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We Selill Diilred ... 
To develop the type of product manufactured by the Gen­

eral Radio Company requires a large stoff of engineers, each 
a specialist in one or more phases of the work involved. One 
of the functions of this staff is to assist the customer in the 
selection of instruments in orde r that the correct equipment 
may be purchased with a minimum expenditure. 

There hllS always been an intimate contact between our 
engineers and our customers. The technical nature and the 
manifold uses of our product make the maintenance of this 
contact essential. For this reoson, the General Radio Com­
pany maintains no sales agencies in the United States. but 
distributes its products directly to the consumer on a net, 
no discount, basis . 

In orde r that customers outside the United States may 
receive equivalent technical service, exclusive distributors 
have been appointed in many foreign countries, each capable 
of giving technical information regarding General Radio 
products. In aJi matters regarding General Radio apparatus 
the customer should communicate with the distributor from 
whom this catalog was received . Prices listed in the catolog 
are for domestic use only. Costs in foreign countries, where 
import duty and freight must be added, can be obtained 
from the distributors in those countries. 

GENERAL RADIO COMPANY 

. , 



 

1 9 

~ 
.. ~' ~~.o/ 

0' 0 

~ "-
o 1;"-: ~ 

p> 

4 8 

GENERAL RADIO COMPANY 
CAMBRIDGE 39, MASSACHUSETTS 
NEW YORK CHICAGO LOS ANGELES 

U. S. A. 



 

SUGGESTIONS FOR ORDERING 

ORDER BY TYPE NUMBER 

Always ordor by cat:llog t.ype Humber, 
and whenc\'cl' posi3ible mention n:\me of 
item, ranges, Or other significant SI>ccifica­
Liolls as prot.ection against misunder­
standing. 

De SlI\'C to include orders for any acces­
sories desired Or for cnlibrations which 
must be m:lde before shipment .. If minor 
modifi(;11tions in t.he parts or instl'U ment-s 
to be ordcl'cd would ma ke the equipment 
more useful, our Sales E ngineering De­
partment would be glad to discuss the 
dctnils. 

TELEGRAPH AND CABLE ORDERS 

We h:wc direct tclcgr:lph priuter con­
nections with Westel'n Union fo r the 
prompt handling of mcss.'lgcs. 

Usc Bentley's code and the code words 
accompanying CilCh caullog descriplion. 
Our c:lblc address is G~NR:\l)CO BOSTON. 

SHIPPING INSTRUCTIONS 

Unless specific instructions ~\ccomp~lny 

the order, we Sh~lll lise ou r best. judgment 
as t.o t he method of sh ipment. Repair 
parts 01' ot.her items needed quickly CHn be 
shipped Ail' Express if requested. The fol· 
lowing table shows approxim:tte costs of 
this service in cont.inental United States. 

,iir 2 11M. t; lbs. f!5 tw. 4'-' Ih 
Ocer 40 Iblt. 

Mlte~ CMI~ per lb. 

- -- - - - -
'" SI.OO $ 1.00 SLOO 5 1.23 3.07 
:H!) 1.0:! LI S 2.30 3.GS 9.21 
5;19 1.07 1.'12 3.&' (U4 l;'i.35 

J().I9 1.17 I.H8 7.GS 12.28 30.70 
2.'H9 1.<15 3.53 17.G5 28 .2·. 70.Gl 
O"O!r 
2350 1.47 3.(lS 18 .'12 29.47 73.68 

PACKING 

T here is no charge fo r am regular domes­
tic 01' export packing and no ciuHge for 
shipping eont:lincl'S 01' cnses. Cases are not 
ret urnable. 

TERMS 

Net 30 days. All prices are F.O.B. Cam­
bridge, :\'[assaehuset.ts. Unless credi t has 
al ready been est::Lblished, shipments :tre 
made C.O.D . 

'Vhen full payment ncco:npanies an order 
for equipment, except fo~' rcpl~ irs, we pay 
transportat.ion charges to !lony poin t, in t he 
continent'll United Shlles, except AlAska. 

REM ITT ANCES 

Should be made pa.yable a.t p1~r in Boston 
or New York funds. 

PRICE CHANGES 

All prices are subject to change without 
notice. Formal price quotations remai n 
open fo r 30 days. 

P rices shown will be in(:renseci by the 
amount of finy appl icable S11lc.';, usc, excise, 
or simi lar tllXCS that lUe now in effect or 
t hat may hereaft.er be imposed by Federa.l, 
State, or 10e:\1 governments . 

FOREIGN SALES 

We arc represented in prineip:t l countries 
:tbro:ld by resident dist ribuLor8, who are in 
Cl080 touch with the factory fLnd who have 
aVll,ilablc the latest t.echnical and cammer· 
eial information about our products. As 
cond ition!; permit, some Geneml Rad io 
representatives will carry stocks of the more 
popu la r items. 

All prices shown in this eat:liog are net, 
Lo.b. the faetOl'Y, fOl· sa.lcs with in the United 
St"l.tcs. Prices abroad, while based upon 
t he S~tme price list, will be somewhat higher 
because of customs duties, transportation 
cha.rges, insmance, etc. Our representatives 
wi ll welcome inquiries from customC I'S in 
thei r tel'l'itories concern ing delivered prices 
and any other snles, service, or engineering 
ma.tters. 

See page 22i for list of represent atives. 

o,pyright, IfI.47, b)' Cenernl RAAIio o,,,,pnny. Cllmbtid~e. ~1 f\M, U.S.A. 



 

SUGGESTIONS FOR ORDERING 

SPECIFICATION CHANGES 

We rCSCrve t.he right to discontinue in­
struments without notice, and to change 
specifications at any lime without. incmring 
any obligation to incorporate new fentures 
in inst.rumen ts previollsly sold. 

WARRANTY 

" rc wurrant. each new instrument manu­
facturod and/ or sold by us to be free from 
defects in material and workmanshipi our 
obligation under this warranty being 
li mited to repairing or t'cpiacing a ny im;tru­
mont or part thereof, except tubes and 
batteries, which 5h1\11, within onc year 
after shipment to the origina l purchaser, 
prove after our exa mi nation to be t hus 
defective. 

REPAIR PARTS 

When OI1:iCl"ing repair parts, be sure to 
describe carefully the parts requi red , also 
rdcrring to the symbol numbers and de­
scription from the parts list, and give t he 
type number and serial number from the 
panel of the instrument,. 

SHIPMENTS TO GENERAL RADIO 

When retuming instruments for repair, 
rccalibmtion, or for any ol,her reason, 
pleaBe ask our Service Department fo r 
Bctllrn -:\·Iatcrial Tag and shipping in­
stmctions. Please state type Humber and 
seria l IIlllllbel· of instrument lind d11te of 
purchnsc. 

DOMESTIC SALES AGENCIES 

l3ecau&l of t he Company's direct sales 
policy no general sa les agencies are ap­
pointed. Complete stocks are carried only 

at the factory warehouse. A partial stock 
is main tained at Los· Angeles. 

BRANCH ENGINEERING OFFICES 

Engineering offices are mainb.lined in the 
following cities: 

New York 6: 90 West Street 
Telephone WOrth 2-5837 

Chicago 5: 920 Sout h Michiga n Avenue 
Telephone W AUash 3820 

Los Angeles 38: 950 North Highland 
Avenue 

Telephone HOllywood 620 I 

Customers in or Ileal' these ciUes can 
quickly and conveniently oblain informa.­
tion about our products from these offices. 
In charge at e:\ch office is a. conipetent, 
faetory-tmi ned engineer who will have a ll 
available technical and commercial data. 

Although our domestic sales are made 
on a. direct-to-the-cousumer basis, we have 
arrnnged with numerous fo reign distribu­
lors fOI" the &\Ie and scrvicing of our 
products outside of the United Slales. (Sec 
page 227. ) 

OTHER GENERAL RADIO PUBLICATIONS 

In addi tion to t his catalog we publish 
a number of b~l llet ills of interest to tech­
nical and pl·ofessional workers in specialized 
fie lds, and a mon thly m:lgazine, the Gelleral 
RadiQ /!:xpcrimenler, for free distribution 
among interested persolls. The Bxpcri­
menter contains technical and semi-tech­
nical engineering articles \\·hich :lre contrib­
uted, for t he most part, by our engineering 
staff. To be placed on the mailing list, 
merely fill in, clip, and mail the coupon 
bclow; or supply ALL of the information 
requested. 

TO: Gcneral Ibdio EXPERI:\ I EXTER, 275 ;VJassachu&ltts Ave., Cambridge 39, :\'[ 3SS. 

Entel· my CO:\IPLD[EXTARY subscript ion to t he G- It EXPERD[ EXTER. 

!\·amc (print) . 

Company Xame .. . 

COln pany Address ........ .. ... .... .. .... .. .. . ....................... . . ..... . ...•... • 
Street City :U1d Zone No. Slale 

Type of Business . . ...... .. ...... ...•. . ..... ......... Your Tille . ............ , ... .. . . . 
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PATENTS 

~'rany of our products arc manufactured 
and sold under United Stales Letters Paten t 
owned by !:.he Gencml Hadia Company or­
under license grants from other companies. 
To simplify the listi ng of t hese patents they 
are given here in a single li st and referred to 
at ench instrument only by appropriate refer­
ence number. 

I. Certain vacuu m-tube amplifier devices, 
elcctl'i c wave filters, vacuum-tube osci llators, 
and sound-level meters arc licensed by Wes­
tern Electric Compa ny, inc., under all United 
States Letters Patent. ow ned or controlled by 
American Telephone and Tclcgmph Com­
pany, or Western Electric Company, Inc., 
and any or all other United Slates patents 
with respect to which Western 1~ l cetric Com­
pany, Inc., has t he right to grant a license, 
solely ror utilization in research, investigation, 
measurement, testing, instruction, and de­
velopment work in pure and applied science, 
including engineering and industl'ial fwlds. 

2. Patent 1,871 ,8SG. 
3. Patent 2,29.1 ,0.11 . 
4. Patent applied for. 
5. Patent 1,001 ,343. 
G. Patent 1,901 ,3-14. 
7. Patent 1,944,315. 
8 . Patent 1,967,185. 
9. Paten\' 2,173,427. 

10. Paten\' 2,367,US I. 

11. Paten\' 2,009,0]3. 
(also British Patent 439,5(7). 

12. Licensed under all patents and patent 
applications of Dr. G. W. Pierce pertaining to 
piczo-dcctric crystals and thei r associated 
circuits. 

13. Patent 2,060,934. 
14. Patent 1,043,302. 
15. Licensed under designs, patents and 

pat.cnt applicat ions of Edgerton, Germes­
ha\lsen .md Grier. 

16. Patent 2,376,394. 
I i. Patents 1-l2,iii and 143,807. 
18. Patent 1,983,447. 
10. Patent. 1,967,184. 
20. Patent 2,012,497. 
21. Patent. 2,012,29 1 
22. Patent 1,999,SG9. 
23. Patent 1,790,153 and other patents, 

covering electrical discharge devi ces and ci r­
cuits with which said devices may be used, 
owned by t he General Electric Company or 
under which it may grant li censes. 

2<1. Patent 2,173,426. 
25. Patent. 2,298,177. 
20. Patent 2,3G2,503. 
27 . Patent 2,029,358. 
28. Patent 2,35.1,718. 
20. Palent 2,025,775. 
30. Patent 2,3H ,2..J 8. 
31. Pnlcnl 2,125,81G. 



 

VISIT OUR LABORATORIES AND FACTORY 

We cordially invite you to visit ollr engi­
neering laboratories and factory t.be next t ime 
that you arc in the vicinity of Cambridge. 

Om plant is located in Cambridge (across 
the Charles Ri ver from Boston) at 275 Massa­
chusetts Avenue. This is half way between the 
Massachusetts Institute of Technology and 
Central Square, Cambri dge. 

s .... ' .9, s.·... ~ 

The accompanying map and t he directions 
below give details for reaching the plant by 
public transportat.ion or automobile. 

HO URS ~'on Vl SITOllS : 10 :00 A.M. to 4:00 
I',M. every day except Saturdays, Sundays, 
and holidays. 

Ii, 

("'''''M 

HOW TO REACH GENERAL RADIO COMPANY 

lh PUIlJ.JC T UA NSPOBT,"TION 

Prom Cenlral Sq!wre, Cambridge: Walk 
down Massachusetts Avenue abou t six blocks 
to "275" or take any n oston-bound sUl'face 
ca r 0[' bus on Massachusetts Avenue and get 
off at Windsor Street. 

From Smlfh Station, Boston: Take a subway 
train fO!' Cambridge and get ofT at the fifth 
stop, which is Central Square, Then follow 
preceding directions to 275 lVlassachusctts 
Avcnue, 

From North Station, Boston: Take a street 
car to the Park Street Subway Station and 

change there to a Cambridge sub\\'ay train on 
t he lo\\'er level. Get ofT at Central Square, 
which is t he thi rd stop. See above. 

Fron~ M ossacll1lsclls Statioll, Boston (:'\'[assa­
chusctts A venue and I3oylston Street) : Take 
a street cal' 01' bus marked " Harvard." Aftcl' 
crossing Lbe Charles Rivcr into Cambridge, 
gct ofT at Windsor St.rcet almost di['cctly in 
front of General Radio . 

I3y A UTO~]OUlL"; 

Memorial Drive in Cambridb'C (H ighway 
Routes U. S. 1 and l\'Iass. 2, 28, and 38) ru ns 
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along t he Charles River and intersects Massa­
chusetts Avenue (underpass) at t he lVI assa­
ehusetts Institute of Technology. General 
Radio is on Massachusetts Avenue one-thi rd 
of a mile from t his intersection. 

and connects M.assaehusetts Avenue in 
Boston and in Cambridge. From the Boston 
side of the river, tUI'll into !vlassachusctt s 
A\'cnue (from Highway Routes U. S. 20 and 
Mass . 16, 138) and proceed over Harvard 
Bridge into Cambridge. Harvard Bridge crosses the Charles River 

WHEN TELEPHONING you may find the following list of depart ments and individuals of value 
in eliminating unnecessa ry delays before obta.ining the information you desire. Our offi ce tele­
phone numbel' is TRowbridge 0-4400. 

v ii i 

Delivery InfoTiMUon on Orders Already Placed (cnt.alog items 
only) 

Price and Delivery Information Oil Equipment Not Yet Ordered; 
Technical Information on Uses of Equi pment 

Commercial Dept. 
H . P . H OKANSON 

&'1I(lS Engine<!ring Dept. 
iiI. T. S\IJTII 

W. H. SAYI.OK 

1". D. Lt:wls 
S. W. D l:BI.OIS 

l\T. A. Gll.\!AN 

Service and Mainwnnnce Information Service D,?pt. 
R. G. A I.l:X ANln:n 

II . H. D AWt:g 

Ilcpair and HdUTll of Equil)!Ilent Service Dept. 
F. W. SEI.Lt:n 

Hcpair and !1ephlccmcnt Parts - Price and Delivery Information Service Dept. 

lkanch Engineering Offices 

:\'ew York 
Chicago 
I)acific Coast (Lo!; Angeles) 

Telephonc K umbcl' 

WOrth 2-5837 
\VA Bash 3820 
HOllywood 6201 

P. G. RICII .\!OND 

Engineer in Charge 

J. G. EASTON 

K . ADAMS 

F . iltl:L,\ND 



 

INDUSTRIAL 
INSTRUMENTS 

STROBOSCOPES 

• 
SOUND AND 
VIBRATION 
MEASURING 
EQUIPMENT 

• 
VARIACS 



 

S TROBOSCOPE S 

Tm~ STROIlO:'<COI'I'; pcrmit~ rot.:1.ting or reeiprocatinp; objects to be viewed iniormittent.iy and 
produce:-; the optica.l ('fred of ~lo\\"ill!!: do\\"n 01' .~t,o]lping motion. For inst.ml('(:. a.n electric fan 
I'm"olvin!.!: at li'OO rpm will apparentl," be "LandinI!; !'it-ill if \"lol\'cd under a light th:1.1, 11:1.,>1103 
uniformly LSOO {,imes ]l('l' minute .. \t 1799 fia".:hcs pcr minute, th e f:m lI'ill app(':)' r to rel'olve :~t 
I rpm, and at 18(H fia ... llC .... , it \\"ill l'otil.tc backwa.rd a.t 1 rpm. Bccau:<p the eye ret.ain,; im:l.gcs 
for an apprf'cin.h1e fm(,tioll of :1.~ocond, no t1itkcr is seen exccpt at "Ny low ~pecd,.;. The :~ppfl.t'cnt 
slow mOl ion I:; :m exact rcpli(,lt of th(' original higher-speed motion , >;o"t,lmt, the motion of :1. 

high-"'pecd m;tehinc elm he anai,n-;cd with t.he :<tl'Obo"rope under lH)rm:1.1 oper:1.ting conditions . 
The sta.tiona.l" ~· imap;c tb:l.t I'; ,,(!en \\'hcn the flas h and l"obtional speedf; are <,qual m:~k('s po:;­

sihk \'(']"~' pl"eci:-:e speed .';t'ttin~s , and \\"hen the flash rat.e control is calibrated in rpm, a..." in the 
STHOBOTAC', tIl(' stl'Ohosco]lP ("1"\.n be u.~ed a" a tachometer. 

\\"Jl(']) the TY1'E :")·H.l-C Cont a.c:tor i" u:"ed to Hash astrobo.-.;cope, the position of t he flash \\'ithin 
a single eY('le of mot.ion can be :~dju"ted. \\'ith the THE 5·J!)-P2 Ifa.nd Contaetor. the fl:\.Sh C:1.n 
be controlled hy the po"ition of a eam"haft or emnkshaft on the machinc under ob.~e]"\·ation . 

For photograph.\' of objeet" moving: at high spt.'()ds, General Hadio st.roboscopcs pro\'ide a 
means of tn,kin~ both "till and motion pictures. 

For uI1ra-high-spced .sin~le-flash \\"()I"k , the \r rC ltOFL.\SH (page 8) is recommended, lI'hich 
ha";:l Ha"h duration of only about L\\'O millionths of a sceond . For :'.;]oll"er .spred \\"ork. 15 to 50 
millionth" of II "econd, if a limited area is t.o be photographed. t he STBOBOLUX C:lll be used. 

For photographing large areas, or fot" ultra-high-speed motion pictures, t.he 1'YI')·; 1533-A 
1'!ij!h-SpC'ecl ~Iotion-I'idllre "\,.::<emhly shollid be us('d. 

l 'ses of Lhe ,.;tl"Obo,,;(·ope arp discu.sscd in more detail in the booklet 1~'!Jes fol' I ndustry, u. copy 
of which \rill be sent IIJlon request. 

TYPE 631-8 STROBOTAC * 

USES:The Strohotac is Il;;ed fOl" mea"ming the 
s])('ed of rotatinj!. re(·iprocatinp;. or vibrating 
mechanislll:'; and for obscl"\'ing their opemtion 
in slo\\' motion . in Lite de"ign and te::;ting of 
machi nes and high-speed mechanisms, the 

Strohot:1C is iln-a\lIlIble. The opel"at.ion of 
motors, fHIlS, pultc~' '' , gears, cams, and other 
machine clements can be eX:1mined in sI01\' 
motion . ::;peed measurements for o\'erload and 
underload lesf" can be made. It is idcall\' 
suited for rapidly adjul-it ing t he speeds of ;'1. 
number of machines intended to operMe at 
the same speed. :lS, for in.staJH'e, textile spi n­
dtes. In pl"oduction lesting, it pro\·ide.s a 
means of rapidly a ligning mechanil-ims t ha t 
o]lPl"ate under clo:"e tolcnlllees. It is appro\'cd 
for use in checking the ca libra tion of airCr:lft 
tachometers. 

DESCRIPTION: The St.robotac is a small, porta­
ble st.roboseope ea librated to re:ld speed 
direet\y in revolut.ion!; per minut.e. The light 
SOlH"ce is a ::;troootron lamp moun ted in [\, 
paraboli(' reflectur. The frequency of a sclf­
contained clect.rotlic pulse generator deter­
mines the flashing speed, which Cil]} be ad­
justed, hy tneall~ of a. direct-reading dial, to 
an.v vlllue between GOO rpm and \·1,.100 rpm. 
11" desired, the !;pced ean be controlled by an 
ext.em:11 contaetor, by the a.-c line frequency, 
or bV:Hl oscill:ltor. 

The ;;';trobotrOIl is designed to gi\'c an ex­
tremely ::;hort fia~h, and hence ~harp images 
are obtained el"{m at speeds up to several 
times the scale v:1Iues. 

'Trade .\[ ark Hc~i .tcre<.l U. S. Paten( Oflice. 

2 GENERAL RADIO COMPANY 



 

STROBOSCOPES 

Tn": G31 -B '>lroh"t,,~ with Tn>,; G·'~·:\ Stroholux. 

Speech; outside the scale I'an).\:c of Lho in~ 
strutllcnt. call be measured by using multiples 
of the flashing speed. The upper limit.. is not. 
sha rply defined, Lilt, in general, speeds up to 
ahout \00,000 rpm can be measured. Speeds 
belo\\" GOO rpm can a\i;o be measured, but tim 
lISC of the Strobot..:1C for this nlngc is not.. 
recommended, bel'allsc of flicker cau;~cd b~' 
t.hc inability of the C,\'C to retain SllcceS:-;I\"C 

images for a . .,;uffi('icntl.,·lolll!; period of time to 
gi,'c the illusion of continuous motion. 

FEA lURES: ... -:'::0 (·untue! with the mc('hanism 
untler mc:t:'Ul'CIll('llt is required , and hence no 
power is absorbed II"I]('tl the ~trobOI aC is Ilsed 
for speed rneasuremcnl. 

... The :1ccurac,'- of mC:l:-iuremcnt is within 
± 1 % of indicatcd speed, when the s('a le is 
standardized from a fn'quenl·., '-cotllrollPd 
pOWCI' line. 
~ The ::>ll"obolae can be U$CI[ in plal'es in1\CCC$­

sible to other types of tachometers; it is IlC('cs­
sa t·,Y only to dil'('ot the ,,;tmhos{'opic light on 
t.he e1emellt under measurement, 
~ A slow-motion driw facilitates prcei"c speed 
setl iugs, and t.he spe('d seale is ca:;il~' read from 
t he drum-t.ype dial when the Strobolnc i" held 
in the position of normal usc. 

Wlwn a larger Hl'en, is to be illuminated, the 
Stl'oholac (;:1 1) be used to ('ontrol t.lw flashing 
speed of the Tn'~: G.tS-.\ :)t,robolux described 
on page -1. 

SPEC IFI CAT I ONS 
Range: The fundamenlal rall!:<: of fI,.«hi"J.': ~pe~d is from 
(iOO to 1-1. IOU I'er u';"utc. The ,pc(!(l i~ rcad d irCClly frorn 
a di:,l calit, .... ted ill rplll . II:" ,,,ill I.': mu ltiplr, uf ~hc na.,hiuJ.': 
sl~1. the ,';lul.':e of lIl('a~,,,'cm('UI c:m hc c~(endcd up to 
:;1"'>uL l IKJ.OOO rp"'. a"d. hy 'Ilultipll' irn:;j!cs . . ~pcc"~ 
sumcwhat l.>elow (;00 rpm ca" be "'c"su,·ed . 

Accuracy: ±! ~,< "f th .. dil.1 r .. "diu).! ,..I,.wc 000 rpm Wh(>ll 
th() ~tmIK)I"<: b ~tuu",,,·di,.('d i" tcn"s of a frcquc,,"Y· 
c""lrvlled po,,"('r li ne. C'ontru l ~ f,)r' this ~t:lnd"rdi~:Iliu'l 
"dj"._I1" .. ", 1"'(' prudd('d. \\'hen ,w c~ter"al fl:l~hing 
n.can.< i~ u~l. the :;"('I1I'"cy i~ Ihat of th(' na~hilt~ ~OUrCC . 

Duration of Flash: B .. ·\\\" .... " {> :-." ,110 r"iu<):;<,~()"ds. 

TIII>(: 

PATE"T "OTICI-:. :-;ec "ote t.;. pm"e "i. 

Power Supply: Wi> v> 12.; v"lt~. (;0 c.",·Il's. Pri~c~ for 
npI'fiu ion frolll lincs of othcr ,·olt;II.!C!I and frc'lucn<:il'$ 
",illll(' quoted 0" r"<luest. 
Power Input: :\;, W:llts . 

Vacu u m T ubes: One Tn'.: G~ l -PI S~r<)l,...tron. onr 
(iX5·(;T/G :",d onc 6:\7-0'1' / <.0 :lIT' n'qllircd, A ,'u"ll,lcte 
scI of tnh<:8 isfurui~hrd wilh th .. in3Irllm~"~. 
Accessories S u ppli ed : S('v"n-foot line "O""l'('lur cord 
:;nd p luJ.( to fit co"tactor jack, 

Mou nti ng : :"I ()!a l c:;hinct "'ith c"rryinJ.( h""dle. 
D imensions: 7'<;; x ~3f ~!.I}1 i,,<:hc$. on·r-:;]!. 

Net Weight: ~l' <;; ])oll"d$. 

. . . . . . I 

.. . ... 
13\(,\ \"0 

St;:\:'\'A 

['r ire 

$1 25 .00 
5.00 
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STROBOSCOPES 

TYPE 648-A 

T\'l'f: fit"_,\ :O:lr"],,,lulC. 

USES: The TYr~: 0-18-.\ :-itroholux cxt(>nd" the 
u,.:cfulncf'.s of the ~t.l'ol,ota.(· to appli c:~til)ll" re­
quiring con.~idcl'ably tl\ore light. thllli the 
Stl'Obotroll lamp is capable of !<\!ppl.\·ing. 
Sp('('ifil'ally, it. >:hould he u...;cd wh<'l"c brger 
area .. " an' to be illmninat('d or w/wn: grcat<-'I' 
light int(,ll"ity i . ..; required. 

.\ lthotlgh nol a" f:l."t :l::l the \li~ l'on:\:;h, the 
Stroholux ha" hN'1l used in ('xpcrimcnta l work 

STROBOLUX * 

for maki ng high-specd 5i l1),1"I('-IIII,,11 photo­
graphic rccords of limi ted ar(':[,.:, [ 1, has a lso 
found so me applieation as a light. SO\1lTC ill 

('onjllllction witll a cOlltil lllOlI s-film earner-a . 

DESCRIPTION: Tyl'~~ u-IS-.\ :-itroboJux ('on",i8t5 
of :1. power "uppl,\' and brn», capable of pro­
dueinJ!: hrilli~\nt liA:ht f1~\,<he:'l a t ,.;peed,; lip to 
GOOO I ~r minute. "I'he fla .. <:h inJ!: ,.;ource i,; a TYI' E 

Gal·B l'itrobot-ac [l.nd cons{.'(III{, ll tl.\· ('all he ('011-

trolled \).\. (1) the self·('ollt.ained 1>II18e gPller­
:1.101' in the :-;tl"o\)otac, (2) the :\-0 line, (:l) an 
m.:t.crnal colltactor (TYP E :1 .. \0) , or (4) an 
()xtCl"Ila l o:-:("illatol". pr!'fcl":"tbl.v onc which can 
suppl ..... ,.;quare \\"a\'(' pul,.;('"s. 

The lamp, filled with a r:U{) ga .. ..: .. fUl"Ili,.:hcs 
about OI\C' hundred t inw,.; :\ .. ..: n\ll(:h light a . ., t.hat 
of the ~trobot.a('. 

'I'l l(' entire a • ..: . ..:embh- i,.; hou,.;('{1 in :\ mct~"l.1 
('ahinct with the ];"l.JllI) :md it,.: 9-in(' h reflector 
un one I'iu(,. The lamp hou:-:ing i:-: removable 
from t he {·:t .. ..:e and is furni,.,hcd with ~"l. IO-foot 
exten."ion ('~\blc . 

FEATURES: The comhin:"l.tion of the TYI'~: 
{tH-1i :-itrohotac and TYl'~:·(J..I8-_ \ ~tl"obolux 
hi!.." <l.1I the a(l\·antag;c,.; (If t.he :-itl"obot:"tc ibclf 
plu,.; tho fe:tture of high illumination . .:\0 
apJll'ct""i:~blc dU]l]ic:~tion of facilitic,.; i . ..: in­
,"" 01 n'd , "'0 th:~t the ]llll"C'h:l."e of the' TYI'~; 
ti-lS-:\ :-itroholux I;; an ('{""onom i(-al ,.;olut ion to 
prnl)]cm,., requiring p;I'C:\l{'r illllmill:~tiun than 
is pro\"idcd by the StI"obot:lc. 

SPECIFICATIONS 
Range; t .. ). 10 100 n:l,;hl'~ per ;!('<'<>nd (/;()IJO IWT ,n;""I.,). 
~;"I:II' na~I,('~ f<>r ph<!1(Jl:r:"\ph~· nUl ,IISH I", o>1>lai"NI. 

Ou ration of Flash; nt'I',",""('" I.; ,.."II;J() ",k,..,.<('/,.,n,[s, ,[('_ 
11C,,,litll: III"m fla<hi,,~ ~II('(',I ;",d !ll"''' th(' .• l'!lltll: .. f the 
SPEEI)" "''''1:(' ~".ild,. The ~h<)rt(',· fla~h i. <>ltl"i"ed at 
Ill(' hh:h..,1" ~1>C<'(t-. 

Accuracy : Th., ""(·ur,,,"y i~ 1 hal of 110.., ~(,,,r"" '~mlf"<)lIi"g 
1 It I' fla~hilll: ~I"''(~l.. IN-i' ~1.>eeititalit.>I" fUI" TVI'" l>:l l-1l 
'" r"I"lt, .... 1):':.':(' ;1.) 
Power Supply: lO:' I" I:!.; ("I":.!IO w 2:'0) ,-"hs.':;O to 
C,o <,.\-,.]('~. 

Power I.,put: 12:, W:lIlS. m"ximu,n. 
Vacuu m Tu bes: Onl' .~Z;l B, .. ,·tif'''r ,,,lIl '>11(' Tn'>; r, h -PI 
1.'''''1', hOlh of whi"h "rl' furui .< lwd wiil, tI'l" i"."lntl"(,ut. 
Mounting; Tht' ('oltlpl"ll" "~~( .. ,,,!>I.,· i~ h'm"c',1 ill" sh('('t 
me\" I,·a,c. The 1"'''1' ami it< H-iu"h ,·"fI,~.-tor arc "'n""ted 
0" ('Il<: ~idl'. the lm"",,r <UI'I,ly OI L lhe "lit",.. Th" "('n" "'ahlc 
latnp a~<",,,"ly is p"""idNI ".ith" I ( x :!(J tal,ped hole for 
tripod "'o\lll(il<:.! . 

Accessories Requi red: .\ ";11",,1""a.., i~ "N·""""T.'- I" UIX' r­
",(> d,(> "t,,)bulux. 
Accenories Supplied: .\ 1,,)Wl'f r"hll'. ",·,,1,1(> f<l r MIl­
ne"lion t ... th(> :-I1"Ohol,,,·. "" t"XH'"",j"" (""hie for Ihe bll,.). 

T !lpe 

Dimen sion s: l;j ~s x ll % x 1:1'1 indll)!.O\·e r-,,11. 
Net Weight: :lI l , pOllurb. 

.\ir ,'urre"t! eaused by ,. (a" :Ire shown with the ,,;,1 of 
til<"" "Iroh"hlx. 

Code )I""rd PriCf' 

648 - A 
648 - P1 1 St,obolux . . . . . . . .. ················1 

Replac ement lamp .... .... ......... . 
SC .. \I.Y 
St;HI.Y 

$205.00 
17.50 

1' ,\TE;';T ;';OT1CE. ";ee ;';" 'e I..,. i>")(~ vi. 
' T",<!e .'hrk He}(i,ler(.'(! \". :<. !'n,.,,,, Uftkt. 
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STROBOSCOPES 

TYPE 549-C SYNCHRONOUS-MOTOR CONTACTOR 

TYPE 549-P2 HAND CONTACTOR 

"1""\.('.: .')·I!l-C S~·"rhr<iI1,)u~-.\lo(or .. Dri\"~n ('O"I"CIo" 

USES: Thfr<O contaND!"': ar(, int(,lldcd for u::c 
wit h GI'I\{'l'al Hadi() .~t roho,.:(·upCl" a.~ :"OUI'CC": of 
:w('ul'alc'ly tirn('d ('OIltrol" foJ' flashing. ,\ 
Jllu~-ill (':d)l(' is ))]"(wicicd for ('()tlIH.,(,tion be­
\\\'('(,11 Ill(' Con1;)('I01" Iwad and Ihl' :-'\rohot:1C. 

DESCRIPTION: 'rilO ""IlCht'lH10l l :-:· mot()l" ('()II­

h elol", '['YPE ,j·H)·C'. ';'h(,11 ddY<'1I fl'O l1I :\ 11 i,­
vult. liO-(',,'c]e linc. j" tap:l.hll' of fia.",hing a. 
TY!'E (i:H-B ~lrobot;L(' :\t :un' rate bCLWC<'1l no 
:lnd :~ (iOO fla"h(, .'" )IN rnillu\,,:, T he ('ont:u't.oJ' is 
drin'll by an ISOO-rprn :<clf-:-;I:\r1ing ."'.Yllehro­
nOllS 11)(/1,01'. Fla,.:lling m ,t e lL(lj ll"t Illen t i.", mlL(le 
b.I' tU1'llill!-(" the fluted knub , \\'hi('11 Ch:LUJ.!,"C.'< Ihe 
ratio of tile fri(·t ion-dril·c mCt hani"lll. .\ ('ali­
hrated ",('al() .c:in~:< the fla .. -:hing mte in fla .. -:h(':; 
per minute, »h.\.",(, ('an IX' n,d jll:<tcd ind('I>cnd-
elltly :~t the {'()I\tat'tOt· hend. Two r:\l\g<'.-: :m: The IIl\caliht,,\tt-'(1 Iwad, fttted with rubber 
pro\·ided. OIiC ('o\'cring '''' 1'('(.">(1 .-: fro m \;)0 to tip:>o tha.t it call be drin}1l fmlll 1\ rot:~ting 
\:mo rpm, the O1lwr from 700 to :1GOO rpm. '''haft. is :n'nil:~hle :-;epamtcl .... as the TYI'E 
The"p are fund:ullcn tal l":>ngc.-:; "peed.~ whi ch ;J4!)-l'2 Itand ('onta('tor. 
are multiples of them tall, of eour"."'t:, he FEATURES: Aeelll"atel.\· timed fla,-:hing rates as 
Ill('l\.-:llred. Twu diSh ; and two sta]C'_'i arc pro- Iowa .. '" 1;)0 per minute (':"1. 11 he oht :1. ined, The 
,·idl'(l. and the eimng(' from one range t o t.he plw .. -:e of the lIa.-:h. i.e ... it:-:. time in the fI:\.'-'hi ng 
otlwl" (':UI be at("ompli" hed in a few ll1inut~, I" .... tle, can be adjll:-:.ted. Thi .'-' m:\kp:, it llO:'<..<;ihle 

TIl(' I'ont:lc tor hrad ('an be I"ernonxi aud tu arTC:-:t the moti on of a mcthani:-;m ."1.1.. a ny 
u:-;c(/ i ndcpC'H(knt I~' as :~ hand contactor. . \ pni nt in it,., ('.,·cle of open1.tioll. J il JI):\Il.'" .-;troho-
rubher dri,·ing tip is pro,·ided for this purpose. scopic iJ\\·e~t.igal.ion:< thi" feature is ,·aluahle. 

SPECIFICATIONS 
TYPE S49- C 

Range of Flash ing Speeds: 1;;0 ro 3{jOO lI"sh('~ liN 
minutl" i" , ... " r"UK\·~. 1.'>0 H) ]:{OO ""d .,111 10 :WOO. 
Controls: 0"1" k, .. ,I\ fur "dj"~li"K ~r","'1 "ml Ih .... It,o\·,.hlc 
c<>nta .... lO. h~'!l(t (\I' ,,,ljWltillJ: ph,'~e. I::, .. ::h j" l)ro\" i<.k'(l with 

Tv".; 51!)-!':! Hand Conl"eto', 

Synchronous-Motor Contactor . 

" l""k'''1: '''''''U'j!;i'lUcnt for holdinl: it lil"lnl~' in the d~ircd 
IM,~ "ion. 

Accuracy: Thl· '''~'ura('~' i" de! .... rmllwd h." thl' fI"l'<IU(""Il(·Y 
. (ahj1i'~· of lit" P'''''". Ii"" and IIIe ,,,no,,n' o( Wi'''r of the 
ruhber rim 0" ' he ,I,h·e" ... h('(!I~. WI'I'II Ihe wh~'(""r. :lIId 
sTal,,_ "r" ~C1 T",.rertl.\". the "f.or will i"rre~_" '''' eithe r 
..... "re end i. "])tlr""d'l"'l. ""d may I", '·uII,ide!" .... d tu be not 
/!:rr"tcr th:", ±:jlJ 'lim Ufl the low, awl ± I()() 'iI'" on 
the hi::h ~ca lc~. 

Po we r Supply : 10.; 1\J I:.![J ,·"Ih, (jU cy.-1~ •. 

Power In put: J.; W:Oll~ . 

Accesso ries S u ppl ied: 1'0\\"("". (":lhl,,: nlhbN dri,·in.c: til' 
ror u;w ,,~.1 h:")fll~"'l"r,or. 
Mounting: .\Ioto. ""d ~"<)"I"clo r :0 ..... m"ullted On "" 
nltulli"",,, h:l!K'". (""h"fll:ill~ frolll the hi!':h IU til" low sl~d 
mll~l". and \"i("/' VI'",". ""('e~~i("t~~ "haul:i,,1': Ilw ~izc ""d 
r)<l~ili()" 01 110 ... ,Iri,·"" di~ ..... Two 8C' IS 'if "''-'lImi,,/!: h<)k~, 
!W') di~,·s. "",llw(I ~(""k~ ,,1"("" pl"O\'idC'd fur lhi~ l,urj"lQ$e. 
Dim e nsion s : ( !. ~!I"lh) !) "{ x (widt h) ,P, (heill:ht ) ·1% 
iudw~. ",·(""r·"l1. 
Net Weight: \()' 1 p<)und". 

TYPE 54 9- P2 

D imen sions: (I.cnllth ) i x (di:tmct" r ) J I ~ inthe~.o\"(· r-all, 

Cord: (;ol11leetillll: Mnl i" furnished. 
Net Weight: :.!5, ])()und~. 

I'ricr 

549-C 
549-P2 
549-373 
549-371 

Hand Contactor.,. . . . ... , .. 
Re placement Di sc (150- 1300 rpm ) . , ... 
Rep lac e m ent Di sc (700-3600 rpm )., ... 

.'I..\ l·.\ \\" 

~L\I).\~I 

HYI)HA 

In·~H:" 

$100.00 
40.00 

9.00 
4,50 

PAl'£"T "OTIC~:, See "Ole I:' .. Pl'l:e vi. 
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STROBOSCOPES 

TYPE 651-AG CAMERA 

USES: The TYPE G51-AG Camera is intended 
for u;.:c in taking high-speed stroboscop ic 
piClU1'(':'; at rates between about. 500 and 1500 
frames pCI' second. These pict.ures arc useful 

for analyzing the operation of nlpid ly tlloying 
mccha nltims, and can al;;;o be project.ed ill 
"slol\" motion ," ~incc the camera ha,,; IlO 

shutter) ;Inc! the film is eont inuous]y in 
motion, t he illumination must. be pro\'ided 
by a high-speed , high-power :;troboiSCopC, 
sudl 11;; the Tn'I': G2[-\! (sec next pa~e) , 
II-bieh a lso includes the IH'CC',"":!lry sll- itching 
controls. Th is camem can also be adapted for 
taking high-speed oscil lograms in conjunc­
tion with a cathode-ray o:;cil\ oscope. When 
the camera is used \\" ith other light, S01ln:CS, 

which must also be of the "flashing" type, 
suitable control equipmcnt must be de\·iscd . 

DESCRIPTION: The CHmcra is :-; imilar in gen­
eral constnwtiotl 1.0 thc TY1'E G5 1-.·\.E Oscillo­
graph Hecorder (deseribed on page 13G), but 
only }\ :;ingle motor, which dri\"es the 10ll"er 
or t:lke-up reel, i;; used .. \ governor moullted 
on the spl'Ocket shaft control:; the :-;peecl of 
the motor to gh'c 11 cOIl,.;\'apt film $pced. The 
commutator, whkh trips lhe stroboscope at 
singl e-frame inkrvnl" on the film , is made an 
in tegral pflrt of the sprocket . The TYPE 
051-1'5 Lens which i . .,; recommended for use 
wiLh thi s camera 11~iS all apertllre of /1[ ,;), 
2-i11Ch f()('al length, and a focusing rallge of 
8 to 100 inches . ..-\ spa rk coi l, II"hich CUll he 
excited from an external source :mch as the 
TY PE G~)l- B Strobotac, is pro\'iclccl on the 
C:llnenl to fUl"!li,~h timing m:ll'b on t he fil m. 

SPECIFICATIONS 
F ilm : Any typ ... of :15-",," film wi t h stalld"rrl p"rfor,, ­
tiOllS "a" b" u~ed. :\ hij!h_sp"'NI_emllbioll ty p·e is 
rlK'<J'" n, eroded. 
Film~Speed Range : From "boll{ :.15 to 100 I"'<lt PH 
><I'eo"d ,,,I juciwhle 1,.1" " 'P"' L ~ 01 Th" )(o\"crnor. This ra"!:,, 
"orre~p"lIds to "bout ,jOO {() 1,,00 st;",d" ... 1 ',-iueh fr.1'n<l~ 
1 ..... 1' ",·e"",1. 
Lens System: Lells lTH(Sl he purr·hAspd ~ ... p"m{pl.,·. TI. ... 

TYPE G51-1'5. 1/ 1.,; x '!" is r",,,ol11111e,,d ... d (""" pri,'e li"1 
below). This I"n~ i~ sU1Jplil'<1 l'OIl't>h'le with " I} iri~ di,,~ 
plor"!':111 and fncu~;,,~ ,nu""l a"d is inst"l1pd Oil tIl(' 
e,,,,,,,r,, with " nwu,,{illl: platp. 

Focusing: \\'ilh TY!'t; Ij51~P:) I .... "s ,,~ ~uppli,·, 1. t he 
loensinr: ran!;:e is S tn 100 (nelol·s. Foe'{sinj! i. "('( '<)mpli~hed 
h." ,·i ... willl1; the i"'''!:e. on a transj,wen' S('rp"" ph,·"d on 
the sprocket, II'rouj.(h a ,,,I ... scoj)<l ,it Ih" r<lar of {I", 
canwr:"l. \\'indo,,"3 ~'r" pro\"ided i" the ~pN)I"kel for this 
Jl"rpo.~ ... . 
Reels: SI~d"lly made reels are SUppliNI. It. i.~ i"'[1<ort,,1)t 
tk.t these he 118<'(1, ";'l<'" ordi""ry < om mercia I rt'el~ do 
not oP('r"t ... 8atiij/uetorily at hid, fi l ,,, s] .... Nls. C:q'aei{y 
of re(·I~. 100 feel. 
Drive System: The fi lm is drin"" 10,\' " I L~~""I{ uni­
l"('r$:"I1 motor on {he t:'ke~HI! reel. l'or hi::10 ~l)<.·('ds. tl ... • 

TyW 

651-AG 
6S1-P5 

PATE", "!, :-:OTICE. See :\o'e l~. ]>n!(e " i. 

motor i~ drin'II by hight·,. ,·olt"/.:,,s, ""d :.!30 "oll~ e,m 
I", "pplied without (["magI' for the shurt pl'riou Ihal the 
":olner;. "IICrat ... s . 

Speed Control : The ,·olt"I-.\'e appl iNI to lh" motor must 
he ,\dju~l"hl\·. :",d a Tn'., \"~5H ur \'-5IDIT Vari"e is 
recommc"ded for this purpo~e. This Vadac is 8UPI)l i<'(1 
as pa n of {I", T y l'f: (;1 1~1\[ I'owcr 511"Oho5COP" when Ihat 
" quipmellt is used with the enmCrll. An "d justabl() 
ell'etric,, [ go'· .... "or. which kocp~ tbe fil'" :It cunsta"t 
S[ll'<!d. i~ mOlllll,'u on tbe ~pruch· t ~hafl. Spt'NI is c}u'rll:ed 
hy "dju~tinl!: the b>()'"<'rIlor "nd setti,,/.: the \'"ri"e at 
apI)ro~ilTl"{ely the "orreet \· ,,!taWl fur the de~il'eu SlICed. 

Starting; FIliI sr .... ed is :"IuaiuNI ill from 10 tu -1 0 fet'l 
of film u·a'· ... l. d"p"'ndinl: '(pm, the "mou"t of film ou Ihe 
reel ""d 11", Ol .... r:'{inll: speed. 

Commutator: The commutator is inl{'/-:rnl wilh the 
sprueket il{~ide the l,()n~i"g, '!Ild is prol'ided with a 
0011 t:ii' t preR$\l{'f" "di ust {,,,,n 1 . 

Accessories Suppli ed : Power c"hle, cable for (OllnN't­
inl1; to power ~lrol.o()S~()Ilt' . Sp:He reel. rewind adapters. 
aud ligh(~~hil'kl I.and fur film 1'1' ... 1. 

Dimensions: (H eight) lGh x 117 S x l> ill,,[,e8. o'·er-all. 

Net Weight: 30~i ]){)' lIIds. 

DIRGE 
DUllY 

Price 

$693.00 
165.00 
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STROBOSCOPES 

TYPE 1533 HIGH-SPEED MOTION-PICTURE ASSEMBLY 

USE S: This equipment consists of :11l ulll'll­
high-sjJl'cd li~ht source lind a continuou>:i-film 
camera. \rill! this comhinat ion, motion 
pi<'lurcs of transient :\lId IlOn-l'Clwlitivc phe­
lLQIlWna can be· taken at ,.;pccd>:i IIp to 150n 
fr:ullCS pCI' ~CCOtl(1. The film ('an he projcttcd 
:It nonn;,1 spcl,ds, for :slow-motion studies, 
01' (;:\.1\ be HtlnlY7.cd, frame by f1':lI1W, and the 
d:H:\ plott(·d to pro\'ide the dC:-iircd informa­
tion . Thi:" high·:<pccd motion-picture as,.:cm­
hly ha ... been ,.;uccc:,,:<ful\y applit.'(i to the 
sulution of a Humber of industrial lind engi­
]H'crillg 111"0bl('I11". among t.hem t.l'alISicni. mo­
t iOII1;ill aul o m:' be m:l('hilH'l,)", t he mechanisms 
of (·hemic:!! cll,!.!;inccrinv; \lI'OCP';;;(''', and tadta­
lion of propellers und!'r water. Si!lgle~ and 
inuit iple*flash photograph" on :1 single film arc 
a1:;o pos. .. ible wit h this equipment. 

DESCRIPTION: Thc TYPE 153;J*.\ ll igh~Spced 
• \[otioll*Pictul"(' ,\":,,('mb!y compri.~c" the TYl'~: 
G21~_\[ Power :;\,robo;;('opc and the TYl'lc 
(j.::;I~:\(; Camem (~ce prcecding page). 

The prillclp!ll din CI'ClH:(' bl't\\"(,('11 t hl' power 
stroho~("opc and smaller models lies mainl.\' in 
the sizl' of thc powcr fillPP[Y. Sincc the pO\\'cr 
demand of a stroboscope I;;; proportion:"!! to 
light illtensity alld to f1a"hing spced, the 
powcr input to thi:-, stJ"obo:-,(;opc is cOllsidembly 

greater than IhM required for small()I' in:,;trll~ 
menls, and about. ;{ kilow:lt!s is required 
when ])ie\\l1"('" :Ir<.: bl'ing W.kcn. 

Thc earnera h:\, .. no . .;h\lt.!er. and the film i" in 
COlli inlloll" motion. Fmming i" :v;(;ompli"hcd 
by a commutat or on Ihe "IH'ockct , which 
fla ... he" the ."tl"Obo,"coIJe :~t iniervals of olle 
frfunc .. \11 contrul:.: for OpN:\ling the camera 
and la.mll" arc on the power :":I lllp!y p:l.rwl. ' ['\\'0 
brnp:,; arc fUl"lIished 10 prodde :tdequate 
ilhnninat ion. 

~irH"e t!w heat. di";;ipaled in the Ia.mp:.; i:-; 
eon.-:ider:Lhle, the power :;;trobo:-,cope I,; not 
intended for conlimlOu;; operation. A lit.t1e 
over one H:COlHi i.~ rcquired to cxpo"e a 
IOO·foot roll of ;~;)·mm film. 

FEA lURES: ,. ".\ T otion pictures a[. i:ipceds lip 10 
1500 fnunC's per :-;eeond can be taken with th is 
equipmcnt . 
,. .\ n expo:-,ure time pCI' frallle ul :tpprox i­
rI1atel~' 1/ 100,000 of a second is po:;:,ibl0 :It 
all frame "pecd:, . 
,. C:unem film . .;pecd,; lip to 100 feel pCI' 
second m:'lk(' po-,",,,;ibl(' tIl(' rl'l'ol"(iirrg of ex­
tre[ll('l.\· rapid tran,,;ll'nt:-; when phot.ul!;ntphing 
high-inlcn:,it:--- ~alhodc-ray tubes ha\'ing non­
pcr-:::is\ent scrCCIli:i. 
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ST ROBOSCOPES 

S PECIFICATIONS 

Flash Duration; AI)i)ut 10 microsc(·onds. 
Fram e-Speed Range: Approxil tlat!'l.,· 500 to 1500 
frrullCs Jl('l' sc('ond. ndiu8Ulblc b.I· mc:tlls of tIl(> gO\'('l'nor 
on the camera. For 011wl' !'r<mcrn det'lils SI"C page G. 
Po wer Input: Approx i ",a,<,iy:1 kilo\\":\tt~. 

Power Supply: 230 volts. 50 to (;0 <,.wles. si ,,~1.: phas(l. 
Tubes: FOllr 8G(i-,\ BCcl ilicr;;, t\\"o Tnt; HZI -Pl ·j FI:li:\h 
Tul)es. two T\"I'f: 021-1'15 :'>Ic rcu ry Tuhes, one ~O 
Hcct ificr. olle Tn'.: 6:~I-PI S!rOhO!rOll . .11".1 OtiC FG-Gi 
(G-E) T!(IT"lrQll. 

Mounting: The j>OWCI' stroboscope is housed in" metal 

cahin .. t. wilh C:l81('rs, ,,,,d o perating controls an: on the 
f ront panrl. I.amps and (,,,menl COUllce! tn the ))(I"'(>r 
aUI>!)].'· b~' cahlc~. :HS ~h()\\'n in th .... flCCOIl1I)fllI.\"irn: llhnto­
Jl:l'al)h, 

Di mensions: Pow('r SlroboSL"{)lle.:24 x :W x 2G inchcs 
o,'cr-al!; Camera. BOO page G, 

Accessories Suppl ied: P ower c~hlc, "II nec{'ss(U',' "01)­
trol cahlcs, <:0 1l 1"CIOI' 1)lul/: , SI)arC pilot lamps, 0"$1; tulles 
:md control tube, ,~nd 1111 ;\ccc~sories normally slJPplir-d 
with '1" '1' ''; 65]-AG ('aulI'r", 

Net Weight: :215 JlOllnd~ , 

C()(/c Word Price 

1533-A I High-Speed Motion - Picture Asse mbly I ~(ANGY $3,400.00 
l'kl"E"T i\OTICE,l5ee NOte8 It>, n.l}~~C vi. 

TYPE 1530- A MICROFLASH 

USES: The :'IIicroflash is a light SOllrce fOI" 
single-Aa..:.;h , ultrn.-high-speed photogmph~ ' , It 
pl'O\'idesa h igh-i ntcnsit.v light. Aa.<:h \\"hoscdura­
t ion is appro"im atel.\' 2 millionths of a second. 
Consequently, it is capable of arrefiting ex­
trcmely rapid motion. ('on\'cnt,i on:~ 1 c~~mera 
equipment is quite satil5factory fOl' mie with t.he 
:Microfhtl5h. 

Phot.ographs of objects movmg at c,,-

trcmely high speeds are possible \\·ith the 
).[icroftash, a nd it finds many a.pplications in 
engineering: and t he phy:-:ical scjence~, pa rt,jcll­
\;l.t'I~, in such fields as ballisticf<, hydrau lics, 
kin ematics, and industria l chemif'hy, 

Among the:c:e arc stud icf< of wear or abra.<;ion, 
of turbulcncc in liquids, of fractures in solids, 
of mech;:mical d istortion at. high robtional 
speeds, and of the atomization of liquid fuels, 
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DESCRIPTION: The element.s of t he Microflash 
arc a power supply, a. gas·filled bmp, and a 
trigger ci rcuit. A higlH'oltage t ransformer 
and rectifier,operating from the a-c power line, 
charge a capacitor across the lamp terminals. 
An electrical impulse, which may be derived in 
t\.ny one of several ways from the phenomenon 
to be photographed, ionizes the gas in the 
lamp, and the energy st.ored in t.he capi~ci\,()r is 
dissipated in a discharge t hrough the lamp, 
producing a. short brilli,\nt Rash. A minimum 
of 10 seconds is required betwccn fla.shes for 
t he capacito r to become fully charged. 

The trigger circuit includes an amplifier, so 
t ha.t t he flas h ca.n be tripped with a. conven­
t ional crystal microphone, if desired. The 
flash can also be triggered by a m:\ke or break 
contact. 

FEATURES: The outstandi ng feature of t he 
Microflash is its high·intensity, very short 
fiHSh. Dming the flas h, an object moving at 
1000 feet pCl' s()cond would be disph\ced only 
abou t two hundredths of an inch. Conse· 
quently, sharp records ca.n be obtained of 
bullets and other projectiles in Aight . 

(R i/JlJt) The ~ Ii crofbsh was u$Cd :l~ the light $OIlTee in 
taking this l>hotojifaph of a 2Q.mm shell cwshiulI: thrOIlJ(h 
shatter-proof gl(l.lj$. 

SPECIFICATIONS 

Duration of Flash: AllProximillcly 2 micrOllCconds. 

Guide Num ber; The so·called guide number (J)i$t:U1OO in fOlOlt x 
!lp<'crtUI'{l ) for t.he i\!icroflflsh is llbout. 45 with modOln'tely fast film. 
'lI1d with the subjeet !!C"en,1 foot. from the lamp. 

Temperature and Hum idi ty Effects: Tcm peraturc ~nd llUtllidity 
'·(l.ria tions (:~2 to 100" F, 0 to 95% R.H. ) lla,'c 110 appreciable effect 
UI19n tho op.eration of the in$\rUlllent.. 

Power Supply: \05 to 125 (or 2 \0 to 250) voll$. 50 to (j0 cycles. 

Power Input : 70 walts. 

Tu bes: 
1 -5U'I-G ' 1 - I~G- 17 {G~:) 
1 - 2V3-O I - GAG7 (1852) 

I-Tn!: 1530·PI (General Hadio ) 

Accessories Supplied: !\licrollhone "'it.h c!lble; tripod; all tubes; 
2 spare flWlh lllm])s Tn'.: 15;10-1'1; p\UII: for oonllect io n to eont"ctor­
trip j:'ck ; po wer cable. 

Mounting; the power s U]JI)h ' !lnd t rigger cirCll its :lre assemhled in 
one mel"l ca$C. the lamp in ,mother. T he IWO cases lock logel.her for 
transportation. completely I>rotecting the lUl11p lind controls. 

Dimensions : 24 7S x 13 M x 11 * inches, o\"er·all. 

Net Weight: 72 pound3. 

(Riuhl) View of the i\!icronash M!;Cmuled for t.ransportation 

1530-A 
1530-P l 

"I'I"B e"rrcnt Feder"lllI~ on photo/l:raphie equi(lmenl. 
l 'A"l'E:-<T NOTtCE. See "ote#! 1.5. 2:1. 1l3/1:e n 

STROBOSCOPES 

Cooe Word 

TAn')" 

"l'Ol\tC 

Pric~ 

$600.00* 
22.00* 
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INSTRUMENTS FOR THE MEASUREMENT 
OF NOISE AND VIBRATION 
G~::\"EI{'\L Ihum noise lllotPl""; :md \'ihl"ation Uleter:; pnn'id(' mc:~n~ of m(':t.:.:urin~ ohj(,(·tin:-I.,' the 
110i:<0 a nd vihration gel1(·t';\l('d in machine:<. applia.IIt·(·,.:, and .~imilar ('quipJl1{,nl. \rith III(' ,.:oumi­
lc\'c\ I1wtel' , /loi,.:o lenl!:' can ht, mC'L..;urcd. :It:CCpt:uwc le-t" h:L"t'd Oil objctti\'c ,<tand:\n:ls (>:\1\ 

hI' set ILl', :111(\ produ1'\ iOll line tc,.:tin~ for noi"c can be c:l."ily :md "impl," c:\ITipd om, The )iol!nd 
an:d.,'%{'r permit..; atl cv:dllaticH\ of tlu; indi"idllal frcqll('llr," ('OIllPOJl('lIt." of the noi"'I'. II"hi(, 1t ca.n 
be 11,.;('<1 to idt'ntify :o:pctific noi,.:c :,Olln:c" arising from fault," adjll,;tllH'llt or malluf:wtun'. '111(''':c 
in"tl'utn('lIts :11"0 cqu:l.ll~· u . ..;cful ill the \abo1":\t.ory alld dc"i)(11 departmellt :'1.'" aid", to til(' t(''';ling 
:~nd pro\'inv; of cX]lCrinwlll:d 11\01l('!,.:. 

'I'll(' \"jlmuioll meter and "ihratiQIL :ma)yzcr mC':I.,.lIt"(, ":olid-bot"llc ,·ibr:11ion..: in lht, "::lmc way 
th:l.t th(' ,.:ound-lllC':l...:ming: in . ..:tnuH(,lIt,.: Illca...:ur(' air-hornc ,·ibratioll":. . 

ThrC(' type:- of r0'l'on,.:(' :UC' provided: di,.:plal"elll(,lIt; ,'clol"it.,·; alld :ltT('lcmliou; ":0 th;~t all 
till' ,.:i~lIifit:l-nt (·har;wtf'l"i..:ti(·:o: of the ,'ihr:llioll can he nwa~\lr('{1. By 111('3.n,.: of tk' :tllal.n:t'f, 
:o:inv:l(' (·ollll)(.Ilt'nt,.: ('an 1)(' :o:cif'{'l(,d and Illea .. ..:urcd. Tim .... ,·ihration,.: dlarat1t'ri.-tit of ("t"ilil"l\.1 
p:\I"t,.; ('an 1)(' ('oH\'cnil'mly and qllil"kl.,· (',·alll:Lled. 

(;(,lI('ral Hadio .';\Jund- :Lnd ,·ihl":\li()n-mea.~uring in41"1I111('11\": are morc (;olllplctd.,· dc":t'rihcd 
in The .\"oi.w:, I'rima, :\ ('opy of which \\"ill be mailed OIL request. 

TYPE 759-8 

SOUND-LEVEL 

METER 

USES; The THE 7:")0-11 RQund-u-\'el "\Jdcr is 
>-:uitable for :1.11 types of ('ollll\lel"Cial and ill­
(/1I . ..:tri:\.1 I\oi,.:e mca .. ,;urcmCIl1. ) 1:\Iluf:u,turcr:3 of 
m:u-hinl..'J"Y a,nd appli;.m't.':' u:o:(! it for Ilw:l...:urillJ! 
produtt, noi,.:e hoth in til{' rc:o:ear(;h lahurator\" 
a,nd in prodll(""1ion. S(lund tl"an . ..:!ni"..:ioll antl 
aJ''';()Q)tiol1 :1!\d thc ;\eou,.:ti('I~) Pl"ol)('rtie.~ ( ) f 

nmi.Pl"inb (":~n also be nW:L":lll"cd ,rtt.1t it. I t 
lllt'I't • ..: equally wcllthc l"equir("mcnH fOI" noi"e 
nW:\....:U\"('!!!('lIt in ,.:un·c.,',,: of the p"y<"holugie:1.1 
:ltId ph.,· . ..:iolog:i(·al elfe<·t,.: ot" noi,.:('. 

For 1he in<ill:o:tl"i:.l phHl. it, providc,",:1 me:.n .... 
of m('a~urinA: produtt 1101...:(' • . "plting: up noi,.:e 
..;l:l.lIIlal"([":. ae'('Plning: tlr l"('j(X""tin~ pt"OIlu("t..; on 
the lIa . ..:i . ..; ()f l\oi,.:c tc,.;t.":. :.nd. fiu:\lh-. analn~in!! 
and ('olTe< .. ting trouhle in tlIP rcjcCt('d miits . . 

In thi:: 1:\..4 lI-:'c, a." in many otl\(,I"::, a I"I"{,'­
qU('!l('.'· allal.",.:i..; ur the 110;":<' i,.: u,.;u:~lIy ";~I\l­
ahle. FOI" thi .~ purpo,.:('. the T HE iGO·,\ :-,ound 
.\n;1.1.\"lwl" (,.:cc p;l-gc l3) ha .. <i heen :O:]I:'('ifit;dly 
tlp,.:i~!l('d. 

