~T is, therefore, a recom­
mended accessory for lhe frequency standard . 

TYPE 

1116-A Emergency Power Supply . . 

SPECIFICATIONS 
Input: 115 or 230 v, 50-60 cps from power line. 28-32 v, 
10- 7.5 amp from battery (when operating frequency 
standard ). 
Output: 115 v, nominal, 60 cps, 180 watts continuolls. 
Accessories Required: 28-, :30-, or :32-v battery. 
Dimensions : Length 19 by height 1072 inches (,i85 by 
270 mm ), depth behind panel 13 inches (3:30 mm). 
Net Weight: 5872 pounds (26.6 kg). 

CODE WORD PRICE 

MUMMY $540.00 
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TYPE 1113-A STANDARD-FREQUENCY OSCILLATORS 

View of Type 1113-A Standord-Frequency Oscillotor control 
ponel . The front ponel is held in ploce with two cotches, ond is 
eosily removed for odjustment of controls or observotion of 

oven performonce. 

This high-titabilit.y oticillaior uses a 5-:\fc, 5t.h over­
tone, AT-cut. crystal in It modified GOll1'iet-Clapp circuit. 
A block diagmm is shown. The drive lcvel is held con­
stant by automatic gain control. Negat.ive feedback is 
used to hold t.he drive level variation to less tlmn 10% 
for 2:1 changes in transconductance of the t ubes. 

A two-stage oven holds crystal and cri t ical oscillator 
components at constant temperature. The outer stage 
operates at about 57 C, the inner stage at the tempera­
ture of zero temperature-coefficient of the crystal. This 
temperature varies between units and is between 70 
and 80 C. 

Both plate and heater voltage arc regulated. Long­
lifc, premium-quality tubes are used in the oscillator 
and amplifier. 
FEATURES : 
~ Excell ent short- and long-term stability. 
~ D C on tube heaters for lowest possible FM. 
~ Frequency can be set to 1 ± 10- 10 • 

~ Five-point meter circu it to check all important 
operating characteristics. 

SPECIFICATIONS 
Frequency Stability: 

Aging: Less than 5 ± 10- 10 per day, averaged over 10 
days, after 60 days of operation. After 1 year of opera­
tion typical drift is less than 2 X 10- 10 per day. 

Short-Term: Better than 1 X 10-10 per minute, as 
measured with I-second samples. 

Oven Cycling: Less than 1 X 10- 10 peak to peale 
Ambient: Less than 1 X lO- '% C (5 X 10- 9 for 

0-50 C). 
Line: Less than 1 X 10- 10 for 105- 130 volts. 
Loading: Less than ±2 X 10- 10 for 50n ± 20%. 

Frequency Adjustments: 
Coarse: Approximately 500 X 1O-j). 
Fine: ±5 X 10- 9 in divisions of 5 X 10- 10• 

Sellability: To 1 X 10- 10• 

Outputs : 1 v rms in to 50fl at 5 Mc. 0.4 v rms fo r Gencral 

""-"-o 3 MINUTES 6 9 
·TIME 

Intercomporison of frequencies of two Type 1113-A Stondord­
Frequency Oscillotors. The short-term insto bility of one oscillotor 
olone is less thon the combined instobility by 1/"';2. Sompling 

period is one second. 

Radio TYPE 1112-A Frequency Multiplier. 
Power Input: 105- 125 (or 210 to 250 )volts, 50 to 60 
cps, 100 watts, maximum. 
Tube Complement: One each, 6AN8, 6AV5GA, 5965, 
5727, 5G5 1, ti922 / E88CC; three 6688 / E180F. 
Transistor Complement: One each, 2N1138, 2NI372, two 
2NJ45A. 
Dimensions: Panel, 19 by 5Yi illches (485 by 135 mm ); 
depth behind panel, 16 inches (410 mm). 
Net Weight: 30 pounds (13.6 kg). 

TYPE 1114-A FREQUENCY DIVIDER 

.. . . : .... .. _ .. . .. • .. ., • (I) - I .. 
Reor view of the frequency divider, showing the plug-in units. 

The frequency divider operates from the 5-Mc out­
put of the standard-frequency oscillator to produce 
output frequencies of 1 Mc, 100 kc, 10 kc, 1 kc, and 100 
cps; optionally, outputs of 400 cps and 60 cps are also 

available. The 5-!VTc-to-l-:\'fc divider is a regenerative 
type; a ll others a rc switching t.'·pes. All circuits :ur 
"fail-safe". There is no output when t he inpu t signal is 
absent. Output of all divider stages is sine wave, with 
square waves also available at 10 kc and 100 kc. 

All dividcr units arc plug-in modules . 
FEATURES : 
~ Wide range of output frequencies. 
~ Fail-safe operation. 
~ Very low jitter. 

SPECIFICATIONS 

Tronsistor Complement: One each 2N645 and 2N 1218, 
two 2N1396, three 2N1372, four 2N520, seven each 
2N169A and 2N582, fifteen 2N-W4, and sixteen 2N1374. 



Input : 5 Mc, 1 Mc, 100 lec, SOn. 1 v ±50%. 
Output (with 5-Mc input): 5 Mc. 

Sine Waves: 1 Mc t ) +50% ( . 
100 kc I 1 v I -10% I mto son 

1 kc 1 v into 600n 10 kc } { +50%}' 

100 cps -10% 

PULSE 
5HAP(R 

View of typical plug-in unit. 

*400 cps 
*60 cps 

* Optional accessories 

Square Waves: 100 lec 
10 lec 

F/?EQUENCY 
STIINOIII(OS 

t 1 v ) +50% ( into 600n 
I I -10% I 
( Approximately 7 v peak-to­
I peak open circuit 

Spurious Signals: Better than 34 db down. 
Jitter: Less than 0.5 nsec for 100-c output with respect to 
5-Mc input. 
Power Input : 105 to 130 (or 210 to 260) volts, 50 to 400 
cps; approximately 7 watts. 

TYPE 1103-B SYNCRONOMETER * 

The TYPE 1103-B Syncronometer is a precision clock 
with 24-hour dial for the calibration of frequency and 
time standards. The 100-tooth phonic-wheel motor is 
driven by a 1-kc standard-frequency signal at 10 revolu­
tions per second. A worm-and-gear reduces th is tb 1 
revolution per second at a shaft which carries a cam 
operating a phaseable contactor. The contactor operat­
ing time, or phase, is adjustable, to any time setting 
within the second (one revolution). The contactor set-
*Trndemark pending. 

ting is indicated by a three-wheel digital microdial in­
dicator reading directly in milliseconds with graduations 
at O.2-millisecond intervals, which can be read accu­
rately to ±O.l millisecond. The stabili ty of the closing 
time of the contactor is ±O.l millisecond. The variation 
in time of arrival of t ime signals in the hf band is gen­
erally of comparable magnitude. Time comparison by 
this method may yield a frequency-cali bration accuracy 
of ±l X 10- 9 over a 48-hour interval. 

The Syncronometer is a constant monitor of the con­
tinuity of operation of t he frequency standard, as well 
as of the proper functioning of the divider chain. If the 
clock driving signal is interrupted or changes frequency 
momentarily, or if the power supply fails, the clock 
stops and requires restarting. The entire mechanism is 
simple and reliable, and will give years of service with 
minimum maintenance. 

FEATURES: 
~ Time-of-arrival readings can be made without dis­
turbance of the indicated time on the clock. 
~ The 1000-cyc le synchronous motor is started from 
the front panel through push-button control of the 
60-cycle starti ng motor. 

SPECIFICATIONS 

Input: lOOO-cycle sine wave, one volt into 50,000 ohms. 
Microdial Conlaclor Siability: Maximum contact closing 
time deviation at any microdial setting is ±O.l msec. 

Calibration Errors: The maximum deviation between the 
indicated microdial setting and the actual contactor 
closing time varies sinusoidally from 0 to ±1 msec 
(maximum) over the 1000-msec range. 

TYPE 

Accuracy of Time Increments: The maximum error over a 
time interval of 25 msec is ±2% ±0.1 msec. 
Power Input: 105 to 125 (or 210 to 250) volts, 50 to 60 
cps; 22 watts, continuous; 10 watts additional for start­
ing motor. 
Dimensions: Panel, 19 by 8%; inches (485 by 225 mm); 
depth behind panel, 11 inches (280 mm). 
Net Weight: 35 pounds (16.0 kg). 

CODE WORD PRICE 

1113-A 
1114-A 
1114-P6 
1114-P7 
1103-B 

Standard-Frequency Oscillator . . ...... . ... . AllOT 
ADOWN 
CAMEL 
CALIF 
AUDIT 

$1550.00 
950.00 

85.00 
115.00 
900.00 

Frequency Divider .. . .. _ .. ............... . 
400-Cycle Plug-in Unit .... .... ..... . ... .. . 
60-Cycle Plug-in Unit ...... ... ... ... .. .. . . 
Syncronometer ..... ... ... ............... . 
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TYPE 1112-A 

1, 1,0, 1100 Me 

TYPE 1112 STANDARD-FREQUENCY MULTIPLIERS 
USES: The TYPE 1112 Standard-Frequency 
Multipliers generate sine-wave signals of 1, 
10, 100, and 1000 megacycles per second when 
driven from a 100-kc 01' 1-Mc source. Alterna­
tively they can be driven from a source of 1, 
2.5, or 5 Mc, with the 1-Mc output inopera­
tive. They greatly extend the useful range of 
crystal-controlled frequency standards, such 
as the General Radio TYPE 1120. 

The output frequencies can be used to gen­
erate harmonic series, by means of simple 
crystal multiplier and mixer circuits, to pro­
vide standard frequencies throughout the 
microwave spectrum for the precise measure­
ment of frequency. 

The unusually low noise and excellent phase 
, stabi li ty of the output frequencies make pos­
sible the intercomparison of lower-frequency 
standard-frequency osci llators for stability 
measurements, and the comparison of crystal 
standards with cesium-beam or other atomic 
standards. 

DESCRIPTION: The remarkable phase stability 
and noise-reduction properties of these multi­
pliers result from the use of a narrow-band 
tilter to select only the desired output har­
monic at each output frequency. 

TYPE 1112-A 

Quartz-crystal filters are used in the TYPE 
1112-A Multiplier, since they afford the high­
est possible Q, and hence narrowest band­
width, in this frequency range. In order to 
maintain these crystal filters at the correct 
resonant frequency, each crystal is incor­
porated in an oscillator circuit whose fre­
quency is phase-locked to the desired harmonic 
frequency by an automatic-phase-controlloop. 
As shown in the block diagram, the 100-kc in­
put signal is multiplied to 1, 10, and 100 Mc. 
each of which is compared in a phase detector 
to a crystal oscillator of the same nominal 
frequency. The output of the phase detector 
corrects the frequency of the oscillator through 
a reactance tube. The narrow bandwidth of the 
feedback loop minimizes frequency-modula­
tion noise. 

The TYPE 1112-B Standard-Frequency Mul­
tiplier operates from a separate 100-Mc output 
of the TYPE 1112-A. A phase-locked klystron 
oscillator is used as a selective filter to elimi­
nate unwanted harmonics of the control fre­
quency, operating in much the same manner 

5876 
GBM6 PENCIL TRIODE 

TYPE 1112-8 

-@ IOOOMc 
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TYPE 1l12-B 

11000 Me 

as t he locked crystal osci llators in the lower­
frequency un it. The over-all multiplying fac­
tor of 10 is obtained by multiplying 3 x 3 and 
add ing 1. Since, however, t he Q of the k lystron 
resonator is not extraordinarily high, the 
phase-modu lation noise inherent in klystrons 
is reduced by means of negative feedback . The 
automatic-phase-control loop for the 100-Mc 
klystron feeds back phase noise over a \I'ide 
frequency band to reduce phase instabi lity; 

FHEOUENCY 
MULTlPlIE{(S 

the reference standard is the multiplied har­
monic of the crystal-controlled 100-Mc driving 
signal. 

FEATURES: 
~ Extremely low noise. 
~ Excellent stabi li ty. 
~ 20-mw output (50 m\\' at 1000 Mc) . 
~ Makes possible standard frequencies in the 
microwave range . 

SPECIFICATIONS 
TYPE 1112-A 

Spurious Signols: Unwanted harmonics of the input fre­
quency are at least 100 db below the desired output 
frequency. 
Frequency- Modulation Noise: Less than ±1 X 10-9 

residual noise. 
Locking Range : The input signal can drift ±15 parts in 
10' before the locked oscillator goes out of control. 
Bandwilh: (Expressed as a llowable frequency-deviation 
rate) 

Decade 
100 kc-1 Mc 
1 Mc-lO Mc 
10 Mc-100 Mc 

Approx Bandwidth in cps 
at Input Frequency 

50 
500 

5000 

Input : 1 volt, 100-kc sine wave from standard-frequency 
oscillator. Can also be driven at input frequencies of 1 
i\Ic (1.5 v), 2.5 Mc (0.4 v ), or 5 Mc (0.4 v ). Will run 
free with no input signal, but absolute frequency may 
be in error by several parts per million. 
Output: Four channels; one each of 1 ~1c and 10 Mc, and 
two of 100 Mc; all sine wave; ali 50 ohms; 20 milliwatts, 
max., into 50 ohms. 
Open-Circuit Output Voltage: Approximately 2 volts. 
Terminals : TYPE 874 Coaxial Connectors; adaptors are 
available to fit all commonly used connector types. 

TYPE 

Power Supply : 105 to 125 (or 210 to 250) volts, 50 to 60 
cps, I LO watts. 
Accessori es Supplied: TYPE CAP-22 Power Cord, TYPE 
874-R22 Patch Cord, two Typ," 87~ -C58 Cable Connec­
to rs, spare fuses . 
Tube Complement : Three 6AN8; two each 6AU6, 6X8, 
6C4, 6BC5, GCY5; one each 6080, 12AX7, 565l. 
Dimensions: Relay-rack panel, 19 by 12?4 inches (480 by 
330 mm); depth, 11Y2 inches (:310 mm). 
Net Weight : 25 pounds (11.5 kg). 

TYPE 1112-B 
Input : 20 milliwatts, 100 Mc, sine wave from T YPE 
ll12-A Standard-F requency Multiplier; 50-ohm input 
impedance. 
Output : 1000-Mc sine wave; 50 mw into 50-ohm load; 
50-ohm output impedance. 
Locking Range: ±100 kc at the input frequency. 
Bandwidth : Allowable frequency deviaLioll rate is 100,-
000 cps at the input frequency . 
Tube Complement : Three each '6AG5, 6AU5GT, 12AX7, 
565 l ; two 6AK5, one each 6J6, 6AU6, 5876, 6BM6. 
Power Input : 125 watts. 
Accessories Supplied: TYPE CAP-22 Power Cord, TYPE 
87~-C58 Cable Connector, two TYPE 874-R22 Patch 
Cords, spare fuses. 
Net W eight : :35 pounds (16 kg). 

Other sperifications are identical with those for TYPE 
1112-A, above. 

CODE WORD PRICE 

1112-A* 
1112-8 

Standard-Frequency Multiplier .... . EPOCH 
EPODE 

$1450.00 
1360.00 Standard-Frequency Multiplier . . . . 

*PATENT NOTICE: See Notes 2 and 4, page v iii . 
For a complete description of these instruments, see the General Radio Experimenter, 32, 10, July. 1958. 
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MEASUI(EMENTS 

TYPE 1105-8 FREQUENCY MEASURING EQUIPMENT 
The TYPE ll'05-B Frequency Measuring 

Equ ipment is a heterodyne-method frequency 
measurement system. The method of opera­
tion is based on the principles set forth in F ig­
ure 2 and Figure .3 on page 66. Harmonics of 
the 10-kc and lod-kc standard frequencies are 
generated by a newly developed avalanche­
transistor pulse generator, \\'hich produces 
strong harmonics to 100 Mc and beyond. It is 
thus possible to make direct measurement 
of frequencies up to 100 Mc using the TYPE 
1107-A Interpolation Oscillator and the TYPE 
1109-B Comparison Oscilloscope as the beat­
frequency interpolator to measure beat note 
"A" in Figure 2. Each TYPE 1106 Frequency­
Transfer Unit contains a regenerative detector 
and cali brated transfer oscillator covering a 
portion of the spectrum. They are intercon­
nected with the unkno\\"D signal and the fre­
quency standard through the TYPE 1108-B 
Coup ling Panel which contains the transistor 
pulse generators for producing the standard­
frequency harmonics. 

In the frequency range from 100 lec to 100 
Mc, the approximate frequency is read from 
the dial of the detector, a more exact value 
from the heterodyne frequency meter (transfer 
osci llato r) scale; and the beat note of the un­
known signal against the standard-frequency 
harmonic is measUled by setting the direct­
reading dial of the audio interpolation oscilla­
tor to produce a stationary pattern on the 
osci lloscope. The availability of the transfer 
oscillators in the same units as the detectors 
makes it possible to generate precisely known 
frequencies between 100 kc and 100 Mc. The 
oscillators covel' fundamental frequency ranges 
from 100 to 200 kc (1106-A), lOOO-2000 kc 

TYPE 

(1106-B), and 10-20 Mc (1106-C), other fre­
quencies being generated as harmonics of those 
fundamental ranges. 

Provision is made for use of an external ra­
dio receiver to receive signals for which either 
t he sensitivity or selectivity of t he heterodyne 
detector uni ts is not considered adequate, or 
to cover t he frequency range above 100 Mc. 
The standard-frequency harmonics extend be­
yond 100 Mc with adequate amplitude for usc 
with sensitive receivers up to approximately 
150 NIc. 

TYPE 1130'A 
DIGITAL TIME a 
FREQUENCY METER 

Block diagram of the Type 1105·8 
Frequency Measuring Equipment. 

CODE WORD PRICE 

1105-8 Frequency Measuring Equipment . ......... . MITER $5900.00 
PATENT NOTICE, See note 'I, page viii. 



TYPE 1109-8 COMPARISON OSCILLOSCOPE 

This unit contains a catholic-ray oscilloscope, with its 
power supply; seleeting, smoothing, and phaseshifting 
net\\'orks for circular sweeps at line frequency, 0.1, 1 
and 10 kc standard frequencies, and at a variable fre­
quency obtained from the interpolation oscillator; and 
a selector providing for a ll neceSSl1,r~' and conven ient 
comparisons required in making frequency measure­
ments. i\Iost patterns are presented on a circular sweep 
by radial deflection. $600.00 

TYPE 11 06-A, -8, -C FREQUENCY-TRANSFER UN ITS 

(3 Panels) 

Each of these units contains a heterodyne frequency 
meter and heterodyne detector, with direct-reading 
scales. Ranges are as follows: 

TYPE 110G-A 100 kc to 2000 kc 
TYPE 1106-B 1 i\Ic to 10 Mc 
TYPE 1106-C 10 Mc to 100 Mc 

The harmonic output of the frequency meter can be 
used at frequenc ies higher than those covered by the 
dial ranges, as explained in the operating instructions. 
The output of the frequency meter is adjustable by a 
panel control, as is the regeneration of the heterodyne 
detector. Each model, $1050 .00 

TYPE 110S-8 COUPLING PANEL 

This unit is the centralized control point at which all 
switehing and level adjustments necessary for using the 
various combinations of measuring equipmpnt can be 
easi ly and quickly carried out. Also gcnerates harmonics 
from the standard-frequency inputs of 10 and 100 kc. 

$510.00 

TYPE 1107-A INTERPOLATION OSCILLATOR 

This unit is a linear-scale, direct-reading, audio-ft'e­
quency osci llator covering frequencies from 0 to 5000 
cps. It is used to measure the audio-frequency differ­
ence between the unknown frequency and a standard 10-
kc harmonic. Provision is made, on t\\"O scales, so that 
results can be obtained by add ition only, avoiding sub­
traction. A mixer circuit is provided with controls for 
output of the in terpolator and for the unknown fre­
quency, so that a maximum beat ampli tude can be ob­
tained. A meter indicates ou tpu t vol tage anel can be used 
as a beat inliicator for matching the interpolator anel 
unknown frequencies. $1070.00 

TYPE 4S0-MA RELAY RACK 

The individual units, with the exception of lhe TYPE 
1 L07-A 1 nlerpolation Oscilialor, are mounted in the 
TYPE 480-MA Relay Rack. At the base of the rack is 

FREfJUENCY 
MEASUI(EMENTS 

mounted a TYPE 1l05-P 1 Speaker for audible monitor­
ing of beat tones. 

All connections between standard and measuring 
assembly arc made by means of patch cords, which are 
supplied. 
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COUNTER 

TYPE 1130-A DIGITAL TIME AND FREQUENCY METER 
USES: The Digital Time and Frequency Meter 
is an automatic instrument for the precise 
measurement of frequency, period, and time 
intervals. It can also count random events, 
measure frequency ratios, compute phase shift, 
and measure characteristics of pulse wave­
forms. 

Because it is designed for maximum reli­
ability, this counter is particularly suited to 
applications where unfailing operation over 
long periods is required . 

This counter has a built-in information 
storage system, which permits the operator to 
read the register at any time. This continuous 
display not only reduces operator eyestrain , 
but also makes more efficient use of the count­
ing time interval. 

DESCRIPTION: The simplified block diagram on 
page 77 shows the elements of the cou nter, 
which contains five basic circuit blocks: the In­
put Circuits, the Time Base, the Main Gate, 
the Program Control, and the Decimal 
Counting Units. The Input Circuits are used 
to generate trigger pulses from the input sig­
nal. During frequency measurement, the trig­
ger pul...;es pass through the Main Gate and a re 

registered by the Decimal Counting Units. 
The Program Control holds the Main Gate 
open for a standard time interval of 0.001, 0.01 , 
0.1, 1.0, or 10 sec prescribed by the Time Base. 
A Multip le-Interval control allows the Meas­
urement time to be extended beyond 10 sec. 
The Program Control also contro ls the display 
mode and handles the various resetting opera­
tions. For time measurements, (Period, 10 
Periods, and Time Interval), the Program 
Control holds the Main Gate open for a time 
interval, determined by the Input Circuits 
from the input signal, while standard clock 
pulses from the Time Base of 10 Me, 100 kc, 
1 kc , or 10 cps are registered in the Decimal­
Counting Units. A detai led description of the 
individual circuits and their operation has 
been published. * Of particular interest to the 
discerning user are the following: 

1. The decimal counting units use a non­
cri t ical 1- 2- -4:- 2 weight ing, rather than the 
customary 1- 2- 2- 4, to minimize the effects of 
changes in operating voltages and tube char­
a('teristics. These units operate reliably \\"ith 
half-dead tu hes. 
* R. W. Frank and lI. T. McAleer, "A Frequency Counter with a. 
1\1emory and with Bui lt-Tn Reliability" , Gl'n p7·"/ Radio fi:TJlPri­
menter , 35, 5, l\Iay , 19G1. Reprints available 



2. Computer-type design and premium 
components are used throughou t. 

3. All t ube ci rcuits are on plug-in boards, 
easily detached fo r service or replacement . 

.. :I:. Time-base units also plug in. Four differ­
ent types are avail able. A monitor lamp indi­
('ates loss of standard-frequency drive or any 
failure of the time base. 

5. The mea urement display co nsists of 
d igital neon-lamp columns. The operator can 
choose either an 8-digit in termittent, or se­
quential, display, or a 4-digit continuous dis­
play. By proper setting of the Frequency or 
Time controls any 4 consecutive digits may 
be selected for continuous display. An illumi­
nated decimal point is automatically posi­
t ioned for each measurement, and t he units 
of measurement are clearly indicated. 

6. Controls are logically placed and clearly 
marked - easily operated by unskilled per­
sonnel. 

FEATURES: 
~ Designed-in reliability. 
~ 1\Iodular construction - Easy to service. 
~ Continuous display - no blinking lights. 
~ No time-base adjustment. 
~ Versatile input circuits - high sensitiv ity, 
high impedance, wide dynamic range, adjust­
ab le trigger leve l. 

Ff(E(JUENCY 
COUNTEr< 

View of the Counter with cabinet removed, showing how the 
etched boards are easily removed for test or replacement. 

~ Multiple-in terval mea"urements. 
~ Simpli fied graphic recording. 

SPECIFICATIONS 
FREQUENCY MEASUREMENT 

Range: Dc to 10 Mc. 
Sensitivity: 0.25 volt rms for sine waves, more sensi­

t ive at low frequenc ies; 0.4 volt peak-to-peak for typical 
pulse waveforms. 

Counting Interval: 1 msec to 10 sec, extendible by 
MULTIPLE INTERVAL. switch or external connections. 

Accuracy : ±1 count ± t ime-base oscillator accuracy 
(see page 79). 
PERIOD MEASUREMENT 

Range : 10 !,sec to 10' sec (dc to 100 kc) for single­
period measurement. 3:30 !,sec to 10' sec (dc to :\0 kc) 
for ten-period measurement. 

Sensitivity : 0.1 volt rms for sine waves; 0.3 volt peak­
to-peak for typical pulse waveforms. 

Counting Interval : 1 period, 10 periods, extendible by 
MULTIPLE INTERVAL switch or external connections. 

Counted Frequency: 10 i\Ic, 100 kc, 1 ke, 10 cps or 
External (6 volts rms sine waves, or +10 volts peak 
pulses, 100 cps to 10 Mc). 

Accuracy: ±O.l % at 1 volt rms for single-period 
measurement; better for higher voltage level and good 
signal-to-noise ratio. ±O.Ol % at 1 volt rms for 10-
period mesurements; better for higher voltage level and 
good signal-to-noise ratio. 

TIME-INTERV AL MEASUREMENT 
Range : 1 !' ec to 10' ec. 
Sensitivity: 0.:3 volt peak-to-peak. 
Counted Frequency : 10 :\I c, 100 kc, 1 kc, 10 cps, or 

External (6 volts rms ine waves, or +10 volts peak 
pulses, 100 cps to 10 Mc). 

Accuracy: Dependent on slope of input signal at trig­
ger point . For teep slopes (e.g., pul es): ±1 period of 
frequency cOllnted ±accumcy of frequency counted . 
COUNT MEASUREMENT 

Rate: Dc to 10 i\Ic. 
Sensitivity : 0.25 volt rms fo r sine waves, more sensi­

tive at low frequenc ies; 0.4 volt peak-to-peak for typical 
pulse waveforms. 

Capacity: 108 counts. 
GENERAL 

Display: Neon-lamp columns - 8 digits intermittent, 
4 digits continuous. 

Display Time: Variable, 0.1 to 10 sec, infinite, or con-
tinuous display. 

Input Impedance : 1 megohm shunted by -10 pf. 
Input Attenuatar: x 1 or x 10. 
Check: 10 cps, 1 kc, 100 kc, or 10 Mc can be counted 

for 1 msec to 10 sec. 
Monitor: Flashing In,mp indicates lack of t ime-base 

d~'ive signal or improper operation of frequency di­
Viders. 

Input Trigger Level : Adjustable ± 10 volts. 
Input Trigger Slope: Positive-going or negative-going, 

ac or dc coupling. 
External Outputs, Front Panel : GA'I'E signal (coineides 

with the counting in terval); SYNC Pli lses (at start of in­
ternal program cycle); 10 cps to 10 :\Ic (except 1 Me) 
standard frequencies from EXT connector, depending on 

7..7 



78 

F{([{JUENCY 
PI(INTEI( 

settings of MEASUREMEN'r, I'REQUENCY and 'rHIE con­
trols. 

External Outputs, at rea r: MUL'l'lPLE- lN'1'ERVAL and RE­

SI,'1' eonllcctions, carry output pulsc; 8, four-linc, 
binary-coded-decimal dig its (1-2--1-2) ("0" = 185 
volts, " 1" = 65 volts - 0.5 mcgohm soun'e impedanee 
- minimum load impedance 1.8 megoh ms ). 

Tube Complement : Forty-one 5963; twenty 6922; cleven 
6887; ten 5965; five 6350; three each 5915, 6AU6; one 
each 5651, 12AT7, 12AX7. 

Accessories Supplied : Power cord, spare fuses, -\ TYPE 
87-1-C62 Cable Connectors, TYPE 11:30--1-7 P lug. 

Time-Base Drive Required: 5 Me, 1 volt rms inLo 50 
ohms (supplied by 1130-P2, -P3, -P-I, l11:3-A, sec page 
79). 

Power Input : 105 to 125 (or 210 to 250) volts, 50-60 
cps, 400 watts. 

Accessories Available : Additional time-base uniLs 
(page 79); TYPJ, 1132-A Data Printer (below); TYPE 
113-1-A Digital-To-Analog Converter (page 8U); spare or 
replacement counting decades (page 81), TYPI, 11:30-P5 
Servicing Accessor~' (page 79 ) for operating anyone 
of the etched-board assemblies outside the cabinet. 

Ambient Tempe ratu re Rang e: 0 to 50 C. 

Dimensions: Width 19, height 16X, depth 19X inches 
(-185 by -l15 by -1-90 mm), over-all. 
Net Weight : 85 pounds (:39 kg ). 

TYPE 

1130-AM1 

1130-AR1 

1130-AM2 

1130-AR2 

1130- AM3 

1130-AR3 

1130-AM4 

1130-AR4 

{Including Type 1130-P 1 Time-Base Unit} Bench 
Mount . . ........ ... . ...... . . .... . 

(Includ ing Type 1130-Pl Time-Base Unit) Rack 
Mount . . ........................ . 

(Including Type 1130-P2 Time-Base Oscillator / 
Multiplier) Bench Mount ........ . 

{Including Type 1130-P2 Time-Base Oscillator / 
Multiplier} Rack Mount .. 

(Including Type 1130-P3 Time-Base Oscillator) 
Bench Mount . . ............ . 

(Includ ing Type 1130-P3 Time-Base Oscillator) 
Rack Mount .. . .................... . 

{Including Type 1130-P4 Precision Time-Base Os-
cillator} Bench Mount . . ..... . 

(Including Type 1130-P4 Precision Time-Base Os-
cillator) Rack Mount . . ............... . 

PATENT NOTICE. See notes 4 and 8, page viii; also U. S. Patent 2,977,540. 

CODE WORD 

LABOR 

MINIM 

LAPEL 

MOCHA 

LASSO 

MOGUL 

LUNER 

METAL 

TYPE 1132-A DATA PRINTER 
The TyPl'J 1132-A Data Printer is a Clary':' 

TYPE 1961 Scanning Printer especially modi­
fied to operate with 1-2--1-2 BCD codes and 
voltage levels of the TYPE 1130-A Digital 
Time and Frequency Meter. This machine has 
12-column register capacity. A cable is sup­
plied to connect it with the TYPE 1130-A to 
print all 8 digits displayed. The other four 
columns are on the right hand side of the 8 
printed columns from the TYPE 1130 and can 
be used to display additional data such as the 

PRICE 

$2585.00 

2585.00 

2750.00 

2750.00 

2670.00 

2670.00 

2950.00 

2950.00 

time from a digital clock. These four columns Clary Corporation to adapt the TYPE 1132-A 
are decimal entry, requiring a single-pole 10- to other data-handling systems and media. 
position switch per column. Data can a lso be Prices and system descriptions for this aux-
entered in any column from the manual key- iliary equipment may be had by writing to 
board on the instrument. A fu ll range of com- either the General Radio Company or the 
plementary equipment is avai lable from the (;lary Corporation, San Gabriel, California. 

SPECIFICATIONS 
In put Signals: 1-2-~-2 BCD 8 digits. Logical 0, 165 v min, 
logical 1, 90 v max. 
Pri nt Command Pulse : NegaLive, over 20 volts; duration 
10 "sec or more. 
Maximum Printing Rate: :3 lines / see. .\ continuously 
variable print-command holdol1' circuit is provided to 
reduce the number of prints from maximum to approxi-

TYPE I 
1132-A Data Printer . . 

mately 1 print in 10 sec, irrespective of counting rate. 
Pawer Supply: 105 to 125 volts, 50 to 60 cps, 100 watts. 
Dimensions : Width 19%, height 8%, depth 20 inches 
(505 by 225 by 510 111m ), over-all. 
Net Weight : GO pounds (27.2 kg). 
Accessori es: Cable to connect to TYPE 1130-A. 

CODE W ORD 

LILAC 
PRICE 

$1450.00 
*l\IanufacLul"cJ and serviceu by the Clary Corpul atiuu of San Gabriel, California. 
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TYPE 1130-P TIME-BASE PLUG-IN UNITS 
Four time-base units are availab le for use 

,,-ith the TYPE 1130-A D igital Time and Fre­
que llcy MeLe r. Each of Lhe UO ll1UillaLio ll :; li :;Leu 
on t he preced ing page i nclu de.~ one such un it. 

In addition, these plug-in u nits are available 
separately fo r t hose who wish to use more than 
one type of time base. All can be used with 
5-Mc external drive. 

TYPE 1130-P4 PRECISION TIME-BASE OSCILLATOR 

This unit contains an accurate and stable crystal os­
cillator, but can a lso be used to couple to an external 
5-~Ic standard-frequency oscillator. 
External Drive Requirements : 5 ~I c; 1 volt rms into 50 
ohms. 
Internal Oscillator : A vacuum-sealed 5-Nfc crystal and 
solid-state circu it in a constant-temperature, propor­
tional-control oven. Operates di reetly from the power 
line connection of the TYPE 1l:30-A Digital Time and 
Frequency Meter. 
Long-Term Drift: Less than 5 x 10-<> pel' day after 60 days 
of operation. 
Typical Drift : Less than 1 x 10-' pel' day after one year 
of operation. 
Short-Term Stability : Less than 1 x 10- 9 per minute (one­
second sampling time). 
Temperature Coefficient : Less than :3 x 10- 10 pCI' degree C 
from 0 to 50 C. 
Line-Voltage Effects : Less than 2 x 10-10 for ±15% voltage 
change. 
Power Input : 7 watts. 

TYPE 1130-P3 TI ME-BASE OSCILLA TO R 

For use with external 5-Mc standard-frequency osci l­
lator or with internal crystal osci ll ator. External drive 
requ irements are the same as for Type 1130-P-~, above. 
Internal Oscillator : 5-:vfc crystal oscillator operating at 
room temperature. 

Stability : 
Long-Term Drift: Less than 10 x 10- 6 in 6 months . 
Short Term: Less than 2 x 10- 7 per week 

Less than 1 x 10- 8 per minute 
Temperature Coefficient : Less than 2 x 10-7 per degree 

Centigrade. 
Tube Complement : One 6US. 

TYPE 1130-P2 TIME-BASE OSCILLATOR/MULTIPLIER 

This unit can be used with external frequency input 
of 5 Mc, 1 Mc, or 100 kc. 
External Drive Requirements : 

5 M:c - 1 volt rms into 50 ohms 
1 Mc - 2 volts rms into 1 kilohm 
100 kc - 1 volt rms into 100 ki lohms. 

Internal Oscillator: Same as in TYPE 1130-P3, above. 
Tube Complement : Two 6XS; one each 5965, 6US. 

TYPE 1130-Pl COUPLING UNIT 

For use with external 5-~Ic osc illator only. Input re­
quirements are 1 volt rms into 50 ohms. This unit pro­
vides an inexpensive means of using a highly stable os­
cillator, such as the TYPE 11 13-A, page 70, as a time 
basc for the counter. 

TYPE 

Type 1130-P 1 

1130-P4 
1130-P3 
1130-P2 
1130-P1 
1130-P5 

Precision Ti me-Base Oscillator .. ... . .... . . 
Time-Base Oscillator . . . . .... . ... . 
Time-Base Oscillator/Multiplier .... . . . . .. . . 
Coupling Unit. . . . .. ..... . 
Servicing Accessory* . . ...... . 

CODE WORD 

MUGGY 
MONAD 
MERRY 
MERCY 
MOLAR 

* Permits operation of anyone of the 11 decade counter boards clear of the instrument fol' operationa l trouble shooting, 
PATE l T NOTICE. See Note 4, page viii. 

PRICE 

$400.00 
120.00 
200.00 

35.00 
30.00 

79 
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TYPE 1134-A DIGIT AL-TO-ANALOG CONVERTER 
USES: The TYPE 113-1-A Digital-to-Analog 
Converter provides accurate analog output 
from digital input. It is designed for use with 
the TYPE 1130-A Digital Time and Frequency 
Meter and the TYPE 1131-P-1 Storage Decade; 
BCD input with either 1- 2--1- 2 or 1-2- 2- -1 
weighting is accepted. It may be used in con­
nection with other digital equipment if the 
correct coding and the correct vo ltage levels 
are provided (see Specifications). It is fully 
electronic in operation; the response speed is 
not limited by mechanically moving parts. 
The rise and fall times of the analog output are 
less than 1 msec. A choice of 1 ma or 100 mv 
permits the use of galvanometer- or potentiom­
eter-type recorders. 
DESCRIPTION:. The input signals consist of 3 
digits (-1 lines each). They operate transistor 

s\\'itches which connect weighting resistors 
(RrR4 in the diagram) either to ground or a 
stable voltage E. The 1-ma output is essen­
tially a 30-v swing behind 30-kQ source im­
pedance. 100-mv output is obtained by con­
necting a 100-Q resistor across output. 

Full-scale output can be adjusted to com­
pensate for recorder impedance. Critical com­
ponents are housed in a constant-temperature 
oven for ±.1 % over-all stability and accuracy. 
FEATURES: 
~ Analog recording from digital data without 
the use of mechanical s\\'itches. 
~ High over-all accuracy and stability of .1 % 
utilize the fu ll capabilities of precision analog 
recorders. 
~ 1 ma or 100 mv output. 

SPECIFICATIONS 
Data Input : BCD, weighted 1-2--l-2 or 1-2-2-4. Binary 
"1" +!10 v max. Binary "0" +150 v min. Source imped-

E 

2-D .. ~ R2=~ 
4-D" ~R3= ~ 

2-0- ~R4=~ 
ELECTRONIC WEIGHT ING 
SWITCHES RESISTORS 

OUTPUT 

~ 

One decade of 1134·A. All switches are shown in binary sta te "1 ". 

TYPE 

ance 500 kl1 max. Input Impedance 1 MI1. CQ,n be driven 
from General Radio TYPE 1130-A Digital Time and 
Frequency Meter or TYPE 1U1-P-l Storage Units. Digit 
selector switch selects any adjacent 3, or the last 2, of 
4-decadc input. 
Output : 1 ma with 30-kc source impedance or 100 mv 
across 10011. Positive side grounded. 
load : 2000 ohms maximum for 1 mao 2000 ohms mini­
mum, for 100 my. 
linearity : ±.05% of full scale. 
Stability: ±.02% for ±15% line. ±.03% for ambient 
from 0-50 C. 
Warm-Up Drift : Less than .5% of full scale. ' Thermal 
equilibrium after 30 minutes. 
Power : 100 to 130 (or 200 to 260) volts, 50 to 60 cps 
30 watts maximum. 
Accessories Supplied: Power cord, spare fuses, cable to 
connect to TYPE 1130-A. 
Trans istor Complement: One 2N137-l, two each 2N118.J., 
2N1377, fourteen 2N520A, and twelve 2N1373. 
Dimensions : Width 19, height :3Y2 , depth 13Y2 inches 
(-l8:) by 86 by 3-l3 mm), over-alL 
Net Weight: 16U pounds (7.4 kg). 

CODE WORD PRICE 

1134-AM 
1134-AR 

Digital -To-Analog Converter (Bench Mount) .. . MOTTO 
MINOR 

$595.00 
595.00 Digital-To-An~log Converter (Rack Mount) . .. . 



FHEQUENCY 
DCU'S 

TYPE 1131 COUNTING DECADES 
TYPB 1l:31 Counting Decades are plug-in components of the TYPE 1130 D igital 

Time and Frequency :V[eter. They are offercd primarily as replacement units for 
the Frequency i\Ieter, but are also useful as components in special digital sys­
tems. They a re of particular interest because they make available for the first 
time, a system of decimal counting units, with resolution up to 1 Me, which 
can be used to construct a counting register capable of being read into a parallel 
stora~e register. Any of the counting decades 1l:31-P1 throu~h 1131-P3 can be 
caused by the 1131-P5 transfer un it to pass its data into 1131-P,1 Storage Units. 
A technical monograph describing the system is available upon request. When 
a complete transfer-to-storage system is to be constructed please write for fur­
ther technical details. All units plug into a standard 20-pin Elco Connector, 
Elco Number PCV-2-20-A2%. 

FEATURES: 

~ Highly reliable units. 
~ Improved feedback code. 
~ Do nolo require regulated power supplies. 
~ ~ot critical with respect to pulse input requirements. 
~ 1- 2--4-2 BCD outputs for TYPE 1132-A Data Printer or TYPE 1I34-A Digital­
to-Analog Converter. 

TYPE 1131-P3 

This is a decimal counting unit having 1.V\1c resolu­
tion, 1- 2--4-2 BCD outputs from both plates of each 
flip-flop and a columnar neon lamp display. The binary 
outputs from one set of flip-flop plates will drive 1I31-P,1 
counting-storage combination uni ts. 
Maximum Counting Frequency : 1.15 i\1c. 
Power Input: Heater, 6.3 v ±5%, 3.1 amp. Plate 225 v, 
46 mao 
Input Signals : 0.5-l"sec pulse, 8 v min to 20 v max. 

Reset to 0 with 70-v, 100-l"sec pulse. 
Set to 9 by opening reset lead . 

Output Signals : Carry pulse, dc-coupled from buffer to 
TYPE 1131-P2, typically 60 v in 13 kilohms. 

Binary Outputs: 1-2-,1-2 BCD. 
1 = 65 v, nominal; 0 = 185 v, nominal. 
Output Impedance, 0.5 megohm 
Max. load current, 50 I"a. 

To drive TYPE 1I31-P,1 Storage Decade, 
1 = 185 v; 0 = 65 v. 

TYPE 1131-P2 

A decimal counting unit of over 100 kc resolution. 
It is designed to operate from the output of the TYPE 
1I31-P3 and to feed data to the TYPE 1I31-P,1 Counting­
Storage Units. 
Maximum Counting Frequency : 115 kc. 
Power Input: 6.3 V ±5%, 2 amp; 300 v, 20 rna. 
Input Signals: Carry output of TYPE 1131-P3, negative 
step, 60v nominal. 

Reset and Set 9: same as TYPE 1I31-P3. 
Output Signals: Carry output, 120 v negative 

step at count of 10. 
Binary Output: Same as TYPE 1131-P3. 

TYPE 

TYPE 1131-Pl 

A deeimal counting unit with resolution of 30 kc. It is 
the most economical unit and may be used repetitively 
in lower speed counting systems. 
Maximum Counting Frequency: 30 kc. 
Power Input: 6.3 V ±S%, 1.2 amp; 300 v, 12 rna. 
Input Signals: Carry input, negative step, 120 v nominal; 
typical range, 7S- 200 volts. Reset and set 9: same as 
TYPE 1131-P:3. 
Output Signals: Both carry and binary. 

Same as TYPE 1I31-P3. 

TYPE 1131-P4 

A combination unit for either counting or storage. 
As a decimal counting unit it operates in the same 
fashion as TYPE 1I31-P1. Used with the TYPE 1I31-PS 
Transfer Unit, an 1I31-P,1 can store data counted by any 
of the decades above. 
Maximum Counting Frequency: 2S kc. 
Input Power: 6.3 V ±S%, 1.3 amp; 300 v, 12 mao 
Input signals: Same as TYPE 1I31-P1. 
Output Signals : Carry, same as TYPE 1I31-P3. 

TYPE 1131-PS 

The TYPE 1I31-PS unit is necessary to produce the 
signals required for reading data from the TYPE 1I31-P3 
through TYPE 1131-P1 counting units into the TYPE 
1I31-P,1 storage units. One TYPE 1I31-P5 unit is ade­
quate to operate an eight-digit transfer register. (8 
TYPE 1I:31-P1's to 8 TYPE 1I31-P,1's for example.) 
Power Input: 6.3 V ±S%, 1.S amp; 300 v nominal , 18 mao 
Transfer Command : Negative 120-volt step (1 ma into 
120 kilohms). 
Maximum Transfer Rate : SOO per sec, approximate ly. 

CODE WORD PRICE 

1131-P1 
1131-P2 
1131-P3 
1131-P4 
1131-P5 

Counting Decade . ... . ....... ... . UNION 
UNDER 
UDDER 
ULCER 
UMBER 

$ 70.00 
78.00 

145.00 
80.00 
62.00 

Counting Decade . . . . . . . . .. . .. . . ... . 
Counting Decade . ............ .. .... . . ... . 
Counting-Storage Decade . . ........ . 
Transfer Decade . . ...... . ......... . 

PATENT NOTICE. See Note 8, page vii i; also U. s. Patent 2,977,540. 
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STANDA{(D W 

TYPE 1213-D 
UNIT 

TIME/FREQUENCY 
CALIBRATOR 

USEs:The TYPE 1213-D Time/ Frequency Cal­
ibrator is a compact secondary standard of 
frequency containing in a single package the 
circuits necessary for calibration operations 
that have hitherto required several instru­
ments. These circuits include: (1) a crystal­
controlled source of harmonics at multiples of 
10 Mc, 1 Mc, 100 kc, and 10 kc, (2) mixer and 
beat amplifier, and (3) a pulse amplifier. 

The self-contained mixer and audio amplifier 
permit calibration of oscillators and signal 
generators without requiring any additional 
equipment. The standard-frequency harmon­
ics are useful for receiver calibration and for 
frequency measurement with external detec­
tors and interpolating equipment. 

With auxiliary Unit Oscillators for inter­
polation and an osci lloscope for zero-beat in­
dicatioll::;, this calibrator can measure accu­
rately all the frequencies of radio broadcast 
and televi8ion transmitters.* 

The output signals from the cathode-follo" 'er 
pulse amplifie r can be used on oscilloscopic 
time calibration or pulse trigger app lications. 
The Olltput can be differentiated in the TYPE 
1213-P1 Differentiator to provide pulses at 
intervals of 0.1 ,usec, 1.0 ,usec, 10 ,usec and 100 
,usec for time markers in swept-frequency ap­
plications and for calibrating variable time­
delay units and oscilloscopes. The amplitude 
of the pulses is sufficient to trigger pulse­
generating equipment and oscilloscope sweeps. 

The crystal oscillator can be standardized 
with standard-frequency radio transmissions. 
* D escribed in T 'c'tnical Pu,blicafion BIO; copy free on request. 

e' 

DESCRIPTION: The crystal oscillator uses a 
5-Mc AT-rut, hermetically sealed quartz plate 
of exceptionally small temperature coeffioient 
at room temperatures and is electron-coup led 
to a 2:1 multiplier, followed by a buffer stage. 
The 10-Mc buffer drives a series of multi­
vibrators with fundamentals of 1 Mc, 100 kc, 
and 10 kc. Theil' outputs can be switched to 
drive either a harmonic generator or video 
amplifier. The harmonic generator feeds a 
crystal mixer, and coaxial output connector. 
For harmonic calibration with the mixer, the 
video amplifier is switched to act as a high­
gain audio amplifier at the mixer output. For 
oscilloscopic time calibration, the video ampli­
fier supplies pulses at binding-post termiqals. 

A narrow-range frequency adjustment (±5 
ppm) is provided for setting the crystal oscil­
lato r to zero beat with standard-frequency 
radio transmissions or other external stand­
ards. A touch-button deviator is provided to 
introduce a small frequency decrease for es­
tablishing "sense" in indications near zero 
beat. 

FEATURES: 
~ High accuracy - a few part8 in 107. 

~ Wide range of output frequencies. 

~ Easily adjusted to zero beat with WWV 
standard-frequency transmissions. 

~ Accurate timing source for oscilloscopes. 

~ Compact unit co nstru ct ion. 

~ Internal mixer for maximum utility. 



Ff(Ea()ENCY 
METEI( 

SPECIFICATIONS 
Output frequencies: 10 :\,Ir, 1 :\Ic, 100 kc, 10 h . 
Output Amplitude: 10 :\I(': 5 V peak-to-peak; :30 v peak­
to-peak at lo\\·er output frcquencies from pulsc ampl i­
fier; rf ha rmoni C's usablE' to 1000 :\'1r from 1O-?lIC' out­
put, to 500 :\1c from l-:\ l c output, to 100 :\Ie from 100-
kc output, and to 10 :\Ic from 10-h output. 
Output Impedance : Video cathodc-f )lIower, :300 ohms; 
rf output obtained from crystal-diode harmonic gen­
erator. 
Frequency Stability : 

1. Tempera/ure 
a. \Varm-u p Characteristics: 

For ambicnt temperatures of 25C, or over, the 
warm-up drift will not excccd -2 x 1O-' / C. \\'i th 
ambicnt 0 - 10C crystal may not operate until instru­
ment attains operating temperature. :\Iinimum op­
erating ambient OC. 
b. Operating Characteristics: 

In am')ient range 20-"0C, the oscillator drift is 
bet\\·ecn -1 x 1O-7 / C and +2 x 1O-7 / C. 
2. Line- Voltage Effects 

Momcntary line voltage changes of ±1O% affect 

frequenr~' b.v Icss than 5 x 10-'. Changing line voltage 
will afreet frequenc? per temperature spec ificat ion 
above (± 10% line \\·ill r hange temperaturc ±"C). 

3. Switching and LO '!ding Effects 
The combined effccts of switching and loading due 

to external connections a re less than 1 x 10-7• 

Sensitivity: Usable beat notes ean be produced with 50 
millivolts signal input to mixer over the harmonic 
ranges spec ified above uncler "Output Amplitude." 
Tube Complement: One cach GAIC6, 6AH6W A, 6922, 
5A)l"S, 6U8; t\\·o 596 ... 
Power Required: 6.:3 v ac, :3 amp ; :~OO v dc, 50 mao TYPE 
120:3-B Unit Power Supplv is reeommended. 
Accessories Supplied: TYPE 121:3-Pl DifTerentiator, TYPE 
87-1 Coaxial Conncctor, and multipoint conncetor. 
Mounting: Aluminum panel and sides finished in gray; 
aluminum cover finished in clear lacquer. Relay-rack 
panel (TYPE 4S0-P"U3) is avaibble for mounting both 
calibrator and power supply. 
Dimensions: Width 1071, height 5%;, depth 7 inches (270 
by 150 by ISO mm ), over-all. 
Weight: -Ie%; pounds (2.2 kg) . 

TYPE CODE WORD PRICE 
---12-13~D~*~-+~U~n~i-t=T~im-e-/"F~r-e-q-u-e-n-cy~C~a~l~ib-r-a-to-r-.-.-.-.-.-.-. -. ----+-~R~E~BE~L~~--~~-$~3~1~0~.0~0~-

1203-8 Unit Power Supply . ALIVE 50.00 
48Q-P4U3 Relay-Rack panel (7 inch) for mounting both cali-

brator and power supply . UNIPANCART 12.00 
* PATENT NOTICE. See Note 4, page viii. 
For a detai led description of the Calibrator, see R. W. Frank and II. P. Stratemeyer, "A Time/ Frequency Calibrator of Improved Stabi1i ty" 
General Radio Exp,,·imenter, 3D, 10, October, 1959. 

This new analog-type frequency meter sets 
a new high in range, sensitivity, convenience, 
and accuracy . 

It " 'ill measure directly frequencies from 
3 cps to 1.5 Mc with an over-all accuracy of 
±0.2o/c" and can be used with a recorder to 
produce time records of frequency change or 
drift. 

Its highly linear discriminator, "'ith an ex­
ternal voltmeter, can measure fm deviation. 
With a wave analyzer, in cidental fm in oscil­
lators and amplifiers can be measured. 

The usable frequency range, particularly for 
frequency-drift and in cidenta l-fm measure-

TYPE 1142-A 

FREQUENCY METER 

AND 

DISCRIMINATOR 

ments, can be extended upward to t housands 
of megacycles if the frequency to be measured 
is heterodyned with a known standard. This 
gives a proportionate increase in resolution, 
permitting measurements of both frequency 
drift and incidental fm to at least one part 
in 109 • 

DESCRIPTION: A pulse-count type of discrimi­
nator is used in this frequency meter. The in­
put signal is clipped and amplified by the input 
stages. The resulting rectangular pulses trigger 
a Schmitt circuit, which, in turn, triggers a 
monostable multivibl'atol' to produce a pulse 

83 
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FREQUENCY 
METEI( 

INPUT 

J 
of constant amplitude and dlll'ation for each 
input pulse. 

The average dc component of this train of 
pulses actuates the meter. For a constant­
frequency input, these pulses are equally 
spaced in time. When frequency modulation is 
present, the time spacing varies , and the re­
sulting additional ac component is a faithfu l 
reproduction of the modulating frequency; its 
amplitude is a measure of the modulation 
deviation. 

The precision 6-inch meter is accurate to 1 % 
of indication down to 10% of full-scale. 

A calibrated interpolation technique expands 
anyone of 15 equal portions of the meter scale 
to cover two-thirds of the scale: th is results ina 
rpadollt. acr lll'ary of 0.1 O/C . 

Output is available for driving conventional 
1-ma and 5-ma recorders. An interpolation 
output is provided for recording when higher 
resolution is desired. 

Controls are simple and well marked; opera­
tion is straightforward and convenient. 

The instrument is housed in a rack-bench 
cabinet (see page 242) and is normally sup­
plied for bench use. Panel extensions are avail­
able for relay-rack mounting. 

FEATURES: 

~ Wide frequency range 
~ High sensitivity 
~ High accuracy 
~ Recorder output 
~ Precision components throughout 

SPECIFICATIONS 
Range: 3 cps t.o 1.5 Me in five derade ranges. Fu ll-scale 
values are 150 cps, 1.5 kc, 15 kr, 150 kc, and 1.5 Mc. A 
calibrated interpolation featlll"e effectively expands the 
meter scale by a fae-tor of ten, so that 1 / 10 of any of the 
above ranges covers the fil II meter scale. 
Accuracy: 

Recorder Output Current: 0.05% of full scale +.05% of 
reading, below 15 ke. 0.1 % of full scale +0.1 % of read­
ing, above 15 kr. 

Meter Error: Direct Reading, 1 % of reading above 10% 
of full scale (0.1 % of full scale below 10% of full scale ). 
Interpolating, 0.1 % of full scale (range switch setting ). 

Line Voltage: ±10% change produces approximately 
±0.15% change in read ing below 150 kc; ±1 % above 
150 kc. 

Warm-Up Drift: Less than 0.2% of reading, after a few 
minutes, substantia lly complete within 30 minutes. 

Ambient Temperature: Output current changes less 
than 100 ppm ;oC below 150 kc, less than 400 ppmr C 
above 150 kc. 

Over-a ll accuracy is the sum of the recorder output 
current error, and any of the above applicable errors. 
Calibralion: Internal calibration at twice line frequenc? 
to standardize output current. 
Sensitivity: 20 mv, rms, for frequencies between 20 cps 
and 150 kc, rising to 200 mv at :3 cps and 1.5 Mc. Peak­
to-peak voltage requ irements for pulse a,nd sine-wave 
inputs are approximately equal, except for extremel.'· 
short pulses. Input pulse widths of the order of a nano­
second may req uire as much as 5 volts. 

TYPE 

Maximum Input Voltage: 300 volts peak, 100 volts peak 
above 150 kc. 
Inpul Impedance : 100,000 ohms, dropping to a minimum 
of 10,000 ohms above 150 kc. 
Discriminator Characteristics: 

Output Voltage : 15 volts dc, full-scale (1.5) on all 
ranges. 

Residual FM Noise: More than 100 db below full out­
put (primarily 60 and 120 cps) (with 400 cps power, 
noise is 90 db down). Measured with the TYPE 736-A 
Wave Analyzer, residual noise at other frequencies is 
more than 120 db down from full output. 

Linearity: 0.05% of full scale (15 v) ±0.05% of out­
put voltage, below 15 kc; 0.1 % of full scale (15 v) ±0.1 % 
of output voltage, above 15 kc. 
Recorder Output: 

Direct: Output current adjustable to drive recorders 
from 1 rna (2700 ohms, max) to 5 ma (190 ohms, max). 

Interpolate: Full scale, 0.64 volt behind 4&00 ohms. 
Tubes: One 6AvV8, one 5687, one 6AN5, three 5965, one 
6AV5GA, one 5651. 
Accessories Supplied: TYPE CAP-22 Power Cord, spare 
fuses. 
Power Supply: 105 to 125 (or 210 to 250) volts, 50- 60 and 
400 cps, 85 watts. 
Dimensions: Width 12, height 5:VB, depth 12 inches (305 
by 149 by 305 mm); panel, 12 by 534 inches (305 x 1:35 
mm). 
Net Weight: 16 pounds (7.3 kg). 

CODE WORD PRICE 

1142-A* 
480-P312 

Frequency Meter and Discriminator 
Panel Extensions for Relay Rack . 

MAGIC 
MERIT 

$495.00 
6.50 Pair 

*PATENT NOTICE. See notes 15 and 16, page viii. 
For complete description, see General Radio Experimenter, Volume 35. No.1 January, 1961. 



STAN DARD-Sf G NAl G fN ERATO RS 
A standard-signal generator is a ~ource of alternating­

current energy of accurately known characteristics. The 
carrier or center frequency is indicated by a dial setting, 
the output voltage by a meter reading and associated 
attenuator setting, and the modulation by a meter 
rcading set by appropriate contro l knobs. Common 
types of modulation signals are sine-wave, square-wave 
and pulse; the output signal may be either frequenc~'­
or ampli tude-modulated by these signals. Whcn the I'm 
modulating system produces a considerable eX('ursion 
in frequency at a relat.ively low cyclical rate, the instru­
ment is known as a sweep generator and is particnlarly 
useful for automatic data display. Standard-signal gen­
erators are used for testing radio receivers, as voltage 
standards over the range from a few microvolts to about 
a volt, and generally as power sources in t he measure­
ment of gain, bandwidth, signal-to-noise ratio, standing­
wave ratio, and other circuit properties. 

The elements of a standard-signal generator are shown 
in Figure 1. A buffer amplifier is sometimes added to 
reduce incidenta l frequency modulation. The require­
ments for t he oscillator are that it be stable, that it have 
reasonably constant output over anyone frequency 
range, that the waveform be good, and that hum and 
noise modulation be negligible. Over-all shielding of the 
generator is also necessary to minimize stray fields. 

General Radio standard-signal generators are well­
shielded, general-purpose instruments, which covel' fre­
quencies from 5 kilocycles pel' second to 910 megacycles 
per second, a frequency span of 181,000:1. 

Internal amplitude (sine-wave) modulation is pro­
vided at one 0[' more fixed frequencies. Various types of 
external modulation can also bc applied. 

(1) Provi,;ion is made for modulation over the entire 
audio-frequency range from an external source . 

(2) Amplitude modulation in signal generation is 
generally accompanied by some incidental frequen('v 
modulation. This can be substantially el iminated, at 
low cost, by the use of external crystal-diode absorption 
modulators, which a lso make possible modulation at 
video frequencies and high-qufl,li ty pulse modulation. 

The TYPE 1000-P5 Crystal Diode Modu lator consists 
of a crystal diode connected betwecn the input and out­
put te rminals with means for applying bias and modu­
lating voltages to the crystal. It can be used at cal'l'ier 
frequencies between 20 and 1000 mcgacyr-les and can 
producc up to :30% ampli tude modulation from 0 to 5 
megac~·cles. The maximum output of the TYPE 1000-P5 
Cr~rstal Diode ~Iodulator is approximately 10 millivolts. 

The TYPE lOOO-Pi Balanced i\Iodulator is similar but 
suppresses carrier leakage t.o a considerably greater 
extent. It consists of two crystal diodes, a tunable sec­
t ion of coaxial line between input and output terminals, 
and associated ci rcuits for applying bias and modu­
lating voltages. It is designed for use at carrier fre­
quencies from 50 to 2300 megacycles and can produce 
lineal' 100% ampl itude modulation and pulse modula­
t ion with fast rise time and with a high on-off ratio. 

(:~) For sweeping, the TYPE 1750-A Sweep Drive is 
recommended. This mechanical device is used to sweep 
carrier frequency back and forth over a narrow range, 
in order to plot 01' to display the ampli tude-vs-frequenc~' 
characteristics of components and networks. The shaft 
of the sweep drive is connected by a flexib le coupling 
to the shaft of the frequency-determining element in the 
radio-frequency ose-illator as indicated Hc hematically in 
FigUl'e 2. Reciprocating rotation li p to :~OO degrees can 
be imparted at mtcs of 1 to 5 cycles pCI' second. The 
corresponding pere-entage variation in frequency is liHted 
for each one of the General Radio Signal Generators. 

...... ---------STANDARD-SIGNAL GENERATORS ----------. 

OPEN-CIRCUIT VOlTAGE I OUTPUT IMPEDANCE 
0.1 !-,v-200 mv 10 Q, 50 Q 
0.2 !-,v-4 v 0.75,7.1, 37.5, 50 Q 
0.5 !-,v-l v 50 n 
0.5!-,v-l v 50 Q 

I __ ..,..T:-::Y,--P..,..E _ _ +-F-,-,RE-'.-QUENCY RANGE 
1001-A 5 kc-50 Me 

805-C 16 ke-50 Me 
1021-AV 40-250 Mc 
1021-AU 250-940 Me 

MODULATI~O% PAGE 
0-80% 86 
0-100% 88 
0-50% 90 
0-50% 90 

--- MODULATORS ---
MODULATION FREQUENCY RANGE_ , _ MODULATI~%--rAG~ 

0-5 Me 0-30% 92 
0-20 Me 0-100% 93 

TYPE CARRIER RANGE 
1--'-0-0-0_-P-6--+--- 20-1000 Mc 

1000-P7 60-2300 Me 

TYPE 

1000-P3 
1000-P4 
1000-P5 
1000-P10 

100:1 Volt~ge Divider 
Dummy Antanna 

ACCESSORIES 

VHF Tr"nsformer (50 ohms grounded to 300 ohms balanced) 
Test Loop 

figure 1. Elements of a standard-signal generator. Figure 2. Modulation methods. 

PAGE 

92 
92 
92 
92 
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CENERATORS 
STANOAI(O-SICNAl 

TYPE 1 00l-A STANDARD-SIGNAL GENERATOR 
USES: The TYPE 100l-A Standard-Signal Gen­
erator is a laboratory instrument for use in 
determining the performance of receivers and 
other equipment at ultrasonic and radio frc­
quencies. Its sturdy construction and sim­
plicity of operation make it suitable for pro­
duction testing. Because of its small size, light 
weight, and low power consumption, it can be 
adapted for use in field- -trength measurements. 

With the TYPE 1000-P6 Crystal Diode Mod­
ulator, the generator output can be modulated 
at video frequencies for testing television i-f 
circuits. 

The frequency can be swept over a maxi­
mum range of 14% by the TYPE 1750-A Sweep 
Drive, which attaches to the slow-motion dial. 

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 the 
bottom. 

The Hartley-type carrier-frequency oscilla­
tor covers the frequency spectrum from 5 kc to 
50 Mc in eight ranges. The plates of the main 
tuning capacitor are shaped to give a loga­
ri thmic variation of frequency with angular 
rotation. The precision of frequency setting, 
therefore, is constant, and the vernier dial is 

calibrated directly in percentage frequency 
increments. 

A buffer amplifier is used between the oscil­
lator and the low-impedance output circuits. 
The ampli fier is grid modulated to provide 
amplitude modulation from 0 to 80 percent. 
Loose coupling between the oscillator and the 
amplifier minimizes incidental frequency mod­
ulation. The attenuator system and the output 
meter are coupled to the amplifier through a 
high-pass filter, which reduces voltages of the 
modulation frequency in the output. 

The output voltage is determined by estab­
lishment of a fixed carrier level at the attenua­
tor input and by the setting of two attenuator 
controls. The carrier level is set by adjustment 
of the plate-supply voltage of the oscillator 
and is indicated by a vacuum-tube voltmeter 
at the attenuator input. The attenuator sys­
tem consists of a continuously adjustable L 
network controlled by the output dial and a 
decade ladder-network attenuator. 

The modulation circuits include a 400-cycle 
RC oscillator for internal modulation and a 
germanium-crystal rectifier to determine mod­
ulation percentage. Percentage modulation is 
read on the same panel meter that indicates 
the carrier output level. 

FEATURES: 
~ Output cable termination can be removed 
for matching into a 50-ohm system. 



~ Very low residual output and stray field. 
~ r\ periodic output amplifier avoids sideband 
clipping and minimizes reaction of attenuator 
setting or load on carrier frequency. 
~ Excellent stability and low drift are assured 
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by high-quality components, low power con­
sumption, and stabilized power supply. 
~ Simp licity of design and construction has 
resulted in an unusua lly sturdy instrument of 
small size, low weight, and long life. 

SPECIFICATIONS 
Carrier Freque ncy 

Range: 5 kr to 50 :'IIc 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 :'IIc, 1.5 to 5 Mc, 5 to 15 l\Ic, and 15 to 
50 Me. 

Scale : Logarithmic up to 15 l\Ic, departing slightly 
from the logarithmic scale at higher frequencies. 

Ve rnie r Dial : Frequency increment is 0.1 % per dial 
diviRion at frequencies up to 15 Mc. 

Accuracy: ±1 %. 
Stability : Warm-up drift is of the order of 0.25%. 

Half the maximum drift is reached in approximately 
1Y2 hours. 

Sweeping : l\1aximum s\\'eep range Iyith the TYPJ, 
1750-A Sweep Drive is 1~%. 
Output 

Voltage Range: Open-circuit output voltage at t he 
attenuator jaek is continuously ad juRtable from 0.1 
mirrovolt to 200 millivol ts. " 'ith output cable ter­
minated at both ends, output voltage iR continuously 
ad justable from 0.05 microvolt to 100 millivolts. 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 Mc. 

Voltage Accuracy : At frequencies below 10 Mc, when 
the output dial is set near full scale or one-tenth 
full scale, the output voltage is correctly indi cated to 
± (6% + 0.1 !-,v ). \Vith the output dial set in the mid­
scale region, the error may be greater by -~ %. At fre­
quencies above 10 Mc, when the output dial is set near 
full scale, the output voltage is correctly indi cated to an 
accuracy of ± (10% + 0.3 !-,v ) and the error may be as 
much as 10% larger or smaller at other output dial 
settings. 

The accuracy of the open-circuit output voltages at 
the 2 VOLTS panel jack is ± :3% up to 15 '\Ic. 

Impedance: Output impedance at the attenuator jack 
is 10 ohms (50 ohms when the series unit is used) ex­
cept for the highest output position of the attenuator, 
where it is 50 ohms. 

Output impedance at the end of the terminated cable 
is 25 ohms. Output impedance at the 2 VOLTS panel 
jack is 300 ohms. 

An output impedance of one ohm (with output volt­
age reduced 100:1 ) can be obtained with the TYPE 
1000-P3 Voltage Divider. 

Use of the TYPE 1000-Pel Dummy Antenna provides 
a standard (IRE) test impedance. A known induction 
field is obtainable with the TYPE 1000-PlO Test Loop 
(for testing loop receivers ). 
Ampl itude Modulation : Adjustable from zero to 80%. 
:\Iodulation percentage is indicated on t he panel meter 
and is accurate with in ±10% of the indicated value, 
with a possible additional error of 2% modulation. 

The in ternal modulation frequency is -100 cps ±5%. 
The external modulation characteristic is flat within 
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± 1 de('ihel from 20 cps to 15 kc. To provide 80% 
modulation, the external audio oscillator must supply 
12 volts in to a 1000-ohm load (:30 millilmtts). 
Incide ntal Frequ e ncy Modulation : At 80% a mpli tude 
modulation, t he incidenta l frequency modulation varies 
from 30 to :300 parts per million over ear h carrier­
frequency range except for the highest range (15 to 50 
:'IIc) where it may be three times as great. At lower 
modulation percentages, frequency modulation is ap­
proximately proportional to modulation percentage. 

For applications above 20 Mc, where incidental fre­
quency modulation must be very low, the use of the 
TYPE 1000-Po Crystal Diode Modulator (page 92) is 
reeommended. 
Distortion and Nois e Le ve l 

Enve lope Distortion: Less than 8% at 80% ampli tude 
modulation. 

Carrie r Noise Leve l: Corresponds to about 0.1 % modu­
lation. 

Carrier Disto rtion : Of the order of 7% on a ll except t he 
lowest range, where it may increase to approximately 
15%. 
Leakage: Stray fields at 1 Mc a re less than one micro­
volt per meteOr two feet from the generator. 
Tube Complement : 

1 - 6Cel 1 - GAL5 2 - 00:3 
1 - 6L6 1 - 5Y:3-GT 1- 6S~7-GT 

Te rminals : TYPE 87-1· Coaxial T erminals a re provided 
for the attenuator output and for the constant 2-volt 
output. 
Power Input : 105 to 125 (or 210 to 250 ) volts, ~O to 00 cps. 
Power input is approximately 611 watts . A three-wire 
cord is supplied. 

This instrument will also operate satisfactorily on 
power supply frequencies up to ~OO cps, provided t hat 
the supply voltage is at least 115 volts. 
Accesso ries Supplied : TYPE 87~-R22 :3-foot Coaxia l 
Cable, Typ],] 1000-PI 50-Ohm Termination Unit, TYPJ; 
1000-P2 40-0hm Series Unit, TYPE 87-I-Q2 Adaptor, 
TYPE TO-H Adjustment Tool (stored in cabinet), 
TYPE 27-I-MB Plug, TYPE 8U-C58 Cable Connector, 
TYPE 87·J-PB58 Panel Connector, spare fuses, and a 
TYPE CAP-22 Power Cord. 
Othe r Accesso ries Available: Not supplied but available 
on order are t he Typ],] 1000-P3 Voltage Divider, t he 
TYPE 1000-P-1 Standard Dummy Antenna, the TYPE 
1000-PlO T est Loop, t he TY PE 1000-P6 Crystal Diode 
;\10dulator (pages 92 and 93), and the TYPE 1750-A 
Sweep Drive (page 1-1-1). 
Mounting: The instrument is assembled on an aluminum 
panel, finished in gray cmckle lacquer. The a luminum 
cabinet has ~I wrinkle finish and has carrying handles. 
A recessed compartment is built into the top of the 
cabinet for storing accessories. 
Dime nsions: Wid t h 20 7:1, height 13%, depth 11 in ches 
(515 by :350 by 280 mm ) over-a ll. 
Net Weight : 5~ pounds (25 kg ). 

CODE W ORD PRI CE 

1001-A Standard-Signal Generator . ............... . ARGUS $975.00 
PATENT NOTICE. See Note 4, page vii i. 
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TYPE 805-( 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 instrumcnt for labora­
tories engaged in research and design on radio 
receivers and allied apparatus, while its speed 
and simplicity of operation make it well 
adapted to production testing. 

It can be used for testing televison i-f cir­
cuits by the addition of a TYPE 1000-P6 Crys­
tal Diode Modulator. 

The TYPE 805-C is suitable for intermittent 
sweep applications. With the TYPE I750-A 
Sweep Drive (page 144), the sweep range is 
±I% of the operating frequency. 

DESCRIPTION: Functionally this in:strument 
consists of (1) a carrier-frequency osci llator, 
(2) a tuned radio-frequency ampli fier, (3) a 
resistive output attenuator and a voltmeter 
to read the output level, (4) a modulating 
oscillator (400 cps and 1000 cps) with a volt­
meter for reading percentage modulation, and 
(5) a well-regulated power supply. 

The oscillator and amplifier assemblies are 
virtually identical in construction, and the 
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 rotary turret . An eighth coil posi­
t ion is also provided, so that an extra set of 
coi ls may be installed if desired. The turret is 
driven from a panel knob through a gear 
mechanism, which also brings into panel view 

a frequency-range identification dial. As each 
coil is rotated into position, it is connected into 
circuit through silver-overlaid contact blades, 
which firm ly engage silver-alloy brushes, 
mounted on the tuning capacitor. The con­
tacts are mounted on polystyrenc strips, en­
suring both low capacitance and low dielectric 
losses. 

The main tuning capacitors are exception­
a liy rugged, wi th cast frames and ball-bearings. 

The output system consists of a vacuum­
tube voltmeter, a resistive attenuator net­
work, a 3-foot, 75-ohm output cable, and a 
TYPE 805-PI Termination Unit. The effective 
output impedance at the panel terminals is 
nominally 75 ohms. The TYPE 805-PI Unit 
permits a choice of three output impedances : 
37.5, 7.1, or 0.75 ohms. The voltmeter read :s 
the open-circuit output voltage directly for 
the 37.5-ohm termination. For the two lower 
impedances, the voltmeter reading is divided 
by 10 and 100, respectively. A standard broad­
cast-band dummy-antenna output is also 
provided. 

The TYPE 805-P2 Termination Unit can be 
used to convert the 75-ohm output of the Gen­
erator to an effective 50-ohm output. With this 
Unit, the TYPE 1000-P, 50-ohm accessories can 
be used to provide a dummy antenna or a 
voltage divider (pages 92 and 93) . 

With either Termination Unit, the pane l 
meter indicates the output voltage behind t he 
effective impedance. 

FEATURES: 
~ Output voltage continuou:sly variable up to 
2 volts across 37.5 ohms, 4 volts open circuit. 



~ Amplitude modulation up to 100% . 
~ [ncrementa l-frequency dial with .01% fre­
qucncy change per division . 
~ :-3implified controls, well suited to produc­
ti on-line testing by unskilled personnel. 
~ Tuned amplifier minimizes reaction of out­
put circuit on carrier frequency. 
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~ Tuned circ-uit is--heavily damped to prevent 
side-band clipping. 

~ Minimum backlash in gear trains. 
~ Regulated power supply eliminates the ef­
fects of line-voltage flu ctuations. 
~ Exceptionally good frequency stabili ty. 

SPECIFICATIONS 
Ca rrier Frequ e nt y Range: 16 kc to 50 IVl c, covered in 
seven direet-reading ranges: If) to 50 kc, 50 to 160 kc, 
HiO to 500 kc, 0.5 to 1.6 ;'\llr, 1.6 to 5.0 Mc, 5.0 to 16 Mc, 
l() to 50 :'Iic. A spare range position is provided so that 
:t spcc ia l set of coils ("an be installed if desired. 
Frequ ency 

Scale: Logarithmic. 
Ve rnie r Dial : A slow-motion vernier drive dial is 

provided, by means of which frequency increments as 
sma'!l as .01 % may be obtained. 

Accu racy : Each range is direct reading to an accuracy 
of ±1 % of the indicated frequency. 

Stability: Drift not greater than ±0.1 % on any fre­
quency range with continuous operation for five hours. 
Sw eeping : Maximum sweep range with the TYPE 1750-A 
Sweep Drive is approximately 2%, i.e., ±1 % of center 
frequency. Sweeping is not recommended for continuous 
or procluction line use. 
Outpu t 

Voltage Ra ng e: Continuously adjustable from 0.1 
microvolt to 2 volts. The output voltage (at t he termina­
tion of the 75-ohm output cable) is indicated by a panel 
meter and Heven-point multiplier. Maximum open-cir­
cuit voltage with termination removed is 4 volts. 

Voltage Accu racy : For mul tiplier settings below 1 volt 
the maximum error in output voltage is the sum of the 
attenuator and voltmeter errors listed below. Maximum 
voltmeter error, up to 25 :VIc, is ±5% of indicated 
reading. Above 25 Mc an additional frequency error 
occurs, amounting to a total of ±7 % at 50 Mc. At J.{o 
full scale and 50 i\Ic, there is a lso a transit-time error of 
-5% in the voltmeter tube. Maximum attenuator 
error is as follows : 

Below:l :'I'[c , ± ( :l % + 0.1 microvolt) 
:) to 10 :'I1e, ± ( 5% + 0.2 mierovolt) 

10 to :1O :'I1e, ±( LO % + 0.-1 mierovolt) 
:lO to 50 :'Ire, ± (15% + O.S microvolt) 
There is 110 error for t he I-volt multiplier setting. 
Impedance : The output impedance at the panel jack 

is 75 ohms resistive. A 75-ohm output cable is provided, 
together with a termination unit that furnishes constant 
output impedances of 37.5,7.1, or 0.75 ohms. The cali­
bration of the panel voltmeter-multiplier combination is 
in terms of the actual voltage across the 37.5-ohm out­
put. When the 7.1- and 0.75-ohm positions are used, the 
indicated output voltage must be divided by 10 and 
100, respectively. A standard dummy-antenna output is 
also available at the termination unit. 

The TYPE S05-P2 Termination Uni t can be used to 
f"Onvert the erTective output impedance of t he Generator 
[!"Om 75 to 50 ohms. It also permits the use of severa l 
50-ohm aceessory units (pages 92 and (3). 
Modulation : Continuously variable from 0 to 100%. The 
percentage of modulation is indicated by a panel meter 
to an accuracy of ±1O % of full scale up to SO%, for 
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carrier frequencies below 16 Mc; ±15% for higher 
carrier frequencies. 

Internal modulat ion is available at 400 cps and 1000 
cps, accurate in frequency within ±5%. 

The generator can be modulated by an external oscil­
lator. Approximately 10 volts across 500,000 ohms are 
required for SO% modulation. The over-all modulation 
frequency characteristic for constant audio input is as 
follows: 

Carrier Frequency 
0.5-50 Mc 
0.1 - 0.5 Mc 
16 - 100 kc 

Audio Range 
50 -15,000 cps 
50 -10,00 cps 

50 cps -10% of Carrier 
Frequency 

Flatness 
±l db 
±1.5 db 
±1.5 db 

Incidental Frequ e ncy Modulation : On the highest carrier­
frequency range the incidenta l frequency modulation is 
about .05% for 100% modulation, and .02% for 30% 
modulation. At lower carrier frequencies the frequency 
modulation is less than these percentages. 

Above 20 Mc, for applications where incidental fm 
must be negligible or for wide band modulation, the 
TYPE 1000-P6 Crystal Diode Modulator should be used . 
Dis to rtion and No ise Leve l 

Enve lope Disto rtion: Less than 5% at a modulation 
level of SO% with a carrier frequency of 1 Mc. 

Carrier Noise Leve l : At least 40 db below SO% modulation. 
Leakage: The magnetic induction leakage is less than 5 
microvolts per meter at a distance of 2 feet from the gen­
erator. The :3-foot output cable permits the receiver 
under teRt to be kept beyond this limit. Radiation fields 
are negligible. 
Tube Compleme nt : 
1 - 6CS-G 2 - 2A3 1 - GAL5 
3 - 6LG 1 -6SF5 1-6H6 
1 - 5U~-G 1 - OD3 1 - Amperite 3-4 
Termina ls : A TYPE S74 Coaxial Connector is provided 
for the output eonneetion . 
Power Input : 105 to 125 (or 210 to 250 ) volts, 40 to 60 
cps. An electronic voltage regulator compensates for 
line-voltage flu ctuations from 105 to 125 volts (or from 
210 to 250 volts). Maximum input power is 150 watts. 

The instrument will operate satisfactorily on power­
supply frequencies up to 400 cps, provided that the 
supply voltage is at least 115 volts. 
Accesso ries Supplied : TYPE S05-P1 Termination Unit, 
shielded output cable, TYPE CAP-22 Power Cord, and 
spare fuses. . 
Other A ccesso ries Availoble : TYPE S05-P2 Termination 
Unit, TYPE 1000-P Accessories (pages 92 and 93) and 
TypE 1750-A Sweep Drive (page 144). 
Moun ti ng : The panel is finished in gray crackle and the 
cabinet has a gray wrinkle finish. 
Dime nsions: Width 33, height 16, depth 13 inches (S40 
by 410 by 3:30 mm ), over-all. 
Net W eight : lIS pounds (54 kg). 

CODE WORD PRICE 

805-C 
805-P2 

Standa rd-Signa l Generato r . . .. ..... . .. . .. _ . LEPER 
ALTER 

$1975.00 
~5 .0~ Terminatio n Unit. 

]'.-\TI~NT NQT~CE;, See Note 4, pa/iie viii, 
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TYPE 1021 STANDARD-SIGNAL GENERATORS 
40 TO 940 MEGACYCLES IN TWO 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 are at much lower fre­
quencies. They can be used to determine radio 
receiver and amplifier characteristics in the 
engineel'ing laboratory and in production, as 
well as to supply power at vhf and uhf fre­
quencies 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 pro­
duce television picture modulation of the sig­
nal generator output on all vhf and uhf 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 at frequencies above 60 Mc. 

The frequency can be swept over a range of 
about 10% by means of the TYPE 1750-A 
Sweep Drive, which can be attached to the 
slow-motion dial. 

DESCRlPTIO.N: Each TYPE 1021 Standard­
Signal Generator is a compact instrument of 

simple, rugged, durable design. For flexibility 
and economy, each signal generator is made up 
of two units mounted in a single cabinet. The 
power supply, modulator, and metering sys­
tem comprise one unit, the TYPE 1021-P1 
Power Supply, which occupies the left-hand 
side of the welded aluminum cabinet. The 
right-hand side of the cabinet houses eithel' of 
the readily interchangeable carrier-oscillator 
units: The TYPE 1021-P2 UHF Unit (250 to 
940 Mc), or the TYPE 1021-P3B VHF Unit 
(40 to 250 Mc). 

As noted in the price table, individual tun­
ing units can be furnished for use with one 
common power supply and cabinet assembly. 
Power supply and cabinet assembly can also 
be purchased separately. 

These generators have provisions for ex­
ternal and 1OOO-cycle sine-wave internal am­
plitude modulation. 

The frequency-determining elements are 
butterfly circuits. A mutual-inductance-type 
attenuator, with a dial calibrated in both volt­
age and db below one milliwatt, is used. 

FEATURES: 

~ Wide frequency coverage in single dial 
range. 



~ High output. 

~ Accurately known output voltage, fre­
quency, and impedance. 

~ Auxiliary ca libration in db below one milli­
watt. 
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~ Good frequency stability. 
~ Excellent shielding. 
~ Ease of operation. 
~ Readily interchangeable VI-IF and UHF 
oscillator units. 
~ A wide variety of coaxial accessories. 

SPECIFICATIONS 

TYPE 1021-AU UHF STANDARD-SIGNAL GENERATOR 
Frequency 

Carrier Range: 250 i\Ic to 940 :\Ic in one band . 
Accuracy: D irect reading to ±1%. Approximately 8 

turns of the lOa-division slow-motion dial cover the 
range of the main dial. 
Sweeping: The TYPJ, 1750-A Sweep Drive attached to 
t he slow-motion dia l will sweep approximately 5% and 
15% at the low- and high-frequency ends o[ the range, 
respectively. 
Output: (1) As voltage generator with accurately known 
output impedance and (2) in terms of available power 
(db below one milliwatt). 

Voltage Range : Continuously adjustable from 0.5 
microvolt to 1 volt behind 50 ohms. 

Voltage Accuracy : Over-all accuracy or output is 
better than ±2 db. The accuracy of voltmeter calibra­
tion between 0.5 and 1.0 volt is better than ±1 db. 
The accuracy of the attenuator-dial calibration for 
voltages between 1.0 microvolt and 0.1 volt is better 
t han ±0.5 db; from 0.1 volt to 0.5 volt, better than 
±l db. 

Impedance: 50 ohms ± 10 % following the output 
meter. 

Power: Directly calibrated from 0 to 126 db below 
1 milliwatt into 50 ohms. 
Amplitude Modulation: Adjustable, 0 to 50%. Internal, 
1000 cps ±5%. External, flat within 3 db from ;~O cps to 
15 kc. For 50% modulation, external audio oscillator 
must supply 18 volts across a 100-kilohm load . Typt; 
1210-C Unit R-C Oscillator is recommended. 
Incidental Frequency Modulation: For 50% amplitude 
modulation the incidental fm is approximately 100 
parts per million for frequencies up to 400 Mc and is 
approximately 1000 parts per million at 920 Mc. When 
lower values of incidental fm are requiJ:ed, the TYPE 

1000-P6 Crystal Modulator, or the T YPE 1000-P7 Bal­
anced Modulator (pages 92 and 9:~) i recommended. 
Distortion and Noise Level 

Envelope Dis tortion : Approximately 5% at 50% modu­
lation. 

Carrier Noise Leve l: Corresponds to about 0.2% modu­
lation. 
Leakage: Stray fie lds and residual output voltage are 
sufficiently low [or measurements on receivers of one­
microvolt sensit ivity. 
Tube Complement: Two OC3; one each 6X5-G T / G, 
6K6-GT, Sylvania TYPE 6481, Amperite 6-4. 
Terminals : TYPE 874 Coaxial Terminals are provided for 
the output connection . 
Power Input : 105 to 125 (or 210 to 250) volts, 50 to 60 
cycles. Power input is approximately 50 watts a t 115 
volts. 

Th is instrument will operate satisfactorily on power­
supply frequencies up to 400 cycles, provided that t he 
supply voltage is between 110 and 125 volts. 
Accessories Supplied: TYPE 874-R22 Patch Cord, T YPE 
874-C58 Cable Connector, T YPE CAP-22 Power Cord, 
and spare fuses. 
Other Accessories Available : T YPE 874 Fixed Attenua­
tors, TYPE 874 Coaxial E lements (pages 43 ancl 48), 
TYPE 1000-P6 Crystal Modulator, T YPE 1000-P7 Bal­
anced Modulator (pages 92 and 9:3). 
Mounting: The a luminum cabinet has a wrinkle fin ish. 
The lert-hand side houses t he TYPE 1021-P1 Power 
Supply; the right-hand side houses the TYPE 1021-P2 
UHF Unit. Panels in gray are crackle-fin ished a lumi­
num. 
Dimensions: Width 20~, height 1372, depth 11 inches 
(515 by 345 by 280 mm), over-all. 
Net Weight: 3772 pounds (17 kg). 

TYPE 1021-AV VHF STANDARD-SIGNAL GENERATOR 
Same as TYPE 1021-AU (above) except as noted. 

Carrier Frequency Range: 40 to 50 Mc in one band, 
50 to 250 Mc in another. 
Sweeping : T he T YPE 1750-A Sweep Drive, attached to 
t he slow-motion dial, will sweep the frequency approxi­
mately 4, 9, and 20% at 40, 50, and 250 Mc, respec­
tively. 
Incidental Frequency Modulation : For 50% amplitude 
modulation the incidental fm is approximately 100 
parts per million for frequencies up to 100 Mc, and is 
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approximately 500 parts per million at 250 Mc. When 
lower values of incidental fm are required, the T YPE 
1000-P6 Crystal Modulator or the T YPE 1000-P7 Bal­
anced Modulator (pages 92 and 93) is recommended. 
Tube Complement: Same as listed above, except 12AT 7 
Oscillator (instead of 6481). 
Mounting : Cabinet is same as for TYPE 1021-AU, above. 
Generator consists of the TYPE 1021-Pl Power Supply 
and TYPE 1021-P3B VHF Unit. 

CODE WORD PRICE 

102l-AU 
102l-AV 
102l-P2 
102l-P3B 
102l-Pl 

UHF Standard-Signal Generator, 250- 940 Me 
VHF Standard-Signal Generator, 40- 250 Me. 

EVADE 
EVENT 
ETHIC 
EVOKE 
EXTRA 

$725.00 
740.00 
435.00 
450.00 
290.00 

UHF Oscillator Unit* only, 250-940 Me ..... . 
VHF Oscillator Unit* only, 40- 250 Me . ... . . . 
Power Supply and cabinet assembly ... . 

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 1 000-P5 

TYPE 1000-P7 

TYPE 1000-P6 

TYPE 1000-P SIGNAL-GENERATOR ACCESSORIES 
TYPE 1000-P3 VOLTAGE DIVIDER 

This voltage divider, used with the TYPE 1001-A 
Standard-Signal Generator, provides a known voltage 
across a 1-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 
and divides iL1dicated output voltage by a factor of 100. 
Input Impedance: 50 ohms. 
Output Impedance: 1 ohm. 
Net Weight: 334 ounces (0.1 kg) . 

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 by t he Institute of Radio Engineers in 1948 
"Standards on Radio Receivers, Methods of T esting 

Amplitude-Modulation Broadcast Reccivers!' 
Net Weight: 314 ounces (0.1 kg). 

TYPE 1 OOO-P 10 TEST lOOP 
Wit h this shielded test loop, radio receivers with loop 

antennas can be tcsted h~' t he prcferred method of the 
Hll8 "Standards on Radio Receivers, Methods of T eRt­
ing Ampl itude-Modulalion Broadcast Receivers," pub­
lished by the Institute of Radio Engineers. The :3-turll 
loop is enclosed in aluminum tubing fo r electrostatic 
shielding. Circuit constants a re chosen to make t he field 
strength in volts per meter, at a distance of 19 inches 
from the loop, equal to one-tenth the signal generator 
output in volts, wit h a 50-ohm generator. 
Dimensions: Height 1631, width 11 %, depth 331 inches 
(420 by 299 by 89 mm) over-alL 
Net Weight: 431 pounds (2.1 kg). 

TYPE 1000-P5 VHF TRANSFORMER-50 Ohms, Grounded, to 300 Ohms, Balanced 

The TYPE 1000-P5 VHF Transformer is designed 
to plug into a standard-signal generator having a 50-
ohm unbalanced output and to produce an eq ual, bal­
anced, open-circuit voltage behind a 300-ohm balanced 
impedance for rf measurements of fm and receivers. 

One end of the transformer is terminated in a socket 
designed to receive the Aldcn TYPE HA902P Con nector 
for standard 300-ohm open parallel-wire li ne; the other 
end has a TYPE 87-1- Coaxial Connector. 

Dimensions: Length 4%, diameter VB inches (115 and 
23 mm). 

Net Weight: 331 ounces (0.1 kg). Me 

TYPE 1 OOO-P6 CRYSTAL DIODE MODULATOR 
This absorption-type modulator is an inexpensive 

means of producing fm-free amplitude modulation and is 
useful for testing radio and television receivers. 