'I'll(' u.':f'fulne..: . ..: of the ",ound-!(',·(·I m('1\'r m;\\' 
I,I' ('xlC'll(iPd to im·jude yibr:l.tion !lIca':lll"elHeni" 
h." .":llh,.;t,itULine; ;1. vihration piekup (,.:cc p:\).!:c 
12) fm the minoph(lIle. The lo\\"-I"reqll('rwy re­
:o:pon..;p of tlJ(' .:ound,Jc\'cl !l\C'ter' i . ..: ";1It1ie'il'ntly 
good to l)('nnit yihration lllf':\.:Il\"('tI\pnt..: at fre­
qu(""!wic...: down to 2U (·yde..:. :-\ueh me:\....:\\r(.'­
nwnt.: in('lll<l(' tIl(' fundamental :.nd h:U"monic 
fl·pqUC!l(".'· "ihmtion;.: of m;whine,.: rota1inv; at 
1200 rpm Or highcr, a...: wel1 :\ .. ,; many stnlclUml 
I"c...:on:u!(""c,.:. 
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For vibration mensurements below 20 cy­
cles, howevcr, the TYPE 761-:\ Vib ration IVIeter 
is recommended (see page 15) . 

DESCRIPTION: Tyl'F. 759-B Sound-Level Meter 
is t!ll accu rate, port:l.ble, low priced met er for 
reading, in terms of a standard reference level, 
the sound level at. it.') microphone. 

T he sound-level meter consists of a non­
dircctional microphone, an ll.mpl itier, ~"I. cali ­
brated attenu tl.tor, and an indicating meter. 
A functional diagm1l1 of t he system is shown 
on page 12. 

T he complete instnlment, including batter­
ies, is mounted in I"l.n a irpil"l.nc-luggage type of 
casc. An a-c power supply unit, Tn>}; 1201-:\, 
is avaih~b l e and is interchangcable with bat­
t-eries (sec page 102). 

NOISE METER 

FEATURES: ... The sou nd-level meter is de­
signed to be easily port.il.ble. It weighs onl~' 
slightly ove r 20 pound., ;"l.nd is completely self­
contained, including batteries. 
... [t isso simple in operat ion that.non-technical 
personnel have no difficu lty in using it. 
... T his ins trument complies with all the stand­
ards for sound-level meters specified by the 
AmeriC!l.ll Stan(ilnds AS$ociation, the Ameri­
can Institute of Electrical Engineers, :md the 
Acousticn.l Society of America. 
... All th ree frequency rcsponse characteristics 
recommended by the A.8.A . are provided . 
... In addition t o t he standard metet· charac.ter­
istics, a heav ily damped movement fot" reading 
t he average level of mpidly fluctuat ing sounds 
is provided. 

SPECIFICATIONS 

Sound Level Range: Cnlihrat..,d in dedh,~I~ from 24 db 
to 140 db Il00VC the .;IHnd:u·d retc'·cllcc Ic"el of 10- 11 watt~ 
(n lJrel:!>!\lr.., of 0.0002 dyn(l;j) pcr ~qll"rc ~"C"timcter ill n 
free. I)r(lgrc..;;;;il'c wa,·c nt 1000 cycles. 

Frequency Cha racteris t ics: Th.., frC<lucuey Chllr:1.Cleris­
lie of the sound-level '"et(.'r is adjustahl.., to f(lll(lw thrce 
different curves. The first lind s"~"Qnd of tlwsc lire. respee­
t i\·ely. Ihc 40 "nd 70 dh e<.ju"I-loudrre';$ oont .. ",ros in 
aeeord:lIlee with the current sl:mcb rd specificd by thc 
Amel"icall Stand:lrd;; :\.'j;!ociatiun. The third frC<luellcy 
resp-ou::<e ehnl":lcteristic I!:i,·cs a $lIhstllnt inlly e\lunl 
rl's]l(In;;e to all fr~l\leneil's within th() range of t he instru­
ment-. T his charneteri~tic is u~cd when me:o.$urinl!: ex­
trmuel.\" hil!:h !IOund levels or when Itsiug the i U5tr\lmcn~ 
with Tn'l> 7130-:\ Sound Analyu:r. 

Micro phone : The microphone mount.'! on (I foldin.r.: 
bracket on t(lP of the in~trrrment tHld foldos down into" 
reccliti in the p:rnel ,;·hcn not in IISC. I t can be removed 
fwm it s mounting bracket for usc with "n exten~ion 
cable and tripod (.-;ce price list ). 

The mi..,wphone is (If t he cry~I:\1 diaphruld:nl type with 
an e.'j;!entially non_directi"n:11 respOllliC dH\'· flcteri.~tic. I t is 
rugl!:ed and st ublc. find it~ ~cn~iti\'it.y i~ ~uh;;t:Ulti:llly un_ 
nlTectcd by ordilli1ryehallj..'CI! in telllr>cr(lture and hurnidit~,. 

T he ah;j()lute lcn~l of :111 microphones is checked at 
!Kweral freqlle!\ci()s aJ.:"irr~L:l ~tand:lrd microphone. WhOliC 
calilm'tion is pcriodie:.lly ch()cked by thc U. S. OUre,\11 
of Stnnd"rds. 

Th() high i'\lIut impedancc of the melcr elimirHltc.!! 
<)rror$ dllc 10 dcvinions in mierophOll() impedllnee. 

Meter and Atten u ator : The SOllnd I\)\'cl is J.:iYl'1l by the 
Slim of the ",eter r()ading :\nd the rcadinJi: (If " ~teJ>t)(!d 
ntlelllH,Wr. A single knoh oolltrol.~ two IIttenuntor~ 
furni~hing" wt:L1 of 100 db attel\u:nion in st.<m~ (If 10 db. 
The indic"t inl!: meter is ap]Jl"oxirnately lincar in decibcl~. 
and itos sc"l() is 011C!I and e"si1~· rl'ad. I t eo'·crll a 1(; db 
range. thus pro\· iding n s"ti~factor~' o\"()ri:,p I)()twoon 
the steps of the attenuaWr. A SLOW-FAST switch n",keg 
nnlil"ble two m()ter speeds. With thc (!Q!ltr(ll switch ill 
the FAST posilion the b"lI i~tic charaetOJristies of the 

Type 

metcr lIimulatc tho~ of thc human car and :ll!:rce with 
the current Slandards of the American St:.ndurds r\8I!O­
dation . I n the S LOW l)ositiQn. the lllCler is hell\'ily 
dnml)()d for oboor\'lng the a\·er"J.:e Ic\"el of rapidly thlew­
atinJ.: wunds. 
Calibration: " mei\ll~ is prO" ided for stllnd,.rdi~inj;( the 
liC lI sitil" ity of the instrument in terms of :my :I-C power 
liuc of :tppr(lxirnlltely 115 I"OllS. 
Accuracy: The fr()(j\lency resl)(lnse cur\'()~ of the '['YPI: 
750-13 &>unc1-Le,·eI ;Vf()ter f"ll within til() tolcr"IICC$ s])(!ci­
fied by the current ASA Slaudards. When the iU)llllifier 
senositivity is standardized the :\I)I!olute aCCllr"cy of 
sound-Iel"el me:'-':iurernentos is wi t hin ±1 decibel for aver­
llg() machinl'ry noisc!r in acco,·d"nce with tho ASA 
standards. 
T emperatu re and Hu m id ity Effects: Ilc"dingS are in­
de l>endcnt (withi n 1 db) of teml.>Craturc :\I\(I humidity 
over the rallgcs of TO(Irn conditiorr.!! normally encountered. 
Extension Cable and Tripod: An extension c!lhlc l,nd 
tripod (T YPE 759-1'2 1) clln be sUl'l'licd for u~inJ.: t-hc 
microphone a t a di~t:U\ce from the sound-Ie"el m()(e r. 
" correction curve i ~ supplied. Ai,·illg tho eanle ..,orrection 
as" func tion of telll]JoCrl.ture. This telllllCrature correction 
i ~ usually neAligible below 85" I~·a hrel)heit. 

Batte ries: A sinl!:l() block h:ll.lery U\'·\·IS. Hurgess 
fiT 1\(;0) i~ used "ud onc is supplied with thc in~trumen t. 
The T l'PI:: 1261-A Power SUPl)ly ill ""!Iilable if :'"'.1 (lller­
lltion is d~sirod (801) p:'ge 102 ). 
Tubes: Three lNS-CT IG "nd o ne I DS-GT arc rc{juircd. 
:\ OOlllplete ~Ct is SUI)11Iil.,<1 wiLh the in~t rllrn"nt. 
Accessories Supplied : l'ow()r cord (for calihr:\lion 
check); telephonc pillA: ~I)are pilQt ](lInp. 
Case: Thc sound-Ie"el rnet()f is mou.l\ed in n shielded 
carrying case of dura!)l() a irphlllc_l"gg:lgc cOnstruction. 
Dimensions: The over· all diml'nsions nrc upproxi­
Ill'Hely: ( hei.r.lh~ ) 11 M x (Icngth ) 1351 x (width ) 951 
inche~. 

Ne t Weight: 2Z}4" pounds. with baUcry: liU pounds. 
\\'ilhou~ battery. 

Priu 

759-B Sound- Level Meter . . . . . ...... . NO~IAD 

NO~t A I)NunA'r 

K I MUO 

$320.00 
5.15 

25.00 
Replacement Batte ry for above ...... . 

759-P21 Extension Cable (25 ft.) and Tripod 
l'ATENT NOTICE. i!~ Note31. 2. ""J<e ,.;. 
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ACCESSORIES 

VIBRATION PICKUP AND CONTROL BOX 

'I'll ... "il,m,;"" pi,.k,,!> l",d «"""01 hox plug into the 
..... lIt"I-]"'",,1 "'''\H;]) 1'1,,,·,· "r 11.(· mitruphvII('. as shown 

IlI'r('. 

O",'r·,<l 1 rn'f)ll('rw~' r('sp""~(' d"Ir:"'H·I'i~ti(' of the "ihrn­
';"11 l';,·kup. control I~)x. a"d ~()",.d·I",·d "'c'<'r. 

Th(' TYI'~: 1;J!)-P:35 Pi('kup and TYl'E 7;jU­
p:{u ('(mtrol r~()", h:n'o bt'ctl dt' ~i!!ll\ 'd for usc 
\\"ith lh~' T nl'; 75!1- 1~ :-io\J1HI-Le\"(·] \1t'1('!", 

The TYl'E 7:)!)- P:~5 \ "ihr:Hivll Pick\lp ii< an 
inert ia-operatNI ery,.:tal d(·\';('(' \\"hidl )!;I'IlCrates 
:~ \·oltaJ.:{' proportional 10 tIl(' a.(·(·('kr:~t ion of 
til(' \"ibr:l.tinK hody, By mean .. of int("~ralinJ..!; 
11('\\Hlrk" ill the ('onln)) I)ox. \'011:11'(':-; ]lfO]IOI"­
tional tl) \"('Iocity :lI\d di.~plae(·lI\{'nt \';\11 :\1"0 
1)(' tl!·!i\"{'n,d to t he ":ound.]c'\'('luwter, 'I'll(' de­
"i red r('''pon,~(' i" "cll'('ted hy Il\t':\n~ ur ;l three­
puiut switch on tILt' control ho:\. 

SPEC IFIC ATIONS 

Calibration: Th .. dl> r ... :"li"s.:~ of th .. s<",,,d·I,,,·d 1lI!'I"T 

,."" Il(' '·"III"<·r( .. d ;"t,) "1,',,,luH' \'al,,('~ ,,( 'li~I,Ia"",",,,,,,, 
,· .. lul.·il.\", "T a .. , ... I,'r:<li,", hy In,'",,,; "f .. "Iihr",;"" .1,<1". 
Range: Th .. r;II'I:" uf Ul""~"""",,"'" ,,( II ... pid",p :tlltl 
('<,,,,,_">1 II",,; wll\.'" U~! ";th II." 'fYI'1; ;';~.II ='"und. I ... \·<:I 
:\Ider i. "1'lm)xim,"ely,,~ foil",,",: 

It.n,·s .\"'pli,,,d,' - :-tn mi,·,., .. i,l('h.,~ ,,,i,,;,,",,,,). 
B.m·~ \'~I"";IY - I(lOO "'i ........ i,,,·h .. ti I)('r ~l" ""d (IIIiui. 
m\lt")' The "1II11'" limil or \"I.·I'M'it.,· :",<1 di,pl"<"<"'"cnt 
"W:I''''I!IIICllj< i~ depe,,,le"j 01, ,he (r''(t\ll.·u"y ami i~ 
dctl·,."Ii"c,1 I,.,' ,I,,, ,,,,,~iu,,",, " .. ,·('I~'·:L,i.,,, l><:rrn i,,< ;I,lc 
hcfo,..., IIon.I;" .. "ri,y ()('cu,~ (10 ~). 
H.",.~ .\("(·(·l .. rati"" - H.;j , .. :I!'(~. in .. ",.,. ~l'" ( 11) I(). 

Frequency Characteristic: A '.\'I,i(·"II'('~p,,,,",, ('un' .. is 
~h"wn. F"r fr('{lul""';C~ III?I"", tU 'T,.[I'~ pt'r ."(',,,,\1 ,Il,' 
Tn',; ilO" .'\ \'il>r:l,i"l1 ),1"'l'r "lwult! 1)(, w,(·d. 

Mou nting: Bulh ' .... "Imll.l<)x "",llliel"'I' "ro' h,,"~,·d ill 
'"N"I ,·"",,,iu,·r;t. Iilli~I,,'d ill hI,,,·)' l'''·'tll''f. 
Net Weight: Tn" : '.'!I.I':J.:; \'i hr'OI,nu Pi{'l.,p.::- nUn("<.'B 
( I,idml) ""h'); 1); .. kul> plu~ .. "hl(· ",,<l lil)~. I I~Ju"d; 
'1"')'" ;.'!j.l ~1Ii {'(lnt rol Bo". 1 1)",,,,,1. Ii ""''' ... ·lI. 

759-P35 I 
759-P36 

Vibration PiCkUP .1 ~u~t:.\'.1 $40.00 
Control Bo x ..... NA."'" , 50.00 

A-C POWER SUPPLY FOR THE TYPE 759-8 
SOUND-LEVEL METER 

The Tn'~: 12Gl-.\ Power =-'lIpply dc:scribcd on pa~c 102 can be used to ul)Cl'atc the TH'~; 
i5!)-B from Ihe a-c supply lillI,), 

F un .. ,ion~l block di:l,l(r:lm of the '1''1'1''>: 7.;!l·B ~ulld·I ... \·cI Meter. 
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NOISE ANALYZER 

TYPE 760-A SOUND ANALYZER 

USES: The Tyl''''; i tjO-.\. Sound .\nah'zcl" ha . ..; 
been dc:-;il!:llCd pal,t.i\·ulad.\' fur a!lal.n~ing; ma­
chine!'y noi"c~ or noil'(' lc\"(~l" ('au:-<cd mainly by 
clcctrind or lllechani('al cqlliplllcnt. The in­
strument i.'< particulat'ly \\"ell adapted for :In­
ll.ly7.illl!; the i'QlIlld made b.\' automobile and 
airplane motors :1.l1d industrilll or hOllsehold 
eqllipI1l011t. [II the 1'00nmuni('ation;.: la,I)()ra­
tor~', thi" instrumellt is useful !I" a harmonic 
an:~lyl,Cr :ulll 11:'; :~ "clectiyc bridge baliince 
indit'u.tor. 

DESCRIPTION: The TYPE 7GO-A:;olllld Analy­
Z('I' con.~ i"b of a three-stage sclecti \'(' ampiifi('l', 
operating un tl\(' dcp;cner:nion principle a nd 
h:lsing; :1. eOIl,.:tant pen'(!nta~e band width, 
(;omhilli'd with a \':It'u1lln-tubc \'oltl11l'tor h:t\·­
in~ apl)roxima.tcl.\· 10p;:1rithrnic <.:ha,l"tlctcristics 
ovcr a widc rall~c. 

Till' pl"itH"ipk.~ on which the :1.t1alyzer op­
cr:tI C':' :1.re :,ho\\'11 in (11(' 1H"(,01npall~'in~ diap:ralll. 

Tltl' in . ..:tnllllent \\'a~ dc:,igllcd p:\t·ticularl.\· 
for IN! witll til(' '1'YI'I': 759 :;Olilld-L('\,cl "\[ctcr, 
1111(] t.hi:, comhi n:ltiull pro\'idc:-; an ae<':ul":ltc :Uld 
cot\\'cnicn\ l1Il'an:, for II1c:l..,,:ul"illt! lIot only th(' 
:tl'tuallc\"I.'1 of "ounc!. but 11]"0 tile rt'htivc :1111-
1)lilude,; of t.lw eumllo[\{'nt frcquenc-ic". 

FEATURES: .. :;illlplicit~· a nd cOllWlIicnce 
of opern,tiotl were (·oll .. ,idcn:d to he of primary 
imI'Ort:1lH'(' in the dCi<i~1l of thi" illslrnnwnt. 
.. The cntire fJ"C''!ucncy mnge of the in4ru­
lllent tan be :'('lLnned qui(·kl.r :md ("l.."il~'. Th c 
frequcllt·y Ii< rcad fl"om:1. :,ingle dbi, whit-h ("an 
be rutaled continuol!...:iy in cith(:1" dirC('lioll, 
:1IId a :,ct of ]lu"h-lIllUoil multipliers. . 
... Sbhilized (·irc:uit. prcl"iudc . ..: till' Ilecc,,-..:ity of 
battl'l"Y l1.dju.~tnlcnt" and:1. h:dla .. ..:t.lamp lIlain­
tnill" con"ta.llt Yoltmdrl" :1('I'ur:l,c'y rC1-\"ardlc",; 
of Il<ltter.\' (·onelilil)ll . 
.. :\ sin)!;lt' 10g:tl"iII111lie mdt'r ;;(':1.le t"O\'cr~ the 
tomplt,H' amplitude I":lUV;t' 1:i0 that no IlIl'tCl" 
Jll\dtiplicr~ :I.re needed. 
.. Exlt '!"n:1.l maV;net.it field:, h:1.w no :\pp1"et"i:\ble 
cne('t on :1(:('\11":1.('\' 1)C(':I.\I"r the (·i f(:U i t cl('l1lrnts 
cOll . ..:i:.:t. onl.\' of rc"i:,t.or.-; :llld (·ap:leito]":'. 
.. The b:mJ width i . ..::1. (:on:-:t:l.ll1, pel'(·C'lItage of 
the frcqllt'llcy to which the :1.n:1.1.\'zcl" j" tuned. 
\\'hich bl·i litates llIC:l.."llt"t'll lcnt;; Illt In:l('hill{''' 
that do nut nIH at. ah...:olutch' (·on"t:1.llt .~]l{'{'d. 
... T Il(' (::1 .. "C mMehcs th:~t of TYI'I'; 7.')0-11 
~u\lnJ-Lcvd ~[rter. :lnd the in"tnl111ent i;; 
.~llIaI1J port.ablc, alld ·light. in wcight. 
.. A..: a hrid~e balall(,c indit"atOl". the analyzcr 
ha . ..: the :~(h':l.llta~{';.: of :t hil-!;h drJ.;l"t'e of "clct­
ti\'ity :UlC! :1. logarithmic llletl'l" ;;ta le. 
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S OUND ANALYZER 

The TYp~; ';;!}·B Sound-Level " Icter ""d the TYI' I; iGl)-A 
Sound :\ 'laIY1.cr arc ll~cful for the study and a"" I .I"~ i .< of 
oflicc machine.-.\" noi-cs ( ... how" :Ll}()\-(> i~ an :Illt"",:nic 
:ulrll'c"sinl-t rwu·hittc) !lH well a ~ for n,c,,~urCl11cnts un in­
dustri"l Ill"C)';""''.'"' opcral int: h"u.~cl.old :IPv1i"nccs , :Iud 

other (MluipmCIH. 

S PECIFICATIONS 

Frequency Range: ( '"lihraINi eli.,- .. tl ... in c.,-cies per 
$c('olld from ~5 to 7.;1)0. Tld< tr>"I] r'lUll'" i~ ron,rcd it) ';ve 
cOlllplete turn. of the luuiu.!: kno", the ""111:('< on tho 
\.",.j')I1~ di"l "olations 1)(>inl! :!5 tn 7.i, 7.5 \.) :I:i!). :.!50 to 
750,750 to 1.-.00. ;lUd 1300 \10 /:;00 c~"'lc'" .-\ IHl<h-hutton 
s witch allows immediate rhanJ:c or the main ~...,ntrol to 
anyone of Ih(!~c r;"'i!:(>~ . 

Frequency Cal i bra t ion ; The ac("urar,I' o{ {relllle,,,".\" (,,, li ­
brali<;m is ± I~% of the fl'cque,,~y to which Ihe di,,1 i'S 
~ct or ± I ~ cycJe~ vcr second , whid,e\'cr i!S thc 1:l1"J:er, 
Vol t age Range ' T hc 'Illal,"~('r wi!! .l:il"(, u$,'lhle indicat ions 
on i"put \"01t"~l'~ nlll.l:ill.l: {rom 1 ,,!il1il'olt to 10 \'olts, 
T hc IIlt:IC" ~e:dc i~ c"lilJl"lllCd for rCrldinll: directly OOUl­

llOIIcnl I""l'"- dO\\"11 10 1<":;' of the sound ]lr<'.<Sl1r(l (or 
"olt,,~{·) uf the fUIHI'"11ent:Ll or lomk$t com ].K>IIcnt. 
Acc(or<I'".l:I,''' I" ",al,:" full u"'""' of Ihi'S f(l,nurc, Ihc iupllt 
\'olra:..:c "I Ihe lnudcst CU'''llOn(l1l1 or fund,ullC"la] ~hould 
be 0,1 \',1It 0" hiJ::her, 

I npu t Impe d a nce : The i"I"" imp{'d:" ... (' is hctw""u ZU.­
()f~) allll :~O.(KK) olm,s. d"Il<l",ling upon thc ,;cuill~ of thc 
~('''Sili,·il.l" {'untrol. .-\ hlocking rap:ICitor is in ~eries 

with th(l i"vut. 

F r eq ue ncy Response' The r('S]oonw i~ flal wil hin ±2 dh 
O\'c,' I he entirc ""n~e, .-\t poin \>! wh(l"c two rrlnI:C_" O\·crl"p. 
thc ~C,,~ili"iIY i ~ I hc ~"tnC on eithcr ran~e. within ±] db, 

Band Width: Th" :o"cr'II:" scl" t ti"ity is ~u"h Ih:ll Ilw 
~d"ti\'" "\1cnuation i'S :$ db:lt 1% orr thtl ]X'"I,: to which 
th(l "Il!ll,"~cr j ~ hlll(ld , 
T emperature and Hu midity Effects, {' "der I'('r," 
S{)\"CI"C "o"di l i"ll~ of tcmpcr"lure and hu",idil ." oul.\' 
slighl. and gcncrall.1' t)e~li.l:ihlc. shifts in c:l libral i4)lI. :«:,,~i­
ti"il,". "nd h"nd widlh will occur, 
Meter: Th" indic:oting melcr is calibrated dowII I" ICc "f 
thc fu",hmcnl:d 0" loudcs!. COII'Il<lllCllt uf th(l ,;n"nd , A 
dccih(ll ~"ale j~ "I",) in<.:luded, "xtc"di"~ to ,10 d"dl)Cls 
below the fund:uncnt:d 0" loud{'>!t t"()ml)()t)cnt. 
T elephon es: A jack is PTOI-itlcd On the 1',,"..,1 for J)]ul:~in.l: 
in a ]I:);r of he:l<I Ielephones. in <.lr(lcr to listen 10 Ihe aCI"'11 
coml)()n"tll of thc ~ou"d tu which the instnllnctl! i~ tlIn(l(1. 
This is abo u;;(lful whcn the ''''al}",c'' i.~ used :oS " hridge­
bal:ult'c i,,,lir,,tt'lr, 

T ubes: T hrec IIA and Otl" 1:-;,; t"bl's arc rl"luired, . \ 
n<lOn rc~uhl\or tuhe (Tn"; 21..\(;-9-19 ) i ~ "I~, mcd, .\ 
complele S()I of tuhe~ is suvplicd wi th Ihl' ins,ru"'enl, 
Batte r ies: The I,atl(lril'~ r,'quired , .... ;: fr,ur Bur~e~s Xu, 
2FBP ],a-"oll h"lll'ric~. or th,' cqui,'"lrllt. :oml Ihrcc 
Burg,'S$ :-':0, Z;~O:-.:X ·I:;_yull h:o l lrri('~, ur Ih(· NIUi",llcnI , 
A COI"p:u'lmcnt is ll!"o";,lcd in Ihc C"'e of Ihe :",,,I."?cr 
for holding "II h:ttte";e~. anrl r"m'C(:l ion~ "re :mlom"ti­
c[,ll.\' n!:ldc to !h(l h"ttcric~ whcn Ihe em'cr of t hi~ "011>]);"'!­
me!!t i ~ cI<);;(ld, A »ct of h"ueri(l.' is included in the ]ld'::e 
of Ihc in~I1"Umellt, 
Accessories Suppl ied: .\ i!lti .. ltlNI ""I>I(,·:lI1d·])IoIl:: 
:Is.,(llllhly for COUttl'Cl iul: thc :LlI 'llyzcr to the sountl- Ic\'cl 
mcte,'; IIml one ~]1:'''(l n(l()tI rc~"bt"r tuhc , 
Case: The "nal.\' ~{'r i~ t)o!ill illtO" $hi('ld .. d ... "rr.";II.1: ,.,,~{' 
of :oir]>I"IIc·I".l:I:".l:c C0n~lrUttiu", 
D imensio ns: (1,(lnl!l h ) 18" (widlh) ]0 x (he ight ) III "; 
inches, uY"r."H, 
Net Weight: :\(j~ pounds, with \)ntt..,rics; 2!) % 1.lQ lltld~. 
without bnttcric~ , 

I PI ""'/ J 

,~ . , 

:\ fIUlt,tio" 'l] di:ll: r.:ltn of th .. gcttcr,,1 Iy]>c of tir.::ui' u~cd 
in Ty,..: iG()·,\ :-;Ollnd Anllb'1,t'r, Tit .. ",\'SI~'" .. on~i~I." nf 
"n anlplificr with " pro]l:l~"li"n l'f,n~l"tI! jI. lind" fced· 
1,11"1,: IINwork wilh " I)ro]J:O.l:",io" "on81,,"1 fJ h,,"illt:: Ihc 
frcque"ry ('h"r:lf't{'r;$t'c~ ~ho\\"n al)(J\'c, Thc d('I(" II('r:l\i<)1I 
n{'[\I'MI,: i~ highly sclcPli\'", """:01 it~ null p.-,iu' tht· IInr· 
"':lII("ill of Ihe amplifier i~ <>h l ,,',)('d . . \1 Ie",'cr ""d hil:lIl'r 
frC(Jnl',,,,j{,s dcgencralion o('tU"S. "nd Ih(' g:oitl of thc 

""']JlifiH i~ ~r('lLlI~' reduced. 

,'ric(' 

760-A I Sound Anal yzer , ....... • . " ..... , 
Se t of Replacement Batteries for Above ."" _ . . ..... . 

AT TAB 
A']YI':\It:\DBAT 

$400.00 
10.19 
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VIBRATION METER 

TYPE 761 - A VIBRATION METER 

USES: \\"it.h t.he THE 701-A ri hrlllion ~\lcter 
ln C~L'<llrelllcnts of t.he \'illl":ltOl'v dutnwtcri"tic:" 
of machilw:< an(] ,:tru{;WJ"{)": can'he m:\dc qlli('kly 
and ca .. ..:il...,. The excellent low-frequency re­
sponse of thi:-: ill1$trumcnt makci;. po.~siblc the 
Il1c:\'., \i['CmCllt ~ of yibl':"I.t l01\8 at freque ncies as 
low :\." two cycle.': pCI' sceond . Th,,, pcrmit"i the 
.4udy of t.he operation of belt drives :md of the 
ctrcdiYcnc...:.s ()f mountings dc;;igncd to reduce 
\'ibmtioll:; in adjacent struct·urcs. 

For t.he manufactUl'cr of ma .. chinC1T and 
equipment. the Ty!'~: 7G I-A Vibration \[etol' 
is extremely useful in I'c.~carch , design , :\nd 
production testing. ":'<.taintcnanccenginccrs will 
find the instrument user,]l 1'01' checking t he 
operating: condition of bearing,;, gC1.11' train", 
:md othcr mcch:misB1", Wi th this instrument 
exce""i\-c vihration" due to improper adjust­
mcnt or dt.~ i)!;1l and to "trul'iuml resonances 
C:l n be located and measmed . 

DESCRIPTION: The TYPE 761-A Vibr:l.tion 
_\Ictcr consi:,t .'; c~'lentially of a \-i1)ratiol1 piek-

up, an adju:, tahk attenualor. an amp]ifi('\", 
and a dirr("\-rcadinv; indic:lling mct('!". The 
pi('kup is of til(' illl'rtia-opcnl1ed crysl :l l Iypc 
\\"lIi (;h de1i\'cl"s a \'ollage proportiollal to the 
accclrral.ion of I.he "ihratOl"\' 1lI0tiOIi. An 
illt('gralin~ 1l('lwork ("on\"(!I"I; Illi :,; olliplIt, 
when desired, to :l \"O\t:lg(' proponional to 
\'clo('iiy or di splacement. Tht· type of re­
sponsc i.~ sclcctpd hy push-hll\101l :,;\\·i tdlPs. 
Thu.':i thc atceler:Hioll, n :lo(; il.\" , and displace­
ment of :I \'ihr:uing body can be mca :o; ured 
i ndepcndcnt ly. 

Calibration!; :l.re made in terms of r-m-s 
va.lues. The ba,:; i/) units in which the instru­
ment i:-: ealiiJr:"ttcd , inches and ,.;econe\.-;. arc t.he 
simplest and lca..'lt eollfu!<iug of tho.~c('Ommonly 
llsed. Accelera.tion is rcad d irectly ill terms 
of inches per second per second, velocity in 
micro-inches per second , and d isplaeement in 
micro-inches. Calibrations :Ire m;Hie on a 
motor-driven precision vibrator, which pro­
duces csseniially sin usoidal vibr:11ions. 
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VIBRATION MET E R 

FEATURES: ... POIiablc, self-contained and 
simple to operate. the yibmtioll meter is ~imi­
lar in dc::-:ign and :lppCaralH'Q to the sOllml-lovel 
meter :\nd sound a.naly ~cr . 
... Ko l'cfcrcnee to cal ibmt ion fip;mc ... is neces­
sa!'y because t he meter indicn.tos eb reetly t he 
qU:Ultity under measurement . 
... Flexibility ~\Ild complctcllc~S in the mcas­
m oment of vibn\tion n.re :\ITordcd by the th l-cC 
response characteristics-displacement , veloc­
ity, and :\Ccclcmtion - and t he low-frequency 
response - 2 cycles pCI' second. 

(DljI) Ov;,r_llil frequ.:mcy ch:-.n\cterilitiCli of ~hll vibration 
"lele,,, ineiu,jill!,llhc vibratiQn pickup. 

SPECIFICATIONS 
RANGES : The \'ihrll,;oll meler;$ clireel-«:-"dinR in the Ullil8 shown in che r:mgc !,",hle helo .... 

Vibroli<m 
Q.wn/i11J 

Iti ",irr()-iuchl'~ to:1O inchC$. rms. D ispla ce m e n t 
Ve loci t y 
Acce le ra tion 

160 nli<:ro-illd,("~ pc-r &'eolld to 300 inrhe~ pcr ~eeoud. nn3. 
O.wn illell I)('r ~c,-,nd I)('r .ccond 10 :{!)(lO ;nd'('1 I)('r woond I)(' r sc~"olId. rms. 

RESPONSE C H ARACTER I STI CS: The r<)gl)()II~C followg Ihl"OrCI;cal C\lr\"C~ of lhe <tuanlily me"~urcd . 

\"g. ff('quency wi l l,;n tile f,)I1(',,"iuj.( t"k-ran<'('s. 

QU(ll!litlJ /f1l"1J" T(I/("r("ICC F 'IY/IIC"CY U""ul" 
Acce le ratio n 0.100 ill. ~,. '&'(" 10 :NOO ill. l~e /M!C ±lOc

" ., 10 ,,00 CJ)~ Dowli ~,,<;~ al :! cl'~ 
Veloc ity ](J()() ~ill. ~'\' \0 :lOO in. (f!!CC :1: 10';' " to ;;00 <'pi 00,,"'1 ·10% :II ~ cps 
Veloc ity 1\("10,," I(J()() J.'ill. /~c :i:W'~ :...'0 to ;;00 CI)~ I">O\\"II :.!" '/c, at 10 <.""])3 

Displaceme n t 1Il0 .uin. 1(> :{O in. :I: ]0'1. 10 to.'".oo Cl)~ Down SO<'\; at :.! <'I'S 
D isplacement Bdo,," 100 ",in. ± 1;)'"0 20 to ;)()() CPI ])OWII :U.'·l> ,It LO CI)3 
,\I'><>"e 500 ell" the error i"cr,,:uea and may ,,,,,d • .io30 ~~ at WOO e/». TIl;';1 eau,""L b)' the dit'l""ro,,,,eo ill teoponOCl "f ;",.li,·i<lu81 pickups 

,,"'" 1"CWI""""t. 
Pic kup Un it: The \"ihrali'lII pirkup i~ of the inenia-
o]l<)n'lcd .·, .... ~t,tI tn)/). ho"~cd in ,I ,""" " I\lIni""''' COIl-
In;II",1". 'I' ll ... II,,,xilllunl \·il"·,, lion "c,'clemti"" wl,kh can 
l.oc illlpre--.ell "I>(m Ihe pirkul) I..,f",..' 1I""_lin ... ,,ri(y o<:cur$ 
i~ ]0 I! 'II' :!~IOO illches pc,. ~C('OIl(! pcr ~crll"'!. P,-,i'l~ and 
ball til)~ alld "II l"<-ineh exlell~ioll rQ(L "rn "\llmlied. 
Mete r : Til., illdit~"inl! "'l'IN lw.$ ~, ~,·"l(' "'hid] re~Hjs 

dir(!("tl.,· in the ' Iu"nlity l.ICiult mc"~urt'{l - r-'I1-$ ",icm_ 
illd.e~ fnr .!i~1>I:u ... cmelll_ r-III-g ,,,kr(l-in("hes ])oCr ~eoond 
r ...... \"('hK·il.\·. nnd r-'''-s ind,e~ ])oCr *<"<>IId l)oCr scooud for 
a<'l'(!leration. 
Atten uators: A lo-~t"l) anemlator is "I"<'\'idoo wilich 
cI'''''J(c~ I he "'cler ,calc calihmti,," O'"(lr " ra,,~e of :10.000 
\Il \ .. \ .III;Ii"",,1 /JIultil)! icr~ arc IJ!"""i tlcd \\"hkh indicate 
Ihe C<lrre,'1 IInib vf lIlea~nl"cnle"t and 'lluitiplyillll; factor.! 
fur c'H:h I"C'p<>u.'e th"r:lctc,·i'lic. 
Ca li brat ion: A {""iihclti,,~ ,·in·u;t i~ pru\'idcd in the ill-
81rurncllt whid •. by <'onnel"Liv" '" :1"." a_(" power lillc, 
tu"kc~;1 1)( I!Il!ihle 10 "he·ck (he un'r-,dl ""lihr"tioll of Ih ... 
"ihr"I;"II IIWI/·r ..... xtludinJ.: Ihe "il,ra(ioll pidmp. 
T ele phon es: ,\ j"ck is pro.·'II('(] un thc I'''II/"'] for 1)IIIl.:l.:ill)l: 
in ~. pair uf I'('ad leielJhones in ortl"r I" li$ICII 10 the vi-

Tur.e 

brat;""s I~inlt "'ea~ured, fo r eoHllorling the T\'r!: it.i:!-13 
Vil.ratioll .-\lI~.lyz<'T. or for ("o""/"'ctiuj.( :. ,·"thud,,-ra), 
olcit\ol(r:.ph. I'rllctic:tlly all)" load irnl-.ccirulI"C Clln be illl ­
IJ~lIi!ed Mr ... g~ this \)It!put Il"]CIJhonc ja('k with,-,u~ :.fleet­
i,,~ I lot- I"(·adi"j.( of the mNer. 
Tubes: Three ]:"\5-<.:T/ G Il,he.,,,,d onc I I)~-GT tuhe UTe 
rr(tuired. A ('{I"'I)lett- ~t of tu])('~ ;~ ~ Ul)l)lie<l. 

Battery: A si tll:le hattery utlil. B,\ ·Il'. Burl(e!18 6"1".\60. 
which ~UIIIJlies the lleecSS:lry 1)\:"IIe ,md fila.nent \"olt:!.ge$, 
is indudC'd. 

Accessor ies Su p pl ied: Pow ... r c~,bJo for e"lil.>n. tiot, 
Chl·,·k. ~p"re IJilot lamll. and "lUI( for Outpul j;.tk. 

Case: The lI"il is Imilt into a shieldrd carrying ,,:!.sc of 
airpl""o-lul(j.("IIC co!l8lruction. eo"ore,1 wilh dun.!.>I\) black 
waterl'rwf "'''teri"I, "nd cqniJlped wilh chrOlnimn-l)ialed 
COrll"r$, d"slM, etc. 

o i m e ns ions: '1'),1' over· ,,11 di IIIC".1ioll~ IIrc "lll'ro)(i" lat ely: 
(height) 1231 jnches)( (] ... ngth) 1:I,!1 inche~ x (width) 9% 
ind,e'. 

Net W eight : Z2 ~.f pounds " 'ilh bauery; ]7 H pounds 
without hattery. 

C()(il! lI"ord I'rice. 

7 61-A I Vibration Meter . 
Replacement Battery for Above : : : : : : : : : : I \"llt .... S 

VIHU$ADBAT 
$425.00 

5.15 
PATEl'''!" :-':OTICE. s~ :-': olC I, pa.-e ,·i. 
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VIBRATION ANALYZER 

TYPE 762-B VIBRATION ANALYZER 

USES: Tlu' TYI'E 7(j2~B \'ibt':1.tioH Analyzer 
makc~ ]lo""ihlc 1 ht' an:dy"i .... of ,,\br:\tion i)hc­
nOllWlla h:~\'ing fundal1wntal fn·qu{'lwi('_..: as 
low a .. '1 2.:, (',\"('\es per second . It. j ... inlC'ndcd 
prim:wily fnr lI;<C with the TYI'E 71i1·,\ \'ihn!'~ 

lion \ [ctN but (':m al;:o be used fOl' gCHI'ra.! 
harmoni(' :1Il<l1.\·,.:is of n'ry-to\\'-frcqucll('Y 
voll:1j!;cs in the lahoratory. 

'I'll(' frcqul'lH'Y rang!' ('overed (2,;) ('yc1es to 
7:')0 (',wlc,.:) inc'Jude . ..; praC'limll," all fl'('qu('ndcs 
1I0rmall,' 1'lleOlill/{'l'l'd in \'ibmtioll :".tlllii{''': , 
from th~ fun<ianwlllal yih1':ltioll:< u f ... hip" and 
olher larl-\"l' ,.,tnwtllrcs to the Ilnh:\lancc vibra.-­
tions of high'''IM't'd ccnlrifug0i. 

DESCRIPTION: The :\n:~ly7.cl' i:-: ;-;imihl' in all 
(,.';:"£'lIlial tlmJ":wi('ri4ic", of p('l'fonn:~IlCt" tQn~ 
stru(,tion, o!)('ratioll, ;11\([ al)J)eamIH'(' to the 
TYI'~; 7{jO~_\ Sound ,\nalyz('r (pal!f' I;~ ) ex('C'pt 
that th:- frequf'Il<-,\' 1m,,: ht't'll hl\\'('red h:-- a f:\('~ 
lOt' of 10 :md pro\'i.:ioll ha'" Ix'en made for 
opera! ion wit II \)ro:,11 ",ple('ti\'i!y if d "",irl'd, 'I'llI' 
I:l.ttcr :\1T!Ulj(t'Ttlellt i", p:~ri i('ul:l, d~' u.:('f\11 ill 
idcnlif,\'in)!; ('OTtl])()!H'Ilt,.; in til(' t\\'o 100\'(\.:l ft,('~ 

q\l('I\(',\' mll~(,'" (2.:") 10 2,~ t'ytie,,, ]It't' ",('('one!) 
;\nd in makinj! :~n:dy:-,c", ill\'oh'ing ('\lInp01WIII;,l 

th:\1,. y:try ",li~hll,\' ahl/lli:l. ]))(':\11 fn'<lll('I\C'y, 

SPECIFICATION S 
Frequency Range: ~,t) 10 7:;0 e~'dl'~, M\'O'«'( I In Ii\"(> 
r:mj(O'~:l~ f"l1"w~: ~,:, 10 ,.<>, ; .. ~ to :!.:.. :25 tu ;t •. i,-. t'l :150. 
~.:.o to ,50, 
Band Width: Fur Ihe ~h"rp~cll"'li" ily p<)~iti,,", Ihl' r('1.1· 
t,VI' attenualion i, "PIICoxilllatcl," :Wr ; (:1 rill) at a frl'­
fillenl-Y diffe-l'iIlJ( I,,'· V; fro'" (hat 10 whie-h Ih(' ,~tl:tl,,,zer 
i ~ l~u\NI. F"r 11,1' h .. ""d ,.dl'rli,';'y llO,.'t '"II. the :111(>1111:1-
lion i ~ al I(',,~, :ltI<'~ fM" f~q\".mry rlifJ('rcII<,e- uf ;i"' .. \1 
"lie .)<",,,\'(' fTm" ,hI' pl'ak. thl' r('[ati"l' :1I1('11\l:IlioIl8 aTl' 
at II':I~I ~) ."' ~; (:1.; IIh) and !l1)('; (:!O dh), r('~p('.'lh·('ly. 

Frequency Calibrat ion; Thl' :1<'~ur'I''Y "I IrNtll." H..,. <':1li­
hmliotl .)1 til<' ~I"'T]) ~11)';li" i t," nelwork i_ ± II~{'; or 
± 11~ ry~le.'. wlti~he\'l'r L. the larl:l'r. O\'l'T Ihl' thrl'e 

hi)(llest r:III~I" (:!5 10 ,JO cyrll"'); on Ihe ,wo lower 
mll!:e,' ( ~.:, IO:?'> ,'yrl('.). till' :1 ....... ;'l"'· i~ ±.j{', Or ±U.~ 
<,yd",. whidlc""r i~ Ihe 1:.rCl'r. '1'10 .. frl'<lll""{'~' :t~ det(:r. 
",inNI " ' jIlt (1)(' 1,.,,,,,1 ~ell)<'li"il,\' tlel,w'rk ,11'\'i:oll'< on 
Ihl' :1\'cr:,I!:(' h~' le,~ Ihan =:!{'; fro'" that detcttuitll'd 
will, th(' ~I", .. !> ,,(·I ,·{'I" ·;I .,' IWI"'''rk. 

FrequenCY Response: Th(' re~l><lI'S(' "I Ilw ~h"rl> ""I(·{'. 
1II'il.'· "ctwork i, n"t within ±:! \II) o\'('r d'e ('Illire 
r:II:I:t: . .-\ I poi"l~ w!l('l'C ! \\'0 """1:1', o'·cdap. (Itt.' 'cn.ili,·ity 
; ~ ~hc ~""'e on .-il hcr r:lnl!.C "ilhin ± I dl., '1'1](' ~1'1I'i, i,;ty 
of the bro~d ",,1("'(i,ily nelw<,rk j. Iltt.' '''IIlI' a~ th:tl of 
till' ~h:lfP >1'11''''';' ity lIetwork wilhi" ± :! .II., 

For other ~peritie"lions,;ee Tn'l: 'GV-.\. 1"11:1' 11. 

762-B I Vibration Anal yze r . . . . . . . . . . . . . . I AW.\ IW $47 5,00 

P,\TE"T :-':OTlCE. See " 01<'8 I. :!~, P~R~ vi. 

GENERAL RADIO COMPANY 17 



 

VARIACS 

VARIAC ' 

USES: The rAR IAC is 3. voltage control that 
finds :l.pplic:l.tions in shop :lnd laboratory wher­
c\"cr :\--c ,"o!t.1.gc must be adjusted smoothly 
and continUO\L'lly. Tho\l.<.:ands a.rc in u.sc for 
motor speed control ; for hc:~t control on elec­
tric ovens and furnaces; for illumination con­
twl in :~udilOri\lln.s, photogrn.phic studios, and 
darkrtKlmSj a.'i voltage controls in bbor3.tory 
tCi;ting :\nd rescart'h; and as output voltage 
contl'Ols in transfonncr-rcct.ificr systems. 

Although designed primarily for usc at ordi­
nary po\\'el' frcqllcncics-, VA IUACS arc equally 
ulScful as voltage controls in power circuits 
opcrll.ting at higher frequencies. 

In the testing and (:alilm~tion of voltmeters, 
ammcwrs, \\':\ttmctcr~ , :l.nd power - factor 
nwter.-;, the VAlUAC is a ('otl\'cnicnt "ourcc of 
:~d j ust:~ble volt:\ge, and, by using combina­
tions of VARi AC:;, the phllse of the ksto 
,"olt:\ge can he \'1\ried, as well as the ~\mplitude" 

Two and t hrcc-g:mg :\.S:;cmblicsof VAR IACS 
arc :\\,:lil:\blc for usc on three-phase systems" 
With til(' largest un it..;, \,olt-ampere loads up 
to 2.5 k\-:\ can he controllcd in this wax" 
Although \ 'A H I , \('~ mc built for 115 !tnd ~nb­
\'olt scrv iee, they C:Ul be lIS(""t\ on circuits of 
highcr or lowcr \'oltage in conju n("tioll with 
fix(.,(l-mtio auxili::l.rr trall,:;fornl('l"S :md auto-
tl":msfornwrs, ' 

DESCRIPTION: The \ ", \ IUAC is a ("ontinuoush" 
,":\ri:~hle lLu totr:\lIsftll"lIWr supplyillJ,( :\11 Ou tPl~t 
,"oltagl' f rom zeru to auut"e lin(' \'u!t:\ge, It ("011-

sists of :\ si nJ;Ic-laYI' I" winding on a toroidal 
imn ('or(', ,\ ,. t h(' dial i,.; rot:ul'd a c:\rhon-hru:::h 
('ollta('t tm\'er,.(,,~ t ill' windinj.(, "tapping oil"" a 
portioll of th(' total \'olt:\~C al'I"O."" the winding, 
The brush j,. alw:\\'s ill ('ollta('t wit h til(' wind­
ing, :~IHI t,11(' volt:igc hetw()('n turn" i,. always 
le,.s thall 1 ,'oh., e\'CIl in thc 1:~rJ.!;est. model!<, 
\l'hilt' in the sm:dle,. t model il i,. onl\' ahout 0,:1 
\'01 t, The ad lIal ill('I'('mel\t ." or \'oltage ohtain('d 
:\." til(' di:~1 i." turned at'(' alw:\\',; le,;,~ th:tn the 
\'()It:1~(, [1('1 \\"t'('1\ turn,., t h(' a('1 Ion of t h!' (':\rbon 

l'unction,,1 dial;r:uu of the \" ,\ II \.-H; , 

brush being ~uc h that the ('hange in \'olta~e is 
pr:\("ti ('~\lIy continuous, The rc,.;~"ance of the 
brui<h i." ,.0 chosen that no cx("c.~ i,"c heati ng 
can occur in thc :;hort-(' ircuitcd turn" 

FEATURES: C'omp:wed to resi."ti'"e methods of 
\'oltage control. t he \ ',\IlIAC Im,,,- the ad\'aH­
t:\p:cs of high cflit'iclley , ,.mooth ('ontl"Ol. p:ood 
\'oltage re~III:\t.ion , :md compamti\"('ly ."mall 
."im, Bc(':U1."(, thc output \'olta~e i,. c.~,;clHially 
indcpendent. of 10:"l.d, a lincar ,"ariation of '"olt ... 
tage is ohtained. \ 'AIUACS also furni,;h Ollt­

put \'olt,agl's :l.bo\'c line voltage, makitll!: it 
pos,<:;ihlf' t 0 ('ompcll":l.te for \lnd(: .. ~\"o1ta~(' lint',. , 
~ To(\a,\"s \ ' :\HI:\CS, the nc\\' \"-modek :tI"C 

mort' useful. mOrc I'cliablo, and more eflieie[lL 
th:~11 e\'('I' h('fol"(l, Among t.heir out,.tanding 
f e:l.ture" :lr(': 
~ Greatly illt'l"c:\.-.:cd ratio of output to wcight, 
to- :\c\\' unit brush - e:\.'jilr chang:ed ill :L few 
"C('OIl(I.~, 

~ t ' nafTeded by vihmtion - COIl."t:Ult prc-;­
:'lure - hl'lI ,.h holdcr ('a nnut, ('ont,wt. winding 
,.urf:u-c" 
to- Shaft 1'!'\'cJ-:-<;l.1 to ('on\'('1"1 from p:\lwl t.o t:1.ble 
mOlillting i" lI.('('ompli"lwd by loo,.('ning ;\nd 
t,i}!;htcnin~ 1\\'0 ."('I'('W!-O - doc:< no1 :~rr('C l hr\l:oh 
:uljustment. 
to- i{uhh('1' fl,!, t pr(" 'ent d;unaJ,(C'" 
.. Extm t(,l'min:\!,.; for mid-windinJ,( tap." faeili­
\:\t(' th(' 11,.(' of :\uxiliary tmn"fOl'lll('I'!;, 
~ Case c:L"ily and qlli~'k!,\' I"clIlo,'cd - tabs au~ 
tom:\Li(";dl~' I"t'gi."tcr the mod('1 numher for a.11 
('om billat ion,.;, 
~ Dirc(' t-I'( ':u li ng "oltap:t' ."(':dt' h :\.~ largt', ('a."i Iy 
1'(,,\ (\ numh!"!',." 
~ I ~nl.~h tm\'("\ limited h,\" re,-; ilicllt, ,~t.(lp. 
~ 'I'ermin:ds ha\'e hot It ,.;e re\\" :md ,.;o\(IPr 
('oJIIl('ttion,., c:\.~i l ,\' :I('c('.":.:i\)lc ;md !oA:i(':lI1~" 
:~rrang('(I, 

~ I I em'\' dll t\, s \\"itch in IllOlintt'd,.m,~11 models 
hreak." 1,01..h ;ide,-; of line, 
~ ,\t\r;wti\'c C:l,-;(, - rounded ('ontOllr~ - no 
."harp et lgp,., 
to- "\lumiUIIIll "tt'lIct.ur:\1 parH mc:~n lightcr 
weight ant\millimulll COl'ro,;iun, 
~ Dumb!!' hl:wk I:lNjUCI' haked fini!-Oh - wc:\]" 
l\lId ahr:\.~ion 11~~ist:\nt, 

~ l"ni fol'lll windinj!;" 011 ncwly dc.~igned 
machine" 
.. " lTypl'olapped " ('ommutat.or ,.urfal"(' -
planc oriellted fol' uni form hru."h pr~~urc and 
contact , with l'C>iultallt minimum wcar, 

'Tr"de ,\lnrk lIui.ttred U, s, I',, !e to! Olliee, 
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VARIACS 

L\HJ..\C1'i u..:d ", ,·",,",·,,;.'111 (·,"'tin,,,,,,~I~·-,,diu~t,,hll· ""nll'()l~ ill hi~h-\'!)It"I:<.' "'IU;I""CU! <1<'<;1:",·01 f"r Il'~li,,):: of 
li",."",,,·~ n,h!>er I:lov ... ~. {'Q"r'(~/J oj /l~10I1 f:di,,'f! (''''''1'''''11. 

GENERAL SPECIFICATIONS 

:'< I"d(>ls mlll:i'lI: in l~'l "t~iIY f"()In 170 \"a 10 '; k\":1 ,,~ 
li ~I\"/! "" 110,' next 1"')::<'. "'I,.,.,ili<:"tioll~ :or,' for 00 If) 60-
,·~·,·l., ,.·,.,·i.· .... 
Rated C urrent """ 1)(, drawn f .. <IIn Ihe \" ,\H I.\C:l1 allY 
"("tlw,,;I;,, ... II i~ li,n;lNI h~' h.·,,1 1"$lI ill rh ... \\";mlill.l/:. 
Max im um Curre nt (."" 1)(' dra,,"n at In,," \"o1t".<:l'~ <,Ir:l' 
\")11:11:('~ ",'ar 110 .. inpul "oh")1:('_ II i~ Jirnil.,u by l,,#('~ in 
111<' ,",.rlw", "nl~h. ('ur«'ll!~ "l' '" l.::.o'-~ (If Ihi~ ",,1ut) 
nil' I ... , ,Imwll f,, ' 1I .. ;"r p.'ri')d~ ,,"illumt d"U\:II:<' In the 
'" ,\ 111.\(', 

Input Voltage is th,' ,·"lta!!!' (hat ~h"uld 1>(' Hl'plicd I" 
Ilw iupnl '''rrninal~ ", Ill:tk" ,I,,' dial l'aHl,.,.,i,,,, ,·"rr"'·I. 
,\11 ;!:lQ...".,I, \ 'AH J..\{ · ... h"H' l'x'r" lal!~ fHI' u~" ull J 1;;­
",,11 li,w~. \\'1"," so u.scd. Ihl' r"ll'd "un\,1lI is r",luP<'d 1,.1' 
n ra~l"r .. r"!. :lInl Ih~· r"J:ubti"" i .• "'" a~ I:""d,,~ will. 
""!:W-",,h i"l'lll . . \1 :.1) "yd,'. 11.(' ""(,TI'"II:U::(' """,,,Cl',ion 
"I<'~' ,,,,, lot, u>!<.·d if ,hI' i"pu, ""Ilal('" i ~ (tn~r 11;-, ("r "!:W) 
,· .. It ,;. 
Output Voltage i~ dw r""l:l' or ",,1'''1:(' ,,,·aila J.ll· at lite 
"ulpm lI·nui"al". wilh r,Hl'd ,·,,11"1::1' "vpli.,11 10. Ih,' i"put 
Il'rmi"als 
Load Rating i~ 110,' maxi,"u,U OUlpul curren' tllul1iplil·d 
1,.,- inpul ""11,,,:1' .. \ \·.\H L\C 1''''' h,u"lh'. "I any I,,"('r 
>'<'llinl(. a .... "'s'''nl itnl>."IaUf"(' I"ad whi ... h clr:IW~ al iUIHll 
,·,,11:'1::1' " rllrn'lIl ,tI, I(n'ah'r Ihan Ihe ",,,,,~i,,mm 
"UTrl'III 
Temperature Rise; Tj,(. ,", , 'ill)!~ or \·.\H 1.\(":' :In' h,,~<:d 
"u " h""I','r"lu", ri'l' <>, :.n" ('(,"Iil:l":"ld('. <>f le1ll, at roO 
"~'dl'''' .\1 :>4) ,·yd,'~. Ihe lelllp.,rallll'(' ri&' IIlay 1'~1'('('(1 
Ihe> flh"",· ":Ilul.' sliehlly bUI Ihe \ ·.\HI.\C ~~." 10 .. · ~:lfel}" 
"1M'nllt·<! "I full \"ol l"l:e ""d ~urrc", n"illl:~. 
Operation at 25 Cycles: 0" "!<>....,.n·I,' ~1I1'1,1.,·. \'.\ H I.\ (.'S 
~1""Jld I .... "1i('r:OI('(1 al "nl.'-h:olr ,",<1( ... 1 ,·"It:l~e or l •. ~(' .. ';o..i,·e 
hC'flli"l: "ill ... ·~nh. TI",~ :!:jO-w,l, Ulodd~ .',111 he 111'('(1 on 
11.;-",,11. :!:,-rp'11' li".,<. 
H igher Freque ncies; ,\1 frC'qll('m'if'~ ah",'c (;(1 (·\·dl.'~ ,,11 
\'.\HI.\C:' ,.,," 1)(' 1I11t'<I ,t! full ra ,,"<1 "lIrr"'1I1 ""d ·".,h:II:I'. 
:-;"-I",,d I<, ... -(.~ will he r(·.I","<'(/ '·""'l'arc.llo lit" H(J.,·,,(·I ... 
,-"IUl·S. "'" r"l:lllalio" \l"iIl b(' I>ourl'r. o"'i"g I" ill<'re:;~cd 
1.,,,1;"1:" rt·",-"",C(). 

No--Load Loss i" IU~-,,~ured :0\ f.tll·p·I('~ willt ralNI i"llut 
w,lt(\~" T it/' \""hl"'~ 'I!loll...t in lite lable " ..... ,he lI;!lar.Ul­
Il'l'd In"~im,,. 

Driving Torque i~ Ihe 10"'1"(' fI"luir".! 10 turn Ihe 
\'.\111.\(.' ~hafl. 

Term inals: ( ltt.'e "I"" Mount ing 1)('1"\1") T n><' :..'00-11 ift 
f"1"Ili~hl'<I willt Ihrc:ode,1 '1'""i,,,,1 ~Iud~ '<II(I ,..,)d"rinll; 
I,,)!~, T~-I>('~ \ '-.;. \'_Ill. and \'-:!O han' "o,"hi"I'(1 ~"I.k'r­
j"l: "lid ~r('w_'.' IX' Il'r,ui",.I,,; T~'II(' .iU Inl"k!~ h,,,',, "<,If-
100·1;illl( lC'rltli,,:.1~, ;II"! I,ro"isi"" fllr ,"t:U'hi"I(]lX .. "hie. 

Dia l ; .\ rf'\"cr~i"l f' dial. rc:"li'lI: I"~ ,,\11PUI ""II:o)!f' f'IT tit., 
o,·.,rl'olla)l.<: ",,,,,wI·ti"!l. is IlfOl'i(INI i,,, all "\.,, tn"d('I~. 
0,,(' ~i(h' i~ 1I~f'(1 ror ,ahle ",()IInl;lI1: with rolali,,)! <Ii,,1. 
11.(' <>11"'1" fOT p,,,,el 1ll'",,,li"lI:. \I";lh fi.XNI dial ,",,1 r.,I,,\ill)! 
"";'''('r. D;:rls ,'all I .... ~\lpl'li,·tI ,," sped,.1 o ... ll'r ""II:r:I\'ed 
ror ma~i',,'"n ,.,,!t:r~(' ('qllal In line ,·"lla)l.e. ir (h(' ""l'r­
,-,,11"1((' "''''''''''Ii,,,, ;~ U"I '" I,... u~I·,I. The (,,'al ""I:ic' of 
",'ali"" i~ :1"!Ho. 

'1'1,,' Tn'('~ :'O-A, r,U-B ..... "'1 :!UO-II arc ~1I1}l'li<,<1 wi,h 
rl·\·.-'T .• ihle tli"l.~, ,," ... ~id(' of whi .. h i~ ""l::r:I\'('(1 rur Iho 
O)\'I''''"II"e(' ,·"",,,,,'1 ;",, ami "nc ~id" ror maxi",,"u 
",,11"1:" "qu,,1 I', lill(' ,·"h"II:('. 

Panel Th ickness i~ lit" m".~illnlltl Ihk1;"('M or "anel 
011 ",hirh lit ... \",\111.\(; ('an IX) "l()UIlIcti. wilh Ihe ~h:,rt 
~ullplil'(l . 

Mounting; TYIK' :..'(ll)-H i~ ~IIPI,Ii,...t ",ilhOlI( ",,!!t'. ror 
1"'""1 "'''IIIJI;III1:. TYl'e '··W IlI"dds :tTl' :rlw,,~·~ sUI>I,Ii .... 1 
wilh <"ase. TYli\'~ \ ' -:. "tid \'·10 "an he <>rtlered eilhf'r 
wilh or " 'i lh,,,,, .. ,,>'<' ( Ihe ":\1" ",(}(Iel~ han' <"")1('1). 
,\ It.·,,ui,,,,1 h<J.~ ''''''·er. ronl. am! ph,)! "r.:' IIr,,,,id"'<I "" 
11,1.' ":\ 1'1''' ", ... I('/.. ( ..: ... ' pho\<>l:r""h ,," l'''l::e :!1), On 
~1"""'i"l <>"I('r. Ilw~- <""n OIl"" I,.... ~UI'I,lied wilhnlll c:o&" 
10m ",ilh I(,Tlni",,1 h<J~ :\nd lin .. l~'nl. 

Dim ensio ns; O"('r_:<l1 h('il(hl for lal,l ... tn()tlntiul: flnt! 
"('I,lh lX)hi,u! 1'01"(') fnr )l"ud "IOIlUlitt)! :111' 1I:;"e" ill Ihe 
1,,1,1(' "" ,,(,XI 1"'1:1'. ('"'''lllet''' di",e"sio",,1 ~1;('I"hl" c:,, ' 
I)(' f\lrni~h('tl \Itt r,'q\1e~t. 

Net Weight; ;-)ce vl!>le Oil "('XI p,,)!e. 
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VARIACS 

DETAILED SPECIFICATIONS 

200.8 .170 I Iii I., 3 4 

Cod, 
Word 

2 }i BAI.S.\ 

Price 

$12.50 

- -1----- '-1- - 1------1--11--
v_, .862 115 13.5 

115 
, 7.5 o 20-40 , COlln" 18.50 

- -1------1- - 1------ --- 1- - -1--
V_SM .862 115 

135 
11 5 5 7.5 , 20- 40 , ~ " 41~6 ~ 7 20.50 

--·1----- - - -----1---1-- - -------1- -11--
V_S MT .862 115 

135 
115 

, 7.5 20-40 , 4 25.00 

- -f-I--::-:- -----1---1-- - ----1- -11--
230 

.575 or 
lUi 

V.SH 270 
230 

2 

" 
o 20-40 , 

'" C I;LPA 21.00 

- -1-----1-11- -1-- -----1-'---1- -
230 

V- SHM .575 or 

'" 
270 
230 

2 

" 
o 20- 40 , 

" 6li CUMIX 23.00 

---1--1--="'::-0 ---·--1-- -1--------- ---1----1---
270 2 

.575 or 230 , . 
115 

V.SHMT Z!HO , 4 cu rl!) 21.50 2.5 

--1----------1--1---1----- - 1---,'- -
V- IO l.iZ5 115 10 It) 17 30-00 u 3

1
UG 0" '" 11M 33.00 

t;f5 
115 

---1----------1--1---1---- -- - - - - - - 1- - -1--
135 
11 5 

V-1 0M 1.725 115 10 15 3S.50 

--·1----------1--1--- 1---- - - --- - - -1- - -1- -
V_ I OMT 1.725 115 

1 ;~5 
40.00 115 10 15 \7 30- 00 5 J.i '" 'IUt (;1J!i 11}{6 12}i 

- --1----------'--1---1---- - - - - --1--11--230 1-
V_\ OH 1.15 " 

270 
2:10 

4 

" 
5 30-60 34.00 

115 
--1-----'-1--1- -----1- --1--

230 
V-l 0HM 1.15 " "' 

270 
230 

, 30-60 UG 11 1l0 /lI!Y 36.50 

---I----------!--I---I~------------I---I---
230 

V.tOHMY 1. 1.5 270 
230 5 30-60 JlO UIS\' 41 .00 " 115 

---1----------1--1---1-- ---- - - - - --1- --1- -
I:{S ~" V-20M 3.45 "' .5.5.00 115 20 30 27 - 5% J. 4 }i 7 31 l1J(6 22~ n ;WI:L 

- --1- - ---------- 1---1- - -1- -11--
230 

2.30 2iO 
230 

s 
-" 

10 27 55.00 " 115 
- - 1--------1---1-----1-11--1--

135 
115 

SO-A ' .00 "' no 250- 500 lOX '" TOKt: :-; 140.00 

---1---
2
'-0 -----1--- 1-- --------1- -1---1--

270 "0 50_8 

20 

7.00 " -'0 ' 31 11 5 230 
it) 250- 500 10 Ji 1M " 

'With 11 ;;"'·ol ~ inllut .. ppl ied across half Ih~ ,,·jndiu,. 
Lood rntin, i. lh~ .. rWuce<llo one-half Ih ,· .. Iue ,ho,,·n. 

I'A TE:-;'T ~OTJCf;. S«: ~OIC II, J)~gc vi. 
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V-5MT or 
Y-sHMT 

VARIACS 

SO-A 
0. 

sO-8 

V-l0 or V-l0MT or 
V.l0H V.10HMT 
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VARIACS 

MULTIPLE OPERATION OF VARIACS 

Two :llld IhrC()-~:lng Y.,\ IliAC :l~'''elllhli('~ arc ",-"ilahle 
for contl"/,Il;".: ~eH",ll citcuiu f,-"m " ,ill J.: lc <Ii,,] .• ". rOI 
CUlltmllillJ.: :1-1,1",·" ci,-euits in the ' '''nc Ilmnl1<'," [hat nne 
YAH I A(' CUIlt""I.. " .,j"l!ic-1Jha,C (·i"NI;I. 

A \\" ,\-C-"flIlIlC' -\ NI 

thrcc-JJh:br "rr;",~cm('''t of 
YA!!I.\(':-'. 

In puly],)","" <Circuil,,, I:,,-ge \·a,.icly uf i"l'll! and UIl1jl1lt 
\"olt">:,, ('(Il11hillation< j" IlO~ - iblc _ The ,,"yo ami u]wIl·deha 
cOIII,eeti"", li'HJd ,"'c '''<»t frequently u""d. al t l",H);:]' the 
th.>.cd-ddta liuds 0('''''';1)11:11 apl)I;""I;o", 

OIJ/I"" 
f\ <'<I III}m! 

Thr,-,:·/'i<uSG ~/"'I ,lI ,11,u!II""" I,ill" ("'''N, t ill .1 '"I ... rr~ Thn,,,·,'I,,,.,,, 
[.il!' l'ol!"!I' 1 

:.nu 
:!:m 
:!:1II 
:!:;u 
:!JI) 
:2:;0 
:!:;u 
:!:lU 
·HiO 
,!tiO 
41iO 
·HiO 

't!II'" 

V-S-G2 
V_S.G3 
V-SH-G2 
V.5H.G3 
V- I O-G2 
V _IO_G3 
V_IOH_G2 
V-IOH-G3 
V-20_G2 
V-20·G3 
V-20H·G2 
V_20H·G3 

SO-AG2 
SO_AG3 
50-BG2 
SO_BG3 
SO-PI 

22 

"1M!/,, \·"I/,,~. l?r,/cd .II u.ri"""" I.ill \'"I/,,'1~ 

l. I:, 
:!. {(I 
:l.I)( f 
·1 ,liO 
Ii.U\1 

1:!.1I 
l ..... () 
I:!.:; 

;':,1111 
1.11(1 
:-'.IJ(I 

:!5.U 

\.0-' :l.U ., . _ .. , " :!~(I :l. IIi .;'(J :;.(J " :!7U 
:; ,UU 5.0 7.,; ()...:!:m 
Ll:! :-..() W.O " :!i() G.ilO W,O 1':>.0 " :!:JI) I:!.!) :W.u 30.U (l - :t:ll) 

1. .... 0 :17 .• ; 4,i.O " :!:30 
~J.·IO :!() ,O ;H.O " :!71J 
:! ,O() :J,n :!.r; o· IDU 
·I ,(j(l ·1 ,(1 'i.(I " llil) 
:"'.IH) '" W.O , 41i1) 

Z,) .lJ :2U.O 31.0 0- 0)0 

VARIAC ASSEMBLIES 

.\".{ 11".;",,/ 
Dr'N;/,liun '" 1'"",,01, ('"d, I\" ~Td 

:!-( ;""" \ ' •. ~ I/) '" (;u",' ,,' '''''': 
:;.( :"to" \ .. ;; :!:j' " '·UHU."'.' ;';TY 
:!.( ;""1: \ . • ,j If " CI·t.""'.' ''''' 
:;'(:''''1: \"·51! .. 

.,.,./ ''''1./'.",,;.;'..,. .. , 
:!.(;,,,,~ \'. ](J :!7 JI,\zt:Lu ,,,nt· 
:;-(:",,1: \ ' -10 :l;.;~ "'''':I.,,' " ' f\" 

:!-(:""l': \'. lOll "-,, -". , H!,";';\"".\'~"lJ 

:\_( :'IIl)! \'- I 1111 :If;' \ "L~ ",'" '''TY 
:!'(:""I: \ ' -:!II .. ,;:3 J >Ow.,'.,." "hI: 

:l.(;allJ.: \ '- :!U ;.P, J ~:\\'~:l.I: \ "1'\' 
:.!.( :"!I;! I'_:!I)I! .;I)l~ J J " " , ' "., :< ,,, . 
:;_(:a,,;: \'-:!I)II .... 7:.! JI~, ),\"(,",.a\" 

:!.( ;""1.'; .')1). .. 1 1,,0 TOK ... '" I ""U 
:;.( :"UI: .:'0·.1 ... :.!n;; Tu~"."" ' STY 
:!.( ;"";! :,I).H 175 T,,""l.(; "'"l' 
:1·( :"",:: :'().JI :!,~() T'>!'.'~".'.~n· 

("hokE' . 1M 1'.\""U.(·"0K 

PARALLEl OPERATION 
'flo" Tn',: ,;1)·1'1 ('Io"k .. ;s ",·"il:.l>l" for 1',,"111.'1 

"P"""l;"" "r tw" Tl·,." .~o \" .1111.\<':-:. (,,,,,,,,,,'1;.,,," 
ro, II,; ... ,·!t"k(' ",." ,h",,"I] ill lh" .k('I, 'h. Th" "hoke, 
._HI·"" 1" l,(!",,1iw thl' ,·urreut .• fmlll 11,,· I",,, 
\".\](1.\(':-: and "I." 1" li"'il11,,, H.",' "f ";",·,,I"';I1;! 
' ·"'T'·"'~. Th .. U"C' nf a t'hnk(' "ilh ,((,:oil,.,. ~j~", of 
\ ·.\ HI ,\( ·:-: ;s 11,,1 re,n",,,,,,,,,1,,,!. I><"""l"" helt",. 
."""It,, "all )", ubt:Ji''''d hy ,,,ill;! a .<jude la l"g.:r lIl1il. 

GENERAL R A 0 I 0 COMPANY 

.\ thrcc-I>ha~l' arrallJ.:<,,,,,,"t 
of \ ·. \ lt l.\ ('.~ ill tI", "pe"­

,!c·lIa dr,·u;l. 

'1"/111<' "i 
1 "~So ",1,111 ("irr"i( 

\ ··.il [·l::! (lpN,.Ddl:l 
\··lOll -(;:! (lpl',,-[)dl:< 
\ ... ~.( ,:j 

\I" ."" \ .• :!I) [ [-l;:2 01"'''' Dd I~ 'L 
\ ·· l iI.(;:; \\" .'C' 
\ ·.:!0.(;:3 II'~'" 
5() •. I(;:J \\'ye 
,iiI· II( ;:! 01.'1:1)·1)("11:>-
\ . · ,',1 [-(;:> I\' ,'C' 
\ ··lUll·C;\ \\" ~'C 
\ ·.:!ll ll(; " I\·.,,!} 
',().B(;J Wye 

I'fin 

$49.00 
68.S0 
54.00 
76.00 
79.00 

113.00 
81.00 

116 .00 
126.00 
182.00 
126.00 
182.00 
310.00 
460.00 
3 10.00 
460.00 

10.00 
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DECADE RESISTORS 
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RESISTANCE 
STANDARDS 

• 
ATTENUATORS 

• 
VOLTAGE DIVIDERS 

• 
RHEOSTATS 



 

RESISTORS 

Hcsititor!) designed for usc at electrical 
communication frequcneic:> di1rer from those 
intended for ll:'C onl" on direct Current in 
th:lt.lo\\" I'C:letaIlC(, ami eOll!'$l:u1c .... of rC,,:j,.;tancc 
:u; the rrcq\l('lIcy iii y:tried an~ of considcmbly 
morc impol't:lIH'C t han ext rcmc accuracy of 
:Hlju:-;Imcnl. [m'\'il:111I,", 1'(',.;i13IOl1; have (·upae· 
it;\Il("{' and intiuctalll"c a,;,.;ociatt'd with them, 
iU1d till''':c l'(',.;idual impc<i:It\(·(,S I/('(:on)(> in­
creasingl." important a,.; the fr()qll('rJ('~' is 
raised. acting to (·h:lllgC the terminal resist.­
alice fl'Otn it,.; low-frequency v:lhw. 

For frcqllcllei('s where the rc~ist:111CC and 
its a:o::<ociated l'csidu:t1 imppd:l1l tPs bch:n'c :15 
lumpNI P:U";llllctcrs the cqui'";I!cnt circuit of 
a rc,;btol' call he represented as :-:110\\"11 in 
Fip:llre 1. T h(' inductancc L i8 thc cqu i\':dent 
indud:tIIc'c !)('t\\'cell the ICI"l1lin:\1,.:, and is 
ciT('(; tin'l.\' ill ~('t"ic,.: with thc r(':-;i.<;t:lIlc(', II"hill' 
the cq ui\,;tknt capacitancc C apl)('ur,.: :)CI"O":S 
thc terminals of the rec.:istor. Th(' exprcs;:ions 
fat" Ih(' cfTect!n' terminal resi.~tancc R~ and 
1"(:l1cl:\n (:I' X. of this eircuil :1l"e: 

/I 
II, ~ "( Ic--w-'" I".C");-' +'--'( w--'C"'I""I) , 

. wl /. (1 - w'I.Cl - CII' I 
X , ~ ( I w'I.C )' + (wCII )' -

( I ) 

At low frc'qucIlI'ies wherc thc tcrms in w~ 
:1rc I\(,gligihle com parcd to unity, 

Figur(' :t. (:('1I('r:.1 "'mu,.li?l'I\ eur\"(':\ of /'('~i~t:Hlce "s :\ 
fuue tion of fn.'<I"euey for:_ fi.~('d /'('~;$ tor. 

FillllTi:: l. Equ;,·"I('uI t"in."uit of " r('siSlOr gh!),,"inJ.: the 
t('sidu:o] illlp('d:lnc('S :\$SO<:i:.tl·d wilh th(' r('si.~l"nce. 

H~ = R 
I,,~L-R'C 

C, ~ C - :/' 
(2) 

,\ t higher fn'qucnci('s the lI"ay in which /{, 
:tIId X, \':1I'Y with freqlLcncy is best. shown by 
expre.~sinll: all the qll:1lltiti('s as ratios. 

(3) 

whcrcjo is the rcson:lllt frcquc1!("y detNmincd 
by I. ami. C and the di::;sip:ct.ion f:lctOl' at. 
reSOllancc IS 

I Do = - = 
!i. (-I ) 

These llonHa1i1.cd rc"isti\'c and t"eacti\'c 
componcilts arc ploUcd in tcrms of thc ratio 

i ;lIld the p;\r:uncter /)0 in Figures 2 and :3, 

For \':due~ of f)o ~ !t'..;~ than 2. t.ll() rc:<i,.:tal1<"e 
incrca,..;cc.: with frcqucnt·.\, 10 a maximum :Llld 
then dCI'I"(';bC." to zero. For \ ·;tluc~ of /)Q ~ of 
2 Or gr('at cl", Ihe rc.~i,.:tall(· (' IIC\'('r ri:-;c:< above 
IInit.\', The ,,:,une :<Ort of hehavior 0("("1(1':< for 
rC:""lelllllcc. except thai the \':tiu(' of Do: i:-; 1 
fot" tlw monotonic cOlldition. 

Diclccnic !o:-;:-;cs in the !lImped porI ion of 
th(' :;hull t. ca pacita ncc C of Figure ! are 
equi\'alcnt to:l. rcsi:;t:wcc 

. I 
No = J)wC (5) 

which dcere:l scs will! incrc:lsillll: frC<lucllCY 
and C:lU:<CS C\"(' 11 the pamllci rc."i,.:t:l.l\("c to 
dccre:l.';(, rapidly bl'yond a ('cl"laiu fl·cqut'!l(·.\", 
Tha.t portion of thc ,.:hunt t':lp:witance C 
\\·hiC'h i.-; di:-;lriblltcd C:lU":C": a "imilar rapid 
decr('ase in t"c,.:ist:ult"c, cven if it,.: dicl('{"lric 
10 . ..;:; i.-; negligible. Thc:ie etrec\." iogether arc 
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Fil/:url" ;~. Gl-'1('nol unrrnaliz<>d <"un't'S o f fe:LI'I:mcc a' :t. 
fUIiCtLUIl of frI!(IUCIIC~' for a fixed ruis\or. 

('alleu the Docila effect. Its out,-;tandil~g 
chamctcl'i"tic is that, when the raliO 
of a~c to d~c resistance (norm:lliz('ci parallel 
I'c.-;j,.:tallcc) i,., plotted against t.he prod· 
lI('t IU of frequency and d-c n!"is tlLllcC, all 
poinb for anyone type of rc"b;tol' fall ap­
proximately on the :<amc ('lII've, rcgardlc:<s 
of the re:;istantc value. The dcc rc:lsc in 
rcsist:mcc will a mollnt to 1% fOl' wire-wound 
resistors ;'"Ind the poorer mclalliz()d J'c1jistoJ's 
whell thcpmdllctjHisO.OI (\ Ie, :\Trn and for 
the Lest metallized resistor when III is 10 
(\It, :'\[H) . 

For any gi\'cn resistance value t here will 
be a combination of residual pal'amcter~ that 
\\·ill !!i\·c \)cst. performance o'·er the wide:;t 
freque ncy range. Proper pror)Ortioning of t.he 
re~idual parnmct crs detennim.'d by the me· 
eha nieal cOll."tl"uction will lead to the he;;:t 
compromi,.:e dl':-lign for a line of fixt'd rC1;i .. ,tor"S. 
An example of t.hili kind of de.-.: ign i..., the TYI'l~ 
ijti:} Hcsj,.:tor, in which a fine , "tmight wire is 
u,,('(I:1.';; the rc.-.:j ..."iv(' element. in order to reduce 
skin eifet·t. The inductance i" held at. a low 
\'al~re by clamping the wire to fln.t metal fins, 
whl("h aL~o aid in power dissipation. Thill 
})l'OdUCCii :t com parative l." large ...,hunt capac· 
itance, ilnd the element is so proportioned 

that \~ is of the same ordcr of magnitude as 

the rc.;;ist ance, a condition whi('h minimizes the 

RESISTORS 

ch:mges of both inductance and capacitance 
with frequency. Hesistot"s of this type exhib it 
only 1 % ch:lIIge in resistance fit frcqucncies 
as high filS 30 megnt·yclc:s. 

Wire-wound re::;bi\'()t":; of the c:nd type ex­
hibit. a negligihlc frequency error itt 1"C..: ist:lIlce 
Ill' to about 500 kc, for value:; tlf re..:ista ncc 
IIp to 500 ohms, and only moderate errOr:s at 
one megacyclc. 

\\ hell :ls~t'mbl{'d iuto decnd(':-I, these resist­
ors have added to Lheir o\\"n rt'.-.: idual im· 
pcdanccs tho:sc of the s\\"i1tilcs, wiring, and 
C:lbineL The equivalen t cin·uit i:; t lwn that 
of Figure -i , which represent:S:1 s ingle decade 
of Lhe 5[0 type. Fo r- assemblies of such 
deC::ldcs in til(' Trl'}; (i02 Decade Hc..:ist:H1ce 
Boxes thc sa me cirClli L is sii!! val id. 'fhe 
iller-elIlen tlll inducLall("Ps of the l:>c\'er:ti decades 
in the circuit :He additiYe, but. th e capaci· 
tanct' is approx imately t.hat of highest dec­
adc in use. Typical \·:ducs of thc residU:1I 
impedance:; for the various t.ypcs of Generlll 
Hadio l"esi:slOl'S :HC given in the specifications 
for· cach type. 

[ t should he noted that the elTect of the 
residual reactance dcpcnds greatly upon the 
\\·ay the resistor is connected into a ('ircuiL 
RellctanCl'S ean often be tuned out, P!ll'tiCIl· 
lady in p:lI·allc[ circuit s. This is a p:lI"ticularly 
important con:sidcratiOIl with the higher 
valued l·csistors of 10,000 ohms and a bovc. 
When the resistor is used :IS a pllmllcl circuit 
clcment, the upper limit of frequency for a 
given el"l"or is some 10 t imes higher t han for 
the scrips eormcclion. 

All Gcncral Hadio pnx:ision resistors in 
s izes abo\·c 100 ohms arc wou nd with wire 
of :\ newly <lm·cloped alloy which l1:ts muny 
des irable char-aeteri:;t.ic:;. Chief :\mong these 
are lL smallCl' tempemtme eoeffieiellt of 
re:;istancc than is fOllud in older resi:;tance 
alloy..:, and a negligiblc thermal emf. ;\ioj:sture 
has no apprcchlble cITed on it s resis tance, 
and there is litt!p, if ally, drift. in re..:i :slance 
as a result of st rains put in the wire \\"hell it is 
wound on a eard. It:; greatcr tell:;ilc s trength 
is an advantage in winding, making it. po.~sible 
to produce bettcr and more uniform t'e:si:stors 
than enll be m:\de with other 1I1l0Y1;. 

Figure 4. Equi.-:,t('nt 
~ir~\lit of " r('s i8(_ 
alH'~ de~"d". ~huw­
Lng lu~,,!iu" :Illd ",,­
lure of re' id""l iltI-

pedan ~"('s. 
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DECADE RES I STORS 

TYPE 602 DECADE - RESISTANCE BOX 
USES: Accur;Hc rC",i:4:111te boxes arc extremelY 
\'alllable WllcrC\'cr del'l rieal I\\ca~\lrcmcni:", 
arc ma.de. Stith bOXCK !lrc ('ul1:-;t:Olll\' lI:.;ed in 
cirCllits where :l \ride rall!-\:C of ;·csi,.;tancc 
v:l[ues is required OJ' when: \'ariahle dummy 
generat.or alld load 1'(':-:i:,I:1I1(>('$ :Ire llCCtil'{l. 

The :l('(:Ur:t("V of ' r Yl'l-: 002 I )CC:Hlc- l ~c:-<isl:1IlCC 
] ~ox(':; (,:l!'i i ly'meets the lWIUircnH'nt!> of lilC:<c 
Ui'CS ali(I also pennits \ hem to be used as 
bhoratol'}" siaIHbrds :lIId as ratio :trms for 
dired- and altcrn:Hing-culTcni hl'idgcs. 

,\lthollgh designed primarily for d ircet­
('UtTenL and :ludio-fn·qUl·nc,r work, lhey :Ire 
ll:,dul \\'('11 into the r:idio-frcqucncy range for 
manyapplie:ltiolls. 

DESCRIPTION: The 'I'YI'I'; (jQ2 DC(,:lcit--H('!"ist­
:lllCC Box is all a~~embk of t W{) or morc TYPE 

5\0 DC(,:Hlc-H e~istalicc rllilS in :~ ~illg- Ie 
cabillt't_ :\1('(-l1alli(":11 :\11£1 clectrical Pl"OtcctiOll 
of thr units is pl'oddcd by the ~hieldcd walnut. 
('nhineL and aluminum panel, which com­
ph'lely ellelo:,c both the n!sbtancc units and 
~\\"it(-h conta('ts_ The rc~i,;t:u\("(~ cit'mcnls ha\-e 
no clt'ctrical eonllc("tiOIl to the ~hickl, \\"ltich 
is hrought. out. t.o :\ ~(:p:ll"atc tcrmill:;tl COIl­
lledcd to thc pancl. 

'1'\\"0-_ thrce-, rour-, and fiw-di:\1 dr(':;tde 
assemblies me aV:libblc_ I-;:\ch decade has 
elevcn cont:lci studs :In<1 It'll rc;o;istnllCC Ullit S, 
so t.h:lt. the dial \-:11\11'$ {)\'('r\:IP_ A po~it.h-e 

deh-IlL mec-h:l1lislll :t:,sists in :;I·t.t.ing squ:1 l'cl_\­
Oil t.he contaeb and ."0 permit:; :ldju:;lmcllts to 
be made withollt. looking at the <li:ll,.:_ 

FEATURES: ,. Zcro ll!si,.:talH"C of Tn'E G02 
Dcc:lde-HC'_"i!"tarl('t' Box('s h:l!" ht'rll kt'pl I c~" 
thnn o_oo;~ ohm per dC'(-:Hlc hy t-:lI"l'ful 1lH"­
ch:ltl ic:d dc~ igll_ 

,. Illdividwil l"rsi:.:t:lnt-t' IInit :; :Ht' :ldju"lcd :IC­
t:uratcly to h:n-e Iheir spt'eifieti values at Ihpir 
0\\"11 Il'\"mill:lI~, rallwl" th:11l :IL the \.cl'lninals 
of the b():\, Thl:-; atijU:-ltlllt'1l1 i:-l neet'S!;:!l'_'- for 
tho:-lc I .... PC:-; of tne:umrcrncnL in whit-h thp 
difr('l"cnt-e I)('t \\"('CII t\\-O :;rlti nv;s of :l I"e~i~j,a nce 
box is the "ignif-i('ani valuc _ 

,. L()\\"-trrnJlt'rat\lr('~('oeffici(,llt wire i:; 11:-;('<1 t.o 
wi nd all rr,"i~t 01""_ Th(' I'lla I":H-It'l'i"t k:-; of I his 
,dre al ... o ('lirninatc :111 diflkllilics caw;cd hy 
therm:ll emf ill c!irect.-('urn'nt. rne:\,,(ll"cment,:;_ 

,. Hc"idll:ll inducl:uwcs and cap:u-ilanccs arc 
low :lnd no ,,('rioIlS frcquency el'1"01" {,:\ j"b; in 
am- box bdo\\" 50 kc_ Furt.herm{)l'c_ the lower 
dc~;:\dc:5 mc abo useful at higher fn'qIH'Ilt"ic,,_ 
and detailed tabulations of Lhe IU:I)!:niludes 
of the l"e"idual impcthnces arc gh'cll ill t.he 
specifica,t.ions_ 
,. i-:nA:r:twd on ('aeh panr\ just. Ilbo\-c c:wh 
dCt"adc sw itch knob i:; the maximum a\loll":lhle 
Cm-I"('lll for c:lch det:ade, b:lscd on II '100 Cellti­
grade lempel"aturc risc_ 
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DECADE RESISTORS 

SPECIFIC AT IONS 

Frequency Characteristics; A Tn.: (;(to? l)(,c:Ilk-lt(-­
~i.I'''''"t' I ~,~ 1'~LlI he rcpr .... ;jCu'...-1 ,-I'-"!ely hy Ihe e.,ui,·"Il'llt 
('i r(-ui! below, whit'l, "-'I'n:I!NlIs un ... d .... ·,,,I,, uf:l IIox. with 
Ihe l'<'m:liniul! <1('0"",1.""' ... ' ") ",'ro. If. ",,'l/.~:o .... th .... ~l'n' 
n·~il>t:",,·(> ""d j",lo ... !:",,,,, "r the bux .• In., \0 the wirinl! 
'''ul ."it..!, .. ", T1K'~ ""h,,-~:ore "rvl~,r\i"",,1 tu Ihe 1111111-
l>I'r "r .k·,·"df':! ill ,10(' I.,.:. !J. i~ II~ ;",1. ... 1:",,-(, :l.u< .... iuted 
w[d, ,-" .. h [,,,.n·,,,,,,,! uf r,-si.t,Hl.",-', j,N, The efTe.-,i,·c 
""1""';1,,, ... (, (' iI('I"·,,,ls, in )1;('11\,,:11. "IIOJII Ih ... di .. l !lNl i,,!!. 
thf> \':or;",;,m I .. ·jlll! :ll'llruxim,u('I.," li, ... "r with ""\l inl: 
(t il!' hi)!l,,·, ":th,,, is for th" l,,'n·~t ~lti"I! ). Thl' ,-"rut". 
of the '·'.",~t'UlIS:ln: 'abulat.,,! !'dow; 

L. = 0.10 pl, pcr di,,] 
11./11· .. ) 
If, I :'1[ ,,) 

- 0.002 to O.OO;{ ohm I>('r di,,1 
('-().I 0/"" per (1i,,1; prol"'''linn:01 IQ \10(· 
",",Wlro rO<)t uf frelll,(· tley al :011 fn:quen­
, ·i,·~ ")",, .... 100 kc. 

'1'/1/" "./- ,. ,0- UO- ",'" IO.(J()(). 

" 011", (JIll" Oh", a/uti 01",. Uhm 
/)N."I~ ,.';I rp ,~I~" .-:lrJl St.·/, !!!.L .-:/1""1' 

"il 
inulllll~ I 0,1 1.0 10 100 100<) 111.000 

"'. (~h ) O.OI-l 0.0;; O.1l O.:!~) :{.:j !}.U 

ct 
UlIoIf) "-.J 26- 23 2 1- 13 

f1'I~ ""Iut 01 'he t"I,:u;il""ct .hun.i,.. "Ai,,~le dcud~ in ;a bos. 
,I<-P<',,<I. u""n 'h" IGC,uion 01 'ht d~c"de in 'he OOs. ...... ,,,11 U on 
!be ""';.,,,,,..., <>r , .... d"".,le. TIlt" ,·,.I""5/1h·.,,, h~ ,,, a,e fo, n Tr,·.: 
;re.£; and m:>y be ,a~t":IS ",pr." .. "" ••• ,.". 

If ""·",,,1 <I .... "'\"8 .. f a 001 '"'' in ci,cui. '" ,he n'n" tin,,,. ,lit 
"''''''''''lIInl indlLc,;ancte of .h" "''''",,,1 Ue.,adfll "'"Y he :uJdtd 
-li .... ,I),. lind tht e!ll'"'';''''''''' '""'" be "'~en '0 be: "ppros.i,"ft1dy 
'hM <>f .he h j",he~I .... ade in u"". 

Zero Resistance: The di ....... t .... "rront tern l"<'~i$I,,"('e 01 
th" \'" r i"u~ I)O~.'~ d('I>'-'nu~ .", 110" ""',,[>(', "I ,Iial~. :,s 
rolJ..,,,"~: 

" ·1 
5 

0 .00 I 0.001> 0/11" 
Q.OO(i----O.{K)'.} ul",' 
1).()OI'>- O.QI2 (,10111 
0 .010- 0,01;; "hm 

Te mperilture Coeffic ient: lA'~R Ihan ±O.OO;:', II(", 
deJ(rM- ('~'lIil(ra<le al rum" 1(·!ll\W"'I\lre·~. e"~("11i for Ihe 
lI.lll <i,'c,,(II'. wh,'re' the II"" w iring will afTect the .."".-,,11 
''''''I)('""n'e codli,·;".,t. 

Type of Winding: s"e ~1>('eil;c"l io,,~ lor ,\,y, •• : ;",111 D,·,·· 
·"I ..... l!e~i~t:lllC .. t:nit~. ""XI p:l,l(e. 

1'/1(1( Ilc"i~I",,« 

Accu racy of Adju st ment: ,\ 11 c:lrds:lre aujuslro witl,i ll 
0.1'/. ul 11,1' !1:Hed ,."hw 1>('1"'1'("" card tcrminal~. ('.~t'('PL 
Ihc I_olnll card~ ",hid, lire :«ljlls,(O{1 wi,hin 0.:!5('~ :lnd Ihe 
O.I_ohm unil~ "hkh arc "djusted wid,in I IIC- . 

Maximum Current: ~ sllt'eifi":lliQIls for ,\,,,,,,: :,10 
1)e,-,,, le-n('~i~I'''''-''' I·nil~. ,,,:XI \"',/-:(". \'"Iu('s fur .. 00 
('('lIlh:"'I<1e rijo.(' :0.1"<' ""gr:tw,,1 on 1I""l'l~ dil"('clly "IJO"(! 
~\\'ild, k",.,IIi!. 

Switches: Qu"drupl,,-Ie:lf. I,h .... pho,-hroll~e hn,!llCs I",,,r 
on ('uUI,,,,1 studs I. ill('h i" il i",ncler. TIll''''' bru~loc~ "r() 

1>('II( iIO a! nOI '0 Ill' 1:<1l/-:("1II lu Ihc arc uf Ir:l'·c!. Ihlls 
,,,,.,idi,,/-: runillJ(, .-\ ('''''' - I~'I)C dete"l i~ pT()"i<led, Thef(' 
;orc I'\rv("n ~'() "I"CI I ),-,illt~ (0 10 10 ;Il..tu~in~ ) . 

Terminals: .la,·k-luI> bindinj( p"" I ~ ~d Oil C"Hcr,,1 
H,«li" ~1,,',\I:"'d ~,-il " 'h ~p"dnj( fur 1"(:~i81"nl'(' eu,,"cr­
Iju" ~' Thl'r<' i ~ '"' "~".,, pus. at the ,'ornH uf 110,· jl,me! 
for (~' ""c"li()M tu 11", ,:hiell1. 

Mounting: ,\ r.oplI"r-!incd \\":llnut taloinel. wi,h alumi_ 
HUll, 1>:111('1. '·mnl,ll·t,'b· "ndu:w~ ~wildl('s :md .... ·~i~I""l'(! 
ur,iu. 

Oimens ion s : Pallel 11"'-I:lh d('lx'IIds on Ihe munl);'r of 
dials (~ price JiSI). il(Oiu/-: 7 ~., lur 2-di"1. 10h lor :i-di:.I. 
13 (or 4-di"I, "lid 15 ~~ ," .. 101'$ for 5--\1,,,1 I.JOxe~. I'""d 
\\"idlh. :; iHChc~. 0\,(,.-,,11 heig!.!. :; 'tlehe~. 

Net Weight: ;p~ for :!-dial. oI'.{ for ;{-d'al. ,j for I-dial, 
aud G~. I>VII"u$ for ;;-di:.l I •• xes. 

''-.. ,0/ 1'lIpt MO 
/)i,,/. l>tood .. ~ CMd Cooe Word P rice 

602-0 11 ohms, 10101, in slep s of 0 . 1 ohml 2 A, • lH;cor $32.00 
602- F 111 ohms, 10101, in s leps of 0 .1 ohm 3 A, 8, e IH:LT.\ 46.00 
602-G 1,110 ohms, 10101, in s leps of 1 ohm 3 8, C, 0 DIGIT 50.00 
602- K 1,1110hm s, total, in s leps of 0 . 1 ohm 4 A, 8, C, 0 DE FElt 63,00 
602- J 11 , 110 ohms, total, in s leps of 1 ohm 4 8 , C, D, E DE BI T 68.00 
602- N 11 ,111 ohms, 10101, in s teps of 0 .1 ohm 5 A, B, C, D, E T)E~ I O" 83.00 
602-L 111 ,100 ohms, lotol, in s teps of 10 ohms 4 C, 0 , E, F DEC.\ Y 73 .00 
60 2-M 111 ,110 ohms, lotgl, in s teps of 1 ohm 5 B, C, O, E, F I)E~lI T 90.00 
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DECADE RESISTORS 

TYPE 510 DECADE-RESISTANCE UNIT 

USES: Because of their precision, compact­
ness, and sturdy construction the TYPE 510 
Dccadc-RcsistnlH:c U IIi Is ~\I'C ideal for asscm b1 y 
into production tcst inst ruments, bridges, and 
other experimental and pcrm:\IlcnL equip­
ment. They arc pa rt icu l:lriy useful in appHcn­
lions where only a single d('(:.:uic is desired, or 
where a T'YI'E 602 Dccndc Box cannot be 
mounted conveniently. In many cases the usc 
of t hese units will make available for genoml 
\flboratory work relatively more ex pensive 

decade-resistance bOXC8, otlWl'wjsc tied Itp 
fol' IOllg p<'l"iods of 1 tOle in expel'imental 
cquipnH'llt. 

DESCRIPTION: The I. , 10-, and IOO-ohm 
s teps :1ro .\yrton-Pcny wOllnd 011 molded 
phenolic forms especially Sh:l l)cd :Hld heat 
treated to millimi7-c ageing ('O'ects. The 0.1-
ohm steps arc bifilar wound with ribbon , 
while the I()(X)- fmd 10,OOO-oh lll sleps a1"e 
unifilar wound on mica cards. The 100,000-
ohm stpps arc wound in pies on ('eramic spools. 

1-::1(·h (!Peade is endosed in all :llmnimnH 
~hiel<l, lIlLd a knob and et(·hed-met.al dial 
plak nrc supplied. T he mcch:ltlic;\1 assembly 
is also :i":lilablc compl('\c with shield, blnnk 
dial plate, sw itch st.ops, ;)nd knob. but. with­
out resistors, as thc THE 510-P3 Switch. 

FEATURES: ~ E:lch resistor is aged at:1 tom­
PCr:lturc of 1350 C'cntigmdc before being 
:lsscmbled into completed units. This ageing 
reduces to a negligible amount l\ny subse­
quent. drifting of resistanec ,,:tlues. 

~ Frequency crrors are negligible belo\\' 50 
k ilocycles, and complete information OIl each 
unit. is tabulated in thc spccific;1liolls. 

~ Low-Iem pel·:ttme-cocfficient wirc is lI~ed in 
all l"('sistor'S. Difficulties duc to thermal emf 
in direct-current measuremenfs are climinated 
in all of the units except. the TYI'~~ 510-G 
l00,ooo-ollm Decttdes. These arc wound with 
Ad\'nnee wire, and care should he taken in 
low-voltage direct-current wOrk to sec that. 
tcmpCr:llurc difTerences :lore kept. at. a 
min imum. 

SPECIFICATIONS 

Acc u racy of Ad j ustmen t: n~lIilllon "re :tdju.'Iled to he 
"c('umtc at (':r.rd u'rll1i,,:,I. wilhin lh~ toIN"""'~~ /::;"en in 
T ahle I ou n('XL 1).1g{!. 

Maximum C urrent: Se<:l T:r.hlc 1 on nexlilage. 
T ype of W ind ing: See Tahle I on !>exi 1):I,::e. 

Frequency Character istics: A Tnv. 510 Decade­
Ik~i.~'"u<.:e Unit <"an he repn':\tn'ed rl"~ely hy 'he equh'­
:Llent dreuit showll On p:llI:e 2i. The \':lluc$ of 'he co!>­
~I"nls, a~ dcl('rl1\in~d hy hill:h·frc(I\l~ncy hridge me,,~ure­
mcnt~. are list('d in T:r.hlc I lL 

I II Tal)lc II is li~.('·d the maximum p~rrCIlI"ge ch:r.ngc in 
dTccti\·c series r('sis, ,,,,re of r:.ch der"de :./1 a IUIlClioll 

01 frequency. For Ihe TYl't;" 510-.\ and 510-B the crror 
i. due :.hnost rlltirdy to skin (!iT('et "ud is ;nd('pcn<ient 
of s" 'itch lIeuinJl:. For the Ty,,~ 510-(: the error ch"nge" 
~lo ... ·ly ... ·it ll di"lsel.inll: and is fI m:."i.mun l!.t maximum 
resi,tant'C seninJl:. For tile 'l'n'l! 510-1) (lOO-oh' l\ stl'P 
deeade ) a hroad ma"imum O('<"U" M the GOO-ohm ;jett ing, 
wllile fo r ;.11 the hiJ(.hcr resistunre \llI;t&. the »OIIition of 
IIltl:<illlum frequenc~' error ift :It thl' maximulll reftiSlanC(! 
selt ing. For .he;je bttl't dee:.de.fl (TVI'l!.!I 510-E and -1>' ) 

the error i~ due :.lmOl!I entir<!ly to shunt eal>;.ei tall("{' and 
i~ :'I)llro~il>l"'l'ly Ilroportion~\1 10 1110 ~(Iu" re of the 
re8i~tance lICI .iu..:. 

The hil(.h·re:l.ist;. nre d{!c"des (Tn',:" 5 10-F and 510-G) 
ure "ery CUlmnonly used :'IS 11:1r:ollt-1 resilil;.nre elen;('nts 
in me:Ujurelllent rircuits. amI 110 the ~rror due tu the 
shullt c"l>arit:on~e of the dcc"d('~ can freQucntly he 
elim;Illlt('ll. The rcnmi"illJl: prmdlrl ~~ilit:"'re chanll:l'~ hy 
only a fmetion of Ihe :"nounl indit':,,{!d in Tahlc II as 
lht) !l<'ricB·re~ig ta"co rhanl(e. Thi~ fact i~ partieul"rly 
impor.ant wi.h ref('r('nee to the Tn>: iiIO·(; whi,·h hall 
IOO.OOO·ohm ~ICp8. At m:.xilllum !!CU in).: thi~ unit hall 
a -I % elm,,!,:c in !l<'ries rl'sist:",re :., 1 kil,,{·~·,·lc. hut its 
p:lralld rCliistanoo i~ changed by only -1% at 10 kilo­
cydes. 

Sw itch es; Quadnll)le-Icaf. phosphor_hronte brushes hea r 
on oont:.ct studl h inch in diameter. Thell(! hru ~h('l! :'I re 

hen~ 110 A.a 110t to he tangent to the " rr of tn,,·el. thus 
a"oiding cutting ... \ C:l IlHYI)C dctNlt i, pro\'itl .... d. Tho;ore 
nrc c1el"(m conl:.ct poinlS (0 to 10 il1du~j,·c). The ~\\iteh 
ruist:Lu(:e is between 0.002 and 0.003 ollln. and Ihe 
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DECAD E RE S I STORS 

errc"I;"C caprtdl,mcc o f Ihe ~witch ;s of Ihe ordH of 
5 ""f. will. a di,;.~il)"lion faclor of O.Oj) al 1 kilo/·p·lc. 
,\ ,,,,,ldN! phenolic s wil,·h for'" i~ u~cd . The forn> for 
Typ~: .;HI-G is mol<led from low- Io~ phl-nt;l !ie malcrin!. 

T emperature Coefficient : The I<"n'perature eoeflidelll 
of r,.~iSl"''''c i~ lcs~ Ih"" ±O.I)()~% per del!;rC'{l Cenligrndp 
at ro"'n l("mpe r" llt'·('.~. 

T e rminals : So!derillJ: 1"J.:~ " rC pmddcd. 
Mounting: Each d,wadc i~ t:<) lllple te wilh dial pl"le all,1 
kiln\) "nd '''''' 1* ",o"nled 0 1> an~' t"lIle! lJ(-\n"(!{!U U im'h 
,,,,d s~ i"ch in thickness . .\ te"'jlhlc is furlLi~hed wilh 
(>"d, un;t. 

Dimensions: See sket"h; $h"ft dirt!1l<>tcr i ~ % inch. 
Net Weig h t: "["vPI: :;10 l: nits. II ouncc~; Tn'" 510-1':3, 
!J'~ OU IICC8. 

TABLE I 

Raislancc 
'{"!II'" llPr Slcp Accuracy Type 1)1 Win(/i'lQ 

51O_A (J . I !l ± 1.0% Bifilar 
51f1-B 1 !l ±o. ~,;% Ayrton-Pcrr~' 
,jW-e' to !! ±O. I% A:,rtoll_l'crr.,-
r,IO-]) 100 n ±O.I% Ayrw,,-l'e r,·~· 
iilO-E HlOO !! ±O. I% Unifi]"r on )' l i(;" 
510- 1' 10,000 !l ± O. I% U"ifi]"r 0 11 Mien 
,~10-G 100,000 " ±O. I % Pies 

T A31.1-: II 

M axi",u", (""rr('lll 

20' C. UiI;c 400 C. Ri~e 

" I.e" 
550 m" 800 tu" 
170 "". 2.jO Ill" 
m; Ill" 80 m:! 
Hi rna 23 rna 
5 "'" 

, Ill" 
I.:, Ill" 2.5 ma 

i\1" ximul1l l'crcent"l(C C"l",ngc in Scri c~ Be.<istanr.e:ls" Funct ion of F rtl<IUency 

F rC'I"efl<;lI;/I kc 

O.l-ohm s tC1 M 
1.0-<:>hm dcl'~ 
IO-<:>hrn ~\cps 

lOO-<:>hm ~t(!]lH 
lOOO-ohm ~tCJl~ 

10,OOO-<:>hm stcp~ 

.50 kr. 

- 2% 

100 kc 

-0.1% 
- 8% 

~oo kc 5()() kc 1000 kc !KJO() kc 

0.1 % ().h-<;"~ 

0.1% 0.5% 1.';% 
tl.l % 0.2% 
0 .1 % 0.2% 

- 1.,.% -6 .... % 

T ABLE II I 

.\laxim"", POtur 
1>t:r .';Ic/I 

40' C. Rise 

0.~5 w:tn 
0.6 watt 
IHi w"tt 
0.6 W:ltt 
0.5 w:.\t 
O .. ~ """tt 
0.6 watt 

5000 kc 

.')c,{, 
!l% 

1 . .';% 
0.0% 

Value of Con~\"nts for the E(juh-,,!cnt Circ.uit of " TvI'!: 510 Dcc"'!e-Hesi< t'''' ~"C Unit 
(:-00 diaj;!ralfl (Ill p :rl(C Zi) 

Till)/) 01 DrClli/e 

510-A 
510-13 
"IO-C 
510-D 
[,10-1': 
.~IO-1' 

51O-G 

.::,N .::,/, I~~ C* 
Ohm~ 

0.1 
>.0 

10.0 
100 

1000 
10.000 

100.000 

,I, 
0.01 '\ 
0 .056 
0.11 
0.20 
:!.:l 
9.5 

"II p.J.if 

0.023 
0.02:l 
O.()~::! 

(l.0:!:.> 
o.o:n 
0.023 
O.OZ:~ 

7.7-'\ .5 
77- 1. ... 
7.7 ·1.5 
7.7 '\.'; 
7.7--1.5 
7 .• 4." 
7 .• ·1 .5 

·The b',,"cr eaI'Miln""e <)Ccu,~ ,,' ' he lo we.! te"in~ of Ihe <lc~.1(le. The ,"al"r~ Ki"cIf "re fur uni •• wi lhn,,' Ihe ~hic1<l c"", i" r.lao~ . lI"ill> 
.he "hi"l<..I c~n. in place . the .h"", cap"ci.~nce i. from 10 lu 20 ""f ",cater l"~n in<..lic:"c<1 hcre. del)(:ndin, on whether the. ,iel<..l is tied 
to the swi'ch or 10 the .ero euu of the <..Iec"de. 

Rr~i~lml-:'C 

TYlle Tll/al J>rr SICI' Codc Word Pricc 

5TO-A 1 ohm 0.1 ohm 10:1.,\"1'10: $ 10.00 
510-8 10 ohms 1 ohm ~;I.D EH 12.00 
510-C 100 ohms 10 ohm s EU:GY 12.00 
510-D 1,000 ohms 100 ohms ~:LBO\\' 14.00 
510-E 10,000 ohms 1,000 ohms ELECT 15.00 
510-F 

I 
100,000 ohms lO,OOO ohms ET.V .. \ :\' 17,50 

510-G 1,000,000 ohms 100,000 ohms E.'\:·J-~; J~ 44.00 
510-P3 Switch . K" VOY 6.50 
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DECADE RESISTORS 

TYPE 670-F COM P ENSATED DECADE RESISTOR 

USES: The TYl'E 670-F Ctlml)('n"~~t(·d Dc(:ail{' 
Hc,.:i;.;lol' j" int{'nded for II ... C' in a-I' im]l('dalu'(' 

mc:t,..";l!l'cmcnt" whet"(' nOIl-I"I':u'liw' i l1('I'<'I11('1I1:-: 
of r(':<i:4all(,c arc d,·,.:il'('d. T hi", t.Ype' of d('('a.d(' 
rc:-:i:..:tur mad(· po ... :-: ihl(' til(' d('\"t'[opnll'nt of the 
fil',.:t J)1'(,(,j,.:iolll'adio·frcqu(·Il(',\' hrid;..::(· , It i . ..: ;d,.:o 
\I,.:(>d in tht' THI-; (j(ji-.\ i llC I\H't;uU'(' Ihidj.(p 
,mel i" ;'1.11 im))()rt.:~nL f:wtut' in dC' t!'I'mining: till' 
:l.C(,\Ir:1('~· Imd c'on\'C'ni('lw(' of Upf't'n\ iOIl o f 1 hat 
bridge. Compcn,.:at(·d (1('(' :1(1(' 1'(':.j:":101''': arc 11"('­

fIll in tu ned-cirelli t ": lIb:.:ti! lit iOlIIllC:\. ... U reme-nl":, 

:I." \':~rial)l(,' rc,.:i . ..;t:ultC ('i('men! ", ill antt'll ll;) 
Illc:l,.:urinj.!; ('ir('llit". :l.lId , in v:c'l1('1'a1. fur bl'idJ,(c 
nl{'a"Ut'CHlt'llt .... whcr<'Y('I' thl' variation in ill­
d llt·tall t'(' uf tit(' tOllw'ntion:d t.\·P(· of drl'adr 
rc:.;i,,\ur (':lIH1l)t bc lo!t'I':L1<'d. 

DESCRIPTION: The T )' I'E uiO-F ( 'ompt'n,:ah'd 
I)('(':\dl' H(',:i.~tor is all :\.~,:('mhh· of 'rn'E fili:'; 
('()mpt'I\'::l,I t'd De('*le- l(t ':-< i "tan~'(' ( ·nit". 

Tilt' d('('a.de-r('"i.~t :u\(·1' lInil.~ 11,,(' :~ douhle 
c:"l.rd ,"y"l('m. :\.'" ,:ho\\'n on paJ.!:(, :32. :uII I t hl' 
1;\\'ill'h i,..; ";0 :11'1':1111:/'([ that :~ ('opper I'oil i:-< 
"1Jb,,titul t'd \\'h"l1 : ~ I'( ·"i.~!;lt l (·(' t'oil i" ,.;\\'it('ht'd 
Olll of ('il'('niL T h(' in<lIl<'I:\II('(' of tit(' ('( lppC'l' 

('oil i" t't[naito ,hI' indllt'lalltf' uf till' 1'(·"i."l an('(' 
(·oil. but. il" l'e"i:-<t: ~I\t·(' i" Y('I'\' "mall. ('Oll:-<t'­
{[lIl'IlI I.\·. a .... thc PO"il ion of 1 Ill' ,,;\'il ('h i, .. l·hanj:!;l·d . 
tht· ind w·tan(·t' of t h" dt'(':u lt' i" kt'pt {,Oll"'t:un, 
:tml ollh· t il(' 1'<,,,i,,l:u1('(' is \·:uII·d. 

TIlt' (i<'('aci(' ull it. .. :~I't' mOlllltt'{l on a h1:l.('k 
('\':wklr-lini,:h(,d :t1umiuum panrl and ('l\{·:l.~('d 
in : ~ \\':1.I l1ll t tahinN. linrd \\'ith ,.;h('{'t 1'01'])('1'. 
'1'11(' l'Op]l('1' lining, to~('\ h('l' wII h t hr ainminlllll 
]l:~IIt·i , f lJl'1ll" a ('ompktc "hil'ld rt/l' til(' 1'1'''1,,1 lit':'. 
A ,,:ppamtt' tt'l'min:d is pl'o\'ided .... u that illtit'­
Il('ncient('i 11111('('1 iOlI to t Iii" .... llil'l(1 m:t.\· lit' 1l1:1Lit' 

FEATURES: ~ Int!ll(·t :\I\(·(· I'('lllain" (' IIll"I:111t 

\\'it h in 0.1 micl'oill'nry ]'('J,!;:m[[('"" of n,'"i."talll't' 
,,('uing of III(' THE GiO-I-' ('omp('Il,~:L1I'tI 1)('(.­

ati(' B ("..:j ... tor. 
~ Total in<iuttancc j,.; onl\' :\hl)ut 01\(' mino­
h(,I11'.\· ami ( ' :111 lI"lI:llly he IJaiall('cd ollt in pr('­
l imitl:\I·." :HijIl4m(,llt. 
~ The hl~h :IN.·unlt·y :Llld lu\\' t('mll<'I':'ttul'P ('0-
c(!jeie-1I1 of rt!.~ islall('(' of 1111' TYI'~: ti()2 Boxt·" 
:~I'(' n.lsl) m:Lillt ailH'd ill I itt' ' I' )' 1'1': (iiO- F 1{(·"i, ... 1 ill' . 
~ ~\la;.: iIlH!l1I ('lIrrell! \·ahu· .... . h:\,,,:('([ Oil :l. 400 

( 'CllliJ.!:nllit' I('IlIIJ('r:ltllrc ri . ..:(', 1m' ('Iw:m\,cd on 
the pa llel. 

SPECIFICATIONS 

Type of Winding: Th" IO-.'Ihm 'lIld I-"Inn .tq'~ arl.' 
,\yrton-Perrr "1."'.'1:"'<'1' ":lnl •. ,,·hill.' lhl.' tI.l .. )hl"~ICV~ 
nrc h,fil"r r,hholL m"I~. 

All dct·"I1(.'~ ar(.' "ollll>(.'I1'''I()d h.\· C<.IIJI>C'· ,."iI. :l~ .ho",,, 
,n ~hc tli.1I!r:11l1 011 I>"I(C ;~:!. 
Acc u rac y o f Ad j ustment: Ho.;~"l"""e iur"p",()"b :Ire 
",uT('rl ",ilhill ± (),I"; [",·,lIt· 1(\·"h1l1 ~I{'» . .;. ,;LO.:!:,"{,. (or 
the 1-<.>1"" stcl)s. nuJ ± , "; [,)!, Ihe O.I-ohm ~tel)" 
Zero Resistance: T he di''N"t_cIITr('1I1 X{·'·" rt,.i'I:llwe is 
aho1lt 0.0 1 ohm, The 7.1."'0 rc·i<tnn"l) "I I ;\lc i~ :ll,uut 
0.:1 oh ' n nml "I frC<lU{"W;"< ,,110"" 100 k" i ~ wo"", .. t;ol1;)l 
to the "QII:lrc r()t)1 of the lr~II1CI1(,.'·. 
Inductance: Thl' ~e'" indl1"lnn('l' ; .~ I.U.; m'('rohl'nTY. 
Tlli .. ":llul' r{'m"in~ CO'ht:Ol1l ... ;Ihill 11. 1 'uicroheury 
rC),(.'lrdle*! o( re.i~I"n~'C :;(!uill\!. 
Switches: I>","hle·!cn(. I)h(~.phnr-hronl" 1)I'II~h,,~ 1,1':'" on 
cont:oc~ !'tud< '1' inch ,n d in!1lCler. The o;(> hnl<he~ art: 
henl so:t~ nOI to he 1:1rLJ.:l'ut tn the nrc of lr;,,·cr. lhll~ ,woid-

in:,: ('1111'"1( .• \ e'''ll -I.'·tle Ilctenl ; ~ I)FO'·;II('(1. ",,01 there 
:ore eleve" N»,t:t('1 I>oint, ( I) If) It) illt'll1,il·('j. 

T erm inals: )oo:1:o"d"rd 3,_ill(, /o 'l"wiul! i~ " ..... 1 '111 Ihe 
ler,"inal., .\ I(r",,"<1 p,,~t "oml"~I"d 10 ~hield ""d I'" ,,(Oi is 
"I~u )I)'",·i<l",1. 
M axi m um C u r r en t : :",,1.' ~I",,.j ! it'a!i<)n~ (f>I' '1'1'1'): nr;s 
( ·"'''''''''''" led D Ct'"d('- B c. ;,t:ln'·l' , '" " "II 1'''1:1' ;~:!. 
\ . "I u{'~ f, n' 111· ( '{'ntri :':":111(' I'i~(:o '11'(' l'" I(r:t \'1·\1 "n I hI.' 1',,,,eI 
lli,'(O,. lly "!~'\'e Ih(' ~",it"h k"nl, •. 
Frequency Characteristics: TI.l' ('"('( 1111'11'"" .. h:or,,"­
leri~li,·. of Ihe Tl""~; (j : U (''''''1'''''',,1( ... 1 1)(,',·;"1,, Jh'.i~I"r 
arc ~i",;l:or 10 Ill ....... "f lh l' '1',',,>: li(;:- I;uil' whi"h ,,,.,, 110«'<1 
in 110 .. ! ~ .xe', !l owe,·cr. , ht·!lOx ",i,-jlll( ,,,,,I ""hi"", ,"i('I,1 
afT('('t t he"!' dl.'\n'~'tcri . tic.. hy ,..\<Iilll( 'erie1 imh",t'''''-e 
:Inti ~lIn"t 1'''I>.'Il'il:lIl('('. 
T emperature Coefficient: l ,,('-~Ihat\ "t.. OJW)~><·; 1",,·.k­
I(r{'c ('cnlil!r"dc :It r(Hlln t"mll('rnr",{'~. (,XI'I'P' al ~h" 
lu \\'cI' :K'11i1Llo("c ",hcrl.' lh~ 1~"lpl'''alure t'<lC'ffi";{,111 vf l.he 
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(''']I]I('r ""'tlpcu_"aliulI: wi"di".:~ ma.\' "ffeet the ovcl'-,,1I 
11""I...,,.,,luIC codfiekut. 
Mou n ting: Th(> ,!ial~ m-(> ""m"ted on :lll,millll'" I,nncl. .. 
in ""I'JO(!r-lilll'd ""Innr ,'"hi'tel>. 

DECADE RESIS T ORS 

Di mensions; 1""'1'1, (IClIlo:lh) j.'; .~ (widlh) Ii illrl,('~. 

(,,,llil1l'l. ( hei!:I,! ) ;; inche" u\"('r-:<l1. 

Net Weight: ':"~ loOlInll.-_ 

Cud !r,ml j'rirr 

670- F I 0 to 11 1 ohm s, to tal, in steps of t 
0. 1 ohm 

GUS-.\, -B.-C .\ IIY:;" $60.00 

TYPE 668 COMPENSATED DECADE-RESISTANCE UNI T 

USES: TIl(' Tnt: GGR COlllIJCIl";:"l.l t'd 1)('(',\.<1('­

i{P,.;j"l'Ull't' l'ni" i .... til(' ha.,<l(' unil for ill(' T n ' l: 
jiiO-F ( '(1Ii1 pell";:l.l(·d O<x',\d(' llc.", j,.:tllr. In :uldi­
lioll. it ha.s fOHml \\"ide applil'atioll a." ;~ ('olll­
pUIlt'n1 part, fot' huildinp: inlo ('xl)('l"inwllbl cw 
IK·t1n;~n{'nt Tlw:I.."'\Il·in~ equipment for u,.;(' at 
radio fl'('(III{'J\('i('",lt hn • ..; IX'('11 huill int () :mt('nnlL 
mc:\...;uriLli!: ('quipmclll :I.." w('11 as into general 
r-f imp('d~m('(-'·mc:\''iuri ng ('ir('uit", ii, is u;.:eflll 
fur all\, 1ll(':L."\lI'em('l\l" where ('Oll,"t:~n('\' of ill­
d\l('I:~ij('(' i,,, dc"it'('d fl." rc." i"'au('(' i" ,':\I:i('<I, 

DESCRIPTION: The TYl'~: Glk~ ( 'o11lpell"atcd 
I k('a(lt'- I {e,~i"t :U\('I' l ' ni i i ,~ madc wi t h a d( lui )1(' 
,,('t of "wit('h I'oulad;.:.. h\' llwan" of whieh a. 
('Oppel' \\'illdin~ i" ex('h~m~(-'dt "tep hy ,.t('Jl, rot' 
the t'{'"i"tall(,c (,:~I'd", tilU" kecpillK t he total 
ilHhLl'tall(,(' eQII"tan1. rc~anllt"''' of re"i"talll'\ ' 
"ettinA:, Thi~ :tt'J':lIl,!l;('mellt j" "howll in tiL(' di:~­
p:mm on lh(' npXl page, 

'I'll(' utli1.~ :U'(' mounled ",it h all eteh('(I-Tllctal 
dial pl:~lt·, klloli, :1I1d "top'" but with lIo "hield, 

FE A TURe s: • Tol:11 indlll'iant (' of til(' TYPE 
!)(is ('omp('n":~t<'d I)cc:~dt'-Ht~~ i"':\II('(' l'uil h:\.~ 
hC('1l kt'pt to :~ few tenlh" of :~ mit'roh(,lIt"\,, 
Thi" \,:\11Ie r(-'main" ('()ll.~t;lnt ,,'itlli)1 O,Oj mi('n~ 
iwnry. r(-'j:!;al'dl(~,..; ()f r('_~i"t:~II('(' "I,ttinp;, 
• Frequcl\('y ('1'1'01''; h:wc I>(-'('n kept. "mall hy 
c:treful l'oll,.:tnH'1 ion, alld :<0 all mod('\s :m' U"('­
fill up to ,,('\'('J':1I meg:t(',n:le:<, 

• The TYl'E lilil,( ( 'nit" :\1'(' ;l('('ul'ah'I," adjll",('(1 
l'e~i"tOt,,, with ;\ 1o,,' lI'lllp('mtlll1' C'o('lli('i('lli of 
r('"i,,,t :tlll'(', 
.. :-:iu('(' il i" dif!1('uh to ('on"tnwt a dl1'adc 
:L....::-:('mhh· of r('"i,.'()r,~ wilh l)1l I\l't imitwti\'e 
t'('al'l:W(:e, 111(' III'XI he,.t ('olldit ion i." a unit wil h 
:\ lo\\' hilt "Oll,"tanl indIIC'1:1Ill'l'. 
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DECADE RESISTORS 

SPECIFICATIONS 

The co"~!rll{'ti\!!l of the CompclI<aicd decade tc­
bi~t:"wn is "hown :.1)0\"(,. Opposite c"d$ of the ~w i t<:h 
bbd(' make Cflllt:ln with re"i~t"IW(! Or iud",,\allrc 
w;ndi,,:.:>'. 1·('~llC<·ti,·d.l'. As " '·c" i~t:,,>t·c ~tCJl is 
added to the ci.tuil. =' t·("lll)C,,~:,tinf.: inriuci"I'cC 

~ttlP b rcnlVvcd. am\ "ice vcr;;;"\. 

Accuracy of Adjustment: HC',j,I:lIlcc incrCllwut ll :ore 
corrc,·t within ±lc;, for the I) , l -olt", ~tCp~. ±U.:!5% for 
the l -oh"l .~Icp~. ""d ±().l % for the II)..ohlil ~tCJ>i!. 