The crystal diode resistance varies with the voltage 
across it and thus can be modulated by an ac voltage. 
Inserted between generator and load, the modulator 
produces variations in amplitude corresponding to the 
variations in resistance. 

SPECIFICA liONS 
Carrier Frequency Range: 20 to 1000 Mc. The insertion 
loss increases 10 db at a carrier frequency of 10 Mc. 
Modulating Frequency Range: 0 to 5 i\Ic . Response is 
approximately 2 db down at 5 Mc. 
Impedance: Designed for use with a 50-ohm source, 50-

ohm load . Impedance at modubtion terminals is ap­
proximately 600 ohms. 
Modulation: With 50 millivolts rf input, 30% amplitude 
modulation is obtainable at carrier frequencies between 
20 and 1000 Mc. For optimum sine-wave modu lation, 
an average crystal requires 1.5 volls bias, and the inser­
t ion loss is about 12 db . Approximately 0.2 volt rms at 
modulation terminals will produce 30% modulat ion. 
Maximum percentage modulation at 1000 Me is aboul 
30%. Maximum peak modulation vollage is 4 volls. 
Terminals: The rf and modulating te rminals arc TYI'I, 
87-[ Coaxial Connectors. Modulation terminals accept 
either a TYPE 874 Coaxial Connector or a TYPE 27~-~I 
Plug. Bias terminals are TYPE 9:38 Binding Posts. 
Crystal Diode: 1N21B. 
Accessories Supplied: One TYPE 274-MB Plug. 



Othe r Acc essories Requ ired : Termina l adaptors (pages -1-2 
and 2-1-0 ), unless genemtor and load have TYPE 87-1-
Coax ial Conner·to rs; 1.5-volt battery [or fixed bias, or a 
:3-volt battery :,nd a 10,000-ohm rheostat fo r ad justahle 
bias. 
A ccesso ries Ava ilab le : T YP I, 87-10 F ixed AttenuatorH, 
TYPE 8H-R20 Pateh Cord, T YPE 1000-1'5 VHF Tmlls­
fo rmer, TYPE 87~ -Q Coaxia l Adaptors. 
Dime ns ions: Height ~ , widt h 5, dept h 1!16 inches (105 by 
1:30 by 27 mm) over-a ll. 
Net W eight : 1 pound (O. -IG kg). 

Typical modulation chara c­
te ristics for the Type 1000-
P6 Crysta l Diod e Modulator 

a t va rious ca rr ier 
fr e que ncies. 

CENERATORS 
STANOAI(O-SICNAl 
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TYPE 1000-P7 BALANCED MODULATOR 
FOR "00% LINEAR AM AND PULSE MODULATION 

USES: This instrument is an insel'l ion-loss modulator 
fo r pulse and sine-wave mod ulating rf output of gen­
erators over the ('l1 rrier-l'requelley range of 60 to 2.300 
~I ('. It is par t iuulad .\· useful fo r pulse mod ulat ion where 
a high degree of canier suppression is desired wi th good 
rise-time characteristics, and fo r linear-mod ulation 
systems where 100% modulation is req uired over a 
li10dulating f requency of 0 to 20 ~Ic . It C,Ln be used 1'01' 
tests Oil television Lwd radar rC('eivers, mi('l'owave relay 
sYRtcms, te lemctering circui ts and na rrow-band systems 
\\' hcre incidental fm must be negligible. 

The Balanced 'Ifodulator is re('ommended 1'01' use wit h 
the TYPE 1217-A Uni t Pulscr or TYP E l:~~Jl-B Pu lse, 
Swcep, and Ti me-Delay Generator fo r pulse-modulat-

ing out pu t of T YPE 1021-A Standard-Signal Generator. 
DESCRIPTION: T wo crystal diodes are used in sepa rate 
signal paths bctween input and output. In one path 
a ('oaxial phasing line, set to an odd mult iple of onc­
half wave-length at t he carrier freq uency, is inserted. A 
simple high-pass fil te r is included in t he output circuit. 

For small rf signals the impedances of t he diodes can 
be controlled by varying the applied bias. The diode 
shun t capacity is neutralized in the p hasing line. 

Balance and bias controls a re provided 1'01' com­
pletely or pa rt ially ba lancing out t he ('arrier. 

The modulator features high carrier suppression fo r 
pulse applica t ions, fast rise t ime, extremel.\· low inci­
dental frequency modulation. 

SPECIFICATIONS 
Carrie r-Frequency Range: 60 to 2:~00 ~1c . 
Modulation-Frequ e ncy Range : F lat, 0 to 20 1\le. For 
pul~ing, rise-time is less t han .02 mir'l'ose('ond. 
Impedance : The inpu t and out pu t impedances a re fun c­
tions of the b ia~ and mod ulating voltages. SOlll'ce and 
load impedances should be 50 ohms. Impedance at 
modulation in put is 50 ohms ± 5%. Whenever the at­
tenuation can be to lerated, a T YPE: 87~-G20 (20 db ) or a 
TYPE 87~-G 10 (10 db ) F ixed Attenuator should be 
used at the input and output. 
Modulation : Double-sideband, suppressed-carrier modu­
lat ion, pulse modulation with GO-db carrier suppression 
bet ween pulses, and 100% ampli t ude modulation 
throughout ('anier frequency range. One volt, peak, at 
thc modulation terminals, will produce full 1'1' output 
from zero output ini t ial ('ondit ion . 
RF Output : 10 millivolts, maximum, in to 50 ohms on 
pulses or at modulation peaks, wit h a source o[ 50 milli­
volts behind 50 ohms. 

Higher input and output voltages a re permissible if 
bias and balance readjustments are made fo r each 
dmnge in level. The rf source must not exceed 0.5 volt 
behind 50 ohms, or crystal diodes may be damaged. 
Bias Supply : Self-contained battery of flashlight ('ells. 
Terminals: T YPE 87-1- Coaxial Con nectors. Adapto rs 
are desr' ri bed on p"ges -1-2 and 2 ~0. 
Crystal Diodes: Two TYP I, 1~21-B . 
Accessori es Supp lied : One TYPJ, 1000-1'7-28, -1-0-cm Cable; 

TYPE 

1000-P3 
1000-P4 
1000-P5 
1000-P6 
1000-P7 
1000-Pl0 

100: 1 Voltage Divider . 
Dummy Antenna . 
VHF Transformer . 
Crystal Diode Modulator . 
Ba lanced Modulator . 
Shielded Test Loop . 

(Left) Amplitude modul a tion cha ra cteristic at 900 megacycles. 
Peak r-f output is 10 millivolts; r-f input, 50 mill ivolts . (Right) 
Oscillogram showi ng modu la tion pulse a nd r-f output pulse. 
Pulse dura tion is 0.25 J.Lsec with .05 J.Lsec ri se t im e. Ca rrier fre-

qu e ncy is 60 me g acycle s. S~a le is 0. 1 J.Lsec 
per horizontal division . 

one T YPE 1000-1'7-28-2, 80-cm Cable; one TYPE 87-1-C58 
Cable Connector. 
Other Accessories Requ ired : Sui table coaxia l cable for 
connecting modulation ,ouree. TYPE 87-1-R:B (page .±4) 
is recommended . ' 
Accessori es Availab le: TY PE 87~ -G Fixed Attenuators 
(p"ge 48); T YPE 1000-P5 VHF transfo rmer; TYPI, 87~ -R 
Pateh Cords (page .J -I). 
Dimensions: (fully extended ): Height :3, width 30, depth 
5 inc·hes (77 h.1' 7(i5 hy 1 :~0 mm ) over-a ll. Length with 
line telescoped - 20 inches (510 mm ). 
Ne t Weight : 6 pounds (2.8 kg). 

CODE WORD 

ARMOR 
ARROW 
ARSON 
APPLE 
AWAKE 
ARRAY 

PRICE 

$20.00 
16.00 
27.50 
40.00 

225.00 
50.00 

PATE:-rT :-rOTICE. See Note 4, page ,·iii. All signal generators and accesso ries are equipped with T YPE 874 Coaxial Connectors. 
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OSCillATORS 
A source of power or test voltage is a pre­

rcquisite to nearly all types of measurements. 
Since 19] 9 the General Radio Company has 
becn supplying laboratory oscillators for thii'5 
purpoi:lC and hai:l ah" aYi:l pionecrcd in ncw de­
signs and circui ts. 

Functionally, these osci llators can be grouped 
under the fo llowing classifications: 

(1) LC and Resonant-Cavity Types - the fre ­
quency is determined by inductive and capaci­
tive elements or bv rcsonant cavities. 

(2) Beal-FTeque;~cy Types - the output fre­
quency is the differencc betwcen the frequen­
cics of a variable and a fixed oi:lcillator. This 
type can cover several decades of frequency in 
one band with a single control. 

(:3) RC Degenerative Types - the frequency 
is determined by resistive and capacitive ele­
ments, and the circuit is highly degenerated 
except at the pass frequency. 

(4) Klystron Types, in which the output 
frcquency is produccd by vclocity modulation 
of the electron i:ltream. 

The General Radio Company manufactures 
all these functional types; their characteristics 
are tabulated on the next page. 

LC and Resonant-Cavity Types: The LC oscil­
lator, because of its stability, good waveform, 
and efficiency, finds many USCi:l where fixed 
audio frequencies are needed. 

General Radio makes several audio-fre­
quency oi:lci llatori:l of this type, among them 
the TYPE 1307-A Transii:ltor Oscillator, a 
miniature instrument designed primari ly for 
calibrating sound measuring equipment, and 
the TYPE 1214 Unit Oscillators, conventional 
vacuum-tube types, which are useful for mod­
ulating high-frequency oscillators and as 
bridge power sources. 

At radio frequencies where tuning can be 
accomplished by air capacitors, the LC circuit 
is the best and most economical frequency­
determining system. The TYPE 1:3:30-A Bridge 
Oscillator uses tuned circuits to cover a fre­
quency range of 10,000: 1. The TYPES 1211-B, 
]20S-B, 1215-B, 1209-B and 1209-BL Unit 
Oscillators together with the TYPE 1:361-A 
UHF Oscillator cover a wide range of fre­
quencies from the standard radio broadcast 
band up through the uhf television band. 
All of these employ unique tuned circuits, in 
which the inductance and capacitance are 
varied simultaneously. Many of them use 
the General-Radio-developed butterfly circuit, 
which has no sliding or wiping contacts. 

At frequencies above 1000 :\1c, ci rcuits with 
distributed constants arc used. The TYPI'; 
121S-A Unit Osci llator covprs a frpquency 
range from 900 to 2000 :\lc wi th ganged 
quarter-wave lincs. 
Klystron: The TYPI~ 1220-A Un it Klystron 
Oscillator is a klystron power supply which 
covers frequencies from 2700 to 7500 Mc with 
plug-in klystron tubes, each of which operates 
at a single output frequency or is adj ustable 
over a limi ted band of frequencies. 

The rf oscillators can a ll be amplitude 
modulated with sine waves, and the TYPE: 
121S-A and TYPE 1220-A can be directly 
square-wave and pulse modulated as well. The 
TYPE 1220-A also has provi ion for frequency 
modulation up to deviations of ± 7.5 Mc. 

The Unit Oscillators operating above 50 Mc 
can be pulse or square-wave modulated by the 
TYPE 126-!-A Modulating Power Supply, and 
can be held to a constant output ampli tude vs 
frequency with the TYPE 126:3 Amplitude-Regu­
lating Power Supply. All can also be mechani­
cally swept with the TYPE 1750-A Sweep Drive. 

Beat-Frequency Types: The first commercial 
beat-frequency osci llator was produced by 
General Radio in the middle 1920's. As the 
development of tubes and circuits has pro­
gressed, increasingly better models have been 
developed, culminating in the present Typ),; 
1304-B Beat-Frcquency Audio Generator 
whose logarithmic scale greatly facilitates 
frequency-response measurements, and which 
can be driven by the TYPE 1521-A Graph ic 
Level Recorder for automatic plotting. 

A sti ll more versatile instrument is the TYPE 
1300-A Beat-Frequency Video Generator, 
which can test circuits and networks by four 
methods: point-by-point, square-wave, sweep­
frequency, and automatic plotting. 

RC Types: The RC degenerative type is an 
original patented General Radio development. 
Two models are offered, the TYPE 1301-A, 
whose primary characteristic is low distortion, 
and the TYPE 1302-A, designed for a wide fre­
quency range. Two other RC oscillators use a 
phase-shift circuit: the TYPE 121O-C, a small, 
versati le instrument, which produces either 
sine-wave or square-wave output over a wide 
frequency range, and the TYPE 1305-A, which 
generates frequencies as low as 0.01 cycle per 
second, with single-phase, three-phase and 
four-phase output as well as an output con­
tinuously variable in phase over 360°. 
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TYPE 
1300-A 

1304-B 

1301-A 

1302-A 

1305-A 

1214-0 
1307-A 

1214-A 

1210-C 

1214-M 

1330-A 

'2"-B 

1208-B 

1209-BL 

1209-B 

1215-B 

1361-A 

1218-A 

1220-A 

NAME 

Beat-Frequency 
Vid eo Generator 

Beat-Frequency 
Audia Generator 

Low-Distortion 
Oscillator 

Oscillator 

Low-Frequency 
Oscillator 

Unit Oscillator 
Transistor Oscillator 

Unit Oscillator 

Unit RC Oscillator 

Unit Oscillator 
Bridge Oscillator 

Unit Oscillator 

Unit Oscillator 

Unit Oscillator 

Unit Oscillator 

Unit Oscillator-

UHF Oscillator 

Unit Oscillator 

Klystron Oscillator 

OSCILLA TORS 

MAXIMUM 
CLASS FREQUENCY RANGE OUTPUT 

Beat-Frequency 20 cps-12 Mc 30 mw 
3 mw 

Beat-Frequency 20-20,000 cps lw 
20,000-40,000 cps 

RC Degenerotive 20-15,000 cps 18 mw 
(27 fil<ed frequencies) 

100 mw 

RC Degenerative 10-100,000 cps 40 mw 
20 mw 
80 mw 

RC .01 to 1000 cps 170 mw per 
phase 

Tuned Circuit 120 cps 400 mw 

Tuned Circuit 400 and 1000 cps 6 mw 

Tuned Circuit 400 and 1000 cps 200 mw 

RC 20 cps-0.5 Mc 80 mw 
40 mw 
90 mw 

Tuned Circuit 1 Mc 300 mw 

Tuned Circuit 60, 400, 1000 cps 0.75 w 
5 kc-50 Mc lw 

Tuned Circuit 0.5-5 Mc 1 mW 
5-50 Mc 200 mw 

Sliding-Contact 65-500 Mc 100 mw 
Tuned Circuit 

Butterfly Tuned 180-600 Mc 300 mw 
Circuit 

Butterfly Tuned 250 920 Mc 200 mw 
Circuit 

Semi-Butterfly 50-250 Mc 80 mw 

Butterfly Tuned 450-1050 Mc 125 mw 
Circuit 

Coal<ial line 900-2000 Mc 200 mw 
Tuned Circuit 

Velocity- 2700-3275 Mc 100 mw 
Modulated 3400-4910 Mc 

5100-5900 Mc 
5925-7425 Mc 

OPEN-
CIRCUIT NOMINAL LOAD 
VOLTS IMPEDANCE 

10 820 ohms 
75 ohms 

50 600 ohms, balanced 
or grounded 

6.6 600 ohms, balanced 
or grounded 

30 5000 ohms, grounded 

10 600 ohms, balanced 
5 300 ohms, grounded 

20 5000 ohms, grounded 

10 600 ohms 

60 Matched 
2 600 ohms 

80 8000 ohms grounded 
or ungrounded 

7 50 to 1250 ohms 
45 14,000 ohms 
30 2500 ohms 
7 50 ohms 

12 50 ohms 
10 20-80 ohms 

50 ohms 

50 ohms 

50 ohms 

50 ohms 

50 ohms 

50 ohms 

50 ohms 

50 ohms 

HARMONIC POWER 
DISTORTION SUPPL Y 

<1%, AC line 
20 cps-20 kc; 

<4%, 
20 kc-12 Mc 
Sine Wave 

< 1% AC line 

< 0.1% AC line 

< 1% AC Line 

< 1% AC line 

< 3% AC Line 

< 5% Mercury 
Cells 

< 3% AC line 

< 1.5% Unit Power 
< 5% Supply 

Square Wave 

< 3.5% AC line 

< 3% AC line 

Unit Power 
Supply 

Unit Power 
Supply 

Unit Power 
Supply 

Unit Power 
Supply 

Unit Power 
Supply 

Unit Power 
Supply 

Unit Power 
Supply 

Unit Power 
Supply 

SEE 
PAGE 
NO., 

104

1 

I 
I 

100 

98 

99 

96 

106 
106 

106 

102 

106 
107 

108 

110 

110 

110 
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OSClllATOf(S 
-----------------------------~ 
lOW-F{(EQUENCY 

TYPE 130S-A LOW-FREQUENCY OSCILLATOR 
SINGLE-PHASE OR POLYPHASE OUTPUT .01 TO 1000 CPS 

USES : This oscillator is primarily a source of 
sinusoidal signals of very low frequency and 
has mallY uses in the development and test of 
servomechanisms, low-frequency amplifiers, 
recorders, geophysical eqllipment, medical in­
struments, and electrical analogs of mechani­
cal systems. 

Its usefu lness in a variety of applications is 
greaLly enhanced by its three-phase o'utput 
(0°, ]20°,2-:1:0°), anyone phase of \\'hich can be 
lIsed as a single-phase source. 

With suitable amplifiers, this oscillator can 
operate as a variable-frequency drive for the 
study of the performance of 2-phase or 3-phase 
machincs, such as motors and synchrof'. 

An adaptor provides a four-phase output 
(0°, !:l0°, J80°, and 270°): whieb iH uHcful for 
app li cations requiring quadrature signals, such 
as component resolution and circular oscillo­
scope sweeps. 

An additional output is continuously vari­
able in phase from 0° to 350° with one com­
plete turn of a dial. Phase measurements at 
these low frequencies are thereby made pos­
sible by Lissajous-pattern techniques. It can 
also be used to measure the gain and phase­
shift of four-terminal devices and to determine 
the complex transfer characteristics of ampli­
fiers and servomechanisms. 

DESCRIPTION: The TYPE 130.5-A Low-Fre­
quency Three-Phase Oscillator uses three in­
dependent RC phase-shift networks in a phase­
shift oscillator circuit. In order to achieve 
very-low-frequency operation with compo­
nents of practical size, tbe Miller efTcd if' used 

to increase the effective size of the capacitors. 
The RC phase-shift networks are connected 
as'low-pass filters, and the entire oscillator is 
direct coupled for circuit stability. A network 
of biased diodes serves as an amplitude regu­
lator, which provides an extremely high degree 
of amplitude stabilization, independent of fre­
quency. Cathode-follower circuits provide 
low-distortion, low-impedance outputs. A six­
phase rectifier and meter, connected across the 
output: provide a direct indication of output 
voltage with only slight ripple even at the 
lowest frequencies . An output attenuator per­
mits 50-db reduction in output level for con­
venience in studies of high-gain systems. 

The phase shifter is composed of a poten­
tiometer and a purely resistivc network whicb, 
fed from the three-phase output, produces all 
output signal that is constant in amplitude 
and continuously variable in phase, inde­
pendent of frequency. 

The Four-Phase Output Adaptor is a plug-in 
unit which contains a purely resistive net­
work to convert the three-phase to a four­
pbase output, again completely independent 
of frequency. 

FEATURES: 
~ Low-frequency output, .01 to 1000 cps. 
~ Three-phase output (0°, ] 20°, and 2-:1:0°) 
provided, and four-phase (0°, 90°, 180°, and 
270°) output available with adaptor. 
~ Additional output signal with continuously 
variable phase for convenient pbase measure­
ments. 
~ :\[ct('l' meaf'ureR output voltage c1ircctl.\·, 



OSCILLATO{(S 
~-------------------------------
W lOW-F{(EfJUENCY 

with low ripple even at lo\\'e::;t frequencies . 

~ Exce llent amplitude stability and low dis­
tortion. 

~ Polystyrene-dielectric capacitors are used on 
low-freq uellC'Y ranges. 

~ Logarithmic frequency scale. 
~ Regulated power supply eliminates effect 
of li ne-voltage variatiolls. 
~ Output step attenuator and output. volt­
meter provide knmm output levels over SO-db 
range . 

SPECIFICATIONS 
Frequency 

Range: .01 to 1000 cps in five ranges. 
Control : The frequency ("ontrol dial is engraved from 

1 to 10 ("pR. A range Hwitch multiplies the scale freq uen­
cieH h~· .0 1,0.1, 1, 10, and 100. 

Accu racy: ±2%. 
Stability : W,um-up drift is" less than 1 % in the first 

ten minutes, less than 0.2% in the next hour. 
Three-Phase Output 

Maximum Amplitude: At least 10 volts rms, open­
circuit, line-to-neutral, behind 600 ohms in each phase, 
constant with frequency to ±5%. Phase voltages are 
equal to each other within ±2%. 

Impedance : The DIRECT position of the output 
attenuator switch provideR 75 ohms per phase but must 
not be loaded with less than GOO ohms per phase, wye­
conne("ted, or 1S00 ohms per phase, de lta-<"onnected . 
A neutral terminal is provided. Phase difference be­
tween adjacent phases is 120° ±2°. 

Maxi mum Powe r: 167 milliwatts per phase, maximum, 
into a :3-phase wye-connected load of 600 ohms per 
phase. 

Distortion : Total harmonic content is less than 2% 
for all output values, for all frequencies and for any 
lo:td except in the DIRECT position of the OUTPUT 
ATTENUATOR switch. For the DIRECT posit ion of 
t he OUTPUT ATTENUATOR switeh, total harmonic 
content is less than 2% for any wye-connected load of 
more than GOO ohms per leg or delta-connected load of 
more than 1S00 ohms per phase. 
Mete r: Deflection is subject to a ripple frequency six 
times the osci llato r frequency. At the lowest frequenc ies, 

r / 
I 
I .... / 

ampl itude indications vary between +5% and -10% 
of the tnle rmH v,due. 
Four- Phase Output (from plug-in adaptor) 

Maximum Amplitude: At least 5 volts rms, line to 
neutral. 

Impedance : liOO ohms. 
Phase Accuracy : ±:3°. 

Variable-Phase Output 
Range: 0 to :~liO°. 
Phase Accuracy : ±3°. 
Maximum Amplitude : Approximately O.S volts rms, 

max, constant with phase setting to ±5%. 
Impedance : Variable 15,000 ohms, max. 
Distortion : Less than 5%. 

AC Hum: Less than 100 millivolts in output. 
Tube Complement : Four li197; three each liBH6, 5963; 
one each 5651, 12AX7, liOSO; six 1 ~5HnA crystal d iodes; 
eight 1N191 crystal diodes; one SV1S crystal d iode. 
Power Input: 105 to 125 (or 210 to 250) volts, 50 to 60 
cps. Total power consumption is 1G5 watts. Instrument 
wi ll operate satisfactorily on power-supply freq uencies 
up to -l00 cps. Three-wire power cord. 
Accessories Supplied : TYPE CAP-22 Power Cord, t hree 
T YPE 27~-MB Double P lugs, spare fuses, Four-Phase 
Output Adaptor TYPE 1:305-A-Pl. 
Mounting: Aluminum panel and cabinet, in gray finish, 
for bench (TYPE 1305-A;\T) or relay-rack (TYP IC 1:305-
AR) use. See page 2-12 for eah inet description. 
Dimensions: Width 19, height 7, depth 15 inches (-183 
b~' 17S hy :3S1 mm), over-all . 
Net Weight : :35 pounds (15.9 kg). 
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TYPE 

l30S-AM 
l30S-AR 

Low-Frequency Oscilla~or, Bench Model . . ... . 
Low-Frequency Oscillator, Relay-Rack Model .. 

PHASE SHIFT 

CODE WORD 

DEBUT 
DONOR 

PRICE 

$940.00 
940.00 
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OSCILLATORS 
AU/J/O-F/(EQUENCY 

TYPE 1301-A 

LOW-DISTORTION 

OSCILLATOR 

This oscillator has an exceptionally pure 
waveform, which makes it an ideal source of 
test voltage for distortion measurements or a 
power source for audio bridge measurements. 

networks control the frequency and amplitude, 
thus providing high stability and low distortion. 

Mica capacitors and wire-wound resistors, 
chosen for maximum stability, are used in the 
frequency-determining network. Amplitude 
control is automatic, normally requiring no 
adjustment as various frequencies are selected. 
FEATURES: 

Frequencies are selected instantly by push­
button controls and include those recom­
mended by the Federal Communications 
Commission for distortion measurements on 
broadcast transmitters. Thus, in combination 
with the TYPE 1932-A Distortion and Noise ~ Very low distortion. 
Meter (page 227), it provides a fast and accu- ~ Excellent frequency stability. 
rate means for making these transmitter tests. ~ Output voltage within 1 db of 400-cps level. 

When this oscillator is used as a bridge ~ Instant selection of anyone of 27 test fre-
power source, null balance is found more pre-
cisely and easily because of the low level of quencies by push-button control. 
harmonic voltage present at the null point. ~ Lower frequency range of 2 to 15 cps avai la-

The inverse-feedback RC circuit used in this ble from plug-in range-extension unit. 
oscillator was invented and developed by the ~ Any other frequency between 2 and 15,000 
General Radio Company. Separate feedback cps can be obtained by plug-in resistors. 

SPEC! FICA TIONS 
Frequ ency 

Range : 27 fixed frequencies between 20 and 15,000 
cps. (Also 2 to 15 cps by use of range extension unit.) 

Control : A frequency of 20, 25, 30, 40, 50, BO, 75, 100, 
or 150 cps is selected by a push button. Push-button­
operated frequency multipliers of 1, 10, and 100 are 
provided. 

Accuracy : ±(1Y2% + 0.1 cps). 
Stability : Changes in ac line voltage or output load 

have no effect upon the frequency. Drift is not greater 
than .02% per hour after the first 10 minutes. 
Output 

Impedance: Selected by push button; BOO ohms, 
balanced; BOO or 5000 ohms, grounded. 

With balanced load, BOO-ohm balanced output is 
balanced for all audio frequencies. The 5000-ohm output 
varies with potentiometer setting between 1000 and 
BOOO ohms. Potentiometer also has slight effect on 
BOO-ohm grounded impedance. 

Voltage (Max): 30 volts, open circuit; B.B volts with 
BOO-ohm load ; constant with frequency within ± 1 db. 

Power: 18 milliwatts into BOO ohms; 100 milliwatts 
into 5000 ohms. 
Distortion and Noise Leve l 

Distortion: 5000-ohm output, not more than 0.1 %; 

TYPE 

BOO-ohm output, not more than 0.1 % between 50 and 
7500 cps, and not more than 0.25% below 50 cps. With 
range-extension unit (2 to 15 cps), distortion may in­
crcase by 1 %. 

AC Hum: Not more than .05% of output voltage. 
Tube Complement: One each, BX5-GT j G, BWB-GT, 
BSL7-GT, OD3 j VR-150, BY6-G, BSK7, BSQ7-GT, BSJ7. 
Terminals: Jack-top binding posts with standard %:-inch 
spacing, a ground terminal and a standard Western 
Electric double output jack on the front panel; duplicate 
output terminals on the rear of the instrument. 
Power Input : 105 to 125 (or 210 to 250) volts, 25 to BO 
cps, 45 watts. Specify line voltage and frequency when 
ordering. 

Operation from 400-cps supply is possible if line volt­
age is between 110 and 125 volts; power-freqtlency hum 
is increased at 200- and 400-cps output. 
Accessories Supplied : CAP-22 Power Cord, multipoint 
connector, TYPE 1301-201 Plug Assembly, spare fuses. 
Mounting : Relay-rack panel. End frames are available 
for table mounting. (See price table below.) 
Panel Finishes : Standard General Radio gray crackle. 
Certain other standard finishes to match transmitters 
can be supplied at small extra coaL. 
Dimensions : Width 19, height 7, depth 13Y2 inches (475 
by 180 by 345 mm), over-all. 
Net Weight: 31Y2 pounds (14.5 kg). 

CODE WORD PRICE 

1301-A 
1301 -P1 
FRI-412 

Low- Distortion Oscillator . ... . ..... . ....... . OZONE 
OVATE 

ENDFRAMDIG 

$595.00 
80.00 
13.00 Pair 

Range Ex tension Unit (2 to 15 cps) .. . . ... .. . 
Aluminum End Frames ................. . . . 
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AUD/O-Ff(EaUENCY 

TYPE 1302-A OSCILLATOR 
USES: The wide range and the excellent fre­
quency and amplitude stabilities of this os­
cillator make it a superior source of power for 
bridges and other measurement networks. 

DESCRIPTION: This instrument is an RC os­
ci llator employing an inverse-feedback circuit. 
The frequency-determining network is a Wien 
bridge, in which the capacitive elements are 
controlled by the main frequency dial, and re­
sistive elements are selected by a range switch. 

The amplitude of oscillation is held constant 
by feedback through a second bridge section , 
one arm of which is a nonlinear resistance. A 
buffer amplifier ahead of the output control 
minimizes reaction on the oscillator frequency. 

Both balanced and grounded outputs are 
provided. 

FEATURES: 
~ Wide frequency range, 10 to 100,000 cps. 

~ Excellent frequency stability. 

~ Low harmonic distortion. 
~ Semilogarithmic scale eliminates crowding 
at the low-frequency end and still allows pre­
cise setting of high frequencies. 

~ Voltage regulation in the power supply re­
moves effects of line-voltage transients and 
allows the instrument to operate over a wide 
range of supply voltages. 

SPECIFICATIONS 
Frequency 

Range: 10 to 100,000 cps in foul' ranges. 
Control : The main control dial is engraved from 10 

to 100 cps. Four multiplier switches multiply the scale 
frequencies by 1, 10, 100, or 1000. 

Accuracy : ± (172% + 0.2 cps). 
Stability: Warm-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 in ternal impedance of the 600-ohm output is 
l"onstant at 550 ohms; if the LOW output terminal is 
grounded it bccomes 300 ohms, grounded. In the 5000-
ohm output impedance position (for 5000-ohm loads), 
thc internal impedance of the oscillator averages ap­
proximately ~OO ohms. 

Voltage: At least 20 volts open-circuit on 5000-ohm 
olllput, and 10 volts open-circuit on 600-ohm output, 
± 1.0 db over the entire frequency range. 

Power: 80 milliwatts, maximum, into a 5000-ohm 
load ; -l0 miliiwatts, maximum, into a balanced 600-ohm 
load; 20 milliwatts into a 300-ohm load. 
Distortion and Noise Level 

Distortion : Less than 1 % at normal loads. Considera-

ble deviations from nominal load impedances do not 
appreciably affect the distortion. 

AC Hum : 5000-ohm output, 2-l millivolts, maximum; 
600-ohm output, 12 millivolts, maximum. 
Tube Camplement : Two each, 6SL7-GT, 6W6-GT. One 
each, 6AK6, 6F6, 6V6-GT, 6J5-GT, 5V4-G,OD3. 
Terminals: J ack-top TYPE 938 Binding Posts with stand­
ard %-inch spacing. The separate ground terminal has a 
strap that can be used to ground the LOW output ter­
minal. Output is also available at a multipoint connector 
in the rear of the instrument. A mating connector is 
supplied. 
Power Input: 105 to 125 (or 210 to 250) volts, 50 to GO 
cps. Total power consumption is 90 watts. 

Instrument will operate satisfactorily on power­
supply frequencies up to clOO cps. Three-wire power cord. 
Aeeessaries Supplied : TYPE CAP-22 Power Cord, TYPE 
274-NK Shielded Plug, spare fuses, and multipoint 
connector. 
Mounting : Relay-rack panel easily adapted for table 
mounting by the addition of end frames (see below). 
Dimensions : Width 19, height 7, depth 12 inches (485 by 
180 by 305 mm), over-all. 
Net Weight: 30 pounds (1:3.6 kg). 

TYPE 

1302-A 
FRI-412 

Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. I COD;I~~RD 
Aluminum End Frames . . . . . . . . . . . . . . . . . . . . ENDFRAMDIG 

PRICE 

$500.00 
13.00 Pair 
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OSCILLATOI(S 
AUO/O-F/(EQUENCY 

TYPE 1304-B BEAT-FREQUENCY AUDIO GENERATOR 

100 

USES: For amplitude-frequency tests on audio 
frequency equipment - lines, amplifiers, fil­
ters, equalizers, transducers, and other net­
works - this beat-frequency generator is an 
excellent test-signal source. Its especial fitness 
for these applications lies in four of its charac­
teristics: 

(1) it::; frequency scale is logari thmic; 
(2) it covers the entire audio range in one 

sweep of the dial; 
(3) its output voltage is constant with fre­

quency; 
(4) its distortion is extremely low. 
For automatic recording of rms level, the 

TYPE 1521-A Graphic Level Recorder will 
drive the oscillator dial through a chain-and­
gear system. For use with an X-Y plotter, the 
TYPE 908-R Dial Drives are recommended. 

As a general-purpose audio generator, the 
TYPE 1304-B finds constant use in the elec­
tronics la boratory, as a power source for bridge 
measurements, as a modulator for rf signal 
generators, and as a power source for acoustic 
tests at both audio and ul trasonic frequencieD. 

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 filter, is amplified in a degenerative a m­
plifier. The output stage of t his amplifier is the 
unique, low-distortion, single-ended, push-pull 
circuit. * 
* A. P. G. Peterson and D. B. Sinclair, "A Single-Ended Push-Pull 
Audio Amplifier," Proc IRE, vol 40, PI' 7- 11 , J anuary, 1952. 

The oscillator output level is continuously 
adjustable, and the output can be connected 
for either balanced or unbalanced use. The 
unbalanced output circui t 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 
t he frequency calibration of the oscillator 
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 cps to 20 kc, 
and it is driven by a slow-motion gear-reduc­
tion drive, essent ially free from backlash. 

Rotation is cont inuous, to facilitate a uto­
matic recording. A cycles-increment dial pro­
vides a means of varying the frequency over a 
range of ±50 cycles at any setting of t he main 
dial and can be swept by the TYPE 1750-L\ 
Sweep Drive . 

A second range from 20 to -10 kc is available 
by the operation of a single panel switch. 

FEATURES: 
~ E::;::;entially (;O ll::;tau t ouLpuL voltage. 
~ Output voltmeter for accurate and rapid 
setting, and accurate attenuator. 
~ Frequency coverage from 20 cps to -10 kc. 
Linear freq uency-increment dial. 
~ Audio spectrum - 20 cps to 20 kc covered 
in a single sweep of the dial. 
~ High stability of both output and frequency. 
~ Very low hum level. 
~ Excellent waveform. 
~ Dial can be motor driven. 
~ High-quality components, stabilized power 
supply, and advanced circui t design . 



OSCIllATONS 
AUDIO-F{(EQUENCY 

SPECIFICA liONS 
Frequ e ncy 

Range: 20 cps to 40 kc in two range ;, 20 cps to 20 kc 
alld 20 h lo -1 0 kc. 
Frequency Cal ibration 

Controls: :'ILtin dial has prccision 10:1 red llcLion gear 
drive, and ean ue rotated eon linlloll~ I ~' fo r automatic 
drive. Frcqlleney increment dial is direct manual drive. 
Two-position s\\·itch changes freq llency range. 

Calibration : \'[ain scale is logari thmi c rrom 20 cps 
to 20 kr , covering a rotationa l allg le of 2W o, or 80° per 
de("adc. High-range posil ion or s\\'ile h adds 20 ke to 
main s("alC' (·alihralion. Freqllell("~ ' increment dial is 
lillear, -50 to +50 ("ps. 

Accuracy : :\lain dial , ±( 1 % + 0.5 c.\'cle) aftcr stand­
ardi7.atioll h\' m ro-beat sett illg or line-freq uency. The 
20-kc in('1'ement for the high rangc is acc urate to 
±0.5%. ACl"unlcy of frequen('.\' increment dial is ±1 
cps. 

Stability: At zero beat, the drift from a cold start is 
less than 7 cps in t he first hour and is essentia lly com­
plctcd \\·it hin two hours. 
Output 

Voltage : Continuousl\, variable rrom below 5 milli­
volts to 50 volts, opel) circui t. Full-scale, open-circui t 
output voltages of 50 millivolts, 500 millivolts, 5 volts, 
and 50 volts a re provided. 

Frequ e ncy Characte ris tic : For a (jOO-ohm resistive load 
the variation of output voltage with frequency is as 
fo llo\Y8: 

NORi\[AL Range, 20 to 20,000 cps ± 0.25 db; 
ADD 20 K C Range, 20-;~0 kc, ±0.5 db; 

;30-~0 kc, ±1.0 db. 
For open-circlli t operation, the output voltage rises 

ron sid e rab l~' at the higher frequenc'ies. 
Impedance: (j00 ohms, re,;ist ive, \\'ithin ±2%. At +20 

Type 1304· B Generator driven by a Type 1521-A G raphic 
Level Recorder. 

TYPE 

dum seiling of the output attenuator, the output may 
be II sed eitlwr hal anced or with one side grounded. 
Wi th one side or t he output grounded, the attenuator 
can be II sed t hrollghout its entire range. 

Power : J wait , max, in to a 600-ohm re~ istive load. 
Disto rtion : LesH than 0.25% from 100 to 10,000 cps. 

Below 100 ('ps the harmoni(' ('ontent increases and may 
real·h 0.5% at 50 cps. Above 10,000 cps the harmonic 
content is le~s t1un 1 % . 

AC Hum : Less than 0 .1 % of the output voltage for 
outpu t volt meter rcadings above 10% of full scale. 

Voltmete r: Calibrated in volts 011tput at open circuit, 
and in dbm. Above 10% of rull scale, the calibration is 
acc urate within ±5% of t he reading. 

Attenuato r : Used only with single-ended output; 
has t hrce steps or 20 db each, with an accuracy of ±1 % 
of t he nom ina l at lenuation . 

Control : For e;L(' h step of the attenuator, the output 
voltage can be va ried continuously from zero to the 
maximum voltage. 
Zero- Beat Ind icator : The output voltmeter is used to in­
dicate zero beat. 
Tube Com p leme nt : 

2 - 6SL7-GT 1 - 6SA7 
2 - 6AV5-GA 1 - 12AT7 
2 - 0D3 1 -5V4-G 

Terminals: TYPE ~n8 Binding Posts and standard ' Yest­
ern E lect ri c double output jack on panel; a standard 
four-te rmina l Roc ket at t he rea l'. 
Power Input : 105 to 125 (or 210 to 250 ) volts, 50 to 60 
cps. Power consumption is about 100 watts. 
Three-wire cord is supplied. 
Accessories Supplied : TYPE CAP-22 Power Cord, four­
terminal plug, and spare fuseR. 
Mounting : AI11minum 19-in eh gray relay-rack panel; 
aluminum cabinet. See page 2~2 for description. 
Dime ns ions : Widt h 19Yz, height 77;1;, depth 15 7;1; inches 
(495 b~' 185 by ;~90 mm ), over-all. 
Ne t W eight: 3!) pounds (18 kg ). 

Type 1304-B G enerator driven by a Type 908-R Dial Drive, for 
use wi th on X-Y plotter. 

CODE WORD PRICE 

1304-BM 
1304-BR 

Beat-Frequency Audio Genera tor, Bench Model 
Beat-Frequency Audio Ge nerator, Relay Rack 

Model . 

CAROL 

CARGO 

$680.00 

680.00 
PATENT NOTICE. ee Notes 5,9 and 14, page vii i. 

Allot hn Beal-Frequency Oscillato r, the TYPE 1107 -A, (page 74) has a linear scale from 0 
to ;jOOO cp;;. 
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OSCILLATO!(S 
AUD/f}-F/f£(JUENCY 

TYPE 1210-C UNIT R-C OSCILLATOR 
USES: This compact, inexpensive oscillator 
offers outstanding performance per dollar and 
per cubic inch of space. 

It can be used as: 

~ A power source for sine-wave measurements 
at audio, ultrasonic, and low radio frequencies. 

~ A source of square waves for network 
steady-state and transient response measure­
ments at audio, ultrasonic, and low radio 
frequencies. 

~ A sine-wave or square-wave modulator for 
rf oscillators and standard-signal generators. 

~ A square-wave trigger for pulse generators. 

~ A swept oscillator for displaying amplitude­
frequency characteristics: with the TYPE 907-
R144 Dial Drive for plotting the character­
istics on a graphic recorder. 
~ A high-power RC oscillator when combined 
with the TYPE 1206-B Unit Amplifier. 

DESCRIPTION: The frequency of the oscillator 
is determined by an RC network. A fast­
response avc system is used to hold the ampli­
tude of oscillation constant in spite of changes 
in frequency or line voltage. 

The oscillator provides three different out­
puts that contribute to its versatilty and use­
fulness. A three-position switch selects any 
one of the following: 

1. A low-impedance, low-voltage output 
from a cathode-follower type of amplifier. 

This output has good waveform over its entire 
range of 0-7 volts. Distortion is less than 1 % 
over most of the frequency range. 

2. A high-impedance, high-voltage output 
from a cathode-follower-driven triode ampli­
fier. Output impedance is constant, regardless 
of attenuator setting. 

3. A square-wave output from a Schmitt 
circuit. This output furnishes square waves 
of 30-volt peak-to-peak amplitude (open-cir­
cuit) behind 2500 ohms, with 73 Msec rise time 
and with approximately 1% overshoot. 

The oscillator can be clamped to its extel'l1al 
power supply to form a single, rigid unit, as 
shown above. Relay-rack adaptor panel is 
available. 

FEATURES: 
~ Very wide frequency range - audio, super­
sonic, 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. 



OSClllATOI(S 
A()/)IO-F!(E~UENCY 

SPECI FICA l iONS 
Frequency 

Range: 20-500,000 cps in five ranges: 20-200, 200-
2000, 2000-20,000, 20,000-200,000, and 50,000-
500,000 cps. 

Cantrols: Range sclection switch and ~-inch precision 
gear-driven dial. D ial has two scales, 2- 20 and 50- 500, 
and is g,eared to a slow-motion knob that covers each 
decade in about -lY2 turns. 

Accuracy : ±:3%. 
Stability : " 'arm-up drift is less than 1%, essentially 

complete in 1 to 2 hOLlrs. 
Output 

Control: Logarithmic, calibrated 0- 50 db. 
Low - Impedance: (for loads of 500 ohms and higher) 

0- 7 v, open circuit, constant within ±1 db up to 200 
kc; internal output impedance 50 ohms at full output, 
1250 ohms at half output; no-load distortion less than 
1 % from 200 cps to 10 kc, less than l.5% over entire 
frequency range. Attenuator calibration is reliable for 
loads of 12,000 ohms and above. Hum is at least 60 db 
below output voltage level. 

High-Impedance : (for loads of 10,000 ohms and 
higher) 0-45 v, open circuit, constant within ±1 db 
from 200 cps to 150 kc; distortion less than 5% from 
200 cps to 200 kc, no load (rcduced under load). Inter­
nal output impedance 1'1,000 ohms regardlcss of at­
tcnuator setting. Hum at least 50 db below maximum 
output voltage level. 

Square Wave: 0-:30 v peak-to-peak, open circuit; ri se 
time approximately 73 j.LSec, (decreases to about 0.15 
/lsec with load of 1000 ohms); overshoot approximately 
1 %; hum at least 60 db bclow output voltage level' in-
ternal output impedance 2500 ohms. ' 
Tube Complement: One each 6BQ7-A, OB2, 6189 / 12AU7-
"'A,12AU7. 

'0 0._ t-.... 

Terminals : Two jack-top TYPE 938 binding posts, one 
grounded to panel. 
Power Input : 6.3 v ac or dc at 1 amp; 300 v dc at GO rna. 
Power Supply Recommended : TYPE 1203-B Unit Power 
Supply for operation from 115 v, 50-60 cps. 

The TYPE 1201-B Unit Rcgulated Power Supply will 
provide a slight improvement in frequency stability on 
the highest frequency range. 

Instrument will operate satisfactorily on power-sup­
ply frequencies up to 400 cps, with either power supply. 
Accessories Available : For higher output (3 watts) use 
TYPE 1206-B Unit Amplificr (page 6-1); for graphic re­
cording, TYPE 907-R14-1 Dial Drive (page 146). 
Mounti ng: Gray finish; aluminum panel and chassis' 
bench mounting. The TYPE ·JBO-P.JU3 Relay Rack 
Adaptor Panel is available for use with oscillatol' and 
power supply combination. Panel height, 7 inches. 
Dimensions: (Oscillator and Power Supply, as shown) 
width 15, height 5%, depth 7 inches (380 by 145 by 
175 mm) over-all. 
Net W eight: 5Y2 pounds (2.5 kg). 
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TYPE 

1210-C 
1203-B 
1203-BQ18 
480-P4U3 

Unit R-C O scillator ......... . ...... .. ..... . 
Unit Pow e r Supply .................. .. ... . 
Unit Power Supply, 210 to 250 volts ........ . 
Relay-Rack Panel (for mounting both 1210-C 

and 1203-B in one panel) ................ . 

CODE WORD 

ABAFT 
ALIVE 
ALiVERAll Y 

UNIPANCART 

PRICE 

$180.00 
50.00 
60.00 

12~00 
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()SCliiAT()!(S 
AUD/O-F/(EQUENCY 

TYPE 1300-A BEAT-FREQUENCY VIDEO GENERATOR 
THREE MAJOR INSTRUMENTS IN A SINGLE PACKAGE 

USES: The Beat-Frequency Video Generator 
provides four methods of circuit-response 
measurement at audio and video frequencies: 
point -to-point, square-wave, sweep-frequency 
for oscilloscope display, and automatic plot­
ting with a graphic level recorder. Thus it has 
many applications, both in the laboratory and 
on the production line, in the testing of ampli­
fiers, discriminators, filters, receivers, and, in 
general, any networks in the range from 20 cps 
to 12 Mc, and, to a limited extent, from 30 to 
48 Mc. Examples of typical measurements are 
shown below. 

DESCRIPTION: This generatpr includes five in­
ternal oscillators to obtain the frequency 
ranges shown in the block diagram and in the 
specifications, two pairs to generate the two 
beat-frequency ranges, and a fifth, or sweep, 

104 

Block diagram of the Type 1300-A Beat-Fre­
quency Video Generator. 

oscillator, which replaces the high-frequency 
fixed oscillator for the video-sweep range. The 
frequency scale is logarithmic for the audio 
range and approximately logarithmic up to 
5 Mc for the video range. 

Buffer amplifiers are used between each 
oscillator and the pentagrid mixer to minimize 
coupling between the oscillators. The five­
stage output amplifier uses high-transcolI­
ductance tubes in a negative-feedback circuit 
to supply high output with low distortion and 
a flat frequency characteristic. A continuously 
adjustable level control is used at t he amplifier 
input. The output attenuator has lO-db steps. 

The square-wave generator is a Schmitt cir­
cuit driven from the output amplifier. A sepa­
rate level control provides continuous adjust­
ment of the output amplitude. 

For narrow-band measurements, the fre­
quency-increment dials can be swept by the 
TYPE 1750-A Sweep Drive. For X-Y plotting, 
a TYPE 908-R Dial Drive can be used. 
FEATURES : 

~ Replaces three maj or instrumen ts: beat osci 1-
lator, sweep osci llator, and square-wave gen­
erator. 
~ Either range, audio or video, is spanned by 
a single rotation of the dial. 
~ High resolution at any frequency is provided 
by the incremental frequency dials. 
~ High output voltage, low distortion, excel­
lent stability. 
~ Additional outputs in the 30-to-48-Mc range 
permit i-f circuit testing. 
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I OSClllATOf(S 
AU /HO-FI(EaUENCY 

SPECIFICATIONS 
OUTPUT: 

FREQUENCY RANGE SIGNAL 
20-20,000 eps Sine Wove 
20-20,000 eps Sine Wave 

OPEN-CIRCUIT 
AMPLITUDE 

0-10 v 
0-1 v 

TOLERANCE 
< ±0.25 db 
< ±0.25 db 40 eps-20 ke 
< ±0.75 db at 20 eps 

IMPEDANCE 
820 fI 
75 n ±2% !Attenuatod 

20-20,000 eps Square Wave 0-10 v p-ta-p (0-2.5 v < ±0.25 db 75 n ±2% (Attenuatod 
p-ta-p aerass 75 III 

20 ke-12 Me Sine Wave 0-10 v ±1 db 820 Il 
20 ke-12 Me Sine Wave 0-1 v ±1 db 
20 ke-2 Me Square Wave 0-10 v p-ta-p (0-2.5 v ±0.5 db 

75 n ±2% (Attenuatod 
75 n ±2% (Attenuatod 

p-ta-p aerass 75 III 
20 ke-1 2 Me Center Sine-Wave 0-10 v 

Freq. 0- ± 6 Me Sweep Sweep· 
20 ke-1 2 Me Center Sine-Wave 0-1 v 

Freq. 0- ± 6 Me Sweep Sweep· 
30-42 Me Sine Wave Appral< 50 mv 
36-42 Me Center Freq. Sine-Wave Appral< 100 mv 

0- ± 6 Me Sweep Sweep· 
* Sweep rate is at power-line frequency. ** Typical, not guaranteed. 

Frequency 
Controls and Calibration : l\1ain dial, inner scale, 20 

('P~ to 20 kc, logarithmic, 80° per decade, scale length 
:Ipproximatel~' 10 inches; outer scale, 20 kc to 12 Mc, 
'Ipproximately logarithmic up to 5 Mc, approaching 
li neal' distribution at high end, scale length approx i­
mately 12 inches. 

Frequency increment dials, audio, -50 to +50 cp ; 
video, -20 to +20 kc. 

Accuracy: Audio range, ±(1 % + 1 cps) after zero­
heat setting; video range, ±(1 % + 1 kc) from 500 
kc to 12 Mc, ±(2% + 1 kc) below 500 kc, after zero­
beat setting. Frequency increment dials, audio, ±1 cps; 
video, ±0.5 kc. The frequency-increment dial does not 
operate on the video-sweep range. 
Stability 

Audio Range : The drift from a cold start is less Limn 
20 cps in two hoUl's. 

Video Range: The drift from a cold start is less than 20 
kilocycles in two hours. 
Zero-Beat Indicator: The output voltmeter is used to 
indicate zero beat. 
Output : See table above. 
Voltmeter : The panel meter indicates rms sine-wave 
voltage to ±3% and peak-to-peak square-wave voltage 
to ±5%. AlLxiliary scale indicates 0- to 20-db value 
below full scale. The sine-wave voltmeter is connected 
in series with a 10-llf capacitor to the lO-volt output 
jack. 
Attenuator:75 ohms in eight steps of 10 db each, with 
an accuracy of ±1 % of nominal. Sine-wave, full-scale, 
open-circuit voltages are 0.1 mv, 0.3 mv, 1 mv, 3 mv, 
10 mv, 30 mv, 0.1 v, 0.3 v, and 1 v. Square-wave, full­
scale, open-circuit voltages are 1 mv, 3 mv, 10 mv, :30 
mv, 100 mv, 300 mv, 1 v, 3 v, and 10 v. 
Horizontal Deflection Voltage : 4 volts at 60 cps (or power­
line frequency) for horizontal deflection of a cathode­
ray oscilloscope. Since both this voltage and the fre­
quency distribution of the sweep ouLput vary sinus­
oidally, the oscilloscope pattern is approximately 
linear. A blanking voltage (50-volt, peak-to-peak, 

TYPE 

± 1 db (up to 12 Me) 

±1 db (up to 12 Mel 

± 1 db·· 
±2 db·· 

square-wave) is also supplied. 

820 n 

75 Il ±2% (Attenuator) 

Appral< 50 Il 
50 n or higher load 

recommended 

Square- Wave Characteristics : At 60 cps, ramp-off is less 
than 2% of the peak-to-peak amplitude; at 20 cps, less 
than 5%. Rise time for frequencies from 300 kc to 2 Mc 
is less than 75 nanoseconds. At 20 kc the rise time is 
appl'Oximately 150 nanoseconds. Over-shoot is about 
10% of the peak-to-peak output voltage. 
Harmonic Distortion: Sine-wave output, less than 1 % 
of output on the 20 cps-20kc range and less than 4% 
of output on the VIDEO SWEEP and 20 kc-12 Mc 
ranges. 
AC Hum: Less than 0.1% of the output for voltmeter 
read ings above 10% of full scale. 
Terminals : Type 874 Coaxial Terminals are pl'Ovided for 
all outputs. 
Tube Complement : 

1-0B2 
1-5651 
1- 6080 
2 - 6197 
4-6AB4 

2-GAQ6 
1-6AV6 
1-6BA7 
1-6BC4 

1-6BK7-B 
1-6BQ5 
1-6J6 
4-12AX7 

Power Input: 105 to 125 (or 210 to 250) volts, 50 to 60 
cps. Power input at 117 volts is approximately 175 
watts, maximum. Instrument will operate normally, 
except for sweep output, at supply frequencies up to 400 
cps. Three-wire power cord. 
Accessories Supplied: One TYPE CAP-22 Power Cord' 
two TYPE 874-R22 50-ohm Patch Cords; one Typ~ 
874-413 75-ohm Patch Cord; one TYPE 874-Q2 Adaptor, 
three TYPE 874-C58 Cable Connectors, and spare fuses. 
Other Accessories Available: TYPE 1521-A Graphic Level 
Recorder for automatic recording at audio frequencies; 
TYPE 1750-A Sweep Drive for slow-speed sweeping ; 
TYPE 908-R Dial Drive for X-Y plots; TYPE 1213-D 
Unit Time / Frequency Calibra.tor for timing markers. 
Mounting : Aluminum, 19-inch, gray, relay-rack panel; 
aluminum relay-rack type cabinet. See page 242 for 
description. 
Dimensions : Width 19, height 15%, depth 1472 inches 
(-185 by 400 by 370 mm) over-all. 
Net Weight : 64 pounds (29 kg). 

CODE WORD PRICE 
1300-AM 
1300-AR 

Beat-Frequency Video Generator (Bench Model) 
Beat-Fre~uency Video Generator (Relay-Rack 

ANGEL $1950.00 

Model} ..... . . .. ................ . ASPEN 1950.00 
PATENT NOTICE. See Note 4, pnge viii . 
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AUD/O-ff([QulNCY 

TYPE 

TYPE 1214 UNIT OSCILLATORS 
The TYPE 1214 Unit Oscillators 

arc compact and inexpensive 0 cilla­
tors gcnerating fixcd frcquencics. A 
TYPJ, 1214 Unit Oscillator is a con­
venient modu lato r for t he high­
frequency Un it Oscillators anel a 
powcr sourcc for bridge mcasurc­
ments. The output can be isolated 
from ground for use of the oscillator 
as a modulator in the plate circui t of 
a high-frequency oscillator. PO\\'cr 
supply is built in . The TYPE l214-1) 
includes an impedance-matching 
transformcr (8000 to 1, 10, 100, or 
1000 ohms) which can be used with an 
external oscillator, as well. 

SPECI FICA TIONS 

1214-A 1214-D 1214-M 
---------------------+-----------------+------------------------4------ -------
Frequency 
Accuracy 
" Maximum Output 
Distortion 
" Open-Circuit Output Voltage 
Power Input at 115 Volts 
Net Weight 
Tube 
Dimensions 

400 or 1000 cps 120 cps 
±2% ±5% 
200 mw into 8000 ohms 400 mw into 1, 10, 100, 1000 ohms 
3% into 8000 ohms 3% into matched load 
o to 60 v 45, 13, 4.5, or 1.3 v 
16 w 16 w 
4 Yo pounds (2.1 kg) 4 Yo pounds (2.1 kg) 
One 117N7-GT, which is supplied with the instrument 
Panel width 4'/.., height 5\4, depth 6 inches (120 by 135 by 155 mm) 

1 Mc 
±1% 

300 mw into 50 ohms 
3.5% into 50 ohms 
o to 7 v 
12 w 
2 % pounds (1.3 kg) 

* Output voltage changes by about 12% per 10% change in line voltage. Power and voltage values gi"cn are for 115-volt input. 

Accessories Supplied : Spare fuses. Power Supply: 105 to 125 volts, 50 to 60 cps. Instrument 
will operate satisfactorily on power-supply frequencies 
up to 400 cps. Three-wire power cord. 

Mounting: Aluminum cabinct and dust cover. Relay­
rack panel available. 

TYPE 

1214-A 
1214-0 
1214-M 

480-P4Ul 

Unit Oscillator, 400 and 1000 cps . 
Unit Oscillator, 120 cps . 
Unit Oscillator, 1 Mc ..... .. ........ . ..... . 
Relay-Rack Adaptor Panel (for one oscillator) . 

TYPE 1307-A 
TRANSISTOR OSCILLATOR 

In addition to its use as a power source for 
the TYPE 1552-B Sound-Level Calibrator, this 
pocket-size oscillator is convenient for use in 
continuity checks of audio systems, in setting 
operating levels, in checking sensitivity of 
oscillographs, in making preliminary calibra­
tions of electronic :;y:;Lems, and as a power 
sourcc for bridgc mcasuremcnts at 400 and 
1000 cps. 

DESCRIPTION: The oscillator uses a P-N'-P 
junction tram;istor in a Hartley circuit. An 
output control i:; provided, and a rccti fier-typc 
voltmetcr indicatcs output voltage. 

CODE WORD 

ALLAY 
ABBOT 
ATONE 
UNIPANARCH 

PRICE 

$75.00 
100.00 
75.00 
11.00 



OSCIllATORS 
KA!)/O-FI(EQUENCY 

SPECIFICATIONS 
Frequency : 400 and 1000 cps. 
Frequency Accuracy : ±:3% at 2 volLs 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 400 cps and less than 6% 
at 1000 cps with 2 volts across a resistive 600-ohm load. 
Voltmeter: Calibrated in volts, with 3 volts full scale. 
Output Circuit : Output cable (20 inches) terminated in a 
TYPE 274-MB Double Plug. 
Batteries : Three mercury A batteries (Mallory RM-l or 

TYPE 

equivalent) are supplied. Battery life is about 100 
hours for 8 hours use per day. 
Transisto r: One P-N-P junction transistor (RCA TypE: 
2N105 or equivalent). 
Mounting: Gray aluminum panel and case. 
Carrying Case: Leather case with a strap is available for 
holding both oscillator and sound-level calibraLor. 
Dimensions: Width :3Ys, height 6, depth 2);2 inches (71) 
by 153 by 64 mm) over-all. 
Net Weight : 1% pounds, (0.8 kg) with batteries. 

CODE WORD PRICE 

1307-A Transistor Oscillator ......... . ........ . ... . OMEGA $97.00 
PATENT NOTICE: See Note 1, page viii. 

TYPE 1211-B UNIT OSCILLATOR 
USES : The wide frequency range and high 
power output of the TYPE 1211-B Unit Oscil­
lator make it a most useful general purpose, 
radio-frequency generator. It is well-shielded, 
has excellent frequency stability, and can 
be amplituded-modulated from an external 
source. It is recommended for driving the 
TYPES 916-AL and 1606-A RF Bridges. 
DESCRIPTION : The 100 :1 frequency span of 0.:) 
to 50 Mc is achieved in two bands by simul­
taneous variation of the capacitance and in­
ductance of the tuned circuit. 
FEATURES: 
~ Compact unit design. 

~ Two ranges, 0.5 to 5 Mc and 5 to 50 Mc. 
~ Logarithmic frequency scale. 
~ Power output of at least 200 milliwatts . 
~ Can be externally amplitude modulated. 

SPECIFICATIONS 
Frequency 

Range : 0.5 to 50 Mc in two ranges. 
Calibration Accuracy : ±2% at no load. 
Controls : A two-position range switch, a six-inch pre­

cision dial with calibration approximately logarithmic 
vs angular rotation, and a vernier dial to indicate fre­
quency increments of 0.2% per dial division. 
Output 

System: Coaxial connector at rear of instrument. An 
adjacent ground terminal also permits connection by 
means of a TYPE 274-M P lug. The output control is 
at the rear and carries a dial with arbitrary scale. 

Power : With TYPE 1203-B Unit Power Supply, at 
least 200 milliwatts into a 50-ohm load at any frequency. 
Over the 0.5-5 Mc range, the average output is approxi­
mately 2 watts; for the 5- 50 Mc range, it is 0.7 watts. 

Modulation : Direct sine-wave amplitude modulation 
over the audio range can be obtained with an external 
audio oscillator . ..J5 volts into 8000 ohms will produce 

! 
~ 

~'o 14--+-+ 
E 
; 

Typical output vs. fre. 
quen cy curve for the 
Type 1211·8 Unit Os. 
cillatar. 

approximately 25% modulation. Envelope distortion 
is of the order of 3% and is a function of carrier-fre­
quency setting. The audio source must be capable of 
carrying the 50-ma direct plate current of the carrier 
oscillator. For amplitude modulation free from inci­
dental fm, a TYPE 1000-P6 Crystal Diode i\lodulator 
can be used at carrier frequencies above 10 Mc. 
Power Supply Requirements : 300 volts at 50 ma, dc; 6.0 
volts at 0.75 amperes, ac or dc. 
Pawer Supply Recommended : For maximum output, 
TYPE 1203-B Unit Power Supply; for best stability, 
TYPE 1201-B Unit Regulated Power Supply; for con­
stant output level vs frequency, TYPE 1263 Ampli­
tude-Regulating Power Supply. 
Tube: One TYPE 5763 miniatlll'e beam-power amplifier. 
Mounting : The oscillator is mounted on an aluminum 
casting, shielded with a spun aluminum cover. The 
assembly is mounted on an L-shaped panel and chassis. 
The panel finish is gray crackle lacquer. 
Accessories Supplied: TYPE 87,L-R22 Patch cord, TYPE 
874-Q2 Adaptor, and Telephone Plug. 
Dimensions : Width 7, height 8, depth 12 inches (180 by 
205 by 305 mm), over-all. 
Weight : 11);2 pounds (5.3 kg). 

TYPE 

1211-B 
1203- B 
4BO · P5UCI 

Unit Oscillator (0.5- 50 Me) 
Unit Pow!!r Supply 
Relay.Rack Panel (for osci l· 

latar ond power supply) 
PATENT NOTICE. See Note 4, page viii. 

CODE 
WORD PRICE 

ATLAS $295.00 
ALIVE 50.00 

UNIPAN· 
GOLF 15.00 
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OSCIllATORS 
--------------------------~ RADIO-FREQUENCY W 

TYPE 1330-A BRIDGE OSCILLATOR 
USES: The TYPE 1330-A Bridge Oscillator is 
an economical, general-purpose, laboratory 
source, of maximum utility and adaptability. 
It covers the frequency range of the TYPE 
WOG-A and TYPE 916-AL Radio-Frequency 
Bridges and the TYPE 716-C81 Capacitance 
Bridgc. At audio frequencies it can be used 
with the TYPE 716-C Capacitance Bridge, the 
TYPic 1503-A Z-Y Bridge, the TYPE 1632-A 
Inductance Bridge, and the TYPE 1661-A 
Yacuum-Tube Bridge. Its power output of 
abouL one watt is adequate for most resonant­
circuit measurements. 

DESCRIPTION: The circuit and the mechanical 
construcLion of the Bridge Oscillator are simi­
lar to those used in the TYPE 100l-A 8tandard­
Signal Generator (page 86), but a highel'­
power oscillator tube is used, and the aperiodic 
output stage has been omitted . Tuning capaci-

tor and inductors are ruggedly constructed to 
assure frequency stability, the oscillator cir­
cuits are doubly shielded to minimize stray 
fields, and a modulating circuit of unusual 
design provides excellent modulation charac­
teristics over the radio-frequency range. 

"Modulation i. available at two audio fre­
quencies and at two levels, se lected by 
s\\"itches. 

FEATURES: 
~ ,Vide frequency range. 
~ Internal modulation available. 
~ Good frequency stability. 
~ Excellent shielding. 
~ One watt ouLput over much of the radio­
frequency range. 
~ Rugged and compact construction. 
~ Good hand spread on all ranges. 

SPECIFICATIONS 
Frequency 

Range : Three fixed frequencies - 1000 cps, -l00 cps, 
and the power-line frequcncy; 5 kc to 50 :'.Ic, continu­
ous. 

Calibration : Direct-J'cadingforeight 3:1 rangcs. Calibra­
tion is logarithmic and vernier dial indicatcJ increments 
of 0.1 % pcr division from 5 kc to 15 Me. 

Accuracy: 400 and 1000 cps, ±5%; frequencies below 
150 kc, ±:3%; above 150 kc, ±2io, all at no load. Fre­
quenc~' shift with 50-ohm load, 5% at low carrier fre­
quencies; above 150 kc, less than 1 %. 
Output 

Voltage : Open-circuit audio, 12 volts; rf, adjustable, 
approximatcly 10 volts over the mid-frequency rangc, 
less at ends of range. 

Power: Into 50-ohm load, audio, approximately %: 
watt; rf, 1 watt, maximum. 

Impedance : Audio jack, 50 ohms; rf 20 to 80 ohms 
depending upon frequency, when output control is at 
maximum setting. 
RF Distortion : With maximum output into 50 ohms, 
about 3.5%, except at the lowcr frequencies, whcre it is 
7%. 
Audio Distortion : 5%. 

l eakage: SLm~' ficlds are less than 50 p'v pcr meter at 
two feet from Lhe oscillator. 
Madulation: Intel'll;.l only, at -lOO and 1000 CpR, 25% 
and 50%. 
Enve lope Distortion: Less than 6% at 50% modulation' 
ICRs than -l % at 25% modulation. ' 
Power Input : 105 to 125 (01' 210 to 250) volts, 50 to (j0 
eps; 30 watts, approximately. 
Tube Complement : Two 6AQ5, one 6X-L 
Accesso ries Supplied : TYl'E 874-R22 Coaxial Cablc, 
TYPE 87-!-Q2 Adaptor, TYPE 87-!-C58 Cable Connector, 
TYPE TO--I-l Adjustment Tool (mounted on rf shield 
cover), TYPE CAP-22 Po\\'er Cord, and spare fuses. 
Mounting : Aluminum panel, finished in gray crackle; 
aluminum cahin!'t in gray wrinkle. Cabinet removes 
for rack mOllntin~. 
Term inals: TYPE 87~ Coaxial Connectors. 
Dimens ions: Width 21%:, height 77'2, depth 1l~ inchcs 
(555 b~' 190 by 285 mm), over-all. 
Net Weight : 371~ pounds (17 kg). 

TYPE P~CE 

1330-A~-B-r-i d~g-e-O~s c~i l~la-to-r-+--~~~--~7$6-3--S.00-
PATENT NOTICE. See Note 4, page viii. 



OSCILLATO!(S 
UHF 

TYPE 1361-A UHF OSCILLATOR 
USES: This high-quality oscillator is a cali­
brated, stable power source for measurement 
and testing at frequencies between 450 and 
1050 Mc. Its 100-milliwatt output is adequate 
for driving the TYPE 87-1-LBA Slotted Line, 
t he TYPE 1602-B UHF Admittance Meter, 
and the TYPE 1607-A Transfer-Fun ction and 
Immittance Bridge, as well as the TYPE 
874-MR Mixer Rect ifier in heterodyne de­
tector systems. 

With the TYPE 1750-A Sweep Drive or the 
TYPE 907-R14-! Dia l Drive, the output fre­
quency can be swept mechanically for oscillo­
graphic display or recording. External power 
supplies are available to maintain constant 
amplitude and for amplitude modulation by 
sine waves, sq uare waves, or pulses. 

Frequency is determined by a 
General Hadio butterfly circuit (no sliding 
contacts) and is contro lled by a 4-inch pre­
cision dial calibrated to ± 1 %. Each fu ll turn 
of the vernier dial corresponds to a numbered 
sector on the main dial, so that settings can be 
recorded and repeated in terms of sector num­
ber and vernier divisions. 

"LAY 

i'( 
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A wave-guide-below-cutoff attenuator, cali­
brated in relative attenuation, is located on 
the front panel. The output coupling loop 
slides in and out for output adjustment and 
can be locked at any point. The output termi­
nal is a locking TYPE 87-1 Coaxial Connector 
which permits semi-permanent in stallation of 
adaptors to military-type connectors. 

The radiated and conducted field s have been 
reduced to a very low value by complete 
shielding, and by the use of ferrite-loaded fi l­
ters and a ceramic rotor shaft. 

I-loused in a rack-bench cabinet, the oscilla­
tor can be attached to the Modulating Power 
Supply or the Amplitude-Regulating Power 
Supply to form a single, rigid unit. Panel ex­
tensions are available for rack mounting. 

FEATURES: 

~ Butterfly tuned circuit. 
~ Precision drive. 
~ Logarithmic scale. 
~ Calibrated attenuator. 
~ Bench or rack mounting. 

(Left) Typical pulse performance curves for the Type 1361-A 
UHF Oscill a tor with the Type 1264-A Power Supply. (Below) 
Typical curves of o utput vs . frequ ency for the Type 1361·A 

UHF O scillator. 
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OSCillATONS 
VHF, UHF 

SPECIFICA liONS 

Frequency 
Range: 450 to 1050 Mr. 
Calibration : Logarithmic frequency scale; vernier dial 

calibrated in 0.1 % increments. 
Accuracy: ±1 %. 

OSCILLATOR 
POWER OSCILLATOR OUTPUT" 
SUPPLY MODULATION INTO 

TYPE POSSIBILITIESi 50 OHMS 

1203-83 Sine Wave 125 mw 

1201-83 Sine Wave 100 mw 

1263-8 1-kc square wave 20 mw 

1264-A3 Sine, pulse, and 100 mw 
square wave 

1216-A Sine wave Adequate for 
heterodyning. 

REMARKS 

Gives max rf out-
put. 

Gives max freq. 
stability. 

Holds oscillator 
output constant 
with frequency. 

1 Sine-wave modulation depth is 30% "ith 40 volts into 6000 ohms. 
TYPE 1214-A Unit Oscillator is recommended. 
2 At least as great as stated. 
, Will operate from 400-cycle line. 

TYPE 

Oscillator with Modulating Power Supply and Panel Extensions 
for relay-rack mounting. 

Stability: Warm-up frequency drift is 0.2%, maximum. 
Attenuator: Range, 80 db with 5-db scale divisions, rela­
tive attenuation. Additional un calibrated range is pro­
vided. 
Power Supply: Five types of power supplies are available, 
each designed for a particular purpose. 
Tube: One 5675, supplied. 
Accessories Supplied: Type 874-R22 patch cord, Type 
874--C58 Cable Connector, and telephone plug. 
Other Accessories Available: Panel extensions for rack 
mount (see below), TYPE 874 Coaxial Elements to fit 
output connector, adaptors to military connectors (see 
pages 38- 55). 
Cabinet Dimensions: Width 8, height 7%, depth jY2 
inches (205 by 195 by 240 mm) over-all. 
Net Weight : 7 pounds (3.2 kg). 

CODE WORD PRICE 

1361-A* 
480-P408 
480-P416 

UHF Oscillator ........ ..... . . . . .. ... .. ... . OLIVE 
EXPANELJAG 

$285.00 
8.00 Pair Panel Extensions (pair, for oscillator only) ... . . 

Panel Extensions (pair, for oscillator and Type 
1263-8 or Type 1264-A Power Supply) ..... . EXPANElNIT 6.00 Pair 

* PATENT NOTICE. See Notes 4 and 10, page viii. ':'! . 

VHF AND UHF UNIT OSCILLATORS 
USES : These oscillators are compact, low­
priced units that covel' wide frequency ranges 
with single-dial control. Adequate power, 
coupled with good shielding, makes these os­
cillators well suited to drive bridges, slotted 
lines, and other impedance-measuring equip­
ment. Their convenient adaptability makes 
them useful as general-purpose instruments for 
the laboratory, and their small size, simplicity, 
and low cost assure their usefulness in produc­
tion applications. They are widely used as 
built-in power sources in special-purpose as­
semblies; the TYPE 1218-A, for example, in 
parametric amplifiers, as a stable, adj ustable, 
low-noi se source of pump frequency. 

Unit Oscillator with Unit Power Supply in Relay-Rack Adaptor Panel. 

General Radio Unit Oscillators cover all 
frequencies between 20 cps and 2000 Me, and, 
barring a few small gaps, all frequencies from 
2700 to 7425 Mc. 

ASSEMBLIES: These oscillators can be used 
with TYPE 874 Coaxial Elements to assemble 
a wide variety of systems, such as detectors, 
signal generators, pulsed oscillators, etc., 
which would otherwise require more special­
ized and expensive equipment. 

The diagram on page III shows some of the 
accessories used with Unit Oscillators for 
building-block assemblies. For more complete 
listing of accessories see: 

Coaxial Elements . . . . . . . . . pp 43 - 51 

Connectors and Adaptors. . . pp 40- 42 

Dial Drives . . ....... . . . . .... ... pp 144- 146 

Modulators ........ . ...... . .... pp 92- 93 

Power Supplies . . .............. pp 136- 140 

Sweep D ri ves ........ . ......... pp 144- 146 
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GENERAL SPECIFICA l iONS 

(See foll owing pagps for individual oscillator specifications) 

Frequency Contro l: 6-inch precision dial with vernier 
drive for TYPES 1215-B and 121B-A; 4-inch precision 
dial with vernier drive for TYPES 120B-B, 1209-B, and 
1209-BL. 
Output Powe r: Output power listed is obtainable at any 
frequency within the range of the oscillator when the 
TYPE 1203-B Unit Power Supply is used. With the 
TYPE 120l-B Unit Regulated Power Supply, the TYPE 
1263-B Amplitude-Regulating Power Supply, or the 
TYPE 1264-A Modulating Power Supply, output is 
approximately 0.6 of the power listed; with the TYPE 
1216-A Unit I-F Amplifier, it is about 0.4. Output of 
all Unit Oscillators varies with frequency as shown in 
ihe individual curves. This va riation can be eliminated 
by using the TYPE 1263-B Amplitude-Regulating Power 
Supply; the maximum output voltage obtainable is 
then limited to 2 volts. 

The output power of Unit Oscillators is adequate for 
practically all laboratory measurements with bridges, 
slotted lines, admittance meters, tu ned circuits, etc. 
Output Sys te m : Short coaxial line with adjustable cou­
pling loop at one end, and a TYPE 874 Coaxial Connec­
tor on the other. Maximum power can be delivered to 
load impedances normally encountered in coaxial 
systems. 
Term inals : Output terminals are TYPE 874 Coaxial Con­
nectors for convenient connection to General Radio 
measuring equipment and coaxia l elements. Adaptors 
a re available to other standard coaxia l connectors (see 
page 42), making these oscillators compatible with 
practically all coaxial systems. 
Power Supply : Unit Oscillators are designed to operate 
from the inexpensive TYPE 1203-B Unit Power Supply. 
With the TYPE 120l-B Unit Regulated Power Supply, 
better stability against line voltage variations is ob­
tained. The TYPE 1263-B Amplitude-Regulating Power 
Supply is available for constant output vs. frequency 
and the TYPE 1264-A Modulating Power Supply for 
square-wave and pu lse modulation. Other power sources 
meeting the necessary voltage and current specifica­
tions (see page 112) can also be used. 
400- Cycle Power Supply: All Unit Oscillators, except 
the TiPE 120B-B, can be operated from 400-cycle sup­
p ly with Unit Power Supplies. 

Modulation : Amplitude modulation over the audio 
range can be obtained by superimposing a modulating 
voltage on the plate supply. The audio source must be 
capable of carrying the dc plate current of the oscillator. 
The TYPE 1214 Oscillators are recommended as modu­
lators. Incidental fm inherent in this system is of t he 
order of .01 % for 30% am in the lower part of the tuning 
range and increases rapid ly at the high-frequency end. 

For 30% amplitude modulation, 40 volts across 8000 
ohms is adequate. The TYPE 121B-A can be square-wave 
modulated at 100 to 5000 cps from a 2500-ohm source 
supplying 30 volts, peak to peak. Either the TYPE 
121O-C Unit Osci llator or the TYPE 1217-A Unit Pulser 
is recommended. Both pulse and square-wave modula­
t ion a re possible with any of these oscillators if the 
TYPE 1264-A Modu lating Power Supply is used . 

With the TYPE 1000-P7 Balanced Modulator, the out­
put of the Unit Oscillators (above 60 Me) can be modu­
lated up to 100% with sinusoidal or pulse waveforms, 
and rise times as short as .02 !,sec can be obtained. For 
video modu lation the TYPE 1000-P6 Crystal Diode 
Modulator can be used. Maximum output is about 10 
millivolts with these modulators. 
Sweep Applications : Adaptability to sweeping tech­
niques is another convenience of these instruments. 
TYPES 1209-B, 1209-BL, and 1215-B a re equipped with 
ball bearings and use butterfly circuits, which have no 
sliding contacts. They can be swept mechanically at 
moderate speeds by the TYPE 1750-A Sweep Drive for 
oscilloscopic display, or at slow speeds by the TYPES 
907-R and 90B-R Dial Drives for X-Y reading. 

The TYPES 120B-B and 121B-A have sliding contacts 
in their tuned circuits and are not recommended for 
use with the TYPE 1750-A Sweep Drive, but they can 
be driven for short periods by the TYPE 90B-R Dial 
Drive. For sweep applications, the TYPE 1263-B Ampli­
tude-Regulating Power Supply is recommended, to 
hold the output constant as the frequency is varied. 
Accessories Supplied : T YPE 874-R22 Patch Cord, TYPE 
874-C58 Cable Connector and Telephone Plug. 
Mounting: Oscillator is mounted in an a luminum cast­
ing, and is shielded wit h a spun-a luminum cover. The 
assembly is mounted on a gray L-shaped panel and 
chasRis. Relay-rack adaptor panels are available. 
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OSCILLATONS 
VHF, UHF 

TYPE 1215-B TYPE 1209-BL 

TYPE 1208-B 

Type No. 1215-B 120B-B 1209-BL 

180-600 Mc Frequency 50-250 Mc 65-500 Mc 

Tuned Circuit Semi-butterfly with Sliding contact Butterfly, with no 
sliding contacts no sliding con-

tacts 

Frequency Calibra- ± 1 % at no load ±2% ± 1% 
tion Accuracy 

Warm-Up Fre- 0-4% 0.5% 0.2% 
quency Drift 

Output into 50 Q 80 mw 100 mw 300 mw 

Typical Output 
Characteristic 

Power Supply 
Required 

Tube 

Dimensions 
Inches 
mm 

Net 
Wt 

Ib 
kg 

Code Word 
Price 

400 r--

j
,---,------, 

200 f-- j-- \--j 

100SO 100 Me 200 

350 Y, 25 ma, 
6.3 Y, 0.3 amp 

12AT7 Miniature 
Twin-Triode 

7 X 8 X 9Y2 
180 X 205 X 240 

7Y2 
3.4 

ADOPT 
$210.00 

See a lso Geneml Specifications. 

BOO~ 600 I 
4 00 500 r----:?I==~ 

200 TYPE 1206- 8 400 t-~L~_l+--_ 
~ TYP1'209-SL 

10050 100 200 500 30°1,"50,----::'"'00,----600 
Me Me 

320 Y, 40 mo, 
6.3 Y, 0.9 amp 

2C43 Lighthouse 
Triode 

6\4 X 6\4 X 8\4 
160 X 160 X 210 

5Y2 
2.5 

AMEND 
$230.00 

320 Y, 36 ma, 
6.3 Y, 0.4 amp 

6481 Disc Seal 
Triode 

7 X 6\4 X 9\4 
180 X 160 X 235 

6\4 
2.9 

ADMIT 
$260.00 

TYPE 1218-A 

TYPE 1209-B 

1209-B 

250-960 Mc 

Butterfly, with no 
sliding contacts 

0.2% 

200 mw 

300 [:--j--\-t--

~ TYPE 

200200=----::::---::::--

325 Y, 40 ma, 
6.3 Y, 0.4 amp 

6481 Disc Seal 
Triode 

7 X 6\4 X 9\4 
180 X 160 X 235 

6\4 
2.9 

AMISS 
$260.00 

121B-A 

900-2000 Me 

Line sections with 
sliding contacts 

± 1% 

0.1% 

200 mw 

BOO r----,-,-, 
TYPE 121S-A 

400 b-.,:-t-- t--

~ 
2°900_'::::-0 - =:-::::::--

340 Y, 30 ma, 
6.3 Y, 0.3 amp 

5675 UHF Medium-
mu Pencil Triode 

12 Y2 X 10Y2 X 9Y2 
320 X 270 X 240 

143j.) 
6.7 

CARRY 
$46.5.00 

RELAY-RACK ADAPTOR PANELS 

For Oscillator Only 

For Osc and 1203 4BO-P5UCI 4BO-P4UCI 
or 1201 Power Heig ht 8% " Hei ght 7" 
Supply 

Code Word UNIPANGOlF UNIPANDOCK 
Price $15.00 $13.00 

PATENT NOTICE. See Notes 4 and 10, page vili 

4BO-P4UC2 
Height 7" 

UNIPANFORT 
$13.00 

4BO-P4UC2 
Heig ht 7" 

UNIPANFORT 
$13.00 

480-P7Ul 
He ight 12\4" 

UNIPANHUMP 
$15.00 



OSCILLATONS 
~------------------------------
W MICROWAVE 

USES : The Unit 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 waves or pulses, 
with very low incidental fm. 

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 excellent source for slotted-line meas­
urements of impedance and VSWR, measure­
ments of bandwidth, and attenuation measure­
ments on cables, lines, and pads. 

TYPE 1220-A 
UNIT 

KLYSTRON 
OSCILLATOR 
KL YSTRON POWER 

SUPPLY 

DESCRIPTION: This instrument includes an 
adjustable, regulated source of repeller volt­
age, a Schmitt squaring circuit, a 1000-eycle 
RC oscillator, and a socket for a reflex klystron 
tube. Klystron cathode current is furnished 
by an external Unit Power Supply (shown in 
photo). 

Eight plug-in klystrons cover the frequency 
range. The osci llator is listed with each single 
klystron; additional klystrons can be ordered 
as desired. 

K lystron frequency can be adj usted by a 
screw adj ustment at the rear. 

SPECIFICA liONS 
Frequency Range: Depends on klystron tube used (see 
tahle below); frequency range of any unit can be 
changed to that of any other by inserting the appro­
priate klystron tube. 
Amplitude Modulation: 

Internal: l-kc square wave, adjustable ±15 cps. 
External: Square wave: 50 cps to 200 kc; sine or 

square-wave modulating signal of at least 15 v rms 
required - TYPE 121O-C RC Oscillator recom­
mended. 

Pulse: 1 to 10,000 }lsec dumtion, less t han 0.2 }lsec 
rise and fall time, 50 cps to 200 kc repetition rate; 
at lea t 20v peak pulse voltage required - TYPE 
1217-A Unit PulseI' recommended. 

Frequency Modulation : At least 15-Mc excursion obtain­
able with less than 3 db change ill output at 60 cps, an 
rms input of the order of 10 v is suitable. 

TYPE 

1220-A 1 
1220-A2 
1220-A3 
1220-A4 
1220-A5 
1220- A6 
1220-A7 
1220- A8 
1220-A 

KLYSTRON OSCILLATOR 
WITH KLYSTRON, FOR 

2700- 2960 Me .. . ......... . 
2950-3275 Me ..... . .... .. . 
3400-3960 Me ......•...... 
3840-4460 Me . 
4240-4910 Me ........ . . • . . 
5100-5900 Me . 
5925-6450 Me ............ . 
6200-7425 Me ............ . 

KLYSTRON POWER SUPPLY 

IN 

NOMINAL 
OUTPUT 
MILLIWATTS 

100 
90 
90 
75 

100 
80 

100 
90 

Output Connector: 50-ohm TYPE 874 Coaxial Connector. 
Adaptors to other connector types available. (See page 
42). 
Tube Complement : Klystron, as specified, 1'01' TYPES 1220-
Al through A8; one 6AB-I, one 5963, two OA2. 
Power Input : TYPE 1201-B Unit Regulated Power Supply 
is recommended for high stability and minimum inci­
dental fm (page 1:37); with this power supply the oscil­
lator can be opemted from a --lOO-cycle 80\lr('e ]JI'ovided 
that the line voltage is between 115 and 125 volts. 
Accessories Recommended : Fixed attenuato!' pad fo r 
isolating osci llator from load (page 48); TYPE 87-1-VQ 
or-VR fol' fac ilitating tuning adjustments (page 50). 
Dimensions : Width 15, height 5%:, depth 6U inches (380 
by 1-15 by 160 mm) over-all, including power supply as 
shown above. 
Net Weight: 6 pounds (2.8 kg), with klystron, (less power 
supply). 

TUBE ONLY 
CODE WORD PRICE TYPE CODE WORD PRICE 

KAWUN $288.00 726-C KLYSTRONAY $53.00 
KATOO 303.00 6043 KL YSTROBEE 68 .00 
KATRE 288.00 2K29 KLYSTROSEE 53.00 
KAFOR 337.00 2K56 KLYSTRODEE 102.00 
KAFIN 288.00 2K22 KLYSTRONEE 53.00 
KASIX 327.00 6115 KLYSTRONEF 92.00 
KASel 303.00 QK404 KLYSTROGEE 68.00 
KALOC 303.00 5976 KLYSTROJAY 68.00 

Without Tube. KANOT 235.00 
1201-B Unit Power Supply . ASSET 85.00 
480-P4U3 Relay- Rack Adaptor Panel (Holds both os-

cillator and power supply) UNIPANCART 12.00 

All klystron tubes except the 60-13 are designed for relatively infrequent tuning. The oscillator will also operate with 
t he TYPE 2K25 (8550-9660 Me) and TYPE 2K26 (6250-7060 Me) Klystrons, 

PATENT NOTICE. See Note 4, page viii. 
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PULSE AND NOISE GENERATORS 
PULSE AND TIME-DELAY GENERA TORS 

The rapid expansion of the electronics i nd u str~' in t he 
past fi ftee n years has been due as mueh to the rise of ncw 
fic lds as Lo t hc ex pansion of t he oldcr fi eld of communica­
l iolls. Radar, long-distance navigation s.vstcms, elc(·­
t rOll i(" ("o mpu tation, and tclcvision a re new areas ill 
which high-speed switc hing and t ime measurements are 
fundamental tools. Starting with t he development of t he 
T YPE 8(j9-A Pulse Generator for t he Ito'l,d iation Labora­
to ry at t he :Vlassac husetts Institute of Technology in 
1 9 ~ 2, t he Geneml Radio Company has been continu­
ou s l ~' engaged in development work on pulse systems to 
provide seienee ;'l,l1d industry wit h the best in equipment 
1'0 1' t he p roduction of pulse waveforms for general lab­
oratory applicat ions. 

Several quantities are important to the prosped ive 
)Jurchaser of a pulse generator. The part icular lLppli ca­
t ion will , of course, dictate which ones a re of paramoun t 
importanee: 

(1) The rise and decay t imes of t he pu lse. 
(2) The range of t ime durat ion of the pulse. 
(:3) The range of pulse repetit ion rates. 
( -I ) The peak pulse power. 
(5) The output impedance of the generator. 
(G) The maximum possible du t.\ ratio (pulse dumtion 

d ivided by pulse repetit ion period .) 
(7) Stabili ty and accuracy of these quant it ies. 

In an ideal pulse generato r, t he pulse would rise and 
fa ll instantaneously, and the du ration could range from 
zero to infini ty in t ime. There should , of course, be no 
limi t on repetit ion frequency, and thus an ideal du ty­
rat io fi gure would be unity. 

Practical pulse generators must ner'essarily fa ll short 
of t hese ideal cri teria . The rise and decay t imes are gen­
erally limi ted b.v t he bandwidt h of the swi tch, mechani­
cal or electronic, producing t he pulse, and b.v the output 
coupling s~'stcm connecting it to the load. :'IIaximum 
repetit ion f req llenc~' is limi ted b~' t he re('over~' tran­
sients of t he pu lse t iming circui ts and / or the maximum 
permissible du ty ratio. The available pulse power is, in 
general, limi ted only by economic considerations of 
power supply and t he output t ubes, which must handle 
t he average pulse power. 

Under these constrain ts t hen, it is ha rdly surprising 
t hat no one pulse generator can adequate ly fill a ll possi­
ble applications. 

Unit Pulser 

T he T YPE 1217-A Unit P ulser, with a la rge adjust­
ment mnge of repet ition frequency and pulse du ration 
and a selr-contained oscillator, is an economical pulse 
soun'e for low-power applications and for systems of up 
to 5-:\1c band width. It is excellent fo r such diverse 
applications as amplifier square-wave testing, studies 
of the transient response of networks, and as a pulse­
frequency source fo r t he driving of high-power pulse 
sources. 

Pulse Amplifier 

T he T YPle 1219-A Pulse Amplifier can be driven b.\­
an~' convenient source of pulses to prod uee an output 
pulse of current ranging up to 0.6 ampere. It provides 

adequate ellergy to dri ve pulsed oscillators and will de­
velop up to :30 volts in a 50-ohm load. Maximum du ty 
ratio is 50%, which makes t he unit useful for t he pro­
duction of high-energy square waves. Rise and deca~' 
t imes as short as 0.0:3 microsecond can be produced . 
Brief t rigger at a low impedance can he produced fo r 
testillg the perfo rmanee and resolu tion of t rigger circui ts 
and delay li nes in t he megacycle range. 

Pulse, Sweep, Time-Delay Generator 

The TYPE 1:391-B Pulse, Sweep, and Time-Delay 
Gellerator is our most versatile pulse instrument. The 
rise and decay t imes fo r t he push-pull output a re both 
.0] 5 microsecond , ~,n d t he pulse duration ranges from 
.025 microsecond to l.1 seconds. There are du ty-rat io 
restrictions even t hough pulse current of .15 ampere is 
available to the load. Switched in te rnal loads of 50 to 
600 ohms are avaib ble. 