Zero Resistance : Tho direct_"u .. r""l "Cl'D m~i~t"npe of 
t he diffcr<)nt u"it~ is I:i\"()tl in Tahle I. Tho;) ~('ro m:;i,lance 
at 1 :'I I .. i~ :.hout ::. ti,,,c~ that at de :md a\ frC(lllCncics 
"bon} 100 kc is prOport ional to the ~qll :lrc rOOt of tlio;) 
f .. Mll1ency. 

Type 
6fiS-.\ 
' ;(is.-1I 
CGs.-C 

TABLE I 

Zcro /(('.<i~·llwre 

I
". uu~-o.o]~ "hm 
0.0]., O.U:!,.:> u]"" 
O.OiO-O.020 ohlll 

/Ill/Uc/(Jllre 
0.];;' llIicro],cury 
0.30 mirl'Uhcury 
0.;;'0 miel'oh~llry 

Induct ance: The indnctan('e of the different units is 
Ri"cn in the tal)le ahon,. The ;"dll<'\"n('c relllain~ (,oll~t"nt 
; cJ::ar'lles.~ of l'(',;i~t''''':\l ~cui"g withi ll 0 .05 Illierohcll1'Y· 

T empera t ure Coefficient: The "'IllI)('la1[\1'(' coef­
ficient uf I'c, i~ta"cc i ~ Ic"'l \hall ±0.OO2% per degre(l Cell-

Ur_,isl(,IIce 

tigrade at room lellll)(!r:ltUI·C.'. (lxccpt for the I"wcr ~c\.· 
till)(' of Tn't;s (iGS-A ann (;(;:>-11. ",],ere (he tel"l>craturc 
('ud!Leiell! of the cOlllpe ll~"ti"l!: Willdillg~ lIlay alTcct thc 
(l\'CI·. ,,1] tcmpel'at(lr'C """flicicilt. 

Frequency Characte ristics: The iref(Uetl(·.\· ch,lI"w­
le";~l il·~ of '('YI't: (;()~ Cuonpen'"'''cd Dcc"dc-llC"i~t:lllce 
I; uit~ ,,"e ,.imi!:or to those of 'l'1'I't; ':;10 J )c'·ade-Hc.,i~ta"'·c 
VuiL-. Illlgc:!K Ilcc,,,I>'(l 10...,],,,, ,'a ['(Is ,,,.,, thc IHI )lC."t n~"'!. 
th(! elTcct~ uf ~hUllt ('''I",,:il,''l<.'c al'(! clllin'ly 1l(!)lligible. 
:llld the ch:,nge ill rI'Si~lal\ ('e wilh fre(juclley re~\dl~ ,d~ 
m(>~t elltil'(!ly f""m ~kill effer!. 
Allhou~h ~);i" effe<:1 Ilroduc(!s a )lO~ili"e chllllJ!;,e in 

rcsi~I'lIll'C. the ~);in eff(!ct in the compC"~'Hi,,~ Willdilll': 
i.~ J!;,rl'al(!r thon that in thc rc~btancc c:ortk Arl'ordill:,:ly 
therc is a net llc~a' i ,-c change ill rcsi , 'aul'c i"<:I ·cmcnt.~ 
frum I,his eff(!rt. That i~. til(! illcrl'munt in r('si~t!Illr<) he­
tWl'Cll one ~wilcl, point ,md the ncxt higher onc witt be 
Ie">! al hi,ll,h fre"luetll'i c~ th,ll) "I low. This "nCI!:\li,'c ~kin 
cffert." at unc IllI'i!aeyc1c, is ahonl -o.~% for the units 
,I(!cadc "m! ahout -O.(l% for the len~ <lcc,,,le. 

Maximum Cu r re nt: Th", fulluwin,ll, t"hle gj ,·c~ thc al­
lowablc CUI'rCllt Ivr Ill(! diffcrent \ln i t~. The \':,IHC~ flf 
enrrl'lll, for a .10" ('''!lliRr"de l"'npcralurc rise. b:o."c<l 0" 
onc-qU"rlCr w"tt <.ii:;:;illadOIl lX't re~islOr , :,re (!IlRr:n'cd 
on the <.iial platc. 

T ABLE II 

Current for Current for 
Type 200 C. Hi~e 400 C. Hi.xc 

GuS-A ].0 a ].Ga 
66S-1I 300 Ill;} 500 til;} 

6Gs.-C 100 mOl It.aJ ma 

T ype of Winding: T h(! 10-<.0h11l and i-(>hm card.~ are 
Ayrtun.I'crl'Y wound . while the O. ]-oh'" ~\f'ps Hre hifilar 
rihbun, ('ut"p(ln~al i,,:,: wifl(lin~~ arc \l~(M1 ull all def'ari('s 
10 ,,,,,im,,in f'OIl~tal\l iudUCVlnce. (:ice di'lI.:r"I" :d><J'·c.) 
Switch; J),-,ul>l,,-ll'af, IJh<)~l'h"r-bronze h,.([sh<,~ 1><.":01' ()u 

C(JI)I:tct ~tuds 1'1 illP,h in dialucte,· . Thc."e Ill'u :;l,,;:~ arc 
hent .;.() a~ not 1·0 I", talll!Cut, 10 thc :we of "',,,,d, lh([~ 
a'·oidilll: CI,II illl!: .. \ "am-type ,1(!t(!lll, io 1'T<>\'ided mal there 
arc d"" 'cll conlact points (0 IU 10 in~ln~i,'(')' 

T ermin a ls: :ioldcring I('I!~ 'Ire IH'o,-itk'd. 

Mounting: !n\<'I·ch,.n:,:eahl(! (exe,,]>1. fOI' ,"'itch stop.<) 
with '1'1'1'>: ,;10 (,,(!{! pal!:e :!!/). A ~ombinali"" di,,! pblc 
:lnd drilling I('mplat" is furnished. '\ Iaf'hiltc SN'<:\\':; for 
atla<,hinl!: th(' dC":ldes tu " panel (lrC supp!kd. 

Dimensions : Di:ul1elcr. 3 I ~ inch(!~: deplh l)(!itiutl panel. 
a illcims, m'cr-atl; .~h"ft di:o"'c tcr. ~ iuch. 
Net Weight: i OUllC(':;. 

Ty pe '/'111'11 1'1'1' 8/t'JI Code Worri J>ril;c 

668- A 1 ohm 0 . 1 ohm C _\JlU: $13.50 
668-6 10 ohms 1 ohm G.U I.Y 16.00 
668- C 100 ohms 10 ohms GA1 ,QP 16.00 
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VOLTAGE DIVIDER 

TYPE 654-A DECADE VOLTAGE DIVIDER 

USES: The TYI't;GJ 1-.\ Dce:lde \"olt:\~{' l)i\'id('1' 
will :'<111'1'1 .... exact \'olta,!{c ratio" between 0.001 
and 1.000 in "tcps of 0.001 I and,.;o is u,:cfu\ on 
the input. of amplifier" and "imil:\l' hi~h-imp('d­
ant'C ('ircllils fot' l'Cdu('ing th(' input voltage 
br adclinitC'1\' known nl-tio \\'hieh can bc\'aricd 
iT; \'('1' .... SI1I:1.11 step:" . 

DESCRIPTION: Thi;.: ill"trtlTnl'llt i . .; ctluivl\\Cllt 
to a I):tir of ' I'Y!' t: U02 Decade- H (':<i.~talu·(' ]{oxc" 
i.:unllcctcd in ':o]"ic,; and,.;o mauiplLht('d that :\.'; 
1"I'.." j.-:1:\1I1'(' i ... t:'l.kcll out of olle box it j,. added 
to the other to maintain the total rc..;j"t:1.IH."(, 
con,.;bnL :1.t 10,000 ohms. Th i,. a.etian i" :u:­
('om pli"hcd b .... u:-:ing fiye THE 510 D('('ad<,-

i{(':<ist:lIlcc L:nit,.:, two of which arc connected 
back-lo-b:H'k to two :<imila .. units by mcnlls of 
;l (·hain dri\'('. 

FEATURES: T hc T\'I'~: G:"4-A Dccade "olt-age 
Di\'idcr CO\'el'~ :l. \'Ny wide l"ang<' or \'olta~c 
I':~tio~. Jt. is p()~~ihl(' to obtain 1000 dilfcr('nt 
mti().~ from (l.OUI to I.UUO , and (';wh on(' i.'i 
kn()\\'n within ±O.2((, The input. I '(':;i~tau ('c 
remains ('on.~t:~nt. t'C'gal'dlc;o~ of dial sC'tliug,.:, 
and ~o I'cattion on Ih(' input \'olta)!;e i,.: d imi­
n:ltcd, All 1'c.~i.'itOI'S arC' wound with all :"1.110\' 
\\'il'e uf ,.:uch (·h:\I'a('tt~ri.~ti('s that no tlifli{'uh,' 
duc to thcl'lll:ll ('mf \\'ill bc Cllcoullt{'I'(>(i iiI 
di rcct-CII ITI'Il t, mea.'iU 1'('111('1\ I:;. 

SPECIFICATIONS 
Rang e: \ 'ul l,"::C r,ui"", Irom 0.001 It) I.UUO ill >1f'1>~ of 
0.001 .. au t>e obt"iul,{\ by >oeuing u]llhc dc-ircd ""llle on 
the lhu:c ~\\i)d'l'~. 

Accuracy: E"..I, i"di,'idu,,1 "e,i~'()r i. ,,,Ijll. li'd withill 
±tI.1 I';;. ~o Ihe error In "ullaJ;e m liu ilf IIen,r r.:r""I~·r Ihan 
±O·:!'-c· 
Frequ ency Characterist ics: If 110" f'JUl'r",,1 ""I)ael­
I,OU<'(.' whirh i~ I'la<'('(\ "rro._, Ihe O"!!"II U·rr"ill;,l. '8 le'~ 
110"" :!IJI'"I. Ihe frc<IIU-,,"('y rrror i", l~·,,< II."" 0.1'-~ for ,,11 
In",u .. ut"le. 1>('lu,," W.1)1I11 ry~le~, 

1 n put 1 m pedance: T he ;""ut iml>l"<la'H'" i. " ,~"'.t:\tl\ 
rc-i'\:oll<'(' of 1O.0()O ohm,,:. rl·e::.~rtllc.' 01 Ihe mtio ~cttin)l:, 
1'101. ""lue ;~ enl:,~\\"'-"<.I on the 1J,"'el. 
Output Impeda nce: The output ;"'II(. .. lanN' ul th ... 
,·,,It:lI::e di\"iller ",,,·i ... , Iro'" In 'lh"" t.) W.t~M) C!h"'~ .• [('-
11l·,,,li.>!: "I'UI1 Ih(> ~Nli"g~. T he di.-id(·r i", """umlc oul\" 
",I",,, tI'l' i",l'col"" ... , ,·"unc '·'cd to il i< at Ica't I(M)() !i,,,c~ 
110,· inl~,.",,1 OUlput impl·d""re. 

MaKim u m Voltage; TI'e ma"imu", "[[""'ahle i"p"t 
\'f,llal:e f"r" IIJ~ ('''''1 il:r.1de IC'''l'cr:o lure ri'e ;~ :!;IO "011 .• . 
This ""I"e i. enJ::ra"l .. 1 On Ihe 1',,,,cI. 
Temperatu r e Coefficient: The lell'l)("r:\I01re ~>c f-
1;"lellt uf Ihe re--i 'l"r~ i~ le~ th"n ±O.nu:!('~ IKlr der.:ree 
(·c"llgrn<l(' "I ""rlOlal roum te"'I)("r:.lnrci. 

T1J1~ 

Term;na ls; J;'t('\.;-tl'p hjndinr.: I")~I< ~l"(' 1"""id, .. 1 ,,,,d 
~t:",daT<1 ~,·in~h ~p,,~IUr.: i" u""L The ~h;eld j~ '· ... 11-
IIC!<Cletl IO'lue lerl"i",,1 "f bOlh i",/l1l "ml OlllJmt w!,jell i~ 
marked C. 
Mou nting; 'I'll(' det·,,,I('~ are mt)u", ... d HU ;'" "I')n,;,,,,),, 
"anrl ",hid, i, (,lL1'I()~('tl in a ~ hieldl",1 ,.."I""t ('"hincl. 
Dimen sions , 1'''''1'1. (l l·"r.:lh) \:l" (widlh) 7 i""'l(,~. 
C"hi,,\.'I. (dCl!lh) td, iud,e_. u'·('r-"II. 
Net Weight: ... l""lUd<. 

I'r~ 

6S4-A Decade Voltag e Divider ..... . . .•• 1 .\IUf.: K $100.00 
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ATTENU A TORS 

TYPE 1450 DECADE ATTENUATOR 

USES: The '1')'1'1': 1 1 J J)cc:Hlc AttelluatOI' is 
useful ill power-level measurements, tl'llllS­

mbsion-cfficictl(,y test.;;, and ill gain or loss 
measurements on lr;l1\::>J"onllcn;, filters, ampli­
fiers and simila r equipment .. 1L call abo be 
u;;cd a s :t PO\\"cl'-lcvc! ('onll'ol ill circuits not 
equipped wit.h other volume cont.rols. 

DESCRIPTION: The TYI'~; \-150 DCC;ldc AttCll­
twt.Or b an :lsscmbh- of t.wo 01' t.hrcc Tn'l:: 820 
Decade ALtCllllato;' Unit:; mounted 011 :\, 
single panel and hOllscd in :\ met:l] c:lbinct. 
E:lch decade has dcyen positions, () to 10 
inclu:sivc, so the decades overlap. 

fEATURES : ~ A wide r:lnge of :1t.tclluMion 
\':lIucs is possible in snl:dl s tcp:-< . 
.. The accm:l Cy of I he boxc::i if:i m:lint.aincd 
even at low I':,(\io frequencics . 
.. Deeade-type switches m:lke the boxes eon­
venicllt to usc. Therc Me no ,.,1.Ops 011 the 
0.1- and l-db-per-s tcp dcc.'lde~, f:l cilitat,ing 
quirk rcturn from full to zero :lttclllW\ioll 
when making adjustments. 
.. Bot.h T-type section s and babnced-IT sec­
tions are available. 
.. An c!('hed phte is provided , indicating 
mi~mHtch loss when llsed with impedances 
othcr than ij()() ohms. 

SP EC IFICATIONS 

Attenuation Range: ItO or 111 d C" ibds in ~tCI)N of 
I or 0 .1 de~ i hcl. f('81K',·t iwl,". 

Term inal Impedance; fiOO ohm~ in either dircC\[oll . 

Accuracy: Each i"dh'idu,,1 resi~t"r i ~ :,djugtcd ""thin 
±O.t':'<i~ "r it~ correct " " I"c. The err<. r in 'U((·,,,,,ui,,,, i ~ 
le~ thrtll ± 1'1o of the j"di(,,,tcd ",,\ue. prO" idc(\ the 
:,ttCII\I:ltor is termi"" H'd hy :I pure rc~i~tallc(!. 

Frequency Error: ,\t frCfl"cllrirs 1>('10,," 2(JO k,· the 
wt,,1 rrrOr ill "ttcnuntion will no t be greater th:tll ± l % 
of the jlldic;,((!d va1uc. 

T ype of Section: T or J:mJan('C'd- lf. !'mp" rly te rmin:,tf'd, 
hOlh type~ llrci!Cn~ " ('{'''~ t :llll imlH.!d,,,,cc ill 1)011> dircc· 
tion~, hut the l,,,la"ccd·11 ~h{,u1d hc \l~ed ,,-h<"'e bUl h 
$idc$ of the d,.,.;u it mu~t he l):t\;u,('f'(! to ground. 

T ype of Winding: See Tn.; ~2!) 011 "f')" J}llge. 

Maximum Input Power: 1 W:'1\. 
Switches: Sec T\' I'y. ,'::l!J u" "cx~ ImJ:c. S toP$ arc pro­
vided on lhe highe~t de~;lde ou1.\· ( I U dh ller ~t"I» . 

Mounting: Thc de" "th; \lllit $ " re "",\lUlo'(\ on "n ,,[um. 
jmull f)aw:1 in" IIwt,,1 cal>im)! . E:wh dC""de is i"di"id\l­
:lily ~hidd(>(1. :uld "IL shields 1If\: f:()m,('elo::d to the """cl 
alld the .. (;" l('r",i " ,,1. Hda.,·.m,·k llIo\lHli ng i ~ :\\,,,il:,\)le 
at :In nddilio",,) ,·hargc 011 ~l)('ci "l onl"r. 
Terminal s: Jack. top bill,li",,- P08U Wilh H·inl'h ~p"e· 
ing; eom 'non lenn;",,1 uf T lI"it~ J:r<>und('(1 tu Ch"8~i~ : 
00111 ' 11011 termill,,1 uf II u"iu "01 J:ro""ded. 
D imensions: 1.1;j()_ II :\ ""d ).1.'>0_"1':\ , 10 x 5H x [t}f 
i"ehe~ ovcr.,.ll. I']';O·IIB ""d [·15O·TH. 12 x 5~, x I:lM 
j"dle$ o\'er·"ll. 
Net Weight: 1-1.;0-11'\ ""d 1-':,0-'\".-\. iO~{ pO'lHd ~ : 
J.l50-J-I J3 :",d J.1 ;"jO.TI1, I';;h 11U",,,I~. 

'J'!I1)(J /(,U!~ I "'11e'lmu:e TIIIJr. <>; "','Cl io" Crxle Word I'rice 

14SD-HA 110dbin steps of 1 db . 600 ohms Balanced-H XE'l'I\'OHKIIA'I' Price 
1450-TA 110 db in steps of 1 db 6DO ohms T X ET\\"OHKTAM on 
1450-HB III db in steps of D.l db 600 ohms Balanced-H X~;T\\"OHKH UII 

Request 1450-TB 111 db in s teps of D. l db 600 ohms T NE'I'WOHKTUll 

TYPE 829 DECADE ATTENUATOR UNITS 

USES: These dec:Hle ulIils h;\ve been designed 
as convenient at.telluatOt'S \\'hich can be built 
into speech circuiis, recording chnnneis or 
other equipment where definitely known 
amounts of att.cnuation arc required . T hey 
providc, for attenuation, the analogue of 
decade resistors for resista nce. The tapercd 
unit s are useful for eh:l1lging impedance 
levels either up or dowlI. 

DESCRIPTION: T he resh;tors u13ed in e:lch dcc­
:ldc are mounted in eompart.mellts in a, cast 
aluminum housing, which is completely 
shielded by the addition of aluminum co\·crs. 
ElICh decade consiSls of four pads scries­
connected by cam-operated switches, at"­
rnngcd with positive detents. All C:lI11S are 
mouutctl on a control shaft which is prO\·ided 
with b:1it bearingli, El.I ch pad b completely 
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shichlcd. :lnd a shield is interposed bet\\'ccn 
the input.. :lIltl output clements of each pad. 

FEATURES: ... A<:cllralely known ;,llenuation 
ov('r a wide frcqU('IH'Y mn~c is possiblt· be­
C:HI:SC of c:neflll shielding, the construction of 
the resist:lIlcc cllrds, ami the lISC of e:lpaci­
tance compell~ltion . 

... Dcc:Hle-type switches which C<tn be al'­
rangcd for continuons rot:ltion make lhe 
TYl'E 829 Decade At.tenuatol' "Cuit very 
convenient to usc . 
... T:lpcrcd units for changing impedance 
levels a re :lIso ayailable in both T and b:11-
anced-H sect ions. 

SPECIF I CATIONS 

Attenuation Ra ng e: Three uec:u\e r",u.,'{!s an'l li"tcd 
in rhe .,rice rahle Ix'low. The two "'flCr(!(] uuiu, '1''' ' '.:.$ 
s:!'').IIT :llId 1lo~9-TT. idl-uricH\ ill aIlPc:lf:mcc, I,:ave" (,I'e 
LKliut ~witd. roud inlrtxlu(~ ron exnet illllerlion ]'-""1. de­
jloCudi1lJo: IlLMlIl the ""'tehing r:lriu (dther (.'lid mill loc 
lIl1Cd as input), a" fullows: 

'I I · II . 6()()!! 1 15CY.! I iall I 50!! I aon : <lIC IInl: :ot,,} to 600n to6()()!1 to 600\lro (;()()flro Goon 

.\l1eml[\l io1l , .. 1 Odh i~db I.id" lid.. :!Oo.lb 

Characteristic Impedance: 600 ohm$ lKllh tlire"rioIiS 
CX~~I) I for rhe lapel1'd \",i18 which :,1'(: 600 ohm>! ill Ulle 
tli"""1i,,!! :",d e ilhcr ;~O. 5U, i 5, 150, or 600 oh",~ in rhe 
other di .... "liun to "<;"~)fnf)(l:lt(l mi"rul'h<)"f'~, (">:Lxi:.] 
liu~'~, hiJ.\h-fiddiry tc!eJlhonc ]i"Il'~, elC. Eilher "lid call 
I)(~ used :l~ iUI}IIt. 

Accuracy: E:wh individual re8istor is adjmled within 
± O.:?ii':o of ir s ...... ,. ....... , \':lhle. The ... r roT in :HH''''''l1 i,," ;$ 
I(,>ls rh:1II ± I % of Ih ... iudi(':tled ,·,,]UO:, Ilmvi(kd II ,,;) 
altc,,,,,,tor i>l tcrrnju:lled by a pure re~illlance. 

Frequ ency Erro r : At frcqu .... "'ics below I ).Ie thc total 
l·rr.,r in a"c""a';';'", will not be IlrO::lrcr rhan ::t:: 1% of 
110(' iUlli"arf'<i n'\ue. 

T ype of Section: Both b"J:",ecd-H and T -typc lICe t ions 
"rll :l1':.ilahlc. 

Type of Winding: All rc~i8'ance elemcnts U!5C Ayrron_ 
l'crry windinl:<! (·.~"el't lhe ~hU" l CiN'H'UIS uf 8:?!)-IfA 
""d ~:?,J-T.\ whi"h are unifilar cyliudrieal windinJ.\ll. 
\\'!ol'rc ne"e"""ry rO'$i"IUr" are cap.'1eil:Ulee-t.'(om l)(l"!l:lt~-.;I . 

M .u: imum fnp u t Power : I watt. 

ATTENUATORS 

(J.r/f ) '1', 1'1: ~~!l-"T l.l«':ult' .\ucnuaror \Jnil ( lalJ(lroo 
model ) , :"'([ ( iliuM ) Iypi .. ,,1 inll'rnal O:O"~Iruetiol1 of the 

Tn·.: llo~MJ Dee"de Attcnuator linil~. 

Switches: Call1.type ewitehcs are u'led ,,;th t.welve 
IIOl'itioll8 cO\·crinJ.\ J(iif. Tioe diab are numloerNI fmlll 
"f)" rf) "10" illo;lusil'o (e""epL On tapered models) :IIId 
the tw .. lflh ,)(,il1\ i" :Il.w connel·t.'d to "0," :"\0 !Stops :Ire 
1,I'<)\,i.\NI in the ~wirch ,ne{'hnllism to PT<"'Cllt eornlllcte 
rorari", •. but g,,: ... er~, whif·h lire pT'Q,·ideti. can be used 
IIndl'r tlill "lOunrillJ: 8(;reW~ to :.et ros Stu,)~ fvr the knob. 

T ermin als: External input and OII\ L)ut !IOld('rinl/: I('r­
",i"nls on oPl)()$ile cllds: f'O")l!\on lermi",,1 vf T uniu 
gl'ollnded tl> cluIsijig; oommoll tenlli,wl of II lI11its not 
grounded. 

Mounting: The re~i~tors and lSwit ('hes are houscd in 
OOIHIJllr!"I"lItS of an alumimllll ""8\ i"g, which is cndowd 
by "lollni",,," cover". A <li:)i and knoh "re furni~hed. and 
dee"dl'~ "''')' loc lI"n!'1 mount .. d frum one end by thr~~ 
mOlln,ing !',Crows which are proviued. 

D imensions: J ).i :'t J}i inches, extendinl/: !:1M inthes 
b""k of ]):1111'1. 

Net Weight : ;~H I>ounds. 

Ty pe /{.mfl(l Tllve I)f !it'd;"" Code Word pn.. 

829-HA 1 db in s te ps of 0 . 1 db Balanced-H T~:X l7rORlUG 
8 29 - HB 10 db in steps of 1 db Balanced-H TEXt.jTOHHUB 

829-HC 100 db in s teps of 10 db Balanced-H 'n:X\jTORHIC Price 
829-HT (See Spec ifications above) Balanced -H TE:\UTOIl II U'l' on 
829-TA 1 db in s teps of 0 . 1 db , T TEXUTOHTAD 

829-T8 10 db in s tep s of 1 db T 'J'ENUTOR'rUll Request 
829-TC 100 db in s te ps of 10 db T 'j']o:XUTOHTlC 

829-TT (See Specifications abov e ) T 'l' t;XUTO I\TO'l' 
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FIXED RESISTORS 

TYPE 663 RESISTOR 

USES: The Tn}'; GG3 is dc...;igncd to have 
an acclll·:llcl.... known impedance at high 
fl'cqll('n <"i{'~-; . It. is p:1I'ticul:lrl,\' u,.:cful :1'; a 
sta IIclal'd J"c ... istot' for t he I'c:.j"ta ncc-\' .' lr iatiQll 
met.hod of impedance rlW!\~ll rcmCIl t. :It. t"lldio 
frequencies and a." a. eir('uit. c lement. in brid ges 
and :<imil:u equipment. 11,. is :llso u,.:('ful :t:'i a 
lcrmin:ning rc..;j:<tor for matching r:ldio-frc­
quell!'} traJlsmi~iOIl Iiues and, generall .... , as a 

low-rc,;istance standard III high-frequency 
:l pplic:llioll . ..;. 

DESCRIPTION: A straight piece of rc . .;j"tance 
\\"ire j,. l"oldercu to {,\\'O flat.mCl:d plate.:;, which 
:Irc mounted do,.:c together on a ,.:trip of insu­
l:lti ng materia l. :\ thin pic('c of mit'n in..;ulatc.<.; 
the \\'il'e from 1 he plate,;:, except at. the :-oldc1"('(1 
<'nd..:. T hi,.: a,<,.:emhly hi rigidly damped to­
gether with a top piece of in.-iul:tting matcl·iai. 

FEATURES: .. \'CIT sm:\lIr(',.:idu:d inducta nce 
as a rc"uit. of the :< iJ icldi ng elTed of the current 
/low in the flat. metal plate.-i upon which the 
I'c:< j,.:tan('e w i re is clamped. 
.. Ski n en'c{'t, is kept. a t a minimu m :llId ..,j7:lC 
is main tai ned at. :1. yaltle th:\ t. mi nimbw.-; t he 
I'c,.:id uall'cucLance :1,-; well :\S 1'c."i."t:(lIte eil:'lTlgc 
wit h frequency. 
.. Powel' di,.::;ipalion is great ly inCl'e:tsed by 
the terminal fins, 

SPECIFICATIONS 
Resistance Values: S1:lnu:lrd unil, are ""a;I:.I,lo:>;n the 
foUO"'lnj(: ~~I~t"nl'C~: I,:!, '" 10, :..'0, r,o. (Ulil 100 oloms. 
Accuracy : ,\11 IllIilS arc :Hlju~leti "·ill,;n ± 1'70, 
Residual Parameters : '1'10(' I"hle IIdow I:I"C~ "JlJ)ro,~i· 
mille "alue~ for I .. for tI,!, {Ii/Y!'rcnt IIlIil $. 

Sk in Effect: Fur:oll uiliu III~ ~kin !'tT!'ct i.lc$8 110"" 1% 
for fr!,q\,,'n<:ie~ helo'" 60 IlIl·g:ll'y \·I"s, 
Te mpe rature Coefficient : .\l ",mll,,1 room 'C'"I>(' r".uTC 
the le"'l ",raIU~ C(o<..'ffil';,,"1 i ~ I!'u Ih: .. , ± O.OI):!'/e ]ler 
degree (''''nl h:r!lde. 
Ma .. im um Power and Current : The !lllow!lbic powcr 

T YI>e N #i.rI(l IlCf; L 

66l.,6, , ohm O.Q06.; ,.h 
66l ·6 2 ohm, 0.01:\ ,I, 
66l.C 5 ohm. 0.01 '; ,h 
663 ·0 10 ohm. 0 .029 ,h 
663.E 20 ohm. 0 .032 , h 
663·F 50 ohm. o.oa-, ,h 
663-G 100 ohm. o.OJn , h 

tliuil>!llion for n 40· CcnliJ:r!loc tcm]X'r!lILlTC n8C ":!Ties 
wilh re~I~I'UlCC, hel'": ~ W"lI~ for the I-"hm "nil ,,,,d 
0, -\ " ' ,,11 fu r the lOO·oh", unit. 'I'll!' r:He'd {'ur"'!! t for this 
ICnI]ll'r'IIUre rire fM the different lI"il~ i~ j(:1"C Ll In Ihe 
labll-. 
Terminals, T he nfl l U\ct.~ 1 platcs to which Ih!' re~l gl""Ce 
W;TC i~ :ott:'ldLCd :lrc u8Cd :II I ... r",i""l~, :'nd :lrc 1}OIh 
s]ottpd ""d drilled for oo""eu;l'LlN' in "lOUllli"J:. 
Dimens ions: (l.ens! II ) 2M' x (width ) 13. In,·lw~. O" ,-r-"II 
hciJ:ht H inch. 
Net Weight: 2ouneel. 

C .. ,uNI I'" 
4Q·(.'. /(i~f; COdf; WQ,d I'rice 

1.4 , J".\:'\' I C $7.50 
1.0 a J"AitTY 7. 50 
0 .1i " 1'''1'TY 7. 50 
O.:3:i :\ 1'~:t).\L 7.50 
0 .2 , I'~::'\'A I . 7.50 
0. 1 , !'t::-;:-; y 7.'" 
O.OG a 1'~:'M'l' 7.50 

Rulio of e/Ycclive re~ist"nr!', :tnd c(Jui"alent ~eric s TC'l<: t,Ul"C. to d'e rc~i~uncc "!'r~tlS fTCfILlcncy, for Ihl'l Tyr.:GG3 11e~btors 
IlH)IIUled on Tn"; laS-VI) Himlinll; Po~1<I :oml Tl'J'E 274-Y p "nel Tcrt",u(ll In"lIbIOr~ Ys inch ,,11""'e:\ ~i·in .. h ' ''el:'l l 
pllllcl . Ouc cud W!lS Ji(roundMI 10 Ihc p"",c1 ,,,,t! the 101,,1 c:'II", ... h"nce :' I)PrQxim:'led the r:'llh!'r hl\:h ,."Iue of 0.5 Jl.JI.f. 

whi .. h "'''!Lld h,,,'c hce Ll r«luC'«1 if a 10woe;l ll:Leit:'l lLC(' IUUllntillit " '(Ore u..cd. 
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FIXED RESISTORS 

TYPE 500 RESISTOR 

USES: The Typ~; 500 Hc::;istors arc particularly 
recommended :l.'! rc:sist.:mcc:;t:mci:ucl:; fOl' lISC in 
impc<ial\ec bridges. T her :.I'C :\Iso valuable as 
secondary standards for !:l.horatory usc. The 
plug-type tcnni nals make t.hem convenient. as 
tcnninating impcdlllwCIi for aUcllu:l.tion box~, 
linCe';, and. similar cin:uit:; and;l..<; eil'cuiteicmcnt,,,> 
in oi tllet' ex pcri men tal OJ' pcrm:\l\cn teq'] i p men t. 

DESCRIPTION: Th i:-: I'f'Ri::;toJ' is :\1\ :\(;curatcl~' 
:Hljustcd rcsist.an(;c t:1.rd, ::;c:I\('(1 in :l phenolic 
(,:1:<0. Both ,:crew-type and plug-t.ype termi nals 
;\]"0 provided. 
FEATURES: '" Conven ience and ~ccuracy arc 
combined in the TYI'E 500 Ht'.')i:;tor::;. 
'" All resistor!) arc wound wil h a n a lloy \\"il'c 
chosen :-;0 1,.hat 110 difficult \' dllc to t h Cl'm :lt 

emf will be encountered' in d ircct·eUl' l'cnt 
work . 

~ J .ow tcm perat.\lI"c eoefllcient of resistance 
:lno eX('c1lent high·freql lency Ch:ll":"tctcristics 

ma.ke t hese resistul"i; su itable for no wide 
variety of applications. 

SPECIFICATIONS 

Resistance : Twelve M"nd:Lrd v"I\,e$ :ore \:lhulated IJclow. 
Olher v"luc~ ..,,,,, be built to 8pecial order. 
Aceura cy o f Ad j us tm e nt: Ea..,h r('~i~wr i$ "'dilL~\ed 
within ±O.I % of il.::l ~Ialed ":,Iue ," the t('rmi",LI~ of the 
ulLit, "x<'('l't the I-ohm \lUi~ which j.::l ,,(\ju.::Ited wil,hin 
±().:?,j 'i;', 
Frequ ency Charac t e ri stics : The tahle I!:iven Oil mq;e 
:!!J flit Ihe TI"I".:.j1O [)ec,.dt'·H('si~t"uce l:n i~ repf<.'i!Cnt~ 
I,he hehavi,)r of Ihe ]'XI·.: iiOO H('~ist(lr~ ralher ~ecu­

ratcly. llarlir"l:orly fur the lo \\"('r r('~i ~t" 'lre lUI it s (up to 
1;00 u]"lLs ), Fur the hil!:hc-T,re~i~I'LIlce unit.::! the errors ~re 
k"" Ihall thuse lahulated for tile T\"!'t; 510. l)(lc.1".::Ie uf the 
rtblivcly $111,.11 ~h""t er,p:l<'il,mce of :lll isr.b led r<'~iMor, 
Maxi mum Powe r a nd Curre nt : .. \11 unit" will diS!!ip"tc 
,me "",1 fur" tClIlJlNatl1TC ri~e of ,10" ('elllil':r:1(le. 1'1,(' 
\',dll(" of ~uTl'ent for thi~ r;$e is 1.:;,',,11 ;" the tahle I.>elow 
"II<I i~ cIII': ":I\'<'I1 U" each unit. 
T e m pe ratu re Coefficien t: At ,,,,rlll:'\ room If'Il'I)er­
atnr('. Ihe 1(.,mpf'r:\Iure cocffit;cnt uf Tl·~i~t:"'~~ i ~ If'S>! 
th"" ±O.OO:!% pcr t\('grcc Centi!;r"dc. 
T ype o f Wi n d in g: For rc-si~I;"'Ce of I"",!- Ih,," 200 uh",~ 
.\ yrton- l'crry "judill!;s arc \I:I{.<I; for:!OO ol",, ~ ,wd hi!;h"r 
\'"Iu('~ of n-sisl"n~"(l the w;"diul': i~ Illlifil:tr on milo" c"nk 

Term ina ls : 1I00h termin~1 ~crc\\"~ :lnd ph,gg "rc ~"I)I)licd. 
and hoth can he \I~ed. Io;ach terminal ~lUd is re<:('~sed ".::I 

a iack IQ :occoIIIIIIQd:1te,' plug. Stand:lrd Yo-inch $1):1cinl': 
is \I~cd. 
MQllnting: I-:,)ch r('~;~IOr is S<':1INI in " "as(! of bl:1('k 
mold('d phenolic wilh an illlpregn:llilll; wax. T\\"o IIIUUIlt.­
iug hole$ arc provided. 
Dim e ns ions : ( l.elll(llI ) 2U x ("idth) l UG ind,c~, O"er­
~II height. exdllsil'c o f plul-:'!. I in..,h. 
N et W eigh t : 2olluc('s. 

TII/"IC n .. ,i'l/IJIu:1:. ,l/"", im"'" C .. rrent C{)(ir Word I'ricl:. -----
SOO_A , ohm 1.0 a 1I);;;I~T"1ll1) $ 3.00 
SOO-6 10 ohm' :UO III" Il):",,;T1>J,;SK 3.00 
500. K 20 ohm, 220,na 1I);"t.'\TI·'t .. \1 3.00 
SOO-C SO ohm' ]·10 1\):\ U"'SI.~TI·Ullt> 3.00 
500_0 100 ohms 100 "'" 1<"'~'''TYIlI)(: 3.00 
SOO- E 200 ohms ,0 lila rn;~I,,·,'(;tlll. 3.00 
500_F SOO ohms .1::;111" """t8-T(:O.\'· 3.00 
SOO_G 600 oh ms 'W lila Itt:$t~T(;OOU 3.00 
SOO-H 1000 ohms :lO ma 1l);."'I;;l")IY.\I:> 3.00 
500_l 2000 ohms :!21"" U):,,'''1·UI:I.I. 3.00 
SOO_M SOOO ohms 14 Ill:! 1l",,':<TI""'); 3.00 
Soo-J 10,000 ohms 10 nUl m:;;I"'n!I'.K 3.00 
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RHEOSTATS 

RHEOSTATS AND VOLTAGE DIVIDERS 

USES: Yal'iablc I'Csi.-;ioI'S :md v()\tagc dh'idcrs 
nrc lI~eful in :ls:.:cmbling cXI)('riment:l.\ equip. 
mcnt. where t.ube \"O!bgCR :\l1d cin'u it c lements 
are to be varied unt il t hcfin:l\ dCl'ign isobt :~incd. 
In l<bndal'd C<luipmcnt, sIlch :\.S tn'tillatol's, 
bridge:.:, te:-:t equipment, and indu.'<1 rial in,.:tt"ll­
monts, ml\n~'mall\lbctul'Cl~filld GC'llcra.i Radio 
!'hcosta1S extremely ui<cful :'L-; fih\mcnt- and 
phte-supply controls, output. contl'O\5, bridge 
:mns, a nd :I .. "; pari," or ahno"t :\11," instrument 
where \'ari:~blc !"C.<: i,., t.:\I\CCS arc Il('('(\cd. Ca.uged 
units 0:\11 1)(' 11",~'d where 1<imu\tallcous control 
is dC:':ircd. lO nib with spf'Cia\I'('sj:-l:mtc values 
01' tolenulC'(')< ("I\1l be made to order. In addition 
to the ordin:uy Iincu!' models, tapered units of 
both the straight. and logarithmic t.,\· IK! ('al\ be 
mucic to :<ati:<fr particul:1.r requiremellt.!), 

GENERAL DESCRIPTION: The rc!';il'.tn.nee wire 
is wound on :l. 8h ip of ph(,lIo\ it' insuhting 
materilll whit'h i:< then bent around and fas­
tened tothemoldcdsupportinv; form, Con:'truc­
tion is so arranged th:1.t the shaft m:1.y extend 
through either or both ends of the rheostat, 

All models arc provided with mounti ng holes 
:\nd with tcrmin:\\,j which connect to both 
ends uf the winding a nd to the conta('t. :\rill, 

This :"\rill ii; in tonti nuous tont:wt with the 
winding ;1.11<1 there is 110 "ofT" po.sition. 

FEATURES: Ceneral lta,dio rhcoskl.ts and "olt­
age di"iders a t'C m:umf:\Ctmcd in five ha,-;ie 
models uncleI' sevcral different types of ('on­
struction, The es.-;('ntial fe;\t.llI'cs of each typc 
of d('~"igH arc outlined bclow. The :,hafts tu m 
in ;U'tlll':~tcly mtU'hint.'{1 hr:lS.;'; b\L"hinJ.(: in:<efts 
which :LI'C molded into the phenolic for lll. 

Type 371-A. Th(' I·c.'. i ~tanec wirc is wound on a 
lincn pl\('[\olic strip , which is I'.(~clll'cly elamped 
to the :<uppol,ti ng f0I111 . The cont:'l.et a.rm is 1\ 

l:Ipec i:l.lly form(ld :<in,J:!:le ph~Jlhor-bronzc l,lnde 
that pro\'id(';; :<mooi h and firm contact with 
the edge of the winding. 

Type 371-T. In this lmit t he r~i~taTlC(, f0l111 
is tapered lin e:~r1.\·, so th;tt th(' \';Iri;ttiun of rc­
sist:Lncc wit h anglf" of rot :~liol\ fol lows a ."(lll:LI'C 

htw (innea."ing with d oe KlI'i:<c rot ·;1.110n of thc 
knob in a pancl-moullkd unit ) . In :\11 uiher 
rcspect.; it is :simi!:\[" to the TYI'~; ;HI-A. 

Type 214. Thi8 i~ i< imilar to the T\'I'E :Hl-A 
in C\'N,\' respect cxcept that the winding funn 
is nal"l"OWer, 

Type 301. Thi:< ty pe is a small, comp:\(·t unit 
si mila r in (:oll:<tl'uctiun tu the T n·t; 214. 

Type 471. Thi." is t~ hiJ..:h gr:1.de unit :<lLitahle 
fot' Ui'-C in high-imJ)('dance circuit",; whcre low 
noi."(' le\'d is cle:<it'ed. 

The high 1'C.;; i:<tancc windings at'C prot('ett'Ci 
from lHc<.:hanic:d dama,e:e or distUt"\)an<.:<' h.,·;m 
cxternal prot('dinA: strip of lincn phenolic. 

;\n ini<idc conta("t ann, bearing fuur i<cpamtc 
w[pill..'!: li ng!'!":,. in''' \lr(':< loll' noLse lcvcl and ex­
trcmely :<mooth opcmtion. 

Type3 14. The d~ign feature'> of thi ... unit arc 
thQ:<c of the 'I" ' I'E 471; in ph,\'~ i('al dinwn::: ions 
it is ~imi\al' to the TnE:; 214. 

SPECIFICATIONS 

Accuracy: ;\11 tYl)('$ :Ire wound to lUI :lCCUfUl:.\· of ::1::&% 
of the nom;n,,1 \""luc~ 1i.<INI. 
Maximum Current: T he rnll~;rnum cunC'nt is 1he "'Ur_ 
rent wh,eh will pro(hwe Ihe nlted power di~sival i OI\ 
when l1ow;1I1{ throul{h th(' ('ntire wind;nl{. Th;~ ('urrent 
,hQuld 1IO~ bce.t('('(O(kd in "ny portion of thl) windinll. 

Terminals: S ... re,,· tl'flll;1I,,1!! w;th :i_finl."<'f('d ti nned 
~old ... rinl{ 1111l~ arc pNwid('d on "II ,,\Odcl~. 

Accessories: .\11 modd~ :m~ proyidct\ wilh lh(' 1\('('CAA:lr.\' 
~eN'W~ "nd nl1t$ for U\O\ml;I\Il, liS \\"1"11 ,,~ " tCJIlpl"tc for 
l:'lyiur.: OUI lhe mOll1l1,III; holes. All uni ts arc $III>I,lil'd 
wilh knol, :lIld pointer. 
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Mounting: All ",odC'ls ~'" '' I~ "rrans:",1 fOT dlh~r ,ahle 
o r 1);III~'1 mlluHlins: . 

Dimensions: O"('r-:l1I ~i ... , ,wd '"oumi,,/; diUl('lIsiOll$ aT(' 

sh<!wlI on thn ~k('I<'he~ 1"·1,,,,". 

Power Rating: Illllw lah)e h(']"w ","(, )1;;,'('11 the aPPT",,;­
wall' pow"r r:tliu)'!s "f ,II(' """iolls ",our·ls. Th"s~ ralins:~ 
:IT" fo.;, 1""'I)(o"'lur',· rj~.:> of fro", 50 10 tiU dCS:J"""~ (',·mi­
),!r:td.:> Ivr op.:>" ~1,,· lr or 1"",,,1 mo"",illl-"'!. \\'hr'" mnunll·d 
jll ,'"do~t'(1 ~1,a,'~S ~1i!.(h!ly hi),!hf'r tClII(l"'rallU'C risc~ or 
!IOmewh"l r{>(i1wC'd r"li,,~ "r" It> I." ""p",, , ,·d. 

Type 

'" '" 30 1 (with 
P""ll'~lillll: ~lI'i]J) ,,, 

'" '" 

MECHANICAL SPEC IFI CATIO N S 

'" ,,, ,,, 
'" '" 

Typr 

*3 14_A 
· 3 14_A 
*314-A 
3 14_A 

' 3 14_ A 
*314_A 
"3 14-A 

.I/"ri",,,,,, 
I(,~"'"(',,w. 

Jri". :o',e('] 
I. -ill .. "1, ... ·1 
h -in.I'I ... ""li,· 
l~ -in. :0'1 ...... 1 
h-i" . I'h .... ,,,I ... 

""W".ri"',,'~ .\"",Wr 
,,/ '/,,,1((( '/'Urll& 

:.!UI)t to 1:?':;() .1 
!)ijt to ~(;Q . 

(;,,:)t to 1\150_ 
ti];:.t I" IMII) , 
OIlOt tu lWO· 

(;&(;/"I.I"r;l.: 
<If /(01111011 

:~03 · 
:!5 1 ~ 

:.!() .. . 

:\0;1 · 
:.!!).I 0 

tFor I",,'''''' r~.,i.t'",ce IlIlit . i Fu r loi~h~~t ""i.'anco ""it. 
(iu'erme-li"',, "a]""" "'~ ]),"purli,,,,,d) 

.1I{ui",,,,,, CQ(/r 
r" ff.,,,, lI"urd f'r irr 

------
1000 \! !)H ",:< l>1 I '" I>" $5.00 
20oo \! jj.; Ill:< ~:~~: .,,,. S.OO 
SOOO t! '" ,,,:< t;~J"\' S.OO 

10,000 !! :!,'" '"'' 1>1\'.:1< 5.00 
20,0 00 !i :!O ,,,:< .::<1<,,1. 5.00 
SO,OOO \i ]:1 ,'':< "OI>".IX S.OO 

100,000 \! , 
"'" 1>0:«:.1 5.00 

314-A 
471_A 

TYPE S 314. 471 

.·I ( /"chu) 

3~,~ 
3~ '6 

~(I"C"(iI) 

p $ 
25i 

.\1" .... i",,, ,,, .I/ruilll"'" ('o<ir 
T y,.... /(r~ i"(J,,cr rUfU"/ II" "ril I'rirr 

*47 1_A 10 ,000 !? :lu '"'' t:tn:(;T $7.0 0 
°471_A 20,000 II 2.3 Ill" "C.".' :< 7.00 
°47 1_A SO.OOO t! 1.) Ill" f:U{JtH: 7.00 
°47 1_A 100,000 tl I\) noa .:U' · I'1" 7.00 
' 471_A 200,000 I! , lit" t:~K.:U 7.00 

·S"pplie-J "it h lincn-phel\()lic pl"1"ccti"" strip. 
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.\"rl II cVJfll 
ill Vu" ,e.1 

" 
" 

" , , 

39 



 

R HEO STATS 

40 G E N E • A L • A D I 

TYPE 30 1 

.\f,ui"""" .1/"fi"""" f ',~l, 

'(YIN /I •• i.,/ .. ",.. Cur" ,,/ 11' .. ,,/ "r;("f 

lOI - A 5 \1 O.!l " I"'.~\" $2.25 
301-A I O !! C!.i',"" II •. \I, r 2 .25 
301_A :20 !i 1:,() '"" HI.'-';" 2.25 
301 - A SO \1 ".!~II 11,'1 'nn.'; 2.25 
30 1_,11. 100 ! ! ".!I fl i '"'' II",'l> 2,25 
30 1.A, 2oo t! 110 I"" "'."L~ 2.25 
301 _A 500 ! ! !III '''" 1<lI'U. :1.2 5 
301.A, l ooo !1 ' :.; no" H." '.r, 2.50 
301 _A 2000 11 I.; "'" "'., '>\' 2.50 
301.A 5000 !! :!i'> ''''' 1(" '1, " 2.75 

' 30 1-A 10 ,000 tl " '''" ... ,,,,,' 2.75 
' 301_A 20,000 !i ]".! II,a {"Ill .'1Il 2.75 

""II l>ph,,1 "it!, 1",t"'I,h"",,1 it l',..,,'tel'''~ 8"i,., 

.11,ui",,,,,, .\I" ... i,,,,,I/, 
1:1/" /r •• i."/'WN C .. rr. ,d 

2 14 _A 10 !! \.U:o 
214_A 20 t! 11.7 " 
214 · 1\ SO !! -I:~. 11", 
2 14- 1\ 100 I! :1:!1I "'" 2 14 · 1\ 2oo t! :!:!II "'" 214-A 500 !! III! ''';I 
214_A lOOO !! HHJ ''';I 
2 14_A 2000 \i ;(1 ",a 
2 14_A 5000 \! I:, "," 
214_A 10,000 \l a:! '"'' 

TYPES 214, 37 1 

.I/,u;",,,,,, 11<,.(;"",,,, 
'/~ /(' _,i..I",,~, (-IIU, ,,/ 

371 _A 1000 !! 1:!'1 '"'' 37 1_A 2000 !! !~J '"a 
37 1_A 5000 !! :,:, ",,' 
37 1_A 10,000 !! :1" '"" 371 _A 20,000 !! :!" ',,:0 
37 1- A 50,000 !l I" "", 
37 1_A l oo,OOO !! II !I,a 
371 . T 10,000 \! :!" ilia 

0 C 0 M P A N Y 

('fJ(/' 

11 '",,1 "rice 

1\"" ". $2.75 
l< \/.tll< 2 .75 
II, .. ,,, 2.75 
tun,',. 2.75 
,; 'II" \ 2 .75 

"()~," 2.7S 
t_" ,,-,. 2 .7S 
~l'HI I' 2.7S 

"",,>;I. 2.75 

HI ""i< 2 .7S 

III f ",./" .<) 

1', 
2' ~ 

(-,~I, 

\I <old I'rirr 

"._"-,,, $5.00 
",u.r S .OO 

",,' ,," ' .00 
,«." "' 5.00 

'" I.'." '.00 
~" HI '00 
'" -I""\' ' .00 
,,1'1.1. ~ 5.00 
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RESIDUAL IMPEDANCES 

IN CAPACITORS AND INDUCTORS 

1. V ARIABLE AIR CAPACITORS 
As it continuously ndjustable !Standard of impcd-

1l1lCC the I'al'iaulc nir ~apacitur apJlr()arlw~ very 
closcly the ideal circuit .·1cmclIt. .. \ L audio ,.nd low 
r;\d;(, frcqucm.:ics the n·sidual ..,ornpollCllls nrc u~ually 
negligible, and it i~ IJCl'lliissi blc 1<> con~i, ln til!) 
capacitur (1.'-; h"ving ,I pun·, (;ofl.~lnnt clIp,t(:itHIiCC. 
However, for usc ill precise IIwa;;:urClllCII\;;; o f imped­
ance, especially at hi"h radio fn:{luclI{· i,:.~. it i~ m,ccs­
sary to take HCCOIiIlI of Ihe small residua l parameters . 
. Figure I is an equivalent circuit s11vwing IheS/.! 
rcsidu;ll im1>Cti1tnccs. 

Tlu.: P:lI':lII1('\(:)'; R. I"~ and G arc all essentially 
constant n;; a fUllction of dbl setting for Tn'l:: 722 
Prccisiull ('''lldcnl;Cr~ . The dielectric (:ulldU<.:t:uH:e G 
may be l:Ollsid"rcd w; til!; sum (II two <':CHll l)l)ru;llIS, 
one, (he d-\· leakage condUctarlO'C, II'I,idl is cun~lan~ 
with frcquenl:~- and negligible at fn:(IUellcic,; abovc 
about 5 c;ydc.~ !IN sccond, and tIlt, other a con,]uct­
fillet: eorre~l.vnding to polariz:llion lC)~s in Ihc ~U!J­
port~, whid) ill(·n· ... "'·~ approxim:Llc1~' " .~ Ihc fir~~ 
power of Ihe fn:quc lIcy. 

:\ ~ low frclllL"neic~, Ihe rnclnllic rc~istallee f( is 
cOI1>;I ... nl· at hi~h ir,:quelleic.~ (abovc 100 ke), where 
skill dTeel is C~~"nti:dl~' complete. il im.:re.'LSt:8 "" lhe 
i;{]II:ne root vf til(' frequcncy . T he indl1('t:IIl('C J~ 
remains \"Cl'y closcly ronstallt 1\;; :1 funClion of fn ..... 
qW':I1<;}", :111(1 rauses the efTl!<"tinJ tenni "al ('apad­
la"ce C, 10 depan fron) the SI~Llic ClIpa<'iI:IlL~~ C 
according to tiLe IIIII' 

c, = ,,~~"7'1~.C"' (1) 

Thc mcl:.Jli c rc~i~I:t !wc U ami the dielt·ctrie 
conducltllicc G combine 10 ("alii;{! a dis,;ipnlive t:OI11-
pO Ill'II~ of impedance, wl,it:h c:m he (.!xprc:sscd either 
:IS a series rt:;;istance or 1\ par'allel contlllctnnee : 

G 
If, - /{ + (wCP 

G, = G + 11(",(,) : , 

(2) 

(3) 
T he ('OITcsJlOnding oVl'r-nll dissipation factor is 
appro.xinmtc1y 

(; 
I) .. J)o + D" = ",c + HwC " (4) 

A prcci~ion capa('ilor i~ uS(,d lIorUr:llly uud('r such 
cOllchtiuns th"t thc dig,;ip"lion fndol' ct)n'po!lentti, 
Ih :tnd Du, and the> indlLclivl.i ('!"tor arc tilw;l1. The 
eXPJ'C~~ ions for the cfTt:clil'(' INrninlll impcd1\Ul~ and 
ndmi~t1\lH'(' of the c"pacitor under the."C conditions 
nrc 

I 
. 1 

Z, _ f - J-, wC. 

Y. = G. + j",C •. 

(5) 

(6) 

/',,: \11<.: 2. The '·,"·;a!;"". w;lh f .. e(i1!('''~Y. of cal)acit:llIce, 
« (top), ""d di"~;p"ti",, I''''!''I', /; (1)(.1/0''') 01 :1 fixed ~olid­

dicll'ctric ~"P:l(';!O'" 

At low fT" .. ·tl\J('n('i(. ~, tl,(, elTeds of tl1(' r('"idual 
parnmctcr~ U nod {, "n' nq.digible aud dIe ("111>""iwr 
adS like n pure {'apacit:uu"\' (' in parnJ1cl lI'ilh :\ 
~olLducl:IIlt:C G or in ~erie~ with a rcsi~tnnee 

(; 
Hc; = ("'(,')' , (7) 

Under Ih,~ ('onditit)1l 

G 
(' ) 

w 

is IL co"~lalLt, where Dc; is t he di .• s ipation fact.or 
cOlTcsponding to the didcdrie luss. The numerical 
value of thi~ t:on~lant is il cou\"enient filtlire of merit 
to define the magnitude of the 11)s:;es at low frc­
quc·neieJS. 

At hiJl:h fnXtllencit:.~ the vthf'r rc~iclllal parnmeler~ 
heeome itlLporl:,nt. T he I,,;.:."·'~ in rh.: 1I1('1al pan~ of 
the capflcilor ilLcn"\"I) with frt:quCIlt:y uLl ti l t hey '1I'C 
firs t. Comp:ll·abl,· to a m! filially in exceSS of, Ihe lo!<.~es 
in the solid cli('!e e lri~' . .. \1 hiJl:h frC(lllcnf'ies it i~, there­
fore, lH:t:es>;':II'Y to con~ider bOlh components of loss. 

2. FIXED SOUD-DIELECTRIC CAPACITORS 

T hc ~"me residual impedance~ shown in Figllre I 
for ,IiI' e:'pat:itol"s lire present in solid-die1ct:trif' cap:I('­
itMs, hUI, 1>(~"auM: of 1\ different medlllnit:1I1 st ructurc 
and b(WIIIL.'e lhe r:lpadlancc is cUl\c·,·mraH·d in Ihe 
solid dicleCtr"i .. ·, thcir rdativc mag!lilllcle~ al"c d ifTen:u(. 
Tht~ dl" " 'I~ of intt:rf:lt:i:d polarir.ation in the di­

electric :m': .~ho\\"n hy the tow -frequen('y \lortions of 
l'igure 2, " lind 1>. On these log-log plols I IC slope of 

1'1<=1'1<>: I. Thl:' equ;,·"lont "ircuit. of a ,"ar;,,1,t(· "ir ""I_>:Ie­
ilor C. !( rcprc~enl ~ the ,;eric.' ltlClam .... rc.;i.'I''' ..... e. J, the 

j"d\Lcl:I!'~e, :Inc! G tho d ielectric cm,(!u"l:liLl'C. 
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Fw\:n.; 3. l::,)u;,·,,)cnt ..,irrnil 1)[ a 1"n',; 3~O nr..,,,de­
(";"I'''''il'" , ',,;t .,!",wi"l: II,,: ",)d;li"",,) r.:.~id,,,,1 im­

li"cda"<'C~ I,,·..,d",-,cd by llll' ~ "it clo"., a"d wiring. 

Ibe lines i~ rhano!"leristie o f the dide"lrie mal('ria1. 
:\1 n'ry 10"" fre'lU!.: n";c.~. Ihe iI- o.: 1""k,.J.;'· c"nd'.II·tall,·e 
ail,b a eornpoiH'nl t,) the di;<sip"I;ulI iaclor·. hUI docs 
not "ITeet (·'II':(("i t:l1H'e. It is normally negligible, C\'en 
at. 10 cycles p"'r ~,.c"n(1. 

At high f !'C'IU"II<·i\· ~. tI,(, !;I..·rips n'siduals ..,'HI ...... di><si­
p1Ition f"dur IU in'T"a:<e a.~ tlo,· 3 ~ pr'\I'c r of fn ..... 
qUl·W·.I·. whil,· tl ... fnu'lional ,.j,all).:'· in eapadl"nee 
in"n'a~l'" as I he squ:.n: of freq llew'\' (:-ic{) Equal ion I ) . 

j-" r",:timml "ha,';:,: in ,·apa.:ilalU"C alld di"-~ipalion 
b,·to,· ",I("h hav ... " Ininimum l"altH". whit-h '''"("UI''' at. 
a fn"IUl'''''y Ihal "ad"" inl"el"",·ly wilh ,·"pa";lalice 
alld Ih"l Can he ,," IlIw alS I ke alld as hi;:h :." 10 ~Ie. 
F"r >,wall l·ap:l<·ilalll"'·~. when' the elTcet uf ",·ries 

J'I<)UIU: .1. Equh',dcnl "in'nit of a 'rY I": ~l!) Dcc"dc 
C,,,,dc"~cl'. 

rc.'!i~tanee :lP\I("Ir~ only at very high fl'cqlwncies, 
a r(·~idual po :1I'iza1io", h:"'ing :I di~~ipalion f .. ".lor 
cunSlant with fl"'\II1l'!l{'~', !'<e t,; a Illinimum ndu<' f,)r 
oIi""il':lnoll f:l<"tor. 11 i~ abo in Ihi~ fn'qlH:ney rallge 
nrollnd 1 ~k lli,.1 Ihe eITel'l of dil)ole J,ulari~:Olion 
OC(·III":;. J)id,·clri.·~ o.·c]inarih· lI~e' fur (:!lJ )!.eiturs 
r,u,t'ly shuw Ihe elfce1!< of Ihis polaril,alion. 

WIlen (':rJla"i'or~ ,m: ",._"Cmhlrd in'" de(·adc_<. as in 
til(' Tn'~: ;jSO J)""!ul<',C''I1:lcilor l "ni1". tIn' ~,'des 
n'.~idll!d:i are i)l<"r~':",-.. .'d b\' tho 'Switch :1:< shown in 
Fi~lIre :3. There i.~ ;ol."{, a'll"l'!llin:11 ("'Q)"d1:11l<'(' wilh 
di.-ll·,·1l"ie I()~.~. 'I'll\" ".~s'·llIhlin" of ~"""ral de('ade~ into 
a Tyl't: 21!) I)"":"le ('ulI,I"II';<"" ad, I>' "I<lI"e >'<.:I'i,$ 
n·~idll,ds 1Iml 1110)'(' h-rmin:11 I:apad,all("', a~ .,huII'n in 
Fi"lIre -I. TIll" ."{,l lIli"n of lh,:sc mor,· l~'lllplicated 
n ... I\\· .... ks i~ <1i~CII"-'l·d in IIw G{'lIfrnl Um/iQ 1~'fJleri­
II/fll/a, \,,,1. XV I I. Xu .. 5, Orl"her. I!)-I~. 

1I'"(",HI~e tlwre i~ III, t"n·q ll,·n,·y :11 \\"llil"ll ,·"p; • ..,ilan"" 
h!t~ 1'I',wlll"(! a ,·,m"I:1I1! ,·ahu·. (':\cll (;(,ll\"ral Iladio 
mp:l<"itor i:>: ,,,Ijll~ted 10 haw il ~ nominal vallie of 
e:lplIl" itanee alike_ 

3. AIR-CORED INDUCTORS 
Th,· r('.~id\w l imp,,<1:\I11'('$ in air-cored inductors arc 

FI{:n<l: :' .. l·:<"Iu;".,le"t cir· 
""il ..,f a" "ir_(,,,rt'(l ill. 

dU .. I",. L. 