An in ternal, wide-range, precision t ime-delay genera­
to r of high resolution and stabili ty produces a delayed 
t rigger p ulse ranging from 1 microsecond to l.1 seconds; 
coincidence circuitry is included fo r easy recalibration 
and complex synchron ization. A wide variety of switch­
ing and external connection possibili t ies make t his gen­
erator applicable to almost any conceivable laboratory 
application where pllises and t ime delays a re desired. 

Time-Delay Generator 

The T YPJ, 1:392-A Time-Delay Generator extends t he 
wide range delay concept first int roduced in t he 1391-A. 
It comprises a 1-l'sec to 1 sec delay circui t of high accu­
rac ~' and stabili ty, a 0- 1-l'sec variable delay line, and a 
second six-decade circuit producing delays fro m 0.5 I'see 
to 0.5 sec. These three uni ts can be switched to perform 
manv functions such as: 

(1) Production of precise delays (O- l l'sec) with .004-
I'sec resolut ion and .010-l'sec absolute accumcy. 

(2) Double delay generator with the two 6-decade 
delay circui ts either in series or in parallel. 

(:3) An extremely versatile gating and t ime selection 
coincidence system in which the 0.5-l'sec to 5-sec circlli t 
is used as a gate whose init ia tion t ime is con trolled by 
the 0- 1 sec delay circui t. 

In addit ion to O.i-I'sec, 20-volt, synchronizing pulses 
for all circuits, the delay in tervals a re marked by gate 
waveforms. 

RANDOM-NOISE GENERA TOR 

The use of "whi te" noise as a tool in t he measuremell t 
and test of electronic systems is another important 
modern development. The concept of wide-band testing, 
as contrasted to point-by-point measurements, saves 
va luable engineering t ime and often leads to more sig­
ni ficant resul ts. A new and increasingly important usc 
of random noise is in the testing of strue t ures, pa rt icLl­
brly missiles and rockets, both by high-level acoListie 
noise and by random vibration. 

The T YPE 1:390-B Random-:\T oise Generator, de­
seribed 0 11 page ]2:~, is a \yell-designed source for t hese 
tests at frequencies between 20 cps and 5 :\Ic. 
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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 
::;tudies on passive networks, square-wave test­
ing of amplifier systems, and as a source of 
pulse-modulation voltage for rf signal genera­
tors and oscillators. 

An internal oscillator makes the unit inde­
pendent of external synchronizing signals for 
most applications. The Unit PulseI' can also be 
used as a simple time-delay generator over its 
range of available pulse durations. One pulser 
may be used ·to delay the trigger pulse for a 
second unit. 
DESCRIPTION: Four basic circuits (a blocking 
osci llator, a monos tab le multivibrator, a lim­
i tel', and a cathode-follower, 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
t.ion pulse. The limiter is used to remove imper­
fections in the pulse and to prevent ampli tude 
variations with repetition rate and duration. 
The cathode-follower phase-splitter output 
system provides either positive or negative 
output pu lses. 

FEATURES: 
~ Wide range of pulse durations and repetition 
rates. 
~ Fast ri se time - .0:) }lsec. 
~ Repetition rate call be ::;et by cxtcmal 
source, if desired. 
~ Pulse duration settiugs ::;table and accurate. 
~ Internal time delay of 1/ 10 }lsec permits 
leading edge of pulse to be visible on oscillo­
scope. 

r--- - ...... ------------- - ----- - ---------------, 

Block diagram of the Type 1217-A 
Unit Pulser showing the functional 
arrangement of internal circuits 

and connections to external 
equipment. 
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0.2 pS 

25 volts 
100 kc 

0.7 pS 

25 vo lts 
100 kc 

5pS ' 25 volts 
lOOke 
(square wave) 

----, -
L-
I 

Oscillograms of typica l pulse 
waveforms delive red by the Ty pe 

1217·A Unit Pu lse r. 
500pS · 25vol ts 
10ke 

- - 16,000 pS 

25 vol ts 
30 e (squore wave) 

. -
SPECIFICATIONS 

Pu Ise Repetition Rates 
Internal : :30 cps, 60 cps, both sy nchronizcd to powcr 

linc (25 a nd 50 cps 1'0 1' T YPE 1217-A81); 100 cps to 100 
k r in 1 2 5 stcps ±15% 0 1' 20 cps, whichever is greatcr. 

Exte :n~' : 15 cp~ to 100 kc, posit ive, continuous. 
Pulse Duration : Cont inuous covcrage in foUl' range, 0 .2 
to 60,000 !lSCC . Acc ul'llcy ±15 % 0 1' 0.2 !lsec, whichcvcr 
is greater. 
Pulse Shape: R ise t ime 50 nsee, deca.v t ime 150 nscr, 
\\'ith output te rminals shun ted b~' 15 p I' :1nd 1 2\Hl. 
Overshoot may be set to be less t ha n 5% of one-hall' t he 
maximum a mpli tude; top of p ulsc is Rat to wi thin 5% 
of max imum a mplit ude. 
Minimum External Drive Voltage : F or cont in uous locking : 
2G volts 0 1' Icss, rms, from 15 cps to 85 kc; -to volts, up 
to 100 kr. A lO-volt pulse will lor k cont inuously from 
o to 25 kc. T YPE 121O-C Uni t R -C O.3c ill ato r is reco m­
mended as a driving sO Ul'ce. 
Output Impedance: 200 ohms for posit ive pulses, 1500 
ohms fo r negat ive pulses. 

TYPE 

Uni t Pul ser . . . . . . . . .. . . 

Open-Circuit Output Voltages: 20 volts for pulses of e ither 
pola rity ; neg:1tive pu lse of 50 volts when posit ive out­
pu t terminal is grounded. 
Stability : ~o time jitter is visible where :1 full per iod is 
displayed on a n oseilloscope. 
Tube Compl ement: 6AK5, 6AN5, 6AL5, 6-t85 a nd two 
12AT7. 
Accessories Supplied : 10:1 200-ohm attenuator. 
Pow er Input: :300 vo lts , dc, 55 ma; 6 . :~ volts, ac, 
60 cps, 2 a mp . TYPJ~ 120:3-B U nit Power 8 upply is 
recommended . AC fila ment supply is necessary to syn­
chronize the 30- and 60-cps pulse repetit ion frequencies. 
The pulse I' can be llsed on other supply frequeneic . .; up 
to -tOO cps, but t he :30- a nd 60-prJ' posit ions wi ll noL he 
s,V nchl'Onous. A 50-cps model, T YPE 1217-A81, is listcd 
below. 
Dim ensions: \Vidt h 15, height 5%, depth 6~ inc hes 
(380 by l-t5 by 160 mm ) over-a ll, includ ing power 
supply, as shown above. 
Net Weight : 5 :-1 pouncis (2.-1- kg), 1'0 1' generator only . 

CODE WORD PRICE 

AMASS $250.00 1217-A 
1203-8 
1217-AS1 
480-P4U3 

Unit Power Supply. . . . . . . . .. . ... .. . . ALIVE 50.00 
Unit Pu lser (50 cps) . . ....... . . AMASSPASHA 265.00 
Relay-Rac k Adaptor Panel (7 in. high) . UNIPANCART 12.00 

TYPE 1391 -B PULSE, SWEEP, AND TIME-DELAY GENERATOR 
USES : The TYPE 1391-B Pulse, Sweep, and 
Time-D elay Genera to r is an unusua lly ve rsa­
t ile instrument whi ch produces: 

(1) Pm;h-pull pu lses of durations from 2;) 

nanoseconds to 1.1 seconds at repetit ion ra tes 
to 2:)0 kr ; 

System block diagra m showi ng maior circuit groups and 
thei r interconnectio ns. 

,or 
(l!t!V[ 

g~~i @--- --+---------' 

1~r_---""-"-<>1'O$ 5'f11'f.t P 
1-__ -"-<> NiG 5.UP 

1-- - -'='-o Ntl:.. GATt 

P~ PIIL$£ 

(2) Lineal' sweep voltages of durat ioll" from 
:3 jJ.se r: to 0.1 2 seC' ; 

(:-n Time delays from 1 jJ.sec to l.1 sec; 

(-1) Direct a nd delayed t rigger pulses whi ch 
can be used externa ll y, or to delay t he sweep 
a nd main pulse relative to the input signa l. 

The out put pulse t ransit ion t imes (15 nano­
seconds) are compatible wit h most modern 
osc illoscopes. The intern al sweep makes it pos­
sible to display t he pulse on its controlling 
sweep. 

This generator has many appli cations in 
measurements and testing of equipment for 
erho-ranging, nav igation, te levision , comput­
in g, te lcmeterin g, and research . 

DESCRIPTION: The system block diagram a nd 
t he accompany ing t ime diagram outline the 
operation of t he generator. 

I n put Circuits, when driven from an externa l 
signal of any wave shape, produce the direct 
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synchronizing pulse, which occurs at eiLher a 
posi t ive or negative zero crossing, aK deter­
mined by a swit<:h setting. This signal i:-; avail ­
able at pane l te rminals. 

The Delay Circuits produce a delayed syn­
chronizing signal, which can be used to start 
the put. e generating circuits. 

The Coincidence Circuit produces, option­
a ll y, multiple delayed trigger a nd synchroniz­
ing pulses from signals introduced at the coin­
cidence drive terminals. 

The Sweep Circuits, started by either direct 
or delayed trigger, produce 

(1) a positive and a negative linearly-rising 
voltage, adjustable in time, and 

(2) positive and negative gate signals of the 
san1e duration as the sweep. 

The Pulse Timing Circuits start and ::;top 
the output pulse. They operate from internal 
Kignals, external pulses, or a ('omhination of 
the two, to produce multiple pulses. 

The Pulse SOllrce Circuits then l)l"od lICC 

push-pull output pubes of adj ustable ampli­
tude and output im pcdance. 

Terminab a re provided to facilitate any 
de:-;ired intercollnection of these outputs. 

FEATURES: 

~ Complete versatility in one convenient 
package. 
~ Controls arc logicall y arranged a nd easy to 
operate. 
~ Fast rise time. 
~ Wide ranges of pulse duration and delay. 
~ Low jitter - high accuracy. 
~ Pul::;e-forming and delay circuits stable 
against hum and line transients . 
~ No duty-ratio restrictions. 
~ Variable output impedance - 50 to600 ohms. 
~ Coincidence circuitry makes possible multi­
ple pubing and time selection, as well as gen­
erat ion of low-jitter delays and output pu lse . . 
~ Pube, sweep . and gate output, both po. it ive 
and negative. 

SPECIFICATIONS 
Input Synchronizing Signal: :\ray be any waveform; 
typical minimum ampli tudes are 0.1 volt, nns, sine 
wave; 0.3 volt, peak-to-peak, square wave; 1 volt, peak­
to-peak, positive or negative pu lse. 
Direct Synchronizing Pulse : Available at pancl terminalR; 
positive 75 volts up to 300 kc prf, 60 volt at 500 kc, 1 
!-'scc half-amplitude duration, GOO ohms. 
TI ME- DelAY C IRCU IT 

Range : l.0 !-'sc(" to 1.1 sec in Rix rangcR. 
Delay Dial Resolutian: 1 part in 8800. 

Accuracy: Absolute, ±2% of full scale, or ±3% of 
scale reading +.05 !-,~e(", whichever is larger; incrcmen­
tal dclay, ±(1 % + .05 !-,se(·) . 

Maximum PRF : 400 kc. 
Duty Ratio Effects: Less than 2% errol" in delay for 

duty ratios up to 60%, at the low end, and up to 90% 
at the high end of each range. 

Delayed Synchronizing Pulse : PORitive, GO v, l.O-!-,sec 
halkllnplitude duration, GOO-ohm cathode-follower out­
put. 
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Stability: LOW END OF DIAL HIGH END OF DIAL 
Time Jitter 1,10,000 1,50,000 
10% line Change 
Sudden 10% line 

2,1000 2,10,000 

Transient 3,1000 3,10,000 
COINCIDENCE CIRCUITS 

Gate Duration : 3 to 1000 fJ.~ef' . 
Gate Accuracy : ±15% or ±1 fJ.sec, wit iehever is 

large!". 
Coincidence driving circuit accepts either pOHitive 

or negative input pulses. SOlll"ce impedance shollid be 
low, have rise time less than 0.2 fJ.sec . Ampli tudes be­
tween 5 and 20 volts for negative pulses and between 
10 and 100 volts for positive pulses are acceptable. 
SWEEP CIRCUIT 

Sweep Duration: 3, 6,12 fJ.sec with 5-decade mult iplier. 
Sweep Linearity : Determined by the accuracy of pulse 

timing. On longer ranges, where time-delay effects are 
absent, the linearity is better than 1 %. 

Sweep Amplitude: Push-pull, each phase, 135 volts, 
nominal. 

Cathode-Follower Output: I-fJ.f blocking capacitors. 
Sweep Gate Amplitude: Push-pull, each phase 40 volts 

nominal. 
Positive sweep gate is cathode-follower output circuit 

with a 1-fJ.f coupling capacitor. Negative gate is amplifier 
output with 1-fJ.f blocking capacitor. 

Duty Ratio and Repetition Rate Effects : lVlaximum repe­
tition rate, 3-fJ.sec sweep, 250 kc. 
RANGE Maximum Frequency for 5% Error in Sweep Slope 

Sweep Time 3 fJ.sec 6 fJ.sec 12 fJ.sec 
X 1 150 kc 100 kc 60 kc 
X 10 16 kc 12 kc 7 kc 
X 102 1.6 kc 1.2 kc 700 cps 
X la' 160 cps 120 cps 70 cps 
X 10' 16 cps 12 cps 7 cps 

Pulse Generating Circuit 
Pulse Duration: (Timed by sweep) .025 to 2.5, .05 to 

5.0, and .05 to 10.0 fJ.sec between half-amplitude points, 
with decade multipliers to a maximum of 100,000 fJ.sec . 
Pulse can be extcnded to 1.1 seconds if timed by de lay 
circuit. 

Pulse Duration Accuracy : Aftcr sweep cali bration, ±1 % 
of dial reading or ±.02 fJ.sec, whiehever is large!". 

Pulse Rise Time: Where the load RLCS is negligible with 
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Timing diagram for the complete system. 

TYPE 

View of generator and power supply. 

respect to 15 X 10- 9 sec, the rise time will be faster than 
15 nsee. Higher load impedance or higher shunt Cs will 
result in increased rise time. 
Typical ri se t imes (in nanoseconds) are as fo llows: 

POSITIVE NEGATIVE 
LOAD IMPEDANCE PULSE PULSE 

RISE DECAY RISE DECAY ---
50 n terminated 15 12 13 15 overshoots 
600 n with 8-pf 40 40 38 38 approx 3% 
oscilloscope probe 

Pulse Shape: Overshoot is less than 3% of pulse ampli­
tude when the generator is correctly terminated . Pulse 
ramp-off does not exist. 

Pulse Duty Ratio : Unity duty ratio is possible. 
Output Impedance: 50, 72, 94, 150, 600 ohms, all 

±1O%. 
Output Pulse Amplitude: 150-ma clll"rent source; volt­

age from each phase of push-pull channel, 0.15 Zo 
±20%. 

Typical nominal amplitudes, 50 ohms, 7.5 v; 72 ohmR, 
10 v; 94 ohms, 14 v; 150 ohms, 22 v; 600 ohms, 90 v. 
DC Component Insertion: T erminals provided. DC can be 
moved ±25 volts for all output impedances except (iOO 
ohms. 
Accessories Supplied: Interconnecting cables, TYPE 
CAP-22 Power Cord, 2 TYPE 87~-C58 Cable Connec­
tors, spare fuses. 
Other Accessories Available: TYPE 1219-A Unit Pulse 
Amplifier for higher power output. 
Accessories Required: Trigger source; practically any 
laboratory oscillator is adequate; the TYPE 121O-C Unit 
R-C Oscillator is recommended. 
Tube Complement : Generator: 
1-5963 4-6AV5GA 
1- 6BQ7A 2 -12BH7 
3 - 6U8 5 - 5965 
8 - 6485 /6AH6W A 2 - 5687 
3 - 6AN5 1-0A2 
6 - 12AX7 2 - 6550 

1-6AW8 
2 -12BY7 
Fower Supply 
1 - 0C3 
1 -6AK5 
1-6AS7 

Power Supply Input: 105 to 125 (or 210 to 250) volts, 50 
to 60 cps, 385 watts. Three-wire power cord . 
Dimensions: Generator, width 19, height 14, depth 12 >-"2 
inches (485 by 355 by 320 mm) over-all. Power Supply, 
width 19, height 8%, depth 12>-"2 inches (485 by 225 
by 320 mm) over-all. 
Net Weight: Generator, 30 pounds (14 kg); power sup­
ply, 62 pounds (28.5 kg). 

CODE WORD PRICE 

1391 -BM 
1391-BR 

Cabinet Model (inc! Power Supply) . . . . . .. . . . EDIFY 
EBONY 

$2025.00 
2025.00 Relay-Rack Model (inc! Power Supply) ... . ... . 
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TYPE 1219-A UNIT PULSE AMPLIFIER 
USES: Used with any pulse source, this amp li­
fier produces pulses with many different char­
acteristics of duration, duty ratio, and im­
pedance level at higher power levels. The 
combination of Unit Pulser and Unit Pulse 
Amplifier constitutes a high power output 
pulse generator of very moderate cost and 
small size. The Pulse Amplifier is equally 
useful with the TYPE 1391-B Pulse, Sweep, and 
Time-Delay Generator. 
DESCRI PTION: The Pulse Amplifier (which is 
not a conventional linear device) reproduces 
t he prf and width of an input t riggering pulse, 
but the amplitude, and to some degree the rise 
time, of the output pulse are determined by 
the amplifier circuits. It may be driven by 
either positive or negative input pulses, to pro­
duce output pulses of either polarity. 

FEATURES: 

~ High output current - up to 620 rna. 
~ Fast rise and decay times - 20 to 50 nsec. 
~ No prf limit. 
~ Low overshoot. 

SPECIFICATIONS 
Input Pulse: l\1inimum necessary amplitude ranges from 
50 volts for a negative pulse to 2.5 volls for a positive 
pulse from the TYPE 1217-A Unit Pulser. For most con­
ditions, 20 to 30 volts is adequate. 
Input Impedance: Positive drive, approximately 50 
kilohms shunted by 30 pf. Negative drive, impedance 
is nonlinear, 1 kilohm for low driving-pulse amplitude 
«2 volts approx), about 33 kilohms for higher ampli­
tudes. 
Output Pulse : The open-circuit output pulse voltage is 
between 10 and 250 volts and is the product of the im­
pedance and available cw-rent listed below. 

(1) Impedance : 
a. Positive pulse: 50, 75, 100, 150 ohms, all 

±10%. 
b. Negative pulse: 50, 75, 100, 150,200,250, 300 

ohms, a ll ±1O%; 570 ohms ±20%, designed 
to permit maximum output voltage. 

(2) Output Current: Depends upon the position of 
the duty-ratio selector switch and upon the duty ratio. 
DUTY 

RATIO OUTPUT CURRENT (ma) 
POSITIVE PU LSE NEGATIVE PULSE 

DR Sw 0.2 DR Sw 05 DR Sw 0.2 DR Sw 0.5 
0.05 620 ± 10% 350 ± 15% 575 ± 10% 330 ± 15% 
0.1 580 ± 10% 325 ± 15% 550 ± 10% 300 ± 15% 
0.2 560 ± 10% 300 ± 15% 475 ± 10% 275 ±15% 
0.5 - 250 ± 15% - 225 ± 15% 
(3) Transition Times: These depend upon the transi­

t ion times, magnitude, and polarity of the input pulse, as 
well as on the settings of t he ou 'put i mpedance, polarity, 
and duty-ratio switches. Under optimum conditions, 
i.e., with an infinitely fast driving pulse, the output rise 
t ime for current will range from 20 to 50 nanoseconds. 
With either slower driving pulses or higher output 
impedance, the transition times decrease. Typically, 

TYPE 

when the driving source is the TYPE 1217-A Unit 
Pulser, the output transition times are about 0.1 /Lsec. 

U) :vI:aximum Pu lse Duration: The maximum dura­
tion of the pulse depends only on the tolerable ramp-of I 
during the "on" period. If 10% is chosen, then the 
maximum "on" period for positive pulses is 10 msec 
and for negative pulses 4 msec; with the TYPE 1217-A, 
the maximum for negative pulses is 1 msec, for positive 
pulses, 10 msec. 

(5) Pulse Shape: Overshoot less than 5% of ampli­
tude on any output switch position. 

(6) Noise: Hum on the output pulse less than 1 % of 
pulse amplitude. 

(7) Maximum Duration: Determined to some extent 
by t he input pulse voltage, and tolerable droop. 

MAXIMUM DURATION 
TO 10% DROOP 

Positive Negotive 
Input Output Output 

Negative 30 V 2000 /Lsec 4000 /Lsec 
Negative 55 V 10,000 4000 
Positive 10 V 10,000 6000 

The droop is approximately linear; hence the ma ximum dura­
tions for 5% droop are liz the above figures. 
Tube Complement: One 6J6, one 12AU7, two 5763. 
Power Input: 105- 125 volts, 50-60 cps. Input power is 
75 watts, fu ll load, 115-volt line. Three-wire captive 
power cord. Operation on supply frequencies lip to 400 
cps is possible, with reductions in pulse output current 
up to 1O%. 
Accessories Supplied: One TYPE 874-C58 Cable Connec­
tor; spare fuses. 
Dimensions : Width 9Yz, height 5%:, depth 6~ inches 
(240 by 145 by 160 mm), over-all . 
Net Weight : 8Yz pounds (3.9 kg). 

CODE WORD PRICE 

1219-A 
480-P4U2 

Unit Pulse Amplifier .. ... . ................ . ACRID 
UNIPANBOlT 

$210.00 
11.00 Relay-Rack Adaptor Panel (7 inches high) .... . 

PATENT NOTICE. See Note 4, page viii. 119 
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GENERATORS 
TIME DELAY 

TYPE 1392-A TIME-DELAY GENERATOR 
USES: This instrument generates widc ranges 
of precise time intervals, which can be com­
bined in Reveral ways to produce analog timing 
signals for the measlll'ement, test, and calibra­
tioll of electronic equipment and syste ms. 

III communications, its two delayed outputs 
(which can be independent) are advantageous 
in the testing of time-sharing ystems, such as 
telemetry and pulse communication equip­
ment. 

In radio ranging and navigation, its high ac­
curacy and extended ranges make it useful for 
tests and range calibration on radar, sonar, and 
lorall . 

In the design and test of computing systemR 
the abili ty to set short time delays, the brief 
(0. J ,usec) synchronizing pulses, and high 
repeLition rates for short delays make it par­
ticularly m;eful. 

For geophysical and physiological re, earth 
the long delays make it a very desirable instru­
ment. It can be used for the measurement of 
short time intervals and other quantities that 
can be translated in to time variables. 

In conj unction with a crystal-con trolled 
time-mark generator, it is possible to establish 
delay:-; with crystal-controlled precision ill any 
time 01' time-equivalcnt unit. 

DESCRIPTION: An external periodic signal volt­
age of almost any wave-shape " ,ill set the PI'£. 
A direct synchronizing pulse of O.l-,usec dura­
tion is generated at this frequency and he­
comes the time referenc'c for the instrul1lent. 
Two delay circuits provide delays relati vo to 

this reference sync pulse of from 0 to 1.1 sec­
ollds and from 0.5 ,usec to 0.5 second, respe f '­

tively, Each delay circuit generates a brief 
(0.1 ,usec) synchronizing pulse at a time deter­
mined by its control settings. Delay 1'10. 1 is 
always initiated hy the direct synchronizing 
pulse. Delay K o. 2 can be initiated by either 
the direct synchronizing pulse or the Delay 
X o. 1 synchronizing pulse. Thus, the two de­
lays can be operated in series, (adding in 
delay times) or in parallel, producing two 
independent delays. 

Delay X o. 1 uses a passive variable delay 
line with a precisely-calibrated dial to produce 
a delay variable from 0 to 1 ,usec in lO-,usec 
divisions, This delay line senes either as a 
first (0.1 ,usec) range for Delay Xo. 1 or as a 
vernier on the 1-,usec to 1.1-sec electronically 
produced delay. Other features of Delay No.1, 
in addition to its range, are: high accuracy, 
resolution, and linearity; and stability against 
noise, aging, and power-line effects. 

Delay No.2, in addition to its use as an 
independent delay circuit, provides the feature 
of time selection. When used to operate the 
built-in coincidence circuitry, pulses from a 
timing comb coherent with the prf drive can 
be selected to provide precise delays independ­
ent of internal error or drift within the TYPJ;; 
1392-A. The 0.5-,uRec minimum delay of Delay 
No. 2 permits the selection of a single 1-,usec 
pulse from a 1-Mc train so that 1-,usec steps of 
delay are provided. In addition, the coinci­
dence featlll'e provides for the Pl'oquctio!1 of 
bursts of pulses, -
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FEATURES: 
~ Wide range. 

~ Can bc driven up to 300 kc. 

~ Passive electronic vernier with 4-.usec reso­
lution. 

PRF 
DRIVE 

AMPLITUDE 

[fI 

~ Stable delays of high accuracy and resolu­
tion. 
~ Linear scales at all dclays. 
~ Coincidence circuitry for calibrations and 
time selection. 
~ Two delay outputs. 

DIRECT 
SYNC 

.. t-O.12~s.c h 
Over-a ll timing diagram with DELAY No. 2 
in "AFTER DE LAY NO. 1 SYNC" connection . 
The Coincidence G ate (n ot shown) is iden­
tical with tha t for the Type 1391-B, pa ge 

1 16. 
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SPECIFICATIONS 

INPUT SYSTEM 
Voltage: 

Sine wave, 0.1 volt, rms. 
Square wave, 0.3 volt, peak to peak. 
Pulse (negative 01' positive), 1 volt peak ac or dc, 

input trigger threshold conLrol provided. 
Frequ ency : Dc to over 300 kc. 
Time Delay (input to d irect sync) : 0.12 ± .02 /Lsec. 
Direct Sync Pu Ise: 

Amplitude, 15 volts or more, positive or negative. 
Duration, 0.13 ±.02 /Lsec. 
Impedance, 93 ohms or less. 

DELAY NO.1 
Delay Range : 0-1.1 sec in seven ranges. 
Accuracy : 1 /Lsec-1.1 sec range, ±1 % of dial reading; 

0- 1 /Lsec range, ± .01 /Lsec. 
Stability : Jitter, 1 ::30,000 at worst. 

Drift, 1 :10,000 with 20% line variation. 
Resolution : 0-1 /Lsec, .00-1 /Lsec. 

1 /Lsec-1 sec, 1 :8800. 
Duty Ratio Effects: Less than dial accuracy to 60% ; 

5% at duty ratio of 80%. 

DELA Y NO. 1 SYNC 
Duration : 0.1 ±.02/Lsec. 
Amplitude: 25 volts or more positive or negative. 
Impedance : 93 ohms, output impedance. 
Max PRF : 0-1 /Lsec range, 300 kc; 

1 /Lsec-1.1 sec range, 250 kc (at 1 /Lsec). 

TYPE 

DELAY NO. 2, OR COINCIDENCE CIRCUIT 
Range : 0.5 /Lsec-0.5 sec (six decade ranges). 
Accuracy: ± :3% of dial reading. 
Stability: Jitter, 1 :20,000. 

Line Drift, 1 :5000 for 20% line change. 
Resolution: 1 :2000. 

DELAY NO. 2 SYNC 
Duration: 0.13 /Lsec ±.02 /Lsec. 
Amplitude: 20 volts or more, positive or negative. 
Impedance: 93 ohms. 
Duty Ratio Effects : Full scale, less than dial accuracy at 

60% duty ratio; bottom of scale, less than dial accuracy 
at 20% duty ratio. Max prf 300 kc. 

Coincidence: 
Input, positive or negative pulse, 5 volts or over. 
Input frequency, 1 cps to 1.7 Mc (for single pulse 

selection ). 
Input pulse rise t ime, 0.1 /Lsec or less at 5 v. 

Power Supply: 105 to 125 (or 210 to 250) volts, 50- GO 
cps, 180 watts at 115 volts. 
Tube Complement: Six 5965, three 6350, two each 6U8, 
6AU6, 12AT7, 5751, 6AV5-GA, one each 6BQ7-A, 
6AUS-A, 12AX7, 6-185, 6AN8, 5651. 
Accessories Supplied: TYPE CAP-22 Power Cord; spare 
fuses; test lead; foul' TYPE 871-C58 Cable Connectol'~ . 

Dimensions: Width 19, height 8%, depth 1-1Y2 inches 
(-185 by 225 by 370 mm) over-all. Depth behind panel, 
13 inches (3:30 mm). 
Net Weight: 35 lb (16 kg). 

CODE WORD PRICE 

1392-AM 
1392-AR 

Time-Delay Generator (Bench Modell .. . ..... . ENTRY 
EXTOl 

$1095.00 
1095.00 Time-Delay Generator (Relay-Rack Model). . . . 

PATENT NOTICE. See Notes 8 and 20, page viii. 

For pulse generation, see T YPJD 1391-B Pulse, Sweep, and Time-Delay Generator, page 116. 
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PULSE GENERATORS 
DELAY LINE 

TYPE 314-586 VARIABLE DELAY LINE 

USES: This variable delay line finds general 
application as a wide-band phase-shifting de­
vice, particularly when it is desired to delay 
a wide-band signal without introducing phase 
distortion. Thus, it is used as a component in 
pulse and in video-frequency systems such as 
computers, radar and beacon systems, and 
television ci rcuits. 

DESCRIPTION: In this delay line, good tran­
sicnt rCHpOllse is obtained by a skewed-turn 

method of delay equalization*, in which the 
plane of each turn of the winding is at an acute 
angle to the axis of the coil. By careful control 
of the manufacturing process, the "baseline 
ripple," caused by variation in characteristic 
impedance along the line, has been reduced to 
5% or less of the signal amplitude . End re­
flections have been minimized by the use of 
tapered capacitance elements at the ends of 
the winding. Materials are chosen for reliable 
operation under wide variations of tempera­
ture and humidity. 

FEATURES: 
~ Delay is constant with frequency over a 
wide range. 

~ No ringing or overshoot. 

~ Characteristic impedance is uniform along 
thc line. 
* For complete description, see F . D. Lewis and R. M . Frazier, "A 
New and Better Variable Delay Line:' General Radio Experimenter, 
31, 7, October, 1956. 

SPECIFICA TIONS 
Delay Range: 0 to 0.5 f.Lsec. 
Characteristic Impedance: 200 ohms ±15% at frequencies 
up to .. L5 Mc. 
DC Resistance: Not over 20 ohms. 
Delay vs. Frequency (with respect to delay at 1 Mc): 
±1 % at 10 Mc; ±2% at 15 Mc; ±cl% at 20 Mc meas­
ured at maximum delay. See accompanying plot. 
Amplitude Response vs. Frequency: Loss, 9% (0.8 db) at 
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Time delay and amplitude versus frequency with resistive 
terminatian as measured at full delay an 0.5"f.Lsec, 200 .. ohm 

variable delay line with skewed winding. 

TYPE 

dc; 30% (3 db) at 6 Mc; 60% (8 db) at 10 Mc; 90% (20 
db) at 25 Mc at maximum delay. See a lso accompany­
ing plot. 
Pulse and Step Response: See accompa ny ing oscillograms. 
Dimensions: Diameter, 3VI6 inches (81 mm); depth 
behind panel, l Y2 inches (38 mm); shaft diameter, % 
inch (10 mm); knob is furnished. 
Net Weight: 6 ounces (0.2 kg). 

Oscillogram showing pulse shape and amplitude as delay 
setting is varied. Tektronix 541 Oscilloscope, 53K/54K Pre .. 

Amplifiers; sweep, 0.1 f.Lsec/ em. 

Step response of O.5"f.Lsec, 200 .. ohm variable delay line with 
skewed winding ; (left) step input, (right) step output at 0.5"f.Lsec 
delay. Scope photos token on Tektronix 541, O.I .. J.l.sec/cm sweep. 

CODE WORD PRICE 

314-S86 Variable Delay Line . ..... ......... ....... . DELAY $60.00 
PATENT NOTICE. See Note 20, page viii. 

The Type 301 - 5104 Delay Line, having a total delay adjustable from zero to 25 nanoseconds, with a 
rise time of approximately 2.4 nanose<;onds, is now aV<;Iilable. Fvrther informotion avoiloble on request. 
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NOISE 

TYPE 1390-8 RANDOM-NOISE GENERATOR 
USES: This instrument generates wide-band 
noise of uniform spectrum level. particularly 
useful for noise and vibration testing in elec­
tl'ical and mechanical systems. Some of itH 
many uses are: 
as a broad-band signal SOllTce for 
~ frequency-response measurcmell LH. 

When the TYPE 1:390-B Generator is used for 
frequency-respon:,;e measul'ements, the TYp I~ 
\;"i5.,1-A Round and \ ' ibration Analyzer pro­
vides a narrow-band detector. Its one-third­
octave band permits measurement even at 
I'ery low frequencies. With the TYPE] :"i21-A 
Graphic Level Recorder, continuou:,; records 
of level VH. frequency cal l be plotted from the 
output of the analyzer. 

~ intermodulation and cross-talk testR. 
~ simulator of telephone-line noise. 
~ measurements on servo amplifiers. 
~ noise interference tests on radar. 
~ determining meter response characteristicR. 
~ setting transmission levelH in communica­
(ion circuits. 
in acoustic meas1lTements, tn provide a signal for 
~ reverberation teRting. 

The TYPE 15:"i.,1-,,\ SOllnd a nd \ ' ibration Ana-

"fJOf~%~U8E 
o ···0 

BI­

~ 

lyzer can also be used with thi:,; generator to 
produce one-third-octave bauds of noise which 
are useful in acouHtic measurementR, esprC'ially 
reverberation testing. 
~ sound attenuation of duc·t;; , walls, panels, or 
floors. 
~ acoustic properties of materials. 
~ room acoustic measurementH. 
~ demonstrating noisc proprl'tips in a class­
room or laboratory . 

lcith a suitable power amplifier to drive a loud­
speaker to produce high-Ieee! acollstic noise for 

~ fatigue trsting of Htructurcs or components. 

and to drive a lIibral'ion shaker .r or 
~ i"it ruc tural tei"its of components or assemblies. 

DESCRIPTION: ..\ gas-discharge tube with a 
tl'anHVerse magnetic field applied is used as a 
noiRe source in this instrument. The noise 01.lt­
pu t of the tube is amplified in a two-stage 
amplifiel'. Between the two stages, the noise 
spectrum is shaped with low-pass filters to 
provide ranges to 20 kc, to 500 kc, and to .5 Mc. 

The output system consists of a continuous 
attenuato!" control followed by a .,1-step at­
tenuator of 20 db per step. Metered levels from 

r----MuLTIPLyBy- --
...... ..-' 1 01 0.01 0.001 0.0001 

Elementary schematic of the generator. 
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METEI(S 
NOISE 

Exte ndible legs permit a til ted posi tion (left); pane l extensio ns (right) a d a pt the instrument fo r re la y -rack mounting. 

over 3 volts to below 30 microvolts are con­
veniently obtained. When the attenuato!" is 
used the output impedance remains essen­
tially constan t as the level is varied by the 
continuous-ou tput control. 

The instrument cabinet may be used for 
either bench or re lay-rack mounting and has 
the added feature of extendible front legs to 
permit the instrument to be used in a tilted 
position for easier meter reading. 

FEATURES: 
~ Wide frequency range, 5 cps to 5 Mc. 
~ Uniform spectrum level over audio range. 
~ Output variable from 30 Mvolts to 3 volts. 
~ Thermal relay for warm-up time delay. 
~ Low hum level by use of dc on heaters. 
~ Low external noise field. 
~ Regulated heater for gas tube, to stabilize 
output. 
~ Built-in precision attenuator. 

SPECIFICATIONS 
Frequency Range : 5 cps to 5 i\1c. 
Output Voltage: :\1ax open-circuit output is at least 
:3 volts for 20-kc range, 2 volts for 500-kc range, and 
1 volt for 5-:\fc range. 
Output Impedance: Source impedance for max output is 
approx 900 ohms. Output is taken from a 2500-ohm 
potentiometer. Source impedance for attenuatcd output 
is 200 ohms. One output terminal is grounded. 
Typical Spectrum Leve l (with one volt rms output): 20-kc 
band: 5 mv for 1-cps band. 500-kc band: 1.2 mv for 
1-cps band . 5-Mc band: 0.6 mv for 1-cps band. 
Spe ctrum Leve l Uniformity : 20-kc range, within ±1 db 
from 20 cps to 20 kc; 500-kc range, within ±:3 db from 
20 cps to 500 kc; 5-i\£c range, within about ±8 db from 
500 kr to 5 Mc. Noise energy is also present beyond 
these limits. The level is down 3 db at 5 cps. See plot. 
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Wave form : Noise source is a gas tube that has good 
normal or Gaussian distribution of amplitudes for nar­
row ranges of the frequenc~' spectrum. Over wide 
ranges the distribution is less symmetrical because of 
dissymmetry introduced by the gas tube. Appreciable 
clipping occurs on the 500-kc and 5-Mc ranges. 
Voltmete r: Rectifier-type averaging meter measures out­
put. It is calibrated to read rms value of noise. 
Att enuato r: Multiplying factors of 1.0, 0.1, .01, .001, 
and .0001. Accurate to ±3% to 100 kc, within ±1O% 
to 5 :\1c. 
Tube Compleme nt: Two 6AQ5; one each, 6D4, 3-4, 
115:\TO:30T thermal relay. 
Power Input : 105 to 125 (or 210 to 250) volts, 50 to 60 
cps. Powcr input is approximately 50 watts. Three-wire 
power cord. This generator will also operate satisfac­
torily on line frequencies up to 400 cps. 
Accessories Supplied: Power cord, spare fuses. 
Mounting : Metal cabinet; aluminum panel, finished in 
gray crackle. Panel extensions are available for relay­
rack use. 
Dime nsions : Width 12%, height 7Y2, depth 9% inches 
(:325 by lIl0 by 250 mm) over-all. Panel height for relay­
rack mounting is 7 inches (178 mm). 
W e ight: 12 pounds (5.5 kg) . 

O::z 
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o 
INSTANTANEOUS AMPLITUDE 

Typica l a mpli tud e d istribution curves showing simila ri ty 
b etween speech and ra ndom no ise. 

TYPE 

c 

Typica l spectru m level characte risti cs. 

CODE W ORD PRICE 

1390-B 
480-P412 

Random Noise Generator .. . ..... _ ...... _ .. BUGLE 
EXPANELLAP 

$295.00 
7.00 Pair Panel Extensions (pair) ..... . . . ......... . . . 

For a more complete description l ask for Reprint No. E-IIO. 
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METE{(S 
MEGOHMMETEf( 

TYPE 1862-B MEGOHMMETER 

USES: Rugged, versatile, and safe, this meg­
ohmmeter rapidly measures wide ranges of re­
sistance at either of two test voltages. The 
50-volt level is useful in resistance measure­
ments on printed circuits, transistor circuit 
components, and miniaturized circuit compo-

nents. The SOO-volt level is a standard value 
in the measurement of the insulation resistance 
of rotating machinery, transformers, cables, 
capacitors, appliances, and other electrical 
equipment. 

Stabilized power supply and t ime constant 
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 megohmmeter consists of a 
stabilized power supply, a complement of re­
sistance standards, and an indicating meter. 
The indicator is a balanced, dc, vacuum-tube 
voltmeter that has two volts fu ll-scale sensi­
tivity and a very high input resistance. 
FEATURES : 

~ Direct-readillg and simple to operate. 
~ Test voltages of 50 and 500 permit approxi­
mate measurement of voltage coefficient. 
~ Voltage can be removed from unknown 
terminals by setting switch to CHECK or 
DISCHARGE posit ions, thus permitting con­
nections to be made without danger of shock. 
~ Guard and ground terminals provided. 

SPECIFICATIONS 
Range: 0.5 to 2,000,000 megohms at 500 volts and to 
200,000 megohms at 50 volts. There are six decade steps 
selected by a mu ltiplier switch. 
Scale : Each resistance scale up to 500,000 megohms 
utilizes 90% of the meter scale. Center-scale values are 
1, 10, 100, 1000, 10,000 and 100,000 megohms for 500-v 
operation. 
Accuracy: From ±3% at the low-resistance end of each 
decade, to ±12% (accuracy to which the scale can be 
read) at the high-resistance end up to 50,000 megohms. 
There can be an additional ±2% error at the top 
decade. For 50-volt operation, there is an additional 
±2% error on all but the 0.5-to-5-megohms decade 
where the additional error can be ±5%. 
Voltage On Unknown : 50 or 500 volts, as selected by 
switch on front panel. Indicator lamp is lighted when 
500 volts are applied. At resistance values below 0.5 
megohm, the applied volt:tge drops to limit the current 
to safe values. Voltage across unknown is 500 volts 
within ±1O volts, or it is 50 volts within ±4 volts. This 
voltage source is stabilized for operation from 105-125 
volt lines (or 210-250 volt lines). 

TYPE 

1862-B Megohmmeter . 

Terminals : Unknown, ground and guard terminals. At 
two positions of a panel switch, all voltage is removed 
from all terminals to permit connection of the unknown 
in safety. In one of the positions, the UNKNOWN 
terminals are shunted to discharge the capacitive com­
ponent of the unknown. All but the ground terminals 
are insulated. 
Calibration: Switch position is provided for standardizing 
the calibration at 500 volts. 
Tube Complement: One each, 12AU7, OA2, 6X4, 2X2-A, 
6AB.!., 6AU6, 565l. 
Power Supply : 105 to 125 (or 210 to 250) volts, 40 to 60 
cps, 25 watts. Instrument will operate satisfactori ly 
on power-supply frequencies up to 400 cps. 
Accessories Supplied : Spare fuses, two color-coded test 
leads. 
Mounting : Crackle-fin ished aluminum panel and cabinet 
with carrying handle and phenolic protective sides. 
Dime ns ions : Width 9Ys, height 10Ys, depth 11% inches 
(235 by 260 by 300 mm), over-all. 
Net We ight: 15Y2 pounds (7.5 kg). 

CODE WORD PRICE 

JUROR $255.00 

MEGOHM BRIDGE: The TYPE 544-B Megohm Bridge, a bridge for resistallce measlire­
ments in the megohm range, is described on page 8. 
ELECTROMETER: The TYPE 1230-A D-C Amplifier and ~lectrometer, described on 'page 
128, m'easures resistances as high as 5 X 1014 ohms as well as very low voltages and 
currents. 



METERS 
The meters described in t his section include a vac­

uUln-tube voltmeter, oxide-rectifier meters for measure­
ment of in put voltage and output power, a megohm­
meter, an electrometer to measure millivolts, micro­
microamperes and megamegohms, and a modulation 
monitor. All of these represent pioneer work of the 
General Radio Company. 

~ VOLTMETERS 
The first instrument combining a diode peak rectifier 

with a degeneratively stabilized dc amplifier to indicate 
t he rectified voltage was in troduced in 1937. Advantages 
of this a rrangement are wide frequency range, high 
inherent stabili ty, a convenient circuit for obtaining a 
multirange meter, and a calibration substantially inde­
pendent of tube characteristics. Voltmeters of this type 
a re now used in every conceivable type of application. 
This circui t is the basis of the highly accura te 't ype 
1800-B Vacuum-7'ube Voltmeter, which covers frequen­
cies from 10 cycles per second to 600 megacycles per 
second , a span of 6 X 10'. For higher frequencies, a 
coaxia l, rectifier-type instrument is available, the 
TYPE 874-VR , -VI (page 50 ). Very low voltages (down 
to 0.5 J.l.v) at audio frequencies can be measurod by 
comparison with the T ype 546-C MicrOl'olter. 

In the General Radio Standardizing Laboratory, each 
voltmeter is calibrated by means of a highly precise 
potentiometer against a certified standard cell. Precise 
ac calibration voltages are obta ined by comparison 
with the dc standard cell. Meters are individually aged 
and a re checked fo r accuracy and drift over a sufficiently 
long period of time to assure that they will remain well 
wi thin specified accuracy. 

~ MEGOHMMETER 
The first megohmmeter was in troduced in 1936 and 

applied t he degenerative vacuum-tube dc voltmeter to 
the conventional ohmmeter circuit . The degenerative 
circui t not only gives stabili ty and lineari ty, but per-

TYPE NAME QUANTITY MEASURED 

mits a large voltage swing to t ake place at the input 
of the tube and greatly increases t he effective input 
resistance. The T ype 1862-B lvfegohmmeter, using t his 
circui t , measures insulation resistance with test poten­
tials of either 500 volts or 50 volts applied to the sample. 

~ POWER METERS 
General Radio Company also pioneered in the appli­

cation of oxide-rectifier meters. The first constant­
resistance output-power meter of this kind was in tro­
duced in 1929 and was followed by t he Type 583-A 
Output-Power M eter which combines the oxide-rectifier 
meter with a resistive load and a tapped transformer, 
providing-a sensit ive audio-frequency power meter for 
load resistances varying over a range of 8000 to l. 

A larger model, t he T ype 783-A Output-Power Meter, 
measures power up to 100 watts. 

~ ELECTROMETER 
The Type 1230-A D-C Amplifier and Electrometer is 

basically a millivoltmeter with an extremely high input 
resistance. It can also be used conveniently fo r the meas­
urement of very low currents (5 X 10- 15 ampere), 
high resistances (5 X 10" ohms) and as a dc amplifier 
for very low voltages. A recorder can be operated from 
t he output. 

~ MODULATION METER 
The 'Type 1931-B A mplitude-lI1 odulation M onitor 

measures percentage modulation for broadcast and other 
radio-telephone t ransmi tters. The modulated output 
signal is rectified to produce an ac voltage proportional 
to the instantaneous value of t he carrier envelope and a 
dc voltage proportional to the average carrier amplitude. 
The ratio of t hese voltages is continuously indicated 
by a voltmeter calibrated in modulation percentage. 
A flashing lamp indicates modulation peaks in excess 
of any pre-set level. 

NOMINAL POWER SEE 
RANGE ACCURACY SUPPl Y PAGE 

546-C Microvolter Voltage 0.5 J.l.v to 1 v ±3% Audio Oscillator 131 

583-A Output-Power Meter Power 0.1 mw ta 5 w ±0.5 db None 134 
Impedance 2.5 ta 20,000 n ±7% 

783-A Output-Power Meter Power 0.2 mw to 100 w ±0.25 db None 134 
Impedance 2.5 to 20,000 f! ±2% 

1230-A Electrometer Voltage 0.5 mv to 10 v 2% to 4% Ac line 128 
Current 5 X 10- 15 to 10- 3 a 3% to 10% 
Resistance 3 X 105 to 5 X 1014 f! 3% to 8% 

1800-B Vacuum-Tube Voltmeter Voltage, Ac ar Dc 0.1 to 150 v* ±2% Ac line 126 
-
1862-B Megohmmeter Resistance 0.5 to 2,000,000 Mf! ±3% Ac line 130 

----
1931-B Amplitude-Modulation Modulation Percentage o to 100% ±2% to ±4% Ac line 132 

Mo t ni or 

* M ultipliers are available to extend range to 1500 volts. 

TYPE 736-A WAVE ANALYZER for amplitude and frequency measurements of complex 
electri cal signals is li sted on page 225. 
TYPE 1932-A DISTORTION AND NOISE METER (page 227) measures distort ion, noise, and 
hum level in audio systems. 
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TYPE 1800-B VACUUM-TUBE VOLTMETER 

The General Radio TYPE 1800-B Vacuum­
Tube Voltmeter has gained widespread ac­
ceptance as an accurate and stable meter for 
use over a wide frequency range. 

It combines the accuracy of a laboratory 
instrument with the necessary durability for 
everyday laboratory and production-line use. 
It measures alternating voltage at frequeneies 
up to several hundred megacycles, as well as 
dc voltages of either polarity. 

Competent circuit design, the best available 
components, and a mechanical design that 
emphasizes convenience in use combine to pro­
duce the features listed at right. 

DESCRIPTION: The high-frequency probe con­
tains an acorn-type diode rectifier connected 
by very short leads to the small, button-type 
input capacitor mounted on a low-loss insulat­
ing disk. Except for the small area of this in-

CHASSIS 

sulation at the front, the probe is completely 
shielded. Various fittings and terminations can 
be attached to the metal probe cap. The 
cable, which also supplies heater power to the 
diode in the probe, carries the rectified volt­
age to a dc amplifier and indicating meter in 
the cabinet. 

The dc amplifier uses a balanced twin triode 
in a highly degenerative circuit. The rectified 
alternating voltage is applied directly to the 
control grid of one triode, and a diode, which 
balances the effect of the initial-velocity cur­
rent in the rectifying diode, is connected to 
the control grid of the second triode. The 
indicating meter is connected in series with 
precision range-changing resistors between the 
cathodes of the amplifying twin triodes. 

FEATURES: 
~ High accuracy, ±2%. 
~ Wide frequency range; full range is covered 
without disassembly of probe and without addi­
tion of external capacitor. 
~ Probe is shielded against strong rf fields . 
~ Probe cap can be bolted to ground plane to 
eliminate high-frequency errors resulting from 
inductance in ground connection. 
~ Coaxial fitting and 50-ohm coaxial resistor 
are supplied for use on probe. 
~ Calibration is stable and is substantially 
independent of tube characteristics. 
~ Regulated power supply eliminates fluctua­
tion in meter indication and zero setting over 
wide range of line voltages. 
~ High input impedance. 
~ Illuminated mirror-type scale. 
~ Polarity switch for dc measurements. 
~ Wire-wound resistors are used in all posi­
tions that influence calibration stability. 
~ Ollly three controls to handle all'functions. 
~ Dc open-grid provision. 
~ Both sides of the input can be above dc 
ground. 

.­
"'AT' SUPPir 

Elementary schematic cir­
cuit diagram for the Type 

1800-8 Vacuum-Tube 
Voltmeter. 



METE!(S 
IITIIM 

SPEC/FICA liONS 
Voltage Range : 0.1 to 150 volts ac, in six ranges (0.5, 
1.5, 5, 15, 50, and 150 volts, full scale); .01 to 150 volts 
dc, in six ranges (0.5, 1.5, 5, 15, 50, and 150 volts, full 
scale). 
Accuracy : Dr, ±2% of fu ll scale; ac, ±2% of full scale 
for sinusoidal voltages, subject to frequency correction 
(sec curve). The total warm-up decrease in sensitivity 
is about 1 % of the indicated vallic on the 1.5-volt range 
and 3 to 4% of the indicated value on t he 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 ac voltage ranges, the 
instrument operates as a peak voltmeter, calibrated to 
read rms values of a sine wave, or 0.707 of the peak value 
of a complex wave. On distorted waveforms the per­
centage deviation of the read ing from the nns value 
may be as large as the percentage of harmonics present. 
On the lowest range the instrument approaches rms 
operation. 
Frequency Error: At high frequen cies, resonance in the 
input circuit and transit-time efTects in the diode recti­
fier introduce errors in the meter reading. The resonance 
effect causes the meter to read high and is independent 
of the applied voltage. The transit-time errol' is a func­
tion of the applied voltage and causes the meter to read 
low. The accompanying curves show the frequency 
range for l-db resultant error. The resonant frequency 
with Cap on but plug removed is about 1050 Mc. Cor­
rection curves are supplied . 

At the indicated frequency of 15 cps, the meter 
indication begins to fiuctuate as it tends to follow the 
voltage change within ear h cycle. 
Input Impedance: See plot ; the equivalent parallel capaci­
tance at radio frequencies is 3.1 pf with the probe cap 
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Plot of components of input impedance as a function of 
frequency. 

and plug removed. The probe cap and plug add ap­
proximately 1.2 pf. 

On the dc ranges two values of input resistance are 
provided, 10 megohms and open grid. 
Pawer Supply : 105 to 125 (or 210 to 250) volts ac, 50 to 
60 cps. The instrument incorporates a voltage regu­
lator to compensate for supply variations over this 
voltage range. The power input is less than 25 watts. 

Instrument will operate satisfactorily on power­
supply frequencies up to 400 cps. 
Tube Complement: 

2 - 9005 1 - 6SL7-GT 
1-6SU7-GTY l-OAT6 
1 - 6C4 1 - 6X5-GT 

1-3-4 
2-991 

Accessories Supplied: TYPE CAP-22 Power Cord, spare 
fuses, TYPE 274 and TYPE 874 terminations, and 50-ohm 
coaxial terminating resistor for probe. 
Mounting: Crackle finish aluminum panel mounted in a 
shielded hardwood cabinet. The cable and probe are 
Iltored in the cabinet. 
Dimensions: Width 7%, height 11~, depth 7Yz inches 
(185 by 285 by 190 mm), over-all. 
Net Weight : 13%: pounds (6.5 kg). 

CODE WORD PRICE 

1800-B Vacuum-Tube Voltmeter ..... . .......... . . . DUCAT $490.00 

TYPE 1800-P2 HIGH-FREQUENCY 
MULTIPLIER 

For AC Use Above 100 kc 

Multiplication Ratio : 10:1 ±5%; can be adjusted to 
±1 % on voltmeter. 
Input Impedance : Resistance 100 times that of voltmeter" 
capacitance, 2 pf with probe cap off, 1.5 pf with cap on: 
Dimensions: Diameter 1 %, length added to end of prohe 
2 inches (42 by 51 mm). 
Net Weight: .J- ounces (115 g). 

TYPE CODE WORD PRICE 

1800-P2 Multiplier . ... . .. ABODE $29.00 

TYPE 1800-P3 LOW-FREQUENCY 
MULTIPLIER 

For DC and AC Use up to 100 kc 

Multiplication Ratio: Dc, 10:1 ±1.5%; ac, 10 :1 ±5%; 
can be adjusted to match voltmeters at any frequency or 
for less than 3% error, 20 cps to 20 kc, less than 5% up 
to 100 kc. 
Input Impedanc~ : 10 megohms shunted by 10 pf. 
Dimensions: Width 5, height 2, depth 2 inches (130 by 
51 by 51 mm). 
Net Weight : 8 ounces (230 g). 

TYPE I .. I CODE WORD I PRICE 
1800·P3 MultIplier ....... ABHOR $40.00 
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IrItTtf(S 
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TYPE 1230-A D-C AMPLIFIER AND ELECTROMETER 
FOR VOLTAGE, CURRENT, AND RESISTANCE MEASUREMENTS 

USES: The D-C Amplifier and Electrometer is 
basically a millivoltmeter with extremely high 
input resistance. It measures: 
~ Voltage - 0.5 millivolt to 10 volts. 
~ Current - 5 X 10-15 to 10-3 amperes. 
~ Resistance - 3 X 105 to 5 X 1014 ohms. 
These quantities are indicated on a panel 
meter, and output is ~vailable to operate re­
corders and other eqUlpment. 

Because of its high sensitivity and excellent 
stability, this instrument ha~ a \~ide range. of 
applications in science, engmeenng, and 111-

dustry. Typical examples include the measure­
ment of: 
~ Ionization currents, photo currents, grid cur­
rents in electron tubes, and time-current curves 
of capacitors during charge and discharge. 
~ Piezoelectric 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. 

It amplifies weak dc and low-frequency 
voltages to operate recorders and other equip­
ment. 
DESCRIPTION AND FEATURES: The circuit is a 
three-stage direct-coupled amplifier that acts 
as a highly degenerated cathode follower and 
has high over-all transconductance. Excellent 
linearity is obtained even on the lowest scales. 
~ Voltage is measured directly; current is meas­
ured 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 stability, power-sup­
ply voltages are stabilized; components are 
carefully 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
tromet.er tube and by enclosure of the input 
grid lead in silicone-treated glass. Input re­
sistance selector has s,,·itch 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 fully 
shielded chamber, the TYPE 1230-P1 Com­
ponent Shield, is available as an accessory, 
within which components to be measured can 
be quickly and easily 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 equivalent) 5-ma Graphic Recorder 
is recommended and the TYPE 1230-AE D-C 
Amplifier and Electrometer can be supp lied in 
an Esterline-Angus case to match the recorder. 
More sensitive recorders such as the TYPE 
1.'J21-A Graphic Level Recorder can be 
shunted for 5-ma operation. 

a:: 
:::l 
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Typical drift after tubes are changed. 



Type I 230-PI Component Shield (with shield cover removed) 
plugged into th e input terminal at the rear of the electrometer. 

METEI(S 
ELECTf(OMETEf( 

Type I 230-AE D-C Amplifier and Electromete r with a recorder_ 

SPECIFICATIONS 
Ranges af Measurement 

Voltage: ± :30, 100, and 300 millivolts, ±1, 3, and 10 
volts dc, full scale. 

Current : ±1 milliampere (10-3 amp) dc, full scale, to 
±:300 millimicromicroamperes (3 X 10- 13 amp) full 
scale. 

Resistance: Direct-reading from 300 ki lohms to 10 
mega megohms (1013 ohms) full scale (5 X 101' ohms at 
smallest meter division). There are 16 ranges, two per 
decade. Voltage across the unknown resistance is 9.1 
volts. 
Accuracy 

Voltage: ± 2% of full scale on the five highest ranges, 
±4% of fu ll scale on the 30-mv range. 

Current: ± 3% of full scale from 10- 3 to 10- 9 amp, 
±10% of full scale from 3 X 10-10 to 3 X 10-13 amp. 

Resistance : ± 3% from 3 X 10' to 1010 ohms at fu ll 
scale (low-resistance end), ±8% from 3 X 1010 to 1013 

ohms. 
Frequency Characteristic: With 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 
cps at the 30-, 100-, 300-millivolt, 1-, 3-, and lO-volt 
ranges, respectively. 
External DC Supply: By the use of batteries, or other 
su itable external supply, the resistance range can be 
extended, the voltage across the unknown can be in­
creased, and the voltage coefficient of resistors can be 
measured. 

With a 300-volt battery, the highest resistance range 
is 101' ohms fu ll scale (6 X 1016 ohms at the smallest 
meter div ision ). The full battery voltage appears across 
the unknown resistance. The maximum permissible 
voltage is 600 volts if the external supply is grounded; 
somewhat greater if ungrounded. 
Resistance Standards: 10" 105, 106, 10', lOS, 109, 1010, and 
lO" ohms. The switch also includes "zero" and " in­
fin ity" positions. The 10'- and 10' -ohm resistors are 
wire wound and are accurate to ±0.25%. The 106_ , 10'-, 
and lOS-ohm resistors are of deposited-carbon construc­
tion and are accurate to ± 1 % . The 109, 1010 and 1011 
resistors are carbon, have been treated to prevent 
adverse humidity effects, and are accurate to ±5%. 
A switch position permits quick checking of the higher-

TYPE 

resistance standards in terms of the wire-wound units. 
Input Resistance: The input resistance is determined by 
the setting of the resistance standards switch. In the 
infinity position, it is approximately 10" 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 available for connecting a 
recorder (such as the Esterl ine-Angus 5-ma or I-rna 
graphic recorder). The recorder can have a resistance of 
up to 1500 ohms. 
Input Capacitance: Less than 35 pf. 
Amplifier Characteristics 

Maximum Transconductance : 167 mmhos (for 30 mv 
input, the output current is 5 rna.) 

Output Load : Maximum allowable recorder resistance 
is 1500 ohms. 
Terminals: The input is connected through a TYPE 874 
coaxial terminal assembly at the rear of the instrument. 
In addition, there are three " low" terminals to provide 
versatili ty in guard and ground connections, as required, 
for example, in three-terminal network measurements. 
Input Switch: A panel switch permits disconnection of 
the unknown without transient electrical disturbances in 
either the unknown or the measuring circuit. 
Input Insulation: Entirely teflon or silicone-treated glass. 
Humidity, Line-Voltage Effects: Negligible. 
Tube Complement : One 5886 electrometer, one CK6418, 
one 6AN5, one 6AL5, one 6627, and three OB2. 
Accessories Supplied: One TYPE 8H-411 Adaptor, one 
TYPE 12:30-P1-:300 Panel Adaptor Assembly, two TYPE 
27~-MB Plugs, one TYPE 27,1-SB Plug, spare fuses and 
TYPE CAP-22 Three-Wire Power Cord. 
Other Accessories Available: TYPE 12:30-P1 Component 
Shield, TYPE 1521-A Graphic Level Recorder. 
Power Supply: 105 to 125 (or 210 to 250) volts, 50 to 60 
cps. Power input is approximately ,15 watts at 115 
volts. Instrument will operate satisfactorily en power­
supply frequencies up to 400 cps. 
Mounting : Aluminum panels and cabinet. 
Dimensions : Width 7%, height 1:3 .xl, depth 9 inches 
(195 by 340 by 2:30 mm ), over-all. 
Net Weight: 15 .xl pounds (7 kg). 
For a more complete description of this instrument 
refer to the General Radio Experimenter, Volume 30, 
No. 10, March, 1956. 

CODE WORD 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 4 and 15, page viii. 

MISTY 
MANOR 

520.00 
40.00 
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TYPE 546-C AUDIO-FREQUENCY MICROVOLTER 
USES: The THE 5-:l:G-C Audio-Frequency Mi­
C'rovolter used in conj unction with an oscillator 
is a useful source of small, known audio­
frequency voltages. For response measure­
ments of amplifiers, transformers, and other 
audio equipment such a source of known input 
voltage is extremely valuable. The micro­
voItel' can also be used to measure small volt­
ages by substitution methods. 

DESCRIPTION: This instrument consists, es­
sentially, of a constant-impedance attenuator 
and a voltmeter by means of which the input 
Lo the attenuatOl' 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 characteristic, ex­
tending from very low frequencies up to 
100,000 cps. 

~ Excellent accuracy is obtainable for abso­
lute voltage levels as well as for voltage ratios 
in gain or loss measurements. 
~ Both decibel and voltage scales are provided. 

SPECIFICATIONS 
Output Voltage Range : From 0.5 microvolt to 1.0 volt 
open circuit, when the input voltage is set to the stand­
ardized reference value (2.2 volts). 
Accuracy: For open-circuit output voltages the calibra­
tion is accurate within ±(3% + 0.5 microvolt) for out­
put settings above 1 microvolt and for all frequencies 
between 20 and 20,000 cps. For higher frequencies 
up to 100 kc the calibration is accurate within ±5% for 
output settings above 100 microvolts. These specifica­
tions apply only where waveform and temperature 
errors are negligible (see below). 

In calculating ratios of output voltages at a given 
frcquency, the accuracy of any given reading is within 
±(2% + 0.5 microvolt), at frequencies up to 100,000 
cps. At frequencies above 20 kc this accuracy applies 
on ly at levels above 100 microvolts. 

The microvolter can be used on dc with an external 
dc meter. Internal meter can be calibrated for dc. 
Output Impedance: The output impedance is approxi­
ma~ely 600 ohms, constant with setting within ±5%. 
~o correction of the output voltage is necessary for 
10:1d impedances of the order of 100,000 ohms and 
greater. 
Input Impedance : Approximately 600 ohms, substan-

CONTINUOUSLY VARIABLE 
OUTPUT 

TYPE 

tially independent of output setting on all but the high­
est multiplier position. 
Wavefo rm Error : The accumcy of the microvolter as a 
c:11ibrated attenuator or voltage divider is independent 
of waveform. The absolute accuracy of the output volt­
age calibration depends on the characteristics of the 
input copper-oxide rectifier voltmeter, which has a 
small waveform error that depends in turn on both the 
phase and the 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 distortion unless the source impcdance 
is very low. With a 600-ohm source the distortion intro­
duced is about 0.2%. 
Temperature Error : The accuracy of the calibration is 
independent of tcmperature when the microvolter is 
used as an attenuator 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 F is furnished 
with the instrument. The effects of humidity are 
negligible. 
Power Source: The driving oscillator must be capable of 
furnishing about 2.2 volts across 600 ohms, or approxi­
mately 8 mw. 
Terminals: Jack-top binding posts are mounted on 
standard % -inch spacing. 
Mounting : Aluminum panel and cabinet. 
Dimensions: Width 10, height 7Ys, depth 6Ys inches 
(255 by 185 by 160 111111), over-all. 
Net W eight : 6,Yz pounds (3 kg). 

CODe W ORD PRI CE 

546-C Audio-Frequency Microvolter* . . . .. ..... . . . . CROWN $155.00 
• Reg. U. S. Pat. Off. 
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TYPE 1931-B 

AMPLITUDE-MODULATION MONITOR 

FCC APPROVAL NO. 3-107 

USES: The Modulation Monitor is used in 
broadcasting and radio telephone stations to 
measure and to monitor the transmitter modu­
lation, as well as for periodic measurements of 
transmitter frequency response and distortion 
(with the TYPE 1932-A Distortion and Noise 
Meter). Transmitter manufacturers find it 
useful in the production testing of transmitter 
performance, 

The TYPE 1931-B Modulation Monitor per­
forms the following specific functions: 

1. Measurement of percentage of modula-
tion on either positive or negative peaks. 

2. Overmodulation indication. 

3. Program-level monitoring. 

4. Measurement of carrier shift when modu­
lation is applied. 

5. Measurement of the transmitter audio­
frequency response. 

6. Supplies a demodulated output for dis­
tortion measurements. 

7. Supplies a 600-ohm output for audio 
monitoring. 

DESCRIPTION : As shown in the elementary cir­
cuit schematic the essential elements of the 
monitor are a linear rectifier, a semi-peak volt-

meter to indicate continuously the percentage 
modulation, and a trigger circuit actuating an 
over-modulation alarm. 

In addition, two auxiliary audio output cir­
cuits operating from a separate diode rectifier 
are provided. One of these, at 600 ohms, is in­
tended for audible monitoring; the other, a 
high-impedance circuit, gives a faithfu l repro­
duction of the carrier envelope with less than 
0.1 % distortion, under most conditions, and 
can be used for distortion and noise-level 
measurements with the General Radio TYPE 
1932-A Distortion and Noise Meter. 

The TYPE 1931-B Modulation Monitor in­
corporates unusual mechanical design features . 
Chassis is designed for access from front of 
rack for service and tube replacement. Test 
jacks and signal flow lines marked on chassis 
facilitate maintenance operations. 

FEATURES: 

~ Accuracy and reliability. 
~ Speed and simplicity of operation. 
~ Low rf power required. 
~ Overmodulation indicator is not affected 
by small change in carrier level. 
~ Terminals are provided for remote meters. 
~ Advanced mechanical design - easy access. 
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Elementary schematic diagram of the Type 1931-8 Modulation Monitor. 

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 
clLlTier frequency from 0.5 to 60 megacycles. A single set 
of coils (either 0.5 to 8 megacycles or 3 to 60 megacycles) 
is supplied with each instrument, unless both sets are 
specifically ordered. 
Carrier-Frequency Input Impedance: About 75 ohms in the 
broadcast band, increasing slightly lLt higher carrier fre­
quencies and varying somewhat with input tuning. 
Accuracy : The over-all accuracy of measurement at a 
modulating frequency of 400 cps is ±2% of full sClLle 
at 0% and 100%, and ±-!% of fu ll scale at any other 
modubtion percentage. 
Detector Lineority: The distortion in the diode detector is 
very low for frequenc ies up to 7500 cps. Above this 
frequency, a small amount of negative-peak clipping 
occurs, reaching 5% ilt the extreme high end of audio 
range at 15,000 cps and 100% modulation. 
RF Power : In the broadcast range the maximum rf power 
requirement is about 0.5 watt. 
Warning Lamp Circuit: The OVERMODULATION lamp 
will flash whenever the negative modulation peaks ex­
ceed the setting of the MODULATION PEAKS dial by 
2% or more modulation, for audio frequencies between 
:30 and 7500 cps. For higher audio frequencies, the 
percentage overmodulation required to flash the lamp 
increases slightly. 

The accuracy of the dial calibration is ±2% of full 
scale. 
Meter Circuit: The response of the PERCENT AGE 
MODULATION meter circuit is flat, within ±0.25 db, 
between 50 and 15,000 cps, and within ±0.1 db be­
tween 100 and 10,000 cps. 

Either positive 01' negative modubtion peaks may be 
read. Calibration in db below 100% modulation is 
provided. 

TYPE 

The meter dynamie eharaeteri~ti c meet~ FCC specifi­
cations for modulation monitors. 
Audio Monitoring Output: The audio output amplifier is 
flat, within ±1.0 db, from 30 to 45,000 cps. The in­
ternltl 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 between 
:30-30,000 cps with TYPE 1932-A Distortion and Noise 
Meter connected. Distortion less than 0.1 %, under most 
conditions. 

Output level varies inversely with setting of MODU­
LATION PEAKS dial, thus providing reasonably 
uniform input to distortion meter at a ll modulation 
levels. Average output level, approximately 1.5 volts, 
into 100kr! load. 

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 :'I10dulation :\feter (TYPE 
MEDS-l-t), which can be disconnected by it switch. 

2. To a 600-ohm output for audio monitoring. 
3. The TYPE 19:32-A Distortion and Noise :\1eter. 

Tube Complement: Two 6SN7-GT, two 6SJ7, one 6AL5, 
one 2050, two OD3, one 6X5-GT. 
Power Supply: 105 to 125 (or 210 to 250 ) volts, 50 to 60 
cps. Power input is approximately 50 watts. Three-wire 
power cord. 
Accessories Supplied: Multipoint connector, TYPE CAP-
22 Power Cord, spare fu es, and one set of input tuning 
coils (specify frequency range desired). 
Mounting: The instrument is relay-rack mounted. 
Panel Finishes : Standard General Radio crackle. Certain 
other grays which can be processed in quantity can also 
be supplied. 
Dimensions: Panel length 19 by height 8%: inches (~80 
by 225 mm). Depth behind panel, 10 inches (255 mm). 
Net Weight : 32%: pounds (1~.9 kg). 

CODE WORD PRICE 

1931-8 
1931-8 

Modulation Monitor (.5 to 8 Me) .. . 
Modulation Monitor (3 to 60 Me). .. 

TARRY 
TOPIC 

$650.00 
650.00 

For a complete description, see General Radio Experimenter, Vol 33, No 2, February 1959. 
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OUTPUT POWER METERS 

USES : The output power meters indicate directly the audio­
frequency power that a source delivers into any desired load. 
They are widely used to determine the output characteristics 
and internal impedance of lines, oscillators, amplifiers, t rans­
formers, transducers, and other networks. Two models are 
offered with maximum readings of 5 watts and 100 watts 
respectively. 
DESCRIPTION: Functionally, the system is an adjustable load 
across which is connected a voltmeter reading directly in 
watts dissipated in the load. An auxiliary db scale is pro­
vided. 
FEATURES: 
~ Direct-reading in power and impedance. 
~ Auxiliary decibel scale. 
~ Wide ranges. 

SPECIFICATIONS 
TYPE 783-A 

Power Range: 0.2 milliwatt to 100 watts in five decade 
ranges. An auxi lia ry decibel scale with multiplier reads 
from -10 to +50 decihels above 1 milliwatt. 
Impedance Range: 2.5 to 20,000 ohms. Forty discrete 
impedances, distributed approximately l ogari thmieall~·. 
Impedance Accuracy: Wi thin ±2% of the indicated value, 
except at the higher frequencies for high-impedance 
settings. At 15,000 cps 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 t he 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 highest power range is used . 

The over-all frequency characte ristic of the power 
indication is Rat within ±0.5 db from 20 cps to 10,000 
cps; within ±0.75 db to 15,000 cps. 
Waveform Error : Cali brated in rms values for a sinu­
soidal applied voltage. When nonsinusoidal voltages are 
applied, the error will depend on the m:tgnitude and 
phase of the harmonics present. 
Mounting : The instl"llmpnt is mounted on an :tluminum 
panel in a hardwood cabinet. 
DimenSions: vVidth 8, height 18, depth 7 illches (205 by 
~GO by 180 mm ), over-a ll. 
Net Weight : 17 pounds (7.8 kg). 

TYPE 

TYPE 583-A 
Power Range: 0.1 to 5000 milliwatts in four decade 
ranges. An auxiliary scale with multiplier reads from 
-10 to +o7 decibels above 1 milliwatt. 
Impedance Range : 2.5 to 20,000 ohms. Forty discrete im­
pedances, distributed approximately logarithmically, 
are obtained. 
Accuracy : The maximum error in full-scale power read­
ing does not exceed 0.5 decibel between 150 and 2500 
cps, nor does it exceed 1.5 decibels at 20 and 10,000 cps. 
The average error is o.:} decibel at 30 and 5000 cps, and 
O.G decibel at 20 and 10,000 cps. 

The maximum error in impedance does not exceed 
7% between 150 and :}OOO cps, nor does it exceed 50 % 
at 20 and 10,000 cps. The average error is 8% at 30 
and 5000 cps and 20% at 20 and 10,000 cps. 
Waveform Error: Calibntted in rms values for a sinu­
soidal applied voltage. When nonsinusoidaf voltages are 
applied, the error will depend on the magnitude and 
phase of t he harmonics present. 
Mounting: The instrument is mounted on an a luminum 
panel in a hardwood cabinet. 
Dimensions: Width 10, height 7, depth 6 inches (255 by 
180 by 155 mm), over-all. 
Net Weight: 8~ pounds (3.8 kg). 

CODE WORD PRICE 

583-A 
783-A 

Output Power Meter ....... .... ...... . ... . ABUSE 
ABBEY 

$185.00 
410.00 Output Power Meter .....................• 



POWER SUPPliES 
While most General Radio instruments have 

their own self-contained power supplies, some 
have been designed for use with separate power 
~upplies for versatility and economy. These 
Unit Power Supplies are also useful for general 
laboratory purposes because they combine 
small physical size with high quality and high 
performance. 

Most of the Unit Instruments use Unit 
Power Supplies. These instruments can all be 
operated from the general-purpose TYPE 
1203-B Unit Power Supply. For critical appli­
cations, the TYPE 1201-B Unit Regulated 
Power Supply provides constant voltage, 
greatly reduced ripple, and higher current 
ratings. 

The TYPE 1205-B Adjustable Regulated 
Power Supply is primarily a general-purpose 
instrument which provides a regulated output 
adjustable from 0 to 300 volts at a maximum 
current of 200 milliamperes. 

Any of these Unit Power Supplies can be 
used with any Unit Instrument. Locking 
strips are provided with Unit Instruments in 
the rectangular type of cabinet to clamp the 
instrument solidly to the power supply. 

Adaptor panels are available for relay-rack 

Unit Instruments plug directly into Unit Power Supplies with a 
multipoint connector. 

TYPE OPERATED FROM OUTPUT 

1203-B 115 v, 60 cps 6.3 v ac, 300 v dc. 
1201-B 115 v, 60 cps 6.3 v ac, 300 v dc. 
1205-B 115 v, 60 cps 6.3 v ac, 0 to 300 v dc, 

-150 v dc. 
1263-B 115 v, 60 cps 6 v dc, 0 to 300 v dc. 
1264-A 115 v, 50 to 6.3 v ac, 200 to 300 v, 

1000 cps dc; 160 to 210 v, square 
waves. 

1261-A 115 v, 60 cps 1.5 or 3 v dc, 133 v dc, 
open circuit. 

1262-B 115 v, 60 cps 1.2 v dc, 75 v dc, open 
circuit. 

J 
mounting each of the~c po\\"er supplies alone 
or with another Unit Instrument: 

TYPE 480-P4Ul Panels for TYPE 1201-B or 
TYPE 1203-B. 

TYPE 480-P4U2 Panels for TYPE 1205-R. 
TYPE 480-P4U3 Panels for TYPE 1201-B or 

TYPE 1203-B with anyone of the TYPES 
1206-B, 121O-C, 1212-A, 1213-D, 1217-A, or 
1220-A. 

TYPE 480-P5UCl Panels for the TYPE 
1201-B or TYPE 1203-B and TYPE 1211-B 
or TYPE 1215-B. 

TYPE 480-P4UCl Panels for TYPE 1201-B 
or TYPE 1203-B and TYPE 1208-B. 

TYPE 480-P4UC2 Panels for TYPE 1201-B 
or TYPE 1203-B and TYPE 1209-B or 1209-BL. 

The TYPE 1263-B Amplitude-Regulating 
Power Supply regulates the plate-supply volt­
age of the uhf and vhf unit Osci llators to 
maintain a preset oscillator output voltage. 
This is particularly valuable when the oscil­
lator is used for automatic display or for plot­
ting of amplitude response data. Square-wave 
modulation at 1 kc is also provided by this 
power supply. 

The TYPE 1264-A Modulating Power Sup­
ply produces 100% pulse and square-wave 
modulation of vhf and uhf oscillators. Al­
though designed especia lly for the TYPE 
1361-A UHF Oscillator, it can be used with 
most Unit Oscillators. This instrument can 
also be used as a source of regulated dc power, 
adjustable from 200 to 300 volts. 

Two power supplies are avai lable for the 
operation of battery-operated instruments 
from an ac line: The TYPE 1261-A Power Sup­
ply for the TYPE 1550-A Octave-Band Noise 
Analyzer, and the TYPE 1262-B Power Supply 
for the TYPE 1551-C Sound-Level Meter. 

SEE 
REMARKS PAGE 

137 
Regulated 300 v. 137 
Regulated 0-300 v; -150 v. 136 

For amplitude control of Unit Oscillators. 138 
For pulse and square-wave modulation 139 
of Unit Oscillators. 

Replaces battery in Octave-Band Ana- 137 
Iyzer. 

Attaches to Sound-level Meter. 137 
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TYPE 1205-B ADJUSTABLE REGULATED POWER SUPPLY 
FEATURES: 
~ Adjustable 0utput voltage from 0 to :300 
vo lts dc. 
~ Excellent regulation down to zero output. 
~ Low hum level. 
~ Small size - over-all volume is less than 
Ys that of conventional supplies. 
~ High power output - 120 watts. 

DESCRIPTION: The TYPE 120.5-B Adjustable 
Regulated Power Supply combines the fea­
tures of a series regu lator and a controlled 
rectifier. The fast-acting series regulator pro­
vides a low output impedance over a wide 
bandwidth, while the high-efficiency controlled 
rectifier maintains constant voltage drop 
across the series regulator . Thus the series 

regulator always operates at the optimum 
operating point, and the power dissipation 
is held to the same minimum value regardles,; 
of the output voltage setting or of line-voltage 
variations. Furthermore, the regulator per­
fo rmance is the same at any output voltage 
from 0 to 300 volts. 

In addition to the O-to-::\OO-volt regu lated 
dc output, the instrument provides a - 1;")0-
volt regu lated dc bias voltage and two unregu­
lated ac outputs which can be connected in 
parallel for 6.3 volts at 10 amperes or in series 
for 12.6 volts at 5 amperes. 

The output voltages are available at binding 
posts on the panel and at a multipoint connec­
tor in the side of the cabinet. Both the dc 
output voltage and the output current arc 
indicated on a panel meter. 

SPECIFICATIONS 
Dc Output 

Voltage : 0 to 300 volts continuously adjustable, at 
200 rna max . 

Regulation : No load to fu ll load, 0.1 volt; 0.75-volt 
change for ± 10% change in line voltage. 
Bias Output 

Voltage: -150 volts dc fixed, at 5 rna max. 
RegUlation: No load to full load, 0.5 volt; 2-volt max 

change for ±1D% change in line voltage. 
Unregulated Ac Voltage : 2 circuits, each 6.3 volts nomi­
nal, at 5 amperes. 
Mete r Accuracy : Voltage, 2%; clII'rent, 5%. 
120-Cycle Ripple : Less than one millivolt. 

TYPE 

Internal Impedance: Approximately 0.3 ohm +2 J.Lh 
shunted by .J- J.Lf. 
Tube Complement: Two each 6A V5-GA, 5727; one each 
12AT7, 6ANS, 6626, 5651, 6BZ7. 
Power Input: 105 to 125 volts, 60 cps; power consumption 
is 250 watts at full load. 
Accessories Supplied: Adaptor plug, attach~d power cord, 
spare fuses. 
Dimensions : Width 9Y2, height 5~ inches (2-15 by 1;35 
mm); depth behind panel S:Xi: inches (210 mm). 
Net Weight : 15 pounds (6.S kg). 
For a more complete description of this instrument, rc­
fer to the General Radio Experimenter, Volumc :3:3, :'\0. 
:3, March, 1959. 

CODE WORD PRICE 

1205-B 
480-P4U2 

Adjustable Regulated Power Supply ........ . APPLY 
UNIPANBOLT 

$290.00 
11.00 Relay-Rack Adaptor Panel ............••.. 

PATENT NOTICE. See Notes 15 and 21, page viii. 
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UNIT POWER SUPPLIES 

Type 1203-8 

Unit Power Supplies provide plate and 
heater power for Unit Oscillators (pages 108, 
and 110- 113), Unit Amplifier (page 64), Ul1lt 
Xull Detector (page 58), Unit PulseI' (page 
115), and Unit Time/ Frequency Calibrator 
(page 82). 

Type 1201-8 

Two models are available: 
TYPE 1203-B Unit Power Supply - a gen­

el'al-purpose unregul ated 300-volt supply. 
TYPE 1201-B Unit Regulated Power Sup­

ply - a general-purpose regulated supply to 
minimize the effects of line-voltage fluctua­
tions on oscillator amplitude and frequency, 
ampli fier hum level, or pulse-generator jitter. 

SPECIFICATIONS 
TYPE 1203-8 TYPE 1201-8 

Output: D c, 380 volts open circuit, 300 volts at 50 rna, 
all ±5% for 115-volt input; ac, 6.3 volts, 3 amp. 
120-Cycle Ripple: Less than 80 millivolts. 

Output: D c, 300 volts ±1 %, regulated to 0.25%,70 rna, 
max; ac, 6.3 volts, unregulated, .,I. amp. 
120-Cycle Ripple: Less than one millivolt . 
Tube Complement: One each 12AX7, 6AV5GA, 5651, 
12AT7,6AN8. Tube Complement: One 6X.l. 

Input: 105 to 125 volts, 50 to 60 cps, 50 watts. Three-wire 
power cord is permanently attached. Can a lso be op­
erated from a 400-cycle supply for applications where a 
~OO-cycle 6.3-volt supply can be tolerated. 

Input : 105 to 125 volts, 50 to 60 cps, 90 watts. Three­
wire power cord is permanently attached. Can a lso hI" 
opera led from a JOO-cycle sup pi) for app lications where 
a .lOO-cycie 6.3-volt supply can be tolerated . 

Accessories Supplied: Output plug for connection to 
equipment other than Unit Instruments, spare fuses. 
Mounting: Aluminum panel and cabinet. 

Accessories Supplied: Output plug for connection to 
equipment other than Unit Instruments, spare fuses . 
Mounting: Aluminum panel and cabinet . 

Dimensions : Width 5, height 5%, depth 6,)4 inches (130 
bv 150 by 160 mm). 
N'et Weight : 5 pounds (2.3 kg). 

Dimensions: Width 5, height 5%, depth 6,)4 inches (130 
by 150 by 160 mm ). 

TYPE 

1203-B 
1203-BQ18 
1201-8 
1201-BQ18 
480-P4Ul 

TYPE 

1261-A 

1262-8 

VOLTS 

105-125 
or 

210-250 

105-125 
or 

210-250 

Net Weight: 6 pounds (2.8 kg). 

Unit Power Supply, 105 to 125 volts ... 
Unit Power Supply, 210 to 250 volts . 
Unit Regulated Power Supply, 105 to 125 volts 
Unit Regutated Power Supply, 210 to 250 volts 
Relay-Rack Adapter Panel ... ... . ..... . .. . 

CODE WORD 

ALIVE 
ALiVERALLY 
ASSET 
ASSETRALLY 
UNIPANARCH 

BA TTERY-REPLACEMENT POWER SUPPLIES 
TYPE 1261-A PO WER SUPPLY: For use in p lace of BA48 
(01' 6TA60) battery in the TYPE 1550-A Octave-Band 
Analyzer. This power supply uses one 6H6 tube and 
two BllI'gess UNI-Cell No.2 or Eveready No. 950 
batteries. A TYPE CAP-22 Three-\Yire Power Cord is 
supplied. 
TYPE 1262-8 POWER SUPPLY: Attaches to the TYPE 
1551-C Sound-Level Meter to provide plate and fila­
ment power for laboratory use. The TYPE 1262-B 
Power Supply uses selenium rectifiers and RC fi lters. 

PRICE 

$ 50.00 
60.00 
85.00 

100.00 
11.00 

FREQUENCY FILAMENT SUPPLY PLATE SUPPLY DIMENSIONS NET CODE 
CPS 

40 to 400 

50 to 400 

WATTS VOLTS MA VOLTS MA INCHES* WEIGHT WORD 

10 1.50r3 50 133 0 10 X 5 X 2v.;- 7lJilb NUTTY 

2 # 1 1.2 

# 2 1.2 

40 

20 

63 8 mox (3.6 kg) 

75 o 5 X 714 X 3Y. 2Y,Ib MAYOR 

55 3.3 (1.2 kg) 

PRICE 

$130.00 

95.00 

* To convert inches to mm, mllltiply by 25.4. 
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TYPE 1263-B AMPLITUDE-REGULATING POWER SUPPLY 
USES: In most measurements using radio-fre­
quency oscillators, it is desirable to maintain 
a constant applied voltage as the frequency is 
varied. The TYPE I263-B Amplitude-Regulat­
ing Power Supply automatically maintains 
the output of General Radio vhf and uhf 
oscillators at a preset value in spite of inci­
dental amplitude variations which occur both 
with supply-voltage variations and with 
changes in oscillator frequency. 

Owing to its very-high-speed response, the 
TYPE I263-B is particularly useful when the 
oscillator dial is mechanically driven by a 
TYPE I750-A Sweep Drive for oscillographic 
display of amplitude-frequency character­
istics. 

This power supply will modulate a Unit 
Oscillator with I-kc square waves, thus 
eliminating incidental fm and permits the use 
of an untuned detector with a sensitive audio 
amplifier. Regulation of average output level 
is maintained in this mode of operation so 
that swept measurements at very low rf levels 
can be made. 

DESCRIPTION: The TYPE I263-B Amplitude­
Regulating Power Supply compares the dc 
potential developed by the oscillator output 

rectifier with an adjustable dc reference po­
tential in a feedback system. A rapid correc­
tion is applied to the plate-current supply of 
the oscillator to hold the oscillator output to a 
preset level. Rf blanking can be accomplished 
by shorting of the reference potential with an 
external contactor. 

For l-kc modulation a multivibrator and 
RC low-pass input filter are switched into the 
power-supply circuit. The voltage regulated 
is then the average value of the square-wave 
envelope. An external synchronous detector, 
useful for maintaining a high signal-to-noise 
ratio in low-level measurements, may be gated 
from a voltage provided. 
FEATURES: 

~ Provides constant oscillator output within. 
±5% including errors from oscillator harmon­
ics below 500 Mc (up to 2000 Mc with suitable 
low-pass filters) with variations in frequency, 
load, and line voltage. 

~ Provides I-kc square-wave modulation from 
an internal generator. 

~ With an external TYPE 874-VR Voltmeter 
Rectifier, the built-in, peak-responding meter 
indicates rms oscillator output vol~age. 

SPECIFICATIONS 
Rf Output Voltage: 0.2 to 2.0 volts behind 50 ohms for 
any recommended oscillator (see below), and a TYPE 
874-VR Voltmeter Rectifier. With 1-kc square-wave 
modulation, 0.2 to l.0 volt behind 50 ohms. 
Rf Output Regulation: Below 500 Me, rf output of recom­
mended Unit Oscillators is held to within ±5% includ­
ing the effects of harmonics. This regulation can be at­
tained up to 2000 Me if proper low-pass rf filters (see 
page 45) are used and a correction applied for the out­
put-rectifier frequency characteristic. 
Modulation 

Frequency: 1-kc square-wave, adjustable ±5%, stable 

to within 5 cps over the rated range of line voltage. 
Duty Ratio: 0.5 to 0.5:3, adjustable to compensate for 

oscillator starting delay. 
Rise and Decay Times: 50 J..Lsec each. 
Overshoot: None. 
Ramp-off: Less than 0.5%. 
Gate Voltage: Synchronized with "off" interval of 

modulation, exceeds 1 volt into the recommended load of 
30 kn shunted by :300 pI. Rise and decay times are lesR 
than 50 J..Lsec each. Gate output during "on" interval of 
modulation is less than .01 volt. 
Plate Supply Output: 0 to 300 volts at 30 rna. 



Heater Supply Output: (j v ±1O% at 0.5 amp, 5.4 v ±10% 
at 0.7 amp. 
Response Time: For a 2-to-1 step variation in oscillator 
output, correction is completed within 0.5 msec with cw 
operation, 50 msec with 1-kc modulation. Recovery 
time after blanking is less than 2 msec with cw opera­
tion, less than 200 msec with 1-kc square-wave modula­
t ion. 
Hum and Noise: Peak residual hum and noise modulation 
is less than ±0.3% on cw; less than ± 3% with 1-kc 
square-wave modulation. 
Output Voltmeter: In ternal standardizing circuit is pro­
vided . Accuracy after standa rdization is better t han 
±1O% of indication when a correction is applied for 
rectifier characteristic at extremely high frequencies. 
Tube Complement: Four 12AX7, one each 5963, 6V6GT, 
OA2. 
Power Input: 105 to 125 (or 210 to 250) volts, 50 to 
60 cps, 55 watts maximum, at full load. 
Accessories Supplied: TYPE CAP-22 Three-Wire Power 

TYPE 

POWER SUPPLIES 
MODULA TlN(J 

Cord, connector cable for modulation jack on oscillator, 
spare fuses. 
Other Accessories Required: TYPE 87-l-VR Voltmeter 
Rectifier (page 50), TYPE 874-R22 Patch Cord (page -+-+) 
for connecting output rectifier, and TYPE 87-+-T for 
monitoring oscilloscope connection in sweeping applica­
tions. 
Recommended Oscillators: (pages 108 to 112 ): TYPE 
1215-B (50 to 250 Me), TYPE 1209-BL (180 to 600 Me), 
TY PE 1209-B (250 to 920 Me), TYPE 1361-A (-150 to 
1050 Me), TYl'l~ 1218-A (900 to 2000 Me), and for ew 
operation only TYPE 1211-B (0.5 to 50 Me). 
Other Accessories Available: The Typ],; 1750-A Sweep 
Drive (page 1-+5) is recommended for automatic opera­
tion. Coaxial Cables, connectors, attenuators, fi lters, and 
adaptors a re listed on pages -+0 to -+8. For relay-rack a­
daptor panels see speeifieations for Type 1264-A, page 140. 
Mounting: Aluminum panel and cabinet. 
Dimensions : Width 8, height 7, depth 97<1: inches (205 
by 180 by 235 mm ), over-all. 
Net Weight : 14Y2 pounds (6.6 kg). 

CODE WORD PRICE 

1263-B Amplitude-Regulating Power Supply ..... . . . GAVOT $355.00 

The previous model of the Amplitude-Regulating Power Supply, TYPE I263-A, is still available. 
This model does not provide I-kc square-wave modulation. The TYPE I263-A is priced at 
$305.00; code word is SALON. 

TYPE 1264-A MODULATING POWER SUPPLY 
USES: The TYPE I264-A Modulating Power 
Supply is used primarily to produce 100% 
pulse and square-wave modulation of vhf and 
uhf Unit Oscillators. In addition to its use as 
a modulator, this power supply can be used as 
an adj ustable, regulated supply for the osci lla­
tor plate and a source of unregulated heater 
power. 

Although the TYPE 1264-A was designed 
especially as a companion to t he nelY TYPE 
136I-A UHF Oscillator (450 to 1050 :vIc), 
accessory adaptor cables permit use of this 
power supply with many other General Radio 
oscillators (see ·pecifications). 

DESCRIPTION: The TYPE I264-A comprises an 
electronically regulated, adjustable-output, 
high-voltage, d c supply, a dc-coupled,' series­
type power modulator driven by a Schmitt 
trigger circuit, and a l-kc multivibrator. A 
switch permits selection of cw, standby 
(only heaters energized), I-kc square-wave 
modulated (internally generated), or exter­
nally modulated operation. Independent panel 
controls vary the regulated supply voltage 
for CIY operation and the modulator amplitude 
for square-wave and pulse operation. Controls 
are also provided to adjust t he frequency of 
the internal I-kc multivibrator and the duty 
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PO WE/( SUPPLIES 
MOOUlA TlNG 

Type 1264-A Modulating Power Supply assembled with a Type 1361-A Oscillator and Type 480-P416 Panel Extensions for relay-rack 
mounting. 

ratio to produce a true "quare wave. 
The input trigger circu it accepts single or 

mu ltiple positive pulses, which are reproduced 
at the modulator output. It also accepts 
square waves at rates up to 100 lec, or sine 
waves up to 50 lee, from any 20-volt source 
such as a TYPE I217-A Unit PulseI' or TYPE 
121O-C Unit RC Oscillator, and produces 
square waves at the modulator output. No ad­
justment of triggering is necessary. The stable 
I-kc multivibrator provides ideal square-wave 

modulation for use with sharply selective 
amplifiers following the signal detector. 

FEATURES: 

~ Clean, stable; high-level output pulses. 
~ Stable internal I-kc square-wave generator. 
~ Synchronization to wide range of input signals. 
~ With an external pulse source, repetition 
rates from 20 cps to 100 kc are available. 
~ Adjustable, well-regulated de output for cw 
operation. 

SPEClFICA TIONS 

RegUlated Dc Output (Unmodu!ated) 
Voltage: Adjustable from 200 to 300 volts. 
Current : 50 ma maximum. 
Stability: Output voltage at any rated load will change 

less than 0.5 volt for ±10% line-voltage change. 
Ripple: Less than 1 mv rms with B- grounded; less 

than 5 mv rms with B+ grounded. 
Heater Power Output (Unregulated) 

Voltage: 6.3 volts ac. 
Current : 2.1 amp maximum. 

Square- Wave Output (Internally Generated) 
Amplitude: Adjustable from approximately 160 to 210 

volts. 
Frequency: Adjustable from S50 to 1150 cps. 
Stability: Frequency will change less than 0.5% for 

±10% line-voltage change. 
Duty Ratio : 0.5, adjustable ±5%. 

Square- Wave Output (from External Sine- Wave Generator) 
Amplitude: Adjustable from approximately 160 to 

210 volts. 
Driver Requirements : 20 to 50 v rms, 20 to 50,000 cps. 

Pulse Output (Externally Generated) 
Amplitude: Adjustable from approximately 160 to 210 

volts. 
Duration (between half-amplitude points): 1.5 J.Lsec to 

square waves; duration determined by external genera­
tor. 

TYPE 

Rise and Decay Times (between 10% and 9 ,0 % of maxi­
mum amplitude): Less than 1.5 J.Lsec when driving a load 
capacitance of 300 pf in shunt with a resistance of 15,000 
ohms or less. 

Ramp-off : None. 
Overshoot: Less than 5%. 
Driver Requirements: 20 to 50 volts peak, positive polar­

ity, 20 to 100,000 pulses per second. 
Tube Complement : Three 5965, two 5763, one each 
6ANS, GAV5GA, 5651, 5963. 
Power Input: 105 to 125 (or 210 to 250) volts, 50 to 1000 
cps, S5 watts. 
Accessories Supplied : TYPE CAP-22 Three-Wire Power 
Cord, connector plug. 
Recommended Oscillators: TYPE 1361-A (-150 to 1050 
Me); TYPES 1215-B (50 to 250 Me), 1209-B (250 to 
920 Me), 1209-BL (ISO to 600 Me), and 121S-A (900 to 
2000 Me) (pages 109 to 112). 
Other Accessories Available: TYPE 126-t- P1 Adaptor 
Cable to connect to TYPES 1209-B, 1209-BL, and 
1215-B Unit Oscillators; TYPE 126.J-P2 Adaptor Cable 
to connect to TYPE 1218-A Unit Oscillator; TYPE 
4S0-P-tOS Panel Extensions for relay-rayk mounting; 
TYPE 4S0-P416 Panel Extensions for rack mounting 
with the TYPE 1:361-A UHF Oscillator. 
Dimensions: Width S, height 7, depth 9~ inches (205 
by ISO by 235 mm). 
Net Weight : 12 pounds (5.5 kg). 

CODE WORD PRICE 

1264-A 
1264-P1 
1264-P2 
480-P408 
480-P416 

Modulating Power Supply .. .... .. . ..... . . . MODUl 
MODUlCABlE 
MODUlADAPT 
EXPANEUAG 
EXPANElNIT 

$285.00 
Adaptor Cable ................ . ..... ... .. . 
Adaptor Cable . . ...... . .. ................ . 
Panel Extensions (pair) .... •••.. ...•••.••• • 
Panel Extensions (pair) ....•• ••• . ••••••• •• • 

15.00 
8.50 
8.00Pair 
6.00 Pair 



RECORDER AND SWEEP DRIVES 
The automatic display of data on oscillo­

scopes and graphic recorders has become an 
important factor in the conservation of engi­
neering manpower and time. In the follow­
ing pages are listed two types of instruments 
for data-display techniques: (1) a graphic­
level recorder for frequencies up to 200 kc and 
(2) a group of mechanical dial drives, which 
adapt manual instruments for automatic 
sweep operation. 

~ RECORDER 
The TYPE 1521-A Graphic Level Recorder 

will plot automatically the frequency response 
of electrical and electroacoustic devices as well 
as the absolute level, as a function of time. It 
can also be used as a linear dc recorder. 
~ MECHANICAL DRIVES 
The sweep drives and dial drives convert 

manually operated equipmeut for sweep 
operation and provide an economical means 
for automat ic data display. 

~ DIAL DRIVES 

The dial drives described in this section are 
mechanical accessories for already existing 
instruments that will convert them to auto­
matic operation. Good quality, manually ad­
justable instruments of most kinds can be 
easily adapted for automatic display work. 
The vastly improved efficiency of the con­
verted instrument will pay for the conversion 
many times over. 

Driven by a synchronous motor, each model 
is restricted to one speed. They can be set to 
cover different angles of rotation and they 
reverse direction automatically to yield an 
oscillating motion. 

TYPE 1521-A GRAPHIC LEVEL RECORDER 
USES: The Graphic Level Recorder plots 
linearly in decibels the rms level of ac voltages 
from 20 cps to 200 kc. It produces permanent 
ink records of the response of electrical or 
electroacoustic devices and systems as a func­
tion of either frequency or time. Owing to the 
high stability of its reference voltage and 
ampJiiicl' gain, it can be used tlS l), recorder of 
absolute level. 
A mplitude-Frequency Plotting 

For frequency-characteristic measurements, 
the paper drive can be coupled by means of 
drive and link units (see price list) to the 
frequency-control shaft of an oscillator or 
analyzer for completely automatic recording. 

The combination of the recorder and the 
TYPE 1304-B Beat-Frequency Audio Genera-

tor produces records having a true logarithmic 
frequency scale and is ideal for plotting fre­
quency characteristics of analyzers, recording 
systems, networks, filters, and equalizers, as 
well as of loudspeakers, microphones, vibra­
tion pickups, and other transducers. 
Acoustic Measurements 

The combination of tlle l'eCOl'del' and the 
TYPE 1554-A Sound and Vibration Analyzer 
makes possible automatic analysis of sound 
spectra, and response measurements on net­
works excited by white noise. 

Used with the TYP1~ 1551 Sound-Level 
Meter, the reconler can plot sound levels over 
a wide dynamic range. 1< or measurements of 
level as a function of time, the writing speed is 
sufficiently high for the measurement of rever-
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beration time and other transient phenomena.. 
The wide range of paper speed facilitates 

long-period studies of the noise produced by 
traffic, office machinery, industrial processes 
and potential hearing-dama.ge conditions, as 
well as of short-duration transien ts. 

Accessory potentiometer units are available 
for a wide variety of scales for ac recording. 
They are supplemented by a linear potenti­
ometer whieh eUllverL:,; Lhe in:,;Lrument from a 
level recorder to a general-purpose dc recorder. 

DESCRIPTION: The TYPE l;j21-A Graphic 
Level Recorder is a completely transistorized 
single-channel, servo-type recorder. It pro­
duces a strip-chart record with red ink on 
white paper, suitable for reproduction. The 
pen is attached to a coil which moves linearly 
over a -!-inch distance in a uniform magnetic 
field. A contact attached to the coil rides on a 
:,;traight potentiometer which is the balancing 
element for the servo. The position of the 
contact is determined by the input signal, and 
the exponential potentiometer characteristic 
produces a linear db scale. 

The detector circuit has, for a ll commonly 
encountered waveforms, a response that very 
closely approximates true rms. 

The difference between the detector output 
and a one-volt reference derived from a Zener 
diode is amplified by a stable dc amplifier and 
used to position the coil which carries the 
potentiometer contact and pen. A velocity­
feedback coil mounted on the drive-coil frame 
provides appropriate damping. 

Careful design has made it possible to main­
tain both a high writing speed and the largest 
servo bandwidth consistent with a frequency 
response extending downward to 20 cps, with­
out exceeding a I-db overshoot. Writing speeds 
of approximately 1, 3, 10, and 20 inches per 

80 

10 

• 0 

REVERBERATION TIME 
T • I. 2 SECONDS 

WRITING SPEED- 20 IN/SEC 
(3 db OVERSHOOT) 

PAPER SPEED· 300 DIV/SEC 
I Dry- 0.2 SEC 

o 

Chart record of reverberation time of auditorium excited by 
!f3·octave bond of noise at 500 cps. 

10 

second are selectable by a single switch wi th­
out auxiliary adjustment of low-frequency 
cutoff or damping. 

Changes of the recording range are easi ly 
accomplished by use of a 20-db or an SO-db 
potentiometer in place of the 40-db unit sup­
plied as standard equipment. With the SO-db 
potentiometer the maximum 'ITiting speed be­
comes 300 db / second, making possible meas­
uremcnt of reverberation times as short as 0.:3 
second. Thc slow writing speeds are provided 
to filter out abrupt level variations, yielding a 
smoothed plot. Careful analysis and control of 
factors influencing dynamic behavior makc 
possible this smoothing without loss of 
accuracy. 

For dc recording the potentiometer, ac am­
plifier, and detector are removed from the 
circuit. The linear potentiometer, in this 
method of connection, provides a balancing 
voltage in series with the input voltage, and 
the combined voltage is balanced against the 
l-volt reference. A single O.S-volt range at a 
1000-ohm input-impedance level makes the 
instrument interchangeable with the usual 
direct-writing strip-chart recorders. 

FEATURES: 
~ High inpu t sensitivity. 
~ Calibrated in absolute level. 
~ Wide input frequency range. 
~ Fast writing speed with optimum ballistics. 
~ Simple to operate. 
~ RMS detector. 
~ Mechanical coupl ing available for driving 
oscillator or analyzer. 
~ Interchangeable logarithmic potentiometers. 
~ Easily converted to dc linear recorder. 
~ Completely traJ1f;istorized. 

20 30 40 50 60 
SECONDS 

Record of noise level in a cafeteria with both fast and slow 
writing speeds and 40·d b potentiometer. 
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SPECI FICA TIONS 

Input Frequency Range: 20 cps to 200 kc, for level record­
ing; de recording (servo bandwidth ), dc to 10 cps. 
Input Range: 0 to ,,(,0 db 1'01' level recording (20-db and 
SO-db potentiometers a re a lso available); O- O.S volt 
(at 1000 ohms) full scale, for dc recording with zero 
input position adjustable over full scale. 
Accuracy: Potentiometer, 1 % of full-scale db value, 
recorder balances within 0.25 % of full scale. 
Maximum Sensitivity: 1 millivolt at 0 db for level re­
cording ; O.S volt full scale for dc recording. 
Input Attenuator: 60 db in lO-db steps. 
Maximum Input Voltage: 100 volts ac. 
Input Impedance: 10,000 ohms for ac level recorder 

1000 ohms for dc recorder. 
Paper Speeds : 2.5 inches pel' minute to 75 inches pel' 
minute. A slow-speed motor to provide speeds of 2.5 to 
75 inches per hom is available as an acceRsory. 
Writing Speed: 1, :3, 10,01' 20 inches pel' second (approxi­
mately), with overshoot l es~ than 1 db. 
Oscillator or Analyzer Drive: Order TYPE 1521-PlO 
Drive Unit and appropriate Link Unit. 
External Dc Reference: In ternal terminals are provided 
1'01' an external de voltage, which can be substituted 
for t he I-volt in ternal dc reference. The recorder will 
operate properly over a :3:1 reference-voltage range (0.5 

SUPPL Y 
TYPE MOUNTING FREQUENCY 

1521-AR Rack 60 cps 
1521-AM Bench 60 cps 
1521-ARQl Rack 50 cps 
1521-AMQl Bench 50 cps 

to 1.5 volts). If this reference voltage is derived from 
the source of energy in the s?stem under test, variations 
of up to :3 :1 in the sou rce output can therefore be 
eliminated from the recording. 
Detector: Quasi-rmR; within 0.25 db of rms for multiple 
sine waves, sqllllre waves, 01' noise. Detector operating 
level is 1 volt. 
Chart: .,I-inch recording width on 5-inch paper. All charts 
have S major divisions, .,10 total divisions on vertical 
scale. 
Transistor Complement: Twelve TRl , four 2 :321, three 
2N176. 
Accessories Supplied: oW-db potentiometer, spare fuses, 
power cord , 2 pens, 2-oz bottle of ink, 1 roll of CTP-505 
paper, dropper for filling pen; adaptor cable for TYPE 
1551-B and-C Sound-Level :\ieters. 
Accessories Available: Potentiometers, charts, ink, 
slow-speed motors, drive and link units, as listed in 
price table. 
Power Supply: 105 to 125 (or 210 to 250 ) volts, 60 cps, 
:35 watts. 50-cycle models are available; see price list 
below. 
Dimensions: Width 19, height 9, depth 1-l~ inches 
(-!S5 by 229 by :362 mm ), over-all. 
Net Weight: 50 pounds (2:3 kg). 

PAPER 
SPEED 

2.5-75 in./min 
2.5-75 in./min 
2.5-75 in./min 
2.5- 75 in./min 

CODE 
WORD 

AGENT 
ASTER 
AGENTRABID 
ASTERRABID 

PRICE 

$995.00 
995.00 
995.00 
995.00 

POTENTIOMETERS 
1521-Pl 
1521-P2* 
1521-P3 
1521-P4 

*Supplied with Recorder. 

20 db 
40 db 
80 db 
Linear 

CHARTS 

FACET 
AZURE 
FELON 
FAUNA 

$ 55.00 
55.00 

155.00 
55.00 

CTP-501 
~--~~~~ ~----~----~~T---------~-------­

Calibrated 20 cps-20 kc, logarithmic, in 9 inches, repeating every 13 '12 
inches along time axis; for use with Type 1304·S Seat-Frequency Oscil· 
IotaI' . .. 

CTP-505 Linear time base, 1 division = '.4 inch; for ac or de records as a func· 
LOGARCHART $2.30* 

tion of time . . lINALCHART 2.30* 
CTP-516 Calibrated 25-7500 cps in '13 decade segments, scale 2'.4 inches long, 

spaced for continuous rotation of analyzer knob; for use with Type 
760·B Sound Analyzer . . . . . . . . . . . . . . . . . ............ , , . SOUNDCHART 2.30* 

CTP-554 Calibrated 25-25,000 cps along axis; for use with Type 1554-A Sound 
and Vibration Analyzer , , , , , , , , , , , , , , , , ' , , , , , ' , , , , . , , , , , . . . . . ANNAL CHART 2 .30* 

All charts are 5 inches wide and have 8 major divisions on a 4·inch vertical scale with 40 total divisions except CTP·501, which has 80 
total divisions. Roll length 100 feet. All may be used with any potentiometer. 

INK (red) 
1521-409 2-ounce bottle , , . , , , • , , , , , , , • ' , , , , , , .•.. , ' , .. ' , , , , , , , INKAL 

.,,17572_1~-~40~9~-~2~~Jl~6~-~o~u7n~ce __ b_o_"_le __ , _' '_'_'_'_'_' _' _" _'_'_'_'_' _' _"_'_'_' _' _' ___ '_'_' _' _'_' ,_,_._._. _. _,_,,_._,_,~ __ INKER 
~ubject to quantity discounts, 

MOTORS FOR LOWER CHART SPEEDt 

$0.85* 
3.00* 

1521-P20 (60 cps) for paper speeds of 2.5-75 inches/hour, , , , , , ' , , " , , , , , , , PASTY $52.50 
1521-P22 (50 cps) for paper speeds of 2.5-75 inches/hour , , , PERIL 52.50 ________ ~__ __ ____________ -J __________ ~ __ ~~_ 

DRIVE AND LINK UNITS FOR COUPLING TO OSCILLATOR AND ANAL VZERS 
1521-Pl0 Drive Unit to operate all link units, , .... ,.,.',.,',.,.,.," 
1521-Pll Link Unit for coupling to Type 1304·B or Type 1554·A with recorder 

mounted below, , , , , , , , , ' , , , , , , , , , , , , , , , , , , , , , , , , , 
1521-P12 Link Unit for coupling to Type 760-B , , , , , , ' , "' , ' , ""' , ' , "' ,',. 
1521-P14 link Unit for coupling to Type 1304·B below recorder; (will also oper· 

ate Type 1554·A above recorder,) , , , , , , , , , , , , , , , , 
PATENT NOTICE, See Note 18, page viii, 
tRecorder can be suppl ied with low-speed motor installed, at sa me price as with s tandard motor. 

PUPIL 

PRIOR 
PUppy 

PANIC 

$72.00 

18.00 
18.00 
18.00 
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TYPE 1750-A SWEEP DRIVE 
FOR 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, 
,,-hich 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 
cycles per second. Its universal coupler at­
taches easily to any knob, dial, or shaft. Used 
in conjunction with Unit Oscillators, it makes 
available an extremely versatile system of 
swept signal sources covering a frequency span 
from 20 cps to 2000 Mc. For a constant out­
put over the entire frequency range of anyone 

Gener91 Radio Sweep Drive and Unit Oscillator used in the test 
of wide-band amplifiers. 

of the Unit Oscillators, the TYPE 1263-B 
Amplitude-Regulating Power Supply is used. 
Deflection voltages for a cathode-ray oscillo­
scope are generated internally. 

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 adj ust­
ments can be made while the drive is in motion. 
An adjustable limit switch can be set to stop 
the drive when predetermined limits of motion 
of the driven shaft are exceeded. 

o 

View of the coupling attachments furnished with the Sweep 
Drive. At left is the coupling shaft, to which has been attached 
the universal clutch. The other views show the clutch and the 

clutch attached to a knob. 



An oscilloscope-deflection-voltage circuit 
provides a horizontal deflection voltage that 
is proportional to shaft angle. A blanking cir­
cuit is included to eliminate the oscilloscope 
return trace and produce a base line. 

FEATURES: 

~ Brings sweep techniques to the laboratory 
or production line at minimum cost. 
~ Can be attached to any dial, shaft, or knob. 
~ Adjustable while in motion. 
~ Generates horizontal deflection voltage pro­
pOl,tional to shaft angle. 

Characteristic of a tele· 
vision front·end tuner set 
to channel 7; sweep range 
is 160 to 200 Mc; vertical 
deflection is square law. 

{(lCO{(DING 
SWEEP Ol(/VE 

~ Adjustable limit switches protect against 
exceeding preset limits of shaft travel. 
~ Provides a constant-output swept osci llator 
when used with Unit Oscillator and TYPE 
1263-B Amplitude Regulating Power Supply. 

SPECIFICATIONS 
Reciprocating Output Shaft 

Center Posit ion: Adjustable over 9-turn range. 
Sweep Arc: Adjustable 30-300 degrees. 
Torque: Rated max 24 ounce-inches. \Vill drive 

TYPES 1208-B, 1209-B, 1209-BL, 121O-C, 121l-B, 
1215-B, 1218-A Un it Oscillators, TYPES 1300-A and 
1304-B Beat-Frequency Oscillators, TYPES 1302-A, 
l305-A, and 1330-A Oscillators, TYPE 155-!-A Sound 
and Vibration Analyzer, TYPES 805-C, 100l-A, and 
1021-A Standard-Signal Generator . 

Sweep Speed: Adjustable 0.5- 5 cycles per second. 
Moment of inertia limits the speed at which a load can 
be driven. 

Height of Shaft: Adjustable, 2}1-4Ys inches over 
bench. 

TYPE 

F lexible Coupling: 5% inches long. Couples to X­
and :Va-inch shafts; knobs and dials 1 to 4 inches in 
diameter. Continuously adjustable. 
Limit Switch: Adjustable within 9 turns. 
Sweep Voltage : 2.5 volts peak to peak, ungrounded. 
8lanking : Shorting contact closed during clockwise rota­
tion of driven shaft, ungrounded. 
Accessories Supplied : Couplings, lubricant, spare fuses. 
Input Power: 105- 125 volts, 50-60 cps, 60 watts maxi­
mum. On 400-cycle supply, maximum sweep speed is 
reduced 25%. A 210- to 250-volt model also available. 
Dimensions: Width 17}1, height 9, depth 8>i inches 
(-l45 by 230 by 210 mm ) o,er-alL 
Weight: 22}1 pounds (10.5 kg). 

CODE WORD PRICE 

1750-A 
1750-AQ18 

Sweep Drive (115 volts, 50-60 cps) .. .... . .. . STUDY 
STUDYREPEl 

$470.00 
505.00 Sweep Drive (230 volts, 50-60 cps) ... . .. . .. . 

CONSTANT-AMPLITUDE SWEEPING SYSTEM 

The TYPE 1263 Amplitude-Regulating 
Power Supply makes possible the maintenance 
of constant output amplitude from a Unit 
Osci llator as the frequency dial is rotated. For 
a complete constant-amplitude sweep system, 
order the items below, in addition to t he 
Unit Oscillator and Sweep Drive. 

For low-pass fi lters, attenuators, and other 
Type 874 accessories, see pages 40- 50. 

Type 1750·A Sweep Drive and the Type 1263-8 Amplitude 
Regulating Power Supply set up to sweep a Type 1208-8 Unit 
Oscillator, thus providing a constant sweep output over a 
frequency span of 250 Mc to 920 Mc. The equipment shown 

here is listed below, with the exception of the osci llator. 

TYPE 

1263-8 
874-VR 
874-R22 
874-T 
874-VQ 
874-WM 

Amplitude-Regulating Power Supply . ......... . ...... . .. .. . 
Voltmeter Rectifier .. 
Patch Cord ......... . ... . . ..... . . .. .. ........... . .. . ... . 
Tee ... . . . ..... . 
Voltmeter Detector* ....... ..... .... . ... . .. . .... ... . . . . . . . 
50-ohm Termination* . 

PAGE 

138 
50 
44 
43 
50 
47 

*Used when 50·ohm systems are measured, to rectify the output of the network under test and to provide vertical deflection voltage. 
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SYNCHRONOUS DIAL DRIVES 
The TYPE 908-P and the TYPES 907-R and 908-R 

Dial Drives are an inexpensive means for adapting 
manually operated equipment to sweep operation. For 
equipment that uses TYPE 908 or 907 Dials (page 23*) 
these drives can be installed directly in place of the 
vernier knob . Installation of these dials on other equip-

ment will adapt it for sweeping with these drives. 
Each of these fOUl'drives is powered b~' a synchronous 

motor which reverses automatically \\'hen Lhe drive 
encounters a mechanical stop. Adjustable stops LhaL 
clamp on the dial are furnished; power switch and 
power cord are included. 

TYPE 908-P DIAL DRIVES 
These drives can be used on all Typl!; 907 and 908 

Precision Dials. No time base is included ; the syn­
chronous motor drive supplies the equivalenL of a hori­
zontal time calibration. The TYPl!; 908-PI is inLended 

Speed: 

TYPE 
908- PI 

908- P2 

SPECIFICATIONS 

PINION 908 DIAL 907 DIAL 
4 rpm 4/ 15 rpm or 4/1 0 rpm or 

225 sec/rev 150 sec/rev 
30 rpm 2 rpm or 3 rpm or 

30 sec/rev 20 sec/rev 

On logarithmic frequency dials used on TYPES 1304 
and 1330-A Oscillators, the sweep times are as follows' 

908-P1 50 sec/frequency decade or 15 sec/octave. 
908-P2 6% sec/frequency decade or 2 sec/ 

octave. 
These data are for 50-cycle operation. Multiply 

speeds by % for 50-cycle operation. 
Torque at Drive Shaft : 908-P1 5 inch-ounces; 908-P2 % 
inch-ounce. TYPE 908-P1 will d rive the fol lowing oscil­
lators : TYPES 1208-B, 1209-B, 1209-BL, 1211-B, 
1215-B, 121O-C, 1330-A, and 1304-B. It will also drive 
the TYPE 1218-A, but the life of the drive is reduced. 

TYPE 

908- Pl 
908-P2 

Synchronous Dial Drive . 
Synchronous Dial Drive . 

for use with a graphic recorder. The TYPI-; \)08-1'2 ha~ a 
higher specd, and, although useful with the recorder, is 
particularly suiLtlble for visual display on an oscillo­
scope with 'I long-persistence screen. 

TYPE 908-P2 will drive the TYPES 1209-B, 1209-BL, 
121O-C, 1211-B, 1215-B, and 1304-B very satist'actoril\·. 
It is not recommended for use with TYPE 1208-B. It 
will not drive the TYPE 1218-A. 
Power Supply : 105 to 125 volts, 50-60 cps. 
Dimensions : :3 % inches (92 mm) in diameter, 3 inches 
(76 mm) deep, over-all. 
W eight : 1~ Ib (0.6 kg). 

CODE WORD 

SYNDO 
SYNKA 

PRICE 

$32.00 
32.00 

TYPE 907-R AND 908-R DIAL DRIVES 
These dial drives will drive the dials of General Radio 

oscillators and other equipment and also supply a 
sweep voltage proportional to angle of rotation. The~· 
can be used in automatic plotting of frequency charac­
teristics with an X-Y plotter or with an oscilloscope 
t hat ampli fies dc and has a long-persistence screen. 

SPECIFICATIONS 

Potentiometer: 20,000 ohms. Maximum current: 10 mao 
Dimensions: Depth 3Ys inches (100 mm); diameter, 
TYPE 907-R144, 4 inches (105 mm), TYPE 908-R96; 
5% inches (150 mm ). 
Net Weight: TYPE 907-R1·H, 1% pounds (0.8 kg); TYPE 
908-R96, 2 pounds (0.9 kg) . 
Power Input : 105- 120 volts, 50- 60 cps, 3 watts; speed 
data are for 50-cycle supply; for 50-cycle service, 
multiply by %. 

The TYPE 907-R144 Dial Drive will drive the fol­
lowing GR instruments: TYPES 121O-C, 1208-B, 1209-B, 

TYPE USE WITH DIAL· DIAL SPEED 

907-R144 907 144° /min 
908-R96 908 96° /min 

.See page 234. 

One knob engages or disengages the motor, and tI,C 
second knob permits manual setting at any poinL 01' 

direct manual drive. A dc voltage, applied to the 
potentiometer at binding posts, permits use with a wide 
range of de output levels. Binding posts for the position­
signal output are also provided. 

Ty pe 908-R1 44 Dial 
Drive installed on a 
Typ e 12 15- 8 Unit 

Osci llator. 

1209-BL, 1554-A; the TYPE 908-R96 will drive TYPES 
1211-B, 1215-B, 1:30 1-B, 1305-A. 

RESOLUTION CODE WORD 

EDUCE 
EJECT 

PRICE 

$70.00 
67.00 



RESISTORS 
Because of accuracy of adjustment, long­

time stability, low and uniform temperature 
coefficient, and relative immunity to ambient 
humidity conditions, the wire-wound resistor 
is the most suitable type for use as a laboratory 
standard at audio and low radio frequencies, 
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 through improvements in resis­
tive alloys and in design and manufacturing 
techniques. The wire-wound resistors in the 
form of fixed elements, individual decades, 
and decade assemblies (" decade boxes") de­
scribed on the following pages are designed 
for ac use, as well as for dc. 

Resistors designed for ac 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 important 
design objectives. Inevitably, resistors have 
capacitance and inductance associated with 
them, and these residual reactances become 
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 reactances behave as 
lumped parameters, the equivalent circuit of 
a resistor can be represented as shown in 
Figure l. The inductance 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-

R L . 
.0 

I =0000) I 
0 

c 
figure 1. Equivalent circuit of a resistor showing the residual 

impedances associated with the resistance. 

quency. This distinction between series and 
parallel components is more than a mathemat­
ical exercise - the use to which the resistor 
is put will frequently determine which com­
ponent is of principal interest. 

The expressions for the effective series re­
sistance (R.) and the effective series reactance 
( X.) of Figure 1 are : 

R R. = ----------- (1) 

[ 1 - (:p Y J + (RwC)2 

x. 
w { L [1 - C~~ Y ] -R2C} 

(2) 

[1 ( :0 Y J + (RwC) 2 
where 

Wo = 1 and (~)? = w2LC 
V LC Wo 

(3) 

The effective parallel components are given 
by: 1 1 

G = -- = -~---~~~= 
Rp R [ 1 + w2 (~) 2 ] 

(4) 

B = -;p =wC- [ ~ (R) 2 ] (5) 
wL 1 +;2 L 

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 dc resist­
ance, R, in series with an inductance equal to 
L - R2C or in parallel with a capacitance 

equal to C - ;;2. 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 serie~ inductance in­
variably predominates. It is, in fact, a com­
mon fallacy to speak of "non-inductive" re­
sistors in resistance values where shunt ca­
pacitance controls, and variations in induct­
ance 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 
ftffects may cause the parallel resistance to 
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I-KILOHM 

WIRE WOUND RESISTORS 

.01 t------t---r'--7~4-----_l 

.001 t--/7.L:~-------+-----r~ 

.0001 '::-____ ---.l _____ L.l ____ -=--.I 
IOOe Ike IOke IOOke 

FREQUENCY 
Figure 2. Phase angle as a function of frequency for a General 
Radio mica-card resistor and for three commercial wire-wound 

types. 

d~crease w:ith frequency. For example, dielec­
trIC losses 111 the shunt capacitance, C, of Fig­
ure 1 are equivalent to a resistance 

1 
Rd = DwC 

which 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, which is dis­
tributed, causes a similar rapid decrease in 
resistance, even if its dielectric loss is neg­
ligible. 

General Radio ,,-ire-wound resistance ele­
ments are designed to minimize inductance in 
low-resistance values and to minimize 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 oppoeed 
direction, so that the current flow in the two 
,,-indings is in opposite directions. The external 
magnetic field, as a result, is effectively can­
cried so that, typically, the residual inductance 
of such a winding 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 substantially lo\\-er than 
that obtained with so-called" non-inductive" 
spool-wound resistors commonly used com­
mercially. 

Wire-wound resistors of these typee exhibit 

a negligible frequency error in resistance up 
to about 500 kc, for values of resistance up to 
.')00 ohms, and only moderate errors at one 
megacycle per second. 

When assembled into decades, these resiet­
ors have added to their own reeidual imped­
~nces those of the switches, wiring, and cab­
met. The equivalent circuit is then that of 
Figure 3, which represents a single decade of 
the 510 type. For assemblies of such decades 
in the TYPE 1-132 Decade Resistor the same 
circuit is still valid . The incremental induct­
ances of the several decades in the circuit are 
additive, but the capacitance is approximately 
that of the highest decade in use. Typical 
values of the residual impedances for the vari­
ous types of General Radio resistors are o'iven 
in the specifications for each type. b 

It should be not,ed that the effect of the 
l'f'sidual reactance depends greatly upon the 
way the resistor is connected into a circuit . 
Reac~ances can often be tuned out, particu­
larly 111 parallel circuits. This is a particularly 
lmportant consideration with the higher­
valued resistors of 10,000 ohms and above. 
When the resistor is used as a parallel-circuit 
element, the upper limit of frequency for a 
given error is some 10 times higher than for 
the series connection. 

Proba:bly the best known resistance alloy is 
mangan111, used for over half a century in the 
manufacture of precision resistors. This old 
estab lished alloy is still the most suitable for 
low values of resistance. For higher values, 
,,-here small-diameter wire is required, more 
modern, proprietary a lloys have been demon­
strated to be superior. Such alloys are charac­
terized by low temperature coefficients sub­
stantially constant over a wide range of tem­
perature. They have, in addition, negligib le 
thermal emf against copper, high tensile 
strength, relative immunity to the effects of 
~umid.i~y and atmosphere, and are relatively 
111sen~ltlve to strain. These newer alloys are 
used 111 all GR precision resistors of 40 ohms 
and above. 

Figure 3. Equivalent cir­
cuit of a resistance dec­
ade, showing location 
and nature of residua I 

impedances. 



USES: Accurate decade resistors are necessary 
wherever 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 are 
needed. The accuracy of TYPE 1432 Decade 
Resistors easily meets the requirements of 
these applications and also permits them to be 
used as laboratory standards and as ratio arms 
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 man­
ufactured continuously since 1915 and have 
been constantly improved in accuracy, stabil­
ity, and appearance through the use of the 
finest available materials and manufacturing 
techniques. 

DESCRIPTION: The TYPE 1432 Decade Resistor 
is an assembly of TYPE 510 Decade-Resistance 
Units in a single cabinet. Mechanical as well 
as electrical shielding of the units is provided 
by the attractive aluminum cabinet and panel, 
\\"hich completely enclose both the resistance 

RESISTORS 

TYPE 1432 

DECADE RESISTOR 

DECADE 

units and SWitch contacts. The resistance ele­
ments have no electrical connection to the 
cabinet and panel, for which a separate shield 
terminal is provided. 

Four-, five-, and six-dial decade assemblies 
are available. Each decade has eleven 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 position of the switches 
,,"ithout looking at the panel. 

FEATURES: 

~ Lo,," zero resistance - .001 ohm 01' less per 
decade. 

~ High accuracy - 0.05% for most decades. 

~ Low temperature coefficient of resistance. 

~ Negligible thermal emf to copper. 

~ Resistors are adjusted to specified values at 
their own terminals rather than at the box 
terminals, so that resistance increments are 
always correctly indicated. 

~ Residual reactances are small and are given 
in the specifications so that approximate fre­
quency characteristics can be computed. 
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Inte rior view of Ty pe 1432-Q Deca d e Resisto r 

SPECIFICATIONS 

Accuracy of Adjustment : All resistors are adjusted at dc 
wi thin ±0.05% of t he stated valuc at their terminals, 
except t he I-ohm uni ts, which a re adjusted within 
±0.15%, the O.l-ohm units, which are adjusted wi thin 
±0.5%, and the .01-ohm units, which a re ad justed to 
±2% . Resistance increments are accurate to these 
tolerances. 
Total Resistance at Terminals : Sum of dial settings plus 
the zero resistance given belo\\·. 
Frequency Characteristics: Similar to those of individual 
TYrJ~ 510 Decade Resistance Units, modified by t he 
increased series inductance, Lo, and shunt capacitance, 
C, due to the wiring and the presence of more t han one 
decade in the assembly . At total resistance settings of 
approximately 1000 ohms 01' less, the frequency charac­
teristic of an\' of these clecade resistors is substant iall ,' 
t he same as' t hose shown for the TYPE 510 Decade­
Hesistance Units in the plot on page 152. At higher 
set t ings, shun t capacitanee hecomes the eon t roll ing 
factor, and the effective va lue of this capacitance de­
pends upon the settings of t he ind ividual decades. See 
Residual Impedances belo\\', and Figure :3, page 1-1-8. 
Residual Impedances : 

Zero Resistance (R 0) : .001 ohm 0 1' less per dial at dc; 
O.O,} ohms pel' dial at 1 Mc; proportional to sq uare root 
of frequency at a ll frequencies above 100 kc. 

Zero Inductance (Lo) : 0.10 lih p CI' dial. 
E ffective Shunt Capacitance (('): This value is deter­

mined largel~' by the highest decade in use. Wi th t he 

RESISTANCE 
TYPE TOTAL MULTIPLE OF 

1432-T 111 1.1 ohms 0.01 ohm 
1432-U 111 .1 0.0 1 
1432-K 1111 0 .1 
1432-J 11,110 1. 
1432-N 11,111 0.1 
1432-L 111,100 10. 
1432-M 111,110 1. 
1432-0 1,111,000 100. 
1432-P 1,111 ,100 10. 
1432-X 111 ,111 0 .1 

LO\\" terminal connected to shield, a value of 15 to 10 
pf pel' decade ma.\' be assumed, counting decades dO\\'!1 
from the highest. Thus, if t he t hird decade from the top 
is the highest resistance decade in circuit (i.e., not set at 
zero) the shunting te rminal capacitance is -1-5 to 30 p I'. 
If t he highest decade in the assembly is in use, t he effec­
t ive capac itance is 15 to 10 pf, regardless of t he settin gs 
of the lower-resistance decades. 
Te mpe rature Coe fficient of Res istance : Less than ±0.002 % 
pel' degree Centigrade at room temperatl\l'cs, except 
1'0 1' t he 0.1- and .00-ohm decades, where the box wiring 
will increase t he over-a ll temperature coeffic ient. 
Type of W inding : See spec ificat ions for TYPE 510 Dec­
[Ide-Resistance Uni ts, page 151. 
Maximum Curre nt : See specifications for TYP1~ 510 
D ecade-Resistance Uni ts, page 151. Values for .JO° C 
rise are engraved on panels direct l ~' above switch knobR. 
Terminals : J ack-top binding postR Ret on General Rad io 
standard ~-inch spacing. Shield terminal is provided. 
Mountin g: Aluminum panel and ("thinet. 
Dime ns ions : Wid th, -I- YI'6 inches ( 11 0 mm); height, 4~ 
inches (120 mm ); length, 1:3 inches : (:3;)0 mm ) for .:I-dial, 
15~ inches (-1-00 mm ) fo r 5-dial box, and 18~ inchcs 
(-170 mm ) for G-dia l box. 
Net W e ig ht : TYP8 11:)2-J , re, L, Q, U, 5 pounds, .J 
ounccs (2.-1- kg); TYI' !:: U :32-:'I1, ~, P, T , G pounds, 5 
ounees (2.D kg); TYPE U :32-X, 7 pounds, 8 ounces 
(:Ukg). 

TYPE 510 
NO. OF DECADES CODE 

DIALS USED WORD PRICE 

5 AA, A, B,e, D DEVil $120.00 
4 AA, A, B, e DEWIN 95.00 
4 A, B, e , D DEFER 98.00 
4 B, e, D, E DEBIT 107.00 
5 A, B, e,D,E DEMON 124.00 
4 e, D, E, F DECAY 112.00 
5 B, e , D, E. F DEMIT 135.00 
4 D, E, F, G DEPOT 125.00 
5 e , D, E, F, G DETER 150.00 
6 A, B, C, D, E, F DOGMA 160.00 
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TYPE 51 0 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 useful 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 expensive 
decade resistors that would otherwise be tied 
up for long periods of time in experimental 
equipment. 

DESCRIPTION: Winding methods are chosen to 
reduce the effects of residual reactances. The 
1- and 10-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 silicon-fiberglas laminate. The 
0.01- and O.l-ohm steps are straight wire and 
hairpin-shaped ribbon, respectively, while the 
1000-, 10,000-, and 100,000-ohm steps are 
unifilar wound on thin mica cards. 

Each individual resistor is adjusted to be 
accurate within its specified tolerance at its 
terminals, so that resistance increments are 
accurate to that tolerance. 

Each decade is enclosed in an aluminum 
shield, and a knob and etched-metal dial plate 
are supplied. The mechanical assembly is also 
available complete with shield, blank dial 
plate, switch stops, and knob, but without re­
sistors, as the TYPE 5l0-P3 and -P3L Switches. 

FEATURES: 
~ High accuracy - ±0.05% per step for most 
units. 
~ Excellent stability - newly developed sta­
ble resistance alloys, with final resistance ad­
justment after artificial aging at high tempera­
tures above normal operating temperatures. 
~ Good frequency characteristics - 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 
humidity for long periods of time without sig­
nificant permanent change in resistance. 

SPECIFICATIONS 
Resistance: See table on next page. 
Accuracy of Adjustment: Each of the 10 resistors in each 
decade is adjusted to be accurate at its terminals within 
the tolerances given in Table 1. Resistance increments 
are accurate to this same tolerance. 
Total Resistance: The resistance at the decade terminals 
is the sum of the switch resistance (see below) and that 
indicated by the switch setting. 
Maximum Current: See Table I below. Maximum current 
is engraved on the dial plate supplied with each decade. 
Frequency Characteristics: The equivalent circuit of a der­
ade resistance unit is shown on page 1-+8. The values of 
the residual impedances are listed in Table 1. 

The accompanying plot shows the maximum percentr 
age change in effective series resistance of seven decades 
as a function of frequency. For low-resistance decades 
the error is due almost entirely to skin effect and is in­
dependent of switch setting, while for the high-resist­
ance units, the error is due almost entirely to the shunt 
capacitance and its losses and is approximately propor­
tional to the square of the resist[lnce setting. 

The high-resistance decades (TYPES 510-E, 51O-F, 
and 510-G) are very commonly used as parallel resist­
ance elements in resonant circuits, in which the shunt 
capacitance of the decades becomes part of the tuning 
capacitance. The parallel resistance changes by only a 
fraction, between a tenth and a hundredth, of the 
series-resistance change, depending on frequency and 
the insulating material in the switch. 
Switches: Quadruple-leaf brushes bear on lubricated con­
tact studs % inch in diameter. Both brushes and studs 
are of silver-bearing copper alloy. These brushes are 
bent so as not to be tangent to the arc of travel, thus 
avoiding cutting and affording a good wiping action. A 
cam-type detent is provided. There are eleven contart 
points (0 to 10 inclusive). The switch resistance is less 
than 0.001 ohm. The effective capacitance of the switch 
is of the order of 5 pf, with a dissipation factor of 0.06 
at 1 kc for the standard cellulose-filled molded phenolic 
switch form, and 0.01 for the mica-filled phenolic form 
used in the TYPE 510-G Unit. 
Temperature Coefficient of Resistance: Less than ±0.002% 
per degree Centigrade at 23 C. 
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0 

'" 

RESISTANCE ACCURACY 
PER STEP OF 

(M) RESISTANCE 
TYPE OHMS INCREMENTS 

510-AA 0.01 ±2% 
510-A 0.1 ±0.5% 
510-B 1 ±0.15% 
510- C 10 ±0.05% 
510-0 100 ±0.05% 
510-E 1000 ±0.05% 
510-F 10,000 ±0.05% 
510 -G 100,000 ±0.05% 
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TABLE I 

MAXIMUM 
CURRENT POWER 

40° C PER STEP t:. l C* Lo 
RISE WATTS /Lh pf /Lh 

4 amp .16 0.01 7.7-4.5 0.023 
1.6 amp .25 0.0 14 7.7-4.5 0.023 

800 rna .6 0.056 7.7-4.5 0.023 
250 rna .6 0. 11 7.7-4.5 0.023 

80 rna .6 0.29 7.7-4.5 0 .023 
23 rna .5 3.3 7.7-4.5 0.023 

7 rna .5 9.5 7.7-4.5 0.023 
2.3 rna .5 - - 4 7.7 .5 0.023 

* The lal'ger ca (Jacita nce occlirs at the lowest setting of t he decade . The values given a re for units wi thout t he shield cans in place. Wit h t he 
shield cans in place, t he shunt capacitance is from 10 to 20 pf greater tha n indicated here, depending on whether the shield is t ied to the 
s\\-itcb or to t he zero end of t he decade. 

Terminals : Soldering lugs a re provided . use of shorter mount ing screws. 
Mounting : E ach decade is complete with dial plate a nd 
knob and can be mounted on any pa nel between ~ inch 
a nd Ys inch in t hickness. A template is furn ished with 
each unit . Thinner panels can be accommodated by the 

Dimensions: Over-a ll dia meter, :3l{s inches (78 mm); 

TYPE 

510-AA 
510-A 
510-8 
510-C 
510-0 
S10-E 
510-F 
510-G 
510-R 

510-P3 
510-P3L 

depth behind panel, :3Xs inches (85 mm ). . 
Net Weight : TYPE 510 Uni ts, 11 ounces (0.31 kg); TYPE 
51O-P Switches, 9Y2 ounces (270 g). 

Interior views of (left) Type 510-A, (center) Type 510-0, and (right) Type SIO-E. 

RESISTANCE 

TOTAL PER STEP CODE WORD PRICE 

0.1 ohm 0.01 ohm EASEL $19.50 
1 ohm 0.1 ohm ELATE 14.00 

10 ohms 1 ohm ELDER 21.50 
100 ohms 10 ohms ELEGY 21.50 

1000 ohms 100 ohms ELBOW 23.00 
10,000 ohms 1000 ohms ELECT 24.00 

100,000 ohms 10,000 ohms ELVAN 26.00 
1,000.000 ohms 100,000 ohms ENTER 35.00 

100,000 ohms Decade Steps, i.e., 0 .1, 1, 10, 100, 
1000, 10,000, 100,000 ohms EAGER 27.00 

Switch only (Black Phenolic Frame) . ... . . . .. •••• . • •.• ENVOY 8.50 
Switch only (Low-Loss Phenolic Frame) •• •• •• ... • • • ••• ESTOP 9.50 



USES: The TYPE l-!50 Decade Attenuator is 
useful in power-level measurements, trans­
mission-efficiency tests, and in gain or loss 
measurements on transistors, filters, ampli­
fiers and similar equipment. It can also be 
used as a power-level con trol in circuits not 
equipped with other volume controls. 

f(ESISTOf(S 
ATTENUATOI( 

TYPE 1450 

PRECISION 

DECADE ATTENUATOR 

eleven positions, 0 to 10 inclusive, so the dec­
ades overlap. 
FEATURES: 
~ Wide range of at.tenuation values in small 
steps. 
~ Accuracy is maintained even at low radio 
frequencies. 
~ Decade-type switches make the boxes con-

DESCRIPTION: The resistors used in each dec- venient to use. There are no stops on the 0.1-
ade are mounted in compartments in an alumi- and 1-db-per-step decades, facilitating quick 
num housing, which is completely shielded by return from full to zero attenuation when 
the addition of aluminum covers. Each decade making adjustments. Switches are arranged 
consists of four T-pads series-connected by for break-before-make operation to prevent 
cam-operated switches, arranged with positive "blasting" and meter damage. They can be 
detents. All cams are mounted on a control adjusted for make-before-break operation if 
shaft which is provided with ball bearings. requested at time of ordering. 
Each pad is completely shielded, and a shield ~ An etched plate is attached to the case, in-
is interposed between the input and output clicating mismatch loss for terminations other 
series elements of earh pad. Each decade has than fiOO ohms. . 

SPECIFICATIONS 
Attenua tion Range: 110 or 111 decibels in steps of 1 or 
0.1 decibel, respectively. 
Term inal Impedance : BOO ohms in either direction. An 
etched plate on the cabinet indicates the mismatch loss 
for other than BOO-ohm circuits. 
Accuracy: Each individual resistor is adjusted within 
±0.25% of its correct value. The low-frequency error 
in attenuation is less than ±.02 db ±0.25% of indicated 
db setting plus a switch resistance error of .003 db (for 
TA) or .005 db (for TB), when the attenuator is termi­
nated at both ends in a pure resistance of BOO ohms. For 
differences in attenuation between any two settings, the 
switch-resistance error virtually disappears. 
Freque ncy Discrimination : Less than 0.1 db ± 1 % of the 
indicated value at frequencies below 200 kc. For incrE'­
ments in attenuation, the 1 % tolerance extends to ap­
proximately 1 :'I1c. 
Maxi mum Inpu t Powe r : 1 watt. 
Switches: Cam-type switches are used with twelve posi­
tions rovering 360°. The dials are numbered from 0 to 
10 inclusive and the twelfth point is also connected to 
O. Stops are provided in the switch mechanism for 

the 100-db decade. No stops are provided to prevent 
complete rotation of the lO- and 1-db decades, but spac­
ers, which are provided, can be used under the mounting 
screws to act as stops for the knob, if desired. 
Cha racteristic Impedance : 600 ohms both directions. 
E ither end can be used as input. One end must be termi­
nated in 600 ohms. 
Mounting : The decade units are mounted on an alumi­
num panel in a metal cabinet. Each decade is individu­
ally shielded, and a ll shields are connected to the panel 
and the "G" terminal. Relay-rack mounting is available 
on special order at an additional charge. See price list 
below. 
Te rmina ls: Jack-top binding posts with %:-inch spacing; 
common terminal grounded to chassis; ground terminal 
provided. 
Dimensions: TYPE 1450-TA, width lO, height 5%:, depth 
12 );4 inches (255 by 145 by 315 mm) over-all; TYPE 
1-t.50-TB, width 12, height 5%:, depth 12);4 inches (305 
by l-t.5 by :315 mm), over-all. 
Net W eight : I-t.50-TA, lO%: pounds (4.9 kg); 1450-TB, 
14Yz pounds (6.6 kg). 

TYPE OF 
TYPE RANGE IMPEDANCE SECTION CODE WORD PRICE 

1450-TA 
1450-TB 

110 db in steps of 1 db . 
111 db in steps of 0.1 db .. 

600 ohms 
600 ohms 

T 
T 

NETWORKTAM 
NETWORKTUB 

$285.00 
390.00 

For 19-inch relay-rack mounting add $10.00 to price and add R to type number (TYPE 1450-TAR, -TBR). 
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RESISTORS 
VOLTAGE DIVIDE/( 

TYPE 1454 DECADE VOLTAGE DIVIDER 
ACCURATE TO .04% OF INDICATED RATIO 

USES: The TYPE 1454 Decade Voltage Dividers 
provide accurately known voltage ratios from 
.0001 to 1.000 for use in determining voltage 
transmission ratios by direct comparison or by 
null methods. 

It is particularly valuable in linearity meas­
urements and meter calibration. 

Their high input impedance, high resolu­
tion, and high accuracy make them widely 
used laboratory accessories for both d-c and 
audio-frequency measurements. 

DESCRIPTION: Four decade resistors of the 510-
type are connected in a Kelvin-Varley cir­
cuit . The voltage drop in switches and wiring 
is compensated by a resistor so that accurary 
is maintained down to the lowest settings. 

FEATURES: 

~ High accuracy. 
~ Constant input resistance. 
~ Separate ground terminal provided. 
~ N egligi ble thermal emf. 

SPECIFICATIONS 
Voltoge Ratio: 0.0001 to 1.0000 in steps of 0.0001. 
Accuracy: ±0.04% of indicated ratio for input voltages 
below 120 (350 on TYPE 1454-AH). 
Linearity: Better than ±0.02% of full-scale setting for 
any decade. 
Frequency Characteristics : If the external capacitance 
across the output terminals of the TYPE 1454-A is less 
t,han 50 pf, the frequency error is less than 0.1 % to 20 
kc for any setting. For the TYPE H54-AH, the fre­
quency limit is 2 kc for the same capacitance. 
Input Resistance: TYPE 1454-A, 10,000 ohms. TYPE 
1454-AH, 100,000 ohms. 
Maximum Input Voltage: For TYPE 1454-A, 230 volts 
rms (or dc) for 40° C rise of resistors of the input decade. 
Input voltage should be limited to 120 for maximum 
accuracy. At maximum rated voltage the total error 
can approach ±0.1 %. For TYPE H54-AH,700 volts 
rms, limited to 350 volts for maximum accuracy. 
Resistonce Units: TYPE 510 Decade Resistors. 
Temperature Coefficient : Of each resistor, less than 
±0.002% per degree C. Since the voltage ratios are 
determined by resistors of similar construction, ambient 
temperature effects are very small. 
Terminals: J ack-top binding posts with standard %:­
inch spacing at input and output. A separate ground 
post is provided, so that the divider circuit can be used 
grounded or ungrounded, with the shield grounded. fl. 

TYPE 

Output Resistonce : Varies with output setting, from zero 
to approximately 2700 ohms, depending primari ly on 
the setting of the highest decade in use. Directions for 
accurate calculation of the output resistance are given 
in t he instruction manual. Approximate values can be 
determined from the following table. 

.00 .01 .02 .03 .04 .05 .06 .07 .08 .09 

0 0 189 356 501 624 725 804 861 896 909 
. 1 900 1069 1216 1341 1444 1525 1584 1621 1636 1629 
.2 1600 1749 1876 1981 2064 2125 2164 2181 2176 2149 
.3 2100 2229 2336 2421 2484 2525 2544 2541 2516 2469 
.4 2400 2S09 2596 2661 2704 2725 2724 2701 2656 2589 
.5 2500 2589 2656 2701 2724 2725 2704 2661 2596 2S09 

.6 2400 2469 2516 2541 2544 2525 2484 2421 2336 2229 

.7 2100 2149 2176 2181 2164 2125 2064 1981 1876 1749 

.8 1600 1629 1636 1621 1584 1525 1444 1341 1216 1069 
.9 900 909 896 . 861 804 725 624 SOl 356 189 

Mounting: Aluminum panel and cabinet, finished in 
gr.axJacqucl.) 
Dimensions : Length 15%:, width 5:l-i, height 5 inches 
(400 by 13-l by 127 mm), over-all. 
Net Weight: 7:l-i pounds (3.3 kg). 

CODE WORD PRICE 

1454-A 
1454-AH 

Decade Voltage Divider (10,000 ohms) . 
Decade Voltage Divider (100,000 ohms) . 

ABACK 
ABASH 

$150.00 
150.00 
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TYPE 500 RESISTOR 
The TYPE 500 Resistors are particularly 

recommended as resistance standards for use 
in impedance bridges and as secondary stand­
ards for laboratory use. The plug-type termi­
nals make them readily interchangeable in 
experimental equipment. Screw terminals are 
also supplied for more permanent installa­
tions. Resistors are eimilar in construction to 
those used in TYPE 510 decades (page 151). 

This resistor is an accurately adjusted re­
sistance unit " 'ax-sealed in a phenolic case to 
exclude moisture and to provide protection 
from mechanical damage. 

FEATURES: 
~ Convenient and accurate. 
~ Negligible thermal emf to copper. 
~ Low temperature coefficient of resistance. 
~ Excellent high-frequency characteristics. 
~ Standard plug-in terminals. 

SPECIFICATIONS 
Accuracy of Adjustment: ±O.OS% at the terminals, 
except for the I-ohm unit, which is adjusted within 
±O.IS%. 
Frequency Characteristics: Similar to those of the TYPE 
S10 Decade-Resistance Units for resistance values up 
to 600 ohms; somewhat better for higher resistances, 
because of' the relatively small shunt capacitance of an 
isolated resistor. 
Maximum Power and Current: All units will dissipate one 
watt for a temperature rise of -l0° Centigrade. The value 
of current for this rise is given in the table below and is 
engraved on each unit. 
Temperature Coefficient: Less than ±0.002% per degree 
Centigrade at normal room temperature. 
Type of Winding: Less t.han SOO ohms, Ayrton-Perry; 
SOO ohms and higher, unifilar on thin mica cards. TYPES 
SOO-V, W, and X are 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 accommodate 

a plug. Standard %-inch spacing is used. High terminal 
is marked H. 
Mounting: Black molded phenolic case is used for all 
units having a resistance of less than 1000 ohms. For 
units having a resistance value of 1000 ohms or higher, 
a low-loss mica-filled phenolic case is used. Both types 
are sealed with a high-melting-point wax. TYPES SOO-A 
through -V are in small case; TYPES SOO-W and -X in 
large case. 
Dimensions: See sketch. Net Weight: 2 ounces (60 g). 

2 MTG. HOLES 
NO· 18 DRILL 
IN LARGE CASE 

TYPE RESISTANCE IN OHMS MAXIMUM CURRENT CODE WORD PRICE 

500-A 1 1.0 amp RESISTBIRD $6.00 
500-8 10 310 rna RESISTDESK 6.00 
500-K 20 220 rna RESISTFILM 6.00 
500-C 50 140 rna RESISTFORD 6.00 
500-0 100 100 rna RESISTFROG 6.00 
500-E 200 70 rna RESISTGIRL 6.00 
500-F 500 45 rna RESISTGOAT 6.00 
500-G 600 40 rna RESISTGOOD 6.00 
SOO-H 1000 30 rna RESISTHYMN 6.00 
SOO-l 2000 22 rna RESISTBELL 6.00 
SOO-M 5000 14 rna RESISTPIPE 6.00 
SOO-J 10,000 10 rna RESISTMILK 6.00 
SOO-R 20,000 7 rna RESISTBARN 6.00 
SOO-T 50,000 4.5 rna RESISTGULL 6.00 
SOO-U 100,000 3 rna RESISTROLL 6.00 
500-V 200,000 2.2 rna RESISTVOTE 7.S0 
SOO-W 500,000 1.4 rna RESISTWALL 17.00 
00-S X 1 Me ahrn g 1.0 rna RESISTH LL U 27.00 

POTENTIOMETERS: General Radio 970-series potentiometers are listed on page 231. 
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STANDARD CAPACITORS 
Two-Terminal and Three-Terminal Types 

Capacitors used as standards a re of two general types: 
two-termina l and three-terminal. \Iost physical capaci­
tors can be accurately represented by the three capaci­
tances shown in ~igure 1: the direct eap:1citance, ('fIL, 
between t he term1l1als Ii and L represents the capaci­
tance between the plaLPs of the capaeitor, and the two 
terminal capacitances, CliO and (' LO, represent the 
capacitances from the eorresponding terminals and 
plates to the capacitor ease, su rrollndillg objects, and 
to ground, to which the case is connected either con­
ductively 01' by its relatively high capacitance to ground. 

Figure 1. Schematic diagram 
of a capacitor, showing the 
direct capacitance and its 
associated terminal capaci-

tances. 

DIRECT 
CAPACITANCE 

In the most commonly used two-terminal connection 
the capacitor has the Land 0 terminals conneetecl 
together, i.e., one set of plates is connected to the case. 
The terminal capacitance, CLO, is thus shorted and the 
total capacitance is the sum of CHL and CHO. Since one 
component of the terminal capacitance CHo is the capa­
CItance betweel.1 the te rmmal and surrounding objects, 
the .total capacitance can ~e changed by changes in the 
environment of t he c~pac ltor .and particularly by ~he 
mtroductlOn of the wires reqUired to make connectIOn 
to the capacitor. The uncertainties in the calib rated 
value of a two-terminal capacitor can be of the order of 
tenth~ of a picofarad if the geometry, not only of the 
capaCItor p lates, but of the environment and of the 
connections is not defined and specified with sufficient 
precision. For capacitors of 100 pf and more, the capaci­
tance IS usually adequately defined fo r an accuracy of a 
few hundredths per cent if the te rmina ls and method of 
connection used for calibration are specified . For smaller 
capacitances or for higher accuracy the two-terminal 
capacitor is seldom practical and' t he three-term ina l 
arrangement is preferred' 

The three-terminal capacitor, represented b." Figure 
1, has connected to the G terminal a shield which com­
pletely ~UITou!1d s at least one of the terminals (1I), its 
cOl~nectmg Wires, and ItS plaks exeept 1'01' the [trea 
which produces the desired direct eapac itanee to the 
other terminal ( L ). Changes in the environment and the 
connections can vary the term inal capaeitances, rJ{o 
and CLO, but the direct capacitance rlIl, - IIsuall" 
referred to simply as the capac itance of the t hree­
terminal capacitor - is determ ined on l" by the in­
ternal geometry of the capacitor. This ·dire(·t capaci­
tance can be calibrated without the t"'o-terminal con­
nection errors by three-termina l measurement methods, 
such as guard ci rcuits or tmnsfo rmer-ratio-arm bridges, 
which exclude the terminal capacitances. The capaci-

* John F.Hersh, ".-\ Close Look at Connection Errors in Capacitance 
l\1easurements," General R.adio Experimenter. 33, 7 .. July. 19:")9, 

• nonn 

R L 
, 

CK~ /C G 

Figure 2. The equivalent 
circuit of a capacitor. 

tance of a three-terminal capacitor can be made as 
slTIl. ll as desired, since t he sh ield between terminals can 
be complete except for asu itab l~' small aperture. The 
losses 111 the dll'eet capaeltance can al 0 be made vel'\" 
low because the dielectric losses in t he insulating mate­
nals can be made a part of the terminal impedances. A 
three-terminal capacito r can be easil~' connected as a 
two-termina l by shorting one termina l (L) to the case 
(0), but the two-terminal capacitanee will exceed the 
calibrated three-termina l value (C IlL ) by at least the 
terminal capacitance CIlO. 

Capacitance: 
Although t he characteristics of the high-quality 

capacitors used as standards c1ose l ~' approach those of 
the Ideal capaCito r, the small deviations from ideal per­
formance must be exam1l1ed and evaluated to obtain 
high accm ac.\" . The residua l parameters which cause 
such deviations a re shown in t he lum ped-constant two­
terminal equivalent circu it of Figure 2. R represen'ts the 
metallic resistance in t he leads, supports and plates' L 
the s~ries inductanee of tbe leads and plates; C', 'th~ 
capacitance bet,,'een t he plates; ('k the capacitance of 
the suppor~ing s~ructure .. The conductance, 0, repre­
sents the dleleetnc losses 111 t he supporting insulators 
tbe losses in the a ir or solid dielectric between capacito; 
plates, and the dc leakage conductance. 

The effective termina l capacitance (" of t he capacitor 
becomes greater than the electrostatic or zero-frpquency 
~apacltance Co as t he frequenc.v II1creases because of t he 
II1ductance. L. When the frequency, f, is well below the 
reS ~ll1ance Ireqllen('~ ' fo (defined b.v w.' fJC'. = 1), the in­
crease in capacitance is approximate l~' 

~C = w'LCo = (f) ' 
Co fo 

(1) 

This change in capac itance with frequency for the 
capacitors described on the following pages is given 
eit he!' as a plot on logar ithmic co-ordinates of the per­
cent II1crease, C::. C C, versus frequency or as a tabulation 
of the values ?f L or f o. Since the inductance is largely 
concentrated 111 the leads and supports, it is nearly in­
dependent of the setting of a variable capacitor. With 
this information, the innease in capacitance at, for ex­
ample, a frequency of 1 \'[c ("an be computed from the 
calibrated value at 1 kc with high accuracy. For smt.1I 
Increases, the accuracy may be greater than t hat of a 
measurement at 1 \lc because of the difficulties in 
determining the measurement errors produced by resid­
uals in the connecting leads outside the capacitor. 

The three-te rminal capac itor has a similar increflse 
in capacitanee produced b.\' inductanee which can be 
determined in the same way from the reSOl1ltllCe fre­
qllency, f o. The 10"'est resonance is here determined not 
so le l~' b~' the calibrated direct eapacitallee but also by 
t he term ina l capacitanees, whieh may be much larU"er 
t han the direct capacitances (see eql'li valent circuit of 
TYPE UO:l Capac ito rs, pf.ge 1(2) . 

When the ctlpacitor has a sol id dielectric, such a~ 
mica, there is another soun'e of capacitance change 
with frequel1(·~·. The capac itance increases at low fre­
quencies as the resul t of dielectric absorption caused by 
in terfacial polarization in the dielectric. The change i'n 
capacitance with frequency of a 1000-pf eapacitor with 
mica dielectric is shown in Fig. :3. The dotted line slant­
ing downward to the righ t represents t he change in 
the dieleetric eonstant of mica resu lt ing from in terfac ial 
polarization; that slanting upward to t he right shows the 
change in effective eapaeitance resulting from series in­
ductance. The magnitude of the change at low fre-
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1::~1 till Fig ure 3. Variation with fre­
quency of capacitance and 
dissipation foetor for a mica 

capacitor. , --
IO<:PI 100 Ike 10 100 IMe 10 

FREOUENCY 

quencies depends upon the dielectric material and is, 
for example, much smaller for polystyrene than for 
mica. 
Dissipation Faclor : 

The dissipation factor of a capacitor (defin ed on 
page 2) is determined by the losses represented in Figure 
2 by Rand G. The resistance R is not usually significant 
until the frequency is high enough for the sk in effect to 
be essentially complete. At such frequencies the resist... 
ance varies as the square root of frequency and may be 
expressed as RI VJ, where R, is the resistance at one 
megacycle and J is the frequency in megacycles. The to­
tal dissipation factor at high frequencies is then 

G ,-
D = wC + RI \ . f wC (2) 

At low frequencies only the losses represented by (I 
are important. The leakage conductanee component of 
G is negligible at frequencie. above a few eyc· les and is of 
importance only when the eapacitor is used at de for 
charge storage. The dominant components at audio fre­
quencies are the dielectrie losses in the insulating strue­
ture and in the dielectrie materia l between the plates. 

In the a ir capaeitor the losses in the a il' dieleetric and 
on the plate surfaces are negligible under conditions of 
moderate humidity and temperatUl'e. The loss is, there­
fore, largely in the insulating supports. When good­
quality, low-loss materials, sue h as quartz, ('eramic~, 
and polystyrene are lIsed for insulation, the conductanc'e 
vluies approximately linearly with frequency and the 
dissipation faetor, Dk, of the supports is nearly constant 
with frequency . The total dissipation factor of an ail' 
capacitor, whose equ ivalent circuit is that of Fig me 2, 
may be expressed at low frequencies as 

D = _ G DkC. 
w(C + Ck ) C+C. 

When the capacitance C is variable, this D is then 
inversely proportional to the total terminal capac itance. 
Since the quantity DkCk is nearly independent of both 
frequency and capacitance setting, it is a conven ient 
figure of merit fo r a variable capacitor. 

In a capae itor with a solid dielectrie the dominant 
component of the conductance G is the loss in the di-

TYPE 

1422 

NAME 

Precision Capaci tor 
(Two- and three-terminal, variable) 

~ (i~ - - - - - -- - - - - - - - - - - - ;'- - - - - - - --

10cp, 100 '" 10 100 
FREOUENCY 

1M, 100 

electric, which varies with frequency. The resulting 
variation of D with frequency, shown for a mi ca capaci­
tor in Figure :3, is the sum of three principal components: 
a constant dissipation factor caused by residual polari­
zations and shown by the horizonta l dotted line; a loss 
produced by in te rfac ia l polarizations, which contribu tes 
t he D shown by the dotted line slanting downward to 
the righ t; and an ohmic loss in the leads and plates 
which results in a D proportional to t he :3 / 2 power or 
frequency and is shown as the dotted line slanting up­
ward to the right. The total dissipation factor has a 
minimum value at a frequency which varies inversely 
with capacitance and which ranges from 1 kc to 1 ;\'(c 
fo r capacitance values from 1 ""f to 100 pI'. 

A properly designed a il' capacitor approaehes very 
closely the ideal standard impedance, owing to its lo;v 
temperature coefficient of capae itance, low losses and 
high stabi lity. The maximum practical capac itan/.e for 
an air-dielectric u~l i t is of the .order of 1000 pf; la rger 
sIzes become unwICldy. For hIgher capac ita nces solid 
dieledrics are used. High dieleetric ~t rength , l ~w di­
electric loss, an~ a hig;h degree of dimensional stability 
make Illgh-quahty nuca the best avaIlable solid di­
electric for altel'l1atilllg-cul'l'ent standard capac itor. 
Silvered-mica sheets w.ith soft metallie foil in terposed 
between sheets inslll'e i.'ltimate and stable c:ontact be­
tween electrodes and t he dielectric, as well as low se ries 
resistance. 

For use at dc or extre mely low freq\leIH' ies, mica di­
electric is at some disadvantage because of the rela­
tively la rge increase in capac itanc'e over the audio­
frequency value. This inerease is caused by in terfacial 
polarizations having extremely long relaxation t imes. 

Polystyrene exh ibi ts the desirable property of having 
?iele~tric constant and d i sipation fac·tor very nearly 
JllVanant WIth frequency, the totallnrrease in d ielectric 
constant between ~he de value and the 1-kc value being 
only a small fractIOn of a per{'ent. (In rontrast mica 
may exhibi t a rise of the ordel- of :3 %.) , 

The capacitors described in t hese pages include a ir­
dielectric reference standards, both fixed and variable 
both fixed and decade mica-d.:eleetric standards l~ 
decade with polystyrene dielectric, and other deca.'des 
with polystyrene, mica, and paper dielectric. 

CAPACITANCE 

7 models, 1.1 to 
1150 pf, full scale 

PAGE 
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1401 
1403 
1409 
1423 
1424 

Standard Air Capacitor (Two-terminal, fixed) 
Standard Air Capacitor (Three-terminal, fixed) 
Standard Capacitor (Fixed, mica) 

100, 200, 500, 1000 pf 
.0 1,0.1,1,10, 100,1000 pf 
.001 to I ""f in 10 models 
100 pf to 1.111 ""f 

161 
162 
163 
165 
164 

1419 
980 
505 

1429 

Stondard Decade Capacitor 
Standard Polystyrene Decode Capacitor 
(Single decode) 
Decode Capacitor (3- and 4-dia l boxes) 
Deca de Capa citor Unit 
Capacitor (Fixed, mica) 
Fue l-Gage Tester 

10 ""f, full sca le 

1 ""f, full scale 
.00 1, .01, 0.1, and 1 ""f, full scale 
100 pf to 0.5 ""f in 12 m91lels 
20 to 6220 pf 

168 
166 
170 
171 

157 
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1422-D 1422-C8 

TYPE 1422 PRECISION CAPACITOR 
USES: The TYPE 1422 Precision Capacitor, an 
improved version of the previous TYPE 722, is 
a stable and precise variable air capacitor in­
tended for use as a standard of capacitance_ 

One of its most important applications is in 
ac bridge measurements, both as a built-in 
standard and as an external standard for sub­
stitution measurements. It is a lso used as a 
tuning capacitor in oscillators and frequency 
meters, and as a standard in electronic gauges, 
calibrators, and other instruments. Where 
highest accuracy and stability are important, 
it is the standard of the industry. 

Both 2-terminal and 3-terminal models are 
available. 

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 
a lloys of aluminum, which combine the high 
mechanical strength of brass with the low 
weight of aluminum. The plates are also of 
a luminum, 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 is mounted on a shaft, the shaft and the 
worm are accurately machined as one piece. 
The dial end of this worm shaft runs in a self­
a ligning ball bearing, while the other end is 
supported by an adjustable spring mounting_ 
This spring mounting gives positive longitu-

1422-0 

dinal anchoring to the worm shaft through the 
use of a pair of sealed self-lubricating prc­
loaded ball bearings. Similar pairs of pre­
loaded ball bearings, one pair clamped to the 
casting at the worm end, provide positive and 
invariant axial location for the main or rotor 
shaft. E lectrical connection to the rotor is 
made by means of a silver-alloy brush bearing 
on a silver-overlay drum to assure a positive 
electrical contact. 

The worm and worm wheel constituting the 
worm drive are high-accuracy precision com­
ponents especially made for Lhis purpose. 
Following the precision cutting operations, 
each pair is lapped in, each to the other, to 
remove the majority of the small unavoidable 
eccentricities in worm and worm wheel. This 
lapping process also enlarges the contact area 
and provides a more favorable surface for 
holding lubricant, thus also improving the 
smoothness and wear resistance of the drive. 

Stator insulation in all models is a cross­
linked thermosetting modified polystyrene 
having very low dielectric losses and very high 
insulation resistance. Even in humid atmos­
pheres the standard insulation is satisfactory 
for electrometer uses. In the TYPES 1422-CC 
and -CD the insulation is in the form of plain 
and shouldered washers separating the brass 
stator plates. In all other models the insulation 
between the stator stack and the casting con­
sists of washers or buttons having one flat 
and one spherical surface, the latter mating 
with a spherically counter bored hole in the 



casting or separate support piece. Rotor in­
sulation, when used (TYPES 1422-CB and -N), 
is grade L-4 steatite, silicone treated. 

TYPE 1422-D is a two-section, two-terminal 
capacitor with a scale which is direct-reading 
in total capacitance at the terminals. It is 
generally useful as a variable capacitance 
standard at audio frequencies . 

TYPE 1422-N is similar to the TYPE 1422-D 
high section but is intended for use at higher 
frequencies. To minimize residual inductance 
and resistance, the connections are made 
through ribbon leads to the center of the stator 
and to the center of the rotor through silver­
alloy brushes bearing on a silver-overlay disc. 

TYPES 1422-MD and -ME are two-section, 
two-terminal capacitors with scales reading 
the capacitance removed, i.e., the capacitance 
is maximum at the zero reading, and a reading 
of 300, for example, means the capacitance is 
300 pf less than the zero capacitance. This 
scale is particularly convenient for substitu­
tion measurements. 

TYPES 1422-CB, -CC, and -CD are three­
terminal capacitors with shielded terminals 
for use in three-terminal measurements where 
a calibrated direct capacitance independent of 
terminal capacitances to ground and with very 

CAPACITORS 
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low losses is needed and where an accurate 
variable capacitance of very small magnitude 
can be used. The TYPE 1422-CB is similar in 
construction to the -D, but the -CC and -CD 
differ radically from the conventional con­
struction. Two sets of brass stator plates are 
interleaved and insulated from each other and 
from ground. The capacitance between these 
two stator stacks is varied by a set of grounded 
rotor plates, with 1800 annular windows, inter­
posed between the stators. The direct capaci­
tance between stator stacks is directly propor­
tional to the effective area exposed through 
the annular opening and, hence, to the angle 
of rotation of the rotor. This construction 
yields extremely low losses and a high degree 
of linearity. 

FEATURES: 

~ High stability. 
~ High precision of setting - one part in 
25,000 of full scale; total scale length is 20 feet . 
~ High accuracy. 
~ Low backlash. 
~ Low temperature coefficient of capacitance. 
~ Low dielectric losses. 
~ Large transparent knob skirt to facilitate 
fine setting. 

SPECIFICATIONS 
Accuracy: See table. The errors tabulated are possible 
errors, i.e., the sum of error contributions from setting, 
stabilitY

1 
adjustment, calibration, in terpolation and 

standards. The probable errors are almost always 
smaller. The accuracy is increased when the readings 
are corrected using the 10 or more calibrated values of 
capacitance given on the correction chart on the capaci­
tor panel and interpolating linearly between calibrated 
points. The highest accuracy can be obtained from a 
precision calibration of approximately 100 points on the 
capacitor dial, which permits correction for slight resid­
ual eccentricities of the worm drive and requires inter­
polation over only short intervals. This precision cali­
bration is available for all models at an extra charge 
listed below. A mounted certificate of calibration is 
supplied, giving corrections to one more figure than the 
tabulated accW'acy. 
Calibration: The measured values are obtained by com­
parison, to a precision better than ±(.01 % + .00001 
pf), with working standards whose absolute values are 
known to an accuracy typically ±.02%, determined 
and maintained in terms of reference standards period­
ically certified by the National Bmeau of Standards. 

The measmed values of total capacitance of the two­
terminal capacitors are the capacitances added when the 
TYPE 1-l22 Capacitor is p lugged into a TYPE 874-Q9 
Adaptor. The uncertainty of this method of connection 
is approximately ±.03 pf. Calibration of total capaci­
tance with the fine-wire connection method * used for 
the TYPE 722 Capacitors results in measured values 
approximately 0.45 pf lower than those obtained with 
the TyPE 87 -!-Q9 Adaptor. 

*John F. Hersh, I' A Close Look at Connection Errors in Capacitance 
Measurements," General Radio Experimenter, 33, 7, July, 1959. 
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FREQUENCY 
Variation with frequency of effective capacitance and D per 
pf of capacitance for Type 1422 twa·terminal Precision 

Capacitors. 

Resolution: The dial can be read and set without diffi­
culty to 1/5 division. 

The backlash is less than one-fifth division, corre­
sponding to .004% of full-scale value. If the desired 
setting is always approached in the direction of increas­
ing scale reading, no error from this cause will result. 
Temperature Coefficient, Approximately +.002% per de­
gree Centigrade, for small temperature changes. 
Residual Parameters , See table. The series resistance va­
ries as the square root of the frequency above 100 kc. 
Its effect is negligible below this frequency. 
Frequency Characteristic: See plots above, for two­
terminal models. The resonance frequency for the -CB 
and -CC models is approximately 20 Mc; for the 
-CD model, 60 Me for each section. 
Dissipation Factor : The losses in the two-terminal ca-
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PNECISION All? 

TWO-TERMINAL 

READS CAPACITANCE THREE-

RF REMOVED TERMINAL 

TYPE 1422 -D -N -MD -ME -CB -CC -CD 

CAPACITANCE I Min 100 35 100 0 0 0 0 50 5 0.5 .05 
RANGE, pf: I Max 1150 115 1150 1050 105 105 10.5 1100 110 11 1.1 

SCALE, pf /Division: 0.2 .02 0.2 0.2 .02 .02 .002 0.2 0.02 .002 .0002 

ACCURACY: ± Picofarads listed below or ± .03%, whichever is greater 
Direct-Reading (Adjustment}: 

Total Capacitance 0.6* 0.1 * 0.6* Differences from Zero 0.6 0.15 .04 .008 

Capacitance Difference 1.2 0.2 1.2 1 0.2 0.2 .05 1.2 0.3 .08 .016 

With Corrections from Calibration Chart (supplied}: 

Total Capacitance 0.3* .04* 0.3* 0.3 .04 .01 .002 

Capacitance Differencet 0_6 .08 0.6 0.6 .08 .08 .02 0.6 .08 .02 .004 

With Corrections from Precision Calibration (extra charge}: 

Total Capacitance 0.1 * .01 * 0.1 * 0.1 .01 .001 .0002 

Capacitance Difference t 0.2 .02 0.2 0.2 _02 .02 .004 0.2 .02 .002 .0004 

STABILITY: Capacitance change per year not greater than 1 scale division 

RESIDUALS (typical values): 

Series Inductance, ,uh .06 0.10 .024 .06 0.10 .06 0.10 0.14 0. 17 0.17 0.17 

Series Resistance, ohms at 1 Me .02 .03 .008 .02 .03 .02 _03 0.1 

high terminal to case 
min scale 20 560 74 23 
max scale 20 850 98 25 

Terminal Capacitances, pf: 
min scale 33 600 92 93 

low terminal to case 
max scale 36 920 117 115 

Capacitance at Zero Scale Setting, pf: 1140 135 145 35 

*T ota l capacita nce is t he capacitance added when t he capacitor is plugged into a T Y P E 874-Q9 Adaptor . 
tDi vid e error by 2 when one setting is made at a ca librated poin t. 

pacitors a re primarily in t he sta tor supports, which a re 
of low-loss polystyrene (DC = .01 X 10- 12 ) . 

The very small dissipation factor of the direct ca­
pacitance of the t hree-terminal capacitors is difficul t to 
measure and is estimated to be not greater than 20 X 
10- 0 for - CB, 10 X 10- 0 fo r - CC, - CD. 
Insulation Resistance : Under standard condi t ions (23 C, 
less t han 50 % R H ), grea ter than 1012 ohms. 
Maximum Voltage : All models, 1000 volts, peak. 
Terminals : J ack-top binding posts a re provided on 2-
terminal models; standard %-i nch spacing is used. The 

rotor terminal is connected to t he p:1I1el and shield . 
Locking Type 87-1- Coa xia l Connectors a re used on :3-
terminal models. 
Accessories Supplied: 2 TYPE 87~ -C58 Cable Connectors 
with all t hree-terminal models. 
Accessories Available : TYPJ; 87-1--Q9 Adaptor. 
Mounting : The capacitor is mounted on an aluminum 
panel fin ished in crackle and enclosed in a dust-tight 
Ys-inch-thick a luminum case. 
Dimensions: Panel, 7 by 9Y2 inches; depth, 8~ inches, 
(180 by 240 by 205 mm ) over-a ll. 

ADDITIONAL 
PRICE FOR 

NET WEIGHT CODE PRECISION 
TYPE POUNDS KG WORD PRICE CALIBRATION t 

1422-0 Precision Capacitor 11 If.! 5.1 RAPID $265.00 $ 90.00 
1422-MO Precision Capacitor 11 5 RAVEL 265.00 90.00 
1422-ME Precision Capacitor 10Y2 4.8 RAZOR 255.00 110.00 
1422-N Precision Capacitor 103.1.1 4.9 READY 250.00 50.00 
1422-C8 Precision Capacitor 103.1.1 4.9 REBUS 250.00 55.00 
1422-CC Precision Capacitor 12Y2 5.7 RECUR 280.00 55.00 
1422-CO Precision Ca acitor p 11 5 REDAN 280.00 165.00 
tWhen ordering capacitor with precision calibra tion, add WORMY to capacitor code word. 
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TYPE 1401 STANDARD AIR CAPACITOR (TWO-TERMINAL) 
USES: The T YPE l-!01 Standard Air Capac ito rs 
are accurate a nd stable two-te rmina l fi xed air 
capacito rs for laboratory use as referelllce or 
working standards. They supplement the 
TYPE l-!09 series of fixed mica capacito rs by 
providing standa rds of lower loss and lower 
capacitance. 

DESCRiPTION: The aluminum plate assemblies 
are supported by a low-loss (96% quartz) 
mou nt ing plate attached to an aluminum cast­
ing. This casting, together wi th t he cylind rical 
aluminum case, provides a dust-free enclosure 
and a complete shield. The low, or ground, 
termina l of t he capacitor is connected to t his 
shield. Three supporting rods are used for 
each of t he plate assemblies, ensuring a high 
degree of rigidity and stability, a nd a ll plates, 
rods, and spacers a re aluminum, to minimize 
t hermal stresses. Terminals are insulated by 
polystyrene bushings. 

FEATURES: 
~ High accuracy and stability. 
~ Low temperature coeffi cient . 
~ Low losses. 
~ Convenient size. 

SPECIFICATIONS 
Accuracy of Adjustment: See table. 
Calibration: A certificate of calibration is supplied with 
earh unit giving t he measured capacitance at 1 kc and 
lit a specified temperature. The measured capacitance 
is the capacitance added when the standard is plugged 
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Change in effective 
terminal capacitance 
(percent) with fre­
quency for the Type 
1401 Standard Air 

Capacitors. 

ADJUSTMENT 

directly in to General Radio binding posts. T his value 
is obta ined by comparison, to a precision better than 
± .Ol %, with working standards whose absolute values 
a re known to an accuracy typically ±.02 %, determined 
and main tained in te rms of reference standards periodi­
cally cer t ified by t he National Bureau of Standards. 
Stability: Capac itance change is less t han .05% per yea r. 
Residual Impedances: The series inductance of a ll uni ts 
is approximately .05 I'h. The variation in etTectivc 
terminal capacitance caused by t his inductance is sho\\" n 
in t he accompanying plot. 

The metallic resistance of all units is approximatel.\' 
.027 ohm at one megacycle per second. The series re­
sistance varies as t he square root of frequency above 
about 100 kc. . 
Temperature Coefficient of Capacitance: + 20 ± 5 ppm per 
degree C between 20 and 70 C. 
Dissipation Factor: See table fo r typical values. 
Terminals: TY PJ~ 274 Plugs, spaced %: inch on cente rs, 
t o plug in to T YPE 938 Binding Posts. 
Dimensions: Diameter, 3l{6 inches ( 78 mm ), height 4 Ys 
inches (12-[ mm), over-all. 
Net Weight: 1 Va lb (0.5 kg). 

DISSIPATION 
TYPE CAPACITANCE ACCURACY MAX VOLTS FACTOR CODE WORD PRICE 

1401-A 100 pf 0.2% 1500 100 X 10- 6 HABIT $50.00 
1401-B 200 pf 0.15% 1200 50 X 10- 6 HONOR 51.00 
1401-C 500 pf 0.12% 900 20 X 10- 6 HOllY 53.00 
1401-0 1000 pf 0.1% 700 10 X 10- 6 HANDY 58.00 

TYPE 1403 STANDARD AIR CAPACITOR (THREE-TERMINAL) 
USES: For measurement at 100 pI and below, 
a three-terminal co nnection in creases t he ac­
curacy by eliminating t he uncertain ty in the 
measurement introduced by t he capacitances 
between t he capacitor terminals and ground. 

The T YPE 1·±03-A Standard Air Capac itors 
are stable, t hree-termin al standa rds over­
lapping t he ra nge of t he T YPE 1401 and ex­
tending do\\·mm rd to .01 pf. 
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DESCRIPTION: The three largest sizes are simi­
lar in construction to the TYPE 1401, but have 
shielded terminals, both of which are insu­
lated from the case. The smaller-capacitance 
units are made up of two plates, with a 
grounded plate between them; an aperture in 
the grounded plate determines the magnitude 
of the direct capacitance. Dielectric losses are 
not detectable; there is no solid dielectric in 
the direct-capacitance field. 
FEATURES: 
~ Provides standards down to .01 pf. 
~ N egligi ble dielectric loss. 
~ Low residual impedance. 

SPECIFICATIONS 

:~'~: r Accuracy of Adjustment: See table below. 
Calibration: A certificate of calibration is supplied with 
each unit giving the measured capacitance at 1 kc and at 
a specified temperature. The measured value is the 
direct capacitance between shielded terminals when the 
capacitor has at least one lead completely shielded and 
its case connected to a guard point. This value is ob­
tained by comparison, to a precision better than ±( .01 % 
±.0000l pf), with working standards whose absolute 
values a re known to an accuracy typically ±.03%, de-
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Change in effective 
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with frequency pro· 
duced by residuals. 

ADJUSTMENT 
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termined and maintained in terms of reference stand­
ards periodically certified by the National BlIt'eau of 
Standards. 
Stability: Capacitance change is less than .05% per year. 
Residual Impedances: See equivalent circuit for typical 
values of internal series inductance and terminal ca­
pacitances. See curves for change in effective direct 
capacitance with frequency produced by the residual 
inductance. 
Temperature Coefficient of Direct Capacitance: +30 ± 10 
ppm per degree C between 20 and 70C. 
Dissipation Factor: See table for typical values. 
Terminals: TYPE 874 Coaxial Connectors, which provide 
complete shielding of the leads . 
Accessories Supplied: Two TYPE 874-C58 Cab le Con­
nectors . 
Dimensions: Diameter, 3l{6 inches (78 mm), height 4% 
inches (124 mm ), over-all. 
Net Weight: One pound (0.46 kg ). 

DISSIPATION 
TYPE CAPACITANCE ACCURACY MAX VOLTS FACTOR CODE WORD PRICE 

1403-A 1000 pf 0.1% 700 10 X 10 6 DABBY $60.00 
1403-0 100 pf 0.1% 1500 10 X 10-6 DAIRY 55.00 
1403-G 10 pf 0.1% 1500 10 X 10-6 DASHY 48.00 
1403-K 1.0 pf 0.1% 1500 10 X 10- 6 DATUM 45.00 
1403-N 0.1 pf 0.1% 1500 10 X 10-6 DAUNT 45.00 
1403-R .01 pf 0.3% 1500 10 X 10-6 DAVIT 45.00 

TYPE 1409 STANDARD CAPACITOR 
USES: The TYPE l-!09 Standard Capacitors 
are fixed mica capacitors of very high accu­
racy and stability for use as two- or three­
terminal reference or working standards in the 
laboratory. For precise measurement and 
standardization of capacitance up to several 
microfarads, a set of these standards, used 
with the TYPE 716-C Capacitance Bridge, is 
recommended. 