CAPACITORS 

II. series rt!si~tanee R of the coppe r winding and 
a distributed capacitance reprC~l!lIte<1 in FiJ.;lIre 5 
by :I lumped eajlaei t:mt"C Co lI:wing :1 di.,,~ip!ltion 
f:u;1Or Do. The indlll'lor h:IIS a natllral frequcney 10 
JetCl"llli ul'(l by the exprcssion 

1 
I. - 2". .... /~Co . (9) 

T his Clllli!CS Ihe ;;cries indu(·t:lUce to ineTcasc liS the 
nawnd fn::qlleney is U]lproaehcd according to the Jaw 

/, 
L< '" -p' ( to) 

1 - To' 
The Jlafll1lel inductance is unafTedcd, ex~cpt for the 
8li"dll dCf"1"ea:<c i1l Ihe inducl:llIee hr<>u;:ht ... hollt by 
skin cm·'·I. This ,·ff,·..,1 is on ly nol i"""blc in .~ingle­
by .. ,r l'\lils ami is millimi1.cd by the US(J of insula ted 
s, r:llnlod wire ( Lilz .. ·Julnthtl. 

The eITeets of Ihe "arinus loss eompon"!)ls are 
mO;;;I. c,,~il.,· reprl";:"llle,] G.,' tile plol 01 di",,,ipati')11 
f:II;lor :lll:aillst fn:l jlwlu-y. Fi~\ln; 6. [n this plot. /), is 
II", ("{"IlIH>Ilelit 01 di ",~ipa1iU Il fa"lor cauSl"d ],~. th,' 
d-,' n'"i.~lan.:e, /). i~ {,,.u.,;cd hy eddy ('UI"r':llls in the 
wi,"C. am! I), i,; the didc"lrie I().~ in the dislrihuled 
c;tpal·ilalll"<:. TIl(" l"lal dis..~ip:l1i()11 fal'lo)' /) i~ [he 
Slim "I' II,..sc (·OIllI'''II<.:lIls :(lu! has a minimuIH ",due 
at a frelj\lcII"y \\''']J bo;luw 10 tIn) u;Ltllra! frequency. 

4. IRON-CORED INDUCTORS 
~int'<.: fewer turns ,II',· ne'· .. ·"-~,""Y rvr a given induct-

1I111~' 1><:l:a\\ ..... : of the high pel·'lIcahilit.1" of the corc. 
/), amI/), an' lo'';'~ (oral> ir<IIl-I'or(',j coil than for (me 
with an air core. The di~l1"ihull"{l ""]>:I<"ilal,,"" C., 
and IWI>'"(" /),. al"C "n· ... I{;r ()win;: tu the (,ondll(·,ivily 
of 1lle imn ,'01"". Two additi,,")( l l,,~ eUlJlP"II" ' IlI ~ :"Ire 
prescnt hU\\,("\,(·I·. tlHlI ar(' call ..... ·,j by hy:;lere~i~ :Ind 
edd.\· curTl'nl~ in Ihe COl"('. The ,·ddy CUl"ll,nt ('umpo­
nenl /), in..,n·",>;I.';; wilh fn·qll, ·nc.,·. while Ihe Ioy,;­
Icrt·~i:; "OI11IIO)Wlll !)~ i~ {'on~t"nt wilh fll·{!III·IWY . 
'1'1 ... (.'\lmpuneJlt n , is ind{;pI'n{knt of Jlux dl'n"ily 
lIml i~ luw,~r fOI" thinner hminalion:; and f<))" du.~t c"r(·~. 
J)~ dl'llCnd~ IlIH'!! (til); d,·n.~ilY and i.~ 1\,·;:ligihh· only 
~It nil); dellsiti,;s a L 1ca~1 as 1011" as lhv,~ ,'on-e­
sf,lomli."" t.() ill~Ii:.1 1~:I'Illl':,bility. ~'\' G"m'ml N(u/io 
Ef/XI'!/llenier. \ 01. X\ I, :'\0. 10, ~[al'/'h, H)·I:.!. 

J,: ... d, (;t'''''ral IIndi\> inductor. whet lU"r "ir- or 
iroll- t·Orc,! is adju"t<-d to ha,"e ill< i,umin,,1 valllc lit. fl. 
sul1ki('lltl.\" low fn!q\lcne~' SO 111:\1 il is Ihe S:lIne as 
its d-,' 1'111110. 

1t. is perhnp~ more u~\\al to ('~p,· ... ;;s Ihe I(,!';;es ill 
lerm~ of Ihe stor:ll;" f:"·I..,,. () ",hid, i,,; til.: n'("ipl"IH"al 
of di~~i]Jali\ln bctor /). Dissipalion fad'))" /) ha" 
1)<."0.;11 IIs,'d herl' h,·('au~\·. where t here :tn· .-;1· ... cral 
kind~ of IO&5es, di~~ip:tliun rad()("~ add diree'ly. 

Ff/, (! ,n; G. The \':lI'i",i"n \\";111 fr"quell".'· "f the <1i~~il):1._ 
\inll factor uf :0, "ir'I'vre,1 illol""\<>I' ~h..,,,"illl! Ihe r.:.hl i,·(} 

(.'()nt,·ihmi"ng uf the ;.c'·cr:,l I",,~ (."<11111"'"('111_. 
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CAPAC I TORS 

TYPE 722 PRECISION CONDENSER 

P",,~I "jew <;If the Tn'>: i22-D l'rcci~ion ('undcn8('r. 

USES: The TYl'~; i22 Precisioll Condenscr is 
n. \'ariable air capacit.or intended for usc as a 
standllrd of c:tpacilallcc. 

I t. is widely used in a-c bridges both as 3. 

built.-in stand:u"d and as :111 external s tandard 
fOI" subst itut ion measurements. It is also u~,<1 
as a tllnin~ capacitor in Ol:icillators, frequency 
meters, and othel' instruments where accuf:lcy 
:md stability Me important. 

DESCRIPTION: The whole capacitor assembly 
is mounted in i\ cnst frame, which is uscd to 
gi\'c t he unit rigidity. This fr:ulll' , the stator 
!"Ods and spacers, and the rotor sha ft. flrc made 
of a lloys of aluminum which combine the 
mcch:1.ni(:al strcn~th of bl'll ss with the weight 
lind tcmpel'atul'C coefficient. of aiumiullln, The 
pkltcs :Ire of :\llllninllrH, so that. all pari s hllve 
t.he &ll'fle tcmperat.urc coefficient. of lincar 
expansion, 

A wo.'m dri\'c is uSI·d in this capacitor to 
obtain the desircd p]'('ci"ion of setting. In 
order to avoid the s lil,!;ht. eccent ricit.y \\'hich is 
almost. inc\'itable whcn a worm ge:l.r i" 
mOllul('d on :\ !'hnft, t.he \\'onn in the Tyl'~; 
i22 Precision C'ondell8C1' is cut. directlv 0 11 

the sh:1ft. The dial end of this \\'orm Rh:lft 
rUIlS in ball be:lrin,w.;, while t.he other end is 
supported by :1Il :Hijustable spring mounting, 
Ball bCllrinJ(s nrc used at. both ends of the 
rotor Sh:lft, F:lectrical COllnection to the 1'0101' 

is made, not through the bearing, but hy 
mc:ul.S of :1 phosphor-hronl':c brush runnill)! 
on a brass drum. This methoollssurcs 11 posi­
live elc(~triC:1l contact, 

A prcliminrl.rY assembly of the frame, shaft, 
and ge:\rs is drivcn by a motol' to grind in t.hc 
gears before fin:l l :t!'scmbly, 

FEATURES: ... A Iligh degl'CC of stability, under 
constant. labomt.ory IISC, has been oukljned 
by cnrefully selecting both m:lleri:.ls and t.he 
mechaniC-'ll arrangement. used in lhe TYI'E 722 
Precision Condcnser. 
... The precision of setti ng of all models is onc 
part. in 25,000 of full sca le, mOl'e ... h:\n tlde­
quate for most mCIlSUt'cment uses . 
... Direct-reading tV'cur:l.ey i;o; within ±O.l % 
of full s(,ale, and corl'(X:tiuo dat.!~ al'C supplied 
so that iWCUI':1,ci<.'s of ±D.l % can be obtained 
at. 10\\'<.'1' sealc s(' t.ting.~. A morc prcei,.;e calibr:t­
tion \\'ith a worm cOI'l'cction C:lll be supplied, 
giv ing COl'l'CCt.iOIlS which permit an internal 
consistency of 0,1 /olI,S, The w~ablc accUl'acy at. 
thc term innis may still be limited lo approxi­
mately l J.l/olf by thc lack of :t st3 n(l:\l'{\ t.ech­
nique for connecting t.he capacitor into a. 
mcasUt'ing circuit, (Sec General, lladiQ Hxpl'ri­
mClllcl', Vol. XXI, Ko, 12, )1:\:", H)·li , for 
a complete discussion of connection enol'S. ) 
... Backlash h:ls been reduced t.o less than 
onc-h:'l.lf :~ \I'OI'm didsion by carefu l :ll'l':\llge­
ment of the bc:1rinb'S and (it'ive mechanism. 
... The tempcl'Iltlll'c eoefllcieilt of capacita nce 
has been kept to about 20 parts pel' million 
pel' degrcc Centigrade by using mel:ll parts 
which :lll have t hc same temperature coeffi­
ciellt. of line:\f expansion, 
.. Lo\\' dielectric losses arc :\ ssUl'ed by using 
~1 10\\'-10;;5 cel':unic fol' the solid dielectri c lind 
by keeping the capacil:l.nce :l:;5ociated with it. 
vcry small. Whcn it is desired to reduce the 
dielectric losscs still further , quartz insuhl­
tion coated with a siliconc resin can be used 
instead of the ecramic. The coating prevents 
the forma t ion of a con tinuous \\'at.Cr flllll at. 
100% I'ChLti\'C humidity 01' C,'en und<'r de\\'­
point. con<iPtlSntioll, 

Interior d..,,,, or rllt, Ty!'>: 7:!:!- 1J Prcd!ion ('Qndcrr:ror. 
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CAPACITORS 

SPECIFICATIONS 

Capacitance Range : Two ~Io~k ,"odels arc ,. ... ~ibl,lc: 
Tn'.: 7~:!.D, direct I"('"diu): ilL c"padl''''"c I)n'r IWO 
ra"!::'· .•. :!5 II) I W 1'1'£, ,,"d 100", 111.)411' ... 1; Tn',: 72~-~1, 
iUI,',,,lcd for !>rid!::,··sahst;lutioll lH('''~url·",e'''s '\1Id ,Iireet 
...,:"Iill):; in "apa"i\:U]cc rC"'<lrca fr"", the capacitor <wcr 
" ran..:" of 11)01) 1'1'1 . 

Rotor Plate Shape: "",,,;";rcul:or fOJ" al] ",odl·I~ . IV givc 
:I li",.", r "apa..tI"u,·C ,·h"r:":'c,.i~, ic. 
Standa r d Calibration Accuracy: "j"YI"" 7:!:!-D: The 
cap:,,·il:"'l·C of Ihe 111(;11 ~CO' · liun. IOU lu llOU ppf. is 
illdi,·",,·d dir,' .. l1.,· ill ",krolllicr"l"r"d" I,.,· .hc di " l ""d 
dn"11 "·,,diu..:s wi,hill ±l ... pf. Thl' '·:'i,,,d'a'l'"f' Hf Ihe 
L()\\" "·"li"". :!.} II) I IU 1'1'1. is ill(li~"\l'd dirl'~lly in 
mi'·ro1l,i,·rufarads lJ.'" on,·· \f'lllh ,,( the dial "lid drum 
re"di,,)::~" il hi" ±I).:! ""I. 

Ty",: 7:!:!·~1: Th" '·"I",l"it:I",..' :It a r('adi"..: "I ,-ero for 
Ihe <li,,1 a"d (Iflu" is ;"dical.·,] V" a Mnall ,·anl '''''III'\f'«( 

VII Ihe P:"ll'l. This t"Jl"Cil:""·C. ahollt 1 ],;U""f in 1l!:1J<lli­
tlld,·. i~ !::i,·cn to O.l""f and i~ ,,,,cura!O; willli" ± l ppf. 
Th" cavacilu,· i~ "djll~'t· d lu i"dieat ... t! ;rtt·tly in ",ien.­
Ilti("r"f,,,·:,d~ Ihc (·:Il.adl:", ,,,, u muf«l (,.urn Ihf! circuit to 
all :I,·,·ur:,, ·.\" ,A ±I ""f-

I II :,dditio" . a ""Tn·'·liulI d,art ;s ~1I]JJllird giving 
(:orr(',·'i"n~ w 0.1 "p!, ,tt "",Ilipl,·~ vf ](HJ ""f. By u~ing 
Ihe~,· data Ihe dir,·,·I-r,'at!in):; "'Tllr:,,".\" whid, """ bc 
Ohlai!".,] for thc I! 1(; I! ~N',i'lIl 1,1 ti>" T,.,·~: 7:!:! . J) is 
:±: O.I("~ ur .:1:0.1 "I'f. "·hi.·l",,·,,, i~ lit" '""~:lI<'" ,,,,,I 
Cal)a,·;t:tn ... e diffcrf""·~~ C!l" hc m{"a~lIl"co<l to ±O.l '"; or 
.:1:0.5 ""f. whid'f!\'N ;~ tI,r )::f<':\I,·r. For II", 1.0\\· .~, .•. , ;,,11 
all "tl·"r',,"~· of :1:0.11',,1 r:ll' Ill' "ht:,incd f<lr ],«th direct 
C:lj)adl:uwc and '·"1>:"';1" ",·" diJT"rcrl("f'~. (·"I)a";lance 
diff<:r"'''"''$ on ,he T .... E i:!:'·).\ ~"" "1~,, he "h,,,i,,,,d 10 
±U.I<"; vr :l:0.5 ...... f. whichenr i~ tl,e Kreater, O}" using 
Ihc ~orrt'·liu" d"ta, 
Worm Corr ection Ca libration: Worlll cor rcrt ioll~ CRn 

u... $II1'I.licd fur J~,lh III"d,,\~ "I :1Il cxlra char..:c indi­
c"l~d in ti ll' price li~t. ~11"lll\,·d ,·ha!"\~ ,,,.,, s ll jlpli(·d , 
whi,·h I:i\'c th ... cvrri'cli,,"s tu at 1ca~1 "nc ",orco ti)::lIr" 
th"l1 thc ,:u:lr:,,,\,,rd a(·' · llra,·ic~, whi,·h "'"(' ~1"l<'d hl'luw. 

Tyl''' 7:?2-D: \\·h(·n Ih{· """""1 curr(·'·l iu" is IIl«'d, Ihe 
C:tp:'lci la!l{'C 01 c i lhcor ~celiv" ~:t " he dell'r""""d ,,-ithill 
±tJ.IJ'J'f M ±O.l<;;', whichc,·,·r i" Ihc !::n·"tt·r . ,,,,,1 ,·"ptwi. 
UUlI'C <lifTf·rCII(;.'5 \l:on be lIl\'a~lIr{'d r<l ,on ",, ~ ur:ll·'· of 
± U.:! ...... f ur ±U.l(';. whid,c,·"r i~ Ihe ,: .... ,,{,·r. wi t h· the 
I (\ (: I r S\'!ct;on; :!rld ± O.I) 11'1'1 ur ± O.l "~. whid'e'·cr is 
the ;:rf':tter. with th" 1.0\\· ~Ct·I''''' . 

T\" 1".: 7:!:!-).\; Cap"cil:l!leC difTcorc"''<'~' in capacit:lllCC 
rcnlU\"cd. ,'a" hc '''c,,~u,·~d within ±O.:?"I'I ')r ±O.t % , 
whiehc\"cr;~ Ihe )::r""I('r. 
Maximum Voltage: All modcl$, WOO '·ults. pC:lk. 
Dielectric Supports: Two h",·s or .'I(>a,i t<' ~\lppu,.t Ihe 
staltJf a~~,·m bly. amI (',miC:ll hushi,,~s i"~III:tI" Ihe 
ICTllli1l"I.~ fTl)'" Ihe ])and. Quart' i"~,,b tiu" call be sup· 
plied UII spcd,,1 vrdcr. (Sec pri,·e Ji~l,) 

, 
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!!Iii' , 

II 

- -_ .. _II,. 
---LiiilI! - := 

• '0 to 30 • 
CAl'lWWlCf. 1'1" 

• 

PI", of " typi"a( "'orm ('()rrf'r, iv" fur a Tn·£ 72:! 
l'reci~illn Coudcnser. 

Dielectric Losses: Thl! figu..., of Iller it. DC (di~~ipatioJl 

f",,'or limC$ C"j",rit:tn~e ) , wh"1l UlcaSllrcd at 1 kc i~ 
"JJJlru~im:tI<'ly O.(J..I jJpf f"r ~tC"liIC i"subli"" and 
O.(Hra p ... f for ql"'rt~. 

Residu al Parameters : Thc !!Cri,'S i"duet!ln~c ,,,,d the 
se,·i"s "",,:tlli\: ,..·~i~I'lI>'·c 'ITC ):;in,,, iu Ihc f"l1"wi,,~ tahlc: 

T!II'" / , f( III 1 .I/e 

722·D 
high lect ion 0.OH51'h O.I)~ !l 
low sec lion 0.1 1 ,h U.O:l !l 

722·M U.06U I'h I).O:!!! 

The srri{·~ r"si~\ancc '·ari,·~,,~ Ihe S'I"arc n>ut "f thc 
fre'tlli'llcy for (requcoll.·il's "I .... ,·c IOU ke. 

Temperature Coefficient: Th('\COll'lX'ratllrc """lIioicnlo[ 
e"]1:"·il,,,,,.(' i~ apPr<lximald.\" +/).III):!"" lX'r dCJ.:,,·e Ccnti­
gradc, for H",,,UIClIIpf'!";tlllrc "han~es. 

Drive:.-\ worll,·,,,,d·)::f',,r dri,·co is used. T,) rcdn,·(' ir r('gll­
I:!rili{'S ,1),,1 1,,,,,kL1sh Ihe w"rn, i~ Cllt i"l co!:ra1 with the 
sh" ft .. Th" backl:t~h is l('s~ Iha" ulle·j,,,lf wOrlll di\"i~ion 
(Ih",,' "rco :!:iO di,·i~'on~ I,N W'>!"I" IIITII fM Illr T\" I"t: 7:!:?D 
"n<l Ihe Tn.: 7:!:?·)'1 ). If Ihe ,ll!si"'d ~ettinl: is alw"y! 
:!lJp",,,dlf',1 in thco di"f'clion of illl'r",,~ill):; g~·:dc r""din..:. 
no clllil/ralion el·ruT Irum Ihis (:""s" will T(·~"h. 

Term in als: J,,,·k-IOIl hin,(in~ llUSU "rc l,ru\"idcd. Staml· 
ard I~-illd, ~I",,·i ,,!: i~ IIscd. Th" rV\(lT \cTlllil1,,1 is cun· 
11I)cll'(l \0 Ihe l)alll'l ,,,,<I ~h ir(d. 

Mounting: Thc ~alJ:,,·it(}r i~ ",nUIlII'(( on :11' aluminullI 
pauf'1 finishNI in h1a(,k cr,,~klc I:>C'I"~r and 1',,,,lo~,,d in a 
shi,·ld"d ",alnUl rabi"f'(. A wooden stor"..:c CaS<: with (vck 
and (:tnoyi"..: h.~ntl\c is indudrd. 

Dimensions: Pa,,<>1. ~ X \)IS i"rhc~: depth . 81.0' inchcs. 

Weight: 10L lJ\J,mds: J\) ~4 JJ",,,,ds wilh carryi"..: c"s(' . 

(·'HI, · jj""r</ I'ric .. 

\
25 to 110 I1l1f tllld 100 to 1100 l1V-f , direl,L reading, . . .. . 

o to 1 000 f.Lf.Lf , dircct reading ill Ct'jl,l\lil:lnec 1"I,;lIIo\"(:d froUl cirCllit 

l:H'·EL 

1.:0\11(; 
$ 175.00 

140.00 

Worm-Correction Calibration for Typ e 722-M 
Worm-Correction Calibration for Type 722-D 
WII,'" ol"<lCI";nl':, lI~C coIIIJ)Ound eod" w"nl, CIU·Y.J.W"""Y. CIC. 

QUARTZ INSULATION 

I 
WOH.\IY 50.00 
WOIO!Y 70.00 

.\ny TYl'r: 722 Precbiull Condenser can he obLllincd wit h qllrt rlz in:;1l1atiol1. 

Quartx In sulators fo r Type 722-M 
Quartx In sulators for Types 722-0 or 722-N 
When ordcriJl)::. usc COlllpvllnd co<le word, cnt:U.Qt: "'TZ . IltC. 

GENERAL RADIO 

\ 

Cud .. Ll"vrd 

QU,\TZ 

Q U.\TZ 

COMPANY 

$65.00 
85.00 
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CAPACITORS 

TYPE 722-N PRECISION CONDENSER 
FOR USE AT RADIO FREQUENCIES 

USES: Th i;;s c:\pacitor h:1S heen dc,.;i~ll('d ]Jar­
ticularly for Wi(' :lti :~ st:wdanl at. rad io fre-

qucucic,; in ~rics- or p:lral1cl-rcsonatlc(' meth­
ods of imp('dal1('(' mca~1I1·('111('111. [t i.-; :11"0 
usdul as a variable cap:u'iivl' ill radin-fre­
qucncy bridges. 
DESCRIPTION: T he frame, bellrin),!;, :lntl drive 
mechanism of t hi:; c:tpacitur a]"(~ idf'llli('al \\'it h 
IhoS(' used on the ot her Tn'.: 722 I'n'cj" jon 
(;ond('I1SCI':). The 1'0101' and sl:\lol" lead,.:, how­
ever, lIre not. brought Ollt in til(' cOlln'miona] 
manner. In t he TYl'E 722-X I'I'('d",ion ( 'on­
denscr CUIIII('ctioti i:; made at the CClllt'l' of 
both plate slacks. 

The I'OtOI' ('ollTlcl'liotl is made by "pring­
temper sih'cr alloy bt"llslH'1i \)paritlJ,;: on :l 
sih'cl'-o\'cl'hy bm:-,s d i,:(·. 
FEATURES: The irnport:llll, ft'alllr('~ of t his 
('apadtor :Irc ils lo\\' metallie 1'(·:,:.i . ..:l al1('(: and 
lo\\' iudu t"t:IlH_·c. Both of thcst, qWIll1jli('s are 
about one-third the malPlitutic of thoS(! in lhe 
T \'P),; 722-1J. The aceur:u·.r of ('alibmtioll is 
;-1..": good a nd the t1i('lc-{'\rie 10:-:.,,:c5 twarlya.') 
Iowa . ..: in til£' ot h(,r T YPE 722 C() nd('n~CI-"; . 

SPECIFICATIONS 
Capacitance Ra nge: JOO to 11 {)()~pr. dirt·,·, r(,;l( ling. 
Rotor Plate Shape: ~('n,i(;I'Cul:.l' w )(i"" " li"e;)r 
e"p,u'i I ""e!' "10,, rar!l'ri." i(·. 
Standard Calibratio n Accuracy : T he ,·"pa,il:mee. 
tne:"lured ,,~ 1 kc. ;~ j",lir"ll·d din"'!ly iu noi,·wmi,·"o. 
("r:.ds hy the d;,,1 "nd drum ..... :tdi"l';~ It) ± I "I'i. 

,\ eorr(wl i"" .-h"rl is ~UJlI,li('(1 d"iull: l'Ol'rect io,," 10 
0.1",,1 "I Ului1il,I('s of loo",,£. Ily "";"1.: Ih ... !!(! d:\la iiII' 
din"'(-I''''"ding """"r:l<'~' j~ ±0.1 (; hI' :LilA 11,,1. whidle"r,r 
i. Ilw )(W"I"I'. "Uti the 'l,·,·ur,,,·y {"I' "'''I':,,·il''lH."e diITer­
I'n<.'('$;$ * 0.1 <", or ±O."I'"f. "hid,(''''''' i~ the I.:rC,,!l'r. 
Worm Correction Cal ibration: A"",.,,, cu .. n·,·li"ll "" n 
he ~ul'l)li{'{1 "II ~1l('<;'i,,1 "r(I,·r. ( ~.:e pri ..... li~I.) ,\ "'''''''I('d 
charI i~ HlI]ll'li ... d I:i"illl: Ihe 1 .... r,....'·li"u~ tu "I I""~I ""e 
Iw.re lil.:lIrc th"" 11", ::u"r""I .... <I '''',·m:",.'· 81"1"\1 hd"",. 

\\'IWll Ih(' "".n" (·,.rl'<·'·li"11 i~ It~'·,l. lh ... ""I""'i\"I1"'" 
c:'" he 11<'I<, .. II;II<,d "ilhi" :1-0.1",,1 or +0.1"". w!okh­
("'cr ;~ 111,' 1';1'f',,\CI·. ""d "'''I'''''i"",,· .. diff,·n·"r..,~ ,"lU 1", 
11l"'''~llr('d I" ,m ",·,'I>r"e), ul ±U.:,!J>"I ur ±U.I<;~. which. 
{'\· ... r i~ I h(' 1(1'<'''1('1'. 

Dielectric Supports: '1' .... " hl'N! "f ~1":\lil{, ~uJJPOl't lhe 
~I"t .. r "",o('mhty. :md " th ird l~'f i"~\lI:II{,~ Ihe hieh 
lertlliw,l {r<lIn lhe 1""'<'1. Q""fl" i"""!ali,,t> (':"1 he ~"I" 
1,];(';:1 0" " ~1>l.~·i"l <.>rd.'r. :":'-e Pf;"{' li~t "" pn ... ·(·,jilll: 1"'l:e. 
Dielectr ic losses: The tij,,'ll!'t" of " ,, ·.it. D(' {di$.~;I"·Hi<J" 
("rtor lim,·~ """n,·i"",,, .. ). "h"l1 ru(·,,~urMl :01 I h·. is 
flll" ... )";",,,!.,!y O,U;'IIJ>f. ( . ..:.. .... di~ ... ".~i"" <I" 1'''l:e ,I :!.) 
Other Residual ParameteN;: 'I'h .. l!<·ri,·~ l1ll'lallie rc .• i~l­
"",'(, i~ "h""t 0.00:> 011111 :11 I ,,"'I';:,,· .... de :,,,d im:I'f'f1!!Cf 
dil'('ctly,,~ tloe ~'lll'\re TQ<,t " f Ih(' In·'lur",·.,·. Th(' tli,·I('r l ric 
"nd ",(,\" iii .. 1,,"" ... ~ ,,1'\, "1'1>" ,~ i llla It·I.,· ('<1111,1 :,1 :t ,ell iUH of 
1000 ...... 1 :1",1 a Irc<l" ... n,·.\· ,,{ 1 .'!<-. 

Th.., ~('r,C" i"d\l"I",,''<' i~ :tI'I'N,xil""t('ly 0.024 ... h. Thl) 
in,'I'('"'''' in (" 'Il''''i\''''H' ,·",,!!t·,l h." thi~ illd'l<'I'"U(' I'('"ch<.'s 
10% :11" l'{'ltinl.: of 1000 ... "1,,,,,1 ,, fl\·qu .. ,,\·~· "r 10 :'Ik. 

At ~1Il"lI('r cap:ocil:Ln .. -e >lCUilLlI.S 11.(· ,·ff«u "f n·~idu,,1 

Tmle 

Jl:m.n"'l('r~ Me Ir~~. The ('Qn111 di\'i~i<)n of l"i<I!"~ <)\'('\lrB at 
to ~I,' I"r:t ~.·lIilll'; .. 1 1t)()lIl'f ,,,.d II", HV, '·"I" ... il:lIl~c 
ri!K' Qo"'lU'~ a T ;1() ~!t- jor Ihe ~:"LL~' ""11'''1:. 
Maximum Voltage: IUUO ,·"lts. I''''''~' 
Temperature Coefficient: .\PJ!T,,~iLL':Lldy +U.Oo:'!("o 
Iwr d('l(rNl <.· ... 1I1i)(l':,d ... f"r ~rnalllr"'I~·r:ol"r .. ,·IL:'''J!'''~' 
Moun ting: T he ('''1':0'';1''1' ;~ "'''\I"",d "" "" ,t\UtIL,"um 
Il,,,,,·t fi"i~h ... d in ht, ... k ,"r:<dd ... 1''''<1''(''' :",,1 ,·",·I,,~.·.I ;n " 
shi ... I<Il't! w:oI"111 .. "l,i",·I. " ", .... ,,1"11 '1""')(.' ,~,!'(> will. I''''k 
:1U11 ":lrQ-im' h:",,\I(, i~ '"dl1d,·d. 
Dim ensions: 1·", .... 1. ~:c !)I. in ... l ... ~; d'·I.IIo. ". i".·h .... 
Ne t Weig ht : II I I 1"J1u"I~: ttl I ~ I~"",d, "i, h '·:Lfr., ;nt:: 
""!!<'. 

Inl('rior »h"\ol(l'",,h of :I '1'\"'1: 7:!:!·~ I'r<'d";'m 
(,' .. "t1",,,,,,·r "ilh h"lf tlw ~1.1lor wnm'·.·.!. ~h .. "illl:: 
the I('"d~ "Hll I he m{'lh.).1 .,f <'<J'""" ";'''' I" 11..., 1'<>1'''. 

J'rict 

722-N 1 100 to 1100 )oL)oLf, dir('("t "'"ding ..... 
---I 

BOXEll 
WOIDIY 

$ 160.00 
50.00 Wo rm-Correction Cal ibration . 

- --
\rhen <'>I'dc,·in l:. \I~e "01111)",,,,<1 co<le WUl'tI. lIox.;nWulI_,n·. 
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CAPACITORS 

TYPE 848 VARIABLE AIR CAPACITOR 
USES: The TYPE 8·18 \'a,ri:~b lc Air Caplwitor 
i.<; designed fol' Ul'C in md io-frcqucncy equip­
ment. The line:u' models, for ill i; t:mce, can be 
IIsed :\ .. ') impcdam:c-hridgc dcmcnt$, a nd the 
logarit hmic model. TYPE S IS-L, :IS :I tuning 
t'lcmcnt. for mdio-fl'cquel\cy ol'C'illatol':-'. The 
mounted modC'!, THE SIS-B:\l , is direct­
rC;lding in capacitance, and finds mally UliCS 
where the high accuracy of the TYl,t: 722 Pre­
c i:-;ioll ('ondpn,.;cr is not needed. 

DESCRIPTION: Both t he 1'0tOl' ;Ul!l the "t:llor 
:.~rc in .... uiatcd from the fra me, and t'ontact to 
the rotor i.'i made by a 1ilip ring a nd:l -l-fillgcl'cd 
brush. The rot.or and l'tator stacks :~I'C made 
up of bt'{l,,')S pi:Ltcs soldered into single uni!..s, 
which a l'(' tll('11 ni('kcl plated . The rotor is 
mou nted in splU'rit'al oil·i mprl'lpmtcd bear­
in!:,"!' , \\'hich arc mounted Oil Ilwtal cndpllltcs, 
l'i !:,ridly SIlPpo],t('d b .... fOllr metal eot'lIt:r rods, 
Stator su pports arc ,"m:l.ll ccram ic conc~, 

FEATURES: ,. Higid ('onstruction and :iclf­
:digning i'phcril'al bcn ringi' a:i~U t'C mcchani('al 
s tability, 

... 801dc]'(,>{1 pl!'dc con,,,, bruction keeps ohmic 
I't'SistatH'c low, 
,. Insulated ]'otOl' and st,ltm' make the capac­
itor u:i:tble as l'ith('1' :l 3·tcnninal or:l 2-tcr­
millal clenwllL 
,. Cn,p:lcit.ant'(' from ," ': ltor to fm nw a nd 
from rotor to fr:u nc ha ... been k<'pt low. 

SPECIFICATIONS 
Capacitance Range: F"ur mu"vuII.,-d JU' l(ld~ ,,,,d vuc 
ltIo.u1t("d ",."It:! :on' li~t(. ... 1 hdow. 

Calibration: The 'i'YI' I: S4S-H:\ 1 h:\.!! :, oi,,1 diN'l't· 
n-"dinl: in t·:, p: ... il"",·(". 
Plate Shape: l't,,,,i<'ir"lIlar Jllr"iJ:!I.-lill(' c:q"lI'it:lIIl'e 
1":lIl'~ u" :Ill 1I\<I,h'IK t'~"(!Il~ .10(" Tn'l: i" I ~- L. ",hi.·], i~ 
d('siJ.:II,·d .<> 1:;"" " '''I::lr;.I"nic (,'<'<1""" ' '-'" ":lri,,\i<)11 ill :I 
11I1Il-(1-<-';rl'"iL r·f o!!<;illatvr on 'r " rn~lul>rwy r",,1'" of 
,\/ 10:1. 
Dielectric Losses: T he fiJ.:llre of II<('ri. DC (tlil'..~il)"lioll 
r"('I<,r I;m .. ~ (':lI""'it,,,,.'{') is "I,>!>wxil"""'iy OJ~.! I'I'f for 
:111 IYIWs. 

Supports: .\11 rn"del~ h:l"e ,,,(>1:11 '-lIdpl"t('~ wilh ~mall 
Pl'r"mic .''',,('.~ ~lIpp"rti"l: Ihe ~I"lor'. The ru tor i8 
i"~\lI:"cd (rv lI' tI'e ~I"'(I hy I\\'O l'vJY~I~'l'e lle , ..... Ibl's. 

",,""" "I'"r,,,,,,,,- , " . 1(' , . .. 
1'1111( .\l IlX'III''''' .\1;";",,,,,, 

Maxi mum Voltage: IWO n.h ~ 1*"); fr.r Tn',: />01 ... ·.\. 
" ,,,1 ,00 \· .. lt s I)(":ll fur ,III n.lK'ro!. 
Shaft: J~_i"ch ",,' id ~'l'\·1 sh,,(loll "l1l1,,"lel~. 
Orive: :\0 In,, lIs ur dri"('~ :Ire "upplil'd "xr('l'l <lIl .Iw 
'1','"" />o.IS.H:'> 1 whi"h has" .li""('I·f(':I •• illl( .!':l1. 
Tcrm i na]s: St)I,I.'rilll: hlJ.:8 <III ulI''''',,"I(>([ ,""dl'I~: " ':Ind· 
"TIl j:U'l.I"I' hi"dilll: ]I"~.~ '!II rnolll11('d 11",,1.,1. 
Mounting: TYI'" />o~:-·H:'> I is ""'1111.('(\ .lI! :1" "hll"illl"" 
1",,,,'1 ill a ~I,i('1dl'd .. ,,1.illcl .. \11 o.l ... r m .. d(>\ ~ lire 
II"'"V""'('(\, 
O imensions: Tn'.: 1'>-1"'. 11.\1111"",,1,,(\ 11 .. . <1,-1. ;, 'l x :; '~ 
iIWh,-S. x (h('il:hl ) 7 i"d ... ~, ,,,'('r·,,'1. l·n", ... ",!,·" '''' Mld~, 

Sl>(> :I.·t ..... lI1t""'yilll( ~k~I,.] •. 
Net Weight: T\'I" :~ 1'>'''''\' . Il, :",,1 . J .. :? h ,,,,,IUds; 
T,'l't: ~·I:-·C, ;~}~ 1)U""d~: '1"1'1'1; ~ -' S_ I\'\I. 1'> ' : ]"l\llId~, 

.\'"",i,,,,/ .I1i.ri"",,,, 

• . " .. ('''I""ri' ",r I f'r<> w 

}{v'..r SI,,/vr (' ... /,. W."'/ /'rirr 

848-A SSO }L}Lf 20 }L}Lf 1 S }L}Lf 12}L}Lf t;.\.\IEL $17.00 
848-B 1100 }L}Lf 20 }L}Lf 1 S }L}Lf 12 )1)1f CALli' 19.00 

· 848-BM 1100 }L}Lf 22 }L }Lf ..... , .. , t' IIIS!' 47.00 
848-C 2100 }L}Lf 29 }L}Lf 18 }L}Lf 16 }LV-f CHEST 24.00 
848-L 820 )1}Lf 21 ~~f 13 }L}Lf 12 }L}Lf <.:01. 1(; 23.00 

·(,,,l>ill(' •. I110,,,,I(>(1 ",odel wilh di,,1 di.,-.·,-",,,di,,1': in e:op,wi,,,,,ee, 
Di" .. ,,,.io),,,,i ~k("1 .. h('~ fur Or/l) Tn'" />0 17. ,,,,d (right) T,'I,t: ~S \'"ri"h'(' ,\ir C"J>-'\dlo~. ,.--. "'- :~ 

'J- i 
" @ ltr i::: 

'~ "1 • '~ .~ 

(O;~ .~~ .' • ® ':t " @"',/'·-r···, 
· - . 'I '. .!'-~ •. :'-~>f' · - -

GENERAL RADIO COMPAN Y 47 



 

CAPACITORS 

TYPE 847 VARIABLE AIR CAPACITO R 

Tn.: ~17_<'; with Tn.: is·''-1' 1 Dri-'t), :",,J '1'\'1'>: 8017-.\. 

USES: The TYI'E 817 \ ':triahle Air CnpacitOl' 
is :~ smaller unit th:1.n the TYI'E 8-18, but is 
simi!:'!.!' in c-oll!;tnH:tion. It. has the i,ame 
genera l applications as t.he hl'gcr capaci lor, 
but is uY:lilahle only in lower capacitance 
models. 

DESCRIPTION: Genel'l\l dc~iJl:n and con!;lnlC­
tiou arc :<irnibr to tho:';c of the THE 8-18. 

fEATURES: ... Rotor and stator :lrC both in­
sllltttcd from the fmme in nil models. 
... Soldl'I'NI plate constnwti(lll kccJ>!oi rc:<ist­
a nce low. 
... Sphcricnl oil-imprcgJ\!l.tcd I.)('arings arc sclf­
aligning, and aSS\lre mechanicnl stability . 
• WOl'm-<il'in} dial und drum assemhly IS 

available for all model s. 

SPECIFICATIONS 

P late Shape: ~micir~ulur strni.L:hl_liu<, r""""i'anC'l! on 
"II m()(ld8. 

Dielectric Losses: Th ... figllN' of IUl'r;' DC (dis.,ip,,' iull 
I"etor lill>et5 e:ll): .. ,i',"'~) ill "J)I)roxiltn"et~· 0.0'1 JJ.JJ.f 
for "II InN's. 

Supports: All modl'l~ h",'" Itlf'\"ll'ndlll:tl"" with ~1tl,,11 
c('r"",ie oo" ... ~ suppurti,,/.: Ihe "'Illor. All rotors "re 
in"u1:l1 ... 11 fro'" the ~Iwfts I))' poly"lyre" ... <'<Ill"r". ::'II,,~_ 
;,,,,,m lIu",il),,1 r"l>n"il:lnCO of rutor 10 fr:""c is 13 /<,I-,{, 
nml "t,,\or to f,."",e 11 p,pf. 

Maximum Voltage: 1500. 1·100. nnd 1100 \'01c~ 1)('''1.:. for 
Ihe '!'yl't: .. Mi·A, _II. :>lId -C. rt."IlX'<'lin-Iy. 
Shaft: h ·ind, .:!Vlid ~Icel ~h"h Oil ,,11 Itlodel$. 
Drive: :"0 knol>ll ur (hi",.,,, arc ~uPllli('(1. hUI Ih ... Tn'!; 
8-li- 1'1 Worm Dri,· .... -\s. .... Il,bly is ",·"il"l>l ... 8('p"n" ... ly 
(I!ee 1N'low). 
Terminals: '111mI'd C()J)PN "old ... ';n):( lUJ.:~:'Ire luo\'idl'd. 
Mou nting: ~ee ~I.:eleh on preceding pagc. Tlu'C(l mount­
ing ~('row~ nrc furnillhed. 
Dimensions: Sec .. ketch 011 weccdin/.: P:'I\C. 
Net Weight: ,\11 model". l ~ poulld~. Tn.: 8-1 7- Pl. 
I J)()\md. 

1'Y1le .\f,u,·",um ;IIi",,,,,,,,, COIh: Word Priu 

847- A 75 ~~f 15 }L}Lf C.\I'En $ 13.00 
847- 8 110 fl flf 16 }L}Lf CA I'OX 14.00 
847- C 220 flflf 16 }LlLf C .... ItAT 16.00 
847- P1 Worm Drive A ssembly, 30: 1 DHYAI) 15.00 

TYPE 846 VARIABLE AIR CAPACITOR 

USES: Thc TYI' ~~ 8-IG Vari:\blc Air C:\pacitol' 
is designcd primarily for usc tlS a trimmer 
capacitance in oscilla.tors, bridgcs, und othcr 
:mdio-frcquency and I1tdio-fl'Cqucncy equip­
mcnt. At high frequencies, bccause of its low 
residual impedances, it is u5.'\blc as a tuning 
capacitance in receivers a nd oscillators. 

DESCRIPTION: Soldercd bras.":'i phtcl-J, nic·kcl 
plated, a re u!o;Cd in this capacitor. The stn.tor 
is mount.ed on a s inglc lo\\"-loss thcl·mopl:\.."tic 
cnd pl:lte, which scrves as an insulating 
mounting plate tmd us a bcllring . Two shaft 
styles :u'c listed, one for usc with :1. knob, 
and onc fOI' scl'c\\"{lri" cr adjustment .. 
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FEATURES: ~ The T\"l'J~ 8 16 \ ':l"l' i:dJl(' Air 
C lp:witon; arc sm,l ll :llld c:l.-:y 10 moun\. 
.. i)ici('dric IOfises arl' cxtr('mel,'-\ow, 

CAPACITORS 

... Ohmi(' rc,: j"t:UH'C j,; kept. 10\\' thrOIl).dl fhe 
usc of soldered pktlC':<. 
... Lon!!; slcc\'c bc~~ril\g aid" "iahilit .,- , 

SPECIF IC ATIONS 

Capacitance Range: T hr(lc r""Io:C~ ftC<.! " ,-"il"I,]" fts 
li~lrd ],.,]r;w, 

Plate Shape: .\ 11 ,,,odeb I",,"c· ,«'Illid ""ular rotor pla1<'~ 
)(i,-jll l( :tlll" .. )x i'''''lt.'iy li,,,,,,r C:Oil"cit,,,,,.:c ,""ri:'I;"" wiil, 
:onl(lllar Mlli,,)(. 

Dielectric L osses: T h ... fill>m' M m " ril D(' (di.~~; I"l1i",) 
"'''lur li",c~ c"I):ldl,, '''·C' ) ;~ I""" lh:I1I H,IMI II'J.'f (,," "II 
1.'·IJC~. 

Suppor t: .\ l'iu)(l{' 1,.,..-ln';'1 lhcl'mni,laslic C,,<llllalc 
~lII'P<.> " I~ the entire "S:!<·,,,1,1~·. 

Maxi mum Voltage: "no vnlts J"'"k. 
Drive: All ""''' u\oll~ls have l'_~1<m<lc" ~hah~ (or knoh 
dri,'c nut! nrc $ujlpl il'd wilh ~ '1'\'1'.; J(:'\:;P-u kilO!' .. \ 11 
"'1'" mOlh'ls h"\'e Jtll~h ~h"rl~ ",il[' a ~l,)~ ror ~~n'W_ 
drivClr drive. 

_ ~>f! J1"-,i",,,,,, ,lf i "illl ,'III f}rirr 

846-AK 1 T )Ll1f 2 )Ll1f Knob 

Term inals; Tinned ~OI>PN ~o!(lf'r;ul! lu~ "re provided. 
Mounting: See nc(;on1J)~nyin~ ~k(-l'·h. 
Dime nsions: Sec a~!'O"']lanyin).: sk(!\d,. U",p,h (.lim",,­
sion X ) i~ ).:i,·"" i ll 'ahl" h.,[uw. 
Net Weight: "'I''' "H)df'l~ " huul )' 'f ou "c,:~; " I, " m"dcl~ 
,.,bout:2H <'>'I1lCC~, 

()rpth (X) (,(}fIr irQrd Pri~r -----
%" (.;AHAJ, $2.35 

846-AT 11 I1l1f 2 I1l1f Screwdriver %~ C.\ 111:-< 2.00 
846-BK 20 I1l1f 2.5 I1l1f Knob %6 <.:.\11011 

846-8T 20 ~~f 2.51111f Screwdriver %W 1.:.\ 1))))' 

846-CK 4.5 I1l1f 3.51111f Knob 1 V8 ~ (;,\J)t:T 

846-CT 45 )L)Lf 3,5 I1l1f Screwdriver 1 Y8 ~ 1.:.\:\'1'0 

TYPE 509 STANDARD CONDENSER 

USES; These capacitor:; :He fix(:d standard:; 
fol' laborator\' \1 :-;e, Whcn the\' arc used ill 
cOlljuudioll ~\'ith a 'l 'yl'~: 722~]) or :t T YPE 
722-:'If J>red;.:.i oll COlHlcll;':'N in :1 p!lrallel suo­
st i t u t ion mel hod of nW:1SUI'Cmcnt., precise 
mca,;urcmen!:; of (:ap!ll'i t!lIl(:C up to iSc\·cral 
minuf:irads C!l n bc madc'. For ca pacit or 
m:l llufactUl'cn, who m:lintain a capacitnll('c 
slandardi1.ation bhomt.or," , a set of Tyl'~: 50!) 
St a ndard C'ondcll';Cl'i'i, used with a, '1' \')'1:: 716-C 
Cap;lcitance Bridgc, is rccommcmlcd. 

DESCRIPTION: En('h TYP E 50!) Standa rd Con­
<I('n,;e1' eon:-;ists of two Tn>l~ 505 Capacitor 
unit ... which h:we bccn pu t th rough an addi­
tional :lgl'ing process. Thc final accuracy and 
:-;tn hili t.y :HC thus incrca:-;cd markcd ly , The 
units arc mountcd in C:lst :l luminum cases and 
arc furnished with jack-l op hinding posts. 
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CAPACITORS 

FEATURES:". Stahilit,\' within ± O.l % is ob­
tained b .... carefully con trolled ag(·ing. 
". An aC{;llI';\tc c:l1ibration , \\"ithin ± O.l % is 
furni shed wit.h each unit. 
,.. Plug-in terminal:; nrc :IIT:lugcd for eon­
venietln: in using t he t:,p:u.:ilurs. :-:('\"cral 

un its ca n be staekcd one upon the other 
without the lI ,;C of leads, There is no cumul:l· 
ti\'(' error when the cap:lcitol':; arc so slacked, 
so that these unit;; ca ll be w'I'd in parallcl in 
Ill\wh the S:l I11(' wa.\" that pn'd,;ion g~H1gcs arc 
added ill rlH'c llanic:d mcasllI'clllcnti:;. 

SPECIFICATIONS 
Capac itance : T,'" $izf'~ arc listf'lII>('I"w. 
Accu racy o f Ad j us tme n t ; E: ... h ~"J,,"'iwr i~ cnrdully 
:1(lju~ted wit bin ±O_:!:'% of tbe nomi",,1 c"p"dt:<llee 
",d"f' ""l':r,,,·,,\1 0" Ihf' "".~. 
Accuracy of Calibratio n; Afu·r ('",·h enp,,\'ilor [,ns 
l~" ,,~,.,J. "dju~",d. ""d "'''IUlI,·d. its <::lp"eitm,ec is 
'''e,,~ul"('d :lS c:ll"('fuHy :,~ p,,~~ill,·. "ud Ihe ,""lu" of 
""I"",i'''''''e at 1 k .... "",·ur.1'(, wi,lo;n ± O.lr-;, . i)! ,,"1<'r('d 
on" O'C'rlific",c of ,·"lil"·"li"" ,,1okh i~ p''''k<'ll wil10 ""eh 
IlIii,. 
Stabil ity: O'·"r rc'"~"n,,I,I(' [lNi",h nf ,i,,,(> (,,' 1""~1 nn" 
ycar) r'l<'h C:lp:I<"ilOr will ,,,,,int,,in ils calih""' cd ",.1\,,;\ 
withi" ±(J.l~ ; . 
Tempera ture Coe ff icien t : ).('~' than +0.01";- per 
rI,·::r.-..: ('f'uliJ(r"de t",1 w"en 10Q "ud ;'OQ (·l'util:,·,,,I,,. 
Dissipation F:lctor: T10p di,sil'"tj"" [,. •. "" of "ll ""it$, 
wilen tne"sured "t J kc "",[ :!Jo (·,·"I;:.:r,,,I<-, is le~s (]o :<I\ 

0.000 .•. 
Frequency Cha racteristics: TIl<' ""r;"linn of ~"1);"';­
,nn"" :",,1 (1;~~iJ"I(io" {,Wlor widl fre'IUcrWY i~ ~h"w" ill 
,he 1'1"'1~ 1",I"w, The ri .• p in (·"jl: ... it:",,·(, "' 10'" fl"("l"(·,,d,,~ 
i~ '·"u~ .. d h." in' .. rf: ... i:'] J",1:ori~"(j",, in ,he didN·ll·ir. 11o"t 
:II hiJ.:h frp'lu"""i"s h~' ",'r;l'" j"dUt·I:tlwe. (S<:e I"hle 
hel""" ) The di~';1"'t;'-''' factvr f;~C'" '" I"". frc<tllencics 
l" .. ,·"u,;c of 1""-"'8 in Ihp 'I;,·k·~tric, ",,,I "I high frcqu.",,"je~ 
bc"""~c "r s,·,·i.,~ """all ;, r,'~i~!:""·,, . 

')'ltiij r~~;~t''''< ·" :I, 1 !Ill' i" ::iw'" in Ihe I"hlp ]wl(lw 
:lnd ,·"rics "s II ... ~,!""r" n".1 ul (I,,, fn" lu,'''''y for frc_ 
qU"""i"8 al",,·., 100 kc. 

1'! W "panl,,"re N,' " I" /' k r I N"I"'"""!! I , 

Lea kage Resista nce ; The ]""kage resi~t"n"e. ".h'm 
"wa~"red al t.OO '·nlt~. i~ J,(rC';'I,'f Ih"n 101),000 me~.,l,,,,s 
eX('''pt fOf Ihe TI"f'~; s :,mJ-U, 5Q<)-X, m,d ,;09-Y, IlL tl,,·':{! 
U,,;(8 th", r"s;~("",·" ;~ 1o(1"(·"t"r th:m 5U,OOO, 2U,000. ""d 
10,000 Ineg"h,,,,,. r<'~IH·Cli'·dy . 

Maxim um Voltage an d Frequency: The "",~i'nllm 
Il<'"k \"(lII,,~e ia 500 \""It~. "r fr.·'[ll<''''-;"" 1,,'I .. w the 
limilinJ.: fr"'lu,'"eies 1.~hub,,·d 1",1""., At hiJ.:lwr f ..... _ 
qIWllt;(·~ the :1l1o,,":lble Yullag" ,1<"'fl'''.<('S ,,,,d i" i",'t"""'''' 
prnpnnio""l to t it" ~([l"'I"(' r,-",I "f I!ll' fr"'IU'-'''''~ ' . T)""'·e 
limi,~ ,·"rr<'81",,,<1 10" """Il"r;,IUl'e rise of .IOQ ("'u'i~r;'de 
fur a 1",w('r ,Ii~,il",'i .. " "f :; "alt~ fur Iho sUI,tll ""~C' ""d 
5 waUs fllr the b.-Io(e, 
Mo un ting: {'".q "I",,,i,,,,,,, ""${'$ "re ">4.'d. ~mal] ~i7.e 
for T\'I'~;~ 5U~)· F. -G . -K. -I.. ,,,,\I -!II. "",I 1:orJ{<: ,iZl' fur 
:oIlo(h",·s. 
T ermi na ls: Tw" jaek·,,,1' hi"di,,~ I"'~"< ~i>,,,,"'d a~ "f all 
;,,,,h "1'''11 lIr<' ,,,,,,,,,(<'<1 "" 11", ,.",t'. 0" .. ""'",;",,1 ;3 
I:ruuude.1. "",I II", vll"'r "n,' i~ '''Mlla",.! loy ",e",,~ vf a 
lo,,",l, •. '~ "he'""lie J,u~hi"J{ . 

Dime nsions: ~tn"l1 ,.,,~(', (l""g,h) 4% i"rh""" (wiillh) 
2h inehe~ " (hl'i::lIl ) 17! i",·h .. s, o,·er-"I]. l.,u·).!,· "">!C. 
(l"nR,h) (j i""hl'~ .x (width ) a h il«'hp~ .x ( h,'i~h( ) :!H 
inches,o" .. r-:oI1. 
Net Weight : T,.p.;s 5()<:)·F. ·C . IH J)()u",l~; Tn'~;~ 
50')·]-,. _I., _ !II , I" ~ jK"",d, T,. ,.~:" .i!I!'-H. -'I'. :!', PUUIl(l$; 
TI·I·t; ;'I)<J. t;, :!~., ]>011,,,1,, 'rl"~' :,II! '-S. ;.I ~ . J"-,u,,ds; 
TI'I"; 50'.)- Y, 3}8 ]lQuud •. 

" . Nil 11 , c (1.'(. " 
509 
509 
509 
509 
509 

-F 0 .00 1 ~f ,~O() 2:jOO kc 0.065 ~h 0.0·10 !! :-:m:dl GOOI )('O);HOY 

)(;OXlWG 

)COXC,\T 

DCOXllOG 

)CO);~:n: 

$22.00 
22.00 
22 .00 
22 ,00 
24.00 

509 
509 
509 
509 
509 

-G 
-K 
-l 
- M 

-. -r 
-u 
-X 
-y 

0 .002 I1f 
0 .005 }Lf 
0 .01 ~f 
0 .0 2 ~f 

0 .0 5 ~f 
o. I ~f 
0 .2 ~f 
0. 5 ~f 
1.0 ~f 

:100 1250 kc 
500 500 kc 
.')00 250 kc 
500 12;) kc 

500 80 kc 
:jOO 10 kc 

I 
500 20 kc 
bOO 8 kc 
500 ..j kc 

D.QGS .uh 0.0·10 !! 
0.035 .uh 0.020 Q 

0.035 .uh 0.020 ~! 

O.0:35~h 0.020 n 

0.0.-10.uh 0.02;) ~! 
0.0.-10.uh 0.025 H 
O.0.-10}.lh 0.02;) 11 
0.0-10.ub 0.025 U 
0.050.oh 0.0:30 !! 

:-imal1 
Small 
~rnall 

:-3mall 

Large 
I.arge 
I.arge 
La rge 
Large 

GOOI 
GOOI 
GOO 

COO l 

COOl 

COOl 

(;001 

GOOI 

C001 

)1.'0);1'1<; 

lCO);Hon 

)CO.:\:jJ~ 

)CON::;U~! 

)(;O::\TOl' 

26 .00 
28.00 
3 5,00 
42.00 
70 ,00 

(Lefl) Ch,,1Ige in capapj'"nee aS:I hu,,"""!} nf f "" 'Ju","'~" ThC'$<' eh:"'I!<'$ 'Ire n ·f .. rl"f'd to lh(' va]lIrs Ihc c"lm"ito~ would 
ha\"c if thcre wcre uo int"rfacinl pol:,riz:n;"" :1I,d no seri('3 ;uduClance. Since Ihe c"p(.cilo,-,. nre n<ijust(·u to Iheir nominal 
""lue~ nt I kc. the J-kc ""lue~ on Ihe 1,lot sh<)uld be l1$cd ns " ba~is of ref"rclloo in eSlimnlin~ thc fre(IUelley error , 

(/!i(Ji.I) Dis;:!.ivaliolL factor as 'I fu"ctLoll of frequcncy. 
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CAPACITORS 

TYPE 505 CAPACITO R 

USES: The Tn'I'; 50,:} Cap:lcitlJrs arc con­
\"('Elien! :lnd 3ccm:llc plllg-in unih. which can 
1)(' used as sccondar.\' laboratory ::;tanclards 
and cirelli! clement,.; in all 1.,"1)(''; of equipment. 
. \1) :l,,:"'ortrnCllt of nll'lou,.; :;iu~:; is indi,.;pctl;;able 
to any cornmullic:l.ti oIlS laboratory. 

DESCRIPTION: The cap:H-itol' unit con:<i:-;ts of 
a micalll1d foil pile , wllleh I:; lwld b,\":l heavy 
Illptnl elamp. Thb damp j:-: Hoi connected to 
{'jthel" ,;a pacii o]" tcr:min:d bill if; left. non ling. 
. \f\ c r :l~in)!; , the capacitor IInit i::; pl:lccd in 
I he low-los,; phenolic casc, surrollnded by 
:< i1ic:l gel :tnd gruulld..cork, and thell covered 
\I" ilh paper and scaled with WllX. 

FEATURES: I>- T he TYp~: ;,)05 Capacitors me 
SI1I:111, lu.:cura!c, and cOII\'enient to llllO. Both 
scrcw and plug-type terminals :l re furnished. 

With the plug It'rminals ditfercnt, units can 
be stackt'd in plll'allcl witholl t. Clll11l1lati\·c 
connection errors. 
.. I nelia l11ic:l, wilh cxcellent elct·tric:d eh:nllc­
teristics is used, amI each piece is inspedcd for 
mcch:l!lical dcfcds alld !lTlpcrfectiollS \\"hicll 
might calise largc dieleetric: losses, 
.. The mounting method nsed reduces the 
tcmpCrl1turc ('ocffidell!.. of cap:lcitance to 11 

low value and makes the dissip:llion fadOt· 
independcnt of llumidit,\' . 
.. \ioislure is eliminated by he:1lillg e:lch unit 
bcforc seal ing, Any mois turc th:11 m:1.'" collect 
lifter t.he capaeitor is in ll:<e for some time i::; 
absorbed by s ilica gel in the Cll"C . 
.. 1.0\\'-10515 (yellow) phcnolic case::; lIre used 
to insure low db;"ipation factor lind low Icak­
nge conducta nce, 

S PECIFICATIONS 

Capacitance: Tw,'I\'(" si~{'~:l1"(" 1 1~I"d in thl, pri"e tahle, 
Accuracy of Adj ustment: _\11 Ullil~ :.1"(" :.djllsled wilhill 
I r~ or IU ,,, ... r. whichf'H·r i~ the I:l r l(f'r , 
Temperature Coefficient: The lClnpem\l1re coeflieie" t 
of ""p:,.,;it:tlH'e is l('~~ 11",,, +0,01 % per d('~n'f' (;""li­
~ralle ' ,,-'t wecn 1O~ :11>1151)° ('"uliJ,(rad". 
D issipation Factor: 'I'll.., di&;ipatinn f:".:I"r of :III units , 
e~('"pt the lllrc(> sl!lall,,~t ~iZl'~, .nf'a.~ur,·d :'1 I kl' .",d at 
".!.:>O CClllh:r:l,lt., is If'~~ tl"'" O.OOU':>, l\(>ca(l>!C uf Ille ill· 
,'r,'agilll( dre,·t (Of di,'I,"rll' i l'lf)"'<.'~ in ,he pheuulic ":lse 0 " 

I he dissipatiun £:oN",' as Ihe c:<[la"it:"' ... : d<.'el"(',,~,,~, the 
di~si[lal i"" fa"lur, "I ! kc "ud ".!5° Cf'1l1h:mde, vf the 
Trl'~:.'" .';0;'·:\, ,jU:".-B, :1,,<1 ,;().;.!-; is lc.$$ lh:l" 0,0010, 
0.000:-., :md O,UOQ(;, n~sp("<·,in,l,\', A ~h:"lI:e of "huut 

+':>% uf liS ,':,hle I,,"cnrg in Ih" dissipalivll f"Clor for a 
t"IIlI Il'ratUI"(! ri~ uf 1° C('nlh:radl' , 

Frequency Characteris tics: The erret ti'·e t"rlllill,,1 
('''1",6\a'1<"(> i~ e~scnti"lI," NJn~I""l over:. widf' {reqll"''':Y 
r,,"~(', At low frC{IIICIlPif's therc is a" inl'r""~ in ,'apaci· 
tauce her'tltsc of inlerf"cial Jlnl:!ri~:lliu" (dic\el'1ric 
:l k,jo rplion ) in lhe Illica, .. \1 hiJ,(h {re(llwnde~ there;s "l~o 
all ;II,'rease hec:lUsc of rc~idu'll induct:llW(> ill the l('ads 
a,"1 tcr<uill:lls" alllOlmlillJ,( Oil \he a,'cr"ll(' 10 O,055 ... h 
f()r thc Capacitors m01]ll1ed in I h(' sm all c"ses and 0,0:-.5 ",I, 
for e:'I )ap il.Or~ m'lUl11<.'d i II 1 he 1,,!'J,(p (,,,~cs. Tltf' pcrr'elllal(C 
I'hang(: ill p:ll),wit'HKc "'ilh f"C/lIIPnl',I' for rcpr(>scnt:Hi,·c 
S;Zl"S o f TY I,t: 505 (;ajlacitoril i ~ ~ howtl itl thc a,'cutupuny­
illl> plot. 
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(L~ft) ('h""l(c ill C~]I:\{~il:lnN:: :IS:1 (\luetiOll of f,'cqucllcy. The.'1l ~h"IlJ(Il." arC rdcrrcd to the values which thc C"P:l<'ilor~ 
would Ioave if the"c WC,'I) neither jUlerf"c;,,] po1"r;7.:11;Oll """ ~el'ic~ inUUt1:",e(.'. i'i,,,'c the c.1]l:lciIOr~ :lrc ndju.<ted 10 their 
lIom;",.,1 ""lu<~s ,n I kr, the I-ke ",due 011 the ploL ~ho"l,1 be ,,~ed as n I",~i.. of ,'M('rctH'C in c,tim,nillg frequeuq' Cr,orS. 