A group of these capacitors, observed over 
a four-year period, have shown random fluc­
tuations of only ±.01 % in measured capaci­
tance with no evidence of systematic drift. 
DESCRIPTION: These capacitor units consist 
of a silvered-mica and foil pile, spring-held by 
a heavy metal clamp for mechanical stability. 
The units are selected for low dissipation 
factor and are stabilized by heat cycling. They 



are shielded from external fields and from 
humidity by being mounted, with silica gel to 
provide continuous desiccation, in cast alumi­
num cases, sealed with high-temperature 
potting wax. A hole is provided in the wall of 
the case for the insertion of a dial-type bi­
metallic thermometer. Three jack-top binding 
p'osts are provided on the top of the case and 
three removable plugs on the bottom, for 
convenient parallel connection without error. 
The capacitor terminals are insulated from the 
third (ground) terminal, so that either a two­
or three-terminal connection can be used. 

FEATURES: 
~ Stable within ± .Ol % per year. 
~ Calibrated for both two-terminal and three­
terminal connections. 

CAPACITO{(S 
STANl)AKl) MICA 

~ Plug-in terminals permit several units to be 
stacked one upon the other without the use of 
leads and without cumulative error. 

SPECIFICATIONS 
Accuracy af Adjustment : Within ±.05% of the nominal 
capacitance value (two-terminal) marked on the case. 
Calibration : A certificate of calibration is supplied with 
each unit, giving both two- and three-terminal measured 
capacitances at 1 kc and at a specified temperature. 
The measured value is the capacitance added when the 
standard is plugged directly into General Radio bind­
ing posts. This value is obtained by comparison, to a 
precision better than ±.01 %, with working standards 
whose absolute values are known to an accuracy typ­
ically ±.02%, determined and maintained in terms of 
reference standards periodically certified by the Na­
tional Bureau of Standards. 
Stability : Capacitance change is less than .01 % per year. 
Temperature Coefficient of Capacilance : +35 ±1O ppm 
per degree Centigrade between 10 and 70 C. 
Dissipation Factor : Less t han .0003 at 1 kc and 23 C 
(see curves). Measured dissipation factor at 1000 cps 
is also given in the certificate. 
Frequency Characte ristics: See typical curves below. Val­
ues of series inductance and series resistance at 1 Mc 
are given in the table. This resistance varies as the 

square root of the frequency for frequencies above 100 
kc. 
Terminal Capacitance: The capacitance from the H term i­
nal to the case (G) is of the order of 12- 50 pL 

The capacitance from the L terminal (outside foi ls of 
capacitor) to the case is of the order of 300-1300 pf. 
Leakage Resistance: 5000 megohm-microfarads or 100,-
000 megohms, whichever is the lesser. 
Maximum Voltage : 500 volts peak at frequencies below 
the limiting frequencies tabulated below. At high fre­
quencies the allowable voltage decreases and is inversely 
proportional to the frequency, appr<?ximately. These 
limits correspond to a temperature nse of 40 degrees 
Centigrade for power dissipations of 5, 6, and 7.5 watts 
fo r the small, medium, and la rge cases, respectively. 
Mounting: Cast aluminum cases with rubber feet. 
Terminals : Two insulated jack-top terminals, plus jack­
top terminal and ground strap. 
Dimensions : Small case, 374: by 4 by 2 inches (85 by 105 
by 50 mm); medium case, 374: by 4 by 21J{6 inches (85 by 
105 by 70 mm); large case, 374: by 5% by 21J{6 inches (85 
by 145 by 70 mm). 

l11Wffi 
IOc: lONe IOOMc 

(l eft) Change in capa citance as a fun ction of fr equency for typical Type 1409 Capocitors. The 1-kc value on the 
plot should be use d a s a basis of reference in estimating frequ ency errors. 

(Right) Dissipaction fa ctor as a function of fre quency. 

NOMINAL 
CAPACI- MAXIMUM FREQUENCY SERIES RESISTANCE 
TANCE PEAK LIMIT FOR INDUCTANCE IN OHMS 

TYPE jJ.f VOLTS MAX VOLTS jJ.h AT 1 MC WEIGHT CODE WORD PRICE 

409-F .001 500 4.0 Me .050 .02 1 \4 Ib (0.6 kg) GOODCONBOY $ 32.00 
409-G .002 500 2.3 Mc .050 .02 1 \4 Ib (0.6 kg) GOODCONBUG 32.00 
409-K .005 500 1.1 Mc .050 .02 1 \4 Ib (0.6 kg) GOODCONCAT 34.00 
409-L .0 1 500 640 kc .050 .02 1 \4 Ib (0.6 kg) GOODCONDOG 34.00 

1409-M .02 500 370 kc .050 .02 1 \4 Ib (0.6 kg) GOODCONEYE 36.00 
409- R .05 500 175 kc .055 .02 1 \4 Ib (0.6 kg) GOODCONPIG 39.00 
409-T .1 500 100 kc .055 .02 1 \4 Ib (0.6 kg) GOODCONROD 42.00 
409r U .2 500 50 kc .055 .02 1 \4 Ib (0.6 kg) GOODCONSIN 50.00 

1409- X* .5 500 20 kc .055 .02 1 % Ib (0.8 kg) GOODCONSUM 90.00 
1409-Y 1.0 500 10 kc .070 .03 2V2 Ib (1.1 kg) GOODCONTOP 160.00 
*Mounted in medium case. tMollnted in large case. 
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STI/NOI/NO 

TYPE 1424-A 

STANDARD POLYSTYRENE 

DECADE CAPACITOR 

1 ~f to 10 ~f 

USES: This single-decade capacitor extends to 
10 ~f the range of Genera l Radio's accurate 
decade standards of capacitance. It provides 
ten individual standards, one at each integral 
microhtrad value from 1 to 10. For maximum 
accuracy in bridge measurements, and stand­
ardization and for general laboratory use, 
residual series inductance and resistance have 
been kept to a minimum by careful design. 

DESCRIPTION: Twenty polystyrene capacitors 
of 0.5 ~f each are assembled in pairs to give 
ten l-~f units. These are housed in two hennet­
ically so lder-sealed brass cases \yith Teflon­
insulated high terminals, the cases being the 
common (LOW) terminal. The aluminum 
outer cabinet and panel are insulated from 
both the HIGH and LOW capacitor termi­
nals, so that either two- or t hree-terminal 
connections can be used. 

Residual serie'3 inductance and resistance 
have been minimized by the use of current­
sheet condu ctors, ribbon leads, and multiple 
switch contacts. 

Leakage resistance is very high, correspond­
ing to a time constant of 12 days. Conse­
quently, a discharge position is provided on 
the s"'itch to minimize the danger of electrical 
shock to the operator. Charging current is also 
limi ted by the switching arrangement, to 
avoid damage to the capacitor. 

FEATURES: 
~ High accuracy. 

~ LolV series residuals. 

~ Low dissipation factor. 

~ High leakage resistance. 

~ Discharge switch position provided. 

SPECIFICA liONS 
Nominal Value: 0 to 10 microfarads, in steps of 1 micro­
famd. 
Adjustment Accuracy: ±0.25% at 1 kc. 
Certificate: A certificate is supplied giving measured 
valucR, obtained by comparison, to a pree-iRion better 
than .01 %, with working standards maintained to an 
accuracy of ±.03% in terms of NBS-certified reference 
standards. 
Stability: ±.05% per year. 
Frequency: Calibrated at 1 kc. Variation with frequency 
down to 60 cps is typically less than +.02%. At higher 
frequencies, te rminal capacitance rises as resonant fre­
quency is approached (see curves). 
Voltage Recovery: Less than 0.1 % (see page 167). 

Dissipation Faclor: < .0002 at 1 kc. (See curves for varia­
tion \\·ith frequency.) 
Temperature Coefficient: Approximately -1-10 ppm pcr 
degree C. 
Insulation Resistance: Approximately one million ohm­
farads . 
Maximum Voltage: 500 volts peak, up to 10 kc. 
Mounting: Aluminum cabinet and panel, finished in gray. 
Terminals: A separate ground terminal is provided, per­
mitting 2- or 3-terminal use. 
Dimensions: Width 8, height 7%, depth 9Y2 inches (203 
by 195 b~' 2+1 mm ), over-all. 
Net Weight: 16 Y2 pounds (7.5 kg). 

Typical curves for Type 1424-A Standard Poly. 
styrene Decade Capacitors. (left) Change in ca· 
pacitance as a function of frequency for Type 
1424-A Standard Decade Capacitors. These 
changes are referred to the values which the ca· 
pacitors would have if there were neither inter­
facial polarization nor series inductance. The l-kc 
value on the plat should be used as a basis of 
reference in estimating frequency errors. (Right) 
Dissipation factor as a function of frequency. 
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CAPACITONS 
P{(EC/S/ON DECADE 

100 pf to 1.111 tLf 

TYPE 1423-A PRECISION DECADE CAPACITOR 
USES: The TYPE 1423-A Precision Decade 
Capacitor provides 11,110 discrete values of 
capacitance each known to an accuracy of 
:±;.05% . Any value of capacitance between 
100 pf and 1.111 tLf, in steps of 100 pf, can be 
set on the four decades. Thus a bridge can be 
standardized quickly at any value within this 
range, to an accuracy that could be exceeded 
only by the use of individually certified lab­
oratory standards of the highest available 
quality. i 

In conjunction with a limit bridge, such as 
the TYPE 1605-A Impedance Comparator, 
production-line measurements of arbitrary 
values of capacitance (such as EIA preferred 
values) can be made rapidly and accurately, 
with a minimum of setup time. 

DESCRIPTION: This is a doubly shielded dec­
ade capacitor consisting of four decades of 
high-quality silvered-mica capacitors. The 

HIGH LON 

Figure 1 

two complete shields (Figure 1) make the ca­
pacitance at the terminals the same for either 
the two-terminal or the three-terminal method 
of connection, except for the external binding­
post capacitance of about 1 pf added by the 
two-terminal connection. This external capaci­
tance can be included in the calibration by the 
adjustment of a single trimmer. 

Independent means for adjustment of ca­
pacitance are provided for each switch position 
on the two lowest decades and for each ca­
pacitor on the two highest decades. The ter­
minal capacitance values are adjusted pre­
cisely to nominal value and can subsequently 
be readjusted at calibration intervals, if neces­
sary, without disturbing the main capacitors. 

The decades provide in-line readout for good 
visibility. The instrument is supplied with 
metal end frames for bench use; these may be 
removed for relay-rack mounting. 

FEATURES: 
~ Direct reading accuracy :±;.05% . 
~ Long-term stability :±;.Ol % per year. 
~ Easi ly readjusted in terms of certified refer­
ence standards. 
~ Accurate for two-terminal and three-termi­
nal use. 

SPECIFICATIONS 
Nominal Values: 100 pf to 1.111 fJ.f in steps of 100 pf. 
Accurocy of Adjustment: ±.05% at 1 kc, calibrated in 
the three-terminal connection using TYPE 87+-Q9 Adap­
tors (supplied). Two-terminal connection (made by in­
serting the capacitor into TYPE 87'!-Q9 Adaptor) adds 
about 1.3 pf to reading. 
Dissipation Factor 

D not greatel' than C range 
. 001 100 pf to 1000 pf 
.0005 1100 pf to 2000 pf 
. 0003 2100 pf to 1.1110 fJ.f 

Temperature Coefficient of Capacitance: Approximately 
+35 ppm per degree Centigrade between 10 and 50 de­
grees C. 

TYPE 

Insulation Resistance: Greater than 50,000 Mn to 0.1 fJ.f 
and greater than 5,000 Mn from 0.1 fJ.f to 1.111 fJ.f. 
Calibration Frequency: 1 kc. I I 
Frequency Characteristic: The bel:iavior of each ~ndividual 
capacitor is similar to that of a TYPE 505 Capacitor 
(page 170). 
Maximum Voltage: 500 volts peak, up to 10 kc. 
Accessories Supplied: Two TYPE 874-Q9 Adaptors . 
Mounting: Aluminum relay-rack-style cabinet in gray, 
supplied with metal end frames for bench mounting . 
Dimensions: Width 19, height 7, depth 9~ inches (483 
by 178 by 248 mm), over-all. 
Net Weight: 26 pounds (11.8 kg). 

CODe WORD PRICE 

1423-A Precision Decade Capacitor ... . .. . ....... . lEVEL $695.00 

165 



166 

CAPACITOf(S 
------------------------------~ DECADE W 

Type 980-F Type 980-l 

TYPE 980 DECADE CAPACITOR UNIT 
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 poly­
styrene, 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 1, 2, 
2, 5. The switch selects parallel combinations 
to give all integral values between 1 and 10. 

The switch is rigidly constructed and in­
cludes a detent mechanism for positive loca-

tion of position. The s\\·itch dielectric, includ­
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 availablc 
separately (see price list). 

FEATURES: 
~ All component capacitors are carefully 
selected and aged, for maximum stability with 
time. 
~ Paper dielectric units are highly stable, 
sealed, firecracker-shaped, foil-and-paper ca­
pacitors having a viscous impregnant. 
~ Mica-dielectric decades use silvered-mica 
molded elements for TYPES 980-M and -N and 
TYPE 505 units for the TYPES 980-F, G, H , 
and J. 
~ Polystyrene decades have high insulation 
resistance, low dielectric absorption and low 
losses. 

{Left} Typical plat 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 would have if there were no interfacial polarization and no series inductance. Since the 
capacitors are adjusted to their rated accuracy at 1 kc, the l-kc value on the plots should be used as a basis of reference in 

estimating the frequency error. (Right) Typical plot of dissipation factor as a function of frequency. 



SPECI FICA TIONS 

CAPAC/TOI(S 
DECADE 

r;:==1==~ 0E~::E9l£H;t Panel space 
® ® and mounting 

O·J2: MfG HOLES (2 ) 

dimensions of 
Type 980 Dec­
ade Capacitor 

Units. 

SILVERED MICA - SILVERED MICA 
DiElECTRIC POL YSTYRENE GR TYPE 505 PAPER (MOLDED) 

----~=TY~P~E~~--1-9~8~0--~A-r~9~8~0~-B~~98~0~-~C-r~9~8~0--D~~9~80~-~F~~980~-~G~r9~8~0--~H-r~9~8~0--J~~9~80~-~L~~9~80~-~M~~9~8~0~-N-

Maximum 
Capacitance (J.Lf) 1.0 0.1 .01 .001 1.0 0.1 .01 .001 1.0 0.1 .01 

Capacitance per 
Step (J.Lf) 

0.1 .01 .001 .0001 0.1 .01 .001 .0001 0.1 .01 .001 

;, e 2-terminal 
U 5 connection 

~ ~ 3-terminal 
" a N a. con nection 

~>­
v 
~ 
:> 
v 
v « 

2-terminal 
con nection2 

3-terminal 
connection 

Dissipation Factor 

Insulation Resistance 
at 100 v, 25 C, 
50% RH (ohms) 

Temperature Coeffi ­
cient of Capaci­
tance ppm/" C 

Maximum Operating 
Voltage3 (DC or 
peak) 

Frequency limit for 
Maximum Voltage3 

Frequency 
Characteristic 

Maximum Operating 
Temperature (C) 

Dielectric Absorption 

Voltage Recovery' 

Terminals 

Mounting Hardware 

Dimensions 

Net Weight 

±1% 

10 kc 

Approximately 11 pf 

5 pf 

±1% ±(1% ±0.5% 
+ 2 pf) 

± (0.5% ± 1.5% 
+ 2J.Lf) 

±1% ±1.5% + 1% ±0.5% ±0.5% ±1% + 0, ±1.5% 
- (2% -(2% 
+ 4 pf) + 8 J.Lf) 

< .0002 < .0003 < .0006 < .005 

1012 5 X 109 25 X 109 25 X 109 25 X 109 

- 140 nomina I +35±10 + 180 

500 500 500 500 

100 kc 1 Mc 10 Mc 1 0 kc 1 00 kc 1 Mc 10 Mc 2 kc 

See Curves 

65 90 90 

See Voltage Recovery 

< 0.1% I 
Flexible leads 

Machine screws are furnished 

See sketch; to convert inches to mm, multiply by 25.4 

2Y8 Ib (1 kg) 3% Ib 21b 1% Ib lY.lb 1% Ib 
(1.7 kg) (0.9 kg) (0.8 kg) (0.7 kg) (0.8 kg) 

±1% 

±1% ±1% 

< .001 

10 9 109 

EIA 
Characteristic C 

500 

100 kc 1 Me 

90 

1 Y. Ib 1 Y. Ib 
(0.7 kg) (0.7 kg) 

Code Word AVAST I AVERT I AVOID ALIEN ACUTE AVOWD AWAIT ADIEU ADAGE ADDER ADDLE 

Price $66.00 I $51.00 $57.00 $57.0_~ $_16_5_.0_0-'-$:....6_5_.0_0-'-~$5_0_._00-L--'$_4_8._0_0 --'-$:....4_0_.0_0-'---'-$4_4_.0_0-L_$:....3_4_.0_0 
SWitch only, Type 980-Pl, Code Word SWITCH BIRD, $12.00 

ICapacitance increments from zero position are within this percentage of the indicated value for any setting. 
!Units are checked with switch mechanism high, electricall y, and the common lead and case grounded . 
'At frequencies above the ind icated maximum, the allowable vo ltage decreases and is (approximately) inversely proportional to frequency. 
These limits correspond to a temperature of 40 C for a power dissipation of 2.5 watts for T YPE 9SO-F, one watt for TYPES 980-0, -H and -J, 
and 3.5 watts for all other units. 
' Final % of origina l charging voltage after a charging period of one hour and a IO-second discharge through a resistance equal to one ohm per 
volt of charging. 
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CAPACITOf(S 
OEeAOE 

Type 1419-A Type 1419-K 

TYPE 14·19 DECADE CAPACITORS 
General Radio TYPE 1-n9 Decade Capaci­

tors are assemblies of three or four TYPE 980 
Decade Capacitors in shielded cabinets. All 
models have a multiplicity of uses in the 
electronics laboratory, as circuit elements in 
resonant circuits, bridges, filters, and experi­
mental equipment. Each model has also its 
own specialized app li cations, by virtue of its 
design and construction features. Each model is 
described below, with complete specifications. 

TYPES 1419-A AND -8 POLYSTYRENE 
DECADE CAPACITORS 

USES: Oll'ing to their very low dielectric ab­
sorption, the TYPES 1119-A and -B Poly­
styrene Decade Capacitors are particularly 
useful in research and development work on 
computer and integrator circuits and on lOll-­
level amplifiers. Their constancy of capaci­
tance and dissipation factor as a function of 
frequency also makes them extremely useful 
in measurement ci rcui ts and as components in 
filters and tuned circuits. High insulation 
resistance and low dielectric absorption make 
them nearly ideal capacitors for dc lI·ode. 

DESCRIPTION: These decade capacito rs are 
based on development work and manufac­
turing experience at General Radio since 1910. 
The TYPE U 19-A consists of three individual 
Decade Capacitor Units, TYPES 980-A, -B, 
and -C. The TYPE U] 9-B, a four-decade as­
sembly, includes the above three units plus an 
additional TYPE 980-D , for better resolution. 
All TYPE 980 Units are designed to be essen­
tia lly non-inductive and are heat-stabilized, so 
that their long-time stabi li ty app roaches that 
of the best silvered-mica capacitors. 

The capacitors are wound in spool form 

from continuous interleaved tapes of poly­
styrene and metal foil. The foils, projecting at 
each end of the roll. are soldered together to 
minimize inductance and series resistance. 

The tape used for the dielectric is specially 
prepared of purified high-molecular-weight 
polystyrene, having very high resistance and 
freedom from polarization. Hermetic sealin g 
with teflon feed-through insulators assures 
high performance even under adverse humid­
ity conditions. 

Terminals are provided on the -A and -B 
models for both two-terminal and three­
terminal connections. 

FEATURES: 
~ High insulation resistance. 
~ Low dielectric absorption. 
~ Low dielectric loss. 
~ Capacitance and dissipation factor vary 
only slightly with frequency from dc through 
the audio-f requency range. 
~ Comp lete ly shi elded and hermetically 
sealed. 
~ All insulation of highest avai lab le quality. 
~ Three-terminal construction. 

TYPE 1419-K DECADE CAPACITOR 
USES: This high-quality decade capacitor finds 
uses in every laboratory: in tuned circuits, 
impedance bridges, filters, or in any circuit 
where an accurate and stable variab le capaci­
tor is necessary. 

Mica dielectric is used throughout, per­
mitting operation at higher temperatures than 
is possible with polystyrene types. 

DESCRIPTION: The TYPE 1119-I\: Decade Ca­
pacitor is an assembly of TYPE 980-F, -G, and 



CAPACITORS 
~-------------------------------

DECADE 

-H Decade Capacitor Units mounted in a 
shielded cabinet. The individual capacitors 
are General R adio T YPE 505 uni ts, \\"hich a re 
assembled from selected sheets of silvered 
mica. 

FEATURES; 

~ High stability. 
~ 0.5% accuracy. 
~ Low temperature coeffi cient. 
~ Three-terminal construction. 
~ Low dissipation factor. 
~ Shielded case. 

TYPE 1419-M DECADE CAPACITOR 
USES : This new a nd improved "economy" 
decade capacitor offers excellent performance 
at moderate cost fo r t hose appli cations where 
dissipation factor is not a cri t ical require-
ment . T erminals are provided for both t\\"o­
termina l a nd t hree-terminal connections. 
DESCRIPTION: The t wo lo\\·er capacitance dec­
ades, TYPEs 980-M, and-N , use molded silvered­
mica units, EIA cha racteristic C. The highest 
capacitance decade, T YPE 980-L (0.1 /-Lf per 
step), uses firecracker-shaped fo il-and-paper 
capacitors having a viscous impregnant, with a 
result ing high degree of capacitance stability . 

SPECIFICATIONS 
TYPE 1419-A I 

NUMBER 1419-B 1419-K 1419-M 
Type 980 Decades 

A B C 0 F G H L M N Used 

Capacitance per 
Step (I'f) .01 .01 .001 .0001 0.1 .01 .001 0.1 .01 .001 

Dielectric ..... Polystyrene Mica Paper Mica Mica 

Maximum Copeci- 1.110 
1.110 ·tance of Box (I'f) 1.1110 

1.110 

, " 2-terminal 
37 I o u 41 35 

u5~ 50 
0'-: a. 15 I ~ u 

3-terminal 13 
" 0 

16 
No. 20 

>- \ 2-terminal ± 1% ± 1% ±1% ±(1%+ 2 pf) ± 0.5% ± 0.5% ± 0.5% ±1 .5% ± 1% ± 1% 
, u 

±1% ±1% ± 1.5% ±l%to ±0.5% ±1% ± 1% u 0 ± 0.5% ± 1.5% ±1% -« B 3-terminal 
- (2% + 4 pf) 

Dissipation Factor at 
< .0002 < .0003 <.005 <.001 <.001 1 kc 

Insulation Resistance 
in ohms at 100 V, 

23 C, 50% RH 
1012 3.5 X 10- 10-

Temperature Caeffi-
cient af Capad-
tance (ppmr C) 

- 140, nominal + 35±10 

Maximum Operating 
Temperature (C) 65 90 90 

Maximum Operating 
Voltage (DC ar 500 500 500 500 500 
peak) 

Frequency Similar ta thase far the Type 980 Decade Capacitance Units, modified by the additional inductance and 
Characteristic res istance at the box terminals and wiring. 

Dc Cap/ < 1.001 Typically 1.03 
/l-kc Cap 

Dielectric Absarptian See Valtage Recovery 

Volta g e Recovery2 < 0.1% < 3% 

Terminals 
Three Type 938 Binding Posts Three Type 938 Binding Three Type 938 Binding 

with grounding link Posts with grounding link Posts with grounded link 

Mounting Aluminum Panel and Ca binet 
Aluminum Panel Aluminum Panel 

and Cabinet and Cabinet 

13 by 4 0/16 by 5 inches 

Over-all Dimensions 
(330 by 109 by 127 mm) 14 V. by 5V2 by 6 inches 14 V. by 5V2 by 6 inches 

160/16 by 40/16 by 5 inches (359 by 140 by 153 mm) (359 by 140 by 153 mm) 

(795 by 109 by 127 mm) 

Net Weight 
8Y. Ib (3.8 kg) I 11 y.. Ib (5.1 kg) 6 y.. Ib (2.9 kg) lOV2 Ib (4.8 kg) 

BIGOT I CREEK BRIER Code Word BEFIT 

Price 
$205.00 I $315.00 $145_00 

$262.00 
lCa pacitancc incremen ts (,'om zero position a l'C wit hin t his percentage of t he ind icated value for a ny setting . 
2 Fina l % of origina l cha rging voltage a Cter a charging period of one hou r and a IO-second d ischal'ge t hrough a resistance equal to one ohm per 
volt of cha rging . 
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CAPACITONS 
fIXE/) MICA 

,/ 

TYPE 505 CAPACITOR 
USES: The TYPE 505 Capacitors are stable, 
low-loss mica capacitors for use as high­
quality circuit elements and as secondary 
standards where the higher accuracy, complete 
shielding, lower loss, a nd convenient connec­
tions of the TYPE 1409 Capacitors are not 
required. 

DESCRIPTION: The TYPE 505 unit uses the 
same silvered-mica and foil pile used in the 
TYPE 1409 and has almost equally high 

stability. The unit is sealed with wax in a 
low-loss phenolic case \\'ith sili ca gel to provide 
continuous desiccation and granulated poly­
ethylene to absorb shock. 

FEATURES: 
~ Small, convenient, stable, and accurate. 
~ Low-loss phenolic case to reduce dielectric 
loss and leakage conductance. 
~ Low temperature coefficient of capacitance. 

SPECIFICA liONS 
Accuracy: ±0.5% or ± 3 pf, whichever is the la rger. 
Temperature Coefficient: Approximately +35 ppm per 
degree Centigrade between 10 and 50 C. Calibration is 
made at 23 C, at a frequency of 1 kc. 
Dissipation Factor: .0003 for 1000 pf and higher ; 500 pf, 
.00035; 200 pf, .0004; 100 pf, .0006. 
Frequency Characteristics: Similar to those for TYPE 1409 
Standard Capacitors shown on page 163. Series induc­
tance is approximately .055 /Lh for units in small case 
and .085 /Lh for large case. Series resistance at 1 Mc is 
approximately .03 ohm for small case and .05 ohm for 
large case, varying as square root of frequency above 
100kc. 
Leakage Resistance: Greater than 100,000 megohms, 
when measured at 500 volts, except for the TYPES 505-T, 
505-V, and 505-X, for which it is greater than 50,000, 
25,000, and 10,000 megohms, respectively. 
Maximum Voltage: See table. At higher frequencies the 
allowable voltage decreases and is inversely propor­
tional to the square root of the frequency. These limits 

2 MTG. HOLES 
NO.IS DRILL 
IN LARGE CASE 

correspond to a temperature rise of JO degrees Centi­
grade for a power dissipation of 1 watt for the small case 
and 2.5 watts for the large case. 
Terminals: Two screw terminals spaced % inch apart, 
with two removable plug bottoms, TYPE 274-P. High 
terminal (inside foil ) is marked H. 
Mounting: Mica-filled, low-loss phenolic cases. 
Dimensions: See sketch; dimensions shown are in inches. 
Over-all height, 1% inches for large case, 1 inch for small 
case, exclusive of plugs. 

MAXIMUM FREQUENCY LIMIT WEIGHT 
TYPE CAPACITANCE PEAK VOLTS FOR MAX VOLTS IN OUNCES CODE WORD PRICE 

505-A 100 pf 700 2000 kc 4 CONDENALlY $10.00 
505-8 200 pf 700 1000 4 CONDENBEll 7.50 
505-E 500 pf 500 1000 4 CONDENCOAT 7.50 
505-F .001 fJ-f 500 800 4 CONDENDRAM 7.50 
505-G .002 fJ-f 500 400 5 CONDENEYRE 7.50 
505-K .005 fJ-f 500 160 5 CONDENFACT 7.50 
505-L .01 fJ- f 500 80 5 CONDENGIRl 9.00 
505-M .02 fJ- f 500 40 6 CONDENHEAD 11.50 

*505-R .05 fJ-f 500 40 11 CONDENCAlM 13.50 
*505-T .1 fJ-f 500 20 12 CONDENCROW 20.00 
*505-U .2 fJ- f 500 10 13 CONDENWIPE 30.00 
*505-X .5 fJ-f 500 4 15 CONDENWllT 65.00 

*Mounted in large case. 



CAPACITONS 
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TESTEI( 

TYPE 1429-A FUEL-GAGE TESTER 

USES: The TYPE 1429-A Fuel-Gage Tester 
meets the need for an accurate device for 
calibrating modern capacitance-type fuel -gage 
systems. It meets the requirements for testing 
and calibrating the gages in both reciprocating­
engine and jet-engine planes. 

DESCRIPTION: This tester fulfills the same 
function as the military TYPE MD-l Tester, 
but has smaller dimensions and lower weight. 

It contains two 3-terminal, 200-pf-L\C air ca­
pacitors, one to simulate the jet fuel compen­
sator, the other in conjunction with fixed mica 
capacitors to simulate the main sensing capaci­
tor of the fuel gage. Both air capacitors have 
brass rotor and stator plates so ldered into 
their supports, then nickel-plated and mounted 
in a rigid, five-sided, cast-aluminum frame. 
The capacitor worm drive is individually 
ground in to fit the one-piece, spring-pressed 
worm and shaft to the precision worm wheel. 

The main capacitor is extended in value to 
6200 pf by two sets of switched, so lder­
sealed, precision, silvered-mica, fixed capaci­
tors, one having five steps of 200 pf, the other 
five steps of 1000 pf. 

External connections a re made through 
keyed coaxial connectors. Cables and adaptors 
as required by specification MIL T-8579 
(USAF) are stowed in a separate compart­
ment at the right end of the transit case. 

FEATURES: 
~ Protected from moisture and vibration. 
~ High precision of setting - one part in 
25,000 of full scale; scale length is 19.2 feet. 
~ High accuracy. 
~ Low backlash. 
~ Low temperature coefficient of capacitance. 
~ Low dielectric losses. 
~ Direct reading in capacitance. 
~ Fulfills functions and environmental re­
quirements of military MD-l Tester. 

SPECIFICATIONS 
Capacitance Range: Main capacitor continuously variable 
linearly from 20 to 220 pf, thence by switched steps of 
200 pf to 6220 pf. Compensating capacitor continuously 
variable linearly from 10 to 210 pI'. 
Accuracy: Capacitance of the main variable air capacitor 
is indicated by dial reading within ±0.5% or ±0.75 pf, 
whichever is greater. Corresponding figures for the com­
pensating variable air p,n,pn,r,itor are ± 1.5% or ±O.5 pr, 
whichever is greater. Switched capacitors are accurate 
to ±0.5%. 
Correction Chart: A correction chart, laminated between 
plastic sheets for mechanical and climatic protection, is 
supplied, giving corrections at multiples of 10 pf for the 
variable capacitors and at each switch position for the 
stepped capacitors. When these corrections are applied, 
the capacitance is correct to plus or minus 0.1 % or 0.15 
pf, whichever is greater. 
Maximum Voltage: 500 volts peale 
Dielectric Supports: Plates of low-loss steatite support the 
stator assembly, glass-bonded-mica washers the rotor. 
Dielectric losses: Almost negligible for the a ir capacitors, 

TYPE 

since solid insulation is largely outside the electric field. 
Not over .001 for the switched silvered-mica capacitors. 
Temperature Caefficient of Capacitance: For small temper­
ature changes, approximately +.002% per degree 
Centigrade for air capacitors, +.0035% for mica ones. 
Backlash : Less than one-third division (out of 2000), cor­
responding to .02% of fu ll-scale value. If the desired 
setting is always approached in the direction of illcreas­
ing scale reading, no error from this cause will result. 
Terminals: Three special, keyed, coaxial connectors, the 
center one of which is connected to both rotors. 
Mounting: All capacitors and a renewable desiccant car­
tridge are mounted on an aluminum panel and enclosed 
in a moisture-sealed aluminum cabinet. The latter is 
shock-mounted in an aluminum transit case with carry­
ing handle, which also contains a compartment to hold 
nine connecting cables and three tee adaptors. 
Dimensions: Width 1772, height 1072, depth 1072 inches 
(H5 by 270 by 270 mm), over-all. 
Weight: 28% pounds (13 kg). 

CODE WORD PRICE 

1429-A Fuel-Gage Tester ..... . ... .... . . . . . . . . ... . GAGER $900.00 
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STANDARD INDUCTORS 
'-\Then an inductor is to be used as a standard, its 

inductance value should have the smallest possible 
changes with time, frequency, current, temperature, 
external fields, or environment. The residual imped­
ances, series resistance, and effective shunt capacitance 
should be as low as possible. The best accuracy is 
achieved when the connections to the inductor can be 
made without the introduction of uncertainties into the 
calibrated value. The extent to which an inductor can 
incorporate these attributes can best be understood 
by consideration of the design factors described below. 
Construction: 

To minimize the generation of, or pickup from, ex­
ternal magnetic fields, the tomidal form of inductor is to 
be preferred to the solenoidal form. The symmetry of 
the tomid contributes both to stabili ty and to a con­
stant temperature coefficient. The capacitance, in a 
multilayer winding, can be kept at a minimum when the 
layers are continually being built up, while the winding 
progresses only once around the circumference of the 
tomid, so that the potential difference between ad­
jacent turns is small. 

Rc 
-w.--~t----t----, Figure 1. Equivalent circuit 

___ -<i~~D_S--!~L _ __.J* Co, Do of 
tm 

air-cored inductor, L. 

An air core in the inductor results in the highest 
stability and a negligible variation of inductance with 
current, but at the expense of a relatively low Q. Be­
cause stability is the prime requirement in a laboratory 
standard, the TYPE 1482 Standard Inductors are air­
cored. 

For a given core volume or amount of copper, a 
larger inductance and Q can be obtained from a core of 
the high-permeability ferromagnetic materials, often 
loosely and generically termed " iron," although they 
are highly developed special alloys in sheet, strip, or 
bonded-granular form. Since the permeability of the 
material is subject to change with age and particularly 
with current, the iron-cored inductor is inherently less 
stable than the air-cored type. Good stability can still 
be realized in iron-cored inductors, along with the high 
Q and small size, by pmper design and choice of core 
materials, as in the TYPE 1481 Inductors. 
Inductance Changes: 

The inductance of an inductor depends not only upon 
the geometry and the permeability of the core but upon 
the residual impedances. The principal residual re­
sistances and capacitances are shown in the equivalent 
circuit of Figure 1. The largest changes of inductance 
with frequency are produced by the capacitance Co of 
the winding and the terminals. As the frequency, i, 
increases, the effective inductance becomes greater than 
the zero-frequency inductance Lo by an amount t1L. 
When i is well below the resonance frequency, i o, the 
fractional increase is approximately -

~~ = w'LoCo = Uo Y 
On the following pages this variation of inductance with 
frequency is given for the inductors in the form of plots 
on logarithmic co-ordinates of t1L/ Lo in percent vs 
frequency in kilocycles. There is also a decrease in L 
with increasing frequency, produced by eddy currents 
in the winding and in fermmagnetic cores: this change 
can be kept relatively small by the use of stranded wire 

(Litzendraht) and of powdered core materials. 
There is practically no change in inductance with 

current when the core is a ir, but cores of ferromagnetic 
materials have a permeability that changes with mag­
netizing force, and therefore they usually show an 
appreciable change of inductance with current. The 
change of inductance with current shown on page 177 
for the TYPES 1481 and 940 Inductors is typical in that 
the increase is linear over a small region neal' zero cur­
rent, then increases more rapidly to a maximum fol­
lowed by a sudden decrease as the material approaches 
saturation. To make such a curve independent of the 
inductance magnitude, it is convenient to normalize the 
current to a value II which is approximately the upper 
limit of the linear range and to plot 1/ [1. The magnitude 
of [1 varies with the inductance and with the core 
material. For the molybdenum-permalloy dust cores 
used in the TYPE 1481 Inductors, II has been chosen to 
be that current which pmduces an increase, t1L/ Lo, of 
0.25 % when the core has a permeability of 125 and an 
increase of 0.1 % when the permeability is 26. 
Q Changes: 

The Q of an inductor, i.e., wL IR, is simply propor­
tional to frequency when Land R are constant. But, as 
noted above, L can vary with frcquency, and the losses 
arc a lso functions of frequency . In an air-cored in­
ductor, the losses, as shown in Figure 1, are an "ohmic" 
loss from the series resistance (Re) of the winding, a loss 
(D.) caused by eddy currents in the copper, and dielec­
tric losses (Do) in the insulation. These loss components 
are best described in terms of dissipation factor, 
D = l / Q, since the tota l D is the sum of the com­
ponent D's and these can be plotted as straight lines 
in logarithmic co-ordinates, as shown in Figure 2. The 
component Dc, fmm the dc resistance of the winding, 
varies inversely with frequency, while the component 
D., from eddy-current or skin-effect loss in the copper, 
is directly pmportional to frequency. The third com­
ponent Dd, from the loss ill the winding capacitance, is 
proportional to the square of frequency in the range 
where the dissipation factor Do of that capacitance is 
independent of frequency. At the resonance frequency, 
io, the value of Dd is Do. The total dissipation factor D 
(Figure 2) is the sum of these components and has a 
minimum value at a frequency usually below the reso­
nance frequency io- At low frequencies the Dol' Q is de­
termined by the series resistance: at high frequencies the 
eddy-current and dielectric losses predominate. 

FREQUENCY 

Figure 2. Dissipation factor variation with frequency showing the 
relative contributions of the several loss components for air­

cored inductors. 



In an iron-cored inductor the higher permeability 
makes possible lower values of D, a nd D" while.fo is 
s lightly reduced and Do is not cha nged. The core adds 
three more components to the winding losses shown in 
Figure 2. Eddy currents in the core produce a com­
ponent D, which usually exceeds D. and which, like D., 
is proportiona l to frequenc.v. The component Dh , from 
hyste resis 10 s in the core, is independent of frequency, 
and since it is proportiona l to magnetiz ing force, it 
becomes negligible when the current approaches zero. 
A third component D" from residua l losses in the core, 
is also constant with frequency and is usua lly relatively 
sma ll. 

The effects of these losses a re shown on the following 
pages by plots of Q versus frequency for the va rious 
inductors. 
Calibration : 

The calibrated inductance of a standard inductor is 
t he change in the measured inductance of a circuit when 
a portion of that circuit is removed a nd replaced by the 
ipductor. This measured inductance inrludes sma ll and 
variable mutual inductances between the inductor a nd 
the rest of the circuit, which a re negligible when the 
calibrated inductance is larger than, say, 100 micro­
henrys, but which can introduce accuracy-limiting un­
certa in ties into the calibration of sma ller inductance. 
These uncertainties can be reduced to less than .001 
mirrohenry to permit accurate calibrations down to 1 
~icrohenry, if the mutua l components arc made a 
definite part of the calibrated inductance . One method 
of achieving this, used in the TYPE 1482 Standard 
Inductors of 200 microhenrys a nd less, is to provide, on 

TYPE NAME 

INDUCTO{(S 
STANDARD 

the inductor, a switching link which connects either 
the inductor coil or a short cirr uit through internal 
leads to the externa l connection te rmina ls. The cali­
brated inductance, which is the measured difference at 
the connection termina ls when the switch is moved 
from coil to short, is to a high degree independent of 
the externa l connections or environment.* Since the 
inductance of most inductors varies with frequency, an 
accurate calibration requires that the frequency be 
specified. When, as in inductors with iron cores, the 
inductance a lso varies with current, the calibration must 
a lso specify a corresponding current or voltage. Since 
the frequency or current at which the inductor will be 
used is not usua lly known, a convenient reference level 
is zero frequency a nd zero current (initia l permeability). 
For example, the TYPE 1481 Inductors a re measured at 
a freq uency considerably lower than their resona nce 
frequency, a nd t he measured value is corrected for thc 
increase of L with frequency to obtain the value as 
frequency a pproaches zero; they are measured at two 
currents within the linear ra nge (less than [1) , and the 
measured values a re extrapolated to obta in the induc­
tance at zero current and at the initia l permeabili ty of 
the core material. 

The inductors described in this section a re intended 
for use in standa rds a nd measurement laboratories. 
They include highly stable air-cored refe rC'nce stand­
ards, fixed-value units with fe rromagnetic cores, con­
tinuously variable (variometer) types, and decade 
assemblies. 
*John F. Hersh, .. Connection Errors in Inductance 1\Ieasurement" 
Genewt Radio Experiment",·, Vol. 34, No. 10, October, 19GO. 

INDUCTANCE PAGE 

1482 Standard Inductor 50 J.Lh to 10 h in 17 models 173 
107 

1481 
940 

1490 

Variable Inductor 9 J.Lh to 500 mh in 5 models 175 
Inductor 1 mh to 5 h in 15 models 176 
Decade-Inductor Unit 5 models, .OOOl-, .001 -, .01-, 0.1-, and l-h steps 177 
Decade Inductor 3-dial and 4-d ial boxes 178 

TYPE 1482 STANDARD INDUCTOR 
USES: The TYPE 1482 Standard Inductor is an 
accurate and highly stable standard of self­
inductance for use as low-frequency reference 
01' working standards in the laboratory. 
Records extending over 9 years and including 
inductors which travelled to national labora­
tories in several countries for calibration show 
long-term stabilities well within ±.01 %. 

DESCRIPTION: Each inductor is a uniformly 
wound toroid on a ceramic core. It has a neg­
ligible external magnetic field and essentially 
no pickup from external fields. The inductor 
is resiliently supported in a m ixture of ground 
cork and silica ge l, a fter whi ch the whole 
assembly is cast ,,-ith a potting compound 
into a cubical aluminum case. 

Sizes of 500 J.Lh and above have three termi­
nals, two for the inducto r leads and the third 
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connected to the case, to provide either a byo­
or three-terminal standard. The 50-, 100-, and 
200-/-Ih sizes have three additional terminals 
fo r the switching used to min imize connection 
errors, as described on page 173. 

For comparing other inductors wit h these 
standards, the TYPE 1632-A Inductance 
Bridge is recommended. 

FEATURES: 
~ Stable within ±.01% per year. 
~ Precisely adjusted and accurately cali­
brated. 
~ Inductance independent of voltage. 
~ Connection errors minimized. 
~ Low external field . 
~ Low and known temperature coefficient. 
~ Free from humidity errors. 

SPECIFICATIONS 
Inductance Range : See table. 
Temperature Coefficient of Inductance : Approximately 30 
ppm per degree C. Minute temperature corrections may 
be computed from dc resistance changes. A 1 % increase 
in resistance, produced by a temperature increase of 
2.51 C, corresponds to .0076% increase in inductance. 
Accurocy: See table for adjustment accuracy. A certifi­
cate of cal ibration is provided \~i th each unit, giving 
measured values of inductance at 100, 200, 400, and 
1000 cps, with tcmpcrature and with method of meas­
urement specified . The measured values are obtained 
by comparison, to a precision of better than ±.005%, 
with working standards whose absolute values, deter­
mined and maintained in terms of reference standards 
period ically certified by the National Bureau of Stand­
ards, are known to an accuracy typically ± (.02% 
+O.l/ih) at 100 cps. 
Stability : Induc-tancc change is less than ±.01 % per 
year. 
DC Resistance: See table fo r representative values. A 

* RESO. 
ADJUST- NANT 

NOMINAL MENT FRE- * DC 
INDUC- ACCURACY QUENCY RESISTANCE 

TYPE TANCE PERCENT KC OHMS 

1482-A 50 /-lh ± 0.5 3400 .043 
1482-8 100 /-lh ±0.25 2500 .090 
1482-C 200 /-lh ± 0.25 1440 0.170 
1482-0 500 /-Ih ± 0.1 1020 0.385 
1482-E 1 mh ± 0.1 770 0.860 
1482-F 2 mh ± 0.1 570 1.56 
1482-G 5 mh ± 0.1 320 3.83 
1482-H 10 mh ± 0.1 220 8.3 
1482-J 20 mh ± 0.1 144 14.9 
1482-K 50 mh ± 0.1 87 37.4 
1482-L 100 mh ± 0.1 70 81 
1482-M 200 mh ± 0.1 39.9 108 
1482-N 500 mh ±0.1 23.4 282 
1482-P 1 h ± 0.1 15.3 616 
1482-Q 2 h ± 0.1 10.5 1120 
1482-R 5 h ± 0.1 6.7 2920 
1482-T 10 h ±0.1 4.7 6380 
* Representative values. Actual values given on certificate. 

measured value of resistance at a specified temperatu re 
is given on t he cert ificate of calibration. 
Low-Frequency Storage Foctor Q: See table for repre­
senk'l.tive values of Q at 100 cps (essentially from de re­
sistance). A value of Q, calculated from the measlll'ed 
de resistance, is given on t he cert ificate of calibration . 
Resonant Frequency : See table for representative values. 
A measured value is given on the certificate of calibra­
t ion. 
Maximum Input Power: For 20 Crise, 3 watts. 

For precise work, 1.5 Crise, 200 mill iwatts. See table 
fo r corresponding current limits. 
Mounting: Aluminum cabinet with carrying handle and 
rubber feet. Finished in gray. 
Terminals: J ack-top binding posts on ;!i-i nch spacing 
with removable ground strap. 
Dimensions: 6Yz by 6Yz by 8 inches (165 by 165 by 205 
mm), over-a ll. 
Net Weight: ll Yz pounds (5.5 kg) . 

*Q MILLIAMPERES 

AT RMS FOR 
100 CPS 200 MW 3W CODE WORD 

0.73 2160 8350 INDUCTOGAP 
0.70 1430 5530 INDUCTOTAG 
0.74 1010 4200 INDUCTOTED 
0.82 720 2790 INDUCTOTIM 
0.73 480 1870 INDUCTOTOP 
0.80 360 1390 INDUCTOTUB 
0.82 230 890 INDUCTOVAT 
0.76 155 600 INDUCTOVEX 
0.84 116 450 INDUCTOWAD 
0.84 73 280 INDUCTOWET 
0.78 49 188 INDUCTOWIG 
1.16 43 166 INDUCTOWOW 
1.11 27 103 INDUCTOYAK 
1.02 18 70 INDUCTOYES 
1.12 13.4 52 INDUCTOBUG 
1.08 "-, 8.3 32 INDUCTOBIN 
.98 ) 5.6 22 INDUCTOBAl 

PRICE 

$125.0 
125.0 
125.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
110.0 
117.5 
140.0 
170.0 
225.0 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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TYPE 107 VARIABLE INDUCTOR 
USES: The TYPE 107 Variable Inductors find 
their greatest uses in the laboratory as adjust­
able standards of moderate accuracy for meas­
urements of self and mutual inductance, and 
as circuit elements in bridges, oscillators, and 
simi lar equipment. 

DESCRIPTION: Rotor and stator coils are 
mounted concentrically. The effective induct­
ance depends upon the position of t he rotor 
with respect to the stator. 

In most models stranded wire is used, in 
which the separate strands are insulated from 
one another. The coils are impregnated and 
baked in a high-melt ing-point material before 
being securely mounted on the phenolic panel. 

Dial is direct reading in inductance for the 
series connection of the coils. Inductance for 
the parallel connection is one-fourth the value 
shown by the dial. 

FEATURES: 

~ Continuous variation of inductance. 
~ Separate terminals for rotor and stator per-

mit either series or parallel connection. 
~ Calibrated in mutual as well as self­
inductance. 
~ Rotor and stator inductances are made 
closely equal, to minimize circulating currents 
in t he parallel connection. 

SPECIFICATIONS 

Inductance Ranges : See table below. D ial is direct­
reading in inductance for the series connection . 
Accuracy : Series connection, ±l % of fu ll scale at 1 kc. 
Inductance for parallel connection is one-fourth the 
series value within 1% of the former. Mutual induc­
tance accuracy is ±2.5% of full-scale (mutual) value. 
The formula for mutual inductance is engraved on the 
nameplate. 

1000 r---,.- -,----,--..--- ---,---, 

100 f---+---+--Jb.-e:*~?'-I..,..----1 
Q J 

IO ~---4----~~--4-----+-----~--~ 

I L-_~~_L-_-L ___ ~ __ ~ __ ~ 

10e 10 0e Ike 10ke 10 0ke I Me lOMe 

FREQUENCY 

Stora ge fa ctor, Q , ve rsus fr equ e ncy at full -scale, 
series connection . 

TYPE 

107-J 
107-K 
107-L 
107-M 
107-N 

SElF·INDUCTANCE 

SERIES PARAllEL 

9-50 1'h 2.25-12.5 JLh 
90-500 1'h 22.5-125I'h 

0.9-5 mh 0.225-1.25 mh 
9-50 mh 2.25-12.5 mh 

90-500 mh 22.5-125 mh 

MUTUAL 
INDUCTANCE 

0-10.8I'h 
0-11 0 I'h 
0-1.1 mh 
0-11 mh 
0-110 mh 

TYPICAL 

SERIES 

35 pf 
40 pf 
39 pf 
34 pf 
34 p f 

Frequency Characteristic: The fract ional increase in in­
ductance with frequency wi ll be f2 1f 02 where f is the 
operating frequency andfo the natural frequency, which 

1 

Co VALUES DC MAXIMUM 
RESISTANCE CURRENT CODE 

PARAl l El n AMP WORD PRICE 

57 pf .05 16 HAREM $ 95.00 
72 pf 0.38 6 HARPY 95.00 
73 pf 5.0 1.7 HARRY 98.00 
41 pf 36 0.65 HOTEl 110.00 
41 pf 450 0.17 HOVER 110.00 
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FIXED 

TYPE 1481 

INDUCTOR 

USES: The TYPE 1481 Inductors have higher lo\\"­
frequency values of storage factor Q than the TYPE 
1482 Standard Inductors. They a re useful at audio fre­
quencies as working standards of self-inductance, a l­
though their accuracy of adjustment and their stability 

are not as high as those of the TYPE 1-182 Inductors, 
and, for some uses, a llowance must be made for the ir 
current coefficient of inductance. For periodic checks of 
calibration, t hey can be compared with TYPE 1482 
Standard Inductors on the TYPE 1632-A Inductance 
Bridge. 

DESCRIPTION: These inductors are uniformly wound 
toroidal units on stabilized molybdenum-permalloy dust 
cores. 

FEATURES: 
~ 16 values: 100 I'h-lO h. 
~ High Q - between 200 and 500, maximum; greater 
than 1 down to 6 cps. 
~ Electrostatically shielded. 
~ Small in size, low in cost. 

SPECIFICATIONS 
Accuracy: See table below. Nominal value of inductance, 
adjustment accuracy, and current for 0.25% or 0.1 % 
change in inductance a re engraved on the case. 

Calibration is at initial permeability and zero fre­
quenc.v, i.e., the inductance, measured at a frequency 
much less than the resonant frequency and with a 
current no greater than L, is extrapolated to zero cur­
rent and zero frequency for the calibrated value. 
Stability : The change in inductance is less than 0.25% 
per year when the inductors are adequately protected 
from extremes of current, temperature, and mechanical 
shock. 
Storage Factor, Q: Figure 1 shows the variation of storage 
factor Q as a function of frequency for initial perme­
ability, i.e., with no hysteresis loss. 
Current Coefficient of Inductance: Percent change in in-

ductance as a function of f is given in Figure 1, page 

177, where [ is the rms operating current and [, the 

current that wou ld produce a 0.25% or 0.1 % linea r 
increase in L. 
Incremental Inductance: D irect-current bias will reduce 
the initial inductance as shown in Figure 1, page 177. 
Temperature Coefficient of Inductance: Approximately 
- 25 ppm per degree C, between 16 and 32 C. 
Safe Operating Limits: (1) f\Iaximum terminal voltage, 
500 volts rms or (2) maximum nns current = 100 I" 
whichever limit is lower. 
Distributed Capacitance : Between 19 pf for the 100-l'h 
unit and 33 pf for the 5-h unit. 
Mounting: Aluminum case. 
Terminals: Jack-top binding posts, one grounded to case. 
A pair of double-ended plugs is furnished, for connection 
to jack-top binding posts. 
Dimensions: Case, width 3Ys, height 3%, depth 1"~ 
inches (80 by 95 by 40 mm); over-all height, including 
terminals, 4% inches (120 mm). 
Net Weight: :Va lb (O..! kg). 

./ ,- I~ 
Figure 1. Q versus frequen cy for 

typical units . 

TYPE 
INDUCTOR 

1481-AA 
1481-BB 
1481-CC 
1481-A 
1481-B 
1481-C 
1481-0 
1481-E 
1481-F 
1481-G 
1481-H 
1481-J 
1481-K 
1481-L 
1481-M 
1481-N 

I;: 

0 '" '" OQO "'" 
•• <IUlO<> • .....: . , .... , ..... """'" 

NOMINAL ADJUSTMENT 
INDUCTANCE ACCURACY 

L % 
lOOl'h ±2.0 
2OOl'h ±2.0 
5OO l'h ± 1.0 

1 mh ±1 
2 mh ± 1 
5 mh ± 1 

10 mh ±0.6 
20 mh ±0.6 
50 mh ±0.6 

100 mh ±OA 
200 mh ±OA 
500 mh ±OA 

1 h ±OA 
2 h ±OA 
5 h ±OA 

10 h ±OA 
*1, for O.l S'o increase in Lo. 

Figure 2. Percent increase in in· 
ductance versus frequency. 

RMS CURRENT, APPROX 
I " FOR 0.25% RESONANT DC 
INCREASE IN La FREQUENCY Fa RESISTANCE 

MA KC n 
141 * 3700 0.020 
100* 2600 0.044 

63* 1600 0.112 
24 940 .043 
17 660 .098 
11 420 0.25 

7.6 300 0044 
504 210 0.95 
304 130 2.31 
204 91 4.3 
1.7 64 7.2 
1.1 40 22 
0.76 28 40 
0.54 20 91 
0.34 12.5 230 
0.24 10 416 

CODE 
WORD PRICE 

INDUCTOMAP $37.50 
INDUCTOMUG 37.S0 
INDUCTOMEN 37.50 
INDUCTOSAP 37.S0 
INDUCTOSET 37.S0 
INDUCTOSIG 37.S0 
INDUCTOSOT 37 .S0 
INDUCTOSUM 37 .S0 
INDUCTOPAL 37.S0 
INDUCTOPEG 40 .00 
INDUCTOPIT 40 .00 
INDUCTOPOD 40 .00 
INDUCTOPUB 40 .00 
INDUCTORAM 42.S0 
INDUCTORED 4S.00 
INDUCTONAG so.oo 
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TYPE 940 DECADE-INDUCTOR UNIT 

USES: The TYPE 940 Decade-Inductor Units 
are convenient elements for use in wave filters, 
equalizers, a nd tuned circuits throughout the 
range of audio and low radio frequencies. As 
compo nents in oscillators, analyzers, and simi­
la r equipment, t hey are especia lly useful dur­
ing the preliminary design period, when the 
ab ility to vary circuit elements over relatively 
wide ranges is necessary to determine optimum 
operatin g values. As moderately precise stand­
ards of inductance they have values of lo\\,­
frequency storage factor, Q, whi ch are much 
larger than those of air ·cored coils. 

DESCRIPTION: Each unit is an assembly of four 

TYPE 1481 Inductors (relative values, 1, 2, 2, 
5) wound on molybdenum-permalloy dust 
cores, II'hich are combined by switching to 
give the eleven successive values from 0 to 10. 
The decade swi tch has high-quality ceramic 
stator-and-rotor members and uti lizes a II'ell­
defin ed ba ll-and-socket detent. All contacts 
are made of a solid-silver alloy a nd have a 
positive Iyiping action. 

FEATURES: 
~ High values of storage factor Q are obtained 
in all models, wi th maximum values above 200. 
~ Toroida l construction minimizes external 
magnetic fie lds, so that t he coils can be stacked 
II'ithout errors from mutual inductance. The 
toroids are nearly astatic to external magnetic 
fields. 
~ Aluminu m covers provide electrostatic 
shielding and mechanical protection. 
~ Wax impregilation keeps out moisture. 
~ The slyitch is inherently reliab le in exten­
sive use and should not require bothersome 
cleaning or adj ustment in service. 

SPECIFICATIONS 
Accuracy: Each unit is adjusted so that its inductance 
nt zero frequency and ini t ia l permeabili ty will be the 
nominal value within the accuracy tolerance given in 
the fo llowing table: 

per step 100}Lh 1 mh 10 mh 100 mh 1 h Inductance I I I I I 
Accuracy ± 2% ±2% ± 1% ±0.5% ±0.25% 

Frequency Characteristics: For any speci fi c operating 
frpquency, Figu re 2 shows the percentage inc!'ease in 
eA'eetive series inductance (above the geometric value 
lI'hen J = 0) which is encountered with t he extreme set­
t ings of each of t he five Decade Inductor Units when 
t he chassis is floating. Vertical interpolation may be 
used fo r in termed iate settings. 
Change in Inductance with Current: Fractional change . 

1"'''''''''0 _- >. 
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Figure 1. Percent change in normal and incremental inductance 
with ac and bias current. Incremental curve is limited to an 

a c excitation less than h. 

in ini t ial inductanee with ac current for each size of 
to roid is shown in the normal curves, F igure 1, in terms 
of the ratio of the operating current I , to f" the current 
for 0.25% change, solid line (0.1 %, broken line). For 
ratios below uni ty, inductance change is directly pro­
portional to current. Val ues of I , listed below are 
approximate and are based on the largest inductor in 
the circuit for each setting. 
Incremental Inductance: Dc bias current h wi ll reduce 

SWITCH 
SETTING 

I 0.1% 

RMS I, (ma) 

0.25% INCREASE 

1 
2,3,4 

5,6,7, 8,9, 10 

0 

, 
, 
, 
, 
, i 

I 

,I I 

INCREASE 

940-00 940-E 940-F I 940-G 
~-2-4-~~ 

100 17 5.4 1.7 
63 11 3.4 1.1 

V L ~ / / 
/ V / / 

L L 
/ / V / 

/ V / IL L 
~, ./ ,oolth IOrnh • ..: ~, 

1!4--
/ H G / F E Loo 

/ V / IL L 
, 

/ V / J 11 

940-H 

0.76 
0.54 
0.34 

/ / V / 
0 .(0) Q.2 Q.5 I Z ~ 10 Z 50 100 200 500 

f REOUENCY KILOCYCLES 

Figure 2. Change in effective inductance with frequen cy for the 
Type 940 Decade-Inductor Units. 
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the initial inductance as shown in the incremental curve, 
F igure 1. 
Storage Factor, Q : See Figure 3. 
DC Resistance: Approximately 45 ohms per henry. 
Temperature Coefficient: Approximatcly - 25 ppm per 
degree C between 16 and 32 C. 
Maximum Voltage : 500 volts rms. The switch will break 
the circuit at 500 volts if turned rapidly to the new 
setting, but voltages above 150 may cause destructive 
arcing if the switch is set between detent positions. 
Maximum Safe Current: 70 times the pertinent II value. 
Terminals : Soldering lugs are provided. Circuit insulated 
from chassis. 
Mounting: Each decade is complete with dial plate, 
knob, and mounting screws. 
Dimensions: Width 8, height 372, depth 4~ inches (205 
by 90 by 110 mm), over-all. 
Net Weight: 372 pounds (1.6 kg) . 
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figure 3. Variation of Q for the maximum inductance of each 
inductor. Dashed curves correspond to use with chassis floating. 

TYPE INDUCTANCE CODE WORD PRICE 

940-DD 1 mh; in 100-J.Lh steps . .. . . . . . . . . . . . . . . . INDUCTOCOP $110.00 
110.00 
110.00 
110.00 
120.00 

940-E .01 h; in .001-h steps .. ....... .......... INDUCTOANT 
940-F 0.1 h; in O.Ol -h steps . . . . . . . . . . . . . . . . . . . . INDUCTOBOY 
940-G 1 h; in O. l-h steps. . . . .. ............... INDUCTOCAT 
940-H 10 h; in 1-h steps . ... . . .. . .. . .......... INDUCTODOG 

Note: Decade-resistor units and decade-capacitor units are listed on pages 151 and 166, respectively. 

TYPE 1490 

DECADE 

INDUCTOR 

USES: These boxes are particularly useful in 
circuit development and experimental filters, 
equalizers, and other networks. 

DESCRIPTION: The TYPE 1490 Decade Induc­
tor is an assembly of three or four TYPE 9-10 
Decade-Inductor Units (described above) in a 
single metal cabinet. The units have no elec­
trical connection to the panel, but a separate 
ground terminal is provided which can be con­
nected to the adjacent "low" terminal, which 
leads to the smallest decade. 

SPECIFICAT!ONS 
Frequency Characteristics : By interpolation in the accom-
panying plot, the percentage increase in effective series 
inductance (above the zero-frequency value, Lo) may be 
obtained for any setting of the highest-valued decade 
used, when the LOW terminal is grounded to the 
cabinet. 
Zero Inductance: Approximately 1 /Lh. 
Terminals : Jack-top binding posts. 
Mounting: The decades are mounted on an aluminum 
panel in a gray metal cabinet. 
Dimensions : TYPE 1490-C, width 872, height 12:J4, 
depth 572 inches (215 by 325 by 140 mm), over-a ll ; 
TYPES 1490-D and -F, width 872, height 16:J4, depth 
572 inches (215 by 425 by HO mm), over-all . 
Net Weight : TYPE 1490-C, 16:J4 Ib (7.5 kg); TYPES 
1490-D and -F 21:J4 Ib (10 kg). 

Other specifications are identical with those for the 
TYPE 9.,10 Decade-Inductor Units . 
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PERCENT INCREASE IN L WITH FREQUENCY 

TYPE CODE WORD PRICE 

1490-C 1.11 h, total; in steps of .001 h . . . . . . . . . . . . . CLUMP $360.00 
1490-D 11.11 h, total; in steps of .001 h . . . . . . . . COACH 460.00 
1490-F 1.111 h, total; in steps of 100 J.Lh. . FOCUS 450.00 

Note: The TYPE 1432 Decade Resistors and the TYPE 1419 Decade Capacitors can be found on pages 149 and 168, 
respectively. 



INSTRUMENTS FOR THE MEASUREMENT OF 

SOUND AND VIBRATION 
Measurement is an essential element in the 

efficient evaluation and control of noise and 
vibration. The necessary measurements are 
made possible by General Radio's comprehen­
sive line of instruments. These instruments are 
a result of a continuing development program 
since 1933, when General Radio announced its 
first noise meter. The standard sound-level 
meter, ,,-hich succeeded the noise meter, is the 
basic sound-measuring instrument and has 
been improved in each successive model in 
performance, in cOllvenience, and in versatility, 
culminating in the TYPE 1551-C Sound-Level 
Meter, ,,"hich meets the American Standard on 
Sound-Level Meters*. 

An excellent, general-purpose PZT micro­
phone is now supplied as standard equipment. 
This stable and rugged microphone has a 
smooth frequency response and is relatively 
unaffected by normal tmnperature changes. 
It can be mounted directly on the instrument 
or separately " 'ith connection by extension 
cable when it is l~~cessary to avoid the effects 
of the observer on the acoustical measurement. 
Other transducer systems are available for 
specialized measurements. 

The TYPE 1555-A Sound-Survey Meter is a 
simplified version of the sound-level meter, 
particularly designed for convenience in use, 
small size, and low cost. 

Either one of these instruments can be used 
to measure over-all level, the first important 
measure of a noise. A frequency analysis is also 
desirable to estimate the effects of the noise, to 
track down the source, and to determine effi­
cient control measures. The TYPE 1551-C 
Sound-Level Meter provides an output that 
is the amplified electrical replica of the acousti­
cal signal at the microphone. This output sig­
nal has a wide dynamic range and its frequency 
spectrum can be analyzed by the General Ra­
dio analyzers shown on the next page. These 
include the broad-band TYPE 1550-A Octave­
Band Analyzer and the TYPE 1554-A Sound 
and Vibration Analyzer with both narrow­
band and third-octave responses. 

Satisfactory noise measurements depend on 
measuring equipment that is kept in proper 
operating condition. Although the instruments 
are inherently reliable and stable, after long 
periods of use their performance may change. 
In order to ensure that important changes will 
be discovered and corrected, the TYPE 1552-B 
Sound-Level Calibrator has been developed. 

It provides a calibration of the over-all system 
at 400 cps. When driven by a 400-cycle oscil­
lator at a 2-volt level and mounted on any of 
the microphones shown on the following page 
it supplies a known acoustic signal to the mi­
crophone. The TYPE 1307-A Transistor Os­
cillator is a convenient 400-cycle source. 

The measurement of impact noise, which 
has previously required extensive instrumen­
tation including an oscilloscope, is now possi­
ble with a simple setup consisting of the TYPE 
1551-C Sound-Level Meter and the TYPE 
1556-B Impact Noise Analyzer. 

With these instruments, one can make the 
measurements necessary for evaluating prac­
tically any industrial noise problem. They can 
be used by nontechnical personnel and are de­
signed for long life and trouble-free operation. 
The use of these and other noise-measuring 
instruments is discussed thoroughly in the 
Handbook oj Noise Measurement, published by 
the General Radio Company, and available at 
one dollar a copy, postpaid. A Primer of Noise 
M easurement, an elementary treatise, is free 
on request. 

Vibration-measuring equipment includes the 
TYPE 1553-A Vibration Meter to measure ac­
celeration, velocity, displacement, and jerk of 
a vibrating element; the TYPE 155-!-A Sound 
and Vibration Analyzer to analyze the vibra­
tion; and the TYPE 1560-Pll Vibration Pickup 
System to convert the sound-level meter to a 
vibration meter. Calibration of these instru­
ments is easily checked by the TYPE 1557-A 
Vibration Calibrator, a self-contained electro­
magnetic shaker. 

Another important group of vibration in­
struments are stroboscopes (see page 195), 
which permit vibrating objects to be viewed 
intermittently and produce the optical effect 
of slowing down or stopping a periodic vibra­
tion. The TYPE 1521-A Graphic Level Re­
corder can record the level and spectral dis­
tribution of sound and vibration, operating 
from the output of the Sound-Level Meter, the 
Vibration Meter, or one of the analyzers. The 
TYPE 1390-B Random Noise Generator and 
the TYPE 1304-B Beat-Frequency Audio Gen­
erator can drive transducers for observing the 
vibratory or acoustical response of various 
systems. 

*American Standard Specification for General.Purpose Sound-Level 
Meters , S 1.4-1960; American Standards Association, 10 East 40th 
Street, New York 16, New York, 
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SOUND 
SU/(VEY METEI( 

TYPE 1555-A SOUND-SURVEY METER 
The TYPE 1555-A Sound-SUlTey :\Ieter is an 

inexpensive, pocket-sized in strument for use 
in general suney measurements. Some of the 
many uses of this \'ersatil c meter are: 

i\Icasurcment of noise levels in homes, of­
fices, factories, and outdoor locations; 

Measurement of noise levels produced by ap­
pliances, office equipmen t , alld machinery; 

.i\Ieasurement of sirens and other emergency 
"'arning systems; 

Measurement of level and dispersion pattel'l1 
of reproduced sound from public address sys­
tems, theaters, and home sound systems; 

SUI'veys by field engineers for acoustic ma­
terial companies; 

Acoustic experiments in physics classes; 
l\Ieasurements of cross-over characteristics 

and dynamic range of high-fidelity music re­
producing systems. 

Frequency response measurements on loud­
speakers and rooms; 

Loudness checks on speakers and singers, 
at rehearsals and in classes. 

DESCRIPTION: The TYPE 1555-A Sound-Survey 
ilIetel' consists of a nondirectional microphone, 
a continuously adjustable calibrated attenua­
tor, a stable amplifier with three weighting 
net"'orks, and an easily read indicating meter. 
The entire assembly, including microphone 
and batteries, is housed in a rugged, t\\'o-piece 
a luminum case. The attenuator and " 'eighting­
net\\'ork selector are fingertip-operated, per-

mitting operation of the instrument with one 
hand. 

For more accurate measurcmcnts alld for 
greater Aexibility, the TYPE 1551-C SOli Ild­
Level Meter (page 182) is recommended. 

FEATURES: 

~ Small enough to fit in pocket. 
~ Can be used set on a table, mounted on a 
tripod, or held in the hand. 
~ Miniature in si2!e, yet uses standard and 
well-tested components. 

SPECIFICATIONS 
Range: ~O to 136 db (re .0002 ",bar). 
Frequency Characteristic : Anyone of three different fre­
quency characteristics can be selected by the FU~C­
TIO~ switch. In the C weighting positions the fre­
quency response is substantially fl at from 40 to 8000 cps. 

The A and B weighting positions follow the 40-70-db 
contours established as the standard of weighting for 
sound-level meters. By comparing measlll'ements in dif­
ferent weighting positions, one can estimate the relative 
importance of low-frequency components in the sound 
being measlll'ed. 
Accuracy: The gain of the amplifier is so set that the 
sensitivity of the instrument is correct at 400 cps with­
in ±1 db. 
Stability: The a mplifier is stab ilized by feedback to 
minimize the effect of changes in battery voltage. Tem­
pemture and humidi ty changes over thc normal range 
of room conditions have no noticeable effect. The tem­
perature coefficient of the sound-level indication is low, 
in the order of .O:~ db r F. 
Operating Limits : The maximum safe operating tempera-

TYPE 

tlll'C of the instrument is 115 F. Temperatlll'es above 130 
F will permanently damage the Rochelle-salt crystal in 
the microphone. 
Microphone: A ('rystal-diaphragm-type microphone is 
mounted at the top of the instrument. 
Batteries: One l Y2-volt size C flashlight battery (Rayo­
vac lLP or equivalent) and one 30-volt hearing-aid 
battery (Eveready ·H3E or equ ivalent) are supplied. 
Tube Complement: Two CK512-AX and two CK5:3:3-AX 
tubes are supplied. 
Cabinet: Aluminum, fini shed in cra(,kle, with a standard 
~-20 threaded tripod mount. A leather "ever-mady" 
carrying case (not supplied with the Sound-Survey Me­
ter, but available separately) permits operation of the 
instrument without removal from the case. 
Dimensions: Height 6, width 3Ys, depth 2Y2 inches (155 
by 80 by 65 mm), over-all. 
Net Weight: 1 Ib 14 oz (0.85 kg) with batteries. 
The Primer oj "Voise Measurement, free on request, 
discusses sound and noise measlll'ements possible with 
this instrumen t . 

CODE WORD PRICE 

lSSS-A Sound-Survey Meter ...... . . . .. . . . . . ... . . MISER 
MISERADBAT 
CAGED 

$16S.00 
1.9S 

10.00 
Set of Replacement Batteries ...... ....... . . 

lSSS-P2 Leather Carrying Case ................... . 
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SOUND 
lEVEL METEI( 

TYPE 1551-( SOUND-LEVEL METER 

USES: The TYPE 1551-C is an accurate, porta­
able instrument designed to meet American 
Standards Association specifications. In its 
primary function as a noise meter, this is the 
accepted instrument for the measurement of 
both product noise and environmental noise, 
by industry, commercial laboratories, regula­
tory bodies, and noise-abatement groups. 
Typical users include: 

Machine and appliance manufacturers, in 
industrial and development laboratories as 
well as on the production line. The Sound­
Level Meter provides a means of establishing 
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. 

In addition to its primary use as a self­
contained sound-level meter, the TYPE 1551-C 

is the heart of a complete sound-measuring 
system, comprised of the accessories described 
elsewhere in this section. These include spec­
trum analyzers, special-purpose microphones, 
and vibration pickups. Many other accessories, 
such as graphic level recorders and tape re­
corders, can also be operated from the output 
of the TYPE 1551-C. 

The Sound-Level Meter can also be used as 
a portable amplifier, attenuator, and volt­
meter for laboratory measurements in the 
audio-frequency range. 

Many applications of the TYPE 1551-C 
Sound-Level Meter are described in detail in 
the Handbook oj Noise 111 easurement, a copy of 
,,·hich is supplied with each instrument. 

DESCRIPTION: The TYPE 1551-C Sound-Level 
Meter consists of a nondirectional microphone, 
a calibrated attenuato!', an amplifier, standard 
,,·eighting net,,·orks, and an indicating meter. 
The complete instrument, including batteries, 
is mounted in an aluminum case. The micro­
phone is mounted on a s\yivel, which permits 
its use in either a vertical or a horizontal posi­
tion. When not in use, the microphone folds 
down into a storage position, automatically 
disconnecting batteries. An ac power supply 
unit is avai lab le. 

FEATURES: 
~ Small, compact, and portable - weighs less 
than 8 pounds with batteries. 
~ Simple to operate. 
~ Meets all applicable standards of American 
Standards Association, American Institute of 
Electrical Engineers, and Acoustical Society of 
America. 
~ Wide dynamic range. 
~ T,,"o-speed meter movement permits meas­
urement of either steady or fluctuating sound. 
~ Wide sound-level range - from 24 to 150 db. 
~ Uses readily available batteries. 
~ Wide frequency response of amplifiers and 
panel meter - from 20 cps to 20 kc. 
~ Low internal noise level. 
~ Internal calibration system for standardiz­
ing amplifier gain. 
~ Quasi-rms meter; indication is essentially 
rms for all waveforms except short impact 
pulses. 



SOUND 
LEVEL METEf( 

SPECIFICATIONS 

Sound-Level Range: From 2-1 to 150 db (re .0002 microbar). 
Frequency Choracteristics: Anyone of foul' response 
characteristics, A, H, C, or 20 kc, can be selected by a 
panel switch. 

The A, B, and C weighting positions are in accordance 
with American Standard Association specifications on 
sound-level meters. 

The 20-kc position allows the use of the complete 
frequency response of the sound-level meter's amplifier, 
which is flat from 20 cps to 20 kc, so that complete use 
can be made of wide-range microphones such as the 
General Radio TYPE 1551-P1 Condenser Microphone 
Systems. 
Microphone: The microphone is a highly stable PZT 
ceramic type. Condenser and dynamic micl"Ophones are 
available as accessories. See pages 18-! and 186. 
Sound-Level Indication: Sound level is indicated by the 
sum of the meter and attenuator readings. The clearly 
marked, open-scale meter covers a span of 16 db with 
calibration from -6 to 10 db. The atten uator is calibra­
ted in lO-db steps from 30 to 1-10 db above the standard 
reference level. 
Output: An output of 1 volt across 20,000 ohms (when 
the panel meter is at full scale) is available at an output 
jack. The output can be used to drive frequency analyz­
ers, recorders, and oscilloscopes. A phone plug to TYPE 
27-1 connecting cable (TYPE 1560-P95 ) is available. 
Input Impedance: 25 megohms in parallel with 50 pf. 
Output Impedance: 7000 ohms. 
Meter Damping: The panel meter has two different 
damping characteristics, either FAST or SLO W response 
being selected by a pancl switch. The meter ballistics 
agree with current ASA standards. 

Calibration: Built-in calibration circuit standardizes the 
sensitivity of the electrical circuits in the sound-level 
meter. 
Calibration Accuracy: After standardization, sound-level 
measurements are within ±1 db at 400 cps, as specified 
in ASA standards. The TYPE 1552-B Sound-Level Cali­
brator (page 187), is available for making periodic 
acoustic checks on the over-all calibration, including 
microphone. 
Temperature and Humidity Effects: Readings are independ­
ent (within 1 db ) of temperature and humidity over 
normal ranges of room conditions. 
Power Supply: Two 1 Yz-volt size D flashlight cells (Ray­
ovac 2LP or equ ivalent) and one 67Yz-volt battery 
(Burgess XX-45 or equivalent) are supplied. A U5-volt 
ac power supply, the TYPE 1262-B, is available. 
Tube and Transistor Complement: FOUl" CK512-AX, two 
CK6-!18, one 2N1372 transistor. 
Accessories Supplied : Telephone plug. 
Accessories Available: TYPE 1551-P2 Leather Case, 
which permits operation of the instrument without tak­
ing it from the case. TYPE 1560-P95 Connecting Cable, 
for connecting output to TYPE 1521-A Graphic Level 
Recorder. For other accessories, see pages 184 to 19l. 
Cabinet: Shielded a luminum, finished in gray crackle. 
Dimensions: Height 9U, width7U, depth 6Ys inches 
(235 by 185 by 160 mm ), over-all. 
Net Weight: 7% lb (3 .5 kg ) with batteries; 9% lb (4.4 
kg) including leather case. 
General Radio Experimenter, Vol. 32, No. 16, October, 
1958. 

The Type 1551-C Sound-Level 
Meter with the microphone in the 
storage position, and batteries 

The Sound-Level Meter is here operated while in 
its leather carrying case, with the microphone in 

the horizontal operating position . 

The Type 1551-C Sound-Level Meter 
can be ac-operated by means af the 
Type 1262-8 Power Supply, which plugs 
directly inta the base af the Sound-automatically disconnected. 

Level Meter. 

TYPE CODE WORD PRICE 

1551-C 
1262-B 

Sound-Level Meter . . ..... .. ........... . . . MIMIC 
MAYOR 
MIMICADBAT 
CALYX 
CONEC 

$415.00 
95.00 

3.90 
24.50 
3.00 

1551-P2 
1560-P95 

Power Supply . . ........ ...... ... ..... . 
Set of Replacement Batteries .............. . 
Leather Carrying Case . ..... ..... .. ... . . . . 
Connecting Cable ...... . . .... ...... . . .. . . 
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SOUND 
MICI(OPHONES 

CONDENSER MICROPHONE SYSTEM 

USES: The TYPE 1551-PIL (for normal-level 
measurement) and 1551-PIH (fo r high-level 
measurement) Condenser Microphone Sys­
tems are designed for use \\-ith the TYPE 1551-
C Sound-Level Meter for measuring sound 
levels over ,,-ide frequency ranges. These mi­
crophones are not damaged by high sound lev-

eb or by high temperatures. 
Applications include: 

Measurement of high-frequency and high­
level noises produced by such noise sources as 
air streams, \rood \\'orking and metah\"Orking 
machinery, turbines, and jet engines. 

General-purpose sound-level measurements 
,,·here ambient temperature and sound level 
are high. 

Measurements on high-fidelity sound sys­
tems over the full audio spectrum. 

DESCRIPTION: The TYPE 1551-PIL Condenser 
Microphone System uses an Altec 21-BR-150 
microphone and measures sound-pressure lev­
els up to 155 db; the TYPE 1551-PIH, which 
uses a 21-BR-180 microphone, measures levels 
up to 170 db. 

The microphone base houses a subminiature 
preamplifier tube. A battery-operated power 
supply provides preamplifier filament and 
plate po\\"er and polarizing voltage for the 
microphone. An extension cable, a tripod, and 
a leather carrying case are supplied. 

SPECIFICATIONS 
Frequency Response: 20 cps to 18 kc with either micro­
phone. A typical response curve is shown at right. 
Calibration: The output level as a function of frequency 
is measured in our laboratory by comparison with a 
standard microphone. The measured level at ""00 cps is 
supplied , and a calibration curve is included with each 
instrument. 
Output Impedance : 6500 ohms (typical). 
Direct Use with Analyzers: These assemblies can supply 
a signal directly to either the TYPE 1550-A Octave-~and 
Noise Analyzer or the TYPE 155.J.-A Sound and VIbra­
tion Analyzer, provided that the levels of the measured 
components are above the following indicated values: 

1551-P1 H 1551-PIL 
Type 1550-A 85 db 70 db 
T.vpe 1554-A 65 db 50 db 

A TYPE 1552-B Sound-Level Calibrator is neeessary for 
absolute level calibration. 
Maximum Sound-Pressure Level: 

For the TYPE 1551-PIL Condenser Microphone As­
sembly, nonlinear distortion is below 1 % at levels up to 
1:35 db, and less than 10% at 155 db. 

For the TYPE 1551-Pl H High-Level ~1icrophone As­
sembly, non linear distortion is below 1 % up to 150 db 
and below 10% up to 170 db. 
i\Iinimum Measurable Sound-Pressure Level 

TYPE 1551-P1L: 50 db (re .0002 MbaI') 
TYPE 1551-PIH: 65 db (re .0002 Mbar). 

Temperature and Humidity: Maximum recommended op­
erating temperature of the microphone in its probe is 
212 F. The microphone is not damaged by exposure to 
high humidity, but prolonged exposure may cause elec-

TYPE 

FREOUENCY IN CYCLES PER SECOND 

trical leakage and render it temporarily inoperative. 
Batteries: One l Y2-volt size D flashlight cell (Rayovac 
2LP or equivalent) and one :300-volt B hattery (lLver­
eady 493, Burgess V-200 or equivalent) are supplied. 
Batteries should last at least 150 hours under normal 
use. 
Tube Complement: Two Raytheon CK512-AX. 
Mounting: The microphone on its base plugs in to one 
end of a lO-foot cable and will slip into receptacle on the 
tripod. The other end of the cable is conn~cted to the 
power supply unit, which fastens to one end of the 
Sound-Level Meter. 
Components and Accessories Supplied : Microphone base 
assembly, cable assembly, power supply, microphone, 
microphone cap, carrying case, and tripod. 
Dimensions: Leather carrying case is approximatel.\' 7 
inches high, 5Y2 inches long, 8Y2 inches wiele (180 by 1-W 
by 220 mm). 
Net Weight: Complete in carrying case, 7~ Ib (3.3 kg). 

CODE WORD PRICE 

1551-P1L 
1551-P1H 

Condenser Microphone System . .. ... . . ... . NONAL $398.00 
High-Level Microphone Assembly . ....... . NATA L 398.00 
Set of Replacement Batteries . ............. . NONALADBAT 11.20 



SOUND 
WBIM TlON PICKUP 

STANDARD ACCESSORIES FOR THE SOUND-LEVEL METER 
The following accessories are availab le for 

use wiLh the TYl'E 1551-C Sound-Leve l Meter 
to increase its field of app lication and to adapt 
it for specialized types of measurement. These 

accessories can also be used with older Sound­
Level Meters, TYPES 759-B, 1551-B, and 1551-
A, a lthough in cer tain instances, as indicated, 
adaptors are required. 

TYPE 1560-Pll VIBRATION PICKUP SYSTEM 

The TYPE 1560-1'11 Vibration Pickup Sys­
tem con ists of a TYPE 1560-P51 Vibration 
Pickup and a TYPE 1560-P21 Control Box. 
The Vibration Pickup is an inertia-operated 
ceram ic device which generates a vo ltage pro­
pOltional to the acceleration of the vibrating 
body. By means of in tegrating net\\'orks in the 
control box, voltages proportional to ve locity 
and displacement can also be del ivered to the 
sound-level meter. The desired respon e i 'e­
lected by means of a three-position s\\'itch on 
the control box. 

The vibration pickup and control box plug into the Sound-Level 
Meter in place of the microphone. The control box fastens to one 

end of the Sound-Level Meter, as shown obove. 

SPECIFICATIONS 
Calibration : The db readings on the sound-level meter 
can be converted into absolute values of disp lacement, 
velocity, or acceleration by metws of ealibmLion data 
supplied . 
Range: The mnge of measurement of the pickup and con-

• ,0 '" h 

ACCEL.[RATK* / .\ . . ~ / ' 8 'ViLOCITY '-'''/ \". -' \. 

~'SPLrEMENT ' .'\~\ 
____ TYPE 1560-P'1 VIBRATtON PICKuP ONLY \ 

~ 0 

-10 

__ OVERALL RESPONSE TYPE 1$6O-PII SYSTEM 

PLUS TVPE " 'I-t SOUNO-LEVEL METER 

20 50 100 200 500 1,000 2,000 
FREOUENCY IN CYCLES PER SECOND 

.000 

TYPE 

1560-P11 Vibration Pickup System , 

trol box when used with the TYPE 1551-C, 1551-B, 
1551-A, 0 1' 759-B Sound-Level Meter is approximalely as 
follows: 

Rms D isplacement, 100 microinchcs, minimum, 
Rms Velocity, :lOOO mirroinches pel' second, minimum. 

The upper limit of velocit~, and displact'lllcnl Illrtlsure­
menLS depends on frequency, and is dCLcrminC'd b~' Lhe 
maximum acceleration permissible before nonlineariLY 
OCClll'S (100 g) . 

Rms Acceleration, O.:~ to :39,000 in ./sec /sec(100 g). 
Pickup Sensitivity : ~O mv pel' g. 
Pickup Capacitance : 7000 pL 
Net Weight: TY PE 15(j0-P51 Vibmtion Pickup 1.6 oz 
(45 g); pickup plus 5-fi cable, probe, and Lips, 8 oz (2:m 
g). TYPE 15(j0-P21 Control ]'ox, 1 Ib :3 oz (0,(; kg). 

Over-all frequency response characteristic of the Vibration 
Pickup System used with the Sound-Level Mete r, and of the 

Vibration Pickup only. 

CODE WORD PRICE 

PIKUP $140.00 

TRIPOD AND EXTENSION CABLE 
For measurements \I-here the microphone 

must be located at a distance from the meter, 
the TYPE 1560-P12 Dynamic Microphone Sys­
tem (page 186) is recommended. However, a 
25-foot extension cable (TYPE 1560-P73) and 

TYPE 

tripod (TYPE 1560-P32) for mounting the 
TYPE 1560-1'3 ilicrophone (suppli ed with the 
TYPE 155l-C Sound-Level Meter) are avail­
able as the TYPE 1560-P34 Tripod and Ex­
tension Cable. 

CODE WORD PRICE 

1560-P34 Tripod and Extension Cable ...... _ ....... . KABLE $41.50 
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SOUND 
MICROPHONE 

TYPE 1560-P12 DYNAMIC 
MICROPHONE SYSTEM 

10'01' somp nwaslirementH, particularly where 
a 10llg eab le mllsL be used between microphone 
and mei.or, a dynamic mi(Tophone is prcfer­
a iM Lo Lhe standard mierophone supplied with 
the SOli Ild- Level ::VIctel'. The Ty1'l'} 15GO-P12 
Dynamic' :vricTophone SYHtem - ineiudeR, in 
addition to t he microphone, a 2:>-foo t cable, 
a transformer to increase the output vo ltage 
from t he microphone for use with the SOllnd­
Levrl ~ifcter, and a tripod. The transformrr is 
cOllnected Lo the Sound-Level 1eter in place 
of the standard microphone, and the micro­
phone eable pings into the tranRformer. 

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

Transformer fastens to one end of Sound-Level Meter, and is 
connected in place of microphone, as shown. 

SPECIFICATIONS 
Sensitivity: Opcn-eirf'uit outPli t of typie:tl mi(·rophonc 
is 90 db below one volt pcr minobar, :LIld of mi("I"ophonc 
pl\l~ transformer is GO db below onc volt per mi("J"obar. 
The senHit.ivit.y is Hat.isf:wt.ory for direet. rcading of 
sOlind-presslll"e Ipvel by t.he TyPIC 1551-C, TYPI~ J 55t-B, 
Typg 1551-A*, and TYPE 75!l-B* SOllnd-Levcl \rulers. 
Direct Use with Analyzers: \[inopho nc Olltpllt (":In he 
811ppliecl clireetl .v to t hc TYI'E 1550-A t (}("tave-lhnd 
Noioe Analyzer providcd thc levcl of thc measlII"cd (·om­
ponents is abovc 70 db (re 0.0002 /lb::tr) or to thc TYPE 

!lOOlltj ! 1111FfE~ 
1':20 ~ 100 200 ~ 1000 2000 !JOOO IOOOOAT9O"tcwElGtffiNGI 

Typical response cu rves of the Type 1551-C Sound-Level Meter 
with Type 1560-P1 2 Dynamic Microphone System. 

TYPE 

L.5.5-I-A ·i· Sound lind Vibmtion An:l,l~rzer, providcd the 
Il'vel of measurcd components is ::thove 50 db. (A TYPE 
1552-13 f-iound-Levcl Calibrator is necessary to obtain 
ahso ilite Icvcl. ) 
Maximum Safe Sound-Pressure Level : Sound-pressure 
levcls abovc 140 db (·:tn d:.IlTI::tgC the microphone. 
Calibration: O"tp"t Icvel is ehc(·ked in our labomtories 
:.1 s('vcml frt'qlleIwies :Ig:.inst a standard microphone 
thaI, is c:\lihmtcd pcriodically. Thc level at .JOO cps is 
slatpd. 
Cable Correction : No corrc(·tion is neccssary for the 25-
fool (·ab le supplicd or thc TYPE 15GO-P72B 100-foot 
cablc. 
Components : TYPJ, 15GO-P2 Dyn::tmic \i[icrophone, TYPE 
\5(jO-1'22 Tmnsformer Assembly, TYPE 1560-P72 Cable, 
TYI'I·; 15(jO-P:32 Tripod. 
Net Weight : 5 X pounds (2.4 kg); microphone on ly, 8Yz 
oz (2.50 g). 
* TYI''': I r,(jO-P02 Adaptor rf'Cjuircd. 
t TYPI': U')(iO-PUa Adapt"or requif(~d . 

CODE WORD PRICE 

1560-P12 
1560-P72B 
1560-P92 
1560-P93 

Dynamic Microphone System ..... . .. .. .... . DYNAM 
ADAPTORWAY 
ADAPTORBUG 
ADAPTORCOP 

$210.00 
30.00 
12.50 
12.50 

Extra 100-foot cable . _ ...... . ......... . .. . 
Adaptor Assembly ..... .. ....... . ........ . 
Adaptor Assembly ....................... . 

HANDBOOKS 
The !l anduook of Noise JIll eaSltrCIII('nt, pll h­

li Hhed by General Radio Company. covers 
thoroughl y t he subj ect of noise and vibmtion 
meaHllrement. Autho rs arc Dr. A. p.e; . Pete r­
son and Ervin K Gross, Jr., of the General 
Hadio EngincC'rillg Staff. CopieH of thiR ha nd­
book arc ava il ab le from Geller I Badio at a 
price of $ 1.00 each, postpaid, in t.he U nited 
States and Canada. 