(lU(JId) Di.<.<il",t ion factor as n flinClioll of f,'cI\ucncy. 

The eh""J,!e in dis~ip"lio" f"cior wilh ff<)q ucncy i~ abo 
sh.,wl\ in <Jill) of the 'l<''''''"I"",yillJ( plots. AI [ow frc_ 
q'1("H'i('~ Ih!'T" is:l1l illere""" in di~.ip,,'i"n f"",or i>(\(':msc 
of ;IlIHf'''';"l ])<Jhriz,u i .. " ill t 10" "li~: .. A t !oil:h rrc",uclwic~ 
tI",r(' i~ "I~() "n incn'a;«) CHURN] 11,\' ~('rics resI.t"",." ," Ih", 
Il'ilds "lid t{'rtnin"I~. Thi>! r{,~I>!I"''''''' ,·r.ril·~ wili, I he "11""'1l 
ruol of Ih" frequellcy for f"c'lueu,.j(,-s "I",wl 11K) kc and 
h:l~:It I "'I~ I'" ''''Cmlle "alllll of O.O:l"IIl" for "I'IJ:",il " U 
""!(lIlled ill Ihc ~1Il ,,11 cnRes "",I O.lU) (lhm (or c"I"''',lor8 
"""u"cd in the kors:e t"~~. 
Leak(lge Resista ~ce: T hc Ic.~b$,'C Tf'8i~t:1I1c(, . when 
I1lc"~lIred at 500 ,·olts. i~ gn,:lI"r than lOO.OOCJ II",gnIIlIlS, 
CX"Cl)t for Ibe Tn'"'' ;)u.~-r :lIld 505-X. In Ihese ""ilS, 
II, ,, rc>!i~tII"'·() is grC:OIH tha" ,',0,000 and :!O,OOO megohms, 
r<:spccli,·dy. 

2 MTG. HOLES ~ 

NO.!6 DRILL IN"" LARGE CASE I--~ . 
SMALL CASE "" SMALL 0 .0-----.-

J+~I----""""E __ , .. ".. .. ~.\!_,; 2 MTG.HOLES /1 , .. ". 
NO. 18 DRILL /' 0 ,IIlIlO ~ i 

~~! I 
IN LARGE CASE ~ , _ '--'------'-

~~ I 
1- 3*"~ 

1'!IJ/C Cu.l'm:i/(llicC 

505-A 100 p..p..f 
505-B 200 Illlf 
505-E 500 Illlf 
505-F 0.001 ~f 
505·G 0 .002 Ilf 
50S·K 0.005 Ilf 
505·l 0.01 ~f 
505-M 0.02 ~f 

*S05-R 0.05 ~f 
*505-T 0 .1 ~f 
*505-U 0.2 ~f 
*505-X 0.5 ~f 

'''touIII~d in I"rg~ c~ee. 

Ma ximum Voltage a n d Freq uency: T he ml.xil1lU!n 
]J,,:tk ,·o lla.:c whi"h thl' "ap,,,,iwrs will.af{'l:.· wilhstand i< 
.'iOO ""Iu for ,,11 hut the IWO ~II'all"st ulli\~. ",Itid. wi ll 
\\"i t lt~ta",1 irK) voh~ JJCI1k. Thcw ralill!:~ hold Ill' 10 the 
limlli,,!! frcqul'IH'ic~ "'huh led l)(:low. At hij(her fr('_ 
qll(>rl< 'iCR Ihl' ,,1I01l":lbl<) voltaf!C <te~l"Il"ses :lIld is ilL\·erscl ,. 
prop"rli"lla) lu Ihe Sq\l~r" tuot of lit" frcqul·IIC.\". 'rhl',"" 
li(l\il~ cor rl'~J)""d 10:1 !<'rlll)('r:llllrc ri",· of .I(}" C,.nligrade 
for :I I>OWU dis~ip"lion of 1 waU for ilu) ~Ill"ll (·I.~e ,,,,d 
2.5 Wf,llS ror th{' !:lr!!('- CWlC. 

Type FrfqlltlncJI 

5U5-1\ :!OOO kc 
50;j-B 1000 kc 
.'iO',- I': 1000 kc 
505-1' 1'0(1) kc 
50:j-C -lOO k<: 
.'iO.i-K ]GI) kG 
505_1. 1'00 ke 
50,;- :'1 1 .10 kc 
fiOS-lt 40 kG 
5\J.'>-T 20 kc 
505-U Wke 
;j(I,'-X .] kc 

T ermina ls : ~crew I"r",i".~ls sp.~~('d ~ f inrh :I]l:1rl. Two 
TYI" : 2;·]_1' I'l"j(~ are supplied witlt ,-,ad, cap''''ilur ~(> I h,,~ 
il "'''Y 1..., "on\Hled tu" plug-I('flniu"l mo,),,1. 
Mounting : l.ow-ll»!S (ycllow) phen"lic c~se~. 

D imenSions: Sec ~kclch . O\"('r-:111 hei.:ht. 1% inches for 
lal'!!r ""5<', 1 inch for .<TIlull C"St'. l·~d,,~i,(' o f ]>111£5. 

Net Weight: 'I ()\Il"""~. 

C"d~ W ord "rier 

("OS O]';S.\ l,l.Y $ 5.00 
COS I)ESBEL], 5.00 
COS I)},;SCO .. \·\" 5.50 
CON" D ~;:'\ DIt .-\ M 5.50 
CO:'\])~;XEY H E 5.50 
CO X])[';:'\F'ACT 6.50 
CQSOESGIHl, 6.50 
COSDEX1IE.\\) 8.50 

CON [)J.;X('A 1..\1 10.00 
CONDEX('ROW 14.00 
COi'iDEX WIPE 20.00 
COSIJ EXWILT 32.00 
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TYPE 219 DECADE CONDENSER 
USES: The Tn'I': 2H) J)oc:ldc ('ol\dell~cr;; find 
ll."C~ in CI'er)' laboratory :IS tUlled circuit 
CictnCllts, Lridge im1lccbnccs, fi lter clements, 
01' as components of any circuit where a wiJc­
nlngc nlrlnb!c capaeiLol' is nccC:;";:lry . 

DESCRIPTION: The TYI'I~ 21!) Dc(:adc Con­
denser's arc assembl ies of three Tn'~~ :380 
D ccadc-( 'ap:lciL01' lj nit;5 mounted in II 
s llipldcd cabi ne\" Each decade ha;; ch~Yc!l 
po,.: itiollt', 0 to 10 indu,.:jvc, ;,;0 that the dec­
ades ol·crlap . A positin~ detent mechanism 
a]]o\\'" t he switch to be set accUl':ltdy. 

f EATURES: ~ A wide range of direct-reading 
(;apac it:lllce vallle,,; it; con:l'cd by the Tn'E 210 
Dcc:lde COIldctlscrs. 
~ .\ ccuraey is suflkient foT' most lahoratory 
work. although the boxes have not been de­
signed [I:'> standards . 
~ 'The zero capacitance h:ls been kept at a. 
minimum and its valuc is mHrkcu on each 
box for read\' refcrcnee. 
~ Dis.'-;ipatioil !"ador has bccn held 10\\' by 
employing mica-dielectric capacitor!; on all 
decades except Lhe O.I-microfarad decade of 
the '1')"1'1:.: 210-:\'£. 
~ :'Ilica. dkled ri c is used throughou t the 
TYPE 219-K, which can therefore be used 
whcre the comparat.ivel~' high lo!:i~e!:i of pnpcr 
capacitor~ cannot be tolerated. 

SPECIFICATIONS 

Accuracy.' All "nib ;lrc a<:"ur"te " t the uC":l(le tf'ru,il "ll~ 
witl, in ± 1 % ,l·xcept. the U.I _noi,·rof"md dc~"dc uf t he '1 '1" ".; 
:.I \!J- M which i~ wil hin±2'/o. T ooht" illlhcse''''''"radesat 
the box terminals, :lCCvuul Jll\''!t bc laken of the f'fff'ctivf' 
zero Ca IJa<)j tan~e of the box, whirh i$ made up of the tnll' 
2r.ru eal"lcit:' llce n"d t.he ""'I\lal c:l)l:l<"it""cc bctween 
u"iu. T he n.lues for thc uilTerr.nt h()xc~ follow: 

21\1- K 
:.IHI-:'! 

:j" ;tllf 
:lOlll'f 

TJ)f'~e \'"l u(!~ nre ('''1;r",'('(J on tl'e I"~ln",l i,)ll J'1,,(e on 
C'·cr.\" hox. 

Rl' si<iu;,j i,nped"nel'~ in the Tn'E ;!Hl De~aue 
("onde"~cr. 

T!l1'1I Capacit''''ce 

219-K 1.110 fl.f in 0.001 fl.f s tep s 
219-M 1.110 fl.f in 0_001 fJ.f s teps 

'\'0. 

Dissipation Factor ; '1'''':; di~~ipation "'ctor for thc i,,­
<li"i<l11al deeHdl'~ i ~ 1li\"(~n in Ihe ~J.ltwifi"'''l io '' $ for the 
T n'.: 380 De~l ,de-C:lp'l dt"r Cui IS. For the Ih ree [o\\"e~t 
Sleps of (he thm ls:mdth~-,,,i('ro f,,r:l(1 d"'C'ldl'~. the \:<],,,-
1:'lC(\ \"~I11"'s will bc l'x~ccd('(1 l)(l""u:l(! of lu~i;Cs in the 
zt'ro ell))"c;t""cc. 
Maximu m Voltage and Frequency: '1'hefie "lIlues for 
thc dilT,m:mt dee"des arc gi"cn in the sp'l<'ifi~"lious for 
the 'i"YI'f: :ISO Dccade-Cap" ... itor Ull it~. The limiting 
",dues fur the difTCl"e1<t '1'l·".;:.I1l) Dcu"de Cor,dell~cr~ life 
engr:lved on the In~trllction Platc for caeh box. 
F req uency Cha racteristics; Thc "aria ti"u of ... "paci­
",n<:e "lid di .... ipation f"<'10r wilh [requeucy is $imilar \Q 

tha t ~ho\\"n 011 ]la~e 55 for 'I'l·P.: 380 J)('~'ld e-C,q""'i ( or 
litlit~, modified by the 'H.ldi1iotw! residual i,,,p,,d,,,,(· ... ~ 
shown in !he Ilceompan.\";llg ~kelch . D"'I"i il'd dl'S('r;1>­
tions of Ih,· • .., fr"'(tl1 ... nc~· ch"r: ... tl'ri"li ... ~ are gi\"i'll in the 
Gem,T,,1 lI"diQ Expt:ri"'~"ler, \" 01, X\ II , :'\0 . 5, O<,t"I>I)r, 
1!H2. 
T ermina ls: St""d"rd j"f'k-lop hi"ding posts with n 
H-inch SI):wing a1"<) used . Thc ~hidd is con necteu to the 
"C" terminal . 
Mou nting.' Tlw uccatl(·s "re "ll~ernl\lecl Oil an ,\Iumillum 
ll"nc\ and mounted in [1 sh i('lucd w"lnut eahilli'!. 
Dimensions: T1"I'~:~ 2l!).J~ "lid 21~-iI.I, (I,;1Igllo) 13% x 
(width ) ;JJ4 x (ll!'ight) 5% i,,, ·hes. 
Net Weight: Tn'': 2H)-J~, 10~:f IWurlds : 'l'Yl'>; :.110-:-'1, 
S% puunds. 

7'ype SSO 
of /J>"n/., DuuJ"s ( .. ,,.,t eMie 11'1",1 Price 

3 F, 1'1'1 , 1\ CHOSS $135.00 
3 L, :'1'1, N BIlH;1t 70.00 

GENERAL R A 0 I 0 COMPANY 53 



 

CAPACITORS 

TYPE 380 DECADE-CAPACITOR UNIT 

Tn'.: 3l:>().:'I 1. 

USES: The TYPE :380 Dccadc~Cap:\citor Cnits 
:lrC extremely uscl'ul ;IS clements in luned 
circuit,.;, \\'ave filter,.;, and other cxpt'dnll'llt:ll 
or pcnnancnL equipment \\"hcrc a rattlt']" large 
variable eapacitancc is d(',: il"t,tl. ThC'.\· :uc abo 
111J('ful in o:-;(:ill:lIol'», an:llyzt'I~, :l.Jnplific l"s, 
aud similar :lpp:lI'atu,:, (,"PI'd:llly during the 
prelirnin:try dcsip:n Il!'riod whell cap:wit:IIlCC 
values arc to be determined by experiment. 

Ty p,: :J;:.(). F. 

DE SCRIPTION: Each de('adl' is :lll :l:;""('mbly of 
tuUI' indi\·idual mica. or p:lpcr cap:witOl'.~ .. \ 
scled,oJ" ,.;\\"II<;h j,: arranged to m:lk(' p:tr:lllc] 
cumhin:ttion,.; of tht, lInit,; .~u that Jill\' olle of 
lell values maY 1)(' obt:lincd. . 

The s\\"ill'lI' is of ri~id ('un"trudiOll :llld 
carric:-: :l dell'llt mech:llli:-:lll fOr po:-:iti\"c lot":I­

tlon of thl' >sw i tch pO:-liti()n~" .\ phenolil" :-:h:lt"t 
is u,.;cd and contad i:-: madc 1)\' nwanti of 
cam:-: i)(::lrin!! 0]] Jlho~phor-b1"Ol]7.i· :-lpl"inp:~ . . \ 
bra:'" shaft bu:-;hin.c:; is mold('(1 ill. Thl,.; s\\" i tch 
loge'lher \\"ilil dbl plate ami knob 1:-: :]\':]i]able 
scp:natel.\· as the Tnt: :380-1':3. (:-ice pl"i{"p 1i~t. ) 

:\11 ,.;tandard unit,.; arc fuwi:-:h('d complpt(' 
with knob, photo-etched dbl platp, and st op"" 
FEATURES: ~ Siabilit.\" of t.1L(' Tnl'; :380 1)e(;­
adc-(':lp:lcilor l 'n its is oht:.ined by (':lreful 
:-iclection :lnd :lgeing of the component 
capacitors. 
~ :\ Iolded mica capadtors :It·(' lltied on th('­
smalle r decades while the THE :380-1" ('lll­

ploy,.; TY1'~; :30.5 C:lpacitor:;. 
~ Thorough illlpregn:ltion during winding, 
wi th molten cerc:,in, i:; g;i\'('n the p:lJu'r 
capacitors used in the '1'''1'1'; :380-1.. .\ 1l01l­
inducti\"(' typc of winding; i,.; u,.;cd, wit II the 
I"oil projecting at (':lt h (.'IH.I of the roll. tllll:' 
3\'oiding the J:lrgc ill("l"l':l~(',; in di:;"ipatiotl 
f:1elol" and cap:H:ital1l'(' th:n Utl'lIl' :It high 
frequencies when only t.he Oll(' end of e:leh 
foil h; CQllll(:t:tcd. 

(f. r/I ) ncar \'icw vf Tn'.: ;I~{).),1. 
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SPECIFICATIONS 

Accuracy: An unit ~ :"'C within ±]% whl'" m{'"sur{'d at 
1 ko:: exn'pt rh .. '1" ' 1''' :l..;O-1., w!ri~h i~ a," ;""'I/l wilhin 
±2%. Th .. ""il~ a ' e ("hN·ked wilh rhe ~witch mcch""i"rn 
high. o.:lu<"tric"lly, ""d thl) commo" lead and easc gl"Oullded. 

D ielectric: The Tn't; :l~- F i* m"dc 111l of Tyl": ;,0:, 
C:tp:\citon \\"hi"h II,,,,., ,,,i.'" a~ Ihe didectrie. The Tn": 
:il)U-L u"'·s ,·l·r .... <in-iulpregnal('d JillcII-I)"I)('r cap:1I'ililr 
unit:! "'hile til .. Ty ... ; :!l'oU-:-'! a"d Tn'l; :lSO-:-': u<>c mica 
e:tVacilor.r mold..,J in phenolic e:l.:se~. 

D issi pat ion Factor: Th<l di"~ip"l ion f: ... I"r of th .. differ_ 
ent unils, ",h(oT, "w,,~,, «·d ,,\ I kc ""d 2.-''' C<lntigr"d .. . 
will 00 Ie&! than tho:: \·alu .. ~ in the f"llowing tahle. with 
tho:: e);t .... lllioll of II,,· Ih""l' I",,"l'st 8ctriu)!s of Ilw '1'\"1"; 
380-:\_ liel'<'. l>(·~,,"«> of Il,e In~~ in thl' ~,,"i t eh 'lud 
moulIliul:. II,c l:t!.uhtcd di,;,;ipadvtl f;u)lor IlI"Y be I)X­
c<lo::ded by II. slil:hl amount. 

:It-'()-F 
a:'-U-L 
:l:-O_:'I1 
~:'O-i\ 

O.()(MJ.;. 
lI.ulO 
U_OU]() 
0.OU:!5 

Freq u ency Characteristics: T he vOlr;"!i"" M ~:"I)l:'\ci­
tanec ami dis-.ipad"" f,,~t"r wirh frr'lul''''T is >!hown in 
Ihe i,eCOm])all~'illl: I)I"I~. T Ill' ri . " ill .'ap'I<'il:"llll'(' a' low 
fr"'1uclwics is eau~cll by i"t(Orbl'ial I", t:.riulion in the 
dirlc~tric, that :II hil:h (rl"luCII,·i.,s hy Sl'ril'~ indll<'\:UleC. 
Thr di~sil)alion ra",,,r "I." "ises '" low fn"I'l('''''il's 1)('l'''''$C 
of i"lerfal'i,,1 ]>ol:uiution :Iud a( hil:h fn'<I"l""'ks l)(!­
cauS<.! of .:series res;SI,mCI) ill Ih ... (""lb. ,':,Iucs f"r Ihl) 
rl'~i"ln,,1 Jl"r'''''<.ll",·s ltrc I:i,'", ,, in lhe Gem'rlli Nadw 
jo,::rperimenlcr . ' ·0J. XV ll. :"\0_ 5. Oelou..·r . I!H~. 

Maximum Voltage and Freq ue ncy: The m:lxinlUlll 
llCak ,""It:"ll!c which Ih(' uuiu will ij:.fdy wilhsl,,,,d is :lUO 
volt~. wilh ,hI) e""l'plion of II..., T n>t: 3:.-0-1-' ",hich will 
w;lhst;md 5UO \""h~. Thl'sl' w,lta.li:CS hold UI) to the limit-­
iUI: frNluendi'~ I:1huJatl'd Iwlow . . \ t hil(lwr fre'lI1(o!wil's Ihe 
" l!u"",,IJlc voltaJ;C decrc:I';"'s ,>ud i~ invcrsely I"'ol",nional 

'l"1IP" CalJaeil'''lee 

380-F 1.0 ~f ;n 0. 1 )Lf s teps. 
3 80-l 1.0 ~f ;n 0 . 1 )Lf s teps . 
380-M 0 . 1 ~f ;n 0 .01 )Lf s teps. 
380-N 0 .01 )Lf ;n 0 .001 Ilf s teps _ . 

380- P3 Sw itch Onl y . _ ............. __ . 

OVer"ll! dimcnsiuns of Tn'F." :.!:;,O-L. -:-.1. :"Ind -:-.: 
Dl)ealle-C:"ll'adtor T.:nits: dimrn$;OIl A is :~~(6 [,whes. 
Whil" '1'1'1'1: 3SO-F uses Ihe ~a!"e ~\\"it~h mech,wism, 
C:lI):lriIOr~ an.' mouul~d on b<>th ~id,·~ of 111(· ~ ,,"ih·h 
:' nd the 1,,1111:1 Slm,'\) r""uired is .J%" X ·Ih inc/les. 

to th!" ~'I,wr,· rON "r Ill<' f"·,p,,,!W~·. Th,"<' limit~ ""rr('~_ 
pOllrl to:, temp-rrat""· ri"I' "f .11)0 ("emiR,·,,,l .. f<l ,,, (low.'r 
di~ ~ ip" tio" of 2.5 ,,",,\IS ror the T\"I'I: :{I'u-F amI :l.5 WMt~ 
for Ill" "dler tilli,<. 

:l:-O- F 
:1 ... H-1. 
:l:-U-:'II 
3:,0-:\ 

;, k.., 
I k" 

100 k(' 
101M) kc 

Term in als; FI('xihll), nlhher-ins\llatf'<lle;uls;l1"(' I"u\·ideu. 

Mounting: :'Ib"hinl' sCl'ew~ for :HI"chinl: thc dl)ead<l 
to" paUl'I nrc supplied. 
D i mens ions : Tn',: 3SO-F, I""'..J ~p"c .... 4 ~1 x ".l1 in eh,,~: 
behiu,] p:lIwl. ·1 ;Ilthc~. '1"\'1'1:.;1 ;.11:>0-1" :150-:'11 . :lIId :ll)()-:-': , 

f!I...., """''''''1'''''.\''''1: ~keteh . 
Net Weight: T \"I,t: :!:-O- F. :lllmmds. I~ mm,·c~: T,'I'l;1I 
:!1:>0-1. ""rl :~M!-.\1. l h pO\lnd~: TYI": :I::,O-i\", 1 ]""",d, 
V ounces. 

Caele lI'Qrd Price 

ACUTE $80.00 
_\DAG E 15.00 
,\J)DEH 22.00 
,\DDI,E 15.00 

. . . . . . I S WITCIIFQBJ) 8 .25 

(/,r/I) Chan(:c in ra",witau!'e at maximulll :reuiuJ.: of ("'eli ,Jeeadl) "s" flHwti ... 'l of f'·ClllIClICY . The capa..,il:IIJf·e "U"\'l'~ 
nrc ref<lrred to the ""llIe Ihl) c"l):Iritur wOllld h''''1) if them were no inll'rhei:ll pobri,."tiun amI no ~eri"s indllelauce. 
Si,,~"C the c"p"..,iton "re :"lju.'I),1 10 their nned ",-,"\lr:l!'Y :ot I kr. the 1 kc ,"alue on thl) plots ~h .. "l<l Ill) u."cd H< ;\ Im~is 

of rcfere"l"C iu e~ t;",,,tin)! the f'Cftl1l)""'Y e,·ror. 

(friyht) Di""ip"li!)" fartor:ls" fuuetinn of frCljucncy. 
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INDUCTORS 

TYPE 940 DECADE-INDUCTOR UNIT 

USES: The Tn'!': Q·IO Dcc'ado-Induclor 
l'Jlit~ :lre COIl\'(,llil'nt c l('m ('n\,,;; for use in 
w:\\"{' filte' t'>; and tUIlC'd {'ir('uils throughout 
the audio and low radio-frequency range. A~ 
components in o,;(·illalon>, ;\Il:l.lyzcrs, :;l.Ild 
!<i milar C'<juipmcnt, t hey arC (''''pcei:\lIy usdul 
during the preliminary d~ign p('riod will'll 
till' ahilit\" to valT (·ircuit clcmcn L<; oyer n ·la­
li\'('ly wi<.!c range's is lH'cc""al'Y to determine 
optinlum opcn\ting vaiu(':< . .As moderately 
prcc- i>;c :-:tandards of indutt:\ JlcC they have 
~toraj!;(' factor Q \':\III(,s which ~U'C !lu\('h larger 
than ('an be obtained wit h air-cored coils. 
DESCRIPTION: Each unit is an t\..<;scmb1.r of 
four t.oroids wound on molylxlel\um-lX'rm­
nJloy dlL<;t corcs. All four ('oils (rebtive vnlues 
1, 2, 2, 5) are conne>ct.('d in scr i ('~, and the 
~w i t("h, :\ modified Tn1-: 920, short-circuits 

combi l\atiuns of the toil:" to ~i\'e t he cll'n'n 
succc:-;:-i\'e value:" from 0 to 10. The sw itl"h 
b l:\des IlI"C pho:"phor bl"OllZ(' with l·;jlvcr on'r­
lilY to dccrease bot.h contact and volumc 
re:.;i:"klnce. 

FEATURES: ... High v:llucs of :"tOl'ag(' f:td.or Q 
arc obtained in all llwdl'ls, with max imum 
v:llues o\'er 200. 
... Toroida l construction pr:lctil'I\lly eliminate:" 
<lny extern a l magnetic fie ld, :wd makl:s it 
po!'!sible t.o stack the ('oi ls clo:'<,I .... withou t 
trouble from mutual inductalH'(':". 'I'ht} toroid:, 
me nearly :ls!atil' to ('xte>t'Ilal maJ!:netic field .... 
... El{'(:lrost:ttic sh ield ing :uld mc("h:Uli(':li pro­
ic(·! ion :\I'e furni."hed by t.he aluminu m fmllle 
and covm"$ . 
... ..'.Joi:-;tul'c is kC'pt from the> winding:" by wax 
imlll"cgnn.t ion. 

SPECIFICATIONS 

Accu racy: E:.ch IIljit is :.dj"'t{'d:w tlHlt its induCl:lnce 
:It x{'ro (rNl\lenc)' :lnd illi!i"l I){'rlllf':.hili!), will he the 
!""nin.'!1 \'"Inl} within the :lccur:.ey t<)l{'r:"'~e lIi\'en in the 
rollowil1.1/: tahle: 

I ndHclance 
IIt'r ~ I{'I' 

Ar,·un .. :y 
1~l lom~l loo mh I I h 
I ±:l~ ;' ±I' ~ ±0.5% ±0.:.!5 % 

Frequency Cha racter istics : T hc ('t1"h'"I~}\t ind"ct""ec 
of Ih{'1IC Imiu in Icr"'~ of Ihe numin"l jndurt:lllce I. is 
j::i\'en h~' the fullowing C(IU:oI1oIl: 

. I) 1, 
L (<'t j llL\' " Clil ... i"=:!C .... , 

TYlli~·:t1 \·:tlue~ for Ihe di ~lri hl1l~d ('up:ldl a nrC Co of Ihe 
T\'I'~; 9·IO-A Dcr:ldc-I nductor L'"it :ore '"l follu,,",,: 

C. (s.~f): ~~:'~~i~ lied 10 11 ' 1.!-1,:!+U
1
!,2.2.I!.I2-)1O 

I,,,w T{'rmiual 9060 r.o 50 [.0 -15 40 37 35135 
C. u.~f ) : Ch:lhi$ F1oatill~ ~5l'H; !:l5 !:15 150 40 :J5!:1:.!130,25 

For tho Tl'n;~ !HO_B, ·C. ,,,,d .J) 11.1' :lho\'c ":llu('s 
till,"dd ho multiplied hy lhe f"rlUl'II 1.1, 1.25, ""d 1.5 
~",>{'cli\"{'I)'. 

Current Characteristics and Maximum Current 
Ratings! T ht' core j){'rmr:thilily 'Illd Ihl} indu~la"ec 
"alue of cach loroid .'I re raiSl'd 0.1 'k hy thc :l1lI.licalion 

of 1.20 n"' l .... rc tUrll ti. Thl' rf)rr{'sp'H"lill": r-"'-II curfl'nt 
,",.hl{,1 I , for ,,:orh of Ihe lorvid~ art: li~t ... d llt"low.log"ther 
with Ih" r-Ill-" ru rr{,II t v:,lu{'l! 1, ctlrrc~p"lI dj,,).: to:l salo 
he:lt di"-~i ",,tioll of IWO watl~ pN t"..,i(\. 

III/flu/v, Torom I 1, (",,"' 11 
fnr 0.1' ; iwrc:llll: !_ : (:u~ 

!110·.\ I mh 1:,,1 7:.! 
9·1()".\ 2 mit 10.7 .. , ... -
lJ,\O-,\ 5 ",10 G.~ :!,O 

9·10·B IU ",h .1.8 2.:1 
9 ,\0·1\ 20 mit 3.4 i.7 
!).IO· II 50 nolo 2. 1 1.0 

9-1().(; 100 mh 1.61 0.72 
!l40-C 200 ",I. 1.07 0.:.2 
!HO·C 500 ",h O.GS 0.30 

940-1) I h 0.41) O.:.!3 
940·1) 210 0.3·1 0.17 
9·IO-D 5h 0.21 0.10 

CurrenU of (lholll G I , will produce 0.5~ incrN'!I(' "I 
inducl:o"ec; 25 11 !cl1'CIl 1 r~ inacII!e; ",1)(>111 45 J J Jlil'u 
" m"ximum in~rcaliC of 2 ',,;; . while st ill brlter eurrents 
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pTt),l",,!' :' drop in i"durbncc. Ihe <'rrot \ ,cinl: zero :'I t 
,,1 )()1I1 100 I,. T he I : "alues mHy reduce L 10 "hvllt 70 <;;; 
of i,~ i"ilin) ",due. 

Dissi pation Factor: The " "('llmp'"lyiu!: pint ~h"ws d,(' 
,·",;,,1;"" uf the di>!$ip"tion f:,..tur J) - It Q with f,<,o 
(IUellt'," f"r Ihe full n,luc of each i"duplor (>!(~ 1).11((' ·H ). 
] ~ will III' ;o.('('n that maximum s torage InN,.,. Q ""i­
U<'6 b~l wc,'" :W() a"d :,::10 a.c oh(a jll<'d at IrNIu<," .. i('$ 
l>el\\,c"11 2 :lnd.5 kc. 

T emperature Coefficient: Th(' 1<''''I)<'r:lI".1' n",lfipil'nt 
uf i"du,·r:",,·.., is "buut +5tJ p"rr ~ J",r I"illi"" P('" dcgr,'e 
C"" ri l(r".!c" 

Ma~imum Voltage: The m:l~i"""n T-tIl-~ ,.,,11"1(1' fur 
,,\, id, the Utlill! arl' itl$ulalCd is bOt) " v!ts. The swit<"!, 
will !"c1lk Ihl' l"ireuil ,, \ aoo \'olt~ if '"tn.'<1 rapidl.,· tv ,it(' 
new ~etlillA:. hut \'nllaJWS ,,1)<11'(' 150,,,,.,.,- <,"USC d,'strul'­
tin' ".,.j"A: if ,hI' $\\'il<"1, is set 1,..lw,'('" dNcIII Jio"iliu,,~_ 

T erminals: >-"I\I('l'inl( ]Ul(s f,re p",)\·idcd . 

Mounting: Ea"h uec:\de i~ , 'c,mpl('(c wilh di,,1 1,1;,1". 
knuh. ", ,,I ltl"""t;nl( S~rew~ . 

___ TVJH; /,uhd""ce 

940~A 0.01 h ;n 0.001 h steps , 
940-8 0.1 h ;n 0.01 h steps , 
940~C 1 h ;n 0.1 h steps . 
940~O 10 h ;n 1 h steps . 

INDUCTORS 

Y:triatio n Il( di!'.oil)nliun (al"l<>r rvr 111<' full ,·"Ill(' .)f 
(':!ch '"du<"1"r. Ih~h<,<1 "lIT\'('~ " vrT('~J)",,,1 In U~~ with 
cha~"i~ lIualiug. 

D imensions: (Width ) 7Y. x (h<,il(hl ) :ly:! x (<1l"l'lh 
I"'hind p",,('l i :lH" i1l1·he~. ,"'('r-,']I . 

Net We ight: :, y:! p<>u"d .•. 

(,,,d .. Ir",·t! 

IXIlUCTO,\XT 

ISI)tiCTOHOY 

lXI) UCTO<.; .... T 

ISnI"CTOllOG 

I'rice 

Price 
on 

Request 

TYPE 1490 DECADE INDUCTOR 

USES: '\'hcl'(' an adjuslable indudancc cover­
ing a \'('I",\' widc range i:; required th(.:1<e boxes 
will bt' extremely u1<dul. 

DESCRIPTION: T hl' TYI'E 1-100 Dccade ]mhl('~ 
t~)r i...: :U1 a .. <:sembly of thrce or fOUl" TYPE 0-10 
J)('c-adl'-lndudor Enits in a ~illglc metal 
(,;lbi nrt. The ullits hayc no clcct ril"al connec­
tion to the pane] but a !<cpamlc ground 
l('l"mi nal is prodded \\·hit·h may bt) connected 
to the " low" tNminal of t.he !<1ll:dlc.4 unit. 

SPECIFICATIONS 
Frequency Characteristics: I n (k·\('r,"iniu..: the ""rret;­
liull "',.,,,. (,,leo). \1:«< Ihc ('0 ,'.~I"I' curr" SI!,,,,dinl( to> ,ho;) 
I:orl(i-SI d('(':o<le unit ""lll~l1y in ,·irCll; l. For e,,~h I:orl(f'T 
(l~(',,,lc unil not in cirf'"i! add l00 .... r if 'he inductor is 
gTU,U!,It-d to t he p"'ll'l ur a.ld ~o .. /Af if the inductor ,! 
",,! I(r"llrldcd to ,he 1',11''''. 
T e rm inals: J:wk-Iop l!indih~ ]>ust.~. 

Mounting: Tit" u~<:"d('~ :ore Irl',,,nled on ,It, nhUllinuJrl 
1),,,,..1 ill " mctal c"binel . 
Dimensions: 1·190-,\ 1:!7.( x 7U x 5% illph~~ "n'r-~ l1 
\O(·ighl. J.1!)O_l\ 1(j y:! x 7Y. x 5h inchcs over-"II h"ight. 
Net Weigh t, T\'I'>: 1·190-,\, 15 puu"ds: '1','1'1: 14!JU_1I, 
IY l>UlII"I~. 

Oth('r ~1,..";fil·"l i",, ~ :II'<) ;dell( ir,,1 with ,h08C lor the 
TYI'I:: 'j·l0-])c<::O(!<I-lndu<.:tor L,;niIS. 

__ .,.."'1·!I"':. ___ , _ ____ .,...,..-'I",,:dC,,:,C"C"C"C'~ _________ ,-_cCCtx/r 11"",</ 

1490~A 1 h, total , in steps of 0.001 h . 

1490-8 10 h, total, in steps of 0 .001 h . (;O .... Cll 
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INDUCTORS 

TYPE 107 VARIABLE INDUCTOR 

uses: The THE 107 \"adahlc Ind ut"tors find 
tlwir grc3t('~l u:,cs in til(' I:lhor:ltory as stand­
ards of mo(j('nlte :llTllr:lCY fot, nWa:;urcmctlt;:; 
of sclf- and mutual ill(itlCt:I1I('C, and as com­
pOllents of bdd.c;c:i, u.;cil!atOl'S, and similar 
cqllipnwnt where a v:l.ri:lble iml\l('Lor is needed 
:is :\ ei1"('llit clement. 

DESCRIPTION: Two coi\:-;, a rotor and:\ ~t:ltor, 
arc mounted c'on<:('nl ril':l.lIy .. \ 01 til{' po"ition of 
the rotor is c h:\II.c;t'd the couplillg 1)('lw('('1I the 
two ('oils eha ng('~, :lIld the indlld ance is \':1 ried. 

In most rnod('b :::.trandcd wire b 1I::,('d, in 
which the separate stn\llds arc insulated from 
one anoth('L Tlte eoib an' irnpl'<'.c;nalcd :lIId 
baked in a high-mcllillf,!;-point mall'l'ial before 
lX'ing sc('ul'ely mOUlllcd to the phellolic pauC'1. 

FEATURES: .. l)ir('<-1, rf':l(ling: in indutt:lIwp fo r 
bOOl !'Cl'it'5 :'ind p:lrall('i ('(JIlII('('tioIlS of the 

{·oil~. c1\('h TYPE lOi \ ':triable Inductor ('oycrs 
a tola1 inductancc range of o\'pr 2:1 :1. 

• Rotur and st ator inductances have been 
t':.trcfully equnli;wd, and the colis nre so 
mounted that Ihe indudancc for the p:1t':111cl 
CQ1l1l(.:ctiOIl is exac tly nlle-fou1'll! the value 
showl! by the dial for the scries connection. 
This cqllaliz:lIion of the two coils :lIsa c1imi­
J1:\le5 losses fmlll {'in'lIl:lting currents wilell 
the pamllci connet'liun is used. 

• Separate t('rmin:lls arc brought Ollt fOl' 
both rotor and stator so that t hey ma," he 
qlli('kl,\' connected ill either ht' riCi; or parallel 
as a self-indu('\or, Or used scpllt'a\f'I,\' as tL 

mutual induNoJ'. The formula for the mutual 
inductunt:e is giwll 011 the n:lmepl:lte. to­
gt'tlwl' with the value of d-c t'CSist:lllCe :lIld 
maximum ClItTent, 

58 GENERAL RADIO COMPANY 



 

INDUCTORS 

SPECIFICATIONS 

Self_ Inductance Range: Five 8i7,c~ "roli~lcd {'"o,·e.inl': 
" 1,,1,,1 r""II:O of "ll l,f<)X'"I"ldy 2 m;("rohc"rys In 500 
miJlihforu·ys. b~' Ihl' U$\' of hOlh Ihe S('ric~ :",d Jl".allel 
COII"N·liulI~. :-'Iaximum "ml """imum "'Ihws for oolh 
('(UIII(,CI'OllS "fC ~hown '" Ihe price l i~1. 

Mutual 1 nductance: Eilher j)o~i! iV(' or "ell:.~I,,.e ,"alue8 
of IIlLllual iILChwl,""'{' "'"' IIc ohl:o;ncd. T hl' ex", I forn",l" 
for Ihe ulti!u,,1 illduN",,,"c i~ {'''c.:tH'd on e:LCh indi,·idu,,1 
ill~lr"m/·II\. The :'I'l,rvxiUL"lc r"uges "rl' gin,,, in Ihe 
1:tI,le I>(·low. 

Cali b rat ion: T he iudLlN,,,,cc for Ihe ~erk~ eonne"l i"n, 
mC:IsurNl,1t I kc "lid aC"ur,,!c "ilhin * 1% "f I"II-"""Ie 
... ·"diu\:. is eUII:'''''''u on th" d ' :l1. T he i"ducl:",ce for the 
ll"ralld COJUlOClion is within * 0.1% of onc-fourth ,,( thc 
""ri.·~ induc""""{'. 

T hc IUutu,,1 i"(\1I("I:1W'C ",·cn.,,,·'Y i~ ::1:2.5% t)f the 
m:.xi",,,,n mutual illducI""~~' ,·"llIe. 

Freque ncy Error: ' Di~"(''':''T(li,,1': Cl"fO)l"l! dll.., 10 skill 
efTc~t. the fmcl io"'.! .-]I,,,,..:e ill inducI""'·" wi th f,-..,­

qnc",,)" will be r /!. where I i~ Ihe op"rali,,!: fre(llI"II~·Y 
;l."d I~ Ih.., lI:Hllral fr':'l'''·n~y. AeNl.dillgly , at oll(,-I,,"l h 
the ,,,'llIr,,] fl"('<lu" ",'.\' . Ihe frc<llIcll ey e rror is but 1% . 
At hi..:h(,r frl'\lu('11";"~ ~k itl efTecl cr"'N. whie!) tiro difT" r_ 
('Ilt for Ihe d;fT('rcll~ 1J"it~. Ill"." hc~",ne :lllllre";able. 
The lal,le h"],,,," I':iws the natllr,,1 h-cqu,,"cks for Ihe 
difT"r,,"1 ~la"d:1rd \II,il~, rur full sctli,,!: wilh I5<'ric8 
~"",,"e,·tio" . 

.11 ,,/JUtl 

losses: The m"xillllllll ,.nlne of the ~to':lge fa<'tor Q - ;~ 
for full-sellk 8el t in,:: with th" sl'ric5 ':<lIIl'''''';OIl i~ d"en in 
t he tahle ror c;l.d, inductor 101':('110". wilh Ihe r.·("IU(oJ'C~·!lt 
which 11> '$ ,"alue of Q;~ o1,l:liul'"\I. The d""u:" of (\i:l<!il)" -

tion faclOr J) ~ with (1"('(\lIe lle)' ;$ ~howlI in Ihe 1,Iot 

lx-lo w. 

Maximum Power and Current: Th" t"bl ''''''''''It of 
power wllich "aet. i"d"~\or;~ c"l>"hl.., of dio<sil':tliu,:: is 15 
W"lIS. Thi~ :o\lIoun[ c",,~es " 1(""I)(:ml"re ri"" of ·ltI" 
Ccnliw:·de. 

Thc maxill""" "lluw"bl" current for the ~"ri(·~ ~"oIl­
lI(!cti"u. is ).:i,·,," bdow ill Iho l;llth, nud is c"~r:"'ed ull 
e;lch ""nl(!p1:tte. 
Direct_Current Resistance; Th(l :lllllroxim"t(' "lh,l'~ 01 
d·c re8;StaIlC" fur the <lifT"fI'ut ullil~ :,n,: I(i,,,,, ill Ihe 
table and :ore "Izl(l eUI':""'(lU Oil the ua",(lpi:tlu ur the 
i" s ! r"mc"t~. 

T e rminals; ~taJHlard ~.(_ illch ~1>:Lci"l':. j"ck-I"lIl,indinJ,( 
po~l~ "re pNI\'id,'d which ,dlo\\" ~<:l'"ralc CU""l·,·t'''u~ 10 
rutor aud stator. t"on ll(" 'li",:: links lITO ~lI!!pli,'d IW thal 
(!i l hcr " ~ri,'s or lJ"ral1cJ ""llUl'ctiuII of th(! ' ulor and 
SlalOr C;l.n bc ",,,de ",·"i1:.l>l(l al" third J>"ir ul iJi"diu).: 
vosu . 
Moul\ting: ,\ll ""it$:lre 1110"111(>(\ Oil IJh(!",.lic 1"""'18 
:Inti CIlc\U""U in w"lnul cabi'l('ts. 
Dimens ions: (i h x (; h X !:>~4 il,ch("~. O'·cr-"I1. 
Net Weight; 5 ]lO\LlI<j~. ,,11 r",,\:cs. 

.,. ". J / , III Ilc {Illce 
/)-c 

/( . I c,stS ,mce 
.\faxi""'''' 

C IIrre" 
.Ilaximum I,· . """""111 

FrC'I"Nlt:!I jor 
If ' Q. 

Xa/llrat ,. 
rc'l"c"cy 

LU,-J 0 10.8 #' h \1.05 !l Iti. " to7_K 0 IW #'h 0.3S I! 6. " 107-1. 0 1.1 ruh ·1. (; n \.7 " 107-:-'1 " II mh :12 n 0.65" 
107-:\ 0 110 mh '" Il 0.18:1. 

'F". f"II -.cal~ 8elti"l( . "~ric" e,m"eclion. 

107 -J 
107 -K 
107-l 
107-M 
107-N 

Sdl-1"dur/tI"ct: 
Suics "amllel 

8- SO Iln 
80-500 Iln 

0 .8 - 5 mn 
8- 50 mh 

80-500 mn 

2-12.5Ilh 
20-125 lin 

0 .2-1 .25 mh 
2- 12.5mh 

20- 125 mh 

1,10 270 k,.. 3i"UOkc 
I.W lao kc 1100 kc 
1·10 GO kc ;$60 kc 
'00 2.') kc 1:\0 kc 
GO 15 kc :15 kc 

Code Word Pr;;:;e 

1t.\HE~1 $50.00 
I IABI'Y 50.00 
JlAltRY 50.00 
HOTEL 55.00 
1I0\·~: 1{ 55 .00 

DiM,p_1 tinu f" ctor (D '" I /Q ) "{' r3t '~ frt'<lucu"'y ror (If/I) T\"I'.: 100 Stnn(brd judUct:lnCe8. :lud (rivlol) 
T\"I'1: 107 V",iable I"du/'IOTS for the full-~cale ~cric~ cOJlIK"<:t ion. 
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INDUCTORS 

TYPE 106 STANDARD INDUCTANCE 

USES: The Tn' I:: lOu :-itnn<iard IllductilllCC i~ 
an accurate st:lnd:trd of sc1f~illdllctance 1'01' 

5 P E C 1 F 1 C 

11":(, in hridge :lnd othe r nW:I su l'cmcnls at. 
audio f rcquend o:;. 

DESCRIPTION: .\n !Istat ic forlll of mount ing 
is used wherein t.wo D-sha ped coil ~ an' 
mounted parallcl lo c:lCh other. 'I'll<' ('o ils arc 
form mllllld, bound with t:lJ)C, :lnd imprcg­
wll('d 1\"11h wax be fore being; moun ted. A 
minimulll of mcl:11 is Il"CU ill the mounting, 
thll~ minimizing variations in inc!uC1".'lIlCC \\"jth 
frequency. 

FEATURES: ... Low a nd nelll"lv constant I'CRj;;:t­

fillec at audio frcqlwneics i~ in,.;IU"CU hy the 
USC' , whcrc\"cr pl':l ct icable, of stranded \\"ir(' in 
which the separate ::;t rami:::; :Irc insuhlted 
from one another . 
... The inductance h:u; been m:1dc infir pC'lId('nt 
of surrou ndillgs hy u,.;ing an :\:-;Iaiic form of 
m OUlI i ing in whic h thc fields of t hc (.\\"0 coil 
sections ncutml ize each othel' in regions 
cxLNn:ll Lo the casco Thus, intcnlction be­
tween external fi('ll!:., and the field of t he 
inductor it; redu ced t o a rilinimum. 

A TI 0 N 5 
\""",i"al D-C J/Miml/I>! JI /ui""WI .1Ia.c.i","", rorC'l!/cltcy for Sal!/ral 

T!lI'~ /(~~i81"'lCe / 'mra C"rrcnt Q J{a.c.ill",m () I'noqllfll/:!J 

IO(;..L n.I .... ! ~ .-, " 5.0 " 21 0 300 kc n.,oo k" 
II)G-G 1 .• "0 n I" 14 " I !j() I.~O kc :WOO k" 
luG-J 1:!.2 (l 

(j " 
I06-J\ :-:,. :1 !! Gw 
106-:'11 ,; 1.; \! 1·1 "" 

Accuracy: All un iu "re :,djllSI{'(1 wit h i" ±Cl.l % at 
I k,·. 
Resistance: T hl' fl'.i.<I''''''" at 1 kc is t he Mine ,,~ the 
d·,' rl'~is\"nec. Thi$ r,,·sistalll·l'. togl'l!lI'r wi l h the tcmpera­
L'lrl:'. is clllcn'd Oil II "cnifkate lllol111t('d VII the IlOt I(,m of 
the c ""i,,,:~ nili'll t he i"du<"tor is Illcas,l!'cd in tho;) Stalld­
artl ixing L"hvratvry. The lIolllinal yalul'~ ;Ire ginm ill the 
tlLble " I" ,ye. 

7'/I1>fJ r"d!lr/""';t 

106- L 0. 1 mh 
106-G 1 mh 
106-J 10 mh 
106-K 100 mh 
106-M 1 henry 

.05 " ITO tiO ke :,(JO k" 

.2;"; n Oil :!O k" I;jU k" 

.15 a 10 i k" :1" kc 

Temperature Coefficient: T he tempt>r;.turc l'<J('ffi('ient 
ofinduet:tll«' isll'SlIl lmn ±O.OOI "~ perdl'I:~Cl!ntiJ:T',de_ 

Maximum Power and Current: ""I! I"bll!. 
X 

Losses : T he IIwxirntlln ,·,-,lllI!O! theslor:tl:e faet"r () = Ii 
aud the r r('(luCrH"~' fv r wh;"h it O('l·ttr8 rnr I!,wh ~i , c :t rc 
,,;,(On in the table. The cJI"tl~(! vI di~~i]!:I\ i<J " 1''',lor 

1 . 
D " Q ,," Ilh fJ"<:'(lue"e~' itt ~ho\\"" in Ih!) plvt VII ],"ge 59. 

Frequency Error: Dis t ('lI:lIrd ing skin elT('I't the frac­

tiou,,1 d.ansc in indnl't:tul'C with fr<''IueJl(;Y isP /!. whNe 

I is Olll' r"till" rn"(IIl('tll'~' and I~ the Italural frNlu('tlcy . 
At " lie-tenth the nnlura l fr""ueney. th,·rd,,/'('. Iht> error 
i~ 1'\. 
Terminals: Bindinl: P()"'t~ arc pro,·ided . 
Mounting: All uniu arc a~.sc",IJlcd in "':tltlu t cahine Wi 
wi lh "henolic ]~l"cls. 

Dimensions: p",,(,!. ~P1i x 5'i illl'!lPs. Cahinet, (h(· i ~ht) 
3'2 indies. o"('r-"II, except T,' I'>' 106-:'11 wltieh is 5% 
irwht'~, C) ,·er-all. 

Net Weight: Appr"ximalt'ly ~% POUIIUII, exr!)pt Ty!'!: 

106·;\1 which is;) 1"lUnd:;. 

Code 11"ord PN'CC 

IXXE!l $33.00 
IXEIIT 33.00 
I I(AT~~ 33.00 
I~LET 33.00 
ISSUE 45.00 
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BRIDGES 
---<J>--<J>--<l 

for measuring 

CAPACITANCE 
• 

DISSIPATION FACTOR 
• 

IN DUCTANCE 
• 

RESISTANCE 
• 

VACUUM·TUBE 
CHARACTERISTICS 



 

IMPEDANCE BRIDGES 
For the measurement of all Lypcs of illl­

pedan('cs. resisti\,c Or t"c:l<'t.i"c. induetivc or 
cap:lciih'c, t.he \Yhcabt OIlC bridge cirCllit in 
its many modi/ie'alions has pro\'cd be:;\' fitted 
on grounds of uot,h accllr:\('Y ,wei cOll\'cnictlce. 

' I he bal:ul('c uf 1 he bridge is :IUaillcd by a 
!lull method , that is, by I'cdllting to 7.CI'O the 
\'ultage bet.ween t w() oppo,-:itc comet's of the 
bridge. The precision of h:dancc is not limited 
by the scale length of:\ deflecting instrument, 
but only by the \'ol!agc which ('1111 be applied 
to the bl'idv;e and by t.he scnsit i\'iLy of the Ilull 
detector. It is, therdore. po~siblc to util ize 
completely the :\('ellr:tC' .... or the sl:HHlard s. 

Bcc,I\lsc of the \':uiety of possihle brid ge 
circuit:;, a bridge can u"llally be (b'j::;cd \\"it.h 
cOllt,rob Ilmt arc made direct reading ill allY 
particular irnpe1iallcc or cireuil chara(·ter­
i:;lic. The direct.-readin~ fcalurc mId:; greatly 
to com'cnien('e in mca~l!rcment. ~ilH'c it obd­
ate:; l:lburiOlI~ calculat ions \d l ich are alway::; 
a bar to mpid \fork, 

'1 he fundamental bl'id~c nctwork is shown 
ill Figure I . The eond itiotl of balance i ~ that 
thc voltagc :leru::;:; the dctc(·tor be zero. This 
will OCClir \\· hel1 

A A 1/' / ' \ ' - = - or, =)1 H 1'> ( I) 

The foul' arms of thc bridge are not neces­
sarily s imple imp<,danec.-<, but.. arc frcquently 
:;crics and pllrall('1 eombin:tt ions of rcsist:lncc, 
indlldllll{,C, and capll<: itance. Hcncc the 
bridgc :~rm .-< repre,.:entcd by Ihe i:iym bols lI:;cd 
in Lquatioll ( I) :'\.rc, in gcncml, complex im­
pedallcc.~, and t hcrc arc 111"0 balancc condi­
tion,.:, OllC fur the rc.~i,.:t i l·e component all<l 
thc othcr fol' the rCaCll\'C componcnt. 'I he 
p ri ncipal halan('c ('omponCll t of bridgc ... d(!­
signed spccifically to mC:l"Q lre indllct:uw(! 01' 
ea.p:u;itancc ,.:llOUld preferably uc indcpendcnt 
of frcqucncy. 

tJsufllly, at IC1\::;t one of these balance coo-

ditioll::; \':ll'ics \\'ith frequency, but no fre­
quem;y limitation On the u~c of the bt'idge is 
inhercnt. in the va riat ion . Altern:lting-clllTent 
bridges can be llsed at freqllelleics extending 
to tell::; o f mega c}"(' \(':5. Thc llpper rrequcnc~' 
limit. for any part icula r dc~ign is sct by t hc 
inc rea::;in~ clYect of residual impedalH'es ill 
t he \':niolls impedance ::;tand:1l'd ::; and in t.he 
\\"iring. 

BRIDGE CIRCUITS: Impcdance bridges call be 
divided into 1.\\"0 cla~se,;, the one in which like 
reac(.ancc::; are compared, :Hld t..he other in 
which unlike rcactances are (:ompared. Both 
c1a:5~c,,: arc illustrated in Figllre I, In bridges 
of the lin,;t class, referred to as inductance 
or eap:lCitnnee bridgc~, arlll:; /1 and narc re­
sblance arm,;, while arm::; A' and P MC cit.her 
both indlleti\:c or both capaciti\'c, onc arm 
containing the known sta ndard. the other t.he 
llnknown rcactance. Of the bridges clc,.:cribcd 
in this sect ion , TYPES (;67, 71G, 740, :lnd 161 1 
a re of this killel, thc first being an induc1atlce 
bridge, and t..lre IH,;L thrce cnpa<"it:lllcc bridges. 
'1 he THE GJO abo f:I118 in t his claS::i for the 
me:1SUl'emcnt of t;lIpacitan;:e. 

Bridges in the second <:lass carry thc names 
of theil' di::;cO\'crcl':;, :'Ilaxwcll , Hay, Owcn, and 
ollll'l"s. The illduClllUCC and ('ap:lcitance al'ms 
lIrc oppo:;ilc onc anothcr. The::;c circuits dcri\'e 
thcir greatest import:ltlcc from the bct that 
they permit t.. he mC:lsuremcnt of induclanee 
in terms of cap:lcibincc sl :llHlard::;, which arc 
gcnerally ::ill pcriOt· to, and morc convenient. 
than , inducl:IIlCe standards. The TYPE 650 
lmpcdanee Bridge lItilizes both the .\laxwcll 
and I lay eircuits fo r the mcasUt'cmellt of 
induct-a ncc. 

The TYl'~: 5.J.4-J3 l\ Jcgohm Bridge is a d-c 
\\"hcabtonc bridgc for high r('~istance meas­
urcmcnts ill which the detcctor is :\ V:'\('I.Hlffi-
1.111)(' \·oltnwtcr. \\"hieh has fin cxtremely high 
in put resistance. 

FiGuln: I. Left. I.he ~eneral \\ 'he!l l ~(ollo bridge <'"ircuit: conter. r.i,.cu it for !l cap:u:'it!l!l<'"o bl'id~c in ",hich like reactances. 
,\" ,j"d P. ,,,·c CUlI1j),lred; and. right, a circuit in wlliC/, \lulikc reactances, A alld P, !lrc COIt1 L)!lred. 
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T -Networks: III addit iOIl to the bridge cir­
cu iis described aho\"!:: II1('re arc ~~ nllmher of 
other llet.,,·orb \\"hich (';111 be adju.":lcd 10 gi\'c 
7,en) ll'fLllsmi:';sioll for a parli('lllar tOltfigl]ra­
tioll of tin'lIil clemenl". One of the~('. thc 
'1" \\"in-'I" or Parallcl-T illU"lratcd ill F igurc 2, 
has pnJ\'cd to be of I-!;rcat \':tltle for illlpcd:IIH'C 
llIca,~\Ircrnenl" :It hi).!:h \";ldio frcq\l(,ll("ic.~. "l"hi.-; 
cin'lIit i" \I . ..:ed in I lie T\"I'~: 821 fOI" impcdance 
mca,.;uremCllt:< from 0.0 to 10 rneg;\:·yl"le.-;, 

Resistive Balance: .\ 11 impcdall("e . .; lIa\'c re­
:-;isti\'C (·()rnponcnt". and the hridge" lI.~cd fl;r 
impl't!;llll'e Ill('a"IIl"l'IlICI11 11l1]"{' Ill: capabl!' of 
lllcaslIrin!-!: thb rc"ist:IlI('(' 111 :<OIllC m:Il11lt't". 
Tlm't! methods ;lI"(' ill g;l'llct":ll lISC: (1) "eric::; 
re"i::;I:l1l('t!, il1 \\"hil'h thl' balallcing rc,.;i,,;lol" I::; 
placed in :<erics with \hc ,,;t:llldard 1"(';\I'lal1('O; 
(2 ) par:d\d rc"isl:lll(:c, in \\"lIil"h thc balatlt"ing 
resistor is pl:1(·t'd in p:lra11('\ \\'jth the ::;b ntl:lrd 
reac\;wce; and (:{) the ;-;('h crillg bridge' in 
whidl a h;l!:tnt'ing c:lp:1(:ilor i.::; pla('l'd in 
pa ra lIel with I.he r;\ I io a r!\l oppo:;il c lhe Illl­
kilOw!! capacitor. ' I he ~cri('.~ t"t'"ist:lt!(;c met hod 
i" ll"cd in til(' '\ Yl'El'i 050. 7-t0, lUll. ;"tnd (in7 , 
while the '\ HE il6 lISC" tlto :-:'chl'ring tin:uit. 
for balancing 1 hc re:<i"lh'c componCllt of 
impcd:mcc in tCrms of the db"ipatioll factor, 
The ']'YI'I'; DIG \I:.,('S:"l ncw cin:llit in :1 sCl"i(':;­
subst iulliull mel hod with:1 fixed c:lpacitol' in 
thc X-;It'1ll for reactallt:c mcaSllrClll{'nt. Thi.::; 
mr;wgclll('Ilt. makcs po."$.-;ih\e the ealibr:ltion 
of the ('apacitol" ncro,,;.::; tIt\' .I -:lrlll in t('rm:,; 
of the scric . .; reSi . .;t:IIlCC of Ihe Ilnkno\\·n. inde­
pcndent. of frequ(,ncy. The THE:; iHi ;ltId 

GSO nre:<o con'::;ll"ll\:lcd that the p;lr;dic1 I"csi:;t­
II!lCC method e:lll abo he u,.:cd . 

In tht: T\\"in-T "type of Ilull-balallt:e cirellil 
that 1.-; u,.:cd in t he '1''''-1'1'; 82 1, the (;ol1(\lIl"\i\'c 
component, of Lhe UUkUO\\"1l i.::; mea"llrt,d in 
term" of :l fixed rc,.:isbllH;e and a \";ll"i:II>\C 
capat"itall(;e, thus avoiding the error:-; inherent 
in variable resistors at high I"requclwics. 

BRIDGES 

I'l<'l ,n: :!. ]'" r:oIl(>I·"[, ('in'" it r"r !1t(>:l_'mi"l!: 
ilnl'cd"""e at ,·adi .. r" C<luell<·ic~. 

Di ssi pation Factor and Storage Fa cto r: Im­
portallt dl:1.r:l("tl'ri"li(:.::; 01' atl indudor ur a 
(:ap:leilor ;ll"C tht· r;l1io of r(':-;i"\ancc to rcad.­
ancc and II\(' ratio vf COlldl\ct:!I\('c to "lIS­
(·(>pl.:ll\("(·. TIH'''p r: ILil!.'; :11"(' t.l·l"tlwd t!i1'..;ipation 
f;wI .ol". /), illlt! ,,\()r;l),CI' fal"\or. Q. The)." :l.I"C 
reciprucal r;lIios tklillct! as fol\o\\'s, 

1 f{ (; I X n 
J) ~ Q ~ X~II Q ~ 75 ~ 7i ~V 

where /( :md .\" :\I"e tht' :;('rie:-: 1"I,.,,:1,;la11(·(· ;lnd 
rc;u·t:tll!:C and (; :\t1d Jj al"e Iht· p:u':dll'l COll­
(hH"t:l1we and .~I\"(·Cp\:I1H;e of thc impedallce 
or admitt:Hlcc il1\'uln·d. Di:<"ip;llioll factor j" 
dirC'("lly proportioll:11 to Ihl' power di""ipait,d 
;11HI . ..:tor;\l!:t· faclor to Ill(' pu\\"cr storcd . The 
relation of Ihe,,(· I"a( '\ ol":< 10 pl1:I"c :ln~'(' :wd 
\0"" angk is "hm\"ll in Figure ·J. 

I 
f) = Q = 1"01 (j = \.:ill ,; 

Puwcr factur is dcfill(·d ;1,,; 

1'.1", =: cu" (j = sill b 

:lI!d ditl"en3 frolll di .~"ipaii()ll f;lc\or by less 
th;\l1 1% wll\'l1 their \':duc:; arc le:<,,; lh;\ll O,IS. 
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BRIDGES 

.~ 
0" ,ote.it • .£. x • 

x Po." Foctoroo 
, I cottih ~ 

• • I , • Q . tonOo; ·t 

)o"Inrn.: -I. ,'(,l'lOr dial!r:llll "h,,,,i,,1.: t\l(" 
rclalion~ lOCI,,"l"'" f,\{'t".·~ /) and Q. ;IIU! 

ande~ 0 :lm\ &. 

Di::':'sip:ltioll f:H:l0l' is ('ommonly u>,ed for 
(':IP:I('ll01':': :-tnd. to:1 1(''':'':('1' (':\1('1\1: fu]' indue­
tot':' h('(':ul:<(, ii \"arips din'('ll,\' wit II Ill(' loss, 
:-;lora~(' f:l(·tol" i" oftl'l1 u:,('(1 for indudOl'S 
1)(,1':1l1;>:f' it Ilw:t:<urcs the yo1t:IJJ;c ,,;tcp-up in 
:\ illll('d cir('uil. 

\\"hel'e t he ~{'h('rin~ or l'l'riC's rf':<i:.:i:uU'c 
nw\ hotl ()f 11:':.:i"ti\'c h1[;,IW(' II'- 11:':(>(\, t Ill' bridge 
(::111 1)(' c':ilihmted in di:<sip:ttioll f:tetor or in 
sloragc' f:u'\ui". fur a gin'l} fre'quC'tIC,\', The 
TnEs 710 and [(ill h:I\'(' dbb c;llibl':llcd in 
di,.:,.:ipathm faclor at IiO (',\'("1(':,. :1I1d the TYPE 
7iG i!'i dil'el't reading:lt 100 {'yet(',.:, l. 10 [tnd 
100 kilu(',wl{':,. -I he TYl'E (',;')0 l"I':\d,.; din,(,tly 
Llw di";";ipatiotl fador of l':IP!l!"iIOl"::; :illd Ihe 
:sturage fadO!" of imllll"tor,.;, at 1000 ('.\"('Ies. 

The Tr!'~: 01() 1'(':1(1:, di 1"('('1 1\, Ihe l'{'ric:" 
r(',.;j .... lall('e of the unknO\\·n. independent of 
frcqllC J1(',I', wh ile the '1'\"1'1: 821 i::; ('alihmtcd 
in pamllcl condUtt:lllce fOl' I, :~, 10, and ao 
mc~[t{'.\"('[C!). 

ERRORS: .\ hrid~(' ('in'uit prodd('i/. a mC:lllS of 
cOlllpal'in~ 111'0 irnped:u!("C':,. :\11 unknown [tnd 
;\ stand:Hd, [L doe;; not Ilt"O\'idc an :lh,.:olute 
mea:::'UI'C'lllen t, The ]l():,,.:ihk ('no)" in till' 1lll':I,.;­

\ll"(,lllc'nt is alway,.; 1!I'(':lIpr 1 han 1Ill' error in 
Ill(' sLalltiard il i'('lf hI' lhe PITOn' ill LIlt"' other 
bridge IU"IIlS ellteriny;' intu the ('umpari,,:un. If, 
for installc'C'. the el'!"Or in 1 hC' :,t:\lui:lrd and in 
cael! of the 1m) r:l\io :Il"ln,.: j,.; ±O.lc~, therc 
Cllll 111('11 OC"I"III" i ll the illO,.;t IIll f:I\'orablc easc 
nil ('!"I'or of ±0.3% in 1I1C' !lW:I";III'(,IIl('llt. This 
i"lt-ema!"y limitation i,.; C'OlllIHOll tu all direct,­
rC:lding hridJ.!:{''': ill whil'h a r(',.;ult is obl:lincd 
fl'om a :,ingle balance of the bl"idv;e, 

Substitution Method: The eITOI' .. , in thrce 
of tb(' hrid~c a,rm.'" ('an bc clirl)ill~~tcd from the 
nW:I:'lIn'IlWnt through The U>iC of a sub:,<t itu­
timl Ill(·tho(\ in II"hieh the unknown impedance 
is cUlllwdcd in t he ,.: tllndan l :mn, Two re:ld~ 
ill):;": of the :-:tancl.:nd arc l"('t]uin.'d, olle wilh 
the unknown cli":('onl1('('i('d and ~\llotll('r with 
it eonll('("/etl, " 'ilb :Hl ('l"l"Or in III(' ,.:t:urdard 
of ±O,I f"{., the maximum ('ITOI' of Illt'a,.;ure­
nWlIt i~ ±O,2%, If :lIlxi\ial·.\' halallCCS :Ire 
pI'm'i( 1I-1l :-;0 that the :-;t:Uldal"d Ca ll :tl\\"ays be 

S<'t illitbH,Y :It thc SlIm{' point, thc error can 
be rcduc'cd ~dm(),.:t to ±O,I %, 

Re s idual Im pedances: The bridJ.!(" cqua­
lioll :-; dc'rivcd from Equaiion ( I) ])rC*lppo."e 
:lI! (H'/'lImte knowledge of 111(' l)('h!~\'iol" of the 
imp('dant'I.'.'" in cach :HrH, \"0 imp('clan('(' cle­
ment., hOI\'t'\'cr c:lrct"II11.\' e(m":It"1IC' I('d, is fl-ee 
from l"C"jdU;l1 impcd:lnl''''';. ]{p,.:j,.;tOl·"; have 
:,('ri('''; iluhu-t:lIJ('(' and " hull t ("ap:I(' i1:1I1('(', [n­
du("tor:-; hal'C 1"I,la t iwly larJ.(e seriC':i rc,.;i,.:tance 
:lnd :,hllllt cap:ltit:Ill("C, Even :l ir eapaeitOl"S, 
whilt' iHCI("C' nead.\' prl'rc('t Than oilwl" illlped­
anl'C :,t:lllciar(k ha\"e 1"(',.;i:,lil"(' :IlHl illdll("li\'c 
rc,.;i dll:ll impedance:'. ,\11 of 111(''':1' ('X\I":1 irn­
pcdatl("(':' lllU:-;t \)(' ineludl'd ill th(' I·:due,.; u:'<ed 
for l"a\l"ttlation in order to i"I\'oid error. The 
01"{'1"-:I1I rc,.;idU;lI:,; [11"(' gl"{,:ltl" ilH·l"l'a.~('d In' 
the Y:lt"ioll~ conllcl"tioHS fon;ling Ihe bridg'c 
cir("lIit. 

:;lillllt ('ap:u'itantc ;ltrOl$S the \':ll"iOU." a rms 
iioi all imporl:lnt :'Ollrcc of error ('1'('11 at audio 
frequellde,.;. \\ hell c:lpacit:lll("c O{TIII":-< ;H"I"O:-;S 

n rcsisth-e :ll"IH. i ts ctfc('\.. on the r(':,i,"'li\"(' com­
POIlI'llt of b:ll:lllce I':ll"i{'~ dil"l't"lI.\" a:, t 11(' lllag4 
nitudc of thc capal"iullI('(' all(\ dil"cdl.\' a:, the 
opcl":1ting freq1l('I\('.'", En'OI"::; :tt"i,.;ill~ frUIll this 
SOli 1'('(' :!t'('OUIlt.. fur the brgc dif)'('t"{,IH"C','; be­
tll"C'1'11 thc li:'tcd elTor,.; in di.'"\..;ipalioll I"a('tol" 
gil"{'ll fur TYI't: fi,:)O and TYPE:' i 10 :Ind lGII 
Hrid~cs. ']"Yl't,; 650 not.. only opcl":llCl:i at a 

Fwunt; ii. The ~llh~titllti()11 method (~II,.,\\"n 
for a ""]'!I(·it:"H"<, "'e"~II"(,III"'''I wilh :0. 

8elled"lI: hriulo!t') r('(III/'"("~ Ihl' Nn ... 10 eli-
.NlIinlb' IlIl' :""'Ut",..y willi wlli,.h Ih ... (''11>111'-
it:IIIL"1: .tilT, """'r helw('('n twO) ,('Ilin!:" of the 

IIlamlarJ capadtur b ku"" n. 
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Fu,nu; ro. ~ .. h(> mati .. repr(':«'lI':'It io" of (':\I): ... it~"r('. inrilldlHH'(>, :lml r('<i~t"'n('(' ~ t nndnr{k <how;111: 1 h(' nlMt import:mt 
r .. , ;. ln,.1 ""1',-,,1:,"""_'_ Th(' "h,,,;,' ,.(·,i,r",,,~ ""d ;",hll"'1I1<"1' "r III{> ,,:,,·k. ,II,f! h':"I~ "r d,.. ":op: ... "",. ( I.>(t) :lIT '-"I'rc­
~l· "t\'d fl" "',ie" ,(,-j,t,,,,,,,, :oml j",lu,',:oncc, \\h ill' 110(' oIklt·,·tri,· J",., .. an' rl'l'rl'·('1I\('·(I loy" ~hu" l , .. ""h""a"n-, For "II 
;,,,h,,·,,,,. "·,,,,'cri . 110" '"'1'1)(''' 1",.."(·", "'111>.",;101: lOr I."h "lu,,;1' r(-.• i.l:o,,, .. · ;111<1 (~Idy '·"rr(>lU~. ""d rio" di.\rilom",1 '-"1',,,.;. 
1:1II{'1' with did"',-Ir ;,- I",.'C" :In:! Ih(' ;lUl"'!'!:"'! n·· ;d,,:.!., ,\ I'(',i"",. (ril,I,, ) . t .. " fir.! :l1I1Jrotxj ,,,,, , i"lI . i.~ rf'\'rc . ... "tcd h,'-

an iudu..,tau"c ill .• ('dC' ... . "ml a "':01''''';' ''''''-(' in ~hllnt. 

hi).(lwl" fr{'qcl('tw .... hut ha:" \ltt:l\·oid:lhl., ";lI"iteh­
il1).( t!lp:u'ilall('(':" he("au:,e il i:" dt':"ipl(,d for 
SUI·I! a ).(1"(':11 \':lril'~\' of tne:I:"lll"l'IlU'tLt". 

;-;1111111 ('apal"itallc'c at·t·o:"" 11 1"(!!I(·ti\'(, ~Irtn is 
al:"o ,,('riOll:". Jll th(' Tfl'E n!i7-A 111111\("1:111('(' 
Briel):;I' thc (':lp:II"it:ulI"c :lel"l):':" tht' 11tlknOI\"I1 
t('rrnitJ:tI:" inn(!a .~t's the erl"or ill tilt, n\('a .~url'd 
illduI'lazlI"1' from ..L o.2('~ toll ± O.II ; 1)11 the 
hij.(Ilt':"1 tllltilip1iC'1". In the THE 71 0-e Cn pn ci­
t!L1u'P Ihid).("C' ('ompll'te :"hi('lding o f th(' mHo 
:11'111:" redu('{''' t ll(, ('apadtall(,c :l('t·o"'~ Ill(' Iln­
k11( )\1"1I to \('''''i than I j.lj.lf (,.:cc Fi).("ul"l' !)) , Thc 
('apadl:tlu'c a("ro,.:,. the unknown t{'t"lllinai,. of 
the Tn'~:i'; 050-,\ and 710- B :It·c :Ihollt 10 p.p.f 

:Ind 3 j.llJf 1'I''':lx'oi\·d.\'. In lil(' TYI'~: Hill-,\ 
the ('tTe!"b of Ill(' ?{'t"o ('ap:l('il:lm'c and il,.: lii ",""' i­
p!ll.i()l1 f:I('101" i" eliminatcd b .... intrtlc h1('ing 
!I('ro,.;,.: Ih{' ddl.'(·lor terminal:>:1 \,oll.:Ij.(t' \\'ho,.:c 
IIM):;lIilll"(' and ph:l:;e i,,; ('qllal !o Iht' hrid):;c 
unbalauc'(' \"oll:l ).(C (,:lU"eti h .... Ihi.-; Zt'l"O capad­
t:IIII·{'. Tlnl ;;: Ihc bdd).((' I,. made direc ... r{'ading 
ill ('ap:wil:ItWc" :lIld di .-,;,. ip:ltiOll factor d01l"1I 
to Z('I"O, 

1 II t hc THE 01 G-.\ Ihdio-Frt'q uPIH'.\' Bric.I)!"C' 
Lhe ('qui\"al('UI shuIII C:1J):ltilant·(, aero,.::< the 
r{':<i.~t:lIle,' arm ha s bcen redw'l'd 10 le:<:< than 
0. 1 ~~f. This t"e,.idml 1.'!Ip:witllllce docs lIut 
atr\,("{ Ihe I"c:"i:<Ii\'c balant'(', and :drcc I~ the 
\"('a('I:II)("(' h:lla]\('(' only slightl.v :It no :'lie ; all 
ollwr :<tr;,y eap:lt:ilalll"C,. :II"C ('ilhl'!" itl!"(H"pO­
ral('d inlo ilte bridgc a rm,.; or. by means of 
:- lti('lditl~ , pla(·('d :H'ro,.:;-: the g:('11C1"alol" or dc­
te('lUr terminals \\'/I('re Ihc\" bet:onl(' h:lnnl{':<..~ . 

. \t high mdio frequcncies the limiti1\~ r(',.:i<l­
u:1I illll>cdance has been fOllnd tl) he tllP 
1~':, idll:LI indutl:1tl("{' of \'ari:I I)11' air ('apaC"itOl'l$. 
'1'1\1\,.:. ill the Tn'l-: !)If)-.\ Ibdiu-i-'n'qUt' llCY 
I\ri(1).::(', t he re,.it!lIal illdUI"l:lIIcc of Ih(' re,.:ist­
:U1{'{' babndng I'a p:ll"ilor I S th{' limiting 
f:wl ol' Oil the upper frequcncy rallg(' of the 
hritij.(('. ill:'o fa r as the bridgl' t']( ' \l1{' lIts tllt'm­
>'('k".~ :11'(: cOll('cr1led. In thl' 'J n'E R21, Oil 
thc otlwr h:\lId. Ih(, 1"(':<idll:" illdll(·I:(II("I.' of t.he 
~\l:-t ·t' pl :IIH'{' h:Il;( lll"ing 1":1 pad I I)l" i.-,; the f:let 1)1" 

wlli(· 1t dl'lt'rlllilH:s the uppel" frcqu{,lw.\' limit 
at which :lccumte ll1eaSlIl'cmCIlI S tan he madt'o 

H(';-:itlual ~{'ri(',.: 111d1ll"lal1("c in hridW' arlll8 
i,.; ordil1aril.\' J1f'gligihl(' at audio fr('I[1lt'l1t"1(':". 
eXt'cpt ill nl(':I,,:ur{'nlt'IIt.~ of \'('ry s1I\all il1 -
dut ton;, Th(' Trt'E (\f;7-.\ Intlud:III('\' Brid).::(' 
11":(''': Trl'l': GOS Cotnpell.-::\tt'ci [)('c':HI(, H (',.:i~l()t·,.; 
in oreler 1 () :1 n)id eh:1 n~(' ill rt':"idual i 11(llld:1 IIC'(' 
:lS 11)(' I"t,:" i,.t:ln('c i.-.; \ 'ari('d . . \1 r:ldio frt,­
qu('ndv:, Iho.:- ctT(,\· ... vf indIWlatl\·\· i:- lllll\.:h 
InO\"(' "('1"10\1,.. !lnd \'al"bhk r(':" i .~tur,.: al'(: nOl 
8\1il:l hle fur II:<C ahO\'e:1 few tnt'ga(':n·I(',.:. 

SHIELDING AND GROUNDING: The' reading,.: 
of an~' bridgc ,.:honkl he :<C'n;:ibly illcit'IX'lldclll of 
its ,.:ltlToUtIlIiIlJ;"": aml lh{' po:-ilioll of the up('r­
alol", To ,.:ati,.:f\, the:<C' ('o\\ lIilio\\"., hritij.('" !I\"{' 

com piptdy ":I u:rollnded hy a grulltul{'(1 ,.:hit'ld, 
:\\\d ('an' j,.; taken 10 11":( ' eithcr p;ro\\\HI('d or 
in":III:III,d "hafl": Oil all cI)111rol:<. Il i:-; al:-o 
{"Utnlll{UI pr:I('lit,(, 10 p;rolll1{[ tl\(' jUll{"lilltl of 
Iht' ltnkIlO\\'n :Iud ,,1;Hulard arms ttl Ihi,.: 
:-;hi('ld. H('.~idll:ll r:tp:u·it:1I1{"(':-; of tht' hl"ilig(' 

F((:t · u~; 7. I" )h(' '1"1"1"0: f11(;,. \ Ibdi ..... Frc­
<IUC"(;.'· Briel:.:., " :-(>";('",,,I,,);) ,,ti"l1 lI,dhud 
"f "1 (':"I~1II"(,IIWIlI i., II.'<'<\. I " Ih i ~ Inlt of 
IIle:I~II"cm('''t str".'· ""I""'il=<IIN' to j.:roulld ill 
the Ullkll"wn liT'" "all be 1""'li,'''I:,''\y t"ollble-­
~<>1nc . To·ip]"., ~hi"'<li"J.: i~ ""'.! ill Ihi~ ann to 
... ",l rol the ~(r.~.,' r"p: ... il:"'~C.<. a" i1111~t"al(ld 

ill I-"il':<"'" 0 . 
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FUI\Jln: S. ~h(\\d1\~ thl! ~hir.ldinlt (If the unknown 
"n" j" ,he 1'1 1'1. iI!/i-.\ H"di,,-I'''('''IIt'II("~ lldd~l'. In 
this "">"'IIII)I~' the illlu'n""st s],icld loca1izl'~ !htl 
\-''''i"I,I(' ~1r'\Y ('"p,wjl:l1l<'<l of th ... ,'0101" of C,o llllU 
I,revents il (r",,, (:1m,,!! In,r",.' c' p . where it wuuld 
cn,,"o jllteri';",)';in)! of llo (' ..... oilll!s of the IWO (,"I>"c­
il"r~. The mi,idlc ~JLitid \h ... -,w~ the stJ""f <':01""';­
t"!le('~ of Ihe two ""p:witurs to the ril:"hl-h,"',J 
(''''I1(:J" of the hridg<,. while thl' OU\(»"I11O$1 ~hi(>1d 
pb~" the (,'IPII"';("II('C of tlw ril!ht-h:u,d romer 
:1<"""" the ll:!'uenl1ur. "hcrf' il is 10",.,,,1,,,..<, 

Thi" puts the {'"p:l"it""t~ fr<>'n the uHl!'r ",hidd to 
j!Tnund IICr<) .... ~ 1h('.\" ,Irlll of the h.i<llt ..... \l·tu:dly, the 
ph~'~i('"l "rr:HUH',IIeUI of the 1,,-;<11::(' j" ~uch 110:0, Ihi8 
"'llmciu!I('C r""~tit\Lte~ th(' 1,,.i,Ia::(' :trIll, " il i1 vul,' ,. 
trin"nCT r,q",\'it.)r ('<}1I11<.-",~ ... 1 :lrr"~_' it 10 eorrect:ror 

~m:,11 ":lri:'lio"~ b('IWCCIl i"~lnlll,ellt$. 

:lrms to til(' !-<hicld Ill'(' placed across the lwo 
arms thus groundNI. Alth()llJ..!:h a. relath·el.l· 
large error may hI' inlrodm'<,'d by the;;:{' C:lpac­
il:lI)('(';', it. (':111 oft('n III' t'limin:ltHI h.I' HII 

iHilbl zero rending 01' hy m:lking t he resitlu:ll 
capacitance p:trt or the c:lp:lcil:l11('e st:lndard, 
A brhlgc with one unkllo\\"n ierminal grounded 
in this nlallll('r \\'ill llwa"ure the" lotal im­
ped:ltlce" of the unknown, \\"hi('h ineludes its 
termin:li imped:1tlte to ground. The TYl'ES 
710, 1011, aIG," itud GG7 arc of this type, 
pladnv; orl<' termin;ll of thc llnknOI\'n at 
ground poten1ial. if, 011 the oLhel' haud, 

neither of the Ilnknowll termin:lls is grounded, 
the bridge will me:lsllrc the direct impedance 
acro:<s these terminals, prodded th:lt, the 
termin:ll impedan(:l,'S to ground are large com­
pared to the bridge arms. Tyl'f,;s (j5() and 
7-10-13 have neither unknowll tcrminal 
grounded and hencc mea:-illre direct. Im­
pedance, Under certain conditions, howel'er, 
the 'J"YI'~: 050 cnn l>c adapted for measu ring 
gl'Ollnded impedanccs, ami t he TYPE Ifill 
for measuring ciin'ct. impcdance, The Typ~: 
5-1--I-B \Icgohrn Bridgc ('lIll bc(·orrncct.cd either 
lI"a.l· and ('all , t.h('refor(', 1ll(':I:-:IlI"(, ('ith('1' total 
oj' direct resist.ance. 

SHiElDED TRANSFORMER: The bridge bal­
:Hlee should he independent of the t.ype of 
generator and udcctOl' used. Thi s condition is 
met by the 11:0;1' of a TYi'~; 578 Shieldcd Trall::;­
formcl'. Onc tnUlsforrncl' winding is connected 
be't \I'ccn tll'O oppu.site tomcrs of the bridge, 
Iwither of which is grounded, It is imm:lterial 
which iiide of the Lran:-:furmel' is connected to 
gcnel':\ I or Or detector, except liS the scn"it ivit)' 
of the bridge is :ltTected by the tr:lIlsfonnel' 
mtio. For bridge bal:tnces, (he small, constant, 
and known terminnl c:lpacilanecs of t.he trans­
fOl'lner :1I"e then substit.uted for the large, "ari­
:lble, and unknown C:1 P:lcit:lIlces of the gener­
ator or det('(·lor. 

DETECTORS: To oblnill lhe maximum pre­
ci"ioll uf hahn('c \\'ith any bridge or Ilull­
balance circuit it. i:o; nec('S$u'\' to ubtain :1 

virtuall.r complete lIull bnlance. \rith modern 
I':H:ullm-tube eircuils, hOll"e\'er, ;.ufii('ient 
scnsitivit.y call be obt:lined to utilize all the 
potential pred~ion of nny null-bahwce net­
work. 

Jllm'!! ,; 9. lIl u~tr"linl! the ~hieldi nlZ lIrn1l1J,:cm('nt 
of the '1'\"1'.: ~16·C (""l':tdtal[c"c I\d<!l!c. Thl) nnio 
:trIOs with their ~Oln IICn~lIlilll! ~"tJ"l"iIO~. the d i ~­
I>ip:lt;"1[ f:t~w~ r"l>:,tilor. aud the ;Ul!lIt \r,msf<)rmer 
"re ,Ill ",,)unted 0" in'lIl"t<...:1 ~llhl"meb :",(1 COm· 
r)l..,tel.l' shil'],1e<i. The shil'1<i i~ (""lllc(,tC'(1 lO the 
jlln<'I;,," "r Ihe r"ti .. "rm .•. the~eh~' lll:odug i~ e"I",e-­
i',IIlNl to J:round ',..r<> ...... the netcetor terminal.;! . 

The ~hield "round (',,,·h t rlmsfvrmer windinJl; i'i 
<'"",,('<'IC<.I 10 the windiulI:, elimin"lina:: the termi",,1 
("":tr"""il,,nrl'~, A thinl ~hietd. hetwccn the windiuJ: 
~h;eld". i~ e,uuH'(·tc<1 to the junction of the ~:l tio 

'.rI"~, The t"i':t"it:lIl('C IIClwP.<'1l the thinl shield and 
Ihe lIC ... ,nd:\r~· windi"g ~hield is th\l,. lJr,u~e<l :orr","" 
th<.- ril!:ht-h,md TUlio ,-,,·m. :",d it~ elT~'('1 (':m he dim;, 
""Ic<1 ;n Iht) illil;,,1 h"I:III('('. :-:;il"ilarl~'. the (':lll" .. i­
t:Hlre lH'I"'CCII the l)r;II,:ory ~hidcl :1I1d thc ;uterwi"d_ 
inl! shield J:'o('~ :lcro.""I the delector lern,iu,,1~ :Iud 
duc>! not affc<'t Ihe bllhu,t"(!, 

:-io c"Jl:wit""c"C.~ :ere \11:tred nerol<ll the ~ t:",d"rd 
and Itllk"",,"n arms VI her th"" th"t of the \e"d~ and 
"r Ihe p:mel hi"diul-: posts. The ~m"ll nlllOU!lt 
"beec\ "ero"~ thc ~(:tml:ord cllli"titOl' i~ I"ken illlO 
"e~"u"t in the i.:"lihr:niun. while (It"t :'('r",,-~ Ihe un· 
known ten"inill ~ i~ leu tha" ',lIIe Illil-romicl'of"r:ld, 
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1n some bridge circui ts the balance is de­
pendent upon fl-cquency, and thc va lue of the 
unknown impcdance usually varies with fre­
quency. Conscquent.ly , the presence of har­
monics in the inpu t to t.he bridge or t.heir 
production in a non-linenr impedance within 
the bridge may obscme t hc fu ndll mentul 
b:llance. A null balunce m~ly also be muskcd 
by the residual noise level of t he oscillator 
and amplifier used. For these reasons it is 
usually advisable to employ!\. selec:ti\'c de­
tector, tu ned to the frequency at \\'hich it is 
desired to balance the bridge. 

Audio and Sub-Audio Frequencies: At 
audio fl-cquencies, the conventional detector 
is n vacuum-tu be umplifier such as the TYPE 

1231-B Amplifier and Null Detector and a 
pa ir of head telephones. Where a visu:t1 
indication of balance is desired , IlS is neces­
sUry at fl'cqllencics below about 300 cyclcs, 
a rectifier-t.v pe voltmetel' OJ" 1\ vacuum-tube 
voltmeter cun be substituted fOI' the head 
telephones. 

T he TYi'~; 1231-B Amplifier und Nu ll De­
tector has a p:lIlel meter which can be used 
as a self-contained nu ll indicntor. This in­
strument can also be made selecti\'e (20 db 
to the second harmonic) by the nddition of 
the '\')' Pt; 1231-P Tuned Circui ts. 

The Tnt: 736-A Wave An:llyzer and Lhe 
TnE760-A Sound Anfllyzcr, in conjunction 
with an amplifier, are 1\lso very sntisfnctory 
selective bZ"idge detectOl'S. The wave analyzer 
is particulmly useful when extreme sclectidty 
at t he higher aud io frequencies is required, 
while the sou nd fi nillyzer provides except ion­
ully good selecti\'ity at low audio frequencies. 
For meu.'illl"cment.<.; over a wide range of 
frequencies, these instnllnents have the ad­
vantage of being continllous1y variable in 
frequency. 

FOI' some mellsurements it may be desirable 
to have sep~lI1\te indi cll tions of babnce for the 
resistive and reactive bnlances, and for t his 
purpose the TYI'f; 707-A Cathode-Ray !\ ull 
Det.ector is l"ecommcncled. 

Radio Frequencies: At rad io frequencies, 
any well-designed comme"cilll radio receiver 
can be used. Head telephones, a loudspeaker, 
or a meter can be used liS the actual balance 
ind icatol·. Since tuned md io-fl"equency de­
vices Il re inhel"enlly selective, the problf'm of 
radio-frequency harmonics is not. sign ificnnt. 
The receivel' l:ihould w eferablv have llll r-f 
sensitivity control und pro\·ision for dis­
cOllllecting the a-\"-c circuit, in order to 
fncili L~lte the approach to b!llance. 

SENSITIVITY: The prccision to which a bridge 
cnn be ba lanced depends pZ"imaril.\' upon the 
vol tage applied to the bridge and the 5ensitiv-

BRIDGES 

ity of the detector. It ldso depends IIpon t he 
ratio of imped:lnces of t he two arms across 
which t he generatol' is placed and the mtio 
of the impedance of t he detector to the bridge 
impeda nce. 

If t hc generntoJ" is connected across 1.\\"0 

similar bridge arms, t he ratio of ou tpu t volt­
age to inpu t voltage is 

A 

(2) 

where II and B are the arms across whi ch tlu' 
gCllera.tor is connected, and d is the frnction:ll 
precision desi red in balanCing lhe re:lcth 'C 
componen t, or t he min imu m vaiue of dissipa.­
tion f!"tc tor to be detected. 

If the two bridge anns aero...c;g which the 
generator is connected me not nlike, but one 
is resistive and one reactive, the equation 
becomes 

I l 
E B • = 

+ (iy d (3) Ei 
l 

Both expressions a l"e developed 011 the 
assumption th~l.t. the impedance of the de­
tectol' is high compared to tlmt of the bridge 
arms. This condition is met by the use of It 
vacuum-tube amplifier. 

From the nbo\'e equa.tions and the known 
input voltnge, the out pu t volt.age cOiTespond­
ing to a givcn value of d can be cnlculated. 
The mUo of th is \'oltllge to t he minimum 
voltage which will actuate t he detectOl' is 
the ft mplific~l.Uon required . 

As an example, consider the 1 ..... ·1't; 71 6 
Ca pacitance Bridge. For equa l ratio arms 
100 volw, can be applicd to the bridge from a 
0.5 watt generator. To muke a c:lpacit:.lIlce 
ba i:lnce to ±O. I % demands the detection of 
25 mv. To make a di ssipation factor balunce 
to ± O.(}(X)() I requi l"es:~ sensitivity of 250 IJ.v. 
The fi l'St \'olt:lge is easily within the range of 
head telephones without.. nn iunplifier, while 
the second is not. A typic:1I bridge ll mpli fier 
has 1\ gain of 77 db or 7000 when working 
wit.h head tel ephones or a recLifier voit.mete.· 
such as the TYP E .JS3-F Outpu t ~1eter. With 
t he telephollcs the gain is more than suffi­
cient. With the recti fier meter (minimum 
deflection = 0.02 volt), the gain hi ulso su ffi­
cient, sincc even for the dissip,ltioll f!lctor 
ba la nce a ga in of only SO is needed. The Tn>E 
1231-B Amplifier and Kull Detector hRs a. 
bu il t-in vaClium-tube voltmet.er wh ich pro­
vides esscnti ll Uy the s:.lIne scusitivity 1\5 with 
THE 483-F. K ow suppose these same me:1S­
ul"cments to be made on a [ IJ.f cup!lcitor for 
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which tile ratio arms mllst be 1000 to l. 
l'~ing lh(' full gain of the :lIl1plificr, the r('di· 
fier Ilwtcr tall only ha!:ul(>(' for di;;sipation 
faefor 10 ±O.OOOO;~) ~o 1 haL telepholles must. 
be u,«'(1 to uhtain Ihe required ~cn"ili\·il.y . 

POWE R SOU RCE: The maiH con:<i<i('I':lliun:; in 
the "elel't iOIl of a J}O\n'r :<uu rtC for a-I' bridge 
Illc:t::'lIr(,Ill('lIls :H(, fl'<'qll('ncy "Iahility, power 
ouipui. :tlld harmonic content. 

Th!' T Yl'E" 710-13 :ltId llill-:\ are dc:<igncd 
for GO-cye1c Ilw:t':lIrCnl('llls !\J\d opcr:ltc <li­
rccth' from tile a-c pO\\'PI' line. The Tn'l:> 
0.50·\ ha:-; a :'t,lf-cOlllaiIlPd IOOU-cyclc micro­
phone humnwl', Or the ' J' Y I'J~ G50- PI Amjllificr­
Osdll:lior, lilid no ('x \l'l'llai o,:dllat.or j" re­
quired ullip:<s it j" (k.-: ir('d to make mC'a.~ur('­
ments at fI'CqtH'Il('j (·.-: othf't' thall 1000 {'y{'!e:;, 
All t il t' OLliei' hl'idgC's de·wl'il)('c\ in thi,.; ";('chon 
requil'c sonw ty pc of (':\\1'1'11:11 o:;til1atol'. 

F or sillg!c- fn'qll(,]I('y nW:lSUl"cmellls at 1000 
cyclcs, 1Il<' T " I'E bi2-B :\ Iicl'Opho llc I I ummel', 
thc Tnt: 8n-,\ ,\udio O·willatol', :llld the 
'['''1'1-; 72:J \ ',\('IUIlll-Tubt.' Fork arc !'lIlis­
faclol'Y provid('!1 Ill(' powel requ i remellt~ arc 
low, . \ 1111lt'~e (1)('r:lIC f t'om 1);1 I tel'ies, a lthough 
the Tn'~: i2:~ (':111 nl:<o hI' ohtained in a-c 
opcrated IlH)(I('b, ,\ IOO-('ye!e model of the 
Tn'~: 72:3 is a lso n\'ailahlc, 

\r hen a hiV;hly pl'('('i.;c bala nee b dc"ired, 
mol'c PO\\CI' i:s rcquired tha n call be fUl'1I i"hed 
by ~mal1 b:ntery-opcr:ltcd oS{'ilIatol's of the 
t.\'pe mentioncd :lbo\'e, For Jnt':lSU1"('m('ll ts at 
1000 ('\'cle:s or at. fi ll\lm!wI' of lixed frcqllen­
('ie:<, the Tnt,: 1:301-,\ Osdlbtor is r('('om­
mcnded, This o:-willatol' is [I-C uIWra lf'd auci 
de[i\'('rs at ll'a:<l y:! wat\, \Iith ext remely good 
wa\·efurlll, \rhen a continuollsl" nubhle frc­
'11\('11(:), I:; needed the '['YPE' 01:3-(' Beal.­
F rl'quetl('Y (),.;r'illlltol' Or t hl' TYPE I~02-A 
O,.;eililitor i:; rct'011ItlletlctC'd. 

For tll('a,.;un'melll,.; :It I':Idio frC'(j1wncies wit.h 
tht.' TYI'I-: 011i-,\ Hadio-Frequ(,llcy Bridge, or 
ill(' Tn'I'; 821-,\ T \\"in-'!' Impcdnncc-.\I(':t:;m­
iug ('in'uit. [I I':Idio-freqllt't1cy o;;('i!!a tol' i5 
l"C''IlIirt'<.l. The T~' I 'E 1001-,\ :\lld THE 805-C 
Stancl:lrd-:"\i).::ll:d (;eller:IIOI":-i arc ,.;uitablc, 

MODULATION: For r:l<lio-fn'quency m c:\sure­
ments, it. i:s preferable that t he po\\"c!' tiourcc 

FlGlint: 10, ~howinl: huw ~~ri~s i"d\l~t!\nO'C in th~ 
1(~II~r"tur :oml d~t~\'tur l~",d.~ ~"11 C!\U".;, (!I 'ror~ in 

">('''~\lr~Itl~''t at r",d iu frl'(luclwi<.-", 

lYf'( .o~ "TYP£ 82~. 

~ -, ~. - IroSle, -- IIc.~ (I£~""'!)l lEU CRQ,IT 

• c. • 
~ 

be ulllllodui:ttec l. Di,.;tort iOlI ill thc modlll:lt ill~ 
sy:;(cm, fl"eq\\el1(,,I' modulation, :\1Id a,.;:<.nllet­
rical ~ide-band ('u t titlj! in the 1,(,(,l'in'r t:tll 

producc appI'('('i:lI)I(' (.'r1'OI'." ill t ill' b:1lancc 
pOilll. In addit ioll, m:lximulll SI,'lI,.;ith'ity i:; 
obl:linl'd \\" ith :11l 1II1modu1:H(:d ,.;ignlti :H1d 
an o:)(;ill:tting detector. 

CONNECTIONS: '['0 a('h lf'\'c' maximum frl'e­
dom hum e\('(:t ro";I:llie pil'kllp :Itld hody 
f'/TI'{'b , it is de:; ir;lhlc to 1I"1' ,.;hieldl'<l leads 
1)('1.\\"1..,('/\ gcncl'lltol' alld !lI'idl!;<' :\11(1 Ilt'twccll 
hridge :lIld detectur. At :Hldio :ll1d low r:lClio 
fn'q1l('lIeics thc rl'adanc(' of till' lead:s and 
t.el"lllinallS is Illlimpol't:Hl\', :111(\ it, i:; Illcl'!'lr 
nece,.;:;al'y to PI'('\'('IIt. the illlrodllCtiOtl of (~x­
tl"llI1(' ()l1 ~ \'olta.ll;(':-; illto til(' tlt-tC'ctor or t hc 
unkIH)\\"l l irnpe(inll('P. At fl"eqllc lll'i(':; :lbo\'c 
:. fell' me~a cyde,.;, !Lot 0111.\' doe,.; the pl'oblem 
of :;hicldin.ll; a";"l1l1l(' greatet' importancc, but 
abo the I'cal'ta ncc of th(' in1e]"('olllltocting 
lead:; \)e('OI111'S II pO(('llIi:1I :;ou]"ec of errol". 
Thi:s i:; illu,.;tr:lt('t! by Ih(' hlock ri iagr:1m of 
Figmc 10. 

,\ ~mall amount of I'l'I"ic':; in<iuetallee in the 
ground ~idc of the gellcratOr (':Ihll" is dc,.;i.ll;-
11:1t('(1 as Dc, ,.;imila \" indllcl:\lI(°I'''; ill Ill(' n'­
ceinor cable ami tilc common ground iC:ld :lS 
i JI: :wll I',II' Tlw \·oltn.ll;e tirop ill LG produces 
a flo\\' of ('UlT('lIt :\I'o\1lHI t il t' loop ('on,.;istin.ll; 
of the cable :;he:lth, the g l'ound lead . 1...11, :1nd 
the ground c:lpae itancc uf lIw o:;cillatol'. 
Similarly, Cll1't'Cllt flows ill th" right-hand 
loop \'haL includc!. /,1/. 

Thc yoli:lge applied to t ilt' I"c(:ci\'cl' has, 
thercf 01'0, t 1\"0 ('om pOllcn I,.;, one from the 
T\\'in-T , thf' other from the drop across 1..//, 
\\"h('n a l1ulI point i:; rcndll'd, lhcl'cfol'e, t he 
T\\'inwT IS out of b:dall('c bv :111 amOUlIi, 
neee:;!;:l!'V to (',Hlccl th(' eITect' of the extm­
nco\],.; \·~It!lge from IJ//, th[lt is, to make t he 
\'ccto]" sum of t il(' T \\"i n-'I' outp\\\, \'oltage 
fllIti the extrnll(,ou:; \'oltage eqllal to ZCl'O, 

'I he crrol' ill lllea:surcnwnL c:lU,.;ecl hy this 
::lcric~ indul'tan('e i,.; 0111' of the mo"\' serious 
(,1I(-uulltcl'('(1 in null nll'a,.;,uremcnt,.; :H ]"adio 
fl'Cqucnc'ip,.;. :ttld. in order to :\\'oid iL, coaxia l 
terminal" ,.;hould 1)(' u,.;<>d on hoth genelo;ltol' 
:lnd I'(xo('in'r. 

The TYP ES HIIi-,\ :lIlel 821 -,\ ar(' equipped 
with coaxial tt't"lllin:!\,.;, :lnd (,0:1Xi:11 Icad~ :u'e 
supplictl wilh tllI':«' in"tl'Ulll('nL." to plllg in to 
the o."cillator :I nti tlCIe<'IOI', 

CLASSIFICATION: Thc blllc ' 1)11 the ()]l]lo~ite 
page briefly :;lInllll;lri7.CS Ih(' operalill),!; I':IllgCS, 
:tecum!'y, nnd other pt't"lillell\' d:11a regarding 
the hridge:') Jj"tt'd ill thi,.; ~cction, From thb 
table the m()~t. :;uitahll' in ... lrument fOt" any 
gh'cn me,li'U I"t'1l1Cnt call he detl'rmined at ;1 
gl:illce, while (kt:llled ." p('c:ific;l t iol\~ for e:ICIt 
bridge [l rc givt'll on the follo\\"ing pages . 

68 GENERAL RADIO COMPANY 



 

Typ( No. Mell~t're$ U"'llll! 0/ ,l! ~u&" r~m~,,1 AccIlTlICY · Frcqu t rtcy CiTcllit .Ifet/w(i Po reeT SOlm::c Defector 

G:"\O-'\ " .001 Q to 1 ,,·m :1:: 1% dc \\" hen till() IHl Direct In\. Ball(oJ"il'S In t. (o,lh·"nometer 

L I pll to 100 h :1::2% I kc Maxwell and I'h y Direc t In!erll ,d Oiwilbtol" Head TelcJlhones 

C 1 ""f to 100 pt ± I % I kc Series H Direct In tent,,1 O~(>i11:ttor ii():l(1 ' I'd e l)hone.< 

/) .002 to I ± 20% 1 k() ])ir()c~ 

Q .02 to 1000 ±20% I k () ])iroc~ 

7W-C C l00l-'l-'ftol-..faLlkc§ ±0.2% 100 e. Ike, 10 kc, 100 k() Seher inl!: Direct Exler,,~1 Os .. ill:.tor Ami). 'Ind Head Tel. 

D .00002 to .50 :1:2% 

'" 
100 e, I kc, 10 kc. 100 kc Dire(:l o r Output. :-"IHer 

m C 0.1 I'I-'f to 1000 I'l' l :1::0.2% 100 t·, Ike, 10 kc, 100 kc SeI 'C"in!!: J'"mll(ol Suhalilll\ion Ex ternal O"... ill"tol" Amp, nnd Ilead Tel. 

Z D Dep·() nds 011 C", :1:2% 100 c, 1 kc, 10 kc, 100 ke l'nr"IIe\l:iul)$l iWt io ll 01' Oull".1 M()ter 
m 

'" 916-A X 5000 n 10 + 5000 Ilt :1::2% '100 kc to 60 l\ Ie M odified $;rit() riul: Scrie~ Su\Jslilulioll Ext()"n"IOseilbtor Hadio Heceiver ,. 
R o 10 1000 n :1:: ]% 400 kc t{) 60 l\] e S('r ies SubHituliotl 

~ 

82 1-:\ C o 10 1000 pJ.I.f ±0.2% 460 kc to '10 "I e 1':lr"I1..1-'1' 1'"r"lld Substitution Ext('rtl"IOsdll"tor R"dio Receiver 

'" ,. Ii GOOO 10 + 6000 lHnho! 4GO kc to 40 i\I e l)"r"l1e1 Suhsti ~ution 

" G 010 100 "mho! ± 2% 4GO ke 10 40 " Ie Pamllcl Sublititulion 

0 667-A D O.II-'h to]I. ± O.2% 1 ke &lrie~ R Dir<)ct Extern,,] Osdll'lwr Amp. :lnd Hefld Tcl. 

HO-B C 
n 

51-'"f 10 1100l'f ± I % (l0 eyries &lriea R Direc t ,\-C Lin' Scli-Colllained 

0 D 010 50% :I:: 1.5% of full sea]e (lO eycles Direct. 1;:JceU"(w - Bay Tube 

;: \GII. ,\ C o to llOOl'f ± I % GO c~'cles &ld aa H Direc t ,·\ -C l.in e: & Lf-( 'rwlllincd 
~ 

f) o to 30% ±2% 60 e~'cle8 Direcl 1 ~ :] ('I·! .. m_B"y Tu be ,. 
Z 54'1-13 II 100 kP. to 10.000 :'lIn ± 5% dc \\'hC"lsIOI,e DiJ"<)ct A-C I.ine In!. C " I"nIHmlcler 

-< 561-]) " .()Ol 10 10.000 I h : DirMt Exte rn,,) Ollt·jl!:.t."r Amp. :",d fI e,ld Tel. 

" 50 fl to 20;\W Diroct 

$,,. .02 to :W.(M)(j "mho ])iroet 

\Gl-1· A C 10 I'l'l to 100 "f :1::2% 1 kc Series H ])iro:lct Int. Olirillittor lle:ld T!'l. 

'" D o to '15% :1:: 10% I kc Direct '" W31 -A /. 10 ph 10 100 h :1:2.5% 1 ke "I"xwcll Direct Im.06('ill:.lol" lIe"d T el. e 
Q I to '15 ±IO% I kc DiJ"<)e t 

" '" 
'AIII)roxim"' t . F<>c del"iled ~CC" CM,. ~ 1"'c",ent.1IOO ~JMlCitic", jo n~ lor each bri4r:e. t,n I :"II ,,; l{nnl:e ,"ad"" i"':el'$Cly M 'he Ire<l"ency. l'u I :"ILe; ll"'lJI:c "ar~ dir"<l"'<1Y:08 Ihe frequency. m 

'" 
tlOO ..... 110 1000 .... f"~ <.>I he. frnqucncles. U> 



 

BRIDGES 

TYPE 716-C CAPACITANCE BRIDGE 
USES: Thi:, din·(·I·n·adiJl~ cap:u'itallcc hl'id!!c 
can he 11;<{·d fot' a wide \':ll'icly of capacitance 
and di;<,.:ipaljun~f;\rtor mcaHIn'lllcnt!<. \\" iihin 
it S !"('Ol)(' [l rc the dC'\ ('rmiu:! t ion of d ic-lPC' ! r ic 
con,.;t:lllt. 1(1":": f:teto]". di.,;,.;ipaiion f: I1"\OI", phase 
:111)..(11', :lnd 0111('1' di(·lt'dl'i(' propt'l'ti f'S of in­
sulating makl'ial:-:, :\5 wcll as th('il' change 
with sueh btlo!"!):l$ fl'eqUl'lIcy. \cmpcl':1tltl'c. 
:lJld humidi!\', 

In the (;(',;('ral Badio IaboratOl'ic!< the TY PE 
71G ('ap:lcii:tlH"C Bridgt, i~ USN] fu r :dl ('ap:\(:~i-
1:111('(' st:lnd:lnliz:lti()I1 mC':l!<ure>mclli,.:, I II pro­
dllt'lion it i:-: 11:«'(1 for the tCi'tin~ :lIId :UijusL­
Ilwnl of T~ 1'1: ;)():j (':tp:ltitors and T n '):; 380 
J)('(,:ldc-{ ':lpadtor l'ni!s. 

By addillp: an (';';1('1'11:11 tlt'I'ado l'<,sist:tnCC 
hox, the hridv:c call 1)(' l'ulI\'crtcd to a serics· 
01' p:lI':lIIC'I-I'(':<i:<I:III('(' Ill'idgc, The bllcr is 
(':<Iwdall.\' u:<l'ful ill Illc:I:Hlring Ihc re::;ist:lIlce 
of ('I('etroly!!'s, 

DESCRIPTION: Thc T l'I'E 7[G·C Cnpncitance 
Bl'id~c is :t modified !-id1('ring hridgc, dil'cet 
reading in cnpncit a llce and in dissipation 
f:lctol' :It [00 cycles, nnd [, 10, :Hld 100 kilo· 
cycles, 

,\ widl' cnp:l<:it:IIU'(' rang(' nt I kil()(,.\'de is 
oh tained b,\' fOlll' I'atio :\I'IllS v:iving multi ply­
ing factol's hom J to 1000 in d('('ad(' :<IPpS, 
The :<I;1I1d;ll'd c'a]ladlol' I::; :) Tn'l': 722 P re· 
cisioll ('oll(ll'ns('I', calihralC'd to I'('ad dil'c('tly 
in total c':\pM'ilancc, T he ZI'1'O capaeitancc 
:IC']'C):<S the unknO\\']1 IC'rllli rlal:< is not gl'c:IIC'1' 
than I p.p.f. ,\ 11 cap;u' ilan('('::; to gl'omld of the 
input 11':1 n:;.fol'llH'1' and 1":\ t io arlllS an' I'l'lHo\'cd 
from thc {':II111C'it:lIlcc :lI'IllS hy pl:u'illg: them 
in :1 :<hiddcd ('ompal'imelll insubtc·d from 
the p:rmmdf'd P:HIC[ :Ind l'Ullllec'ted to the 
jUlldion of the ratio :lI'In:<, 

Di:<...: ip:ll ion f:1('IOI' is read direct!.\' fmlll 
tlw dial :i<'tling of all air c:1paeilol' :lIld from 
a d('(':1(lc ::;ICP ('al':u'ilOl' ('01111('<"1('(1 aNO"" the 
fixed mlio :Inn, Thc 12-i1U'h :<I'ale of the :lil' 
c!lp:wilor i:< approximat('ly logarithmi('. :-;0 
Ih:II, while h:l,'in~ :t maximum re:Hlillg of 
o,on, its :<Illall('::;t dh'il"ioll ncar 7.('1'0 j:; 0,0001, 
thus allowing th l' (':<tim:l{ion of 0,00002, The 
:ICC'UI';U'y of til(' dis~ip:1tion f~letor I'c:l.ding 
o\'er the wille tapacitance range is made 
possible by adding cap:lt'ilancc aero:<.!; thc 
10\\'cl'· V:lhU'c! r:Hio nnns, so tll:lt the proclu('l 
He of all the nltio arm" is the same, 
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FEATURES: .. \\' ide capaciliUlce and fre­
quency ranges, high accuracy, and d irect­
readi ng db ls me t hree very desir:lble fea tures 
fou nd in this bridge. 

.. Operation is si mple, :1nd both termina ls 
a nd cont rols arc arr:lnged fo r convell ience 
a nd fl exib ilit,y of opera tion. 

... The DI!C)Sl PATIOl\ FACTOn dial is di rect 

BRIDGES 

read ing for eit her direct 0 1' substitut ion 
measu rement.s, bec:lUse the setting of t he 
}'l ETHOD switch determ ines t,he ratio m ill 
across which the d issipation-fact.or capacit.or 
is COllnected . 
.. A new shielded tr:Illsformer having smaller 
lcak:ige impedances ~Ind lower dic\ectric losses 
Lhan those used in carlier instru ment,s makes 
operation possible up 1,0 300 kilocycles. 

SPECIFICATIONS 
Ranges: Dire-cI rcadin~-ca])"eiI3ncc. loo,,},f \0 I"f :It 
1 kc; WO ""f 10 1000 ""f :It IOU e. 10 kc, allo 100 kc: dis­
~ipaliolt fa<.:lur . 0.00002 tu 0.:'( •. 

:-; O\h~lillllion :\lcI hod - t"IIll"it:mre, 0. 1 I'l'f 10 10001',,1 
wi lh i"ll'rn,,1 ~1:",c1"rd; 10 1 "f wilh CXl('rn,,1 sl"!l(bnls; 

C' 
di"~ipatiUll faNuT. O .. jij X C.r whcrc C' is the <.:"plIeil:",ce 

o f Ihe sl:u]/,brd <':31",cilor "nd ('X Om! of till) unknuwn. 

Accuracy: D in'<.:1 Headiug- ":ll,acil" llce, ±~pJ.<f X 
<.:,\p"cilml~e n}}l ltil,l ie' read;,,/!: (±0.2% of fu ll ""ale 
for c:l<.:h r:",gn) whe-n the dissipation faclor of the nn­
known i~ le~s th"ll 0.01: di8~il,;I\ion f:ttlo., ±0.0005 or 
±~% uf dial noad;nJ.: . whichev..,r is tI,c Iargcr. for "alnes 
of JJ heluw 0.1. 

SUUstilution :\l l'Ihod- rapadl:lllee, ±0.2% or ± :! I'1'f. 
whi~hc\"e r i~ Ihc "'r~(' r ; di&!i])ation faClOr, ±O.OOOOi> or 
:;1:2% fur ~h:lnJ!:e in (li~ipaliQn b"t<)r ob~\·r.-cd, wh('n 
Ihe <.:h"nl':" is Ic:!>! than 0.06. 

:\ ~orrcclion elmrt lor (he l'rl'''ision e:lpaei!or i~ ~ur)­
pli(>d. gil"inl: srale eorrcetlous to 0.1 ""f at tnulliples of 
100 ""I. B~' IISil IJ: Ill\'~e dat:l suhstitution meaSUre"'enl! 
<':"" he m:lde lu ±O.lr;, o r :;I:O.5J.<l'f, ",hkhe\"eT is the 
larger. It i5 :'I~o p05sihlc 10 obl"in, :'1 aIL "'lIra ehM/!:e. 
" worm·curreClion ~:di brali()n wilh which $ub~litnl i() 1) 
lllcaSUrClIll'nts ('an he 1ll3dn 10 :< n a<.:cura<.:y of ±O.I 'i~ or 
:;1:0.2 ""f. whirhe\"l'f is Ihe larl':<'T. 

WheIL Ihc dis.~ipatiull fa,.tur of Ihe 1I11knowII e-xeCl-ds 
t he limit! gi" en ,,1>0".., . "dditiUlial <.:rr<Hll ut<.:ur in ooth 
c"p'ICil:" ... .., ami dis8il)a lioll-!:IclUr re:tdinJ.:.~. (;urrcClioll$ 
arc ~uppl;(>{1. !,~. mem,s of whkh Ihc "ccuraey I:i"cn 
,,11O"c <'::1lI be m"iuI"iu<'d o,'cr ,,\I r:III!(('~ of the b l·;<ll':e. 
Ratio Arms: The arlll ''''rn",~ wili,·h t he di&!ir)ation 
/ftelOr t<lpa<.:iwr ;~ rHlrrnally euur'l'eled "t 1 kc ha~ a 
rcsi~tallCC of 20.000 ohrn~. The olher ,' r ill I",! fUIiT ,':LIII('S, 
20 ,000 ohm~ . 2000 oll1n~ . 21)0 oh",~. 20 f)hm~. I)r"ddill~ 
the four muhipl.villl( !acton 1. 10. 100. JUOO. Suit"J,le 
<.:aJl:l dtor~ :Ire pl, ... ,,(\ a~T<)~~ Ihl'sc anns >10 that Ihe prnd· 
lIet He is <,:oll~ta!l1 . . \\ 100". 10 k~. :111<1 100 k~ Ih.., raliu 
:lnn~ arC e\l lla l :Iud h",'1' re~i .'! '''l<:~$ of :!OO.OOO uhrna, 
2000 "h",~ . "nd :!OO oh",", rcsp,·,·ri,·o;\.,· . 
Shielding: lbtio :lr",~. diS>!il)"rion-f:.(·lor <':lIP:I(·ilors. 
:In(\ 8hic!ded Ir:ln~f\>l"IIlcr aT(' ("1<'1,,:;(.·(\ in ,ill insul:lt<.:d 
~h icld. Thc ll!lkno"'" t(,TI"i,,,oI~ "rc .<hil'ldcd so Ih"r rlo() 
~..,M ~ilpaci l :"'~e :I"f()~" Ih(>tn i~ 1101 I:TCatcr th,,,, 1 J.<"f­
A In<.:t,,1 dusl ~o"n and Ih(> allimiullul paul'l fon" :l 
t()1"l)l(>\e (>xttr",,1 ~hi"ld . 

Frequency Range: The :I""\Ir:ld"s !(iv()n "I>o"c 1.,,1<1 for 
opcr:uilll': f ... ·'l"l'l ... ics f,""no :JO " IH :ll)() k,·. pr""idNJ Ihe 
Ol'e-r:oling fre'IUet".~· .1""$ ""I dilll'r frv'" Ihl' mn!(c 
$CI~~H>T frC\lllen<.:~· by mvre Ihan II hcl"r of threc. Dis.:!i­
pation-faclor rc:ldi,,1!'! lllU~1 he oorrCC I ~d hy ",,,hi])lying 
Ihl' (\i,,1 rc",lillJ.: b.,· tI,<.: rado of operaling fre'Luelley to 
t he r:lllge sclcclor frequency . 

Type 

716-CR 
716-CM 

For Relay-Rack Mounting . , . 
Cabinet Mounted . 
Worm-Correction Calibration 

cis ion Capacitor 

Voltage: \ ·ull"o,:<.: :I))pliNJ al Ihe GE::-'::EH:\ TOH ter· 
Illillal$ i$ i"d to the hrid!:c Ihrou$:h " 1.w.1 shil'ld<.:d 
I r""6fOZ"ln"r. A m:lx;mum of 1 "':ltt "an be :Il/l>licd . 
:ll\on-iu!: 1\ m"ximum of 300 "olls at I ke, but uIII.v 50 
,"oils :II (;0 ('. 

Mounting : Tht b.i<iJ.:t, is ~nl'plicd for m"u"lil\~ Oil a 
I ')·illch rda.\, rack or for cal)inct mOlllltin$:. 
Accessories Requ ired: Oso:ill:Olor ,,,,d dtte<.:lor. T he 
'}"\" I'.: IJ02-A O~ti\l"IOI' (p"I':C J:!O ) or. for :"alia fre · 
qUI',,'·ic~. LI,,) '}"\"I'.: ~J1 :.l.(.; BCal·FrC(IUCIIl'Y O~cill"tur 

or Tn'.: I:IOI-A Luw.l)i~tortion O~ci1Iaw. (paf.!:<:s J 14 
,,"d 11::; ) aT<.: sal i"f:"'lory puwer SOllrn's. '1' \" 1'.: 1231.1.1 
A'uplifier :llltl ::-'::ul1 IJCICt\<>T (""1':<': 1(0 ) i~ rCleon"uended 
for usc .1S Ihe deh'''lot. For aUT,,1 oul1 i,,\lic'lIi<'>IIS, Wl'~t­
erll EIC<:I";c 10(j:!·C ·1';·Io:-pl'oll('s e:lll he U~t'd wilh Ihe 
"I"plifier. T he Tnt: ,07·,\ (":,Ihod(>-H:oy ::-'::\11\ Dt'ICrtor 
(P:II':(' 95 ) c"" 'LI~(> he u:5Cd ,,~ a dCleclor for frc<'luenciu 
til ) IU 2 k,.. 

For ~lIb~I;I"liolL ",,:aSUI"Cm"nt~, "b:obne,,,g c:Ol)aeilor 
i~ Il~dl'd. Thi" 111:1,' he either :I" "ir·didf'(·lri~ "">llel . 
'i' l"l't: ~I .' . ur" lix<',1 I"i,'" rap:".il ',r . '\"\"1": :>!Jr,. 
Accessories Supp lied: Two T\·".: 27·1· ::-'::1:: !:i1oicldcd 
(.;OI'UC'·'OI":) . 
Dimensions: ( l"'''J:th ) 10 x (heiJ.:1ot ) 14 .~ (deplh) 
o indll's. ove .... all. 
Net Weight: -I2l{ puumls. Tda~'-mck m"del: 5·1)1 
pou,,(\~. ('abillel m,,,l .. 1. 

for pre- : I 
('oJr Irnrd 

Ho"n; 
BO"O~I 

\\- 01DI Y 

$450.00 
495.00 

50.00 
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BRIDGES 

TYPE 821-A TWIN-T IMPEDANCE MEASURI N G CIRCUIT 

USES: This in,.;tl"lllllcnl is u:-('d for impedance 
m(':1":llt'cmCll1:.: al 1':111;4\ ft'(,ttLIClwit,:< hetween 
0.11; .\ 1(, and 10 .\[(', [t j,. (':lIillnll(,11 in t:lp:lei. 
lallt't' alld ('OI\([Ill'1alH'p :lIId (':lH he 11."'Ctl \0 
!1lC'a,.:urc the (':lp:\('i1:IIH'C and di,...~ip:llioll fae­
tor of (·:I,,;\(·iIOI':<. 111(' illdm't:lTWC :md Q of 
coil,., the n':<IIIl:l nl ;111111·da nt't' of p:l rallcllllllCd 
ci relli!,.;, :lnd til(' magnitude'''; :lnd pha:'<c lLngie,.: 
of hiA:h n·"i'''''al1('C'';. Thl'otl/.!:h 1 he u;;:c of :lll 
exIt· rna I li;":('I\ (':lI ):I('il01', low rc:<i,.;taJlec,.;, 
g:rolllldt·d :\n!I'l\ na,., ('0:1:-.:;:11 t ralll';llli", ... ioll linc,.;, 
:ll1d imp(,Ii:tIH'C-mal(·hillJ.( Ilc\\\'ork,.: ('all l>c 
mC:I:<lll'cd. II. i,,; pal'licubrly u"d"1I1 for mca,.:ul'­
inl! impcdaIlN.':< ha\'i ng: ,.111:\11 pha,.;c dilTcl'cll('C's 
from zero Ot' !)O" , ","('it a'" dic!C'(,tt"ic ::amplC':<, 
1011'-10:':' (':tp:I('ilot~, hiv;h-Q ('oil:" a nd r-f 
rcsistut,:<, 

DESCRIPTION: The il l.~\run)('nt u:,c", :1 Pal'al-
1('1-'1' nllll Cit'('lIil, ;l~ ",holl'n in :,implifiC'd fU]' IH 
in the :-Ichemalic di:lJ..!:ram, :'I 11':lSllt'Plllcntsarc 
made hy a par:llld-"'lIh",titlltiun l\H'tllod .. \ n 
illilial balan('e of til(' eir('uit i", ohtained II-jIlt 
the IIl1knOll'1I di":('1lI1T1C('ll'iI ; tl1(' unknown im ­
pcti:lII(,c i..,. Ihen ('Ol1llc('\('d :lnd tile ('ir{'uit re­
Imlall('cd for:\ lIull. TIlt' ('ompon('lIt" of ihc 
UllkllOll"lI impc'danec an' (\('I('t'lI1illC'/I from thc 
('hal\,{te": in "etlillJ..!: of ('ap:H'iIOl~ ('Il and ('G. 
T ilt' JlH'a"urCIlWIl\ i,.: madc ill 11'I"1ll'" uf Ihe ad­
milt,tll('1' cOlllpOnl'nl": of lilt' 1111kIlOWll, :S11:S­
ccpt:\n(·t' ilnd ('(JIldIU'lallce, 

T he I':llue of condutt:lIlt'e i" v;in'n by: 

' ("'C""/I .l('" = /' : ,(" 
CAl CHI ,w ... ", (J~ = 

al1(l the dial of Cc i:: e:1lihraled to he dirct't. 
n:adi llV; at I. :i. 10. aud ao .\1(,. For 01111'1" 1'1"1'­
quell!'i(·,,:. tht' dial reading i:-llJlultiplicd by Ihe 
r:l I io of 1 h(' ."'qua rc,.: of I he lI·ork inJ..!: and <I i re('L­
],C':ldill).!: fr('qIH-'IH';C":. For tit(' ini t i:tl \)1Ib l1( '(' , 
the- ('ondlwt:uU'(' dial i." ,.:tt :It Z('ro, 

The .~ t ,tlinv; of tht (':,P:\t';tOl' (',I dl't('rmincs 
t he :<u,,:('pplin' h:II:1l1t'c. The (':lIilml/{'(1 (';lP:I('­

i1tH' dial i" dirct'\ re:ldin~ in mi('romino­
far:uk ('apa('itan('(' ('an I hel"(oftJre 11(' 11\(';1:<11 rcd 
dircclly. For other type" of unknuwn, it is 

,. , ,. 
! 