A Prime!" of Noise liT eaSUTement presents an 
elementary dis(,lIssion of sound measllrements, 
written for those with little or 110 hac·kgrollnd 
in the field. Copies arc availahle free on re­
ctll('st. 
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TYPE 1552-B SOUND-LEVEL CALIBRATOR 
USES : The T YPE 1552-B Suu lld-Level Cali­
brator supplies an acoustic sigll al of l(lwII'n 
sound-pressure level for checkillg the over-all 
performance of a sound-level meter, including 
its microphone, The calibrator fits over a ny 
one of several micrupholles (sec list in Speci­
fications) and can Ge used to cali brate the 
TYPE 1550-A Octave-Band N uise All alyzer Ut' 

TYPE 155-!-A Sound and Vibratiun AIJalyzer 
when they are used direct ly with the micro­
phones listed. The Cali bratur call a lso ue used 
to supply an acoustic referell ce level for awlio 
systemo. 

The TYPE 1307-A Transistor Oscillator 
serves as both ocillator a lld level indicator 
when used II-ith the Sound-Level Calib ratur. 

DESCRIPTION: A small , stable loudspeaker is 
mounted in one end of a cylindri cal enclosure. 
The other end of the ellelusure fits over the 
microphone. Acoust ical couplillg between the 
speaker and micropholle is fixed by chamber 
and microphone dimensioll s. The calibratu r 
pl'Oyides acouotical shieldillg and a high test 
level to red uce effects of ambient Huise durillg 
calibration. Calib ratioll checks ullder t heoe 
cond it ions are accuratc alld rcadily repeatalJle. 

FEATURES: 

~ Good accuracy, ±1 db at 400 cps. Very 

Calibrator fits over Microphone of Type 1551 -C Sound-Level 
Meter. At right is Type 1307 -A Transistor Oscillator. 

stable, lOll' temperatu re cue f'ficiellt a nd 101lg- powered 1'Y1']'; 1307-A Oscillator together 
term stab ili ty. weigh under :3 poullds. 
~ Eaoily portable - CalilJrator and baLLcry- ~ Fits mallY microphones. 

SPECIFICATIONS 
Accuracy of Calibration: ±1 db atLOO cps. 
Microphones : The Calibrator can be used Oll the fo ll ow­
ing microphones without the need o[ spec ial adaptors: 

Shure Brothcr~ TyPIC U8108 (Gcneral Hadio T yPIC 
1550-p;n supplied on TyPIC 15.51-C Sound-Level .\Ieter, 

General Radio TYPE 15fiO-P2, supplied with t he TyPE 
1560-P12 Dynamic Microphoue S.vstem, 

Shure Brothers TyPIC U813UO (General Radio TYPE 
1560-Pl), supplied on TYl']; 1551-B Sou nd-Level Meter, 

Shure Brothers TYI'E U8!)8, supplied on TyPIC 759-B 
and 1551-/1. Sound-Level :Vleters, 

TYPE 1555-A Sound-Survey Meter, 
TYPE 1551-PIL and -PHI Condenser Microphone 

Systems, 
TYPE 759-P25 Dynamic Microphone System, 
Western E lectric TYPE 640-AA Micropitolle, 
Kellogg :\1icrophone. 

Terminals: Input terminals are TYPE 9:38 Binding Posts, 
spaced % inch to fit T YPE 27"I-MB Double Plug. 
Accessory Required: A 400-cps source, with output con-

TYPE 

.0 
'0 , 

110 ..J 
W 
> w 

105 ..J ~ -- r- ....... 

0 
Z 
::J 100 0 
(f) 

100 200 400 - If()() 

FREQUENCY-CYCLES PER SECOND 
Frequency characteristic afType 1552-8 Sound-Level Calibrator. 

trol and voltmeter. The TYPE 1307-A Trall sistor Oscil­
lator, a battery-operated instrument with self-contained 
voltmeter, is recom mended (see page 1Q('i ) . 
Accessory Available: Typ], 15GO-P:31 Leather Carrying 
Case, for Calibrator aud TYPE 1307-A Oscillator. 
Dimensions: Length "'Yz, diameter 2Yz inches (115 by 65 
mm), over-all. 
Net Weight: 14 ounces (O.o! kg). 

CODE WORD PRICE 

1552-8 
1307-A 
1560-P31 

Sound-Level Calibrator .. ... . , . ...... .. .. . NATTY 
OMEGA 

$52.50 
97.00 Transistor Oscillator (see page 106) ........ . 

Leather Carrying Case, for Calibrator and 
Oscillator ............................. . CANOE 12.00 
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IMPACT ANALYZER 

TYPE 1556-B IMPACT NOISE ANALYZER 

USES : The characteristics of impact-type 
sounds and of impulse noises in data-trans­
mission systems can be measured by the 
Impact Noise Analyzer. Impact noises that 
cannot be measured with conventional noise­
measuring equipment but whose characteris­
tics can be measured with the Impact Noise 
Analyzer include those produced by punch 
presses, forging hammers, fire alarms. pile 
drivers, office machinery, and similar equip­
ment. From the standpoint of hearing damage, 
some of these sounds constitute a serious prob­
lem for industry. They have hitherto been 
measurable only by complicated methods em­
ploying oscilloscopes. 

The two characteristics of impact sounds 
that seem most significant are the peak am­
plitude and the duration, or decay time. This 

analyzer measures both of these quantities 
and also a quasi-peak value that is useful in 
determining the variation among peak values 
in repetitive impacts. 

The Impact Noise Analyzer is widely used 
in the measurement of impulse-type circuit 
noise in communications systems. A push­
button reset faci litates making the many 
observations required. 

The Impact Noise Analyzer operates from 
the output of a TYPE 1551 Sound-Level Meter 
and, when a vibration pickup is used in place 
of the microphone on the Sound-Level Meter, 
wi ll measure vibration impact characteristics. 
It \\'ill a lso operate from octave-band analyzers 
and tape recorders. 
DESCRIPTION: A battery-operated, degener­
ative, transistor amplifier simultaneously 
drives three ac vo ltmeter circuits, which com­
prise rectifiers, storage capacitors, and a com­
mon dc electronic voltmeter. The electrical 
storage system (a capacitor chargcd by a 
rectifier) makes it possiblc to measure three 
characteristics - peak, quasi-peak, and time­
average - of an impact with a single indi­
cating meter. Pcak value is the maximum 
sound pressure level reached by the noise; 
quasi peak is a continuously indicating meas­
ure of the high sound-pressure levels reached 
just before the time of indication; time aver­
age is a measure of the average level over a 
predetermined period of time, which, when 
subtracted from peak level, is a measure of 
the time durat.ion of the sound. 

SPECIFICATIONS 
Inpu t: Any voltage from 1 to 10 volts for normall'l1nge. 
Inputs below 1 volt reduce the range of reading. 
Input Impedance : Between 25,000 and 100,000 ohms, 
depending on the setting of the LEVEL control. 
Freque ncy Ra nge: 5 cps to 20 kc. 
Leve l Ind ication : Meter calibrated in db from -10 to 
+ 10. Attenuator switeh increases range by 10 db. 
Pea k Read ing : Rise time is less than 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 a I-db change in value. 
Quasi - Pea k Read ing : Rise time of less than ~ millisecond 
and decay time of 600 ±120 milliseconds for rectifier 
circuit. 
Time- Average Read ing : Charge time of rectifier circuit 
selected by seven-position switch, having times of .002, 
.005, .01, .02, .05, 0.1, and 0.2 second for the resistance-

TY PE 

capacitance time constant. Storage time at normal room 
temperature is greater than 1 minute for a I-db change 
in value. 
Accessories Requi red : A sound-level meter or frequency 
analyzer to supply the analyzer inpu t. 
Input Term inals : Cord with phone plug at one end. 
Batte ries : One 1Y2-volt size D fiashlight cell (Rayovac 
2LP or equivalent) and one 45-volt B battery (Burgess 
XX:30 or equ ivalent) are supplied. Typical battery life 
is 100 hours. 
Tra nsistors : Two 2N1372 and one 2N1374. 
Tube Comple me nt : One TYPE CK6-U8. 
Cabine t : Aluminum; cal'l'ying case supplied. Case fastens 
directly to one end of TYPE 1551 Sound-Level Meter. 
Di mensions : Height 4~, width 7Y2, depth 6Y2 inches 
(110 by 195 by 165 111m). 
Net W eight : -!Y2 lb (2.1 kg); carrying case, llb (0.5 kg). 

CODE W O RD PRICE 

1556-8 Impact Noise Analyzer .................. . MEDAL $220.00 
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TYPE 1554-A SOUND AND VIBRATION ANALYZER 
USES : The Sound and Vibration Analyzer is 
designed to measure the amplitude and fre­
quency of the various frequency components 
in sounds or vibrations, in conjunction with a 
sound-level meter or vibration meter. It is 
useful for measurement not only of line 
(single-frequency) components but also of 
continuous (noise) components of the spec­
trum. Its narrow bandwidth (8%, constant 
with frequen cy) is sufficient to embrace the 
frequency fluctuation arising from normal 
variations in speeds of engines, machines, and 
appliances; the alternate, one-third-octave 
bandwidth (1.26 to 1) is used for the measure­
ment of wide-band spectra. 

The combination of TYPE 155-l-A Analyzer 
and TYPE 1521-A Graphic Level Recorder can 
be used to record the spectrum of an input 
voltage wave. Special chain link unit and 
chart paper are available (page 143) for use of 
the TYPE 1554-A with the TYPE 1521-A. 

The Sound and Vibration Analyzer can be 
used in conjunction with the TYPE 1390-B 
Random-N oise Generator (page 123) for trans­
fer and reverberation measurements using 
one-third octaves of random noise. 

High sensitivity, wide dynamic range, 8% 
bandwidth, and low-frequency range (down to 
2.5 cps) make the TYPE 1554-A a very useful 
general-purpose wave analyzer at audio and 
~ubaudio frequencies . 

DESCRIPTION: The Sound and Vibration Ana­
lyzer is a tunable voltmeter whose bandwidth 
is a constant percentage of the center fre­
quency. It consists of two RC-tuned selective 
amplifiers connected in cascade, and input and 
output circuits. The selective amplifiers can 
be tuned synchronously or staggered to give 
narrow (8%) or one-third octave bandwidth, 
respectively. They also can be switched to 
nonselective (all-pass) operation for con­
venient measurement of the entire input signal 
before analysis into its components. The ac 
output signal is available at a jack on .the . 
panel for connection to headphones or to a ' 
recorder. Special chart paper, TYPE CTP-554, ., 
is available for use with the TYPE 1521~A 
Graphic Level Recorder for recording the.' 
output of the analyzer at frequencies above · 
25 cps. A TYPE 1560-P95 Connecting Cable 
(page 183) can be used to connect the output 
of the Analyzer to the input terminals of the 
TYPE 1521-A Recorder. 

FEATURES : 
~ A sound analyzer and a vibration analyzer 
combined in one instrument. 
~ Wide frequency range: 2.5 to 25,000 cps. 
~ 10-to-l span on each frequency range. 
~ Choice of three band"'idths: narrow, one­
third octave, or all-pass. 
~ Adjustable decibel dial may be set so ana-

189 



~O,UN/) 

190 

,1I'NAlYZEI( 

lyzer is direct-reading in sound-pressure level, 
one-third-octave band level, etc. 
~ Portable and battery-po\\-ered . 
~ Can be calibrated for ampli tude \\-ith a 
ll5-volt 50-cps po\\-er line. 
~ Output jack for connection to recorder or 
headphones. Link unit and chart paper avail­
able for use \\-ith TYPE 1521-A Graphi c Level 
Recorder. 
~ R esponse fa lls off 12 db/octave far from 
selected frequency. 
~ "Trap door" provides qui ck access to bat­
teries for replacement. 
~ Narrow band \\·idt h response is 8 C;~ wide 3 
db down , allo\\"ing easy measurement of sig­
nals having wow, yet has -lO-db discrimination 
at one octave from the selected frequency. Type 1554-A attached to Type 1521-A Graphic Level Record er. 

SPECIFICATIONS 
Frequency Range: From 2.5 to 25,000 cps in four ranges. 
The freq uency dia l is calibrated from 2.5 to 25 cps; the 
frequency multiplier switch has four positions: 1, 10, 
100, a nd 1000. 
Accuracy of Frequency Calibration: ±2% of frequency 
dial setting. 
Input Voltage Range: 100 fJ.V to :30 volts fo r useful indi­
cation . ~10st sensitive range is 1 mv fu ll scale. 
Frequency Response : 

Narrow : lVlaximum response is flat ±2 db over the 
en t ire tuning range. 

One- Third Octave: ~1aximum response is flat ±-I db 
over the entire tu ning range. With respect to t he ALL­
PASS response, the effective bandwidth for noise is 
one-third oetave ±2 db. 

All-Pass : Flat ±2 db from 2.5 cps to 25 kc. 
Bandwidth : 

Narrow : (See plot. ) R esponse is down 3 db at ±-I% 
of selected rreque l1f"~-. At one-half a nd twice selected 
freq llenc.\·, response is down more t ha n -1·0 db . 

One- Third Octave: (See plot. ) Rl.I1dwid th is l.26 to 1 

O r-----r--,--,-.-rT'"~-----r--.-_r_r._rr" 
-3 ------ ---- - -- - ·i--JA\---- ___ L_ - -

I IIV 1\\ 
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at t he 3-db points. At one-ha lf a nd twice the selected 
frequency, the response is down more than 30 db. 
Input Impedance: 100 kilohms, unbalanced. Lo\\" input 
terminal grounded to case. 
Direct Use With Microphone : 

MICROPHONE TYPE 

1560-P12* 
759-P25** 

1551-PlL 
1551-Pl H 

COMPONENT LEVELS 
MUST EXCEED 

50 db re .0002 /Lbar 
50 db re .0002 /Lbar 
50 db re .0002 /L bar 
65 db re .0002 /Lbar 

* T ype 1.560-P93 Adaptor required (page 191.) 
** T ype lbbO-PI Adaptor required. 

Meter: Three ra nges, -10 to +10 db, 0 to 3 volts, and 
o to 10 volts. 
Attenuator: Adjustable in 10-db steps. 
Output : J ack on front panel provides approximately 1 
volt, open circui t, when meter indicates full scale. 
Output impedance is 5000 ohms. 
Effects of Humidity: Operation is adversely affected II-hen 
rebtive humidit.v is high (above 65%, for the lo\\·est 
range ). 
Tubes: Four CK 512A.X, two CK526AX. 
Transistors: One 2~118:~, two GRl , seven 2N32-l, five 
2~6-1 /. 
Batteries: Four 1.5-volt (Everead.\· No. 935 Size C or 
equivalent) and two 67.5-volt (Everead~' ~o. -16, or 
equivalent.) Batteries a re supplied with instrument. 
Life of batteries approximatel~· 100 hours. 
Accessories Supplied: Shielded cable-a nd-pllig assembl.\· 
for connection to Sound-Level i\[eter, plug to fit input 
and output jacks, cable-a nd-plug assembly fo r c,di­
bration using 115-volt line, pouch for accessories, a nd 
chain a nd splicing link . 
Accessory Available: TYPE 155-1-P1 Carr~'ing Case. 
Dimensions: 'Width 105 -8 , height 15% , depth 11 )1 inches 
(270 bl" 395 b~' 295 mm ). 
Weight : 31)1 pounds (1,1.3 kg) \\'ithout aceessories or 
calT~·ing case; 39% pounds (18 kg ) with accesso ries and 
carrying case. 

CODE WORD PRICE 

1554-A Sound and Vibration Analyzer . ...... ..... . DRAMA 
DRAMAADBAT 
CADDY 

$1060.00 
7.80 

25.00 
Set of Replacement Batteries . . .. ..... . .... . 

1554-P1 Carrying Case . . ....... . .... ..... . .. . 
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TYPE 1550-A OCTAVE-BAND NOISE ANALYZER 
USES: The Octaye-Band X oise Analyzer is 
used for the simple and rapid analysis of 
broad-band noises, \\-here a knO\dedgc of illdi­
,-idual frequency components is not requircd _ 
It is particularly lUieful for: 

X oise measurcment" on aircraft, yehiclcs, 
and machinery; 

The analysis of ell\-ironme ntal )loise, as in 
offices and factories, \\-herc speech-in te rference 
leYeI is important; 

Studies of en vironmental noise a" related to 
hearing damage; 

Production testing and noise-lm-e l accept­
ance tests; 

Calru latioll of loudness in so nes; 
_\.coustie studies of rooms and materials. 

DESCRIPTION: The Octave-Band X oisc Ana­
l.vzer is portable, battery-po\\-e red, alld oper­
ates from the output of a sound-leyel mcter. or, 
II-hen the leyel is high enough, directly from a 
microphone_ It contain s eight bandpass fi lters, 
any olle of \\-hi ch can be se lected by a s\\-itch; 
an attenuator ; a nd an ampl ifier , which drives 
both a n indi cat ing meter and a mOllitorillg 
output. 

FEATURES: 
~ :'Io,·able reference dial 0 11 atte lluato 1' to 
facilitate reading. 

~ Output fo r mOlli to ring a\-ailable at jack. 
~ :.reets AS_\. stand a rd s. 
~ Operates from output of TYPl£ lool-C, -B, 
0 1' -A 01' TYPE 7.j9-B Sound-Level l\Jeter 0 1' 

from a ll Y other soulld-Ieyel meter \\-hose out­
put is adequate l.\' free of noise a nd distortion. 
~ Can be used direetly \\-it h mi crophone for 
high iOO ll lld leyels. 
~ :\.mplifi.er inpu t jad: permits amplifier to be 
used alone. 
~ .\.c po\\-er supply can be substi t uted for 
baLteries fo r l ahoraLor~r use. 

SPECIFICA l iONS 
Range : 20 to 10,000 cps in 8 bands: 

20 to 75 eps (low pass) 600 to 1200 cps 
75 to 150 cps 1200 to 2 .. J.Q0 cps 

150 to :mo cps 2.tOO to .t800 cps 
:)00 to 600 cps ~800 to 10,000 (h igh pass) 
In addition, a band with a fl at characteristic from 

20 cps to 10 kc is :wailable at t ,,"O slyiteh positions for 
l"onvenience in calibration against the sound-level 
meter. 
Input Level: Between 1 m1d 10 volts for norma l range. 
Levels below 1 vol t reduce the range of reading ; those 
higher than 10 volts overload the filters. 
Input Impedance: 20,000 ohms. Input is isolated b~' a 
re~ i~tance pad, so that performance is independent of 
;;OIlITe if source impedanee is constant over a udio range 
or is smn,ll compared wi th 20,000 ohms. 
Output Valtage : Approximately 1 volt across a 20,000-
ohm load . 
Sources: Sound-level meter suppl~' ing a na lyzer must 
have low hum, low internal noise, and low distortion. 
The TY PE 1551-C Sound-Level ~'lfetcr is I"Ccommended. 
Direel Use with M icraphone : The TYPE 1551-P1L and 
-PIH Condenser :\iierophone S~-stems or the TYPE 
15tiO-P12 D~-namic :\Iierophone S~-stem can he used if 
the band levels exceed 70,85, and 70 db ( re .0002 /lbar), 

TYPE 

respedively. A TYI'E 15liO-P!J;) :\Iinopholle Adaptor 
Plug; is I"Cq uireu with t he Typ], 15GO-1'12 D~-namic 
:\Iicrophone System . 
Level Indication: Level is sum of meter a nd attenuat or 
re:ldings. :\leter is calibmted ill db from -6 to + 10; 
the attenuator c-ovp r~ 50 db in J O-db steps. 
Attenuation : Exc-ept for t he lo,,"pst a nd highest bands, 
at least ;30-db attenuation is obta ined at one-hair t he 
lower nomina l c-utofT frequel1('~- a nd at t wic-e t he upper 
nominal euto fT frequency: at le:lst 50-db attenuation is 
obtained at one-fourt h t he lo,,"er nominal cutoff fre­
quency a nd a t rom times the upper nomina l cutoff 
frequency . The 75-eps 10w-pasR filter has at least 30-db 
attenua tion ~.t 200 c- ps and 50-db at .J.OO cps. The 
.t800-eps high-pass filter has at least 30-db attenuat ion 
at 2.tOO cps and 50 db at 1200 c·ps. 
Accessori es Supplied : Dia l a nd dial clamp ; shielded 
cable for connecting anal~-zer to sound-level meter. 
Tube Complement: Thl"Ce l U.J. and one IT.t. 
Power Supply : Battery, Burgess GTAGO, included . For 
:W operation, TYPE 1261-A P o,,"er Supply (page 137) 
fits battery compartment. 
Dimensions : Height 12%, "'idth 11 %, depth 9 inches 
(:300 b~· 320 by 2~0 mm ), over-all. 
Net Weight : 27 lb (12.5 kg ) including battery. 

CODE W ORD PRICE 

1550-A Octave-Band Noise Analyzer . .......... . . . ABEAM $575.00 

1560-P93 
1261-A 

Replacement Battery . . . ... . ... _ . . .... . 
Microphone Adaptor Plug . . . _ . ...... . 
AC Power Supply . .............. . . . ..... . 

ABEAMADBAT 7.85 
ADAPTORCOP 12.50 
NUITV 130.00 
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TYPE 1553-A VIBRATION METER 

USES: Vibrations in machines and structures 
can be measured quickly and easi ly with this 
instrument. For the manufacturer of machin­
ery and equipment, the TYPE 1553-A Vibra­
tion Meter is extremely useful in research, 
design, and production testing. Maintenance 
engineers will find it useful for checking the 
operating 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-frequency response permits 
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 vibra­
tion can be made with the TYPE 15.'i4-A Sound 
and Vibration Analyzer (page 189). 

DESCRIPTION: The TYPE 1553-A Vibration 
Meter consists of: an inertia-operated, barium­
titanate ceramic pickup, which delivers a 
voltage proportional to the acceleration of the 
vibratory motion; an adjustable attenuator; 
an amplifier; and a direct-reading indicating 
meter. Integrating networks can be switched 
to convert the output of the vibration pickup 
to a voltage proportional to either displace­
ment or velocity. 

A difIerentiating network can be switched 
in to convert the output of the vibration 
pickup to a voltage proportional to time rate 
of change of acceleration, or jerk. 

The Vibration Meter indicates directly in 
pcak-to-peak, peak, or average inches, inches 
per second, inches per second2, or inches per 
second3• 

Fi lter jacks on the panel allow the use of 
external high-pass filters where it is desired 
to eliminate the frequency components belo,,' 
30 or 70 cps. 

The Vibration Meter is portable, and is 
mounted in a "flip-tilt" cabinet, which serves 
as protective cover and case in transit, and as a 
base on which the instrument can be operated 
in almost any position from vertical to hori­
zontal. The instrument is powered by readily 
available batteries, and is equipped with a 
built -in calibrating circuit. 

Accessories include various tips and a metal 
probe for the pickup to facilitate measure­
ments in normally inaccessible places. Availa­
ble at additional cost is the TYPE 1560-P35 
Permanent-Magnet Clamp, which replaces the 
probe or tip when measurements are taken 
under conditions where hand-held operation 
would not be satisfactory. 



FEATURES: 
~ Portable and self-contained. 
~ Easy to operate. 
~ Direct read-out includes units being meas­
ured. 
~ Low-frequency response down to 2 cycles per 
second. 
~ Meter indication independent of load con­
nected to output jack. 
~ Meter is true peak, peak-to-peak, or average 
indicator. 

SPECIFICATIONS 

Ranges 
Acceleration: 0.3 to 300,000 in. / sec2 peak-to-peak, 

0.1 to 100,000 in. /sec2 average. 
Velocity: .03 to 30,000 in. /sec peak-to-peak, .01 to 

10,000 in. / sec average. 
Displacement : .003 to 300 in. (peak-to-peak), .001 

to 300 in. (average) from 2 to 1200 cps; .00003 to 30 in. 
(peak-to-peak), .00001 to 10 in. (average) from 20 to 
1200 cps. 

J erk: 30 to 300,000 in. /sec3 (peak-to-peak), 10 to 
300,000 in. /sec3 (average ). 
Frequency Range: With Type 1560-P51 P ickup, 2 to 
1200 cps for acceleration, velocity, and displacement, 2 
to 20 cps for jerk. 
Accuracy: ±1O% of full scale. 
Input Impedance: 25 megohms. 
Valtage at Output Jack: 5 volts rms behind 75 kr! for fu ll­
scale defieet ion. 
Attenuators: A lO-step attenuator changes the meter 
scale range by a factor of 100,000 to 1. Window readout 
indicates full-scale values and units. 
Calibration: Internal. 
Allowable Pickup Sensitivity for Direct Reading: 30 to 150 
mv / g. 
Terminals : A panel jack is provided for plugging in head­
phones, TYPE 155-l-A Sound and Vibration Analyzer, 
TYPE 1556-A Impact-Noise Analyzer, TYPE 1531-A 
Strobotac@ Stroboscope, or oscilloscope. 
Tube and Transistor Complement: Two CK512AX, five 
C1(6418, one 2N520A, one 2~527 , and one 2N377 A. 
Batteries : 3 Size D cells and one 67-volt battery (Burgess 
TYPE XX45 or equivalent) supplied. Typical battery 
life, 7 days at 8 hours per day. 
Accessory Supplied: TYPE 1560-P51 Vibration P ickup. 
Case: Flip-tilt a luminum case ; pickup and probe store 
inside. 
Dimensions: Width 8, height 9>i, depth 7Y2 inches (205 
by 235 by 195 mm ), over-all (case closed). 
Net Weight : 1O Y2 lb (4.8 kg). 

Readings af the Vibration Meter as a fun ction of frequency for 
a constant acceleration of 100 inches per second'. 

TYPE 
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~ 20-cps cutoff position on function switch in­
creases displacement sensitivity by a factor 
of 100 over that obtainable with a 2-cps cutoff. 

~ Measures jerk as well as conventional vibra­
t ion parameters. 

~ Can be used to measure acceleration with a 
suitable pickup over the full 2- 20,000-cps 
range of the amplifier. 

~ Panel jacks provided for addition of external 
filters. 

100.00 0 

10,00 0 

-

1,00 0 

r--

100 

0 

0 

.1 

0 .0 I 

0 .001 
ID 

I 0l' I 

J ERK (Z-ZDepI) 

rtVI 
I NCH~S iR iECONO~ 

ld'i 

~:PLAC["'[NT(2-1200CP'1 
THOUSANDTHS OF AN INCH (MILS) I 

L1J I /\ I 
ACCEL ERATlON \2-1200c pI) 
INC HE S P[ [COHOz 

H -\ 

I 

"- \ 
WIHIMUM RE ADING zlell, cut OFF 

DISPL ACEMENT 120- 1200 epl ' 
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CODE WORD PRICE 

1553-At 
1560-P51 

Vibration Meter .. ... .. .. ... .. . .. ... .. . . . . . WAGER 
VIBRO 

WAGERADBAT 
MAGNO 

$675.00 
80.00 

4.10 
6.50 

Replacement Pickup* ......... ... . .... . ... . 
Set of Replacement Batteries .. .. ... . . .. .. . . 

1560-P35 Permanent-Magnet Clamp ....... .. .. .. .... . 

tGive instrument and serial number when ordering. tPATENT NOTICE. See Note 22, page viii. 
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VIB!(ATION 
--------------------------------~ 
tAl/81M TOI( W 

TYPE 1557-A VIBRATION CALIBRATOR 

USES : The "iuration Cali brator is a CO I1\'en­
ient device for calibrating vibration pickups, 
acce lerometers, yibration meters, and other 
v ibration-measuring systems that use small, 
piezoelectric accelerometers as the sensing 
e lements. The calibrator provides a single­
frequency (100 cps), single-level (1 g) check on 
the TYPE 1560-P51 Vibration Pi ckup (part of 
the TYPE 1560-Pll Yibrat ion Pickup System) , 
the T YPE 1553-A Vibration Meter, or a ny 
pickup whose total mass is 300 grams or less. 
It can provide on-the-spot calibration of 
yibration-measuring systems immediately be­
fore and after important measu rements and 
can also be used to compare transducers or to 

SPECIFICATIONS 

Output 
Acceleration: 1 g rms ±10%. 
Velocity: 0.6P il1. / se(· rms. 
Displacement: .000978 in. rms (.00277 in. peak to 

peak ). 
Frequency: 100 cps ±1 % for 50-gram load; 100 cps 
+0, -2% for :300-gram load. 
Batteries: Four R:\I--! (or equivalent) mer{' UI' \' cells. 
Battery life is 100 hours of continuous operation. 
Accessory Supplied: Leather cal'l'~ ' ing case. 
Dimensions: Width ,1" height 8, depth ,I, inches (105 by 
205 by 105 mm). 
Net Weight: 3~ Ib (1.5 kg), including case. 

TYPE 

cali brate working transducers against a lab­
oratory standa rd transducer. 

DESCRIPTION: The Vibration Calibrator is a 
small, battery-operated unit consisting of a 
transistorized electromechani cal oscillator and 
a cylindrical shaker. The acceleration output 
of t he Calibrator appears at b,'o pillbox­
shaped, 50-gram disks mounted on an intern al 
cylinder t hat proj ects through the sides of the 
instrument. 

Operation of the cali brator is simple. A 
pickup of known mass is attached to t he 
shake r, either in place of one of the remoyab le 
50-gram disks or to one of the disks by doub le­
faced, pressure-sensitiye tape. The user ad­
justs the LEVEL control unt il the panel 
meter, calibrated in grams, indicates t he mass 
of the pickup. The pickup " 'ill then be auto­
maticall y subjected to an acce leration of 1 g 
at 100 cps. The on ly other control on the 
instrument is a combination on-off s\l'i tch and 
battery checker. 

Life tests on the calibrator indicate that it 
" 'ill operate continuously for over 1000 hour:;. 
Since normal operation \I'i ll usually be belo\\' 
the maximum and \I'ill not be cont inuous, t he 
ca librator should give t rouble-free service for 
ma ny years. 

FEATURES: 
~ Completely portable, with long-life mercury 
batteries. 
~ Accommodates most of the accelerometers 
and vibration pickups in use tod ay. 
~ IVeighs less t han four pounds, with leather 
carrying case provided. 

Functional diagram af 
the calibrator. 

CODE WORD PRICE 

1557-A Vibration Calibrator . . . .................. . VIVID $225.00 



STROBOSCOPES 
The Stroboscope i::; basically a light source 

that can be flashed on and off at high speeds 
to produce the optical effect of slo\\-ing dO\m 
or stopping motion. For instance, an electric 
fan revolving at 1800 rpm appears to be 
standing still \\"hen observed under light that 
flashes uniformly ] 800 time a minute. If thc 
light flashes 1799 times a minute, the fan 
appears to rotate at 1 rpm; at 1801 flashes a 
minute, the fan appears to rotate back,,-ard at 
] rpm. Because the human eye retains images 
for an appreciable fraction of a second, no 
flicker is seen except at Ymy low speeds. The 
apparent slo\\" motion is an exact replica of 
the actual higher-speed motion, so that the 
motion of a high-speed machine can be ana­
lyzed \\"hile the machine is in normal operation. 

If the flashing rate of the stroboscope is 
adjustable, and if the control is calibrated in 
flashes per minute, the stroboscope become::; a 
highly precise tachometer. The flashing-rate 
control is simply adjusted to the point ,,-here 
the moving device appears stationary, and the 
::;peed in revolutions (flashes) per minute is 
read from the cali brated control. 

General Radio stroboscopes are electro nic 
flash devices, \\-hich produce flash durations as 
brief as a millionth of a second. Such short 
flashes effectively arrest very rapid motion, 
making possible high-speed photographs such 
as the ,,-ell kno\\"ll "milk-drop shot" shown on 
this page. 

The first General Radio stroboscope was 
made more than 25 years ago, and since then 
a continuous development program in this 
field has produced the finest stroboscopic 
equipment availab le anywhere. The registered 
t rade name for the GR stroboscope is Strobo­
tac, and the ne"-est Strobotac stroboscope, the 
TYPE 1531-A, represents a major advance in 
this field. 

The StrobotaC® E lectronic Stroboscope 

. " 
, '. 

is a compact instrument that operates from a 
115-yolt ac line. Its \\"ide flashing range per­
mits measurement of speeds up to a quarter of 
a million rpm, with 1 ( v accuracy. The Strobo­
tac is also useful fo r "SI0\\'-1110tioll" obsen -a­
tions and, because of its bright short-duration 
flash, for high-speed photography. 

Under a stroboscope's light, the fast action of textile machinery 
is frozen for inspection or for speed measurements. 

For appli cations requmng a brighter light 
than even the Strobotac can supply, the TYPE 
1532-D Strobolume can be added. The Strobo­
lume can be flashed either by an external 
contactor or by the Strobotac. 

The TYPE 1535-B Contactor is a device that 
can be attached to a rotating shaft to trigger 
a stroboscope once for each revolution of the 
shaft. In t his way the stroboscope can be 
synchronized with a shaft ,,-hose speed may 
be constantly varying. A phasing; control per­
mits flashing of the light at a ny point in the 
3600 rotat ion of the shaft. 

High-speed photographs such as these, of a milk drop hitting a metal plate, are made possible by the stroboscope's brief f1ash _ 
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ST080SCOPES 
STI<OBOTAC 

TYPE 1531-A STROBOTAC® 
ELECTRONIC STROBOSCOPE 
USES: The Strobotac® E lectronic Stroboscope 
is a small, portable flashing-light source used 
to measure the speed of fast-moving devices, 
or to produce the optical effect of stopping or 
slowing down high-speed motion for observa­
tion. 

Typical applications of the Strobotac include 
~ observation and speed measurement of: 

gears, fans, cams, linkages, shuttles, spin­
dles, and other machine elements; 

~ observation, either visual or photographic, of 
equipment under vibration test, 
droplet size and spray pattern of diesel fuel 
nozzles, 
structural vibration (such as helicopter 
blade flutter) in wind-tuIlnel tests; 

~ high-speed photography of repetitive or non­
repetitive motion (see photos on page 195); 
~ measurements and observations of any 
repetitive motion that can be seen, even if 
physically inaccessible. 

DESCRIPTION: The Strobotac® Electronic 
Stroboscope includes a Strobotron lamp and 
reflector assembly, an electronic pulse gen­
erator that controls the flashing rate, and a 
power supply that operates from an ac line. 

The flashing-rate range of 110 to 25,000 
flashes per minute is divided into three direct­
reading ranges. Attached to the range switch 
is a mask, through which only the scale in use 
is visible. The RPM control is concentric with 
this mask, and its large diameter permits pre­
cise control of the flashing rate. 

A built-in calibration system permits use of 
the power-line frequency to check accuracy of 
the flashing rate. Adjustment, if necessary, is 
made at the front panel. 

An external contactor, such as the TYPE 
1535-B, can be used to trigger the Strobotac 
'through a panel phone jack. An output jack, 
also on the panel, supplies a negative pulse of 

600 to 800 volts to drive auxiliary equipment, 
such as the Strobolume (page 197). 

The Strobotron tube is mounted in a re­
flector housing that both pivots in a plane 
perpendicular to the panel and swivels 360 
degrees on its own axis. The instrument can 
be operated while suspended by a neck strap, 
held in the hand, or set on a bench. Its "flip­
tilt" cabinet serves as rugged carrying case 
for instrument and instruction manual, pro­
tective cover, and base for the instrument in 
operation. 

FEATURES: 
~ High-intensity flash, up to 7 million beam­
candlepower (peak) for a single flash. 
~ Wide range of flashing rates, up to 25,000 
flashes per minute (permitting speed measure­
ments up to 250,000 rpm). 
~ High accuracy (1 %) for speed measure­
ments. 
~ Small, easily held, flip-tilt ?ase. 
~ Short flash gives sharp Images for pho­
tography. 
~ Easy to set, easy to read dials. 

The versatile "flip-tilt" case affers a variety af operating positions, is closed and ready to travel in sec~nds. 



STROBOSCOPES 
STI(OBOlUME 

SPECIFICATIONS 
Flash ing-Rate Range: 110 to 25,000 Aashe& per minute in 
three direct-reading ranges: 110 to 690, 670 to -U70, and 
4000 to 25,000. Speeds up to 250,000 rpm can be 
measured. 
Accuracy : 1 % of dial reading after calibration on middle 
range. 
Calibratian : Two panel ad justments permit calibration 
against power-line frequency. 
Flash Duratian : Approximately 0.8, 1.2, and 3 sec for 
high-, medium-, and low-speed ranges, respectively, 
measured at :Y3 peak intensity. 
Peak Light Intensity : 0.21, 1.2, and 4.2 million beam 
candlepower (2.1 X 105, 1.2 X 106, and 4.2 X 106 lux 
measured at 1 meter distance at the center of the beam) 
minImum on high-, medium-, and low-speed ranges, 
respectively; 7 million beam candlepower (7 X 106 lux 
measured at 1 meter distance at the center of the 
beam) for single flash. 
Reflector Beam Angle : 10 degrees at half-intensity points. 

TYPE 

Output Trigger: 600- to 800-vol t negative pulse available 
at panel jack. 
External Triggering: Strobotac can be triggered with a 
mechanical contactor or 6-volt peak-to-peak signal 
(2-volt rms sine-wave signal down to 5 cps). 
Power Supply : 105- 125 (or 2LO- 250) volts, 50- 60 or 400 
cps. Maximum power input is 35 watts. 
Tube Complement: One 5965, one 5727, one 1531-P 
Strobotron. 
Accessories Supplied: Adjustable neck strap, plug to fit 
input and output jacks, spare fuses. 
Mounting: Aluminum case with attached cover and 
carrying handle, gray-wrinkle finish. 
Dimensions: 10% by 6% by GYs inches (270 by 170 by 
160 mm), over-all, including handle. 
Net We ight: 7Ys lb (:3.2 kg). 
This instrument is listed by the CSA Testing Labora­
tories as approved. 

CODE WORD PRICE 

1531-A 
1531-P1 

Strobotac ® Electronic Stroboscope .... 
Replacement Strobotron Tube .... 

BELAY 
DRUID 

$260.00 
15.00 

PATENT NOTICE. See Notes 6 and 22, page viii 

TYPE 1532-D STROBOLUME 
HIGH-INTENSITY STROBOSCOPE 

USES: The Strobolume produces a brilliant 
,,-hite light flash useful for studying motions of 
machines operating at relatively 1m\"" speeds. 
At low flashing rates the Strobolume's light is 
of a higher in tensity than that of the Strobo­
tac® E lectronic Stroboscope. 

The Strobolume can be triggered by a 
spring-loaded toggle switch on the control 
panel, by an external contactor such as the 
TYPE 1535-B, or by a Strobotac. It is a useful 
light source for single- and multiple-flash 

photography, when the motion of the subject 
is often too fast to be stopped by conventional 
"speed lights." 

DESCRIPTION: The Strobolume consists of a 
high-voltage transformer and rectifiers, a ca­
pacitor that is charged to about 2500 volts 
from the rectifiers, and a lamp through which 
the capacitor is discharged to produce the 
flash . The discharge is initiated by a special 
Strobotron tripped by an external impulse. 
Two ranges of intensity and flashing rate are 
provided. 

FEATURES: 

~ High-intensity short flash. 
~ Operates from Strobotac or contactor. 
~ Wide beam angle. 
~ Compact, light-weight assembly. 
~ Lamp assembly is removable, with l-!-foot 
extension cable. 
~ Lamp housing has socket with standard 
tripod thread. 
~ Long- li fe sealed-beam lamp. 

SPECIFICATIONS 
Flashing Speed Range 

High Intensity: up to 60 Aashes per minute continuous, 
up to 1200 per minute in termittent. 

Low Intensity: up to :3000 Aashes per minute con­
tinuou~. 
Peak Light Intensity : 10 million beam candlepower (10' 
lux measured at 1 meter distance at the center of the 

beam) from single Aash to 60 Aashes per minute. 0 .14 
million beam candlepower (1.4 X 105 lux at 1 meter 
distance at the center of the beam) at :3000 flashes per 
minute. 
Flash Duration: Approximately 30 microseconds at high 
intensity, 10 microseconds at low in tensity. 
Beam Width : 45 degrees at hair-intensity points. 
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STROBOSCOPES 
CONTACTO{( 

Guide Number: The guide number (distance in feet times 
aperture) for high intensity is approximately 25 with 
film speeu of 100 (ASA). 
Flashing Control: TYPj; 1535-B Contactor, or TYPE 
15:31-A Strobot:.LC: with TYPE 15:32-P:3 Trigger Cable. 
Tube Complement: One TYP1" OA5 Strobotron, one TYPE 
15:12-Pl Flash Lamp (GE TYPE FT-220 ). 
Accessories Supplied: TyPJO CAP-22 Three-Wire Power 
Cable, Ty Pl, 15:{2-:305 Adaptor Assembly (for ihrcc­
wire to two-wire power service), TYl'lc 15:32-2060 Con­
tacLor Cable Assembly, a nd plug for connection to 
contador. 

_Other Accessories Required: None, if lamp is to he 
Hashed manllally by pi Ish button. For stroboseopic 
work, a TYPE 15:35-B Contactor, or a TYPE 15:31-A 

TYPE 

Strobotac with TYI'Jc 15:32-P:3 Trigger Cable is needed. 
For use with older TYPE 6:3l-BL Strobotac, a TyPJO 
15:32-1'2 Transformer Cable is reqllired. 
Mounting: YJ:etal casc. Lamp assembly is removable. 
Storage spaee for lamp eable is provided in case. Lamp 
hOllsing has .l1-20 threaueu suekeL [or tripou . 
Power Input: 105 to 12.5 volts, 50 to 60 cps. 230-volt 
model, Tyl'JC 15:32-DQI8, is ava il ablc. Power consump­
t ion on high in tensity is 105 watts at 60 flashes pel' 
minutc, 500 watts at 1200 flashes per minute; at low 
in tens ity, 120 watts at :3000 Hashes per minute. 
Dimensions: Width 7Y2, height llY2, depth 13 inches 
(105 by 295 by :{:{O mm), over-all; lamp unit, 6 inches 
diameter by 5% inr:hcs ( 15.5 by 150 mm). 
Net Weight: 18Y2 lb (8 .. 5 kg); lamp unit, 2 lb (1 kg). 

CODE WORD PRICE 

1532-D 
1532-D018 
1532-P1 
1532-P2 
1532-P3 

Strobolume, 105-125 volts, 50-60 cps, , ..... . TITLE 
TlTlEREPEl 
TOWEL 
TULIP 
TAllY 

$315.00 
Strobolume, 210- 250 volts, 50-60 cps, , , .... . 340.00 

25.00 
15.00 
15.00 

Replacement Lamp . .... , . ... .. . . . . ...... . 
Transformer Cable, ........... . .... ... . . . 
Trigger Cable , . , .... . . . . . ........... ... . . 

PATENT NOTICE. See Kote 6, page vi ii. 

TYPE 1535-B CONT ACTOR 

USES: The TYPE 1535-B Cont:wtor is a control an(1 
coupling deviee that perm its synehronization of a 
stroboscope with a rotating shaft, so that mot ion can 
be observed as a fllnction of shaft angle. With thc a id 
of the Contn,ctor, t he stroboscope ean be lIscd in thc 
observation of machines wit h vary ing speed. 
PESCRIPTION: The clements of the Contactor arc thc 
electrical rOllta(·ts, the phasing systcm, and the mc­
chanical coupling system. 

The electrical eontaet system consists of a rotatin g 
cam and a low-inertia breaker arm. Onc contact is made 
for each revolution of thc drive shrIft. 

The plmsing systcm incllldes a scale graduated in 
fivc-degrcc in terv:.ds and two phasing controls, which 
pcrmit :~GO-degree adjllstment of t he contact position 
with rcspcr·t to the rotating shaft. 

The mer:hanir'al f'onpl ing systcm consists of an 18-inch 
fiexible sh:.Li't, whose free end terminates in a powerful, 
mllltipole Alnico magnet. A spring-loaded centering 
devir'c on t hc m:lgnot en~III'es positive drive from a 
centcrcd stccl or iron shaft \\'ithout need for drilling 
an d tapp ing the shaft . 

The entirc asseml,ly is mOllnted on a stmdy fom-foot 
rod seemed in a east- iron base. The contactor can be 
positioncd at any point on this rod and is locked in 
position by a t hllmbs(·rew. 
FEATURES: 
~ Can be cas ily attn,chcrl to or removed from machine 
in motion, 
~ Ball bearings arc IIscd on rotating parts. 
~ Flexiblc drive eOllpling shaft can be bent through 
90° angle for wo rk in el'owued locations. 
~ Anxiliar,V cOllpling devices are fUl'l1ished for penl1a­
ncnt eoupl in g to shaft, or for usc with nonmagnetic 
shaft. 
~ Contactol' can hc rcmoved from stand and mounted 
pcrmanently on maehine. 
~ Wl,en IIscd wit h Strobotac or Strobolume strobo­
scopes, pcrmits obscrvation of machines with erratic 
spccd, 

SPECIFICATIONS 
Speed Range: 0 to 1000 rpm. 
Contacts per Revolution: One . 
Range of Phose Adjustment: :3GO°. 
Range of Height Adjustment: 6 inches to 4 fcet. 
Diameter of Bose: 18 inehes. 
Accessories Supplied: Hex wrench, allx iliary coupling 
devices for cOllnection to shaft in which holc has been 

TYPE 

drillcd, and TYPlc 1.535-P.5 Adaptor for connecting to_ 
Typg 15:11-A or Tyl'JC 15:32-D. 
Other -Accessories Required: For use with TYPE 1531-A 
8t1'obotae, a TYPic 15:35-P5 Adaptor is supplied. Older, 
TYI'I" 6:31-13L StrolJotac reqllires Typg 1535-P1 Adaptor 
Cab le. 
Net Weight: H)% Ib (9 kg). 

CODE WORD PRICE 

1535-B 
1535-P1 
1535-P5 

Contactor, .... ... . ..... ..... .. , .. ..... . . CROOK 
CROOKCABlE 
TAPER 

$170.00 
6.00 
5.00 

Adaptor Cable . ......................... . 
Adaptor ......................... ... ... . 
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VARIAC® AUTOTRANSfORMERS 
General Radio's Variac®* autotransform­

ers give smooth, continuous, mall ual COil t ]'01 

of ac voltage from zero to ] 7% above the input 
line voltage. They are avai lab le in sin gle ullits 
and in combinations, with ratings from :)00 va 
to 54 kva. Variac autoLrallsformers are de­
signed for maximum efficiency, conLinuous 
service, and long life with minimum main­
tenance. 

USES: A few of the appl ications of the Variac 
autotransformer in the shop aud iu Lhe labora­
tory are: 
~ Control of ac voltage in testing and devel­
opment work. 
~ Overvoltage and ullderv()l~ag;e LesLs. 
~ "",oltage control of agillg racks for lamps, 
vacuum tubes, dry-disk recLifiers, etc. 
~ Yoltage control in power supplies. 
~ Voltage control for meLer calibraLion. 
~ Phase-angle control in t he cali bration of 
wattmeters and power-facLor meters. 
~ Motor speed control. 
~ Control of electric heaters and ovens in 
laboratory, pilot plant, and production line. 
~ Lighting control in theaters, audiLoriums, 
photographic studios, and darkrooms. 

Although built for ] 20- or 240-volt cir­
cuits, Variac autotransformers can be used 
on circuits of higher or lower voltage in con­
junction with fixed-raLio auxiliary trans­
formers. Ganged units a re available for paral­
lel, series, and polyphase connections (page 
205). 

DESCRIPTION: The Variac autotransformer 
consists of a single-layer wi lldill g 011 a Loroidal 
silicon-steel core. As the COli Lrol knob is ro­
tated, a carbon brush traverses the winding, 
tapping off a portion of the total voltage across 
* V.-\RIAC is the registered trade name of the General Radio brand 
oC adju!i)tab le autotransformers and asso('iatcd control c(luip nlcnt 
in \\'hich these adjustable autotransforJllcrs arc used. 
t Deycloped in the General Radio J~ahoratorics. 
PATENT OTICE. See Note 7, page viii. 

the winding. The brush is in continuous con­
tacL with the willding, and the volLage brtweell 
t Ul'llS is a lways less than 1 volt, even in the 
largest model; in the smallest model iL is Oil Iy 
about 0.:) volt. 

The discrete voltage increments obtailled as 
the knob is roLaLed are always less thau the 
volLage between tUt'lls . Sillce the brush spans 
more than one Lurn, the change ill voltage is 
pracLically cO ll t inuous. The brush is so de­
signed t haL excessive heatiug cannoL occur in 
the tuniS LhaL it spalls. 

DURA TRAK t: All Variac autotransformers 
have Dtlmtrak coating process. The brush­
t rack surface is coated with a uniform si lver 
alloy to prevent illjurious high-temperaLure 
oxidation alld resultant brush-traek deteriora­
tion. The tra('k shows no significanL wear 
after one million cycles of brush operation 
(~ero to maxi mum, and return). The Duratrak 
process makes the Variac autoLransformer as 
durable as a fixed-ratio autotram;former. 
Duratralc meallS long life, high overload . ca­
pacity, a lld minimum maintenance. With Lhis 
t reaLmell L the Variac autoLransformrr can 
wi Lhstand a momentary overload of 1000 
percent wiLhout damage. 

FEATURES: 
~ High effieiency. 

. ~ SmooLh cont rol. 
~ Good voltage regulation. 
~ Output vo ltage may be greater thall line 
voltage. 
~ Negligible waveform disLortioll. 
~ Linear voltage variation wiLh dial roLaLioli. 
~ AdapLability to motor drive. 
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AUTOTRANSFORMERS 

V ARIAC® AUTOTRANSFORMER 
TYPE-NUMBER TERMINOLOGY 

Type numbers for Variac ® autotransform­
ers, in their various combinations, consist of 
letters and numerals that indicate exactly 
what elements are included in each assembly. 
The following examples will serve to illustrate 
the system: 

TYPE WlOMT3 indicates a 120-volt, single­
unit, portable, TYPE vVlO Variac autotrans-

former with a three-wire line cord. 
TYPE W50G6BBM indicates a six-gang, 

TYPE W50 model, with ball bearings and case. 

r--------Basic type 

II ~~~'oomhlY II tl':::;:::~'7~i':''!= :;::;:; .. " 
r= Mlcroswltches IrF

Motor capacitor 

I I"" Case furnished 

W5 H G3 D 16 C lC M 

GENERAL SPECIFICATIONS 
Dial: Dial plates are reversible - 0 to 120 volts on one 
side, 0 to 1-10 on the other. H types have similar scales 
- 0 to 240 and 0 to 280. Dia ls for ganged assemblies 
a re marked 0 to 10. 
Frequency: W models are designed for 50- to 60-cycle 
service, M models for 350- to I200-cycle service. Most 
VV models, however, can be operated at rated current 
and voltage at line frequencies of 50 to ,lOO cps. Models 
designed for 240-volt, 50- to 60-cycle service can be used 
on a 25-cycle supply at full current rating, but one-half 
t heir voltage and kva ratings. 
Protective Devices: TYPES MT and MT3 have bui lt-in 
circuit breakers with manual resets. TYPES W5L, W20H, 
W30, W30H, W50, and W50H have built-in fuse-type 
protectors (Figure 1). However, these are no t a sub­
stitute for standard fusing practices. 
Overload Ratings: R ated current may be safely exceeded 
wit h short-time overloads, as indi cated by t he curves 
below. The shaded a rea (Figure 1) shows the limits for 
t he models with built-in , fuse-type protectors. 
Temperature Rise: Ratings are based on a temperature 
rise of not more than 50 C above room temperature. 
vVhen t he ambient temperature exceeds 50 C, the kva 
ratings must be decreased as shown by the chart below 
(Figure 2 ). 
Rated Current is that current which may be drawn at 
any dial position. 
Maximum Current is that current which may be drawn at 
maximum output voltage when the line-voltage con­
nection (see below) is used. 

Figure 1. For use when high initial surge current may be expected 
(motor starting, incandescent lamp load, etc.) and for short­
time overloads, the rated current may be exceeded on a time­
current basis when line-voltage connection is used, as shown in 

this figure. 

TIME 

Output Voltage is t he range of voltage available at the 
output terminals with rated voltage applied to the input 
terminals. 
line- Voltage Connection refers to that connection which 
gives an output voltage range of zero to line voltage. 
Overvoltage Connection refers to that connection which 
gives an output voltage range of zero to 17 % above 
line voltage. 
Kva Rating is the maximum current multiplied by the 
normal input line voltage. At any lower setting, a Variac 
autotransformer can handle a constant-impedance load 
t hat draws a current no greater than the maximum 
current with rated input voltage. 
No-load loss is measured in watts at 60 cps with rated 
input voltage. Losses a re guaranteed not to exceed the 
values given in the tables of ratings on the following 
pages. 
Driving Torque is the torque required to turn the shaft. 
Terminals: The following types have combination 
soldering- and screw-type terminals: W2, W5, W5L, 
WlO, WIOH, W20, W20H, W30H, and W50H. The 
TYPES W30 and W50 models have clamp-type terminals 
to accommodate the higher available current. 
Dimensions: Essential dimensions are given in t he dia­
grams fo r each type of Variac autotransformer. D e­
tailed dimension drawings and drilling templates will 
be furn ished on request . 
Weight : See tables of ratings on the following pages. 
Panel Thickness is the maximum thickness of t he panel 
on which the unit can be mounted, using the length of 
shaft that is normally supplied. 

Figure 2. For ambient temperatures above 50 C, the unit should 
be derated according to this curve. 
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Cased models for wall 
mounting have conduit knock­

outs. 

Portable models with con­
venient handles have over­
load protector and are 
'available with 2- or 3-wire 

cords. 

Uncased models for panel 
mounting. 

THE W SERIES VARIAC ® AUTOTRANSFORMER 
The present W series, with Duratralc, is the 

resul t of a continuous development program 
that started more than 25 years ago, when 
General Radio introduced the first commercial 
variable autotransformer. The introduction 
of the VV series was a major step forward in 
this program. Most W models are listed under 
the Re-examination Service of the Under­
writers' Laboratory and have the approval of 
the Canadian Standards Association. 

All W series Variac autotransformers are 
Duratrak treated. Other special features in­
clude counterbalanced rotating parts, a wiring 
diagram on the terminal board, and military' 
ruggedization. The basic open units have 
square mounting bases for convenient instal­
lation. Cased models are totally enclosed for 
protection from dust, but covers are easily 
removed for access to the interior. Cased 
models for wall mounting contain conduit 

knockouts for both individual units and 
ganged assemblies. A portable model, with a 
built -in circuit breaker and carrying handle, 
may be used in either a horizontal or a vertical 
position. This model is available with either 
the new standardized, three-wire, grounding 
cord set or with the more usual two-wire 
arrangement. 

The flexibility of the W series models per­
mits the manufacture of units incorporating 
many special modifications, such as the addi­
tion of ball bearings, motor drive, continuous 
360-degree rotation, or two separate brush 
tracks. 

Series W models are interchangeable with 
the comparable-size, older, series V models; 
corresponding mounting holes are provided. 

Series M models, (page 210) for 350- to 
1200-cycle service, are similar in design to 
series W models. 

Terminal plates on both 120- and 240· 
volt models are stamped with wiring 

diagram and ratings. 

Overload protector, an important fea­
ture on portable models, is quickly reset 

from front panel. 

Shaft can be easily adjusted or re­
placed without disturbing other parts 

of the assembly. 

Cover of cased model is easily reo 
mova ble for access to terminalsj 

mounting holes, and brush. 
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RATINGS 
for 

SINGLE-UNIT W-SERIES VARIAC ® AUTOTRANSFORMERS 
with DURATRAK COATING PROCESS 

This table lists commonly used single units and does not include all possible applications. 

OUTPUT 
c> 
z 

l: O vervoltoge 0:: 
'" ;u-

line-Vol tage Co nne ction Connect ion w 
"-", 

'" *~ '" w 

"'''' ., .... 
:( '" Ow 

w'" ::::l0 
<" ;g '" ""l: .... < z g OU .... .... 0 Z 

l: < "- .,-
w w ~ ""' V"J ~ w w .... ~ c> ~ J ~ ",,,, 

(5 .... .... '" ...."' .... wO 
c>1 Cl O c>w zw ~Zw O C>w zwO ~< UJ '" x l: tl oc> 

.... < OZZ i5c> Ow'" :E wO:::Z i5c> Ower:::Z ~~~ ZW ~~ ~Z 

~~~ 
_",w 

~~~u.J 
_ U ~ c> ~ oli "'~ c(c(~ w ~Z x a::o..w ~Z > Z .... '" CODE "-0 ~g:~ 0< <"' ~ < ::> ~ w 0 < <::>:Ew TYPE ' 0< 
~6 wO ~~ 0< 

z > >'" ",u< ~u < ~ > '" er:::V<~ ~Z~ Z"- WORD PRICE "" <::l 

120 See Note e 0-140 2.0 W2MTt 3.5 5-1 0 4 '4 10 BAGle $26.00 (Portable 2-wire) 
~ 

'" 
See Note C 0-140 2.0 W2MT3t 4'4 2S.oo "-

120 (Portable 3-wire) 3.5 5-1 0 10 BAGOM 0 
J. 0 

> .,; 

120 0 .31 0- 120 2.0 2.6 0-1 40 2.0 W2Mt 4 v.. SAGER 21.00 ~ 
... 

(With case) 3.5 5-1 0 9 a. ,.. 
.... 

120 0.37 0- 120 2.4 3.1 0-1 40 2.4 W2t 3.5 5-10 31', 6 BAGAL IS.oo (Uncased) 

120 See Note C 0- 140 5 W5MT*t 9 10- 20 8 v.. 15 eOTle 30.00 (Portable 2-wire) 

120 See Not e C 0-140 5 WSMTl*t 9 10-20 8 lA 15 eOTOM 32.S0 (Portable 3-wire) 

120 0 .7S 0 -1 20 5.0 6 .5 0-14 0 5 WSM*t 9 10-20 7 v.. 13 eOTER 24.00 
.... 

(With case) '" "-

WS*i ~ 0 

120 0 .94 0-1 20 6.0 7.8 0-140 6 9 10-20 61', 1 2 eOTAL IS .00 0 
(Uncased) > ..; 

~ ... 
a. 

0-120 7 .1 9.2 See ate 0 WSLM ,.. 
120 1.1 (With case) 12 10-20 7 v.. 13 eOTAT 23.S0 .... 

120 1.1 0-1 20 7. 1 9.2 See ote 0 WSLMTl 
12 10- 20 81', 15 eOTOS 34.S0 (Portable 3 -wire) 

120 1.32 0-1 20 8.5 11 See ate 0 WSL* 12 10-20 6'4 12 eOTUG 17.S0 (Uncased) 

120 I.S6 0- 120 10 13 0- 140 10 Wl0*t 17 15-30 121', 18 DO GAL 31.00 (Uncased) '" "! 
Wl0Mt -

120 I.S6 0-1 20 10 13 0-1 40 10 17 15-30 151', 2 1 DOGER 44.00 
... 

(With case) 0 0 
0 

Wl0MTt ..:. ...: 
120 See Note C 0-140 10 17 15-30 16 24 DOGie S1.OO 

., 
V> 

(Portable 2-wire) > 
0 

Wl0MTlt 
a. 

120 See Note C 0-140 10 DOGOM 
,.. 

(Portable 3-wire) 17 15-30 16 24 S3.S0 .... 

3.12 0- 120 20 26 0-140 20 W20*t 0 
120 27 45-90 2 11', 27 FEDAL 4S .OO '" (Uncased) 

'" ... 
W20Mt ., 0 

120 3 .12 0-1 20 20 26 0-140 20 27 45-90 2 41', 27 FEDER 61.00 ..:. 0 
(With case) ., .,; 

> ... 
120 See No te C 0-140 20 W20MT3t 

27 45-90 28 38 • FEDOM 90.00 a. 
(Portable 3-wire) ,.. .... 

W30M M 

120 3.S4 0-1 20 28 3 2 0-140 28 (With case) 3 5 50-100 37 4 6 KALER 97.00 "70 0 
~ q q 

W30 
> ... -

120 4 .32 0-1 20 30 3 6 0-140 30 35 50-1 00 30 3 6 KALAL 7S.00 
.... -

(Uncased) a. ... ,.. .... 

S.40 0-1 20 40 45 0-1 40 40 WSOM*i '" 120 (With case) 50 150-300 57 7 4 GATER 14S.00 ~o 0 
0 

> ~ .,; 
50 0-140 50 WSO*t . '" -120 6.00 0-120 50 5 0 150-300 50 65 GATAL 120.00 a. ... ... (Uncased) ,.. .... 

See footnotes on followmg pag e. 



VAHIAC® 
AUTOTf(llNSFOI(MEI(S 

RATINGS 
for 

SINGLE-UNIT W-SERIES VARIAC® AUTOTRANSFORMERS 
with DURATRAK COATING PROCESS 

This table lists commonly used single units and does not include all possible applications. 

OUTPUT 
~ 
Z 

Overvoltoge <i: :r 
W line-Voltage Connect ion Connection h, '" w :::> w :::>'" 

~~ 
::; .... 

'" Ow :jO 
<" <" "' '" ",:r .... 

9 OU .... Z ~~ 
w w .... ~ :r 

~ (5 .... w ....'" ~~~5 w 
~tOo 

wO ~I 
t:! 

ii 
",,,, 

~O t:!w t:!w ~« w'" at:! zw 
~g~ ZW 3'i U 

~~ oZZ ~t:! Ow'" ~~ffiZ ~t:! Qwa::z _u 
~ 

~Z 

C:(c:(i=w ~Z ~~~ xa::~w ~Z ~~~w U.« >Z .... :::> CODE 0'" 0..0 ~g:~ 0« «:::>:l; <::>~w 0« <::.~w TYPE ~~3 ~6 wO ~ o! 
~> >'" ",U« ~u<~ >'" a::U<~ Zo.. WORD PRICE «al 

240 See Note C 0-280 2 W5HMT 9 10-20 8'A 15 JOBIC $33.50 (Portable 2.wire) ..... 
", 

"-
240 0 .62 0-240 2.0 2.6 0-280 2 W5Ht 0 

9 10-20 6Y, 10 JaBAL 21.50 ... 0 
120 - - - - 0-280 1 (Uneased) > .0 

~ 
.... 

Q. 

240 0 .62 0-240 2.0 2.6 0-280 2 W5HMt 
,.. 

9 10-20 7'A 13 JaBER 27.50 .... 
120 - - - - 0-280 1 (Cased) 

240 1.25 0-240 4 5.2 0-280 4 Wl0Ht 17 15-30 12 18 lUTAl 33.00 120 - - - - 0-2BO 2 (Uneased) 
", 

"! 
240 1.25 0-240 4 5.2 0-280 4 Wl0HMt 17 15-30 14Y, 21 lUTER 46.00 ;;; 
120 - - - - 0-280 2 (With Case) - 0 

0 
.:. " Wl0HMT al .... 

240 See Note C 0-280 4 (Portable 2-wire) 17 15-30 15Y, 24 l UTIC 53.00 > 
~ 
Q. ,.. 

Wl0HMT3t 
.... 

240 See Note C 0-280 4 (Portable 3.wire) 17 15-30 15Y, 24 lUTOM 55.50 

240 2.50 0-240 8 10.4 0-280 8 W20H*t 27 45-90 20Y, 27 MEPAl 
0 

120 - - - - 0-280 4 (Uneased) 50.00 ", 

N .... 
2.50 0-240 8 10.4 0-280 8 W20HMt 

N 0 240 27 45-90 23Y, 31 MEPER 63.00 0 
120 - - - - 0-280 4 (With case) .:. a; 

~ .... 
I---

~ 

240 See Note C 0-280 8 W20HMT3t 27 45-90 27 35 MEPOM 
Q. 

92.00 ,.. 
(Portable 3.wire) .... 

240 3.74 0-240 12 15.6 0-280 12 W30H .... 
35 50-100 29 36 ZABAl 75 .00 120 - - - - 0-280 6 (Uneased) ':'0 0 

alo C! >. -
240 3.74 0-240 12 15.6 0-280 12 W30HM ~: -

35 50-100 36 46 ZABER 97.00 .... 
120 - - - - 0-280 6 (With case) .... 

240 7.45 0-240 20 31 0-280 20 W50HM*t 50 150-300 60 76 NITER 145.00 "-
120 - - - - 0-280 1 0 (With case) .:. 0 alo 

>", 0 

~::: 
...; 

240 7.80 0-240 25 32.5 0-280 25 W50H*t 50 150-300 53 67 NITAl 120.00 ,.. ;;; 
120 - - - - 0-280 12.5 (Uneased) .... 

NOTES 
A. Maximum current can be drown at maximum voltage for the line-voltage connection only. Kvo as listed = normal input line voltage times maximum current. 

B. Rated current should not be exceeded for the overvoltage connection. Output kva for overvoltage connection = output voltage times rated current. 

C. Type MT and MT3 models have overvoltage connect ion and corresponding dial scales but can be supplied on special order with line- voltage connections 
and dial scales. 
D. for 60-cycle use only; no overvoltoge connection provided. 
E. When ordering a unit with ball bearings, odd the suffix "-88" to the type number and the suffix BAllY to the code word. 

*Usted under the Re-examination Service of the Underwriters ' loboratories. 

tAp proved by the Canadian Standards Association. 
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SINGLE UNIT W-SERIES 
VARIAC ® AUTOTRANSFORMER DIMENSIONSt 

Type W5MT, Porta­
ble Model with 2-

wire Cord. 

4 0.0 Oiol Plot, 
11);0 Shaft 

Types W5, W5l, W5M, W5lM, W5MT, W5lMT. 
W5lMT3, W5H, W5HM, and W5HMT. 

Type W30, Uncased 
Basic Model. 

Type W 2, Un cased Basic Model. 

Type Wl0, Cased 
Model. 

7 Dio 0.01 Plato 
iOta ShOff 

'Type W50M, 
Cased Model 

Type W20M, 
Cased Model. 

Types W20, W20M, W20MT. W20H, W20HM. 
and W20HMT3. 

204 

Types W30, W30M, 
W30H, and W30HM. 

7 Dto Oiol Plot. 

fo .. ""'" 

t Given in inches; to convert to mm, multiply by 25.4. 

Types W50. WSOM. W50H. and WSOHM. 
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GANGED VARIAC® AUTOTRANSFORMER ASSEMBLIES 
for parallel, series, and three-phase operation 

The usefulness of the Variac autotransformer is 
greatly extended by means of multigang assemblies 
(two, three, four or six). They can be used to control 

several circuits from a single knob and to control three­
phase circuits, either wye- or delta-connected. 

PARALLEL COMBINATIONS 

(0) (b) LINE The larger models (TYPES W20, W30, and W50) can 
be operated in parallel if a TYPE 50-PI Choke is used to 
limit circulating current, as shown in circuit (a) at the 
left. Load rating of two identical units in parallel is 
twice t hat of a single uni t . Parallel operation is not 
usually recommended for smaller models, since the use 
of the next larger size is more economical. Where a load 
rating in excess of two TY PE W50 units is needed, a 
third unit can be added by use of a TYPE 50-P2 Choke, 
as shown in circuit (b). Four-gang and six-gang uni ts 
can also be paralleled. See page 206 for prices of chokes, 
and number required. 

THREE-PHASE COMBINATIONS 

Open-Delta Connection: With this connection, two Variac 
autotransformers will control a three-phase load from 
a three-phase source. Maximum output voltage can be 
either line voltage 01' 17 percent above line voltage. The 
load rating of a two-gang, open-delta circuit is 1.732 
t imes that of a single unit. With 240-volt models, output 
voltages of more than double the supply voltage can be 
obtained, although current and power ratings a re 
halved. Wye Connection : Wye-connected models can be 
operated from t hree-phase lines of twice the voltage 
rating. This is because the voltage across each leg of 
a WJre-connected assembly equals line volts divided by va, and because 120-volt models are wound fo r a maxi­
mum of 140 volts and 240-volt models are wound for a 
maximum of 280 volts. With a wye connection, the volt­
age across a uni t on a 480-volt line is 277 volts, and on a 
2-!O-volt line it is 138 volts. Although the overvoltage 

feature is sacrificed in this circuit, the kva rating is 
increased by the ratio 138:120. The load rating of a wye­
connected assembly is 3..!7 times that of a single unit. 

As with single-phase assemblies, Variac autotrans­
formers can a lso be paralleled 011 three-phase circuits. 
A 4-gang delta connection requires two TYPE 50-PI 
Chokes and a 6-gang delta connection requires two 
TYPE 50-PI and two TYPE 50-P2 Chokes. A 6-gang 
wye requires three TYPE 50-PI Chokes. 

~
ELTA 

w 0 
z .. 
- 0 
-' .... 

.., 
z 
:; 

SERIES OPERATION 

The series connection is useful in the operation of 120-volt units from 2·lO-volt 
lines and 2-!0-vol t units from 480-volt lines. This circuit can not be used, however, 
when a common connection between line and load is required, as, for instance, 
when the load is grounded. 

Type W2G3M, a three-gang, 
cased Variac autotransformer. 

Type SO-PI Choke for limiting 
circulating current in parallel 

combinations. 

A three-gang un cased madel, 
Type W20G3_ 
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RATINGS 
for 

SINGLE-PHASE W-SERIES GANGED VARIAC ® ASSEMBLIES 
This table lists commonly used ganged assemblies and does not include all possible applications. 

OUTPUT 

0-140 84.0 

TYPE 
DESCRIPTION 

{SEE NOTE B} 

TYPE TYPE 
50·Pl 50·P2 

$16.00 $16.00 

W 5 LG~2::.M:"'*_--J~2 . ...:G=-c:..cn"'gC!.. ",cc:.:sc::e.::.d..c{ P,.-'}= 1 
W5LG2* 2·Gcng •• nccsed {P} - 1-

IcW.c:.-=5~LG=3,...M:"'* __ 13.Gcng. ccsed {P} 1 
W5LG3* 3-Gcng •• nccsed {P} 1 
W20G2M 2-Gcng. ccsed {PI 1 
W20G2 - 2_Gcng.'...:.:.:n::ccc:.:s:...e"'d7.{P"}- +-;1'---+ --

W30G2M 2-Gcng. ccsed {PI 

I_W~3",0.;:G,;;2= __ 12-Gcng •• nccsed (c-.P,-I _. I_--=_+-~_I 
W20G3M 3-Gcng. cosed (PIll 

1514 

13* 

CODE 
WORD PRICE 

23 COTUGBONDU $53 .00 S8.00 
21 COTUGGANDU 41.00 8.00 

221', 32 COTUGBONTY 71 .50 10.00 
201', 30 COTUGGANTY 59.50 10.00 
48 63 FEDALBONDU 131.00 10.00 
431', 57 FEDALGANDU 106_00 10.00 
~ 83 KALA LBONDU 190.00 14.00 

61~~~7~7~Ki.A~L~A~LiG~A~N~D~U~I~16~0~.~00~71 ;4~.00 
71 84 FEDAL80NTY 182_00 12.00 
65 78 FEDALGANTY 156.00 12.00 W:,::2",0-=G-=3'77"_ -f 3-Gcng •• nccsed {PIll 

W50G2M 2-Gcng. ccsed (PI 1 123 
96.0 W30G3M 3-Gcng. cosed (PI 99 

El-=2-=0-l--~1-=2c:.:.0:........ ...... 0=--...c..140 100.0 100.0 W50G2 2-Gcng •• nccsed (PI 1 - 112 
120 13.0 0-140 ~ 108.0 W30G3 3-Gcng •• nccsed {PI 93 

160 GATAL80NDU 310_00 20.00 
115 KALALBONTY 275.00 17_50 
147 GATALGANDU 260_00 20.00 
108 KALALGANTY 240_00 17_50 

120 16.2 0-140 120.0 135.0 W50G3M 3-Gcng. cosed (PIll 179 

I~:-=~-=~-I--~~-=~~:~:........+-~=-=~:~~-=~~~:~~-=~,...: ~~I~:-=~~~~:~~~:~!~~~~~!~B~B~M~!~:~~~:-~g~g:~~~:~~~~~~:-~~~~~!g-s-.;-~:~1-_1-~~~~~~ 
120 24.0 o 140 200.0 200.0 W50G4BB 

120 32.4 0-140 240.0 270.0 W50G6BBM 

120 36_0 0-140 300.0 300.0 W50G6BB 

ccsed {PI 
4-Gong, Boll Bearings, 

.ccsed (PI 
6-Gong , Ball Bearings, 

ccsed {PI 
6-Gong, Ball Bearings, 

uncosed {P} 

4 215 

355 

325 

221 GATAL80NTY 440.00 25.00 
206 GATALGANTY 385.00 25.00 
313 GATALBON KA 600.00 _ 

288 GATALGANKA 540.00 

430 GATALBONSA 870.00 

400 GATALGANSA 800.00 

240 0 .62 0-560 1.0 1.3 W5HG2 2-Gcng •• nccsed (SI t 1314 21 JOBALGANDU 49.00 B.OO 
E2c:;4~0+---=0.:.:.6c;2:-+-0~-...;5'"6;.;0+-""1,.c. 0;;--1--;1.:.;.3~I-W;;;;5:;;H,;G"'2;.M.----~2--;G=-0:"'n-"g'-. c:"'o"':s"'e':.d i(S::-;17t '-'-- - -- I 5 23 JOBALBONDU 61.00 8.00 

240 0.62 0-280 2.0 2.6 W2G2M 2-Gong.cosed (SIt BY, f-J5 8AGAL80NDU 48_00 7.00 
240 0.74 0-280 2.4 3.1 W2G2 2-Gong •• nccsed {Sit 714 - 14 8AGALGANDU 36.00 7.00 
240 1.56 0280 5.0 6.5 W5G2M 2-Gong.ccsed(SI7t '-'--I---+ -- 15 23 COTAL80NDU 54.00 8.00 
240 1.87 0-280 6.0 7.8 W5G2 2-Gcng •• ncosed {SIt 13'A r-2 1 COTALGANDU 42.00 8.00 

E2'-'4-=O-l---=3~. 1"'2o-1--0=-_'-'2:-:8~0:-1--;l:-:00cc.0;;-;--;l:-:03cc.0;:-'~W=I-=0~Gc;;2:---1 2 -Gc n g •• ncosed {S I ~t-jl---j-- 251', 34 DO GAL GAN DU 72.00 9.00 

240 3.1 2 0 280 10.0 13.0 Wl0G2M 2-Gong. ccsed {SI t 291', 38 DOGAL80NDU 93_00 9.00 
240 4.99 0-280 16.0 20.8 W20HG2 2-Gong •• nccsed {PI 1 41 55 MEPALGANDU 110.00 10.00 

'-'2=-4-=0-1---=4-'-'.9-=9+ '-'0-280 16.0 20.8 W20HG2M 2-Gcng. cosed {PI 1 45 59 MEPALBONDU 135.00 10.00 
240 6 .24 0 280 20.0 26.0 W20G2 2·Gcng •• nccsed {SI t 44 57 FEDALGANDU 106.00 10.00 
-240~1--...;6~.2~4~---=0~2~8~0~~2~0~.~0+-=2=-6~_0~f7.W~2~0,;G~2;.M.----f~2~-G=-0~n~g~.~cc~s~e~d~{~SI~t~-i·---t--;--4~8,-1~-;6'3;,F~E~D~A~LB~0~N~D~U'-i-l~3~1~.0~0~~10~.700: 
E2c:;4~0+---=7:::_5:-:...-I--0~--;2;.;8~0+-...;2OC4"'. 0;;--J--=3;-;1 :.:;.2~I-W;;;;3"'0i.H,;G;:;2C--lc2~--;_Gong • • nccsed {PI 1 59 75 ZABALGANDU 160.00 14.00 

240 7.5 0-280 24.0 31.2 W30HG2M 2-Gong.ccsed {PI 1 6411: 81 ZABALBONDU 190.00 14.00 
1...::2:..:4-=O-l---=7-'-'.7=---...... 0=--'-'2:-:8:-:0~-=2:-:8"'.0;;-;1--;3:-:2"'.0;;-I-W=3:::;0~G:::;2ccM:--1-;;-2--;G""0-ng.~{SI:-;:t--I---+--+--6"'7;-'-'1· 83 KA LALBONDU 190.00 1 4.00 

240 8 .6 0 280 30.0 36.0 W30G2 2-Gcng •• nccsed {SI t 61 II: 77 KALALGANDU 160.00 14.00 
240 14.9 0-280 40.0 62.0 W50HG2M 2-Gcng. cosed (PI 1 126 165 NITALBONDU 310.00 20.00 

E2'-'4-=O-l--~1~5~.6=---~-0=--~2:-:8~0 50.0 65.0 W50HG2 2-Gcng •• nccsed {PI 1 116 153 NITALGANDU 260.00 20.00 

E2c:;4~0+-=2~2.:.:.3:--I--0~2;.;8~0+-=6;-;0~.0;;--J_-;9"'3"'.0;-I-W;;;;5"'0,;;H,:;G;-;3'"M"-+~3--;G:;-c::.:n-,,g,,-• .::.cc:..s..:e..:d,-'{P, :I,;;, _ I-" l:--1---;-l -1 1 83 230 NITALBONTY 440.00 25_00 
240 23.4 0-280 75.0 97.5 W50HG3 3-Gong •• nccsed {PIll 167 214 NITALGANTY 385.00 25.00 
240 29.8 0_28:.::0+-...;8;-;0;:..0;;--J~1,..;2,:4,.c.0~I-W~5"'0,;;H,:;GOC4;.;;B~B~M~74_-;G:;-0:..cn"'gC!..~Boil B~e.::c-'r;i'-'ng-s-.+~3;-+--'-·1-;:;:2.;c5';-5-1·...;3~2"'8~:-:N,;.;IT;';A:;:LiBO~No;K";A-1--';6"'0~0.:':0~0-1-':':_=:1 

ccsed {PI 
~2~4-=0+~3~1-;.2:--I--0~2~8~0~1-~1~0~0~.0~~1~3~0~. 0~I-W~5~0~H~G~4~B~B--I-,4--;G:;-0~n~g~.~Bo~I"I·Be~c~r~in~g~s.-I·--03-- r-----;2~3:::;0~11~3-=0~0+-N~IT~A~L-;G~A~N7.K7A:-~5""4~0~.0~0~--_--1 

uncased (P) 

240 44.6 0-280 120.0 186.0 W50HG6BBM 6- Gong. Bcll Becrings. 4 385 458 NITALBONSA 870.00 
ccsed {PI 

240 46.8 0-280 150.0 195.0 W50HG6BB 6 -Gong. Boll Beorings. 4 355 428 NITALGANSA 800.00 
.nccsed {P} 

See footnotes on following page. 



AUTOTHANSFOHMEHS 

RATINGS 
for 

THREE-PHASE W-SERIES GANGED VARIAC® ASSEMBLIES 

This table lists commonly used ganged assemblies and does not include all possible applications. 

() 
z 

OUTPUT 0 0:<1> 
0 !:o 

"'<I>W J:z 
ww'" <1>::> 

:.; <" ~~5 wO 
~:r:2 ... 

~I J: 

~~ w ~)-I/)~ zu", () 

0 "'<1> ()w zw =>zwO ---
~~ x'" 

... < c Z ~() ow'" ~~~Z TYPE oJ: 
~~~ "'() "':: «~~ ~z Xc.::::o..w 

TYPE 50·PI ... '" "-w CODE "-0 >O~~ 0< <",::i ..(:::>~w 
DESCRIPTION $16.0( wO ~~ WORD PRICE ~> "' .... '" >'" ",u< ~u<~ z"-

208 3.31 0-208 7.1 9.2 W5LG3M*§ 3-Gon9, cased, Wye circuit 22Y, 32 COTUG80NTY $71.50 
208 3.96 0-208 8.5 11.0 W5LG3*§ 3-Gon9, un cased, Wye circuit 20Y, I--Jo t-COTUGGANTY 59.50 

240 1.08 0-280 2.0 2.6 W5HG2 2-Gon9, uncased, Open Delta 13 Y, 21 J08ALGANDU 49.00 
240 1.08 0-280 2.0 2.6 W5HG2M 2-Gan9, cased, Open Delta 14 23 JOBALBONDU 61.00 -
240 1.08 o 240 2.0 2.6 W2G3Mt 3-Gon9, cased, Wye circuit 12Y, 21 BAGALBONTY 64.00 

- 240 1.29 0-240 2.4 3.1 W2G3t 3-Gon9, uncased, Wye circuit 10'A 19 BAGALGANTY 52.00 
- 240 2.16 o 280 4.0 5.2 Wl0HG2 2-Gon9, uncased, Open Delta 24Y, 33 LUTALGANDU 76.00 
-~ 

240 2.16 0-280 4.0 5.2 Wl0HG2M 2-Gon9, cased, Open Delta 29 37 LUTALBONDU 97.00 -
240 2.71 0-240 5.0 6.5 W5G3Mt 3-Gon9, cased, Wye circuit 22% 32 COTALBONTY 73.00 - 0-240 6.0 7.8 W5G3t 3-Gong, uncased, Wye circuit 21 

-
240 3.24 30 COTALGANTY 61.00 
240 4.32 o 280 8.0 10.4 W20HG2 2-Gon9, uncased, Open Delta 41 55 MEPALGANDU 110.00 
240 4.32 o 280 8.0 10.4 W20HG2M 2-Gon9, cased, Open Delta 45 59 MEPALBONDU 135.00 
240 5.40 0-240 10.0 13.0 Wl0G3t 3-Gon9, uncased, Wye circuit 39 48 DOGALGANTY 105.00 -

5.40 0 240 10.0 13.0 Wl0G3Mt 3 -Gong, cased, Wye circuit 43 54 DOGALBONTY 128.00 240 
240 6.48 0 280 12.0 15.6 W30HG2 2-Gong, uncased, Open Delta 59 75 ZABALGANDU 160.00 
240 6.48 0 280 12.0 15.6 W30HG2M 2-GO"9, cased, Open Delta 64Y, 81 ZABALBONDU 190.00 -
240 10.8 0 240 20.0 26.0 W20G3t 3-Gong, uncosed, Wye circuit 65 78 FEDALGANTY 156.00 
240 10.8 0-240 20.0 26.0 W20G3Mt 3-Gong, cased, Wye circuit 71 84 FEDALBONTY 182.00 -
240 12.9 0 280 20.0 31.0 W50HG2M 2- 00ng, cased, Open Delta 126 165 NITALBONDU 310.00 -
240 13.3 o 240 28:0- 32.0 W30G3Mt 3-Gong, cased, Wye circuit 99 115 KALALBONTY 275.00 -
240 13.5 o 280 25.0 32.5 W50HG2 2-00ng, un cased, Open Delta 116 153 NITALGANDU 260.00 
240 15.0 0-240 30.0 36.0 W30G3 3-Gong, uncosed, Wye circuit 93 108 KALALGANTY 240.00 -
240 18.7 o 240 40.0 45.0 W50G3Mt 3-00ng, cased, Wye circuit 179 221 GATALBONTY 440.00 -
240 20.8 0-240 50.0 50.0 W50G3t 3-Gong, uncosed, Wye circuit 163 206 GATALGANTY 385.00 

-240 25.8 0-280 40.0 62.0 W50HG4BBM 4-Gong, cased, Ope n Delta 2 255 328 NITAlBONKA 600.00 
-240 27.0 o 280 50.0 65.0 W50HG4BB 4-00ng, uncosed, Open Delta 2 230 300 NITALGANKA 540.00 -

37.4 0-240 80.0 90.0 W50G6BBMt 6-00ng, cased, Wye circuit 3 355 430 GATALBONSA 870.00 240 
240 41.6 0-240 100.0 100.0 W50G6BBt 6-Gong, uncosed, Wye circuit 3 325 400 GATAlGANSA 800.00 

480 2.16 0-480 2.0 2.6 W5HG3t 3-Gong, un cased, Wye circuit 20Y, 29 JOBALGANTY 71.50 
4 80 2.16 0-480 2.0 2.6 W5HG3Mt 3-Gong, cased, Wye circuit 22 31 JOBALBONTY 83.50 
4 80 4.32 o 480 4.0 5.2 Wl0HG3t 3-Gong, uncosed, Wye circuit 36 46 LUTALGANTY 111.00 
480 4.32 o 480 4.0 5.2 Wl0HG3Mt 3-Gong, cased, Wye circuit 42 52 LUTALBONTY 134.00 
480 8.65 0-480 8.0 10.4 W20HG3t 3-Gong, uncosed, Wye circuit 61 73 MEPALGANTY 162.00 

480 8.65 0-480 8.0 10.4 W20HG3Mt 3-Gong, cased, Wye circuit 67 81 MEPALBONTY 188.00 

480 13.0 0-480 12.0 15.6 W30HG3t 3 -Gong, uncosed, Wye circuit 90Y, 107· ZABALGANTY 240.00 
480 13.0 o 480 12.0 15.6 W30HG3Mt 3-Gong, cased, Wye circuit 97 113 ZABALBONTY 275.00 
480 25 .8 0-480 20.0 31.0 W50HG3Mt 3-Gong, cased, Wye circuit 183 230 NITALBONTY 440.00 

480 27.0 0-480 25.0 32.5 W50HG3t 3-Gong, uncosed, Wye circuit 167 214 NITALGANTY 385.00 

480 51.5 0-480 40.0 62 .0 W50HG6BBM 6 -00ng, cased, Wye circuit 3 385 458 NITALBONSA 870.00 

4BO 54.0 o 480 50.0 65.0 W50HG6BBt 6-Gong, uncosed, Wye circuit 3 355 428 NITALGANSA 800.00 

NOTES 

type number and the suffix BAllY to the code word . A. Maximum current can be drawn at maximum voltage for the line-voltage 
connection only. Kva, as listed, = normal input line voltage times maximum 
current. 

• For 60-cyde use only ; no overvoltage connection provided. 
t Do not use with grounded load. 

B. P = parallel windings; S = series windings. t Overvoltoge connection not recommended. 

U 
w ... 

;:j0 
<z "'-
",<I> o() 
~z 

0'" 0< 
<~ 

$10.00 
10.00 

8.00 
8 .00 
9.00 
9.00 
9.00 
9.00 

10.00 
10.00 
10.00 
10.00 
11.00 
11.00 
14.00 
14.00 
12.00 
12.00 
20.00 
17.50 
20.00 
17.50 
25.00 
25.00 

-
-

10.00 
10.00 
11 .00 
11.00 
12.00 
12.00 
17.50 
17.50 
25.00 
25.00 

-
-

C. When ordering a unit with bo ll bear:ngs, odd the suffix " -88" to the § Can be used in Wye connection on 208-volt, 60-cycle, 3-phose line 
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VAHIAC® 
AUTOTl(ANSFOI(MEI(S 

DIMENSIONS t OF W-SERIES 
GANGED VARIAC AUTOTRANSFORMER ASSEMBLIES 

Type W2G3, uncased, 3·gang madel. 

Ganged Types W2G2, W2G3 (un cased). 

Mox Ponel i-
3 Gong II~ 

2. Gong 7H 

M I~ 

iDio ~ R 
r-o':'tf0"l, Ponel Drilling 

1 20o~~~1200 For Shoft And 
'\..;,P,- / Dial Plote 

#31 Drill- ............... 

I I 
ltd] 
" "i'J1 

i"2~U 

" 4 Mlc;! Holes 10-32 en Oia Holes In Ponel) 

3 Dio Dia I Plote 

~ Oio Shoft 

4 Mig Holes 10-32 
(12 Dia Holes In Ponell 

4 Dio Dial Plole 
i Dia Shoft 

Ganged Types W5G2, W5G3, WSHG2, WSHG3, 
WSlG2, WSlG3 (un cased). 

iDlo ~R 
,..<c~I!b", Ponel Drilling 

120.~~~120. For Shafl And 
.31 Drill~ Dial Plole 

~ D~o Oio l Plote 
i 010 Shof l 

roia ~R 
,...<~ic:", Ponel Drillino 

120o~,~)1200 For Shofl And 
1=31 Orill~ 0101 Plote 

Ganged Types 
WSG2M, WSG3M, 
WSHG2M, WSHG3M, 
WSlG2M, WSlG3M 

(cased). 

I !J II 

3Gon 14~ 1& 4!=-:1, 
MOl Ponel i MtiS r9ii 

2 Goo, 9, I I r!~~~ :" f 4T;OO I rf .1 r~ 
4 •• -0-1- rl" 
1 0 0 ~. ~~ -'- 7j--l-oiii I u u ~ II ~---.--~ '=*:J 

~OiQ I~R 

4 MIg Holes * -28 
(~ Die Holes In Ponel) 

Ij-U 16 
t6P- li ( I 

4 Mig Holes i -28 (n Cia Holes In Panel) 

ro:::-\~o1 Ponel Drilling 
120-(<PJI200 For Shoft and 

831 Orill~ Diol Plole 
~i ~io Dio l Plole 
'2010 Shoft 

Ganged Types Wl0G2, Wl0G3, 
Wl0HG2, Wl OHG3 (un cased). 

Type Wl0G2, 2-Gang Type Wl0 (uncased). 

t Given in inches; to convert to mm, multiply hy 25.4. 

~Dio ,lR 
ro-:-\~.1 Pone I Drilling 

IlO"\. <¥) 120° For Shaft And 
#31 D(ill~ Dial Plole 

51 Dia Cia I Plate 
i Dia Shoft 

Ganged Types Wl0G2M, Wl0G3M, W10HG2M, 
Wl0HG3M (cased). 



AUTOTfMNSFOI(ME{(S 

DIMENSIONS t OF W-SERIES GANGED VARIAC ® 

AUTOTRANSFORMER ASSEMBLIES 

Type W20G3M, three-gong cased model. 

Ganged Types W20G2M, W20G3M, W20HG2M, 
W20HG3M (cased). 

!Oio ~R 
,...o:\~o'" Ponel Drilling 

1200\:.<f> ) 120· For Shaft And 
431 Drill~ DiD I Plote 

7 Oio Oiol Plole 
i Dio Sholl 

iOio I!R 
ro-::\~o" ponel Drilling 

120.\:.~)120. F~H Shofl And 1 Oio Dia l Plole 
.31 Ofil l~ 0101 Plole fOia Sholl 

Type W30, 
3-gang uncased model. 

Gonged Types 
W30G2M, W30G3M, 

W30HG2M, 
W30HG3M 

(cosed). 

Gonged Types W20G2, W20G3, W20HG2, 
W20HG3 (un cased). 

Me< Po"" tlrt't C,o~~ 
3 Go,. '4t ,.L 1+"8+ * 

I 'W .1'0 
81. ~, \1.": -£-8't I rcft~r'1: ',,~ 
~. .,' ° ! .:.d.i 

~D:~l+ I 'it t.41~ 
4 MIg Holes i - 16 

!DiO I~R 
"<\~o1 Ponel Drilling 

120°,," <f» 1200 For Shaft And 
:tt31 orill~ Dial Plate 

(~ Die Holes In Pone U 

7Dio Ciol Plale 
~ Oia Shofl 

4MIg Holes i-28 
(fz Dio Holes In Ponel) 

7 Dia Dial Plote 
i Dia Shaft 

Ganged Types W30G2, W30G3, W30HG2, 
W30HG3 (uncosed). 

~Oio ~R 
ro-:'¥ol, Panel Drilling 

IZO°\' I ~120· For Shoft And 

;OiO ~R 
",o~1~ Panel Drilling 

1200~ , ) 1200 For Shoff And 

4 Mig Holes ~ -J6 
(ll Oio Holes In Ponel) 

.31 Drill~ Dial Plole 

7 Dio Dial Plale 
~ Dia ShoH 

Ganged Types W50G2M, W50G3M, W50G4M, 
W50G6M, W50HG2M, W50HG3M, W50HG4M, 

W50HG6M (cosed). 

#31 Drill~ Dial Plate 
7 Dia Diol Plate 
i 010 ShaH 

Gonged Types W50G2, W50G3, 
W50G4, W50G6, W50HG2, W50HG3, 
W50HG4, W50HG6 (uncosed). 

Type W50G2M, completely enclosed 2-gong 
Type W50. 

t Given in inches; to convert to mm, multiply by 25.4. 
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AUTOTIMNSFOf<MEf<S 

Type M2 

Type M5 

TypeMl0 

SERIES M Type M20 

VARIAC ® AUTOTRANSFORMERS 
for 3S0- to 1200-Cycle Service 

Series ::'1 Yariac au tot ransformers arc the 
high-frequency equi,-alents of the TYPES 'vV2, 
\V5, \V10, and \V20; they are designed for 
frequencies from 350 to 1200 cps. Mechani­
cally similar to the GO-cycle Series W models, 
they are much smaller and lighter. Series 1\1 
models are especially useful \\-ith the cWO-cycle 
po\\·er supplies used in air-borne and marine 
equipment. The regulation obtained \\·ith the 
TYPE 1\1 units at -l00 cps is considerably 
better than that of the GO-cycle models. 
A\"ailable in 2-, 5-, 10-, and 20-ampere single 
units, or in gangs, Series lV[ units can be sup­
plied \\·ith ball bearings and GO-cycle motor 
dri\·es (pages 212 and 215). 

FEATURES : 
~ Usable from 350 to 1200 eyeles pel' second. 
~ DURATRAK coating process provides an 
extra factor of reliability under overloads. 

l'-.o:. ' a', Ponel Drtll.ng 
120· : '120· fOt Sholl And 

ft. 31 Drill --::. 0101 Plote. 

Instantaneous peaks of ten times rated cur­
rent can be tolerated . 
~ Brush track sho\\·s no significant \year nfter 
olle mi llion cycles of brush operation (zero to 
maximum and return). 
~ :-1anufactured to conform with military 
specifications for shock, \"ibration, salt-spra~' 
and tropicalization. 
~ Designed to proyide excellent thermal con­
ductivity bet\\·een coil and base and beb\·een 
base and panel. 
~ Four corner mounting holes are provided for 
ganging and mounting, in addition to the 
three standard mounting holes (on radius). 
~ Contain wide-temperature-range lubricat ion 
which meets most military specifications. 
~ T\\·o-ampere models (TYPE M2) haye 400 
turns, giving adequate resolution for many 
computing and control operations. 
~ '~Tiring diagram stamped on terminal board. 

TYPE I A _' B 0 I E I G I . J I K I N I P l .. R I T I V I W 
",M2 21!A." 3~~ 23f.a1l 10/," -%'1 T~II 1i'- .~,,, , 3/." .. -Ya" , ~" 10 .. 32-~:. --
!Its 21~" 4Y," 3¥..,t 2Y4'"'iT 3,4" -, ~;; :~II ~T' :y."",,% ,,~y,17 - 10.32 
.Ml0 _3~,11 53f4~ 40/.." 2'l'." y"i -,~ 1~" ~" 14" -~J' 5~1I , """" -;0:32-
M20 30/." 7V1 1I 6'.1.'-' 3.y..iT' ~/t !l ~" ' i 1 0/." ~il -Yz" 1~" t ¥." ! -=-1 10:32" 

To convert to mm l multiply by 25.4. 



AUTOTHANSFOHMEHS 

SERIES M SINGLE UNIT RATINGS AND PRICE LIST (UNCASED) 

OUTPUT D J: 
L1NE·VOLTAGE OVERVOL TAGE < ~~ '" 9 ~ w CONNECTION CONNECTION ::> 0 0 

<~~- '" '" 0 0'" -'" :;( >- a::~ z~ 
",w >- w"- >->- .O! OJ: ~n. ~ >::::>0< ·z ::>w J: ~ "' . ~ >-w ",w w>- >-~ ~~>! ::::>", w "U"-

>-0 a~co ~< 0 0", "''' at; Zw 
~~s~ 0"'''' =>~~< ~~ 0-;- W'" OW -0 >-0 zo ::>w ::><w ~=><w ::><w o<w ~u ~ji! ~~ ~z 0< 
~~~w ~~~ ,,->-0 ><~~o 

,,->-0 ,-!", o::z 00< w>- w>->- >z >-::> "-::::> CODE o~ 

<0 >-~z >-~z >-zO 0'" =>I-=><-' <::>::E ::::>0< ~6~Z ::>0< ~6 wO ,,0 0"- 0< 
TYPE ~~z 00 WORD PRICE <~ <~ "'> 0<0< "'''-< 0>", 0>", ... ~ z,,- "'''- -

..:: ~ 0 

M2t 0-140 2.4 4 BAGGY $14.50 
0 

120 0.37 2.4 0-120 3.1 3.S S-10 2 . .,., on ~" -- -0 

M5t 0-140 6 9 10-20 3'12 6 CANNY 18.50 
N"to.l. 0 

120 0.94 6 0-120 7.8 ' .,., .0 ~" -
QU") 0 

Ml0t 120 1.56 10 0-120 13 0-140 10 17 lS-30 6\12 11 CABIN 30.00 ~~ 0 

",- ..: 
>- -
a;;~ 0 

M20t 120 3.12 20 0-120 26 0-140 20 27 4S-90 13 18 CAVIL 48.00 
0 

I- • ..; ",N 
>- .,. 

A. 1\[aximulll current can he drawn at maximum vo l ta~e for the line-voltage connection only, l\Iaxill"Hlm output voltage = line input \'oltage. 
l{yu:1"': listed = normal input line \'oltage X maXilJllllll current. 
B. Rated current ~ holiid not be exceeded for the o\'t!!'\'o!tage connection. Output kva for oYclToitage connection = output voltage X rated 
current. 
* \\'hen orderi ng a lln i t \dtll ball henrin,!!:--. add the su ffix "-BB" to the type number and the suffix "bally" to the code word. 
t.-\oprcl\"ed by Canadian Standards .-\. :S::5oriation . 

SERIES M GANGED VARIAC ® AUTOTRANSFORMER ASSEMBLIES 
Series 1\1 model:; are available as two-gang 

a,;,;emblies for i20-volt, three-phase, open­
delta connection (or for co ntrolling two cir­
cuits from a single shaft) and as three-gang 
[l:;,;emblies for 208- or 2-±0-volt. three-phase, 
\\·.\·e connection (o r for controlling three cir­
cuits from a single shaft) . Ganged assemblies 

Mo_ Panel G - - - - - K 

·0 
N ... ~ X 

f7,I'~ , • E 
.. ' ~. 

are designed to occupy minimum volume. 
A TYPE 50-Pi Choke is required when a 

two-gang unit is to be operated in parallel; for 
three-gang combinations, a TYPE 50-P2 Choke 
is required in addition to the TYPE 50-Pl. 

Dials for ganged models are marked 0-10 

TYPE A 0 G K N P R X 
M2G2 51J.n1l 3V4" 2 3/4" 1¥a/l 3f," 1~~,1I 3ft" %" Vl" 10~32 
M2G3 8 %2" 3y.." 2%" 1%11 3ft" 1 ~," 1" ¥I," 3ft" ¥a" Vl" 10 .. 32 

M5G2 5 1%2" 4V2" 33/.4" 2V4 11 %" 1 ~, 1I 1¥l," ~," 3ft " Va" Yl" 10-32 
M5G3 811h2" 4V2" 3%" 2y"" %" 1 ~," lY1," ~," %" Y8" Vl" 10~32 
M 'iOG'2 61~,1I 5%" 4%" 2'l'all %" 1 ~," 1~," ru" Yl" %" ¥a" V4 .. 28 
M 10G3 lO y.." 5%" 4 3/4" 2 %" V2" 1 ~,1I 1"," ~," V2" Va" %" V4 ~28 

M20G2 7~," 7V2"6V4" 33,4" V2" 1 V2" PI," ~," Y2"1~," Ye" V4-28 
M20G3 10%11 7V2" 6Y4" 33/.4" V2" 1 112" 1 ¥a" ~," VJ:" 17'1," Va" Y4 .. 28 

SERIES M GANGED ASSEMBLY PRICE LIST (UNCASED) 

DRIVING NET SHIPPING ADD 
TORQUE WEIGHT WEIGHT FOR BALL 

TYPE DESCRIPTION (OZ.·IN.) ILB.) POUNDS CODE WORD PRICE BEARINGS ' 
M2G2 2-Gong M2 10-20 3% 6 BAGGYGANDU $33.00 $7.00_ --

I--S\l2 r--' 49.50 M2G3 3.Gong~2 lS-30 9 BAGGYGANTY 9.00 
---

6';"- 1 2 
- - -

M5G2 2.Gon~ 20-40 CANNYGANDU 41.00 8.00 

--,;A5G3 
--

3·Gong MS 30-60 10\4 14 CANNYGANTY 61.50 10.00 

~OG2 2-Gong M10 ~0-60 12\4 18 CABINGANDU ~.OO 
-

65.00 

MIOG3 3·Gong M10 4S-90 ~9 - - 27 CABINGANTY 97.00 11.00 -
M20G2 2·Gong M20 90-180 26\12 34 CAVILGANDU 107.00 10.00 - f- ---
M20G3 3·Gong M20 135-270 38 48 CAVILGANTY 155.00 12.00 

Type 50-PI_ Choke - 1\4 1% PARALLCHOK 16.00 -
Type 50-P2 r-Choke - 1\4 1';" TRIPLECHOK 16.00 -

T " " ." " liC', hen oldel 1l1g a unlt with ball bcallngs, add the suffix -BB to the type number and the sumx bally to thc code wOld . 
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VAHIAC® 
AUTOTRANSFORMERS 

MOTOR-DRIVEN VARIAC ® AUTOTRANSFORMERS 
All Variac ® autotransformers, both single 

units and gangs, can be furnished with motor 
drive. The motor mounting plate is attached 
to the base by four posts, and the motor is 
geared to the shaft. All motor-driven models 
are eqtLipped with ball bearings. 

Fully enclosed, two-phase, gear-reduction 
motors of the servo type, having very low 
moments of inertia, are used. Three basic 
speeds are available, which, together with a 
se lection of stocked standard coupling gears, 
make possible the assembly of units having 
nominal full-traverse rates of 2, 4, 8, 16, 32, 
6-!, or 128 seconds at 60 cps (approximately 
20% slower at 50 cps). The 2- and 4-second 
models are intended for high-speed servo 
applications. Those with slower traverse 
speeds are primarily for remote positioning 
requirements, although they are often used 

K 

for slower-speed servo work. Motors are 115-
volt, 50/60-cycle units. 

The two-phase motor supply may be de­
rived from either (1) a servo amplifier or 
(2) the US-volt line, with a capacitor (sup­
plied) to produce the necessary phase shift. 

Electrical limit switches are listed on all 
models to limit traverse to approximately 
320°. However, they are not required on mod­
els with speeds of 2, 4, 8, or 16 seconds and 
they may be so ordered.'~ 

Cased, motor-driven models are available 
in either single units or gangs, and are similar 
to those used with Series W gangs. 

In the tables on pages 214 and 215, available 
combinations are listed for each size. When 
less than 5 units are ordered, the setup charge 
must be included. 
* If microswitches are not desired, omit "K" from type number 
and subtract $7.00 from listed price. 

(For Ponel Mtg) C111-' --~---B -----II-C 
M \ 011/1--' --A " ~o 
rfcQ~ , ~i--100 r----------.. ror-oo .' 

Ii. f·~ -t hl 
~-~E-t J' ~~'Y;ZH P L 

/ (For Shelf Mtg) 

Position Of· Brackets 
For Wall Mtg 2·gang W5 mator·drlven madel, with cose. 

DIMENSIONSt OF MOTOR-DRIVEN CASED 
A B C 0 E F G H K 

W2 Single 10'% 11'Yn ~6 ,%, 2 3,4 4% Ya 5 3,4 10-32 
W22-Gang 13''!I,n 14''!/.n ~6 ,%, 2 3,4 4% Ya 5 3,4 10-32 
W23-Gang 17''!/.n 18'%, ~6 ,%, 2* 4% Y. 5* 10·32 
W5 Single 10''!I,n 11''!/.n ~6 ,%, 3* 5Y. Ya 6* 10·32 
W52-Gang 13'%, 14'% ~6 ,%, 3* 5Ya Ya 6* 10·32 
W53-Gang 173Yn 19Yn ~6 ,%, 3* 5Ya Ya 6* 10·32 
W10 Single 12~6 13''li6 'l'16 ' 'li6 4* 7Ya ~6 9''li6 \4·28 
W102-Gang 15Va 17\4 'l'16 ''li6 4 3,4 7Ya ~6 9''li6 \4 ·28 
W103-Gang 20~6 21'~6 'l'16 ''li6 4 3,4 7Ya ~6 9''li6 \4·28 
W20 Single 12'1i6 13'l'16 'l'16 ' 'li6 6\4 9 'li6 12'1i6 \4·28 
W202-Gang 15% 17 'l'16 ' 'li6 6\4 9 'li6 12'1i6 \4·28 
W203.Gang 20~6 21~6 'l'16 ''li6 6\4 9 'li6 12'1i6 \4·28 
W30 Single 12~6 14~6 'l'16 1 8Y, 11% ~6 14'~6 %·16 
W302-Gang 15'~6 17'~6 'l'16 1 8Y, 11% ~6 14'~6 %.16 
W303-Gang 20~6 22~6 'l'16 1 8Y, 11% ~6 14'~6 % ·16 
W50 Single 14''li6 16''li6 'l'16 1 10* 13 13;\6 \4 17'1i6 %·16 
W502.Gang 21 'li6 23'1i6 'l'16 1 10* 13'~6 \4 17'1i6 %·16 
W503-Gang 27'l'16 29'l'16 'l'16 1 10* 13'~6 \4 17'1i6 ¥a·16 

t GIven 10 Inches, to COD\·ert to min, multiply by 25.4. 

MODELS 
L M N P 

%, Drill '~6 3,4 'li6 
%, Drill 13;\6 3,4 'li6 
%, Drill ' ~6 * 'li6 
%, Drill ''li6 * ~6 
%, Drill ' 'li6 3,4 ~6 
%, Drill ''li6 * ~6 
% Drill 1~6 1\4 ~6 
% Drill 1~6 1\4 ~6 
% Drill 1~6 1\4 ~6 
% Drill l¥a l¥a Y. 
% Drill 1% 1% Y. 
% Drill 1:1'. l¥a Y. 

''!I,n Drm 1 'l'16 1 Y, \4 
''!I,n Drill 1 'l'16 1 Y, \4 
,¥.t> Drill 1 'l'16 1 Y, \4 
''!I,n Drill 1 Y, 1% ~6 
''!I,n Drill 1 Y, 1% ~6 
''!I,n Drill 1 Y, 1% ~6 



VAHIAC® ~--------------------------~~ 
W AUTOT{(ANSFOI(ME{(S 

Position Of Brackets 
For Wall Mtg 

3-gang W20 
motor·driven 

model. 

DIMENSIONS t OF MOTOR-DRIVEN UNCASED MODELS 
W-SERIES MODELS 

A 8 C 0 E F G H J K l M 
W2 Single 9 'Va 61'A6 0/16 1%2 2% 3~ % 31Jt16 'l'. 10·32 %2 Drill ~ 
W22-Gang 12Y, 91'll2 0/16 1'll2 2 3;" 3~ % 31Jt16 'l'. 10·32 %2 Drill ~ 
W23-Gang 16~6 131%2 0/16 1%2 2 3;" 3~ % 31 Jt16 % 10·32 %2 Drill ~ 

WS Single 9'l\6 61%:z 0/16 1'll2 3 3;" 4Y, %:z 410/16 - 10·32 %2 Drill 'Va 
WS 2-Gang 12~6 91%2 0/16 1%2 3% 4Y, %:z 410/16 - 10·32 %2 Drill 0/. 
WS 3-Gang 16 1Jt16 13'¥,n 0/16 1'll2 3% 4Y, %:z 410/16 - 10·32 %2 Drill ¥a 

Wl0 Single 10% 7'l\6 'l\6 lJt16 4% 5% 'A6 60/16 - ~·2B % Drill y, 
WIO 2-Gang 13'%2 11 'l\6 lJt16 4% 53;" 'A6 6 0/16 - ~·2B %2 Drill y, 
WIO 3-Gang lBl%2 151Jt16 'l\6 lJt16 4% 5% 'A6 60/16 - ~·2B % Drill y, 

W20 Single 10%:z 70/16 'l\6 lJt16 6~ 7Y, Jt16 BJt16 - ~·2B %2 Drill y, 
W202-Gang 13'¥,n 10% 'l\6 lJt16 6~ 7% Jt16 BJt16 - ~·2B % Drill y, 
W203-Gang lB%2 15'l\6 'l\6 lJt16 6~ 7Y, Jt16 BJt16 - ~·2B %2 Drill y, 

W30 Single 10 3;" 6~ 'l\6 I BY, 10 Y. 1 ]13/'6 - 'Va·16 1¥,n Drill % 
W302-Gang 14 'Va 9 'l'. 'l\6 1 BY, 10 Y. 1 ]13/'6 - 'Va·16 1¥,n Drill 3;" 
W303-Gang 19 14Y, 'l\6 1 BY, 10 Y. l1 1'A6 - 'Va·16 1¥,n Drill 3;" 

W50 Single 12% 8Jt16 'l\6 1 10 3;" 12Y, Y. 13 3;" - 3/s·16 1¥,n Drill % 
WSO 2-Gang 19Jt16 14Y, 'l\6 1 10% 12Y, Y. 13% - 'Va.16 13hz Drill 'l'. 
WSO 3-Gang 25 'l\6 20% 'l\6 1 10% 12Y, Y. 13% - 'Va·16 1¥,n Drill 'l'. 

M-SERIES MODELS 
M2 Single BY. 5%:z 0/16 1%2 2% 3~ %2 31Jt16 % 10·32 %2 Drill ~ 
M22-Gang 10 7Y.u 0/16 1%2 2 3;" 3~ %2 31Jt16 'l'. 10·32 %2 Drill ~ 
M23-Gang 12 13/'6 9''ll2 0/16 1'll2 2 3;" 3lj., %2 31Jt16 'l'. 10·32 %2 Drill lj., 

MS Single B3/'6 5%2 0/16 1%2 3% 4% %:z 410/16 - 10·32 %2 Drill 'Va 
MS 2-Gang 10Jt16 7¥,n 0/16 1'll2 3% 4Y, %:z 410/16 - 10·32 %2 Drill 'Va 
MS 3-Gang 1210/16 93Y.u 0/16 1'll2 3% 4Y, %:z 410/16 - 10·32 %2 Drill 0/. 

MIO Single 9Y.u 6'A6 'l\6 lJt16 4% 5% 3/'6 60/16 - lj.,·2B % Drill y, 
MI02-Gang 111 Y.u BY, 'l\6 lJt16 4% 5% 'A6 60/16 - lj.,·2B % Drill y, 
MIO 3-Gang 14'%:z 1110/16 'l\6 lJt16 4% 53;" 'A6 60/16 - lj.,·28 % Drill y, 

M20 Single 9 %:z 6 0/16 'l\6 lJt16 6lj., 7Y, Jt16 BJt16 - ~.28 9hz Drill % 
M202-Gang 11 '¥,n B% 'l\6 lJt16 6lj., 7Y, Jt16 BJt16 - lj.,·2B 9hz Drill % 
M203-Gang 15% 12 'l\6 'l\6 lJt16 6lj., 7Y, Jt16 8Jt16 - ~·28 % Drill % 

See lollowing pages for Priee List of motor-driven model s. 
t Given in inchesi to convert to mm multiply by 25.4. 
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AUTOT!(ANSFO!(ME!(S 

PRICE Llsr FOR MOTOR-DRIVEN VARIAC ® 

AUTOTRANSFORMERS 

MOTOR STANDARD EXTERNAL GEAR RATIOS 
ADD TO 

E 
2,] 4,] TYPE NUMBER' 

All MOTORS :r: ~ 

SHOWN ARE 2,1 4,1 8,] u w 

60-CYClE '" 
.... 0 

0 ~ 0 
2,] 4,] 8,] .... 

'" 
:;: 

SET-UP iJ 0 0 CHARGE ADD « '" w 
SECONDS FOR 3200 

8 16 "- u '" PRORATED FOR 
TRAVERSE' 2 4 32 32 64 128 « ~ l5 -4 UNITS CASE u 

TYPE' 
M2 $ 101.50 5101.50 5101.50 $101.50 NA $101.50 $101.50 SO C K $6.00 NA 

-- I---
M2G2 122.00 122.00 122.00 122.00 NA 122.00 122.00 SO C K 6.00 NA 

~ ---
M2G3 NA 140.50 140.50 140.50 NA 140.50 140.50 SO C K 6.00 NA 

--- f-- ---r--
M5 106.50 106.50 106.50 106.50 NA 106.50 106.50 SO C K 6.00 NA 

-- -- - I--
MSG2 131.00 131.00 131.00 131.00 NA 131.00 131.00 SO C K 6.00 NA 

-- --
MSG3 NA 153.50 153.50 153.50 NA 153.50 153.50 SO C K 6.00 NA 

-- -
Ml0 142.00 142.00 142.00 142.00 S142.00 NA 142.00 $142.00 C K 12.00 NA 

- -
Ml0G2 NA 179.00 179.00 179.00 179.00 NA 179.00 179.00 C K 12.00 NA 

-
Ml0G3 NA NA 213.00 213.00 213 .00 NA 213.00 213.00 C K 12.00 NA 

--
M20 NA 166.00 166.00 166.00 166.00 NA 166.00 166.00 C K 12.00 NA 

-
M20G2 NA NA 227.00 227.00 227.00 NA 227.00 227.00 C K 12.00 NA 

----
M20G3 NA NA 277.00 277.00 277.00 NA 277.00 277.00 C K 12.00 NA 

W2 102.00 102.00 102.00 102.00 NA 102.00 102.00 NA C K M 6.00 $ 12.00 

W2G2 125.00 125.00 125.00 125.00 NA 125.00 125.00 NA C K M 6.00 12.00 

W2G3 NA 143.00 143.00 143.00 NA 143.00 143.00 NA C K M 6.00 12.00 

WS 106.00 106.00 106.00 106.00 NA 106.00 106.00 NA C K M 6.00 16.00 
-

WSG2 132 .00 132.00 13 2.00 132.00 NA 132.00 132.00 NA C K M 6.00 16.00 
-- ---

WSG3 NA 153.00 153.00 153.00 NA 153.00 153.00 NA C K M 6.00 16.00 
I-- -- - --~ --

WSl 105.50 105.50 105.50 105.50 NA 105.50 105.50 NA C K M 6.00 16.00 
- ------ --- I- - -

WSlG2 NA 131.00 131.00 131.00 NA 131.00 131.00 NA C K M 6.00 16.00 
-

WSlG3 NA 151.50 151.50 151.50 NA 151.50 151 .50 NA C K M 6.00 16.00 
I-- --

WSH 109.50 109.50 109.50 109.50 NA 109.50 109 .50 NA C K M 6.00 16.00 
---I--- -- --

WSHG2 139.00 139.00 139.00 139.00 NA 139.00 139.00 NA C K M 6.00 16.00 
-- --

WSHG3 NA 163.50 163.50 163.50 NA 163.50 163.50 NA C K M 6.00 16.00 
1----

WIO 135.00 135.00 135.00 135.00 135.00 NA 135.00 135.00 C K M 12.00 32.00 
-

Wl0G2 NA 178.00 178.00 178.00 17B.00 NA 178.00 178.00 C K M 12.00 34.00 
---

Wl0G3 NA NA 213.00 213.00 213.00 NA 213.00 213.00 C K M 12.00 36.00 
-

WIOH 137.00 137.00 137.00 137.00 137.00 NA 137.00 137.00 C K M 12.00 32.00 

WIOHG2 NA 182.00 182.00 182.00 182.00 NA 182.00 18 2.00 C K M 12.00 34.00 

Wl0HG3 NA NA 219.00 219.00 219.00 NA 219.00 219.00 C K M 12.00 36.00 

TORQUE-OUNCE- 30 60 120 240 480 240 480 960 INCHES 

NOTES 
NA = not available. SO = available on special order only; prices on 
request. 
Note: Microswitches, capacitors, and boll bearings Ofe included in the above 
prices. If microswitches ore not desired, omit "K" from type number and 
subtract $7.00 from listed price. 

1 PriceS in table ore for quantities of 5 or more. Add appropriate set-up 
charge for quantities of 1 to 4. 
2 Troverse speeds ore nominol for 60-cycle supply. Actual speeds may 
vary ::t 15% from these vo lues. Specify speed on order (e.g. 04, 03 2, etc.) 
3 See page 200 for example of type numbers. 



AUTOTI(ANSFOI(MEI(S 

PRICE L1sr FOR MOTOR-DRIVEN MODELS ( cont.) 

MOTOR STANDARD EXTERNAL GEAR RATIOS 
ADD TO 

E 
2,1 4,1 TYPE NUMBER' 

All MOTORS ----- 1-;-
SHOWN ARE 2,1 4,1 8,1 :I: 

U a 60-CYCLE -- '" >- 0 
2,1 4,1 8,1 0 3 ::E >- '" SET-UP U 

~ S CHARGE ADD « 
SECONDS FOR 3200 

4 8 16 32 32 64 128 "- u '" PRORATED FOR 
TRAVERSE' 2 -< 

~ 
« 1-4 UNITS CASE u u 

TYPE' 

W20 SO 158.00 $158.00 $158.00 $158.00 NA $158.00 $158.00 C K M $12_00 $35.00 
- -

W20G2 SO SO 218.00 218.00 218.00 NA 218.00 218.00 C K M 12.00 38.00 
- -:---

W20G3 NA SO 270.00 270.00 270.00 NA 270.00 270.00 C K M 12.00 41.00 
- - - !-- - -

W20H SO 160.00 160.00 160.00 160.00 NA 160.00 160.00 C K M 12.00 35.00 
- -

W20HG2 SO SO 222.00 222 .00 222.00 NA 222.00 222.00 C K M 12.00 38.00 
-- -

W20HG3 SO SO 276.00 276.00 276.00 NA 276.00 276.00 C K M 12.00 41.00 
- --- -

W30 SO 207.00 207.00 207.00 207.00 NA 207.00 207.00 C K M 12.00 49.00 
- --

W30G2 NA SO SO 287.00 287.00 NA 287.00 287.00 C K M 12.00 53 .00 
-- -

W30G3 NA NA SO SO 367.00 NA 367.00 367.00 C K M 12 .00 57.00 
---- -- -

W30H SO 207.00 207.00 207.00 207.00 NA 207.00 207.00 C K M 12.00 49.00 

W30HG2 NA SO SO 287.00 287.00 NA 287.00 287.00 C K M 12.00 53.00 
- -- - - -

W30HG3 NA NA SO SO 367.00 NA 367.00 367 .00 C K M 12.00 57.00 
- --- -

WSO NA SO SO 260.00 260.00 NA 260.00 260.00 C K M 12.00 55.00 
---- -- - -

WSOG2 NA NA SO SO 390.00 NA 390.00 390.00 C K M 12.00 60.00 

WSOG3 NA NA NA SO 520.00 NA 520.00 520.00 C K M 12_00 65.00 
--

WSOG4 NA NA NA SO SO NA SO 650.00 C K M - 70.00 
-- -

WSOG6 NA NA NA NA SO NA SO 910.00 C K M - 80.00 
-- -

WSOH SO SO SO 260.00 260_00 NA 260.00 260.00 C K M 12.00 55_00 
-- -

WSOHG2 NA SO SO SO 390.00 NA 390.00 390.00 C K M 12_00 60.00 
-- -

WSOHG3 NA NA SO SO 520.00 NA 520.00 520.00 C K M 12_00 65.00 
-- -

WSOHG4 NA NA SO SO SO NA SO 650 .00 C K M - 70.00 
f---

WSOHG6 NA NA NA SO SO NA SO 910.00 C K M - 80 .00 

TORQUE-OUNCE- 30 60 120 240 480 240 480 960 INCHES 

NOTES 

NA = not available. SO = available on speciel order only; prices on 
request. 
Note: Microswitches, capocitor, and bo ll bearings ore included in the above 
prices. If microswitches ore not desired, omit " K" from type number cnd 
subtract $7.00 from listed price. 

1 Prices in table ore for quantities of 5 or more. Add appropriate set-up 
chorge for quantities of 1 to 4. 
2 Traverse speeds ore nominol for 60-cycle supply. Actual speeds may 
vary = 15 0'"'0 from these values. 
'See page 200 for example of type numbers. 
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VARIAC 
I(EMOTE CONTI(Ol 

TYPE lS90-A REMOTE CONTROL 

The TYPE 1590-A Remote Control is a 
simple, accurate, servo control for the remote 
positioning of a motor-driven Variac® auto­
transformer. This control can be set for any 
desired voltage from zero to 140 volts. The 
remote, motor-driven autotransformer " 'ill 
automatically position itself for the same volt­
age. This voltage is indicated on an accurate 
qua i-rms panel meter. 

Since this control is a servomechanism, any 
change in output voltage due to Variac regu­
lation is automatically corrected. The correc­
t ion rate depends on the size of the Variac 
autotransformer and can be as high as 60 
volts per second for small units. 

If a regulated line is available to supply a 
small amount of power to operate the Remote 
Control, corrections can a lso be automatically 
obtained for fluctuations in line voltage at the 
remote autotransformer. This regulated line 
must have low impedance at 60 cps and must 
have the same phase angle as the unregulated 

line to t he remote unit. This combination can 
provide large amounts of power at a regulated 
voltage which is adjustable from zero to 140 
volts. The addition of a buck-boost trans­
former, to limi t the correction range to ± 10% 
about t he normal line vo ltage, will result in 
an increase of five times in the power rating. 

Knockouts and a terminal strip are pro­
vided in the case for the four leads necessary 
to connect the Control Unit to the remote 
Variac autotransformer. 

If continuous control is not required, one 
TYPE 1590-A can he s,,,itched to cont rol any 
number of remote units, one at a t ime. 

TRAVERSE TIME AND CORRECTION RATE 

FOR 20/0 POSITIONING ERROR 

SINGLE TWO·GANG THREE·GANG 

DRIVEN 
UNIT (G2) (G3) 

VARIAC Approxi· Approxi- Approxi-
mate mate mote 

AUTO· Corree- Corree- Carrec-
TRANS· Traverse tion Traverse tian TraversE tion 

FORMER Time · Rote Time · Rate Time · Rate 
{Sec, {Volts/ {Sec, {Volts/ {Sec, (Volt./ 

MODEL ond.1 sec) onds) sec} onds) sec) 

W2 2 60 2 60 4 30 
W5 2 60 4 30 8 15 
WI0 4 30 8 15 16 8 
W20 8 15 16 8 32 4 
W30 16 8 32 4 32t 4 
W50 32 4 64 t 2 64tt 2 

* If half the positioning error is desired, the traverse t im e can be 
doubled, giving half the correction rate. Traverse time greater 
than 64 seconds should not be used . 
t 3% positioning error. 

To ordcr the proper motor-driven Variac 
autotransformer, use the same type-num­
bering system as for our standard motol'­
driven units (page 200). The motor capacitor 
and microswitches, specified by C and K in 
the type numbers for standard units, are not 
used with the TYPE 1590-A.t These letters 
should be omitted from the type numbers . 
Thus, for 2% positioning accuracy with a 
TYPE WI0G2 Vari ac autotransformer, order 
TYPE WI0G2D8. 
tException: micl'oswitches necessary on 64-second models. 

SPECIFICATIONS 
Tracking Accuracy: ±2% of input line voltage, when used 
with motor speeds listed in the table. (Halving the speed 
increases the accuracy to ±1%). 
Correction Rate: See table. 
Power: 105 to 125 volts, 50 to 60 cps. 

TYPE 

Accessories Required: Standard motor-driven Variac 
autotransformer less capacitor and micl'Oswitrhes. 
Dimensions: Width 4%, height 6%, depth 5% inches 
(124 by 169 by 149 mm) over-all. 
Net Weight: 672 pounds (3 kg). 

CODE WORD PRICE 

1590-A Remote Control .......... ..... .. . ...... . . . REMCO $95.00 



VAHIAC® 
AUTOTIMNSFO{(MEI(S 

BALL BEARINGS 
Series VV and Series M models can be sup­

plied with ball bearings, which provide more 
precise alignment, with slightly lower and 
more nearly constant torque. 

When ordering a single unit or gang 
equipped with ball bearings, add t he suffix 
"-BB" to the type number, t he suffix BALLY 

to the code word, and add the price shown in 
the tables. 

Ball bearings are standard equipment on 
all motor-driven units and on a ll 4- and 6-
gang W50 and W50H models, and are included 
in the price. 

SPECIAL VARIAC AUTOTRANSFORMERS 
Special models can be supplied to meet 

specific requirements, such as with additional 
winding taps, fungicide treatment, special 
shaft lengths, or with voltage outputs or 
ranges differing from those of standard mod­
els. They can also be supplied on special order 

less knob, dial, etc., at lower net prices and 
with sligh t ly extended delivery t ime. 

The General Radio Company welcomes in­
quiries on special models, and is glad to furnish 
them when the quanti t ies in vol ved are sufficient 
to make production economically practicable. 

METERED V ARIAC® 
AUTOTRANSFORMERS 

Type W5MT3A 

Metered Variac autotransformer assemblies 
are portable testing devices, each consisting of 
a Variac autotransformer, a voltmeter, and an 
ammeter or wattmeter or both. Switching, 
fuses, and power cord are also provided. These 
handy, compact assemblies have many uses 
both in the laboratory and on the test bench, 
a mong them overvoltagr, and undervoltage 
tests, measurements of voltage, current, and 
power, and t rouble shooting. The meter shield­
ing reduces stray fields sufficiently to permit 
an over-all accuracy of 3% (full scale) with 2% 
meters. Connections are made through a 
three-wire cord (line) and a three-wire outlet 
(load) . The output (load) circuit, containing 
the meters, is fused. A I double-pole on-off I 

switch disconnects both sides of the line. Make-

Type W5MT3AW 

before-break range switches permit the dual­
range meters to be switched under load . All 
meters have expanded scales for easier reading. 

Two models include a voltmeter and 
ammeter: TYPE W5MT3A (0-5 amperes) 
and TY:E WlOMT3A (0-10 amperes); two 
models ll1clude a voltmeter and wattmeter: 
TYPE W5MT3W (0-750 watts) and TYPE 
WlOMT3W (0-1500 watts); one model in­
cludes a voltmeter, ammeter, and wattmeter: 
TYPE W5MT3A W (0-5 amperes and 0-750 
watts) . 

The metal case enclosing the metered units 
is finished to match the case used with the 
standard Series W Variac autotransformers. 
A convenient carrying handle assures ready 
portability. 

METERED VARIAC AUTOTRANSFORMER RATINGS AND PRICES 
'" WEIGHT ... 

ffi ffi ... POUNDS 
6l W t;; '" 

... wo< FUSING ... t:) w '" w'" ~< ~ t:) CODE TYPE "'0 * ::><w ::;:w "'w ::;:w ~Ol AMPERES Z DIMENSIONS WORD PRICE "'::> 5~ o.. ... t:) ... t:) wt:) ... t:) 0:: w~ 
"'~Z ~Z ::;:z ~~ u~'" LOW HIGH INCHES t;;u '0'" 0.. 

::;:Z 
0..0 ::>0< 0< ::;:< ~z9 RANGE RANGE t;; :E WIDTH EIGHT DEPTH t::> 0>", >'" <'" ~'" Z '" 

WSMT3A V,A 120 0-140 0-150 0-1, - 9 1 5 11 lI, 19 6',4 10 6l1, CABAL $85.00 
0-5 

WSMT3W V,W 120 0-140 0-150 - 0-150, 9 2 5 11'.4 19 6'.4 10 6l1, CABOB 110.00 
0-750 

WSMT3AW V, A, W 120 0-140 0-150 0-1, 0-150, 9 A=l 5 12 l1, 20 12'.4 9 6V:z CABEX 150.00 
0-5 0-750 W =2 

WIOMT3A V,A 120 0-140 0-150 0-2, - 17 2 10 lS!.4 24 9!.4 12 6V:z DOGEN 110.00 
0-10 

WIOMT3W V,W 120 0-140 0-150 - 0-300, 17 4 10 lS!.4 24 9!.4 12 6V:z DOGID 138.00 
0-1500 

v - Voltmeter A-Ammeter W - Wattmeter * 50 to 60 cps for all models. 
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VAN/AC 
VOLTAGE REGULATORS 

HANDLES ANY LOAD UP TO 6 KYA 

TYPE lS70-A AUTOMATIC VOLTAGE REGULATOR 
USES: The TYPE 1570-A Automatic Voltage 
Regulator ii:i ui:iecl in both laboratory and in­
dustrial applicatiolls where constant ac line 
voltage ii:i required. It combines high accuracy 
for laboratory Ui:ie with large capacity for in­
dUi:itrial applications. Typical app lications for 
this instrument in clude the regulation of line 
voltage for laboratorie>i, computers, critical 
trani:imitter wppliei:i, meter test benches, care­
fully contro lled indui'ltrial procei:iSCS, and mili­
tary equipment installations. 

DESCRIPTION: The TYPE 1570-A Automatic 
VolLage Hegulator consii'lb:i of a Variac® ad­
j ui:itable autotran::;forl11er, an auxiliary step­
down transformer which multiplies the power 
rating of the autotralli:iformer, and a servo­
mechaniflm, which automatically controls the 
setting of the autotransformer to hold the 
outpu t voltage coni:itan t. 

The rectified output voltage is filtered and 
the dc component compared with voltage 
from a reference tube to obtain a dc error volt­
age. Thi" errol' volLage ii'l amplified by a two-

stage balanced amplifier with lead and lag 
networks that shape the phase and amplitude 
response for optimum performance. 

The thyratron-controlled servo-motor is a 
true proportional control device rather than 
an off-on device and provides a smooth con­
trol with no "dead zone." The Variac auto­
transformer driven by this servo-motor i.' 
equipped with ball bearings to reduce friction 
to a minimum. 

In addi tion to the standard models listed 
below, a militarized model is also available 
(page 220). 

FEATURES: 

~ No waveform distortion. 
~ High accuracy. 
~ Output voltage independent of load. 
~ No power-factor restrictions. 
~ Tolerates short-duration overloads. 
~ Adj ustable output voltage. 
~ High efficiency. 
~ High response speed. 
~ High power-handling capacity: 

The oscillograms below show traces of 60-cyde voltage sine-wave peaks illustrating the response speed of the Type 1570 line Voltage 
Regulator. (a) left, 2% change (step function) in voltage input to regulator; (b) center, voltage output of regulator as a result of 2% 

input voltage change shown in (a); (c) right, voltage output of regulator as the input voltage is changed 1 %. 
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VARIAC 
VOLTAGE !(EGUlATO!(S 

SPECIFICATIONS 

Input Voltage Range: The dl'~il'('d ouLpuL voltage will he 
main("in('d if Ih(' inpuL voll"{.l;e dOl'S noL vary b.l· more 
th"n ± JO % from Lhis v"luc of output voltage. A rallge 
('onnect.ion for ±20 % variation iH a lFo avaibbk. 
Output Voltage: Adj ustabll' ov('r a rang!' of ± I 0 % from 
a bas!' v"lu(' of 11 .5 volls (fo r TYI'I, 1570-.\1, ) or 2:,0 
volts (for TYPJ:; 1570-.-\ Il ) by 11IeanH of a sl'I'c\\'( lrivcr 
adju~tment on panel. 

115 NOMINAL 230 NOMINAL 
OUTPUT VOLTAGE ADJUSTABLE ADJUSTABLE 

____ ± 10% ___ ± 10% 

Input voltage as 90% 80% 90% 80% 
a percentage of 
output voltage* 
Output current, amperes 
Approximate KV A--­

Accura cy in % 
of output voltage 
Speed of 
Response, volts 
per second t 

to 
110% 
50 

6 

0.25% 

10 

to 
120% 

25 
3 

0.5% 

20 

to to 
110% .-!.,20% 

20 10 
2.5 

0.25% 0.5%_ 

20 40 

* Typt;s 1570-AL and 1.570-"\[[ ('an be connected for cit,hel' "' 10% 
or =20% inpu t volt age range. In~trllmf'nts a rc shipp('d cunflccLcu 
for =- 10% range unless 20% range is specified on oruer. 
t 8 1ightly less for very :small "oltage corrections. 

Frequency: 50-cy(' le models ",ill operate from 55 to li5 cps ; 
50-cycle modcls from -t5 to 55 (·ps. 
Power Consumption: No Loa d, 35 watts 

Full Load, 100 watls 
Waveform Distortion: ~OIlC. 
Waveform Error : Tlw ,wpmg!' vall 1(' of t hl' oll\.pul voltage 
is hcld ronsk1l1 t , and a loa d('d d(' IXlII'e r supp l ~', oper:tI('d 
from thc ou(,put of the regul a tor, will give ('onstanL out,.. 

' I"'~--I--~+--'--l---'-
, 

'" 'J 
§? 
I- 120 

i.[ 
I­
::> 
o 

80 

/ 

050 100 

INPUT VOLTS 

Range of operation for liS-volt models; for 230-voll models, 
multiply voltage scales by 2. 

TYPE DESCRIPTION 

lS70-ALM Table Model, 115 volts, 60 cps . 

View of wall-mounted regulator. 
This model is used 10 regulate line 
voltages in the General Radio 
development and testing labora­
tories. 

put volta!!;c rcgardlcss o f the h:Lf'luo ni (' distortion prcscut 
in Ihe pOln'r line . The I'ln ~ output vo ltage lI·ill al~o re­
maiu ('onsLu, n t, regal'lll e~s of the lmrmonic distort io n 
jJn'scnl, :tH long ;l.S the phasl' a nd ,unplitude of lhesc 
b: lrll1olli(' s are ('onsLant. If Lhe harmoni c co nteut 
(' hanges, the rmH valul' wi ll ('ha.nge hy an a mount less 
t hau :::.N In, where :::.H is 1 he ('han!!;e iu the harmonic 
a mplilude a nti n is the hllrmonil' number. 
Ambient Temperature: ["ull ratings appl y up to -to C. 
Tube Complement : Two 12AX7, one 51i5J, 111'05727. 
Terminals: Two J5-:lmpcre pOII'e r ('ord s, Hupplicd with 
Llw ins trun1l'nt , ma." be used \.0 ('onne('( the rC'gulatol' 
when it is uSI'd as a por('lble iusLrument. T crmina ls a rc 
casil .l· 'll'( 'e8s ih le when other ('ouned ion s a rc desired. 
Accessories Supplied: Ita('k a nd Lable model s - Lwo 
pOWl'r ('orels, spare fuses ; w:lil models - cabinel, ('ove r, 
and moun(.ing s('rows. 
Mountings: H elay R a(' k ( -It model), T a ule (-1\1 
model ) alld \Vall ( - \V model). 

Dimensions: 

Width 
Height 
Depth (over-a ll) 
Depth (behind panel) 
Weight 

RACK AND TABLE 
MODELS 

19 in. (485 mm) 
7 in. (180 mm) 

13 in. (330 mm) 
11 ',4 in. (300 mm) 

57 Ib (26 kg) 

WAll MODELS 
13 V2 in. (345 -;;;m) 
19'/2 in. (495 mm) 

8'.4 in. (220 mm) 

64 Ib (29 kg) 

El ementary schematic diagram of the Type 1570 Voltage Regu­
lator. 

CODE WORD PRICE 

... . .. . CEDAR $530.00 
lS70-ALR Relay-Rack Model, 115 volts, 60 cps . ...... . CHARY 530.00 
lS70-ALW Wall Model, 115 volts, 60 cps ... .. . ........ CLOWN 
lS70-AHM Table Model, 230 volts, 60 cps . ..... ...... CHALK 
lS70-AHR Relay-Rack Model, 230 volts, 60 cps ........• CURLY 
1570-AHW Wall Model, 230 volts, 60 cps .. . ........ ... CLOSE 
lS70-ALQ6 * 115 volts, 50 cps . .... .. ... ... PASHAt 
lS70-AHQ 11 * 230 volts, 50 cps . . . . . . . . . . . . REGAL i' 
* Insert 1\1:. R. or \V, for table, relay-rack, or wall model, rcspcclin' ly. 
t Suffix; add to code word for co rresponding GO-cyc le model, i.e., C]<;DARPASIIA for TYPI:: 1570-ALMQG. 
PATENT NOTICE. See Nole 7. page viii. 

530.00 
530.00 
530.00 
530.00 
530.00 
530.00 
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VARIAC 
VOLTAGE !(EGI/LATO!(S 

MILITARIZED VOLTAGE REGULATOR- TYPE 1570-ALS15 

The TYPE 1570-ALS15 Automatic Voltage 
Regulator, a militarized version of the stand­
ard TYPE 1570-A, is designed to meet the 
requi rements of MIL-E-H58B and MIL-E-
16400C. It offers the same advantages: high 
accuracy, no distortion. large po,,'er rating, 
high efficiency, and excellent transient re­
sponse. 

For ease of maintenance, the Control Unit, 
containing the servo ampli fier, has been sepa­
rated from the Regulator Unit, \\"hich consists 
of the motor-driven Yaria('® autotransformer 
and burk-boost tran. former. 'Vhen service 
of the electronic circuitry is required, only the 

smaller Control Unit need be remoyed. The 
Regulator Unit can remain in servic:e supply­
ing continuous (but unregulated) po\\"e r. 

The Regulator Unit if:i mounted 011 aU-beam 
extruded panel, which providef:i the ruggednesf:i 
nece. sary to pass the :-;tandard 1200 fL-1 h f:ihock 
test and the vibratioll tef:it of .0:30-inch excur­
sion from 1O- 5;j cps. The transformers a re 
hermetically sealed and stainless steel or 
iridite-coated a lumin um is used throughout. 
Suitable military lubricants are employed. 

The Control Unit has been particularly de­
sign ed for re liabi li ty and ease of maintenanc'c, 
making it especially useful for applications 
at high ambient tempcraturcs or for portahle 
installations where mechanical shock or vibra­
tion is encountered. The highest quality com­
ponents are used, hermetically sealed whcrc 
possible. Most compollents are operated at 
lesR than half their voltage or power ratings. 
All vacuum tubes are the morc reliable mili­
tary types and are operatcd at lcss than 20% 
of their maximum plate-current. ratings. All 
tubes can be replaced dircc-tly, '\'ithout re­
moval of any dust covers. Thc removal of a 
single top cover exposes all components and 
removal of the bottom plate exposes all wiring 
as ',yell as a complete circuit diagram and parts 
list. 

SPECIFICATIONS 
Input Voltage: The desired output volta~e will be main­
tained if the input volta~e does not vary by more than 
±9% from this value of output voltage. A connection 
!'anglo for ±18% variation is alRo available. 
Output Voltage: Adjustable over a range of ±10% from 
a base value of 115 volts; internal screw driver adjust­
ment. 

115 NOMINAL ADJUSTABLE 
OUTPUT VOLTAGE ±10% -- --

82% Input voltage as a per- 91% 

centage of output voltcge* to to 

-- __ 1_09% __ 118% 
Output current, amperes 50 25 
Approximate KVA 6 3 
Accuracy in % of output 

0.25% 0.5% voltage 

Speed of Response, volts 
per second t 10 20 

* TYPE !."i70-ALSI5 can be connected for either =9% or =18~ 
input voltage range. Ins truments arc shipped connected for =9'10 
range unless ;.L ] 8% rangf' is s pecified on OI'del', 

t Slightly less for very small voltage corrections. 

Frequency: -15- 55 or 55-65 cps, selected by switch inside 
the Control Unit. 
Power Consumption: No load, 35 watts. Full load, 1-10 
watts. 

TYPE 

Waveform Distortion : None. 
Waveform Error: The voltage-sensing device responds to 
the average value of rectified output voltage. Therefore, 
the average value of output voltage is held constant, 
llnd a loaded de power s uppl~', operated from the l'C~u­
lato r output, will give constant output voltage regard­
less of the harmonic distortion in the power line. The 
rms output voltage will a lso remfLin l"onstant regardle~~ 
of the harmonic distortion pl'Csent if the phase and 
amplitude of the harmonic's are constant. If the har­
monic content changes, the rms value will change b~ ' 
an amount less than j,R /n, where j,R is the change in 
the harmonic amplitude and n is the harmonic' number. 
Ambient Temperature: Operating - -2!) to + 52 C 

Storage - -5-1 to + 85 C 
Tube Complement : Two each, 5751 and 5727 / 2D21 W; 
one each, 5651 WA and 6(j2(j / OA2W A. 
Terminals: Jones connec·tor strip. 
Accessories Supplied: Control Unit power cord, spare 
fuses. 
Mounting: Reht~, rack. 

Dimensions: 

Width 
Height 
Depth (over-all) 
Depth (behind panel) 
Weight 

CONTROL UNIT 

19 in . (485 mm) 
3V2 in. (90 mm) 
8 V2 in. (220 mml 

7 in. (180 mm) 
13* Ib (6.3 kg) 

POWER UNIT 

19 in . (485 mm) 
7 in. (180 mm) 

11 14 in. (290 mm) 
9% in. (245 mm) 

50 Ib (22.8 kg) 

1570-ALS15 
-.,-___ --JII-C=-'ODE WO~ PRICE __ 

Automatic Voltage Regulator, 1 15 volts . . . . . . CLOTH I $705.00 



VA R I A C® S PEE 0 CON T R 0 l S 
FOR OPERATING DC MOTORS FROM AC LINES 

Yariac Speed ('011 Lrols me ('om pact, high­
performanee moLor speed cOlltro ls, del-;iglled 
to operate dc shullt, compoulld, or series 
moto!'s frol11 an ac lill e, The mot ors arc op­
erated wi Lh consLan t field exc;i LaLioll a nd 
adjusLable a rmature vollage, obLained from a 
Yariae auLot ransformer alld reel i fier, so LhaL 
shunt moLor regulaLioll characLeril-;Lies are 
obtailled , 

"Y 0 rll'ctronic lllbes arl' 118('d in IlLesI' control::;, 
Hed,ifiers are of Lhe met.allic or Hemieollduc­

tor type, so Lhere il-; 110 Lime delay ill I-;LarLillg, 

2500,.---....---,---..,--,---, 

sool.::--+--+-=f-___ :t::::--j 

~~-~-~.~o-~,,~-*'~~,u 
PER(;£NT RATEO TOftQUE 

Speed-torque characteristics of a typical motor and speed 
contro l installation, 

Variac Speed COlltrols are available in four 
power ratings: 715, Y6, ~, and :li horsepower, 
They are simple and rugged, have good regu­
lation, and are parLicularly .' ui t ed to shop 
inHtallation, They have given ex('ellenL per­
formam'e in a wide varieLy of laboratory, 
machine-tool, and industrial app licationI-;, 

For each size motor speed control, a basic 
model is available for as!:iembly inlo oLher 

CHOKE 

equipment. These are idelltified by the suffix 
IV ill their Lype numbers, These model::; in­
clude Lhe basic eOmpOllf'nts of the mounted 
controls, buL H\I'itc'hing and o\'er!oad protec­
tioll musL be Hupp lied by the user. 

~ho\\"n hC'lo\\' il-; the basic (·irclIi(. for Lhe 
moLor speed controls, Two sets of full-\\'avf' 
rec·tifiers a re used, One set supp lies fixed field 
vo lLage; t he oLher a con t i nuously adjustab le 
al'lnat ure volLage, controlled by a Variac auto­
transformer, 

The choke in (.he armature cireuit, in COll­

junction \I'i ih the full-wave se lenium rf'etifier, 
assures continuous condudion throughout Lhe 
ac cyele, providillg a low-impedanec sOllrce of 
essentially ripple-free armaturc ellrrent. 

Armature overload prated ion is accoll1-
plis]wd \I'iLh slo\l'-bl()\\' fu,;('s in the 1/ 15- and 
and Y6-hp models, and with magnetic circuiL 
breakers in Lhe >1- and %-hp models. 

FEATURES: 
~ Smoot h wide-range speed control - 15:1 
for mO!:iL appli caLions; up to 100:1 or more 
wi Lh ligh t or smooth loads. , 
~ Versatile starLing characteristies: smooth, 
controlled starting for delicate loadi-i; fasL, 
high-Lorque i-itarLing for heavy load~. 
~ Dynamic braking in all models Y6 hp and 
higher brinp;s Lhe armaLure Lo a quick !:iLop, 
~ InsLan L starti 1lP;, 
~ Quiek reversing, 
~ Xegligible ac ripple - moLor need not be 
dera.tcd - no Lorq ue pulsaLion, 
~ Low firsL cosL. 
~ Yery low maintenance. No elecLronic Lube!:i. 
~ ~i m pIc installat ion. 

PATENT :"IOTICK Sec NoLe 7. page viii. 

BRAKING 
RESISTOR CONNECTS ACROSS 
,.-'INIr-,.-- ARMATURE IN 
t t STOP POSmON 

A, 
ARMATURE 

L-------o Sz 

)I-______ -oS, 
Fz 

SERIES 
FIELD 

L..--_______ -o F, 

Circuit diagram of a Variac Speed Control. 

SHUNT 
FIELD 
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VAN/AC 
MOTO/( CONT/(OlS 

COMPLETE MODELS IN CABINET WITH SWITCHES 
Ij6, V3, and % HORSEPOWER 

Type 1702-A 

Type 1700-B 

TYPE 1703-A, TYPE 1700-B, AND TYPE 1702-A 
These fractional-horsepower model;; are 

completely assembled with switching and 
control elements on the face of the cabinet. 

Typical appl ication" include feed and spindle 
d rivefl, winding machinefl, grinders, drill 
presses, conveyors, and processing machinery. 

BASIC (W) MODELS - ON CHASSIS WITH COVER 
TYPES 1703-BW, 1700-CW, AND 1702-BW 

Type 1700-CW 

DC 
TYPE MODEL FIELD SPEED 

-
1703-A 

115 v. O-rated 

(V6 hpj 66 v. 0-l l1.. x rated 
Complete 48 v. 0-1!/2 x rated 

-
1700-B in 115 v. O-rated 

(YJ hpj Cabinet 75 v. 0-1 .15 x rated 
1702-A 115 v. O-rated 

(:y., hpj 75 v. 0-1.15 x rated 
115 v. O-ra ted 

1703- BW 
(V6 hpj Basic 66 v. 0-l l1.. x rated 

(Chassis with 48 v. 0-1 !/2 x rated 
1700-CW cover, and 115 v. O-rated 

(YJ hpj Variac 75 v. 0-1.15 x rated 
1702-BW autotransformer) 115 v. O-rated 

(:y., hpj 75 v. 0-1.1 5 x rated 

Ba::;ic models of the ,Y6- to % -hp controls, 
theiOe model;; have the e::;sential elements, ill ­
eluding t he bra king re::;istor, mounted all n 
simpli fied chassis with cover. The Variac auto­
tran::;former is supplied separately, (,0 he 
mounted by the cu::;Lomer. _-\ suitable s\\·it(·h or 
drum controller can be supplied (page 2:2:3). 

RECOM-
CODE UNIT PRICE MENDED 

WORD 1-4 5-19 20-up MOTOR 
WEBBY $110.00 $107.00 $104.00 MOD-II 

AFOOT 180.00 176.00 172.00 MOD-3 

AMAZE 255.00 245.00 235.00 MOD- 25 

- - - - -SABOT 90.00 87.50 85 .00 MOD-II 

SALTY 155.00 151.50 148.00 MOD-3 

- -SATIN 215.00 206.00 197.00 MOD-25 

Input Line : 105- 125 v, 50-60 cps, 275 watts, for ).i hp 105- 125 v, (j0 cps, 5(j0 and 1150 waLLs for ).i, and ~ hp, 
respectively (50 cps avai lable on special order). . 
Armature Output : 0- 115 v, de at 1.5, :3 .0, and (j.5 ~Lmp for ).i, ).i, and ~ hp respectively. 
Overload Protection: Fuses in ).i hp and magnetie ('ircuit breakers for ).i and ~ hp complete controls only. 
Motors : MOD-ll, ).i hp Compound, 1725 rpm, 25 lbs (11 .5 kg), Code Word MOTOR", Price $62 .00. . 

MOD-3, ).i hp Compound, 1725 rpm, :30 Ib (H kg), Code Word MOTon", Prire $70.00. 
MOD-25, ~ hp, Compound with inLerpoles, 1725 rpm, (j0 Ib (27 kg), Code Word MOTOR", Price $115.00. 

Dimensions and Weight: 
1703: Cabinet :'I1odel, 7% by 7% by 5 % inehes (180 by 200 by 1-15 mm) over-all, 9 Ib (4.1 kg); Basi(' :'IIodel, 
chassis 7Yz by 1O>i by 3Yz inches (190 by 260 by 90 mm), 4Yz Ib (2.1 kg), Variac auLotransformer 3>i by 3%6 
by 4% inches (85 by 95 by 110 mm), 3Yz Ib (1.6 kg). 
1700: Cabinet Model, 13 by 9% by 7 inches (:,:;0 by 2-10 by 180 mm) over-a ll, 2:3Yz Ib (10.7 kg); Basic r-Iodel, 
chassis 9~ by 12~ by 5 inches (250 by :320 by 130 111m), 17 lb (7 .7 kg), Variac autotransformer 4Yz by 5 by 5~ 2 
inches (115 by 125 by 1-10 mm), 6Yz Ib (:3 kg). 
1702: Cabinet Model, 13Yz by 15Yz by 7Yz inehes (345 by 305 by 100 mm) over-all , 411b ( 18.7 kg); BaRic Morle!, 
chassis 11>i by 15>i by 5Ys inches (2:35 by :390 by 150 mm), 27Yz Ib (12.5 kg), Variac autotransformer 5~ by 
6>i by 5Ys inches (1-15 by 160 by 150 111m), 11>i Ib (5.1 kg). 

* When ordering control with motor, usc compound code word; for exarnplc, WEBBYMOTOn is the code word for TYPE 1703-A wiLli motor. 
Motors are not sold separately. 



VANIAC 
MOTOI( CONTI(OlS 

Type 1701-AK Type 1705-Pl Controlle r 

Type 1701. 
AKW Ty pe 1702- P3 Switch 

FULLY ENCLOSED MODELS-COMPLETE IN CABINET 
UP TO V 15 HORSEPOWER 

TYPES 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 series and uni­

versal motors. One speed range. Gives shunt 
regulation characteristics with inexpensive uni­
versal motor at speeds up to 10,000 rpm. Motor 

TYPE MODEL DC FIELD 

115 v. 
1701-AK Camplete 38 v. 

1701·AM in 115 v. 

Cabinet 10 v. 
1701-AU 16 v. 

1701.AKW Basic 115 v. 
(Chassis and 38 v. 

Variac autotransformer) 

field and armature leads must be separate. 
Applicatiolls similar to TYPE] 701-AK, but 

including also higher speed applications, such 
as small, very high-speed dri ll presses. 

BASIC (W) MODEL - OPEN CHASSIS 
TYPE 1701-AKW 

Basic model of the 1/ 15-hp control. It con­
tains the essential elements such as the choke, 
rectifiers, and transformers, mounted on a 
chassis, and the Variac autotransformer sup­
plied as a separate unit, to be mounted by the 
customer. No switches or overload protection 
are supplied. They may be chosen by the 
customer to suit his applications. 

RECOMMENDED 
SPEED CODE WORD UNIT PRICE MOTOR -

O-rated WINDY 1- 4 $95.00 MOD-21 
0-2 x rated 5-19 93.00 
O-rated WIDOW 20 up 91.00 MOD-21 
O-rated WEARY 1-4 95.00 MOD-4 

5- 19 93.00 
20 up 91.00 

O-rated SERUM 1-4 72.00 MOD-21 
0-2 x rated 5-19 68.50 

20 up 65 .50 

Input Line: 105- 125 v, 60 cps or 105- 120 v, 50 cps, 175 watts. 
Armature Output : 0- 115 V dc, 0.8 amp. 
Motors : MOD-21 Shunt, 1 / 15 hp, 1725 rpm, 81b (3 .6 kg), Code Word MOTOR*, Price $38. 00. 

MOD-4 Universa l, 1/ 15 hp, 8800 rpm, 3% Ib (1.7 kg), Code Word ~IO'l'OR·, Price $21 . 50. 
Dimensions and Weight: 

Cabinet Models: 5% by 6% by 4 % inches (150 by 175 by 120 mm), over-all, 6 lb (2.7 kg). 
Basic Models : Chassis, 6Ys by 9 by 2% inches (155 by 2:30 by 70 mm), 2 7.1 1b (1 kg); Variac autotransformer, 3>i 
by 3l l{6 by 4 % inches (85 by 95 by 110 rom), 3Y2 lb (1.6 kg). 

* \Vhen ordering control with motor, use compound code word; for example, WI,:'Il"DY:\IOTOR is the code word for TYPE 1701-AK with motor. 
lIIotors are not sold separately. 

SWITCH AND CONTROLLER for Use With %-HP and %-HP Basic Models 
The appliance-type switch supplied with the 

Typg ] 700-B and TYPE 1702-A controls is 
available as a separate item, the TYPE 1702-P3 
Switch, to use with the W :vfodels. This switch 
has enough contacts to break the ac and dc 
circuits simultaneously, and also to handle 
reversing and dynamic braking. The escutch­
eon plate (supplied) is engraved FORWARD, 

STOP and REVERSE. A dl'Um switch, which 
is particularly sui ted for maehine-shop pro­
duction work, is a lso available as a separate 
item for use with the W models. 

TYPE 

1702-P3 
1705-Pl 

Switch . 
Drum Controller . 

CODE 
WORD 

FLlPO 
DRUMO 

PRICE 

$7.50 
30.00 

223 



224 

WAVEFORM-MEASURING INSTRUMENTS 
The choice of an instrument for evaluating 

the components of a complex elect rical signal, 
an acoustic noise, or a mechanical vib ration 
depends upon the character of the signal, the 
information that is needed, and how the results 
are to be used. For example, if the wave is a 
periodic one that is stable in frequency, each 
individual component is readily measured 
,,-ith the TYPE 73G-A Wave Analyzer. The 
very high selectivity of this analyzer with its 
4-cycle bandwidth is independent of the fre­
quency to ,,-hi ch the analyzer is tuned, be­
cause the analyzer is a heterodyne type. This 
selectivity characteristic, obtained by quartz­
crystal fi lters, is invaluable in the measure­
ment of intermodulation distortion of am­
plifiers and other audio equipment. As an 
electronic voltmeter in the measurement of 
the transmission characteristics of electrical 
wave filters and as a null detector for im­
pedance bridges, the excellent selectivity is of 
particular value in avoiding the effects of 
interfering signals, hum, noise, and distortion 
products. 

The TYPE 155-!-A Sound and Vibration 
Analyzer, described in the section on Sound 
and Vibration, finds its greatest use in the 
measurement of the components of noise, 
either electri cal or acoustical, when the selec­
tivity of the TYPE 73G-A Wave Analyzer is 
often too great for rapid analysis, and in the 
measurement of noises ,,-hose frequency com­
ponents fluctuate. It provides two band­
widths, one a constant percentage (8 %) of 

FREQUENCY TUNING 
TYPE NAME CLASS RANGE-CPS METHOD 

736-A Wave Heterodyne 20-16,000 Continuous 
Analyzer 50-kc crys- (1 range) 

tal filter 

1554-A Sound RC Degen- 2.5-25,000 Continuous 
and Vi- erative (4 ranges) 
bration 
Analyzer 

1550-A Octave- LC Filter 20-10,000 Band 
Band Switch 
Noise (8 bands) 
Analyzer 

1932-A Distortion RC Rejec- 50-15,000 Continuous 
and Noise tion (funda- (5 ranges) 
Meter mental} 

the frequency to which its dial is set, the other 
a third octave. 

Although its tuning is continuous, if one 
assumes t hat the analyzer separates its range 
from 2.5 to 25,000 cps into contiguous bands, 
according to its effective band\\-idth, it II-ill 
have about 100 bands without appreciable 
overlap, as contrasted II-ith about 3200 bands 
for the full range of the wave analyzer. 

When a st ill simpler division of t he spectrum 
is desired, the TYPE 1550-A Octave-Band 
Noise Analyzer (described in the section on 
Sound and Vibration) is available for division 
of the spectrum from 20 to 10,000 cps into 
eight bands. 

The TYPE 1932-A Distortion and Noise 
Meter is a more specia lized, yet remarkably 
versatile analyzer, designed for the routine 
and rapid measurements on audio systems. 
This electronic voltmeter uses the complete 
signal as a reference value. A selective net­
work suppresses the fundamental component, 
and t he remainder, which includes disto rtion 
components, hum and noise, is then measured. 
This single-number distortion rating is a con·­
venient and frequently used figure of merit 
of the performance of an audio-system. 

Used with a cathode-ray osci llograph, it 
becomes a versatile production testing tool, 
immediately indicating optimum conditions, 
whenever adjustments are made that affect 
distortion or noise. Noise, distortion and hum 
are readily distinguished, and a distinction 
between second-harmonic and third-harmonic 
distortion can also be made. 

INPUT 
BANDWIDTH VOLTAGE MEASUREMENT POWER SEE 

(3 DB) RANGE APPLICATION SUPPLY PAGE 

4 cps 10 micro- Separating AC Line 225 
volts to steady 
300 volts components 

8% and 100!Jov to Separating Batteries 189 
third 3v Components 
octave and Broad-

Band Noise 

2:1 66 db Broad-Band Battery 191 
Noise 

Rejection 80 db Harmonic AC Line 227 
band at Distortion -
60 db = Relative 
0.02% Hum and 

Noise 



WAVEFORM 
ANALYZE/( 

TYPE 736-A WAVE ANALYZER 
USES: The wave analyzer is used to measure 
the amplitude and frequency of the compo­
nents 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
lvzer 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 ac operated communication 
equipment; noise analysis; and induction stud­
ies on telephone lines. As a sharply tuned volt­
meter, it is invaluable in the measurement of 
the transmission characteristics of electric 
wave filters and as a null detector for imped­
ance bridges. It is an excellent detector for 
inter modulation distortion measurements. 

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. 

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 sidebands, in the 
output. The original of the complex waveform 
is not passed by the modulator intermediate­
frequency output transformer, and the local­
oscillator carrier frequency is suppressed ill 
the output because of the two-tube balanced 
modulator employed . 

The 50-kilocycle component of the upper 
sideband, 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. 
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WAVEFORM 
ANAlYZEf( 

FEATURES: 

~ A "flat top" characteristic as shown by 
the curve at right is obtained by use of the 
three-crystal filter. This feature makes tuni ng 
easier and increases the stabi lity of the tuning 
aclj ustment. 

~ A very wide range of input voltages ­
] ,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 easi ly at any time. 

~ The input impedance is constant at 1 
megohm, hut a built-in 100,000-ohm poten­
tiometer is provided as an alternate input 
system where absolute voltage levels need 
not be determined. 

~ External magnetic fields cause no trouble 
because the balanced modulator is fed by a 
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Transmission characteristic of the crystal filter in the Type 736-A 

Wave Analyzer. 

phase inverter tube, rather than by a tran s­
fonn er. 

~ Humidity effect. are minimized by the her­
metic sealing of all critical parts. 

SPECIFICATIONS 

Frequency Range: 20 to 16,000 cps. 
Effective Bandwidth: -1 cps. 
Selectivity: Approximately as shown in plot, above. The 
response is down 15 db at 5 cps, 30 db at 10 cps, 60 db 
at 30 cps from the peak. The selectivity is constant over 
the frequency range. 
Voltage Range : 300 microvolts to 300 volts full scale. The 
10"'cst division on the meter corresponds to 10 /Jov. The 
over-all mnge is divided into four major ranges: :300 /JoV 
to :300 mv, 3 mv to 3 v, 30 mv to 30 v, 0.3 to 300 v. Each 
of thcsc rangcs is divided into seven scale ranges; for 
cxamplc, the 0.3 v to 300 v rangc has the following full­
scale ranges: 0.:3 v, 1 v, 3 v, 10 v, 30 v, 100 v, 300 v. 

A direct-reading decibel scale is also provided. 

Voltage Accuracy: Within ±5% on all ranges. Spurious 
voltages [rom higher-order modulation products intro­
du('cd by the detector are suppressed by at least 70 db. 
Hum is suppressed by at least 75 db. 

Input Impedance: One megohm when used for airect volt­
age measurements. When used with the input poten­
tiometer it is approximately 100,000 ohms. 

Accuracy af Frequency Calibration: ±(2% + 1 cps). 

Tube Complement: Six 6J7; two 6K6-G; one each, 6B8, 
6C5, 6X5G, 6F5-G; three KE--18 neon lamps. 

Power Supply: 105 to 125 (or 210 to 250) volts, -10 to 60 
cps. A voltage stabilizing circuit is included . Power in­
put is about 65 watts. Three-wire powcr cord. 

Accessories Supplied: Spare neon lamps, spare fuses, onc 
TYPE 274-NL Shielded Connector, and a TYPE CAP-22 
Power Cord. 

Mounting: Shielded oak cabinet. 

Dimensions : Width 19Y2, height 25~, depth 11 inches 
(495 by 6-10 by 280 mm), over-all. 

Net Weight: 87 pounds (-10 kg) . 

CAI..ISIIATED HETERODVNING OSCILLATOR 
SUPPI.. ... ,NG C.l.AAIEA(P)AT "lEQUENCY !!2!i: A.IoIOI.foIT OFCAltftI('W"\ 

LOWEll SlD£UHD tp..QI. AND 
Pt lO, Pt30, ETe. NEGUGlILI 

TYPE 

736-A 

....., Of ~ 000 CYCLES MINUS rAEQUEr-tCY 
or eO"'''O'iENT OF Q . I,INOER AtU,I.YSIS 

Schematic diagram of Type 736-A Wave Analyzer. 

Wave Analyzer ................. . ......... . 
For other aud io-frequency anlyzcrs, see pages 189 and 227. 

"' .. 

CODE WORD PRICE 

ASKEW $1275.00 



WAVEFOI?M 
~-------------
W O/STO{(TlON METEI< 

TYPE 1932-A DISTORTION AND NOISE METER 
USES: The TYPI~ Hl32-A Distort ion and i\oise 
~1eter measures distortion, noise, and hum 
level in audio-frequency circuits. In conjunc­
tion with the TYPE 1931-B Modulation Monitor, 
it can be used to measure these quantities di ­
I'ectly in the output of radio broadcasting 
transmitters. It finds many llses in the elec­
tronics laboratory and in the production 
testing of radio receivers as a wide-range, 
highly sensitive voltmeter for such measul'f'­
ments as signal-to-noise ratio, A VC character­
istics, and hum level. With the aid of an Of;­

cilloscope, individual hum alld distortion 
components can be identified. 

DESCRIPTION: The principal elements of the 
unit are a his;h-gain ampl ifier with an H-C 
interstage coupling unit that balances t.o a 
sharp null, a calibrated attenuator for adju'it­
ing the sensitivity, and a vacuum-tube volt­
meter. Degeneration maintains stability in 
amplifier gain and a flat transmission charac­
teristic, except within an octave of the null 
frequency . The null frequency is continuou'ily 
variable. The null network eliminates the 

Functional sche matic of the Type 1932-A Dis­
torlion and Noise Mete r. 

L _____________ · c, ____ _ 

fundamental of the audio-frequency signal, 
leaving only the distortion products, which are 
indicated directly on the panel meter. 

The null network is switched out of the cir­
cuit for noise and hum measurements, and the 
instrument then operates as a high ly sensitive 
voltmeter. Two input circuits are pl'Ovidrd: 
(1) a transformer for bridging a GOO-ohm line; 
and (2) a direct con nection to the 100,000-
ohm gain control. 

FEATURES: 

~ Continuous adjustment of frequency over 
the entire audio range is provided. 
~ Quick frequency selection. 
~ Frequencies up to 5;),000 cps are passed by 
the ampli fier circuits, so that distortion meas­
urements can be made on fundamental fre­
quencies up to 18,000 cps. 
~ Distortion as low as 0.] % can be measured. 
~ An auxiliary dbm calibration is provided. 
~ An oscilloscope connection is provided for 
visual observation of the noise or distortion 
components. 
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WAVEFORM 
OISTORTlON METIR 

SPECIFICATIONS 
Distortion Range : Full-scale deflection for 0.3%, 1%, 
3%, 10% or :30% distortion. 
Noise Measurement Range: 80 db below reference calibra­
tion level, 0 1' 80 db below an audio-frequency signal of 
zero dbm level, at maximum sensit ivity. 
Frequency Range 

Distorlion Measurements: 50 to 18,000 cps fundamen­
tal; " ' ith bridging-transformer input, harmonics up to 30 
kc; with 100,000-ohm input, harmonics up to 55 kc. 

Residual Distortion and Hum Level : 
50 to 150 cps, .07 %. 150 to 5000 cps, .02%. 5000 to 
18,000 cps, .10%.* 
* Cun be reduced to .02% by use of low-level cal ibration techniques. 

Accuracy: Distort ion ±5% of full scale, ± residual 
distortion . Noise-dbm, ±5% of full scale for specified 
bandwidths, and with distortion defined as the ratio of 
harmonics-plus-noise to total input signal. 
Residual Noise Level: At least 80 db down. 
Input Impedance: 100,000 ohms, unb::danced, and 600-
ohm bridging input (10,000 ohms), balanced or unbal­
anced. 
Meter: A large meter with an illuminated scale is pro­
vided, calibrated in percentage and db. The ballistic 
characte ristic is similar to that of a vu mcter. 
Tube Complement: Four 6J5-GT; two OD.3/ VR150; 
one each GS~7-GT, GICG-GT, 6H6, 6X5-GT / G. 
Accessories Supplied: TYPE CAP-22 Puwer Cord, cable 
fo r conneeting to t he TYPE 1931-B ;\lodulation ;\Ionitor, 
spare fu ses. 

TYPE 

Other Accessories Required: For measuring the d istort ion 
in osci llators and other audio-frequency sources, no 
additional equ ipment is required . For measmements on 
ampl ifiers, lines, and other communications networks, 
a low-distort ion osc illator is required. TYPE 1:301-A 
Low-Distort ion Oscillator (see page 98) is recommended. 
When the modulated output of a radio transm itter 
is to be measmed, a linear demodulator is necessary . 
The TYPE 19:3 1-B Modulation ~Vlonitor (page 1:32) is 
recommended . However, any detector system having 
minimum undistorted output of 1.5 volts rms can be 
used. 
Terminals: Terminals are provided at the rear for con­
nection to the modulation monitor. A \'{estern Electric 
jack is provided at the panel also, as an auxilia ry input 
circuit. Plugging into this jack automatically disconnects 
the real' connectors. 
Power Supply: 105 to 125 (01' 210 to 250) volts, 50 to 60 
cps. T he line input power is 65 watts. Three-wire cord 
(TYPE CAP-22) supplied. 
Mounting: The instrument is relav-rack mounted. E nd 
frames are available [or table mO\.lllting. (See price list 
below.) 
Panel Finishes: Standard General Radio gray crackle. 
Certain standltrd finishes which can be processed in 
quantity can be supplied . 
Dimensions : Width 19, height 7, depth 13 in ches (~85 
by 180 by a:30 mm) over-all ; depth behind panel, 12 
inches (:305 mm). 
Net Weight: 35),-2 lb (16 kg). 

CODE WORD PRICE 

1932-A 
FRI-412 

Distortion and Noise Meter ...... .. ..... ... . TABOO 
ENDFRAMDIG 

$725.00 
13.00 Pair Aluminum End Frames ... .. . ........ .... . . 

TYPE 1932-P1 A-M DETECTOR UNIT 

The TYPE 1932-Pl A-M Detector Unit, for 
measuring t he a-m noise level in f-m trans­
mitters, consists of a linear rectifier and an 
r-f filter, wit h provision for introducing an 
a udio-frequency calibrating voltage. The de­
tector output, after filtering, is passed through 
a standard 75-microsecond de-emphasis cir­
cuit to the Distortion and K oise Meter. The 
de-emphasis circuit can be switched out to give 
a flat characteristic, if desired. A microam­
meter indicates the diode current. 

TYPE 

Provision is made for the use of an external 
diode detector to cover ranges of carrier fre­
quency not included in t he normal operating 
range of the self-contained diode detector. 

SPECIFICATIONS 
R-F Input: 4 to 8 volts required, from low-impedance 
line, 50-220 Mc. 
Audio Input: -100 cps; 4 to 8 volts; 1000-ohm input 
impedance. 
Audio Output: 

:30- 30,000 cps ±1 db; or 75 !,sec de-emphasis char­
acteristic. 

1 to 1.5 volts, into 100 krl load . 
Diode : L :3 I-A Crystal. 
Terminals: Tclephone jack for a-f voltage; coaxial con­
nector for r-f voltage; plug for inserting into p!1ncl jac ks 
of Distortion and Noise :\leter ; telephone jack fo r exter­
nal diode detector. 
Accessories Supplied : 1 T YPE 87+-C8 C!1ble Con nector. 
Mounting: \Vr inkle-fin ish case, in gm~' . 
Dimensions: 5>1 by G by 2 Y:i inches, (1'3.'5 h~' 15.5 h)' 64 
mm ) over-a ll. 
Net Weight : 1Y:i pounds (0.7 kg) . 

CODE WORD PRICE 

1932-Pl A-M Detector Unit ........... . .. . ........ . AMDET $105.00 



PARTS AND ACCESSORIES 
The General Radio Company ha developed 

and is constant ly improving a comprehensive 
line of parts for use in its laboratory and 
indust rial instruments. Among the design 
objectives are maximum reliability, long life, 
conven ience, attractive ap pearan ce, and 
known electri cal characteristics. All Gei1eral 
Radio parts are painstakingly designed, use 
t he best availab le materials, and a re produced 
by method1:i that yield reasonable prices. One 
important design consideration is to produce 
in tegrated groups of basic elements that fit 
together electrically and have a unity of 
appearance. 

An excellent example of the integrated line 
is found in General Radio binding posts, 
coaxial elements, and plugs and jacks. The 
standard GR TYPE 274 Plug seats into the 
chamfered binding-post top to ensure mechan­
ical and electrical stability. Insulators a re 
keyed to the binding posts and may be keyed 
to the panel if desired . These insu lato rs can 
also be used to mount t he TYPE 938 Jack. 
Both the hinding posts and jacks have tips for 
so ldering - no lugs are used since they can 
introduce an uncertainty of contact . 

The General Radio TYPE 874 Coaxial Con­
nector, described on pages 38 and 40, has 
become an accepted laborato ry standard for 
high-frequency work. Recent improvements in 
these connectors include a means of locking, 
greater mechanical stability, and greatly re­
duced leakage. The inner co nductor of these 
connectors accepts a TYPE 274 Plug. 

The TYPE 274- 1B Double Plug is another 
connector that has become standa rd equip­
ment in a lmost a ll laborato ries. The springs of 
these plugs, as of a ll TYPE 274 plugs, are of 
hardened beryllium-copper for low contact 
resistance. Thc plugs are embedded, fo r 

strength, into a styrene body. A cross hole 
provides strain relief for attached leads or 
cable. To reduce the chance of electrical shock, 
no metal part except the plugs themselves 
is exposed . For complete ly shielded connec­
tions to TYPE 938 Binding Posts, the TYPE 
274-NK Shielded Double Plug is available. 
Patch cords are available which terminate in 
TYPE 274 double plugs, shielded double plugs, 
or single plugs on the cord and pigtail leads. 

The TYPE 970 Potentiometers have been 
designed with particular care to produce an 
instrument-grade potentiometer at reasonable 
cost. Materials have been selected to produce 
a high degree of mechanical strength and 
stability coupled with correct electrical design. 

The TYPES 1-1020 and 1421 Capacitors are 
made from solid shaped extruded aluminum 
stock, which yields advantages in stabili ty 
and mechanical strength. The electric char­
acte ristics of t hese capacitors are equally good. 

General Radio knobs are available in a 
variety of models and sizes and are consistent 
in style with t he binding posts. Shaft holes are 
bored for precision, and all except the smallest 
are provided with two setscre\\·s. 

Dials are designed to close mechanical tol­
erances, and are available for direct drive, 
fri ction drive, and gear drive. 

The TYPE 941 Transformer is a general­
purpose impedance-matching transformer for 
general laboratory work at audio and ultra­
sonic frequencies. 

The TYPE 578 Transformer is designed 
specifically for generator or detector isolation 
in ac bridge circuits, and has an effective 
interwinding capacitance of only 0.3 pf. 

To comply with our minimum-billing re­
quirements , a single order must total at least 
10 dollars. 

CONTENTS 
Binding Posts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ....... ... .. . 
Capacitors. . . . . . . . . . . . . . .. ... ..... ...... .. . . . . . . ... . ... . . .. . .. . . 

for Laboratory Capacitors refcr to pages 156 to 171 
Dials ..... . ....... ... . . ...... . .... .. .......... .. . . .. . ................... . 
Knobs . . . . . . . . ... .. .. . . . ...... ... . .. .. . . .. ....... . ........... . , .. .. ..... . 
Patch Cords and Power Cords .. ... ...... .... .......................... . ... . 
Plugs and J acks ...... . . . .... .. ....... . . . . .... .. . . ........... ...... .. .... . 

for Coaxial Connectors refer to pages 38 to 55 
Potentiometers ........... . . . .... . .. . 
Transformers. . . . . . . . . . . . . . . . .. . .. . .. . . 
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PANTS 
CAPACITOI(S 

VARIABLE AIR CAPACITORS 
TYPE 1420 AND TYPE 1421 

Type 1420 Type 1421 

These capac ito rs were developed especia ll y 
for use in l aborato r~r inst ruments requirin g 
low dielect ri c losses, 10\\' indu ctance a nd re­
sistance. a nd high mecha ni cal a nd therma l 
sta bility. The rotor and stator a re carh ma­
chin ed from so lid. shaped a luminum extru­
sions of id cnt ira l [L ll ov. Th e illustration shom; 
ho w t he on e-pi ece stator a lso se rves as a fram e 
for the as::;embly . 

FEATURES : 

~ Low res idual inductance a nd resistance . 
~ Good lin eari ty . 
~ Lo\\' temperature coeffi cient. 
~ In sulated roto r . 
~ Sealed , long-life ball bearin g.:;. 

Capacitance Range: 
SPECIFICATIONS 

NOMINAL I RANGE FOR 
TYPE MAX MIN LINEAR VARIATION 

1420-F 70 13 54 ± 5pf 
1420-G 138 14 108 ± 5pf 
1420-H 250 16 216 ± 5pf 
1421-J 575 22 540 ± 20pf 
1421-K 1120 29 1025 ± 25pf 

Thc rOlo r-to-g round c:qHc it:1 l1ce is about lp l' 1'0 1' the 
TY P1~ 1-120 a nd a bout 2.5pl' 1'01' the T y l' '' I ,21. 'I'll(' ~ta­
to r-lo-ground cap'tc itance is aboul l. 5pf 1'01' t hc TYI'I, 
H 20 , a nd ~pl' 1'01' T YPE 112l. The d:tla in t hc :Lbove 
tablc a re 1'0 1' l hc m p'LC' ito r used as:1 two-tcrmina l device. 
wi t h ro to r groundcd. II' t hc Btator is gro llndcd, m:tximum 
and minimum c[tpac itance v:,lues will bc dec reased b)' 
about 1pf. 
linearity: The vMi:1tion of c" p_,citancc wilh :tngle of 1'0 -
t: l l ion is g,uamlllcrd lineal' within ±O.:l% of full scale. 
The a ngula r mn g<, o f line.Lr v'lria tion is 1 ,0°. 

T ypical independcnt lincarit~· is bcLLer t han ± 0.2%. 
Dielectric Lasses: Fo t' t hc grounded-rotor connection, the 

i OIA 

Type 1420 

TYPE 

d ielcetri c losses correspond to a D uC" product of less 
t ha n .01 X 10-". T he rolor- to-grou nd (·:lp.u- il:IIH'C has a 
D uG, prodll (·t of 0.1 X LO- " . T his loss componcnt is in 
pa mllel with t hc m:lin capac itancc on ly 1'0 1' t he grounde<l­
stator conncdion. 
Inductance: Approximate ly .OOG I'h 
Insulation Resistance : G reater t ha n 10 11 ohms undcr 
stal1<LLrd AS1'.\1 labor:Ltory cond it ions (2:3 C, 50% RH ). 
Temperature Coefficient of Capacitance: Approxi ma tel)' 
+ 0.00:1% pC I' dcgrec C. 
Shock and Vibration: Thc TY PE 1120 C:tp',c i tor~ will paRS 
shock :wd vibration tests of :\fIL-T-O i5-.\. 
Maximum Voltage: 700 volts peak . 
Torque: 2 od'l<'e-inches maximum with shn l' t vcrt ical. 
Net Weight: TYP E 1.20-F, ... oz ( llOg); T y p" 1120-G, 
11.-2 oz (125 g): T YPE 1.20-H, 5 1 2 oz (155 g); TY PE 
1121-J, li b 8 oz (d70 g); T YPI, 1121-K, 11h 11 oz (81 0 
~). 
Dimen;ion>: See sketch<,.' bclo w. T o convert in ches to 
mm, mul l ipi )' by 25. I. Wherc dimensions arc crit ical 
write fo r a copy of t hc latest, drawings. 

Type 1421 

CODE WORD PRICE 

1420-F 70 pf, max . ... ... . ........... ... . . MARRY 
MAliN 
MAXIM 
NABIR 
NABOB 

$30.00 
32.00 
33.00 
55.00 
58.00 

1420-G 130 pf, max . ..... . .. . 
14~0- H 250 pf, max . . . .. .. ... . . . . . . ... .... . . . .. . 
1421-J 575 pf, max . ..... . . . . . . 
1421-K 1120 pf, max . . 

See pagE'S 23 ... a nd 23G for knobs and d ials for use with t hese capacitors. 
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POTENTIOMETEI(S 

970-SERIES POTENTIOMETERS 
The 970-Scries Potcntiomcters a rc moder­

atc ly priccd, high-quali ty co ntrols \\-ith pcr­
fonnancc approaching thc besL available. They 
can be uscd not only at dc, but also throughout 
thc audio- and ultrasonic-frcqucncy rangcsand, 
in many applications, at low radio frcquencies. 

DESCRIPTION: The materials used in the all­
phenolic body (1), dust-proof cove l' (2), and 
glass-reinforced-polyester shafL (:3) minimize 
the capac itancc to ground. 1.0\\- inductallce re­
sults from the use of a thin \\-inding form of 
phcnolic lamillate. A small-diameLer brush (-4:) 
of precious-metal alloy assures high resolution. 
Brush arm a nd spring (5) are combi ned into a 
sillgle stamping of sprillg-temper phosphor­
bronze. The sc rew (6) that holds the cover to 
the base passes through a horse-;hoe-shaped slot 
in the brush arm to serve as a rotaLional stop 
that exerts no forec on thc brush. The brush 
rides with uniform pressure on the firmly an­
cho red \\' ires at the edge of t he resistance wind­
ing (7). Thc combination of precious-meLal 
co ntact, firm clean Lrack, and uniform contact 
pressure minimizes electrical noise. 

The projecLillg hub (11) permits adj ustment 
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 beari ng close 
to Lhe plane of the brush. The shaft is rigid ly 
held by this hub, and a sccond hea ring is pro­
vided by a stai niess-steel insert (8) to gu ide 
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 t urn spacing, on a mandrel 
that is firmly cemented in to the cy lindri cal 
base molding. 

The tu rret Lerm inals (9) are both riveted 
to the end clamps a nd I-;o ldered to the ends of 
the \\-indillg (7) and Lo the silyer-plaLed sprillg­
bronze co ntact take-off ill the coyer (10), so 
thaL none of the fixed inLernal connections de­
pends upon pressurc a lone. 

SPECIAL TYPES 
Units in the 970 desigll can be made on 

special order with: 3600 mechanical rotaLion, 
taps as close as ~ inch apart along Lhe cllLire 
\\-inding, resistance other than lisLed values, 
resistance tapers, resistance Lolerance and 
lin earity to lerances bctter than standard . For 
a pplieation i-i requiring maximum shaft rigidity . 
sharLi-i of metal-cOl'ed phenolic or of metal can 
be supplied. 

GANGING 
When gangcd, the 970-Series Potentiometers 

retain their low-capacitance characteristies. 
U nits are designed to bc nested \\-ith phenolic 
spae i ng rings stacked on a long shaft, and held 
togethcr with thin metal clamping rings and 
tic rods. This assembly altom; unit,~ to bc ~ct 
in any dcsired phasc relationship. Inquiries 
are welcomed on a special-design basis. 

- . 
:.--.......... 

...",--- I 

KNOBS 
Recommended knobs for these potcntiom­

eters are described on page 236. Use TYPES 
KNS-6 and KNSP-6 for TYPBS 971 , 972, 973, 
and 97-4:; TnBs I\:NS-8 and KNSP-8 for 
TYP BS 975 and 976; and TYPES KNS-12 and 
1\::1'ISP-12 for Tn.!!.:s 977 a nd 978. 
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POTENTIOMETEI(S ' 

TYPE 971 TYPE 972 TYPE 973 TYPE 974 
---1 

t~ Ef-k t-.1 Itg . ,J~ " ~ ·3 
j 1-114 O'A , j I- 1/4 O'A, j 1-3180'A. --l l-- 3/8 OIA. 

2 HOLES 2 HOLES 
2 HOLES 2 HOLES 6-32 TAP 6-32 TAP 
4-40 TAP 4-40TAP 

i .i!. it M.ft I' . ' 1 I' . ' I 

L,to~ L,to,J LO~OJ L'O~OJ 
t 4DIA. I 401A. 

WHERE DIMENSIONS ARE CRITICAL WRITE FOR A COPY OF LATEST DRAWINGS, 

APPROXIMATE WEIGHT 1/2. OZ. APPROXIMATE WEIGHT 3/4 OZ. APPROXIMATE WEIGHT I OZ. APPROXIMATE WEIGHT 13/4 OZ. 

EFFECTIVE ELECTRICAL ROTATION 315°,!So EFFECTIVE ELfCTRICAL ROTATION 315 '!So EFFECTIVE ELECTRICAL ROTATION 320
0
f5· EFFECTIVE ELECTRICAL ROTATION 320

o
!So 

TOTAL MECHANICAL ROTATION 330~5· TOTAL MECHANICAL ~OTATION 330!So TOTAL MECHANICAL ROTATION 330!So TOTAL MECHANICAL ROTATION 330°:!,So 

STANOARO RESISTANCE TOLERANCE .. " STANDARO RESISTANCE TOLERANCE !S'4 STANDARD RESISTANCE TOLERANCE !5,. STANDARD RESISTANCE TOLERANCE !5"4 
AVERAGE TORQUE I 3/40z.'N AVERAGE TORQUE I 3/4 oz.'" AVERAGE TORQUE 21/2 oz.,,, AVERAGE TORQUE 2 1/2 oz.,o, 

. . , 
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~ " '0 o. 0.; · . 0. . , 

s".s:o "(G-~_ " . ~ . ~ ~ I--~G-J'.o~",o G-~1-". .rvJ'.o~", . "("~1-
~2 Ifrr 4,. '0, ~.~ 

: ~o~ 1<". f~O~1-., ~1-~ 
~ 6 

O~O/1- _ " • .0 r· ... · . ~4'. "" ~ ~2 I I 14,[ '~, i ~ 2 · I I '7 ',j f " , 
0 0 

1111 1-"'" 0 
II II 1:1. 0 

0 '0 40 .0 .0 '00 0 '0 '0 .0 .0 '00 0 '0 40 '" .0 '00 0 '0 40 60 . 0 '00 
AMSIUH TEMPERATURE -'C AMBIENT TEMPEAATURE- ' C AMII IENT TEhl PEAATURE-'C AMBIENT TEMPERATURE-'C 

nl'C 
NOMIN~L ~~-;:~:;r rrl'c 

/IIOMIN~L ~:c~:~= "n NJ!M/N~L '::c':"'''!''.. nl'e 
NOMINAL ::c";:~~U;; 

<I'" IIeSISr~NCe 
0' 

"CSOLI/T/lW /NfJC"I:/II«./lli 
terrc 

"cs/sr~NCC IICSOLl/rlON 'N~!'::"O:: em Cf/srANCC ,.;:,c/llr IICSOLl/rION 
WL'!,"::,,':,*: £frc 

IICSIsrA/IICC 
0' 

"CSOLUrlON 
Lr:;: ... , 

,,£j,s r~/lice 
L/lle~IIrr' ONIIS 

liES/STANce p-' lieS/STANce 
O/'iMS 

liES/STANte 

B 2 , 
I - - - - - - - - - - - - - - -=-C 5 

+0. 01"4 

I 
I - - - - - C 5 I - - - - -

{I" +0.01"4 
0 10 

I I 
- - - - - 0 10 I D 10 , 

I 
E 20 - - - - - E E 20 

+O,on. 
20 

I 
I 

F 50 
- F 50 

±o.L,,, I 
F 50 

<0.5"4 

I 
~ 1-

F 50 

I G 100 
±0.002t, 

G 100 G 100 G 
<O,5t, 

I I 
100 

H 200 H 200 H 290 
+0,002 ,\ 

H 1-±'" 
1 I 

200 
(O,5t, ±O,O02'\ 

J 500 J 500 ±,.. J 500 
I ±'" J 500 

K 1000 

I I 1000 
<0.5 t, 

I K 

1-
K 1000 K 1000 I ±'" 

L 2000 L 2000 

f 
L 2000 

<0,2" 
L 2000 

~ I ~ <0.2 " 
M 5000 ±O'T'" M 5000 M 5000 M 5000 

I ~ N 10,000 (0.2 ,\ N 10,000 to·T' .... I N 10,000 iO.002~ 1 N 10,000 

P 20,000 1 p 20,000 <0.2" P 20,000 

I 
(0,1 ,\ P 20,000 iO.OO2" I - - - - - Q 50,000 I Q 50,000 1 Q 50,000 

I 
<a.'" 

- - - - - - - - - - - - - - - R 100,OOC I 

TYPE CODE WORD PRICE TYPE CODE WORD PRICE TYPE CODE WORD PRICE TYPE CODE WORD PRIC 

971-8 ANTRIMBITE $4.50 972-F BANTER FAll $4.50 973-C CANDIDCREW $4.75 974-D DANCER DUll $5 .2 

971-C ANTRIMCREW 4.50 972-G BANTER GERM 4 .50 973-0 CANDIDDUll 4.75 974-E DANCEREARl 5 .2 

971-0 ANTRIMDUll 4.50 972-H BANTERHUNT 4.50 973-E CANDIDEARl 4.75 974-F OANCERFAll 5 .2 

971-E ANTRIMEARl 4.50 972-J BANTERJUMP 4.50 973-F CANDIDFAll 4 .75 974-G DANCERGERM 5 .2 

971-F ANTRIM FAll 4.50 972-K BANTERKISS 4.50 973-G CANDIDGERM 4.75 974-H DANCERHUNT 5.2 

971-G ANTRIMGERM 4.00 972-L BANTERlEAP 4.50 973-H CANDIDHUNT 4 .75 974-J DANCERJUMP 5.2 

971-H ANTRIMHUNT 4.00 972-M BANTERMllK 4.50 973-J CANDIDJUMP 4.75 974-K DANCERKISS 5.2 

971-J ANTRIMJUMP 4.00 972-N BANTERNUll 4.50 973-K CANDIDKISS 4 .75 974-L DANCERlEAP 5.2 

971-K ANTRIMKISS 4.00 972-P BANTERPARK 4.50 973-L CANDIDlEAP 4.75 974-M DANCERMllK 5 .2 

971 -L ANTRIMlEAP 4.00 972-Q BANTERQUAD 4.50 973-M CANDIDMllK 4.75 974-N DANCERNUll 5.2 

971-M ANTRIMMllK 4.00 973-N CANDIDNUll 4.75 974-P DANCERPARK 5.2 

971-N ANTRIMNUll 4.00 973-P CANDIDPARK 4.75 974-Q DANCERQUAD 5.2 

971-P ANTRIMPARK 4.00 973-Q CANDIDQUAD 4 .75 974-R DANCERRISK 5.2 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



TYPE 975 TYPE 976 TYPE 977 

~
' -----d-.. 
I !JeD 

1l) ' Cl) Y 
-.--l 

-l ~ 3/8 OIA 

'====rk==y 

PARTS 
POTENTIOMETE!(S 

TYPE 978 
I 
~ , '" 

'" '" n 
W 

l~ I 
--1 I- 3/ . D'A 

WHERE DI ME NSIONS ARE CRIT ICAL WRITE 

APPROXIMATE WEIGHT :5 OZ APPROXIMATE WEIGI1,.T 4 OZ 

EFFECTIVE El.ECTRICAL ROTATION 320
o
±Zo EFFECTIVE ELECTR ICAL ROTATION 320·±Zo 

TOTtoL MECHANICAL ROTATION 330
o
!!5

0 
TOTAL MECHANICAL ROTATION 330'"±5° 

STANDARO RESISTANCE TOLERANCE ~ 2"4 STANOARO RESISTANCE TOLERANCE 't2% 
AVERAGE TORQUE 4 oz. IN. AVERAGE TORQUE 4 Ol.IN. 

0000'0 m.o ~ 20 40 60 BO 100 

A MBIENT TEMPERATURE· · C AMBIENT TEMPERATURE"C 

500 I I 
I 

I-=---
1000 ± 0.OI2-'_ 1000 I 

I 

2000 
<0.2t. 

±o.J)2-'. 

I 
2000 

M 5000 

I 
<0.2t. 

.M 5000 

I N 10,000 , ±o.st. 
10,000 

p 
<0.1t. 

, ±o.s"&, 
20,000 ±0.002t. 20,000 

<0.1" 
0 50,000 , 0 50,000 , 

I I R 100,000 
(O.OSt. 

, 100,00 :!o°T'" I 

I 

TYPE 

975-J 

975-K 
975-L 

975 -M 

975-N 
975-P 

975-0 

975-R 

T 200. 

CODE WORD PRICE TYPE 

EAGlETJUMP $5.25 976-K 

EAGLETKISS 5.25 976-L 

EAGlETlEAP 5.25 976-M 
EAGlETMllK 5.25 976-N 

EAGlETNUll 5 .75 976-P 
EAGlETPARK 5.75 976-0 

EAGlETQUAD 5.75 976-R 
EAGlETRISK 5.75 976-T 

<O,OS"&, 
, 

CODE WORD PRICE 

FANGElKISS $6.00 
FENGEllEAP 6 .00 
FANGElMllK 6 .00 
FANGElNUll 6.50 

FANGElPARK 6.50 
FAN GEL QUAD 6.50 

FANGElRISK 6 .50 
FANGEl TICK 7.00 

• T y pes 977 and 978 a re not usually s tocked but can be manufact ured 
on specia l o rder , Inq uirieR a re invited . 

APPROXIMATE WEIGHT 9 OZ. APPROXIMATE WEIGHT 12 az. 
EFFECTIVE ELECTRICAL ROTATION 3Zo'!Zo EFFECTIVE ELECTRICAL ROTAT ION 320·~2 · 

TOTAL MECHANICAL ROTATION 330'"!!5° TOTAL MECHAN ICAL ROTATI ON 330·:!"5° 

STANDARO RESISTANCE TOLERANCE ~2"4 STA r~OARO RESISTANCE TOLERANCE :!"2 ~ 

AVERAGE TORQUE 6 OZ IN AVERAGE TORQUE 6 OZ IN' 

~ 16 

~ 14H -+C't-N 
~ 12 

5 10 .. 
i :I-+++--+-+-, 

o o~-::",:--'--:.'='o -'-::--'-!::-~ 
AMBIENT T EMPERATURE- ' C 

-

*K 

' L 
' M 

*N 
' p 

'0 
* R 
'T 

1000 I I 2000 ±o,ooz·,_ 'L 
5000 I <0. 1t. 

'M 

I 
10,000 

I 
*N 

I 20,000 ' p 
±o.,-, .. 

*0 
~R 

'T 

*u 

DIAL PLATES 

The TYPE 970-Pl (right) 
is a 2-inch dial plate for use 
with the TYPES 971, 972, 
973, and 9H with a pointer­
type knob. Scale covers 
315°. The TYPE 970-P2 is a 
2%-inch reversible dial 
plate for use with the TYPE 
975 and 976 with a pointer­
type knob or attached to a 
knob. Scale covers :320°. 

2000 

5000 iooln·,. 

10,000 

20,000 

50,000 

TYPE 

970-Pl 
970-P2 

I 
<0.1" 

I , 

I 
±03·1 .. 

I 
(O.OS"&, 

I 
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PANTS 
DIALS 

Type 907-WB Type 907-WA 

GEAR-DRIVE PRECISION DIALS 
The TYPES 907 and 908 Gear-Drive Preci­

sion Dials have aluminum dial plates with 
black enamel finish. Scales are individually en­
graved on an automatic, self-indexing engrav­
ing machine. The fine, radial, accurately lo­
cated lines divide the complete circumference 
into 300 divisions numbered from 0 to 360. 

Settings can be consistently duplicated to 
one-fifth of a division, allowing a precision of 
resetting of better than 0.06 % of full scale. 
Parallax is eliminated by the use of an indica­
tor that ahmys remains Hush with the surface 
of the dial , and which at the same time ab­
sorbs, through the Hexibility of its mounting, 
any slight eccentricities of the main shaft. 

The ring gear and drive pinion are precision­
cut gears, spring pressed to eliminate any back­
lash. The drive ratio is 10:1, and it is possible 
to use a calibrated vernier or increment dial on 
the pinion shaft if desired. The drive pinion is 
held in a stainless-st('e l ('ollet, which J"lIns in a 
phosphor-bronze bush i ng. The coll('t allo\\"s 
the drive to be adjusted for any panel thick­
ness up to %i inch. 

The main dials are set permanently and se­
curely to their shafts through the use of two 
setscrews 900 apart; this proced ure eliminates 
any dial backlash that might otherwise oc­
cur. The dial hubs are bored to receive a 
VB-inch shaft, but a bushing is furnished for use 
with X-inch shafts. 

The dial indicator, knob, and all necessary 
mounting parts are supplied, as are complete 
drilling and mounting instructions. 

MOTOR DRIVES - Motor drives for attachment 
to thesc diab are described on page 146. 

Motor drive at­
tached to a 908-
type dial on the 
Type 1304-B 
Beat-Frequency 
Audio Generator. 

I I DIAL irAX. PANEL TOTAL NET CODE 
TYPE MOUNTING I ARC IDIVISIONS THICKNESS PANEL AREA* WEIGHT* WORD PRICE 

4-INCH DIAMETER GEAR-DRIVE PRECISION DIALS 
907-WA I Frant-of-Panel I 360 0 

I 360 I 7'l6-:ch 
4 X 5 inches 11 oz DITAB $10.50 

907-WB Back-of-Panel 360 0 360 4 X 5 inches 11 oz DITOP 10.50 

6-INCH DIAMETER GEAR-DRIVE PRECISION DIALS 
908-WA J Front-of-Panel I 360

0 I 360 I 7'l6~ch 6 X 7\/2 inches 21 az DIVAT $15.50 
908-WB Back-of-Panel 360 0 360 6 X 7 Y2 inches 190z DIVIM 15.50 

PATENT NOTICE. See Note 13, page VIII. 

* To convert in. to mm, multiply by 25.4. To convert oz to g, multiply by 28. 

234 



PARTS 
OIAlS 

Type 904-VF Type 902-TF Type 901-WD 

FRICTION-DRIVE AND 
DIRECT-DRIVE DIALS 

T hese di als a re attractiye in appearance, 
wi t h tiC'c'u rate, photo-etched sc·a les. The dia l 
plate., arc of a luminum, \\-it h blae k enamel 
flni "h. T h mie di a ls a re in te nded for applicat ions 
where p recise ly cut scales a nd precision dri ves 
a re noL necessary. 

The fri ction-driye mecha nism , \\-hi ch is 
availab le 0 11 the 2% -i nch (T YPE 902) and -1,­
inch (TYP J~ 90-1.) sizes, consists of a thin disk 
,,-hi ch is moun ted 0 11 t he back of t he di a l plate. 
grip ped a ne! dri ven by t \\-O sma ll d isks at­
tached Lo t he fri ction-dri ve sha ft. The Lc nsion 
of (.hc d ri vc can he easily adjusLed a fLer instal­
lation of t he dia l. 

I DIAL 

I TYPE ARC I DIVISIONS DRIVE 

2-INCH DIAMETER - TYPE 901 DIALS 

901-TO 

I 
180 

I 
100 Direct 

901-VO 270 0 100 Direct 
901-WO 360 ' 100 Direct 

2%-INCH DIAMETER - TYPE 902 DIALS 

902- TO 180 0 100 Direct 
902-VO 270 0 100 Direct 

The di a ls a rc in::lulated from t he shaft . 
Knobs are secured to their shafts by the usc of 
t \\-O setsc re\\'s i:lepa ra Led by 90°. These knobs 
a rc supplied bored Lo re('eive a % -inch shaft . 
Bushings a rc supplied for use 011 X -in ch 
sha fts. 

The ind icato rs shO\\'n in the phoLographs 
above a rc designed to remain flush \\'iLh the 
surface of t he dia l as Lhe dia l is roLaLcd. This 
e liminates pa ra llax a nd abso rbs a ny slight ec­
ce nt ri cit ies of the main i::i haft . 

Incli c:ato l's, moun t ing sc rem;, drive kno bs, 
a lld drilling templaLes a re furnished with t he 
dia ls. 

NET CODE 

WEIGHT * WORD PRICE 

20z DILOG $2.60 
20z DILAP 2.60 
20z DILID 2.60 

2V2 oz DIMAP $2.75 
2V2 oz DIMID 2.75 

902- TF 180 ' 100 Friction, 3.3: 1 40z DIMOS 4.75 
902-VF 270 ' 100 

4-INCH DIAMETER - TYPE 904 DIALS 
904- TF I 180 

I 100 
904-VF 270 ' 200 

PATENT NOTICE. See )/ote 13, page v iii. 
*1'0 convert oz to g, mul tiply by 28. 

I 

Friction, 3.3: 1 40z DIMUG 4.75 

Friction,S: 1 S oz DIPEN $6.00 
Friction,S: 1 80z DIPUT 6.00 
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PANTS 
----------------------------~ KNOBS 

TYPE KN FLUTED KNOBS 
These black phenolic knobs are similar 

to those used on General Radio laboratory 
instruments. Each i.3 molded with a brass in­
sert bored for a % -i nch shaft except the TYPE 
KNSP-1 , ,,-hich is bored for a xt -inch haft. 
The knob is clamped to the shaft by t,,-o set-

scre"-s spaced 900 apart except ill Tyl' E:; 
KNSP-6 and KNS-6, ,,-hich have 135 0 spacing. 
TYPE KNB-1 has a single setscl'e,,-. TYPES 
K~S(P) -8, -10, and -12 have molded holes 
\"hi -h can be drilled deeper to a llow a dial 
plate to be attached to the knob. 

Type KNB.l Type KNB·2 Type KNSP·l 

Type KNSP·6 

Type KNSP·l 0 

SKIRT 
DIA., IN 

TYPE II>ICHESt 

KNB-1 '0/16 Bar Type 
KNB-2 10/16 Bar Type 
KNSP-1 '0/16 With Pointer 
KNSP-6 1116 With Pointer 
KNS-6 10/16 Without Pointer 
KNSP-8 1' 116 With Pointer 
KNS-8 1'116 Without Pointer 
KNSP-10 2Y4 With Pointer 
KNS-10 2Y4 Without Pointer 
KNSP-12 2% With Pointer 
KNS-12 2% Without Pointer 

PATENT NOTICE. See Note 13, page viii. 
§To convert oz to g. multil)ly by 28. 
tTo convert in. to 1l11l1, multiply by 25.4. 

NET WT 
FOR 5, IN 
OUNCES§ 

3% 
6 
6 
5Y2 
5Y2 
8 
8 

12Y2 
12Y2 
17 
17 

CODE WOR D 

NE BARKNOBO 
BARKNOBTW 
NURlNOBDE 
NURlNOBSI 
NURlNOBO 
NURlNOBAT 
NURlNOBO 
NURlNOBTE 
NURlNOBO 
NURlNOBG 
NURlNOBDO 

0 
N 

X 
UT 
E 

AF 
N 
RB 
IG 

Z 

tNet. No further quantity discounts. 
*l\Iinim um quantity sold. 

Type KNSP·8 

Type KNS·12 

U NIT PR1CE t IN LOTS OF 

5*-
19 

$0.80 
0.85 
0.60 
0.60 
0.60 
0.70 
0.70 
1.05 
1.05 
1.25 
1.25 

20-
199 

$0.70 
0.74 
0.52 
0.52 
0.52 
0.62 
0.62 
0.92 
0.92 
1.12 
1.12 

200- 400-
399 1999 

$0.65 $0.60 
0.69 0.63 
0.48 0.44 
0.48 0.44 
0.48 0.44 
0.58 0.54 
0.58 0.54 
0.86 0.78 
0.86 0.78 
1.06 0.98 
1.06 0.98 

2000 
UP 

-
$0.57 

0.60 
0.42 
0.42 
0.42 
0.52 
0.52 
0.75 
0.75 
0.95 
0.95 



TYPE 578 
SHIELDED TRANSFORMER 

Grounded bridge supplied through a double­
shielded transformer. When case is grounded, 
the capacitance placed across each capacitance arm is 40 pf. 
Note that the winding shield on the bridge side is not grounded, 

but is floating. 

This transformer is used in direet-reading ae bridges 
to isolate the bridge ei reu it from changes in electrostatic 
potential in t he generator (or detector) ei rcuit and to 
reduee t he efTcct of the capac itanee of the external cir­
cuit to ground. It can a lso bc uscd to i ~olate any meas­
uring circuit from thc generator or deteetor, or to pro­
duce a balanced output from a grounded gcnerator. 

Three shields are used, one around eac h \\'inding and 
a th ird to bring the core laminations to the potential of 
the ca e. 

SPECIFICATIONS 
Turns Ratio: "I to 1 or 1 to -1. 
Ranges: Sec price table. 
Nominal Capacitances : Sec drawing. 
C

" 
C" C5, C6 ..•.•.• .. ..•.•.•••. ... . .... . each 200 pf 

C3 . . •. . .••. ......•.•... . .... 0.3 pf 
C" Cs...... ... ......... .. . each 70 pf 

C,.......... .............. .. .. :30 pf 
Winding Inductance: Turns squared (~ee table) mu ltiplied 
hv :3.5 X 10- 6 henry, approx. 
D'c Resistance: (In ohms) 30 times inductance in henry', 
approx. 
Voltage Limits: The high-impedance \\'inding of TYPES 
578-A 01' -B may be con nected directly ac ross a 115-volt 
50- to tiO-cycle' line if the impedance connected to the 
other windIng equals 01' exceeds t he lowest value given 
under " low impedance" in the table below. The TYPJ·; 
578-B may be used at 25 rps under the same condi t ions. 

For Ty'PES 578-A or -B, the low-impedance winding 
mal' be connected directl~' to a 115-volt, 50- to tiO-cyc le 
line provided that the resistance across the high-imped­
ance winding exceeds 10,000 ohms. The TYPE 578-B 
may be used at 25 cps under the same condit ion~. 
Ins~lation: The insu lation from \\'inding to winding and 
from windings to case \\'ill withstand 1000 volts, peak. 
Dimensions: Base, :3Ys X 21%; inches (80 by 70 mm); 
height, -IYs inches (105 mm). 
Net Weight: 2)t2 pounds (1.2 kg). 

PAHTS 
TlMNSFOI?MEI?S 

TYPE 941-A 
TOROIDAL TRANSFORMER 

FOR IMPEDANCE MATCHING OR BRIDGING IN 
LOW-LEVEL 600-0HM COMMUNICATION CIRCUITS 

This transformer has highly astatic windings and 
tight coupling. The to roidal core is a spiral of high­
permeabili ty-a lloy tape. Identical p:lirs of windings on 
each half of the to roid minimize pickup and induction 
field, while close coupli ng betll'een inner and outer 
windings keeps leakage reactance 101V and extends 
high-[n'q1Iency response. 

SPECIFICATIONS 
rrequency and Impedance Ranges: 

TERMINATI NG FREQUENCY FOR 
IMPEDANCES 1-DB DROP 

1-

600H 9600H 80 cps-l00 kc 
60012 2400n 20 cps-135 kc 
600n 2400n 80 cps-240 kc 
600n 600n 20 cps-200 kc 
150n 600n 5 cps- 50 kc 
150n 600n 20 cps-200 kc 

37.5n 600n 5 cps- 50 kc 

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 

Zero-Signal Inductance: Inner windings, in series, a t least 
5 hem'~'s; outer windings, in series, at leas t 20 hel1l'.l's. 
Voltage Matching: Inner windings, 0.015% 01' heLleI'; 
outer windings, 0.08% 01' better. 
Operating Level and Distortion : 

WATTS DBM 
1.26 - --- 31 ---1 

RMS DISTORTION, 60 CPS 
- --<1% 

1 30 < 0.5% 
0.5 27 < 0.2% 
0.032 15 < 0.1% 

Resistance: Inner windings, in series, !) ohms; ollter 
windings, in series, :34 ohms (approximately). 
Dimensions : Aluminum cas!', :3% by :3Ys by 1% inches (05 
by 80 by 10 mm). :'IIounting blocks projec·t %i inch be­
yond case in :3Ys-inch dimen~ion. i\'[ounting holes lire 
3% inches on centers and are drilled for clearance with 
10- :32 machine screws. 
Net Weight: 13)t2 ounces (:380 g). 

TYPE CODE WORD PRICE 

941-A TRANTORCAT $45.00 

IMPEDANCE RANGE* 

TYPE 

578-A 
578-B 
578-C 

TURNS 

600 to 2400 
1000 to 4000 

60 to 240 

FREQUENCY RANGE* 

50 cps to 10 kc 
20 cps to 5 kc 

2 kc to 500 kc 

lOW·IMPEDANCE HIGH.IMP=E::::-DC':A
7
N:-:C::E:--', com 

WINDING WINDING WORD 

5011 to 5 kll 1 kll to 100 kll TABLE 
6011 to 6 kll 1.2 HI to 120 kll TENOR 
20n to 2 kn 0.4 kH to 40 kll TEPID 

PRICE 

$30.00 
30.00 
30.00 

*Thcse ranges are for transmission within G db. At extremes of both impedance a.nd frequency ranges, the transmission may be down by 
12 db. 
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PARTS 
BINDING POSTS 

TYPE 938 BINDING POST 
WITH THE ELECTRICAL AND MECHANICAL PROPERTIES NEEDED 

FOR MODERN ELECTRONIC INSTRUMENTS 

The THE 938 Binding Post combines ex­
cellent electrical properties and ingenious me­
chanical design. lVf aterials are carefully chosen 
for their electrical and mechanical properties 
-- brass \\'ith Bright-Alloy plate for high con­
ductiv ity, and styrene insu lation for high re­
sistance and lo\\' po,,'er factor, either red or 
black for color coding. 

It can be mounted on metal or insulating 
panels, of a thickness from zero to %i inch. 
Mechanical details and methods of connection 
are sho\\-11 belo\\". 

The binding post has the same height above 
panel as the TYPE 874 Coaxia l Connector (see 
page -W), ,,-hose center II-i ll take a TYPE 274 
Plug. so that a grounded binding post can be 
mounted adjacent to the coaxial connector to 
fit a TYPE 27-1--MB Doub le P lug. 
PATENT NOTICE. See Note 3, page ,-iii. 

A
NiCke l_Plated metal top 

938-A %" square anti-rotational Range 
(metal top) 

~
_\ Captive Ruted clamp nuts 

938-0 7 
(red top) 

Styrene insulation with '> .,;.'.-AlI" .. lo .... b"". ;,,," 

No. 6-32 stud 

.&:::.-_--__ Soldering turret 

Bright-Alloy plating facilitate. tinning 

~ Styrene hollowed to 
~ minimize solid dielectric 

~Interlocking bosses permit 
938-8B mounting on very thin panels 

(black) 

~Anti-rotational key slot 

~ %" square anti-rotational socket 

938-BR 
(red) 

~Bright-Alloy-plated brass 

~ %" square anti-rotational socket 

938-F ~Anti-rotational teeth 

.. METHODS OF CONNECTION -----_______________ _ 

Standard 
telephone t ip 

, 

~t:~~I~:e~I~; m ~ It -
Shoulder I~ 
when fully inserted. T For meta l ·top 

binding post only. 0 
Plug enters Slender 
binding post body i alligator clip 
assuring c.ontact even - m fits inside jacktop 
when nut IS loose. of all binding 

~ ______________________ ~~p~o~st~s.------------------------------

~ I~ 
Spade termina l T Clamps 
with l;(" throat al l wire sizes 
will clamp up to No. 10 
under nut. • without cutting. 



PARTS 
BINDING POSTS 

~ MECHANICAL DETAILS ______________________ _ 

'I:;;J ~., .", ~h" ~, J""~::EK~t l"1~ /·0, to 51 /. , I~ /:,<~;;16 /. I I , - '~1_HOLE 
ol~0'~LI~:J ~t~8~ ~_-'~ ~_ METAL OR ~I! 1~~~LMA 6\~ . 

~ • t ' !.: r ,I INSULATING 16 S 
, ' il ---l .... l 1/4 l'l PANELS ,-.. iil_!IO~ 
~ f ~ \ r ~ 5/32 10 ~ f :- /' '-f:::::::: ... <:a 9/16 ~~ .144 DIA ,..<:a 15/16 ... <:a 9/32 DIA. 6-32 1010 I 9 1'-- 1/4 DIA 

'" #27 DRILL '" '" ~:32r-

Locking keys in %-i nch mounting holes can be omitted if only moderate resistance to rotation is desired. 
'1'0 con vert inches to 111m, multiply by 2.5 .4. 

TYPE 983 BINDING POST ASSEMBLIES 

938-A + 938-F = 938-P 
938-A + 938-BR = 938-R 
938-A + 938-BB = 938-W 
938-C + 938-BB = 938-WB 
938-D + 938-BR = 938-WR 
938-J + 938-BB = 938-XB* 
938-J + 938-BR = 938-XR* 

* The Jack and Jack Assem blies are listed on 
page 240 , 

TYPE 938-L SHORTING LINK 

Captive link for rapidly 
connecting or disconnect­
ing binding posts mounted 
on % " centers. 

Brighl-Alloy_ 
plated brass 

938-L 

TYPE 

BINDING POSTS 
938-A 
938-C 
938-0 I 

Metal-Top B.ind.ing Post ............ , . . 
Black-Top BIndIng Post ......... . .... . 
Red-Top Binding Post ........•....... 

INSULATORS 
938-BB 
938-BR 
938-YB I 

Black Insulators (Pair) ... , . , .. . . , • . . , .. 
Red Insulators (Pair) .. . . , . . . , . , . , . .. . . 
Insulator (Pair) . . . . .... , . . . , . ........ . 

ACCESSORIES 
938-F I Spacer .. .. .. . . . . .. . . .... . . . . . . ,., . . . 
838-B Alligator Clip . , . , •. .... ....... . . .. , .. 
938-L Shorting Link ... , , . .. . ........... . .. . 

BINDING POST ASSEMBLIES 
The binding post combinations are shipped 

unassembled. When assembly and/or individ­
ual packaging before shipment is required, 

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 .. , ... . .... . 

PATENT NOTICE. See Note 3, page viii. 
*lVIinimulU quantity sold. 
tNet prices, No further quantity discounts. 

TYPE 838-B ALLIGATOR CLIP 
fill Type 274 plug 

Slender-nose clip that 
fits inside jack top of all 
TYPE 938 Binding Posts. 

IS':;'':r 
0", 

~
838-B 

CODE WORD 

STANPARASP 
STANPARAWL 
STANPARARM 

STANPARAUK 
STANPARATE 
STANPARPAN 

STANPARBON 
STANPARNIP 
STANPARBET 

Bra" 
Nickel·platH 

TYPE 938-YB INSULATORS 

These insulators mount 
t,yO binding posts, and are 
particularly easy to as­
semble, since %-inch spac­
ing is maintained without 
exact machining. Mount 
in Yz" dia holes. 

UNIT PRICES t 2000-
10*-99 up 

$0.40 I $0.29 $0.27 $0.25 
.50 .35 .33 .30 
.50 .35 .33 .30 

.20 .12 .11 .10 

.20 .12 .11 . 10 

.20 .18 .16 .15 

.10 .07 .07 .07 
.20 .19 .18 .17 
.10 .09 .09 .09 

add lO¢ per binding post for assembly, 8¢ for 
packaging. 

STANPARDOT .50 .36 .34 .32 
STANPARGIG .60 .41 .38 .35 
STANPARANT .60 .41 .38 .35 
STANPARBAN .70 .47 .44 .40 
STANPARCUB .70 .47 .44 .40 
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PANTS 
PlUGS AN/) JACKS 

PLUGS AND JACKS 
TYPE 274 PLUGS AND JACKS, originated by 
General Radio in 1924, are \\'idely u::led in elec­
tronics and communications laboratories for 
co nnecting equipment in temporary or semi­
permanent setups and for connecting plug-in 
elements. All TYPE 27-1 P lugs and Jacks are 
rated at 15 amperes. Plugs have nickel-plated 
brass studs and beryllium-copper springs. 
Jacks are nickel-plated brass. These plugs and 

TYPE C o 

jacks are designed for positive and reliable 
contact, typically 1 milliohm. The plug seats 
firmly in the jack so that the plug springs a re 
not depended upon for mechanical stability. 
TYPE 938 JACKS a lso fit TYPE 274 Plugs. The 
TYPE 938-J Jack has a longer shank than the 
TYPE 274 Jack. The TYPE 938-X Jack Assem­
bly consists of the TYPE 938-J Jack and TYPE 
938-BB Insulators (page 238). 

UNIT PRICE t IN LOTS OF 
10*- 20*- 100- 1000- 2000 

DE WOR D 99 99 999 1999 up 
274-P Fits 274-J ........ ..... . . . . . . . . . . . . . . . . ST ANPARCAT $0.13 $0.11 $0.10 $0.09 

--
274-U Fits 274-J Jack. ~-28 threaded stud . 

274-SB Two 274-U Plugs with metal links . 

274-J Fits Type 274 Plugs . ........ . ... .. . 

938-J Fits Type 274 Plugs . 

938-XB One 938-J and pair of black insulators . 

938-XR One 938-J and pair of red insulators . 

-
ST ANPARGOT 

rsT 

ST 

A 

A 

NPARZIP 

NPARTOP 

ST ANPARACT 

ST A NPARART 

ST ANPARHIT 
tNet pl'lces. No further quantity discounts . *l\hnllnum quantity sold. 

F ',f==j 

fFR-Ik' 
L ' 

!.3/4·...l 

-
$0.20 0.18 0.17 0.16 -

$0.75 
-

0.08 0.07 0 .06 0 .05 

0 .32 0.27 0.25 
f- -

0.22 

0.52 0 .39 0 .36 0.32 

0.52 0 .39 0.36 0.32 

-!"o"L 
HE~I.:L 

TJ'.-MAX. 1-1/2" 

~ II: 
Type 274-P Plug Type 274-U Plug Type 274-S8 Type 274-J Jack Type 938-J Jack Type 938-X 
To con"crt indle", to 11I1lI . IlIl1ltiply by 2;'.1. Short-Circuit Plug Jack Assembly 

--------------------------------------------~ 
INSULATED PLUGS 

SIYr.,-~;11/2r-,~ ~~~:ak, 
Set Screw rating 

Clamp 

274-0Bl 274-0B2 
(black) (red) 

274-MB Ral;ng, 
L',5/ 16 J 15 a . pea k, 

BI k 1- I 4000 v. peak, 

Sty;e'ne -,,-1 B,eakdown; 
23,000 v. 

Polar;,y / HI1I6 peak 

Indkato, 1 
Sel Screw -l 3/4 i- o;ss. Factor 
Clamps O.8pl < 0.0005 

at 1 kc. 

TYPE 274-DB INSULATED SINGLE PLUG is a 
styrene-insulated plug with a jack top . A set­
screw clamp is provided on the plug end . 
TYPE 274-MB INSULA TED DOUBLE PLUG is a 
molded-styrene double-plug assembly which 
fits TYPE 938 Binding Posts or TYPE 274 
Jacks on standard %-inch spacing. The jack 
top permits stacking for multiple connections. 
A cross hole through the center provides strain 
relief for attached cables up to 0.2-inch diam­
eter. The plug is completely insulated . 
TYPE 274-NK SHIELDED DOUBLE PLUG is a 
double plug in an aluminum case with ceramic 
insulation for completely shielded connections 
to TYPE 938 Binding Posts. Strain relief for 
coaxial cable of 0.2 and 0.25 inch OD is pro­
vided. This plug terminates the TYPE 274-~L 
Patch Cord (page 241) and TYPE 874-R34 
Patch Cord (page 44). 

"~::~fi1 ,ii:;;:~, 
Case I ]I 1 16 Breakdown: 

I 16700 v. peak 

Ceramic 

I I f I -i 3/4 f-- 1 o;ss. Factor 
nsu a Ion 1.5/8~ < 0.0005 

2,5 pf 01 , k,. Type 274-NK 

UNIT PRICE IN LOTS OF 
5*-9 10- 100- 200- 1000 

TYPE CODE WORD 
274-0Bl Black Insulated Sin-g-Ie-P-I-u-g~. ~=----t-:STAPLUGANT 

99 199 999 up 

$0.50 
-

$0.43 $0.40 $0.36 $0.34 

274-0B2 Red Insulated Singl-=-!'ug. STAPLUGARC 
---2C::7:-:-4-_ M:-:-:B- +-:I:-n-s u-:I-ated Do u ble PI u g . ST ANP ARBU G 

0.50 0.43 0.40 0 .36 0.34 

0.65 0.57 0 .54 0.49 0.47 

274-NK Shielded Double Plug . STAPLUGNUT $1 .35 
tNet prices. No further quantity dIscounts. *l\ finillllllll quantity sold. 



PANTS 
ADAPTOf(S AND COf(DS 

ADAPTORS AND CORDS 

Type 874-QBJ 

ADAPTORS 
TYPE 274-0BJ ADAPTOR. Shielded banana plugs provide 
connection from binding-post terminals to TYPE BNC 
plug. 
TYPE 874-02 ADAPTOR. P l'Ovides connection from TYPE 
27-+ P lugs to T YPE 87-+ Coaxial s.vstems. 
TYPE 874-09 ADAPTOR . P rovides connection from T YPE 
9:38 Binding Posts to T YPE 8H Co:tx ial systems. 

==: 5 t~====:: 
I 

PIGTAIL 5" LONG 274-NO } 
oC 3 FEET---------I~~ 

Capacitance 70 pf 
30 peak rating 

PATCH CORDS 

1200 v peak, rating 
3400 v peak, break-dawn 

TYPE 274-NO UNIVERSAL PATCH CORD termi nates in 
TYPE 2H P lugs and is t he basic unit of a versatile 
system of connectors. T his cord connects directly to 
TYPES 27-+ and 938 J acks, TYPE 938 Binding Posts, and 
TYPE 838 Alligator Clips. By use of avai lable adaptors 
(above), connections can be made to GR T YPE 87-+ 
Coaxial E lements, military connectors, and vhf and 
uhf transmission li nes. 

A shield, TYPE 274-NT, is available for use wit h t his 
cord to provide shielded connections on standard 
%-inch spacing. 

POWER CORDS 
These power cords are 7-foot rubber-covered No. 18 

conductors. P lug and connector bodies are molded 
integrally with the cord and the hammerhead design 
permits stacking. T he t hree-wire cord is supplied with 
General Radio ac-operated instru ments. 
TYPE CAP-22 3- WIRE POWER CORD. E lectrical ratings 
are 7 amperes and 230 volts. The connectors designed 
for 125-volt o?e"at ion, c8nform to the Amelican 
Standm'd f01' G1'01Uding Type Attachment Plug Caps and 
Receptacles, A'3A C7:3. 1 - 1957. 
TYPE ' CAP-35 2-WIRE POWER CORD. TYPE SJ cord 
rated by Underwri ters Laboratories at 7 amperes and 
:300 volts nTIs. Female connector fits either 2-wire or 
:3-wire plug. 
TYPE 109-A 3-WIRE RECEPTACLE. I nterchangeable with 
standnrd 2-wire receptacle to provide a 3-contact power-

TYPE 874-0N6 ADAPTOR. F its T YPE 27.J-NO Patch 
Cord to connect to TYPE 87+ Coaxial systems. 

For a complete list of coaxial adaptors, refer to page 
42. 

TYPE 

274-0BJ 
874-02 
874-09 
874-0N6 

Type 274-NP 

Type 874-QN6 

CODE WORD 

STANPARMUG 
COAXTlPPER 
COAXPOSTER 
COAXCHOSER 

PRICE 

$2.50 
5.50 
6.00 
3.75 

~
. '. :'= 

: ::..3fi-' 

.~ 

.oc::> 
Type 274-NO 

Type 274-NL 

TYPE 274-NP PATCH CORD is a three-foot shielded lead 
terminated with double plugs, which permit stacking 
fo r mu ltiple connections. 
TYPE 274-NL PATCH CORD is a three-foot shielded lead 
terminated with T YPE 27~-NK Shielded Double P lugs 
(page 2.10). 

TYPE 

274-NO Patch Cord . 
274-NT Shield .......... . 
274-NP Patch Cord . 
274-NL Patch Cord . 

Type CAP-35 

CODE WORD 

STANPARKID 
STANPARTAD 
STANPARYAK 
STANBUGBAT 

Type 109-A 

PRICE 

$3.25 
0.90 
3.50 
4.50 

Type CAP-22 

input receptacle which accepts either 2-wire or 3-wire 
power cords. 

TYPE 

CAP-22 3- Wire Power Cord . 
CAP-35 2- Wire Power Cord . 
109-A 3-Wire Receptacle . . 

CODE WORD 

TRUCO 
CORDY 
TRIPU 

PRICE 

$2.25 
1.75 
1.25 
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INSTRUMENT CABINETS 
General Radio's new color scheme, usc of 

proprietary meter cases, and complete instru­
ment packaging philosophy are some of the 
results of an appearance-design and mechani­
cal-design program in which human engineer­
ing is given its propel' emphasis. 

General Radio instrument cabinets can be 
classified into five basic types, each designed 
to meet specific requirements of function and 
use. These are the relay-rack, rack-bench, 
laboratory-bench, Flip-Tilt, and Unit cases. 
A prominent feature of all these designs is the 
adaptability to rack mounting of the basically 
bench-type instruments and, conversely, the 
bench-type mounting provision in relay-rack 
instruments. 

RELAY-RACK 
General Radio's relay-rack design is used 

for fairly large instruments, such as the TYPE 
1391-B Pulse, S,,'eep, and Time-Delay Gen­
erator. These instruments can be mounted in 
standard 19-inch relay racks, with front and 
real' access to the instrument interior without 
removal of the instrument from the rack. 
Although designed chiefly for rack mounting, 
such instruments can be supplied for use out 
of the relay rack, on a bench, or stacked one 
above another in a quasi-relay-rack assembly. 

Relay-rack-type cabinets are of a heavy­
gauge metal capable of supporting the weight 
of the instrument. These cabinets are mounted 
in the rack by means of two sheet-metal sup­
ports. When the cabinet is mounted in a relay 

rack, the instrument can be slid into it from 
the front, just as a dra\\'er is slid into place. 
The instrument is held in place by screws 
going through the panel into the rack. The 
instrument can then be partly withdrawn and 
serviced from the front of the rack, or the case 
can be removed from the instrument at the 
real' of the rack, wi th the instrument left 
moun ted in place. 

For hench use, the relay-rack instrument 
can be equipped "'ith end frames that hold the 
instrument in its cabinet as the rack does, and 
that serve as carrying handles and supporting 
feet at the same time. These end frames are 
designed to nest one above the other so that 
instruments can be stacked. Holes are pro­
vided for bolting the end frames together to 
make a permanent stack. 

RACK-BENCH 
Small and medium-sized instruments, which 

arc commonly used on the bench, are housed 
in a cabinet having rubber feet, a tilting 
feature, and an easily removed dust cover. 
Panel extensions are available to adapt these 
instruments for relay-rack mounting. 

Rack-bench instruments can be lifted by 
frames on the side panels and can be tilted 
by the extension of the front feet. Quick­
action clamping fasteners hold the dust cover 
in place and at the same time permit easy 
removal of the cover. The same screws that 
hold the instrument sides to the panel also 
attach the panel extenders installed for relay­
rack mounting. 

An example of a rack-bench cabinet is seen 
in the TYPE 1390-B Random Koise Generator. 

Relay-rock instrument 
cover is easily removed 
from rear of rack, as 
shown at left. With end 
frames added, instru· 
ments can be stocked 
neatly, as shown at left. 

v 



CABINETS 
DESIGN 

Three aspects af the rack-bench cabinet: left, conventional rack-bench mounting; center, 
with panel extensions for relay rack; right, tilted for convenient bench use_ 

LABORA TORY -BENCH 

Laboratory instrumellts, such as impedance 
standards a lld decade boxes, are seldom if 
ever mounted in relay racks, and they are 
packaged in cmirS appropriate to their size and 
weight. \ 'ery small lInits have one-piece 
drawll-metal boxes, whereas larger ullits are 
hou;.;ed in heavy-gauge a lumillum enclosmes. 
These enclosures a re fabricated from sawed 01' 

extruded plates and are held together by 
locking strips. 

Precision capacitor in laboratory-bench mounting. 

UNIT INSTRUMENTS 

Fur l-lliL instruments, where economy and 
i'ill1a ll ;.; ize are the conLwllin g factors, a very 
Kimple C:1i'ie iK uKed. The panel is bent illto a 
U, ai'i ii'i t he dust covel', and the t \\-O iut.erlock 
firmly to cOll1pri'ie the elltire ellcloi'iure. Pallel 
aciapton; are available for moulltillg these 
eabineLs ill relay rack::;. 

FLIP-TILT * 
Ills(.rUIl1(;1l L::; of a ba"ically portable Ilatme 

use the Gelleral Radio "Flip-Tilt " caf'e, which 
ofTen; Lhe following feaLures: 

It is its own com plete cal'l'ying casco 
It can be bench-mounted at a lmo;;t any 

angle from horizontal to vertical for easy 
viewing and operation. 

*Thc design of this proprietary Flip-Till case is pro lee led by U. S. 
Patent 2.966.257. 

The protective cover is captive, eannot be 
misplaced. 

The level' by ,,-hieh the iUKt rUl11ent is swung 
open or closed also serves as carrying handle 
in transit. 

Storage space for accessories and instruction 
manual is provided. 

A one-piece drawn-aluminum instrument 
case and control-panel covel' results in a 
light,,-eight yet sturdy enclosure. The control­
panel covel' serves as storage space for aece. -
sories, and functions as a base when the 
instrument is in operation . A ruuuer gasket 
around the edge of the covel' seals the closed 
case. "When the instrument is in use, this 
gasket provides the friction to keep the instru-

Unit-type cabinet can­
sists of U-sha ped chas­
sis, shown here, plus U­
shaped dust cover 
forming top, bottom, 

and rear. 

mell t til ted at an angle. The mechanical 
linkage bet\\'een t he instrument case alld the 
cover is extended in the form of a carryin g 
handle, \\'hieh also serves as the level' for 
lifting the instrument while it is being opened 
or closed. 

Flip-Tilt case offers the 
utmost in versatility and 
convenience, must be 
used to be appreciated. 
See page 22 for other 
views of this ca binet. 
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CHANTS 
{(EACTANCE 

REACTANCE CHARTS 
10M n x YX X X X ~ ~ 

1 M, 
100~ ><I0<::CXI0G ><I0GCX i0<:: ><~IX 
.x o?'xx X ~X >:" 

100,00:>0 

10,00:>0 

~ Xi0( ~10G1>< i0<:: )<i0<::I><~ r>:~~1X 
X X ,.,IX X 'X >,,0, ~r-

~ CX~CX!0<:<r9< ~ 1><~1>'~1'~1X 
X X X "X .Y'b" "/. )<., 

Z 1000, 
< 
~ 

U 

< 
"»' 

~ 1><~I>t>(j)<~~;>,,:~'[X ~I'l-ts<",t'< 
X X X X;~t><<f'X ~ ~ 

/. 1><~J><~ CX,D(i><j0,.i?< ,/~"lY I' 
XX ~, ~ ~ #~ ~ 

10 , 

. 
\0.(1)< ,X::1>'~ ~I>< f:x1X .L' '["1'X~ 

X ~?'~,' X XX, '~X 
0( 'O~rx Y XtL1, z(" Li< 0;,0X 

X ~ , , " " 

, ~iX~l>-- /"-lyi'-,V "/I'~X 
n, lOlc l00 ~ c l00:>k 10.ocx:> 

1 Me 101Y'.c l00Me l00::JMc 10,O::Ow.c 100,00.:),\·"" 1,CXXl,CXXlMc 
(300 fa) (30 "') (3 OIl (30 c .. ) (3 c .. ) (.3 c..) COJ , .. ) 

FREOUENCY 
FIG I 

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 capacitance at a 

given frequency. 
(3) The resonant frequency of a given induct­

ance and capacitance. 
In order to facilitate the determination of 

magnitude of the quantities involved to two 
or three significant figures the chart is di vided 
into two parts. Figure 1 is the complete chart 
to be used for rough calculations. Figure 2, 
which is a single decade of Figure 1 enlarged 
approximately 7 times, is to be used where the 
significant two or three figures are to be 
determined. 

TO FIND REACTANCE 
Enter the charts vertically from the bottom 

(frequency) and along the lines slanting up­
ward to the left (capacitance) or to the right 
(inductance). Corresponding scales (upper or 
10\\'er) must be used throughout. Project hori­
zontally to the left from the intersection and 
read reactance. 

TO FIND RESONANT FREQUENCY 
Enter the slanting lines for the given in­

ductance and capacitance. Project downward 
from their intersection and read resonant fre­
quency from the bottom scale. Corresponding 

u 
Z 

< 

. 
FREOUENCY 

FIG.! 

scales (upper or lo\\'er) must be used through­
out. 

Example: The sample point indicated (Fig­
ure 1) corresponds to a frequency of about 700 
kc for an inductance of 500 j.th, and a capaci­
tance of 100 pf, giving in either case a re­
actance of about 2000 ohms. The resonant 
frequency of a circuit containing these values 
of inductance and capacitance is, of course, 
700 kc approximately. 

USE OF FIGURE 2 
Figure 2 is used to obtain additional pre­

cision of reading but does not place the deci­
mal point which must be located from a 
preliminary entry on Figure 1. Since the chart 
necessarily requires two logarithmic decades 
for inductance and capacitance for every single 
decade of frequency and reactance, unless the 
correct decade for Land C is cbosen, the 
calculated values of reactance and frequency 
will be in error by a factor of 3.16. 

Example: (Continued.) The reactance cor­
responding to 500 j.th or 100 pf is 2230 ohms 
at 712 kc, their resonant frequency. 

ENLARGED COPIES 
Charts are available in a 17 x 22 sheet for 

wall mounting and in a two-page (8Y2 x 11) 
notebook size, punched for standard 3-ring 
binding. Free upon request. 



TABLES 
Ole/Bll 

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 seale. The decibel (I / lOth of the bel) 
on the briggsian or base-]O scale and the neper 
on the napierian or base-e scale arc in almost 
universal use for this purpose. 

Since vo ltage and current are related to 
power by impedance, both the decibel and the 
neper can be used to express voltage and cur­
rent ralios, if care is taken to account for the 

Decibel - The number of decibels Ndb corn'­
sponding La the ratio between two amounls 
of' power PI and P 2 is 

PI 
N"b=lOloglo- (1) 

P2 

When two voilages E I and E2 or two CUI'­

rents II and 12 operate in identical impedances, 

El 
Ndb = 20 log I 0 - (2) 

and 

E2 

II 
Ndb = 20 log I 0 -

12 
(3) 

If E I and E 2 or II and 12 operate in unequal 
impedances, 

EI Z2 
Ndb = 20log lo E2 + lOloglO Zl 

kl 
+lO loglo - (4) 

le 2 

II Zl 
and Ndb = 20 log I 0 - + 10 log 1 0 -;-

12 Z2 
lei 

+lO loglo - (5) 
/' 2 

where Z I and Z2 are lhe abso lute magnitudes 
of the corresponding impedances and k I and 
le 2 a re lhe values of power factor for the im­
pedances. E I ' R 2' II' and 12 are also I he ahso­
lute magnitudes of the correspond ing quanti­
lies. Note lhal 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 facilitate making 
conversions in either ' direction between the 
number of decibels and the corresponding 
power, vo ltage, and current ratios. Both 
tables can a lso be uscd for nepers and the 
mile oj standard cable by applying the con­
version factors from the lable on the oppo­
site page. 

used to evalu ate the impedance and power 
faelor terms, since both are simi lar to the ex­
pression for power ralio, equation (1) . 

Neper - The number of nepers N ncl' corre­

p 
sponding to a power ratio --.!. is 

P2 

1 PI 
N".p = - loge - (0) 

2 P2 

E 1 II 
ratios - or current ratios 

£2 12 
For vollage 

working in idenlical impedane('s, 

EI 
Nncp = loge-;­

Ji. 2 

and 
II 

N>l cP = loge -
12 

(7) 

When E I and E 2 or II and 12 operate in 
unequal impedances, 

Ell Z2 I leI 
N = Icw - + - log - + - 100' - (8) 

ncl' b eE' C) C z '" b c 1 
2 - 1 '" 1C2 

and 
I lIZ 1 1 lel N = 10'" - + - 10'" - + - 100' - (9) 

>IeI' b e I ,) b e '/ '" b B 1 
2 ~ ~2 '" ~2 

when' Z I and 50 2 and Ie 1 and k2 arc as in equa­
lions ( 1) and (5) . 
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TABLES 
Ole/Bll 

RELATIONS BETWEEN DECIBELS, NEPERS, AND MILES OF STANDARD CABLE 

Mult'iply l3y To Find 
decibels 
decibels .. 

miles of s landard cab le 
miles of sla ndard cable 

nepers 
ncpers ... .... . 

.1151 
1.056 
.n ~7 
.lO!) 

8.litHi 
9.175 

nepers 
miles of slandard cable 

ciPci l)('ls 
nep<'rs 
dccibels 

miles of slandard cab le 

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES 

Values ouLside the range of either Table 1 
or Table lJ 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 
wiLhin range of Table 1. To find the voltage 
mt'io, multiply the correspond ing value from 
Lilc ri ghL-hand voltage-ratio column by 10 
for each time you subtracted 20 db. To find 
the power mtio, multiply the corresponding 
value from the right-hand power-ratio column 
by 100 for each ti me you subtracted '20 db. 

Example- Given: 49.2 db. 
49.2 db - '20 db - 20 db = 9.2 db 
Voltage mtio: 9.2 db--> 2.884 

2.884 X 10 X 10 = 288.4-->49.2 rlb 
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 falls within the range 
of Table 1. For the voltage mtio, divide the 
value from the left-hand voltage-raLio column 
by 10 for each time you added 20 db. For lhe 
power mlia, divide the value from the leI't­
hand power-ratio column by 100 for each t ime 
you added 20 db. 

Example- Given: -49.2 db 
-49.2 db + 20 db + 20 db = -9.2 db 
Voltage ralio: -9.2 db--> .3467 

.3467 X 1/ 10 X 1/ 10 
-49.2 db 

Power ralio: - 9.2 db --> .1202 

.003467 --> 

.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
Liply the given raLio by 10 successively until 
the product can be found in the table. From 
1IH' number of decibels Lhus found, subLracL 
+20 decibels for each time you multiplied 
by 10. 

Example - Given: VolLage ratio = .0131 
.0131 X 10 X 10 = 1.31 

From Table II, 1.31-- 2.345 db 
£.345 db - 20 db - £0 db = -37.655 db 

For ratios greater than those in table-Di vide 
the given ratio by 10 successively unLil 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 IJ , 7.12--> 17.050 db 
17.050 db + 20 db + 20 db = 57.050 db 



TABLES 
~ ------------------------------DECIBEL 

TABLE I 
GIVEN: Decibels 

TO FIND: Power and {VC°ltage} Ratios 
~ urrent 

TO ACCOUNT FOR THE SIGN OF THE DECIBEL 

For positive ( + ) values of the decibel - Bolh voltage 
and power ralios are greater than unity. Use lhe two 
righl-hand columns. 

Voltage Power 
Ratio Ratio 

1.0000 1.0000 
.9886 .9772 
.9772 .9550 
.9661 .9333 
.9550 .9120 

.9441 .8913 

.9333 .8710 

.9226 .8511 

.!lJ20 .8318 

.9016 .8128 

.891 3 .7943 
.8810 .7762 
.87 10 .7586 
.8610 .7413 
.8511 .7244 

.8414 .7079 

.8318 .6918 

.8222 .6761 

.8128 .6607 

.8035 .6457 

.7943 .6310 
.7852 .6166 
.7762 .6026 
.7674 .5888 
.7586 .5754 

.7499 .5623 

.7413 .5495 

.7328 .5370 

.7244 .5248 

.7161 .5129 

.7079 .5012 
.6998 .4898 
.6918 .4786 
.6839 .4677 
.6761 .4571 

.6683 .4467 

.6607 .4365 

.6531 .4266 

.6457 .4169 

.6383 .4074 

.6310 .3981 

.6237 .3890 

.6166 .3802 

.6095 .3715 

.6026 .3631 

.5957 .3548 

.5888 .3467 

.5821 .3388 

.5754 .3311 

.5689 .3236 

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 

3.5 
3.6 
3.7 
3.8 
3.9 

4.0 
4. 1 
4.2 
4.3 
4.4 

4.5 
4.6 
4.7 
4.8 
4.9 

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 
1.1 75 1.380 

1.189 1.413 
1.202 1.445 
1.216 1.479 
1.230 1.514 
1.245 1.549 

1.239 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 
1.31;0 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 
1.531 2.344 
1.549 2.399 
1.567 2.455 

1.585 2.512 
1.603 2.570 
1.622 2.630 
1.641 2.692 
1.660 2.754 

1.679 2.818 
1.698 2.884 
1.718 2.951 
1.738 3.020 
1.758 3.090 

For negative ( - ) values of the decibel - Both vollage 
a nd power ratios are less than unity. Use lhe lwo left­
hand columns. 

Power 
Ratio 

+9. 1 db 8.128 
- 9.1 db 0 .1230 

Voltaoe Power 
Ratio Ratio 
.5623 3162 
.5559 .3090 
.5495 .3020 
.5433 .2951 
.5370 .2884 

.5309 .2818 

.5248 .2754 

.5188 .2692 

.5129 .2630 

.5070 .2570 

.5012 .2512 

.4955 .2455 

.4898 .2399 

.4842 .2344 

.4786 .2291 

.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 

.3981 .1585 
.3936 .1549 
.3890 .1514 
.3846 .1479 
.3802 .1445 

.3758 .1413 

.3715 .1380 

.3673 .1349 

.363 1 .1318 

.3589 .1288 

.3548 .1259 
.3508 .1230 
.3467 .1 202 
.3428 .1175 
.3388 .1148 

.3350 .1122 

.3311 .1096 

.3273 .1072 

.3236 .1047 

.3199 .102~ 

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 
9.4 

9.5 
9.6 
9.7 
9.8 
9.9 

Voltage Power 
Ratio Ratio 
1.778 3.162 
1.799 3.236 
1.820 3.311 
1.841 3.388 
1.862 3.467 

1.884 3.548 
1.905 3.631 
1.928 3.715 
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 4.571 
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 

2.371 5.623 
2.399 5.754 
2.427 5.888 
2.455 6.026 
2.483 6.166 

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 
2.951 8.710 

2.985 8 .913 
3.020 9.120 
3.055 9.333 
3.090 9.MO 
3.126 9.772 
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DECIBEL 

Voltage Power 
Ratio Ratio 
.3162 .1000 
.3126 .09772 
.3090 .09550 
.3055 .09333 
.3020 .09120 

.2985 .08913 

.2951 .08710 

.2917 .08511 

.2884 .08318 

.2851 .08128 

.2818 .07943 
.2786 .07762 
.2754 .07586 
.2723 .07413 
.2692 .07244 

.2661 .07079 

.2630 .06918 

.2600 .06761 

.2570 .06607 

.2541 .06457 

2512 .06310 
.2483 .06166 
.2455 .06026 
.2427 .05888 
.2399 .05754 

.2371 .05623 

.2344 .05495 

.2317 .05370 

.2291 .05248 

.2265 .05129 

.2239 .05012 
.2213 .04898 
.2188 .04786 
.2163 .04677 
.2138 .04571 

.2113 .04467 

.2089 .04365 

.2065 .04266 

.2042 .04 169 

.2018 .04074 

.1995 .03981 

. 1972 .03890 

.1 950 .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 
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TABLE I (continued) 

-db+ 

Voltaoe Power Voltage 
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 .1 531 
10.4 3.3 11 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 .1 216 
12.4 4.169 17.38 .1202 

12.5 4.217 17.78 .1189 
12.6 4.266 18.20 .1175 
12.7 4.315 18.62 .1161 
12.8 4.365 19.05 .1148 
12.9 4.416 19.50 .1135 

13.0 4.467 19.95 .1122 
13.1 4.519 20.42 .1109 
13.2 4.571 20.89 .1096 
13.3 4.624 21.38 .1084 
13.4 4.677 21.88 .1072 

13.5 4.732 22.39 .1059 
13.6 4.786 22.91 .1047 
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 30.90 

Voltage 
Ratio 

3.162 X I0 I 

15.0 5.623 31.62 10- 1 

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 3.162X 10- ' 
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 
.01 905 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 

.013 18 18.8 

.01288 18 .9 

.01259 19.0 
.01230 19.1 
.01 202 19.2 
.01175 19.3 
.01148 19.4 

.011 22 19.5 

.01096 19.6 

.01072 19.7 

.01047 19.8 

.01023 19.9 

.01000 20.0 

-db+ .... 
Power 
Ratio db 
~ - 10-

10-2 20 
10-3 30 
10-< 40 

10-5 50 
10-6 60 
10- 7 70 
10-8 80 
10-9 90 

10- 10 100 

To find decibel valu~s outside the range of this table, see page 246. 

Voltage Power 
Ratio Ratio 
6.310 39.81 
6.383 40.74 
6.457 41.69 
6.531 42.66 
6.607 43.65 

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 74.13 
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 

Voltage Power 
Ratio Ratio 

3.162 10 
10 102 

3.162XI0 103 

102 10< 

3.162X 102 105 

103 106 

3.162X103 107 

10< lOS 
3.162X 10< 109 

105 1010 



TABLES 
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DECIBEL 

TABLE II 

GIVEN: {Voltage\. Ratio 
Current f TO FIND: Decibels 

POWER RATIOS 

To find the number of decibels corresponding to a given 
power ratio -Assume the given power ratio to be it 

voltage ratio and find the corresponding number of 
decibels from the table. The desired resu lt is exactly 
one-half of the number of decibels thus found . 

Voltaq.e 
HaJ:io .00 .01 .02 .03 .04 

---.--:0- .000 .086 - - .172 - - .25'7 .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 5.201 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 13.084 13. 103 13.122 13.141 
4 .6 13.255 13.274 13.293 13.312 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 tab le: 

3. 'H- 10.655 db (voltage) 
10.655 db X Y2 = 5.328 db (power) 

.05 .06 .07 
.424 .506 .588 

1.214 1.289 1.364 
1.938 2.007 2.076 
2.607 2.671 2.734 
3.227 3.287 3.346 

3 .807 3.862 3.918 
4.350 4.402 4.454 
4.861 4 .910 4.959 
5 .343 5.390 5.437 
5.801 5.845 5.889 

6.235 6.277 6.319 
6.649 6.689 6.729 
7.044 7.082 7.121 
7.421 7.458 7.495 
7.783 7.8 19 7.854 

8.131 8.165 8.199 
8 .465 8.498 8 .530 
8.787 8.818 8.850 
9.097 9.127 9.158 
9.396 9.426 9.455 

9.686 9.714 9.743 
9.966 9.994 10.021 

10.238 10.264 10.291 
10.501 10.527 10.553 
10.756 10.782 10.807 

11.005 11.029 11.053 
11.246 11.270 11.293 
11.481 11.504 11.527 
11.709 11.732 11.754 
11.932 11.954 11.976 

12.149 12.171 12.192 
12.361 12.382 12.403 
12.568 12.588 12.609 
12.770 12.790 12.810 
12.967 12.987 13.006 

13.160 13.179 13.198 
13.349 13.368 13.386 
13.534 13.552 13.570 
13.715 13.733 13.751 
13.892 13.910 13.927 

14.066 14.083 14.100 
14.236 14.253 14.270 
14.403 14.420 14.436 
14.567 14.583 14.599 
14.728 14.744 14.760 

14 .886 14.902 14.917 
15.041 15.056 15.072 
15.193 15.208 15.224 
15.343 15.358 15.373 
15.490 15.505 15.519 

.08 .09 
.668 .749 

1.438 1.511 
2.144 2.212 
2.798 2.860 
3.405 3.464 

3.973 4.028 
4.506 4.558 
5.008 5.057 
5.483 5.529 
5.933 5.977 

6.361 6.403 
6.769 6.809 
7.159 7.197 
7.532 7.568 
7.889 7.924 

8.232 8.266 
8.563 8.595 
8 .881 8.9 12 
9.188 9.218 
9.484 9.513 

9.771 9.799 
10.049 10.076 
10.317 10.344 
10.578 10.604 
10.832 10.857 

11.078 11.102 
11.317 11.341 
11.550 11.573 
11.777 11.799 
11.998 12.019 

12.213 12.234 
12.424 12.444 
12.629 12.649 
12.829 12.849 
13.026 13.045 

13.217 13.236 
13.405 13.423 
13.589 13.607 
13.768 13.786 
13.945 13.962 

14.117 14.134 
14.287 14.303 
14.453 14.469 
14.616 14.632 
14.776 14.791 

14.933 14.948 
15.087 15.102 
15.239 15.254 
15.388 15.402 
15.534 15.549 
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TABLE II (continued) 

Voltaoe 
Ratio .00 .01 .02 .03 .04 .05 .06 .07 .08 .09 
6.0 15.563 15.577 15.592 15.606 15.6:21 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 15.834 
6.2 15.848 15.862 15.876 15.890 15.904 15.918 15.931 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 16.151 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 16.35 1 16.365 16.378 
6.6 16.391 16.404 16.417 16.430 16.443 16.456 16.469 16.483 16.496 16.509 
6.7 16.521 16.534 16.547 16.560 16.573 16.586 16.599 16.612 16.625 16.637 
6.8 16.650 16.663 16.676 16.688 16.701 16.7 14 16.726 16.739 16.752 16.764 
6.9 16.777 16.790 16.802 16.815 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 17.036 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 17.7 19 
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 18.018 18.029 18.040 18.051 

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 18.202 18 .212 18.223 18.234 18.244 18.255 18.266 
8.2 18.276 18.287 18.297 18.308 18.319 18.329 18.340 18.350 18.361 18.371 
8.3 18.382 18.392 18.402 18.413 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 18.710 18.720 18.730 18.740 18.750 18 .760 18.770 18.780 
8.7 18.790 18.800 18.810 18.820 18.830 18.840 18.850 18.860 18.870 18.880 
8.8 18.890 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.C17 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 19.407 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 19.618 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 19.790 19.807 19.816 
9.8 19.825 19.833 19.842 19.851 19.860 19.869 19.878 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 

Voltaoe 
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 24.609 25.105 25.575 
20 26.021 26.444 26.848 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 35.84& 35.987 36.124 36.258 36.391 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 38.382 38.486 31l.588 38.690 38.790 38.890 38.988 
90 39.085 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 246. 
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TYPE 

Type Nam e Page Type Name l'age 
CAP-22 3-Wirc Powcr ('ord 2-1-1 908-P Dial Drives 146 
CAP-35 2-Wire Po\\-cr Cord 2-:1:1 908-R96 Dial Drivc I-I-() 
DXT Detectors 58 916-AL Radio-Frequency Bridge, :32 
EX Knobs 2:36 9:38 Binding Posts alld Jaeks ' 2:38 
~12 \ ' ariac® Autotransformers 210 9-1-0 Dccadc Inductors 177 
M:') Vari[w® Autotransformers 2 10 9-1:I-A Toroidal TranRformer 237 
:'110 \ ' ariac® .\u totransformers 210 970-P Potcn tiometer Dial 
lVf20 Variac® Autotransformers 210 Plates 2:33 
~/I-type Gangcd \ 'ariacfi 211 D71-976 Potclltiomctel'fi ' 2:31 
\,B, \ '13'1' Rcplacement Brushes 080 Dccadc Capacitor Pnits I()() 

202,20a,211 1000-P:3 Voltage Divider 92 
W2 \T ariac® Autotransformers 202 1000-P4 Dummy Antenna 92 
Wi) \' ariac® Autotransformers 202 1000-P;,) Transformer 92 
WIO Variae® Au totranRformerR 202 1000-P6 Crystal Diode l\Iodulator 92 
W20 \ -ariac® Autotransformcrs 202 1000-P7 Balanced Modulator 92 
W:30 \'ari::u'® Autotransformers 202 1000-PlO TeRt Loop 92 
W;iO \ ' ariac'® ,\utotransformel's :202 1001-A Standard-Signal 
:50-1'1, -P2 Puwcr Chokes 20.) Gcncmtor 86 
\V;')l\IT:3A ~Ictcl'cd \ ' [triac 217 1021-AU, -AY Standard-Signal 
W;)MT3W :. [etcrcd \ ' ariac 217 Gcncrator 90 
\V;iMT:3A \V M ctcl'cd \' ariac 217 1021-P1 Power-Supply Unit and 
WIOMT3A ~Ictcl'cd \ ' ariac 217 Cabinct 91 
WIO:\/[T:nV Mctcred \ ' ariac 217 1021-P2, -P3B Oscillator Units 91 
\V-Serics \'ariaes 205 1103-B Syncrollomctcr , 71 
107 Variable Inductors 175 110.'5-13 Frequcncy l\Icasuring 
10D-A Thrcc-Wirc Reccptaclc 2'*1 Equipmcnt 74 
27-1: Plugs and Jacks 2-1:0 1106 Frequency Tranfifcr rnits 75 
27-1- Patch Cords 2-1:1 lI07-A fn tcrpolation Oscillator 75 
:-3 1 c~-S86 \ ' ariable Dclay Line 122 1108-B Coupling Panel 7.) 
;')00 Rcsistors I;,);) 1l09-B Comparison Oseilloscopc, 7;') 
.)0;') Cap!1ci tors 170 1112-A, -B Frequency;\Iultiplie]'s 72 
5LO Decadc Re~istance 'Cnits 151 111:3-A Standard-Frcquency 
;,)4-l:-B :'I1egohm Bridgc 8 Oscillator 70 
;"iH-P3 _\(' Power-Supply 'Cnit 9 11U-A Frequency Divider 70 
;;-I--I-P 10 Battery Power-Supply 1116-A Emcrgenc'y Powcr Supply 69 

Unit 9 1120-A Frequcncy Standard 68 
;')-:I:()-C AF Microvolter 131 1120-AII 1000-Mc Frcquency 
.j8:j-A Output Power ~-1etel' 1:34 Standard 68 
;')78 Shieldcd Transformers 2:37 1l30-A Digital Timc and Frc-
716-C ('apaeitanee Bridge, 1:3 q UCl1CY :. f eter 76 
71 f)-CS 1 Capacitan('c Bridge, :33 1l:30-P Timc-Base rnits 79 
7 Hi-P4 Guard Circuit 15 11:31-P COUll ting Dccr..dcs 81 
nfl-A ,Vavc Analyzer 22;') 11:32-A Data Printcr 78 
7-W-B Capacitancc Test Bridge, 12 1 ]:-~-1-A Digital-to-Analog 
78:3-A Output Power Mctcr 1:3-1 Convcrtcl' 80 
80;)-(' Standard-Signal 1 L-I-2-A Frequcncy l\Ietcr and 

Gcnerator 88 Disnimi.natOl' 8:3 
8:38-B .\lligator Clips 2:3D 120L-B Unit Hegulatecl Power 
874 Coaxial Elcments Supply 137 

Scc illdcx on :39 120:3-B Unit Powcr Supply l:H 
87-!-L13A Slottcd Line and \' crnicr , 52 120;)-13 .\djustablc Regulated 
901 Dials 2:35 Power Supply 1:36 
D02 Dials 2:35 1206-B 'Cnit Amplifier ()-:I: 
~)0-1 Dials 2:)5 1208-B l~ nit Osci lIa tor 110 
907 Dials 234 1209-B, -BL Unit Oscillator, 110 
907-R144 Dial Drive ]-16 1210-C 'Cnit R-C Oscillator, 102 
908 Dials 234 1211-13 Unit Oseillator _ 107 

251 



INDEX 
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Type Name Page Type Name Page 
12 L2-A Unit Null Detector. 6L 1.121-A Graphic-Level Recorder. 141 
1212-Pl,-P2 Filters 62 1.321-P Hecorder Accessories 143 
12l:3-D Unit Time/Frequency l;"):31-A Strobotac® E lectronic 

Calibrator 82 Stroboscope 196 
1214-A,-D,-MUuit Osci llators 106 l;j32-D Strobolume 197 
1215-B Unit Osci llator . 110 15:32-P1 Replacement Lamp. 197 
121G-A Un it I-F Amplifier 59 1;j32-P2 Transformer Cable 197 
1217-A Unit PulseI' 115 1:i35-B Contactor 198 
1218-A l~ nit Oscillator . 110 l;,)35-P1 Adaptor Cable 198 
1219-A Unit Pulse Amplifier 119 1 :'):iO-A Octave-Band 1'\ oise 
1220-A Unit Klystron Osci llator. 113 Analyzer 191 
12:30-A,-AE DC Ampli fier and 15:")0-P1 Adaptor l'vI icrophone Plug 191 

E lectrometer 128 15:i1-C Sound-Level Meter 182 
1230-P1 Component Shield 129 1:"):) I-PI Condenser Microphone 
1232-A Tuned Amplifier and X ull System 184 

Detector GO 1551-P2 Leather Carrying Case 184 
1233-A Power Amplifier 63 Lj;j2-B Sound-Level Calibrator 187 
1261-A Power Supply 137 I;S;")3-A I Vibration Meter . . 192 
1262-B Power Supp ly 137 l.S:")4o-A 

I 
Sound and Vibration 

1263-B Amplitude-Regulating Analyzer 189 
Power Supply 138 1;") 55-A Sound-Survey Meter 181 

1264-A Modulating Power Suppl y 139 !:");j;")-P2 Leather Cal'l'y ing Case 181 
1300-A Beat-Frequency Video l;");")6-A Impact X oise Analyzer 188 

Generator 104 1557-A Vibration Calibrator 194 
1301-A Low-Distortion Oscillator 98 l:") ()O-P Sound and Vi bration 
L301-P1 Hange-Extensioll unit 98 Accessories 185 
1:302-A Oscillator 99 l;jGO-P11 Vibration Pickup System 185 
l:3Q.-!-B Beat-Frequency Audio 1:")OO-P12 Dynamic M icrophone 

Generator 100 System 186 
1305-A Low-Frequency Oscillator 96 1560-P21 Control Box 18.3 
1307-A Transistor Osei ll r.,to r 106 l.'i60-P31 Leather Carrying Case 187 
1330-A Bridge Osci llator 108 1560-P34 Tripod and Extension 
1361-A UHF Oscillator 109 Cable. 185 
1390-B Random-N oise Generator 123 1560-P51 Vibration Pickup . 185 
1391-B Pulse, Sweep, and Time- 1560-P91 Adaptor. 185 

Delay Generator 116 1560-P94 Adaptor Cable 18.3 
1392-A Time-Delay Generator 120 1.570 Automatic Voltage 
140L Standard Air Capacitors Regulator 218 

(2 Terminal) . 161 1570-AS15 Militarized Voltage 
1403 Standard Air Capacito rs Regulator 220 

(3 Terminal) . 162 1590-A Remote Control for Va-
1409 Standard Capacitors 163 riac® Autotransformers 216 
1419 Decade Capacitors 168 1602-B UHF Admittance Meter .. 3--:1: 
14020 Variable Air Capacitors 230 160:3-A Z-Y Bridge 2--:1: 
1--:1:21 Variable Air Capacitors . 230 1605-A Impedance Comparatqr 26 
1422 Precision Air Capaeit ors . Vi8 1605-AH Impedance Comparator 26 
142:3-A Precision Decade 1606-A RF Bridge. 30 

Capacitor 165 lo06-P1 Luggage-Type Carrying 
142--:1:-A Standard Polystyrene Case 31 

Capacitor 164 1607-A Transfer-Function and 
l--:1:29-A Fuel-Gage Tester. 171 Immi ttance Bridge 36 
1--:1:32 Decade Resistors . 149 1607-P Transistor and Tube 
1450 Decade Attenuators 153 Mounts 37 
1--:1:54 Decade Voltage Dividers 1;')--:1: 1610-AH Capacitance l\Ieasuring 
14081 Inductors 176 Assembly 15 
1482 Standard Inductors . 173 161O-B Capacitance Measuring 
14090 Deeade Induetors 178 Assembly 15 
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Type Name Page 

161O-B2 Capacitance l\Ieasuring 
Assembly 15 

1611-B Capacitance Test Bridge. 10 
1613-A Capacitance Bridge 18 
1613-K Capacitance Bridge 18 
1632-A Inductance Bridge 20 
!G50-A Impedance Bridge 22 
1650-P1 Test Jig. 23 
1652-A Resistance Limit Bridge 6 
1661-A Vacuum-Tube Bridge . 28 
16~)0-A Dielectric Sample Holder 17 
1690-P2 Adaptor Asscmbly 17 
1700 Variac® Speed Controls 222 

Absorption Modulator 
Ac Microvolter 
Ac Power Supplies . 
Acoustical Instruments 
Adaptors, Coaxial. 
Adaptors, Sound-Level Meter 
Adjustable Attenuator, Coaxial . 
Adjustable Autotransformer, Variac® 
Adjustable Lines and Stubs, Coaxial 
Adj ustable Power Supply. 
Admittance j'deter, VHF. 
Adm ittance Bridgr, AF 
Air Capacitors 

Page 
92 

1:31 
. . 135- I-W 
. 171-19-l, J-ll 

4') ')-l] 
. ~'185 

-l8 
.199- 217 

.-l6,-l9 
136 
:H 
2-l 

Fixed, Two-Terminal 161 
Fixed, Three-Terminal. 162 
Precision, Two-Terminal . 158 
Precision, Three-Terminal 158 
Standard .161, 162 
Variable . 158, 2:30 

Air Line, Coaxial -l6 
Alligator Clip 2:39 
A-1\1 Detector 228 
A-M Monitor .. 132 
Amplifier, Audio-Frequency .60, 6-l 

Direct-Current 128 
Intermediate-Frequency 59 
Power. . . 63 
Pulse 119 
Thn~ .. W 

Amplitude Modulators 92 
Amplitude-Regulating Power Supply 1:38 
Analog Frequency Meter 83 
Analyzers, Continuous Spectrum .189,225 

Harmonic .189,225 
Impact Noise . . 188 
Noise . .188-189,191 
Octave-Band. 191 
One-Third Octave. 189 
Sound 189 
Vibration 189 
Wave . 225 
Distortion 227 

Antenna, Dummy. 92 
Antenna Measuring Equipment. 30,32, 3-l, 36, 52 
Attenuators, Coaxial, Adjustable and Fixed -l8 
Attenuator, Decade . . . . 153 
Audio-Frequency Rridges. .13- 28 
Audio-FrE'quE'ncy Microvolter . ]31 
Audio-Frequency Oscillators .74,98- 107 
Audio Cienerator, Beat-Frequency _ 100 
Automatic Dial Drive . . . . . . 144 

INDEX 
TYPE-TlltE 

Type Name Page 
1701 Variac® Speed Controls 222 
1702 Variac® Speed Controls 222 
1702-P3 Switch 22:3 
1703 Variac® Speed Controls 222 
1705-P1 Drum Controller 22:3 
1750-A Sweep Drive. I -f.! 
1800-B Vacuum-Tube Voltmeter. 126 
1800-P Multipliers. 127 
1862-B Megohmmeter 130 
1931-B Modulation Monitor 1:i2 
1932-A Distortion and X oise 

Meter 227 
1932-P1 A-M Detector Unit 228 

Automatic Voltage Regulators 
Autotransformers, Variac" . 
Autotransformers, Variac ii) , Ganged 
Autotransformers, Variac", l\Ietered . 

Balanced Line Terminations 
Balanced l\Iodulator 
Balun 
Banana Plugs 
Bar Knobs ...... . 
Basic Connector, Coaxial . 
Basic Motor Speed Controls 
Beat-Frequency Oscillators. 
Binding Posts. 
Bridges 

Ac Limit. 
Admittance 
Antenna-Measuring 
Capacitance 
Coaxial ... 
Conductance . 
Dc Limit 
High-Resistance 
Immit'ance. 
Impedance . 
Impedance Comparison 
Inductance. 
Insulation Resistance 
Megohm 
Radio-Frequency 
Reactance 
Resistance . 
Resistivity 
Susceptance 
Transfcr-Function 
Transistor 
UHF 
Universal 
VHF 
Vacuum-Tube 
Z-Y 

Bridge Amplifier 
Bridge Detectors . 
Bridge Guard Circuit 
Bridge Oscillator 
Bridge Transformer 
Broad-Band Modulator . 
Bl'llshes, Replacement, for Variacs 

Cable, Coaxial . . . . . . 
Cable, Tripod and Extension . . . 

Page 
.218- 220 
.199- 217 

.205- 20n, 211 
217 

47 
92 
51 

240 
2:36 
40 

.221-22:3 
7-1-,100- 104 

2:38 
1- :37 

26 
.. .3~ , 36 
30,32,3-1-, :36, 52 

.1:3- 19 

.34,36 

.2-l,34 
6,8 

8 
36 
22 
26 
20 

8 
8 

.30,32 

.30,32 
6,8 

8 
.2-1-, :34 

36 
.28, 36 
.3-1-, :36 
2')· ')-1-

::3~: 36 
28 
2-1-
60 

.56-62 
15 

108 
237 

. 92 

.202, 203, 211 

4-! 
185 
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INDEX 
TITLE 

Cable, Conn('ctors, COi1xii1]. . . 
Calibrator, Frl'qlll'ncy 
Calihrator ror Fllcl-C:agf' Tc~ters 
Calibrator (TpstN), Fuel-C :agl' 
Calibrator, Hound-Lcvel 
Calibrator, Time/ Frequency 
Calibrator, Vibration 
Caplwitancc Bridgps . 
Cap:witors 
Cap:witors, Air ])ielectric 

DecadC' 
Fixpd 
Mic:t ])iplectric 
PapPI' Dil'lpctric 
PolYSLyrcnc J)ielectric 
Precision. 
Standard 
Three-Terminal. 
Two-Terminal 
Variable Air . 

Case for RF Bridge . 

Page 
41 
82 
18 

171 
187 
82 

1!l-t 
. 1~-1!l 

.156- 171 
· l{i I , 162 

Hi8 
.161, Hi:3, 170 

· 16:l, 170 
· I'j:l, 170 

.158- 16-1, \(j(i, Hi8 
. 158- 16:l 

. . 161 - I(i:l 

.158-165, 168- 171 
.15iH71 

158 
:31 

18:3 Case ror Sound-LE'vl'1 1\1et('r 
Case ror Sound-Survey Mcler 
Case for Transistor Oscillator and Calibrator 
Charts, Reactance 

181 
187 
U.J. 

254 

SmiLh 
Chart PapN 1'01' R('corder 
Chokes (for V:triacs) 
Clip, Alligator 
Cl iplock, Coaxial 
Clock, Synchronous 'fotor 
Co!!'x ial Ell'ments 
Coaxial InstrumenLs . 
Coaxial Patch Cords 
Comparator, Impl'dance 
Comparison Bridgrs 
Comparison Oscilloscopc 
ComponenL 1\1ounts . 
Component Shield 
Condenser l\I icrophone SysLems 
Connectors, Coaxia l 

Locking . 
Shielded 

Contactor, Stroboscopic . 
Control Box and Vibratioll Pickup 
Control, Remotc, 1'01' Yari :H's 
Controls, l\Iotor SpC'ed 
Converter, Digital-to-Analog 
Cords, Patch . 
Cords, Power. . . 
Counter, Frequf'ncy 
Counting Decades . 
Coupling Elements, Coaxial 
Coupling Panel 
Crystal Diode '[odulators 

Data Printer 
Db Tables 
Decade Attenuator 
Decade Capacitors 
Decade Inductors . 
Dccade Resistors 
DecadE' Swi tches 
Decade Voltage J)ividl'r 
Decade CounLing Units 
Delay GeneraLors, Time 
Delay Line, Variable 
Detector, Voltmeter. 
Detectors 

Heterodyne 
Null . 

55 
l-t:3 
205 
2:3D 

.. l:3 
71 

· :3\J 
3o±-~7,52 

4-1 
26 

6,:W 
7-1 

4:l, 12\) 
UH 
18-1 
-10 
-II 

.41, -t-t 
]\)8 

185 
21() 

.221- 22:3 
80 

H,2-t1 
2,[1 
76 
81 
43 
7-1 
\J ') 

78 
.245- 250 

15:l 
168 
178 

. 1-W- Io3 
152 
15 1 
ill 

.116, 120 
122 
50 

.56-62 
58 

58,60,62 

Dials, Direct-Drive and Friction-Drive. 
Gear-Dri ve, Precision 

Dial Driv('s, Automatic SlI'cC'P 
Dial Drives with I-Iorizont:,l Hw('ep 
Dial Plate'S, Potentiollwtcr 
Dielectric Measuring Bridge 
Dielectric Sample Holdpr 
Digital Time and Frt'quC'llr~' '\1eter 
DigiL:,I-to-Analog ConvC'rt pr 
Diodc Modulator, Crystnl 
DirccL-CuITPnt. Amplifipr 
J)i criminator, I I'r('qu('nc~' Met('r and 
])istortion and Noise 1\Irter 
Divider, Frequency 
DividC'r, Voltage 
Drive, Dial 
Drive, SweC'p 
Drum Controller 
Dummy Antenna . . 
Dynamic Microphone Assembly 

Electrometer . 
Emergency Power Supply 

Filters, Coaxial . . 
High-Pass 
Low-Pass 

Frequency Count('l', Digital 
Frequency Divider . 
Frequency IeasUl'ing Equipment 
Frequency Meters, Heterodyne . 
Frequency l\1eter and Discriminator. 
Frequency Multipliers. . 
Frequency Oscillator 
Frequency Standards 
Frequency Transfer Units 
Friction-Drive Dials. 
Fuel-Gage Tester 

Ganged Variac Autotransformers 
C:ear-Drive Dial 
Generators . 

Beat-Frequency 
Pulse . 
Random-~oise 
Sine-Wave 
Square-Wave. 
Standard-Frequpncy 
Standard-Signa l 
Sweep . 
Three-Phase . . 
Time-Delay 
Video 

Graphic Level Recorder 
Guard Circu it 

Harmonic Analyzers. 
Heterodyne Detectors. .. 
Heterodyne Frequency i\I eters 
High-Level Microphone 
High-Pass Filter 
High-Speed Light SOlll'ce 

Immittance Bridge 
Impact Noise Analyzer 
Impedance Bridges . 
Impedance Comparators .. 
Impedance Matching Transformer 
Inductance Bridge . . . . . . . 

Page 
2M 
2:H 
144 
1 .. 16 
2:3:3 

.13-16 
17 
70 
80 
\)2 

128 
8:l 

2'27 
70 

92, 154 
.144- 10.10 

IH 
22:3 
92 

186 

128 
69 

'15 
61 
45 
76 
70 
7.J. 
74 
83 
7Z 
70 

.68,82 
7.J. 

. 144-J.t6 
171 

.205-209,211 
1-1-6 

85- 106 
.100, LO [ 

.115, 116, 120 
12:l 

. 98-11:{ 
.lD2, 115- 1 18 

7 .. 1 
.85-9 1 

110 
96 

.116,120 
lD.,J 
141 
15 

.189,225 
.58,75 

7-t 
184 

62 
. 196, H)7 

36 
188 

.22,2-f 
26 

237 
20 



Inductors 
Dccade . 
Fixed .. 
Standa rd 
Variable . .. . 

Insertion Loss Modu lator 
Insulated Plugs 
Insulators, Panel Terminal ..... 
Intermediate-Frequency Amplifier, Unit 
Interpolation Equipment 
Interpolation Oscillator . . . . . . . 

Jacks and Plugs 

Kits, Cable Measuring 
Slotted Line . . 

Klystron Oscillator . 
Klystron Power Supply 
Knobs .... 

Level Recorder, Graphic 
Limit Bridges 

Resistance . . 
Line, Delay 

Slotted 
Variable Delay .. .. .. . 

Lines and Line E lements, Coaxial. 
Locking Connectors . . . 
Loop, Test ... . 
Low-Distortion Oseillator 
Low-Frequency Oscillator 
Low-Pass Filter. . . . . 

Matched Terminations, Coaxial. 
Mechan ical S\\'eep Drives 
Megohm Bridge 
Megohmmeters . . . 
l\Iega-megohmmeter. . . 
Metered Variacs 
Meters, Admittance 

Distortion and Noise 
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