-< r----. 
, G. '. UNKNOWN 

0 , 
"-, NULL 

POWER SOURCE ..- D[TECT OA , 

I " ! , 
'-----------" • 
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gCllernll~' more com-Cllient. to u~c t.he ,-;lI1j­
ccptanec. 

l mpecianee componl'n\.~, re:H'tnnec and I'C­
:,i~ t alwe, can, of ('Olm;c, be cakulatcd from 
til(' :l.(lmi tta ll(·o componellt,.:. 

The '1'lI"in-'1' is mount('d in a ,.:hi('lded . air­
plane-lugg:\)!:e typc ca,.;e :tnd i" ('ompletclr 
portahle. TYl'E 77.1, Coaxial Pluj.,r;.; and .hlcks 
are u~ed for the generator and dc1pdor t.ermi­
nals. The 11IIknoll"I1 connects directly t.o tcnni­
nals 011 t he pallel. 

FEATURES: ... T hc aCCllntcv of Ilwu,.:urement. 
at hij:!;h frcqu (,l1 ('ic."' j,.: :1('l1io\-ed h,\- elim inating 
the cITed,", of ,.:unw uf th(' residual ('apaeitallC'c": 
whi(,1t nurmnll.\- limit. thc pcrforman('e of 
bridl-(c ('il'( 'uit,,.: . 

... llighl.\' preci",c balan('c.~ :Irc made p()~,.:ible 
by the' type of null mel hod u~ed wilh the 
'\ \\-in-'I'. 

... :"\0 t.l'an><formel' ].-; nc('(led beC:lu:,e t.he 
p:en('l'a tor. the detc(·tor. thc unknown, and 
the t\\'o ":Iandard eap:witor,.: arc hrought. to 
a eommon grollnd point. 

... T It(' mC('hanieal anangcmcnt. keep .. 
.'"' hort. and dil"!:<:1, thu;; minimIzing 
impedan('e.~. 

lead .. 
lead 

BRIDGES 

C"I",cit;IIH':1! ,,,,d C(llJducl,"'~1l of a Tn" ; ] l!l.,.\ 
H-I' ("1",1;:(, 'I~ me:!Mlred Oil Ihe Twin-T. 

... The ('in'uit. clement,.: thmn.'"'ch·e,.: arc dc­
si~ncd to ha\-c 10\\- rc"iduai impcdal\(·c,-;. 
... Errors inhercnt. in nlriahle rc~i:<tol'.'i at. high 
frequc lI('ies are :lyoidn\ hy mea,.:uring S\1":­
(-epl;lIl("e in 1errns of all c..;pct-i;\lly dc.,",igl1ed 
\'ariahlt: air c;lpncitor, and t-ondl1('I:lIICe in 
tt'l"mf; of a ":triahle air capacitor and a fixcd 
)'('~i,.:tor of the GG3 type, 

SPECIFICATIONS 
Frequency Range : ·WO \.:c 10 -10 :'I[~. 

Capacitance Range: Thll dial of the ~In",bnl c",'adlor 
i~ ('a)iiJr,,('ri fro", ]00 [0 1100 j<},f. ~I\d the r''''ge of 
ell\la\·;':tnce ,nr:tgUr("'INlt h.c the 1",ra[[('!-sul)$litlLtioll 
II1llthod i~ Ill('refore 0 to 1000 ""I. 
Susceptance Ra nge: - (;000 },,,,ho 10 +G()(lQ }'mho at 
1 :'II ,.. The r""ge ""riIlS JiN',",ly "$ the fre<,ue"ry, ,,,,,I:tt 
olhrr fr.;'\I"e'l\";cs th(' di"l <Iladi".!: must I)(! ",,,hiplilld hy 
tl ,(' fre'l""''''~- ill ",p~",·.,.,.lps. 

IlIlllrivr "il'W vf dlt, "I"";II-T, with "un'r "laIc r('!IlO\'ed 
for adiuollne":~ on the sl,wd"rd c~]la('i\Or_ 

821-A I Twin-T ,. 
1'.\ "I"I': :';"!" :\OTlCI::. ::icc :\o'e 3. p:>J:e vi, 

Conductance Range: Dircrt H,,:tdi"l:: 
0- 100 "mho at I :'11 0 0 -IOUU I""hu:.t 10 :'I I ... 
0- J(}() "",hu a, J :'11<: 0 - ;;000 I'",h" at:lO :'11 (: 

Bel w(,o" I hI'S" direct-r'-':ldinl: ,.,.Ill:es the """I:C 01 Ihe ,'un_ 
d",·t:",~(' ,Ii"l va.it·! "s tI,e "'Iu"r'" of Ihe rr<:'I"'·"'·.\". 
Accuracy: ±:(O.I% + :1",,0 fur "",,, ... it,,,,..(,. I'M (.'On­
ducla,,~e. ±(:!% (If " ... IU:\I di"l n,·,,([i"Jl: +O_ I<fo of full 
lIe"I", ) . .-\t th~ loi"Io';-r frc'IUIl'''';t'"S, ,·"r",,·,i,.,,~ f •• r Tl'sid""l 
il"r"lIlci,'rS mU_~1 I)(! "l)plied, and Ihll \"or,,-,<:tioll (bla "r<l 

illclu(ll·d iu Ihc ill~I" ... tio" I"JU\.: . 
A correcti"n "h"rl for Ihe pr",";~in" cal'"~it,,r is ~"I>­

pli.-.d. lo:i\"i,,1o: ~<',dc curTl'''';otl" to 0.1 I'll-I al tIIull ;) ,\" " "I 
100 II-lil. \l~' "~i ,,,::; 11,,·~c ,1,,1,,_ C"l", .. i"",,'" "","~ "'''''''''.''''' 
can I", ,nwle to ± U. I % or ±O.i"'><II-f. ",hid'e"cr i~ the !:o,.).!"r. 
Accessories Su ppl ied: Til'" TYI'f: 77,1 eo"~i ,, l "'" l,t.-.~ r, ,. 
"""lIll('lio"s to !:""!('ral"r ""d dNN'!"", 
Accessor ies Req u ; red: ,\ suit:,],11l r"di".frl'tlllll"'·y "en­
craWr a"d a de'N'I'.r nrl! n·<!uir",d. The 'I'Yl'f: I\U':'-(; 
:)lalldard· . ..:;l-!nal (;<:"("I",,,or is [\ ~",;dac!"r." j(,'"nlll"r, as 
arc I hi' "ld,'r Tn" : 60:;-11 ,""d Ihe ']"\','1: (i~·I-,\ .\lodulated 
O~cinator. ,\ ,n·lI shicltl",d radio rcr",i"", eon·ri"J.': tI'l! 
d,'8in'd IrNluc"~r r",,~<: is t"<'c"",me,,,lrd for Iht'" dNt'"ct(lr_ 
Th\;! "":lxi,,1 (·"1>1,,, ~"I'I)li{'"{1 Inr cOInlN',ion 10 Ihe r<:c<:i'-cr 
is HItN! ",ilh 81,,,d<: It'"r,,,i,,:d8 al onc ~"d fur eo,n'cni"J.': 
to Ihe rC<'d"llr i"JlUL tt'rmi,,,,I~. For l)(!~t r",~,tlt $ , how_ 
t'"'·llr. i~ i~ I"<!co",m ... "d,'d tlHlI the r(l""in'r l)(! tilled wilh 
a Tn'o: 77,1-(; 1'"",·1 Plug :"HI Ihr ""1,1,, ",ilh a Tn·!: 
77 I-:'I[ ('"1,1,, .J a,'\.:. TIl(!~1l eo"xi,,1 1", .. "i""I~ al"(' d"S"ril)(!d 
...... paJ.':e :w·\. 
Mounting: Th", iu~trnmCHt is mOllnlt'd in "shidd<"(1. 
l\irpbt\",-hlJ.':o.:ao.:l! I."I)\' 01 e,,~ with ~" r r., · inl: Io,n"lll'. 
Dimensions : 17~., x 1:1 x !)'7 i,wlws. (lnr-all. 
Net Weight: :!il p()lInd~, 

• __ -,C-,Q/le. Word. __ 

I 
/'rier 

1.""CEIt $460 ,00 
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BRIDGES 

TYPE 916-A RADIO-FREQUENCY BRIDGE 

USE S: The THE ~)lG·.\ Ihdio- Ft"I'qllcncy 
Bridge is de,.:igncd fot" impedance measure­
ment s at frequencies bet ween .100 kc and 
GO :\ Ic. It call be lI;;.e<l to mca~lIt'c directly the 
rcact:mcc :1n<l I'c..:j:.;t:lIWC of a ll tcnna~, t r:m~­
m;..:.:<ion linc,.:, and ("in-ult 01C1111'n l", Through 
the II ~C of all ext cm:!l p:lt'altc1 cap:lcitol', 
parallel tUlled cil"t'llit ~J hi~h l'c,.:i.":I:lIW('''<, and 
ot,!lcr high impedance,.: ('an he mC:lI<U I'C'C1. 

~rh~U1"li(l tin'ui! d i"J.:r:un of Ih(' Tn'l: OHl-. \ 
R,,,!i<)-Frr'IIH'''''~' IlrilllCf'. 

This in",t nlmcnt is intended fot' rnca,.:uring 
low impedances :lIld complcllH.'lIts the Tn't: 
821 -1\ Twin-T, which is best suited for me:\!)­
tiring high impedances. 

DESCRIPT ION: .\ new t .... pe of bridge cireuit is 
Il:<c'd. whit'h j" :< ho\\"11 s('hcmat i('al\v in t he dia­
gram hl'low, .\ IC:l,.:urcmcnt,.: al'(, 'm:ul(' hy a 
f.:cri t:":-Rub...:titlilion mdhod. Thl' ('ornponent,.: 
of the Ilnknown imp('d:lIu'(' ar(' dClcrminC'd 
from the ('han~c in ,.:ctti ng,.: of t'ap:u'itor . ..: (' ., 
:md ('p, The llnknown !"t'att:lII(·t' :\1 I .\Ic' i . ..: 
read dirt'ell .... in ohm,.; from Iht, dial of ('/' , and 
th(' unknown t'c . ..:j,.:t:\Iwc in ohm" from lhc 
dial of ('". 

In making m(':\,.:ur('ll1('nl,.. the hridv;e i" fi,.,.t 
h:linll("('(1 hy m(':m . ..: of (';\ P:lI'II01.,. ('I' :Inti C" 
with a ,.:horl-('i n 'uit acl'o":,, thc unknu\\,llt t' rrni­
Il:'\";' The ,.:ho rl i,.: then rcmm'c<1. t he unknow li 
impeda tH'c ('onlt('d-cd. and tht' hrid ge )"('­
h:ila rwt'd. The l"I' . ..:i,4:uH'(' i,.: then v;in: n liy 

:lIld the rClu·t:l1lt'C h .... 

x z = ~ (c~,~ c~,) 
where the subscripts 1 a nd 2 denote the dial 
reading" fo\' the initial and fina l \x\ lanccs, 
respectively. 
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BRIDGES 

Typi.:,'] "'c:'~n,.(>",cnu .. m'ldl' with the T\'".: g]{,., \ n,,,lio_F"C"I,,,,ncy nriJI(C. l.r/I. rC':ld:lnrc ,11\c! rc~i~!:\n ... c of:1n :,wtcllnn 
sY~lem. Ifiy/'(, i"I>\I' reactance :Iud rc"i$t"tI<~ uf" tr"ll~l"i."iu" lille. '1'10(: ,nlid 1;11('$ ~h{)w cal,'ul:'(cd \'"Iu('$; th,;, circlc~. 

",,:m."IlI'cd \'nlllc~. 

FEATURES: .. HC':,l,.:l:lIwC i:o: I'c~d in ohms, 
independent of fl'equclIl'Y, directly from the 
scale of an :\11' ('ap:\citor. 1'hl$ feat,lIre is made 
possihle by Ihe u,.;c of :l suh"lit,lItioll method 
of 1lU':\surcment in ihi" bridge ('in'uit. 
... . \ nlClln:1 rnca . ..;urcmcnb arc particolllariy 
C:I",)" to mak(' bC(':I\I:-'c o f the direct-reading 
rc"i:-<Iancc f£':(IIII'C and a1,,0 bc(':\ul"C the dial 
of C /' i:-s ('a1ihl':11 cd in ohms re;lctancc at. 1 
meWlcyclc . 
.. The rc;;b:ti\'c component i~ nw;\"ul'('d in 

term" of a JiXf>(/ rc!'.i"tor (/I /I). a fixed c:tpacitor 
(C'.\, ) , and a \'ariahlc (·:q):l('ii.or (Cd. This 
fC:\lurc is all imponallt fa('lOr ill the hi~h­
freqllen('Y pcrform:mte of the hridgc I)('c:lll;<e 
r('"idu:11 P:lI'aTnctCI''' call be macit, Tnll/·II "malleI' 
in :1 fixcd I'(,,,j"'or :llld a ,"ariable c:lpacilor 
t.h:111 in a y:trbhle rc,<i"tor. 
.. COJ\\'clli('Il('c and pt'oledion in tra n"portinJ:!; 
til(' brid~c for field work is pro\'ided by ll"ing 
a rugged luggage-type carrying ('a"e and 
covel'. 

SPEC IFICATIONS 
FreQ uen c y Ra nge : 40n k~· to tin :-01,'. 
Reactance Range : :,otlO!!:ot I :-Ol e. Tloi~ r""I:(' '·:ori .. ~ in_ 
\"'r""ly ,,~ tloe f"·'luew·,\'. an(1 at vllwr fn'((uent'ie8 tloe <li.1l 
,...,,<Iinl: rn"~t 1)(' di"i,iNI h~' th,' f ..... 'I",-·IlQ· ill mel:l,cydeg. 
Res istance Ra nge : () tv I(ltmn. 
Acc urilCY: Fur Tt·:oNaUO"l·. at fr("llw"de~ ul' tn .')0 :\ \ (". 
± (:!~{, + I\!+ (l.UI.)():-; X f( X f), wI ... ,"" /(.i~ 110 .. me,,;;' 
ur .. d r<."~i~t'L1"'(· i" "hnlS :",d J i~ 1 he fn-,q" .. m·~· in :\h:, 

Fur r • ."~isl'lIl<"l'. :11 rl"(·'1" .. nd .. ~ up lu '::'0 :'.lc . ± 0% 
+ n.1 In. M,I,j .. ,·t tv '·.'n .... (· tiv" for l"('~i~ln:01 1",':1111(>«'1"$. 
AI hi~h frl·q\lellt;"'~ thc tvrre,·ti"" depehd.~ III"'" the 
Ir("IU(·''''.\· :"'''0 UI><)1l the 1l",~"ill1d" .)1 !he Hukno,,"" 
n',i,!:ml'c coml",,,cnt .. \! low frctl uew·;"'." Ihe ,·u,·,..,.I;u" 
d~l'end~ "1''''' the r"l-~ "I"N'C~' flU.! UI>"n The n"'l:ni,,,,I~ 
of 110,· unk"own re:Ol"I'UWe '·"'I1I"meut. 1'1"'~ of hOl h Ihr.c 
curn"'l;''''" ,i,.e ~i\"('" ;" the i"~' .. "rliv" I"...,k th", i~ 
.",!>plicd wilh th .. hrid..:c. 

:;;';Hi~f"~·I .. r~· olll'r"dOI1 ell" I", oh,,,il1c<l a\ 11"(''111,·""ic6 
up 10 60 :\le with &l"'c'wh:o' 1>O<'l"('r ",.,·ur' .... '· "I",,·c 
,:,0 :'.Jt th"n al IOl\"(>r fn:'(I,,"',..k'~. 
Accessor ies Su ppl ied; Twu i"put Ir.'nsf"n"H~. unC 
eU"cr;"J!: Ihe r:iUJ!:e frUIl' ·I()IJ k.· IV;j :'.k. II ... ,,'hH irom 

3 :'.k totiO :-Ok: I,,"V Icad~of ditfer"nt Icngth~ (for <",,"'1M\;­
inJ!: the IlnkIH)wI( ;"llle,la.wc): Iwn "1""1""'; i74 t"".~ial 
r"hlc-~ for cOII"c,·Tinll. !lCllcmtvr .1nd dCH'i'tur. 
Accessor ies Req u ired , A ':'J.dio-frcqu .. n'T j.(c'(("r:II"r ,,,Id 
a df"!e<:tor a.(' r<"luirN\. Th .. T \'l"t; 1'00.-,·(' .":la((Il:'T\I·~iL:'l:'1 
C"n~''''Tor ;~ :'J. ~ati~far!O,y ..:"""ral,,,·, :IS arc II, .... Ider 
Tn't: (iO~-1I "lid th{' "]"\"\ . ., (i:o. -I_ .\ .\!ndu\al<'d Os,·;!"'t",. 
A \\"el!_~hi"lded radiv ,..",· .. i",'r "('''('rin~ 110(' dc·~ir"d frc­
'Iuency "UI~" i~ rcrvn""end"d "8 II,,· d"''',·I,,.. "l'hr· rn"~i,,l 
cable suppli .. d fvr CHnlle" 1 inn Iv Ih{' r .. rein·r is lill~'d wil h 
sp,-,de Il'r,,,i,,~,I~ [,t ,,"e "nd for {'nn"eet;v" 10 Ihe rec .. kcr 
input !(·rminals. Fvr 1"'61 rl·~I1II~. hQ,,"e'· .. r. il is rl"~ml ­
lIll'nd('(j Tit", Ih" re('ci"('r I", liu("d with II "I"n"; 7H-G 
P""cl Plug a"ollte ""loll' wilh n '[' I"": 7;·\-:'.1 (,,,hi,, Jack. 
Th"$(l cU:l .~i:lllc rn tinal~ !tTl' ,Ic~~ ri hcd vI] I>"L:(' :!(H. 

Mo un ti n g : AiTJ)I"n.,.h'~I!"l:c type c,,~e with c'Irrying 
h,,,,dll·~. IIvlh itWIlt transf"r((\"r~ :Ire n"ilI1l1l'd inside the 
C:I ;;i'. Coaxi,,1 l'"l,ll·S. 1 .. ,,,ls. "ud in~tT\l<"ti()n houk are 
s tored in the co,"<:rof the insl.ument wh<'n nvl in U~. 

Dim e ns io ns: 17 x l:l' f x 11 }1i inche~ over-all. 
Ne t We ight : 3lJi poullds. 

(",.dr \t"cml,-__ , ___ cPc'c;'c' __ _ 

916-A C[V I C $450.00 Rodio-Frequency Bridge ...... .. ... 1 
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BRIDGES 

TYPE 650-A IMPEDANCE BRIDGE 

USES: The T\'I'~: 050-.\ TmpC'dancc nrid~(' will 
mea~\lrc the indudance and .~tor:tgc fa('/or, Q, 
of coils, the capaeitallcc and di~"ipation 
factor, D, of capa(,jlol"';, alHl the a-c and d-c 
resistance of all type . .; of re"j,.;t.o1''';. 

J n t.he lahoratory it is ('xtrcmcly lI:<cful 
for mcn,,:ul'ing the circuit ('on,.:lanf,.; ill ex­
pcriment;ll eqllipmcnt, tt','.:ling preliminary 
samples, and id('ntifyin~ unlabeled part,.:. fn 
the "hop and on the tc.~t. bench it ha,": many 
llpplications in rolliine tc . ..:ling and fault. loca.­
lion. Thoui'and" of thc...:c bridges arc in ll:<C all 
O\"CI' t.he world, in government. and indu.":lriai 
laboratoric,;:, clillca Lional institution,.:. ('\cctl'ic 
generating ~tation:'<, and radio broauca,.:Ling 
stat.ions. 

DESCRIPTION: 'l'Y!'~; 0.50-.\ ImpC(lall("(, Bridgc 
i" a l"onl'cntional 'i-arm impcdanec hrid~c. It 
is clIl ircly ~clf-cuntained, inelmling . ..;tamlard", 
imttel"ie", and t.one ~ou]"('e , and i:-; c\ircet. read­
ing ol'er wide ]":lng;e~ of d-e re~i~t:Hl("e , :l-C 
re"i~lan{"c at. 1000 cyeic . ..:, capaeiianee :llld 

di.~~ipation f:ldor D = 1~ :It 1000 cy~·le.<:, and 

il!d\lct:Hwe and ~t.orage 'ratlOr () = ~ at 1000 
cvtlcs . 
. ' nc~ults arc read direct.ly from dial:, hal'ing 

aPPl"Oxim:ltely logarithmic ~(":tk . ..:. The po~i­
lion of thc decimal point and the ele("tri("al 
unit in t ('rm!"i of whidl the mc:t:-'llt"cmcnt. is 
1ll:1dc are indicated hy the po . ..;it.io]H; of 1.1\'0 
~clcctor ~\\·itthc~. 
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Hc.-:j,<tancc is mcnsl\I"cd jnlcrms of:\ sland­
ard rc.-:js\allcc ann; indlH't:tn('C' and cnpaci­
ta lH'e arc rnen>iurcd in tcrm,~ of mica capati­
lance slandards, similar in con~Lruction to Lhe 
Tt'I'E .'l05 Capacitors, 

,\ huilt-in gah'anometcr is u,.:ed 3:< thc 
detedor for d-c work, :tnd head le]P]>hollc.~, 
u.~ll:tlly prcreded by an amplifier, arc u~ed 
for 1000-c)'('lc rnea:<nt"Crl1ent,:. 

FEATURES: • ('ornple1e a\'ailal,ilit.y , l)c(':w;:c 
of the self-coillaincd ,.:Iandards nnd 1'011"('1' 
supply, is all ollt:<t:Ulding fC:~Lmc of this 

BRIDGES 

bridge. Thc only accc.~,:or)' needcd i" <l pair of 
head telcphonc~, 
• \\"ide range" of all kind.-; of irnpcd:lIlcc...; can 
be mca:-mrcd simply and lI"ith rapidiLY. 
• COI1\'cniellC'e combilll'd \\·jth "ufli('jenL aecu­
!":lCr for all hut \'cry pl'cci:;e wurk make the 
'hl'l'; u50-. \ il\\'alllahlc in C\'(;I"\' elect.rical 
laboratory, " 

• Dirc(·t- n~adin!-!; dial,.; eJirnin:llc ndditioTlal 
timc and trouhle I\"ith l;lIlcul:tLiun,.;. Thc panel 
photogmph :;holl"s the simplicit)' of the 
controJ:.;. 

SPECIFICATIONS 
Range: Tlw r,,,,I':<'~ Iff the i"s(r"'''''lI! are ,:::in·u in Ihe 
f"I1""'ill!; lahle. The mUlleri,·,,1 ,·,..Iues :\1"() Ihe re"dilll':~ of 
th(' r:olihr"I~<l dia!~ multi l!li",) hy the ~elli,,!:~ uf Ihe 
d""adc wl"ctor ~wild,,,~. 

R~~ist<,,'cc 
C"I)(,cit«I1('c 

/"'/"cI"".:e 

})i"~ ;I"'/;"" FUC/Qf (~) 

S/o"'!Je Fuc/", ( * or () ) 

.If ',,i lll''l1/ ,1/" .ri",,,,,, 
=,:-=-,=~ 

",illiu/"" I lnl'l':"hm 
,nicru,,,i,'TU- 100 ",kro· 
farad f"."ds 
,uir·r"h(·"r.,· IUU heury$ 

. OO:! 

.02 ,"00 

Accu racy: The I"rl'(: direet·r":I(Ii"1l (li,,1 c'w("r~ I WI) d("~­
'\(I,,~, the main d("l· ... d~ I){'in$: spre:ld our m'er 12 in<,:l,es 
(lhrl·('·(tUartH<!- of Ihe di:ol ) . It ,,,ay he sel to O.;?(";, . 

A("eur: ... y "f rl·adi,,"~ f ..... C"I):I~ilm"'(' "nd d·<' re~ist"llcC 
;$ L ~~ for Ihe ill ler",edi"te lllultipli<'r de<,,,de~: for in_ 
dU,.lauce, '1';~. The :l('cur"~~' bll~ off in th(' \ower rall~es 
1)("'''u~I: of I he e~II"(>"l('b' sm"l1 "alucs lO he measured. The 
('rr". i, ... rp ... ~(,~ 10 "2(";' for \"{'ry I"r!:e ",,1\11:$ of r'ljl:l('il!u,ee 
"nd d·" r('"islan"..,. :md lu 10',';' fur large ""lues of 
i"d'''·I:'',,"e. 

An'ur",'Y uf r",,<Jiu!; for di$sip:lli"" f:o~tur or fur Slo.al':e 
f'I"I<I, in I"r"'~ of ils J"('c-iWu(·,,1 i~ ,·ilh". :?O 'e ur 0.00£>. 
",hid"" '" r is Ihe lar~('r .. For di~~il'alion f" ~lor~ hrl':l"r 
thall (U):j "nr) fur ('or1'('~p<"'<ling si<,r:'ge f",'lm·s. Ihe 
,"·"urac)· i~ 1U' <, For C;tl':ll"il,""·('s of l,,:;,j lh:lll 500 ;;;;f 
",h"u ",,;,asu.cd 1)11 110" l"wC~1 "''' I):I<'il'''''''' ",,,lli]>li~r Ihe 
"rror in 'li~~il"'li"n f:t~tor i"p,·e;t>!l!.' :I~ c"I):.dl"n~e <.I". 
cn'a~"~. "',[("iling ,,1"'111 lOO(/~ ror IOO;;;;f. 

The f~l\lenry of the mi<'rophone hummer is 1000 
,:)"<.:Ies wilhin ±5%, 
Power S u pply: Four Xo. (i dry cells fvr the "." l1W;tSllri'_ 
m('IIH and f"r ,Iri"iug the mil"rophvul' ]lIuo"un :trl' .1111'­
plied :"\"d ~I'aee for (hem i~ 1Jr00'idcd a\ the l"J! of the 
~ahi""t. 

'l'he T\" I'f; (;50·\'1 OS"iII:1hlr·.\lIllllifil'r drsl"fill('<\ un tho 
II{Oxt I'''g(, is ,,130 d('sigll"d 10 lit i,,1<) Ihe 1,"111''')" ""m_ 
Jl"rt,u<'''1 ""d I""vi,\e il"'re,,sed a-C :<111\ d·~ '!lttPUI £\ .. 
tho hridg('. I" :"lIlili"u it has 'Ill ,",)pli!i ... fur usc ill Ihe 
tI('!cclur ... in·llil m,d a "",,,hcr ur olhl' r "I,cr:tling k ... lllrcs . 
E~ terna l Generato r ; I'ru\'i~il)u h,,~ 1>Ce1l ''':tde f(Jr IIsiug 
an CXI(;ftlall:;cnerat"r, alth,,>1ll!:h ilg cllp"..,i!:"'ce \0 gro"nd 
)11 .... ,. i"lrod""'e ~(Jllle crror. Subject tu tlti8lin,ilali,m, Ihe 
fr"<lul'ne)" Illay bo "aried ovcr :l wido;- r"uge fr""l " fcw 
cycles t() 10 kc. The ..,rfeet uf ),:('ner:tlQr !:'uII"d ""p: ... il:",ee 
C:lll Ix: r('duced hy using" T\"I'I; 57S 'l'r"".~r"n"er hel''''''''' 
!:""orator and hridj(l! . ( . ..;,;,e p"l':e SO. ) The readilll!: uf the 
rnai" di ... 1 i~ ind"lwnd,'ut of fre'l"wllc)', ",hile (he r<·"dinlo( 
of I he stor"lle fa .'to. di,,1 "'''~1 he "",II iplied hy. "lid th,,~ 
of Ihe di.~~iJ> ... I.i(Jn h~tur di:ll di"idNl hy, 'he W"l('r"IM 
(r"'1m'uey in kilucycles to ,:::il'''' the ('urrett \':')"('8. I'ro\'i· 
si(Ill is m''')e for "tilling e~l..,rn,,1 rc~i~"mce if il i~ "eecs· 
~"r," 10 incr('"." thl: r"nl':e~ of th('se \li"ls, 
Accessor ies Req (.,t ired: H":,,I tc\"phuII"s; \\",,~tC!"tl Elec, 
I";" Xo . IOO:!·(; :lrC re('OIll'''''IIded. T o i,wr"a$:! the ,I, .... si­
livily. :lll :""I,\ifiH is rel"U"""endcd, (S{'<' T\"I'.: 6,:'0-1>1 
Oscillalur·,\ml,li!i ... r, n"x' J",gc. ) 
Mou n t ing: Bl:wk l·r, ... kll'·linish "IU'llillillJ, p""d 
lm,u"(,,,l in "$hi,,ld,'d ,,"alml\ ,,"hi,,<,1. 
D im ensio ns: ( \\"idlh ) I:! ~ (dcplh) :!O l< (hciJ.:"t,) ISM 
ind .. , •. .,,·u·,,11. 
Net Weight: Jl;4 pl)I",d~ indudinl!: h"I"-'ric~. 

('",1, ' Word 

650- A \ Impedan ce Bridge" . . . . . " ... " . . . 1 BE.\ST $240.00* 
O" ' ill"" .. , 1~I"phf)u~., h .. , indutlju~ l""'~r'~ •. 

Schem:Olie (li:OI':""'''3 or Ihe ('i,.euil~ ",,,d iu "1"1'".: G.·,O·,\ Imped"''''e B,·idJ.!'" 
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BRIDGES 

TYPE 650-Pl OSCILLATOR-AMPLIFIER 

USES: The Tn.: GOO-P I O",dll:ltvr-Amplificr 
i ~ :l Ui'f'ful ('ombilllliion lwit d(':, i!(llcd to fit 
into the TnE 050-.\ cabinet. in the \.:ompart­
men! fOt'llU'rly hOIl~ i ng the h:lttCt'i('s. The 
Tn'.: GOO- PI oprr:Hcs from the a-e power 
line and pro\' idl's a V:1 ClIlllll-tubc ~cill :ltor 
opcr:.Iling :11. OUI' kiloc.'yc\e, a SOUl"('C of de for 
!"c";[lStallec m(':\"'ll rcm(~nt s, :lnd :111 ampliricr 
10 be mwci wit h hcadphoncsor:UI a-e ga)'":lllom­
etc l' :IS I he bridge dC'tc(;t.01". 

The TYPE G50-PI is nol1imilt'd to opendion 
with the TypE G,SO-.\ Bridg:(' :)nti ('all be u~ed 
a ~:l (,OI11 P:1 (' \ o",eil1al m-:l mplific r combination 
wit h other bridge s:niicms. 

DESCRIPTION: The \,:IClium-tuhc o8(-iI1ator, 
amplifier, and rect ifier for pl'O\"idillj! the de 
arc :\11 muunted in :1 comp:l('t metal cubinct 
wilh a top (';Oll trol panel which J"('place:; thc 
wood ell co,'el' norl1l~\lIy u::;cd Oil t he bat.tcry 

compartmen t. of the Tyl'~: 650-.\ . The control 
p;U\('1 has ~\ .~witd l for ;,cl('(:ting (, jther ti1(' doe 
or till' onc-kilocyl"lc outP'Ut, :wd :l :,wilch to 
::;eleet a fl at. amplifier characteri:,t ic 01' a 1'('­
SpOIl :'C tUlleo to onc kilocycle. Both tlw o:,('il­
la lor ()IlIput and the amplifier gain can be 
va ried by p;\Ilc1 cont rol::;. 

FEATURES: ~ .\ -C opC'l":1tion of THE GF)()-PI 
completely <li :'I>('I1::,(,::; wit h JI(>(>d fur bat INics 
fOl' :\\1 IabOr:Jlon' mC:lSllrelllCli ls 011 Tn't; 
650- .\ Bridge. . 
~ D-C output is c()II:<idembly hi!!hcl' t hall the 
(j "oll::; llul'1nally prodded from hattt'l·il':' . 
Thus. \\"1l('11 th(' :-:<:If-contai ILcd gal";\II(llllt'ICI' 
b u":'{,d. the scll:,iti\"i ty of the bridge for higher 
rcsis1.;II1('c ":LI II('S is gl"(::Jl iy irH'I"(·:lSC'd. 
~ Osdlbtol' fI'CqUl'IlCY is within 1(;' o f nOIll­
inal freqllC'ncy :lft('l' '1'(H'm-up lX'riod:" t hus 
minim i1.illg (,1'rOl"!; in J) alLd Q n)('a:'llI·t'rnent.s 
C:lllscd by dependence of db! eaHbmtiotl13 on 
freqlu·llc,r . 
~ Output. of osc-ill:\t or is grC':1 tt'1' :lIld d istinet Iy 
pUr('r t h:\n t he output of the bridge hummer 
wh ich it. replaces. 
~ Oscilbtol' out pu t is adjusblble. This fcatUl'c 
is cspecially valuable \\"1H.'n nH':lslll'iuJ;: ir'ou­
co)'{'d inductors :It low flux densities appruach­
iug initbl pennealJility . 
~ :;hielded t.ransfonne r bct\\"C('1l oS('ill:l tor and 
uridj.:,:t, rcduc('s s l m.," cllpal'i t :HW(' (· I·t·Ot·>! nOt·­
m:llh· ('IlCOli lli c l"I 'd willI eX IC' l"Ilal oscilla tors to 
\':llIlCS com p:lI':tble with those from internal 
hummer. 
~ TYI'~: 050-]>1 can be used separate-I.'" :IS 
osci lla tor and amplifier 01' source of tic for 
other applica tions. 

SPECIFICATIONS 
Oscillator: 

J'n· ... 'eury -I kc :l:V,( . 
JI"rln""kl-I('.~ Ih"" :!"~ rtl (,,11 ... .,11'''(. 
Opeu·dr"uil \·vll:u:<- - coUlil",,,,, .• ly ,., lj"~lrth1c lIl) to 

maximum o( I:! 10 Iii \,,,11.'. 
IUIl'1 u,,1 1 "'1)('<I:oI"'c - :muu "hm~. 
JI"", 1 .... 'e1 - 1.=. Ill\". 

Amplifier: 
\"oll,u:e G"in - ':(.mti""o,,~ly :ltlj,,~t"hlc III> to "bout 

4,,, dll ("ilh I\\'Cr:l1l:1' heatll.hI.ul'. ), 
~lecti"itr-:l!)llr<>xi"'at<-l)" I.:' .II. "t!('mlation to 

lSC<:o"d ll'.rrll"nic "hl'll uIIIN1 to 1 kc, 
l1 i'lII [ .... ,·('I - i,"'"dil,ll'. 

D-C Output: 
OI,e,,·dr.·llit \·,, It,,~ .. - IOU \""Il~. approxi,u"luly. 
l"l('r",,] 1I('~ i ~ !:ul("t· - :!:l.IKKl (>hl"~. 
Maximutn (·urn·"l - S ,n". nh "dj"~1 "",,,I Ilro,·idad. 

<.;;'" be .horc.-ein:uited ,,'ilhout d:u"al:e. 

11 m" U""el-Ic~8 thllt! 1(100 tn" no load. 

Power Supply : JOI, h. 12.; (or :.! 10 to :!.-.() '·<}II~ .. 50 to 00 

" .I·'·"·~' 
Power Input: 10 \\',,!t~, 

Vacuu m Tubes: ("I] ~ullJl1ictl). 
I - OIIG 2-(j~1.7.(:T 

Acceuories Suppl ied: Connector fur tUlC bcl\\'CCTI 

OlICil1:Jl"r':""lll ifier :lnd Ilri(b: .. , 'I"d line cord. 

Accenorie$ Recommended: ]I (l:ldl,h"ne~ or ,,·c output 
nll'l{"r ( ~'I"h ,,~ Tv I't: 41):1-1-") fur U.:!t: with :""I.lifi\·r un :0-(' 

I 'l""~l,rl""~'nts. 

Dimensio ns: C"hinct-IOX x 2% x (i % inches, 
1"II1<'! I:! x :~ h i "clo(>~. 

Net Weight: 91X>U"d~. 

Price 

650-Pl Oscillator-Amplifier ... " ... , ... , ... 1 1I0Gs.;S $ 150.00 
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BRIDGES 

TYPE 667-A INDUCTANCE BRIDGE 

USES: This bridge i:-: dc:<i~n('d fo]' :U'(,Ilr:'ltcly 
mca .. "uring the audio·frcquCIII")' indlu't:.IIlC-C of 
~m:tll coil:-:, which ha\'c a low \':\1I1c of i<lOrage 
faclor, Q, at. :llIdio-frcqllencic.~. It is u:<cd by 
lllallY cui I and rccci\'cr m:ll1uf:ICl.urcrs for all 
audio-frequency rncaslll"cllH.'nb on the t.uning 
coils for radio I'ceci"CI":<. It j,.; ;1\"0 tapablc of 
mca;o;uring hi,a:hcl' \-:due::; of inductalwc (up to 
I henry) and he-m'e (':In he u:<('d n.s a gCIlCt'al­
pl lrpo,.:c indui'ta lU"C bridgl'. '\'hen ('onncdcd 
:\s a C:lmphctl ll1ul.ual induclalwc hridge, it 
{'1Ul he lls<'d to mC;I,.:urc Illutu:li indurta ncc in 
term . ..; of the intel'llal stand;U'd, 'I'onnin;\\;: arc 
pl'o\'idcd so thaL the bridge can be connected 
:l,.; a I'c:<onan('C hridgc for :,u{'h mC:l"':ul'cmcnts 
a ... the ratio of :l-t to d-(· re:.:i:.:tanN'. The d-e 
rc. .. i:.:tal1ee (,:In be det('rmined hy u"in}! a 
battery and g:lh·:lI\()nwlcr in pl:\ce of the 
u."ual a-c genemtor :lIld delector. 

DESCRIPTION: T he "ehematic dingram of the 
TYI'f,; 667-.\ Indud,,'I,nce Bdclf.!:(' :.:ho\\·n on the 
next page indicflie:-l th:11 it dilTcl·"; liitlc from 
the 11:':11:11 indutl:llH"C bridge" Cerlain dc"il!ll 
featUl"C", ho\\"c,·cl", have bccn introduced t.() 
eliminate re:<idual ."OUI·CC< of crror nnd to 
make the bridge {lirel't '·C':Hling. The ,·nriable 

rc. .. i:.:tor" in hoth thc :-t:lJld:lrd :md the un­
known ann,.; arc indw:lnn("e compcn . ..:.ated , 
idenl ical in c·on.,i rllct ion wit h ·r'· I'~: 668 ('Olll­
pen:.:aled Dec:Hle-He!<i"tance l" nit .... 

The variable inductor, !..p. ;11 ."(>I"ie:.: with the 
unknown make" it po ... "ible to obt:lin :\ lin:ll 
inliuctan{"c balanc·c indcpcndcnt of the rc­
si-:l;'·c bala ncc of lhe hridge. The :.:t:tn(brd 
indllttor i ... \\"ound on :t. ("('ramie toroidal form 
in order to minimize ma)!nelit eouplinp; ,rith 
t.he ,·ari:\l,le indudOr. Thc :.:w;lt-lI , 1\, i"'\I"ed 
when the bridge is connccted a.., a. rc-..:.Qn:lllCC 
bridgc. 

FEATURES: ~ IIij!h a('curacy (within 0.1 ~h) 
for the mca."Ul"ellwnt of :':1ll:111 illlllltt:l(l/"C:': j" 
onc of thc oubtanding reatllre.. .. of lhis hridge. 
~ r.rl"o~ introdll("('d In- :1 :.:liding·zcro hal:ln('c 
:\I\d the \-ari:llion of i·ndlldalH"{, with ~etting 
of the dC(·'Hle t·{' .. i"tor." have brett eliminated. 
'1'1111:':, intill('lal1(·('" or a fcw mi(·whcm:"" (·an 
be me:l"urcd ca ... ily :U1d lIccllmt('ly. 
~ An iniC'l"Il:li "t:lndanl i ... prO\·ided for con­
\·{'nien("(', hut.. h'rmill:li" arc a\"ailahle fOI" ex· 
ternal :.:t:lnd:\I"(I" whell 1\(..'Cc. .. :.::try to extend 
lhe range of the bridge. 
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BRIDGES 

667-A Inductance Bridge . , , , . , , ' 

SPECIFICATIONS 

Range: Induel""re, 0 _1 microh"n.y tv 1 lU·llfY. The 
r""~<' C'1Il he l· ... l<'udl·d hy u~i"J:: Tn'.: H)(j '-:1",,,1:0.<1 
In']''''t"i'S u~ extt""'.! 81",,11:1.<1 •. \\'h('11 t],,· j"',-r",,[ 
Rt:'lmhr(i i~ Ug,"!' the hridJ.(! "ill 1",1,11>"0:: ru. ~1"r"o:c 
facH.rI h(ltw~" (l.06 and inlin;ly at I kf". 

Accu racy: [ndUcl,." ...... ±(O.2% + 0.1 I'h). The p"I'''''· 
il ''''''e "('r"~. th,- \":-;l,.'\()\\"X ti>r",i""I~ is "1.,,,,\ !)U!-,,,,f. 
'rl,i~ ""I):wi t""C<J "ill ;U('J"<''':iC llw ""hI(' uf br.:(' ["dnN"', 
fr. .. ·\ir",,,Uy loy the ""'OUlL\ ",,:J.C. AI 1 h· "".I I h the 
iwrcasc b O.:IG';~. 

Freq uency Range: All "a\ihmlioll :,djll~rnll'n\~" ... ' lII:od" 
It\ " fn."tIUl·twy uf 1 k~. Th ... hrid!:" ",m 11(' ""'11 ,,\ '"W 
fl'(~IUl'''CY I""tw~n 00 <:y"']". ,,,,.I IU kih .. ·.nlc~. hut ,'rr",., 
r,",uhiul: r","" atr:,y c"I"wit~" ... c ina.·"l!.e witl. fN'1I""'''-Y. 
\\ hCIl tar!:c ",dues of indup""IO:C :.r(' 1t1('~,urNI with 
"Xh'T,,,,1 ~t""d"rd~. the ['"'-"<IIICH,')' 1]",,,],1 Ix: ]',\\crnl to 
lI""ld rCll<J"'''lI:C (lfTCl:I~. 
S tandards: The 6,and:ortl inrhwtur i~ " ]-,,,illill(',,ry 
!(>mid wound o rr a ~~r",ni .. ("r,,,. H ... i~r"tr<·" I~,la"'·t: of 
the ],rid!:e i ~ ",,,d,, by IllC"U~ of un i"d""'''"''''''''''''IICIl­
s:tled r,,~i~l..,r. 
Mounting: The hridge i~ ~url])licd UlO1!n l l'(1 in:l e"I,i"ct. 
Accessories Requ ired: O~,·i1I'I1"r. '''''I,]ifir·r. ""d I./·:,d 
Id" I,I"IIIC8. Tn' •. \:!Ol-.\ O~"ill,,'''r \ ~,~' 1"'1(0' ] I' ,u,d 
Tn· •. 1:!:JI-Il' \ "'l,lificr "",I X"III>"\,,,,\ul' ("'-'<! 1"'I;t: 100) 
arc re~'Ommcml<'d, 
Aeeenories Suppl ied: Two '1'1'1'1. 271.X(' Shi.,tded 
COllrr('('tol'll, 

Dime nsions: ( I .crrgrh) 1"2 x (":idth ) II;,~ hdl(hr ) !J':i 
irU'hc~, 0\'''1'·,,11, 

N et We ight ::n 1)"'lIld~, 

/'ri('r 

. . . . . I ,\EHI E $400.00 

TYPE 578 SHielDED TRANSFORMER 
USES: The,<e tmn.<formCI'6 h:l.,\'e heen dp"i!!lle<l 
fOr lI:'C in dirctl.-J'cading a-(' brid!!~ to i"oiatc 
I hc hridj!C f rom th:lIl~(," of (·tC('tl'lr<l:l t ic potell­
tial in the exiern:d eirtuit lind to reduce the 
cfl'ect of the eapaeit:lnr'C of thi" external 
cir('uit to p;ronnd, Obvi ou:,ly, t.hc tran"formcr 
Can he uscd to i"ohuc the hridgc from eithcr 
gcncrator OJ' detc('lor, They arc :1\"0 lI"efll1 in 
othcr application,,, to isoblc mca'''llring; cir­
cuits frOIll the 1;;1'l1el':,(OI' and t.o producc a 
bu.hu\('cd output frolll a gl'oundc·d gcnerator. 

DESCRIPTION: The T YPE SiS Shi('ldcd Trans­
formcr is prodded wilh 1\\'0 "hi<.'\ck one 
around c:wh \\'ind in~ . .A third ;;hicld c!Tce­
ti\·c1y gl'O\lnd,.: the ('ore i:l.lIlinatioll"' , The 
al'('ompanyin~ diagram sito\\-S ttl(' tL1Ta n~c­
nu-nl of :;hields :lnd the I'apat'ila lll'(!"; bet\\'ecn 
cl(,Ill I']lls, 

FEATURES: to- The inh'r"hipl<i cap:H'itll llf'C is 
onl,v ~~O ppl' :'0 III(' tul:tI add('(1 l'ap:lI'itanl 'c 
pl:w('d aCI'O," thc hrid).\'c anll:; i" onl,\' SO j.!j.!f 

in pl:u'c of thc u,.:ually lal')!:c and unknown 
g('lU'rator-to-grollnd (·ap:lt·it:lIwe whit-Ii cxi"t,.; 
\\'Iwn no tl':l n,.:fOI'llU'I' i,.; u",ctL 
to- Wide range,.: of frC<lu(,IH'Y and I~ld imped­
II11\'e :lr(' ('o\'('I'('d 1)\· e:ll'h 1ll\Xlt,!. 
to- .\11 model", ('1m \;e u,..cd 10 "tei> up or "tcp 

down from gcncmtol' to bridge :lIld two of 
the 11':l1l"fol'lllc l's can be COil netted dircctly 
to the GO-cyete line. 
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SPECIFICATIONS 

T urn s Rat io: .. \lll!lOdrl~ h(wcn tu rn~ ratio of 4 to I ""d 
"W.'· hc u~{'d "'tU"]].'" ,,"{'II i" e ith" r dirc,·tion. Th~ acu ml 
numher of turns for ('ad, wiudlllg is gi"~n in the table 
\..cIon". 

Frequency and Impedance Range: Sec tal,le helow. 
Capacitance: T he direct cnpnril,mce between ]JTin",ry 
nnd $ecumhr.l" n"i"dillJ.:~ is less th"" 0.:11'1'1: I hat I)("twc('" 
Ihe j>firn'lr.,· :'Ind ~(',·""d'lr.'· ~hil"1d$ is I('s~ thnn :jQ ppf. 

A\"(',·,,~c- ""hz('~ f"r liLt) r"j"" 'it 'HL('C~ ill tiLe di,,)(r'''11 :Ire: 

c.. C •. e •. (', ............ .... . .. each :!()() 1',,1 
(",. . .... 0.3 ""r 
(',. c. ... .. each iOI'I'( 
C. . :1O I'fJ.I 

Winding Inductance : Thc .11)pT<lxirn"tc jlldU('lnncc u l 
""." WilLdillJ.: is ('ttLl"ll .... tht) $lj"<Lre vi the nUlnbc-r uf tufllS 

",uhipli"d hy ;\.;; x 104 j'cnrys. 

Wi ndi ng Resistance: The doc rcSi~I<L"ce ul '"". wi"dinJ.: 
(ill "h",~ ) i~ "p]>f<'xi",,,t('I~' 30 ti'nc~ thc ilHh;ct,,,,{'e ill 
heIlTY~. 

Applied Voltage: Tht' hil(h·itn]wd''''cQ wi"dinJ.: of '1"1"""'; 
5 70-;\ o r - 13 m"y he t"U ''' 'c,·tNI dire,·tly "er{O.'~ " 115-\"ul t 
50 tu fiO-~~"'I(' [inc if Ih(' illlp('(b,,~c "uuncctNI iU t ht) 01 her 
wimli,, !,: Njl1"l~ ur eXI'{'cd~ the luwc~t ,·"Ille I(i"ell uuder 
"wi",,,r)" i"'!Jed,,,,ce" in the t"hle I".["w. The T1"I'," 5iS-B 
"'''Y he u!<O}d ,It :!5 C~" 'IH Huder the sa"'e e"nditiou". 

Fur "l"Y1'E~ 5 70-A or _II. the J"w-illlllCd,uwc windi"" 
may I)C ('()nlleCII'd dire,·tly to a 1 Hi·vol!. 50 to (iO,('.,·de 
li"", pro"idcd th"t tht) rt:'~ist"n(·t) ""ru~s the high-im­
Iwd:!I'cc "';", I;ul( ex" "" ', ls 10.000 "h",~. The Tn": 570..13 
m<L~' he USf'd "t :!5 ~.\" .. I,,~ uud"r the *"1)e conditi"n~ . 

Insulation: TIL," ill~u["li'm from WiLl,[illJ.: lu windinJ.: ""d 
fru'" wiudinl(~ to 1:"Se will withstand 1000 volts. 1>~'lk. 

Mounting and Dimensions: 'I")W8(' tr,,,,~for,,,ers :'Ire 
m'Hl1lt"d in ). ["rld II ,,"SI'S (l!<..'{' ilage 1<10 for dimCll$ions). 
Net Weight: 2H lJoUlI"ds. 

BRIDGES 

(1i 1xl"cJ This (li"J.:r,,,,, sh"w~ ,\ gft}ull<kd 
bridge suppliN\ Ihroul(h a doul)lc-~hieldNI 

tr,,,,~f,,n"c r. \\'he" the ca~e i~ r:rouudcd. the 
('11]l:lcij:lnce p\,w('d ""ro~s (',,~h c"pac;i"',cC 
:mn i~·10 1'fJ.f. T his ,"aluc i$ k",)wn ,,,,II is eOll_ 
~idcmhly sllIaller tlu", the unknown g('ncr_ 
:ltor-IQ-j':TOllnd "ap''''ilallre which llsu"lly 

cx~ ~t~ wh<'11 ,\ n:ulsloTlll{'r is not used. 

(I.tlt) Thj~ shows the \\"i"dinl( Iw·d ill TYI'~: 
."7S Shicld~d ·rmn~f"rmc-r . Thc c"p"";t,,II(·C 
bct \\"('en shirl<"!$ i ~ k<'pt :1~ a low '""\I1C by 

spaeillg thc \\"i"dit)~~ ,,~ shown. 

".;(" .. 
578-A 
578- B 
578- C 

GOO to 2·100 [50 cyeles to 10 ke 50 Q t.o 5 k Q I k Q to 100 k QI 'fA IlLE 

1000 to ·1000 20 cycles 1.0 5 kc GO Q t.o G k Q 12k Q to 120 k itl TI'::-:O !t 
(jO to 2·10 I 2 k'c t.o 500 kc 20 Q to 2 k Q 0.4 k Q t.o -10 k n TI':I' II) 

$20.00 
20.00 
20.00 
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BRIDGES 

TYPE 740-B CAPACITANCE TEST BRIDGE 

USES: T he TYI'E 740-13 Capacitance Test 
Bridge is a GO-cydc cap:u'itancc and di:,,;ipa~ 
Lion factor bridg;c for lISC in bOLh laboratory 
and production tc:<ting of paper, minI, and 
electrolytic capi'u·it.ors. T he capacitor manu­
facturer ca n U>iC it for product.ion t.csb, the 
capacit.or USCI' for ac('cpta ncc test::;, It is 
particularly uscf ut in tc..,;tin~ clcctrolrt.ie t~lpac­
it.ors because the test conditions approximat.e 
the normal operating eonditions of lISC. 

DESCRIPTION: The circuit u:-:cd in t.hi ... in:<tru­
mcnt is that of ~\ scrics-rc,.;i:..:tancc c:lpa('ilancc 
uridge. I t is simi lar to the eapacit:uH'c port.ion 
of the THE 650-A Impedance Bridge, but 
adapted for GO-e.n-Ie u:<c. One r:ltio ann is 
variable in dceade "tI'P:-;,. ;\IId the olhCl' i:-; ('on­
t.iIllIOl,I,.:ly vari;lHe and ca librated directly in 
capa('lt allee. 

Di:-;:-;i]);1..1io11 f:I('lor i:o lll<'a'<:lll'cd hy mt'am; of 
a dual-range Yariable rc",i401' in ,.:eries with 
the :ob\lldard ('apacitol'. T he dial is direct 
reildin~ in di :o .... ipation fador (HwC). Be('a,\l;.;e 
the :;witching ca]laciUlIH.:es of !..he TYPE 650-.-\ 
Impeci:lnce Bridge are eliminated in this in­
strument., a con,.:idcrahly highCl' :It'('uriley of 
dissipation-factor mC;\":\ll'enWllt i" ohtained. 

P ro\rision is made for introducing a d-e 

polarizing voltage in series with the capacitor 
under test. 

A \'i.':'11:11 null indicator is u .... ed, consi.>;!..ing of 
tuned amplifier and an elcl't.ron-ray luhe (the 
so-called magie cye). A :;en."itivity control is 
provided . With t.hi.'; type of null indirator, it is 
possiblc to usc the bridge a.<; a limit bridge in 
production te.4ing, 

Power is obtained from the 60-('\'c!e line 
through a. shielded i .... olating t.run:ofor~1Cr, 

The complete bridge as.semhly is mounted 
in an airplane-luggage type of (·ftrrying ca;.:.e, 
Operating in.struction:" are com'eniently 
mounted in the coyer of the in:<trllment , and 
a complete circuit diagram is attached to the 
ba.:<c of thc ca.binet. 

FEATURES: .. The dirt'd, eapa(,itanl'(, or un­
grounded eapacitor,; i:; me:lsurcd hy thiii 
bridge, 
.. Power-line operation and t he d:-;ual indi­
ellior make the in .... trl(m('nt de .... imhle for pro­
dlldion le:-;ting, ciipecially in noisy iocaLions 
where he:ldphoncs would be u:"eie."s, 
.. T he ranges of meaSlII'ement arc wide and 
t.he operation is simple. 
.. A minimum of capac'itance hct\\"een gener­
ator terminals and ground is in.<;UI'ed by 
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carefu l ,,;hieklillg in t he power-su pply t rans­
former . 
... . \ n ,1ct uraey of 10/0 for ('ap~H'i tal\( '(' , and 
l. £F o of flllll'(,,)lc for di,,;,ipaliotl faeLOl', ha,~ 
been ohta illed o\'el' rno,,;t of the ra nge of the 
in:<trumelll" 
... X ormal opcmting cond ition,.: (' ,111 oe repl'O­
duecd \dLCtl Lc4i ng eledrolyt.ic r apacitor:< by 
u;:i ng a d-c polarizinp; ,'oltagc, T he a-c " oltage 
im prc,.: :<cc! by t he hridgc it.,.:elf is small and 
,.: imuhlte,,; the ri pple u,,;unlly encou ntered in 
power-,,;upply filt.c r:" 

... . \ deqtwt.e protection i:-; afforded by t he 
eo,'crcc! C;1,"e, and :o:mall "izc and light " 'eight 
make it po,')sihle to move the instrument 
ell"i1r a nd ,,;et i t up whCfm'cr nccessary , 

BRIDGES 

I'rudlwliun lc,t iilj.( of e l"l·tl'ulylic c"l>"cilu'-~ with 
lhe ":1p:1"itallcO le,1 bl'illge. 

SPECIFICATIONS 

Capac itance Range: 5 I' l'f to 1100 J.<f i r> sevcn ranges. 
Cnp,wilallcc ""lues "r" H'all uirc('lIy from a logarilhmic 
di,d a1ll1 lIIultiplier ~w i t"h. 
Capacitance Accuracy: \ \'illlil) ± lc~ o,'cr til<' lIl",iTl 
d(w"de (I to II) of th.., (; .. \ 1'.0\(" ['1'..\,,(,1': dill] for ,Ill 
multipli..,r setliTlI(~ CX~Cj)1 .QOOL \\'ililill ± 1.5 " ; ur 
±;j J.<"r. \\,hi.-]Ic,'",- is Ihe larl('r, <.>TI tile .0001 "'''l l ip li<.1r 
0" tile m:lin d(,~:1(lc of the CA I' .-\CIT.-\."C I' ; dill!. B~ Jow 
I (In JliJf thc error l!radu:tl l~ ' iTl~r<·,ue~ t<.> ±5 ""f a ~ zerQ i ~ 
'1I'I'J"(J ,,,,h,.,j. 
Dissipation Factor Range : 0 to 50% in t wo r 'Hlllcs. 
I);~~ij)lliion f'H 'fnr ,'" lu"s !Ire rC:leI <l ire<· tl l' f!'Olll :lll en­
~ra""'18ca\e a"d mulliplier swit"h, 
Dissipat ion Factor Accuracy: Wililin ±1.5r:~ <.>f ("ll­
"e"\,, f<',,,l i ,,f.( for all "apa"ila"cc mulliplic rs e~ " clJt ,0001 

On Ill" .OOUI capncil"nc" "'ldtipli r r " corr<'ctin" ofn.:; c{, 
~IHJu\u bc subtracted fro", Ih" di!l\ readinl':. Whe" Ihi~ 
Co,"rN'lion is ",ad" Ih" calibra lion is witlli" ±t tli\"isi u! l ,~ 
on thO) xl multip lier anu witlli" ± I diYi8io" On thO) xl(l 
lnultiplil'r (>Il'e phot"l':rtlph). 
Temperature and Humidity Effects : For "le"suTC­
",<)Il'~ ,,1"''''0 100 "1'1 tit" 'lceUr,,,")" <.>r h'("'Sl!rCIlWIII i. ~orn­
p[ctch' intll'pl'llllent of Il'!Il]Jl'l·i.lUl'c a nd humidity nondi­
ti<.>I'~ on'j" til.., r,"'gc 6::;0 Fahrellheit t() 05 ' Fahrenheit, 

740-B I Capacitance Test Bridge . 

o 1005% relative humidity. For vcry smnll enpn('itanO'ea 
Ih~ r~ ,\(lillj.( of tllo <Jiasipati()n f;".:tor dial will 1)<) :1fTe("\{'(1 
lw ~(','crc humi<Jily cOl\dilion~. 

Voltage Applied to Unknown: The ,·()ltalo(c i",pre~"e<J 
aCross Ihe unk,towil terl!liflal~ v"ril'S c<)" ti,",o,,;.I.,' wilh 
the bridgc ~(,\lillJ!, For "n), slll~1I rap.1,.jlall<'e,~ ill lhe 
IO"'l'"t r."tg(', this vnha:-'Il is :.pprnxilll:ltcly 35 ,·"II~, 
,,,,d i, (\f'<Te'18eS lI" ilh ill<"rea~i "l( ,·"pal'it;"",,'. so lh:1t:1t 
lOll " f if is apPl"Oxi,""tel.,· 0"" "Oil. 
Polariliog Voltage: Tcrmi":11s fnr ,·olllle .. tilll-( " d-c 
p,,\ariYoilll! vult;,)!(, al'(' pr''''idrd '''' Iho pall(,1. 

Power Supply: 10;; 10 It5 \"()lt~, 60 cycl('s, TIl<.' lJl>wer 
in]lllt is 15 wailS, 
Controls: C"P:lo:il:<IICC dial and mlllt ipli"r, dissil)" l ioll 
(;"'101' ""l1lml '111<1 Illliitipli('r, a(',,"il;>'il.\' 0'01111"'11. 

Accessories Su ppl ied: A li,,~ 1'0,,11('(' 101' ,·nrd. 
Vacuum Tubes: Olio) cach GX 5UT/ U, 6J7, 6&), all "rc 
gUI)plied will i Ihe hdtlgc. 
Mounting: Purta blc c" rryillg c,,~c. of airpl,me· luggagc 
COII~I'·W·tioll, 
D imen s ion s' (1.IJ"l'(lh ) I.I H x (wi(hh ) J.j" (II'-'il-(ht ) (J!{ 
ill(·11<'5, fl\'el'-"II. inf"llldiuJ.: covcr aud h"udl('$. 
Net Weigh t : l!J IJl>lwds. 

('nt/r WQrd !"iN' 

$192.50 
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BRIDG ES 

TYPE 1611 - A CAPACITANCE TEST BRIDGE 

USES: The TYPE lOll-A Capa('itancc T(,~t 
Bridge i ~ dpf'igJwci for GO·('yeic ('ap:l.eitallcC 
and di.~sipation f11C'iol' meHsm'('IJl('nt~ OVCl' 

wry \dde range;:, His suitahle for laboratory 
OJ' i<hop t.(.ogj ing of all kinds of paper, miea. 
and d ec! roJy! it: capaeitor;;. It aJ,.·o Ill(>t'{s tIl(' 
rcquircm('nts of tIlt' eleetric pom:-!" industry 
for shop test.ing of in.~1I1atoJ's, particularly for 
mcasllt"cment of dissip:ltioll f:H'tor of hw'h­
lI\b~, insulator", the insulat ion of t ran,.:· 
fOt'llH'I'S, rotating machill(,!,Y and ('nhl('f<. It 
tan be uf':cd in ;;ueh IHe::t"u]'('mcnjs cw'n 
where there arc adjn.ccnt. bus potentia],: of 
sc\'cml thou.-:anc! vol Is. 

FoJ' til(' \\'ire iwd cable lllanufal'tuJ'N, this 
bridge ofTer." a {,OilY('ni('Jl i Hud rapid IllCftWi 

for local ing brenks in cabl!', and for lahor­
atory and productiutl tests of dissipat ion 
factor and ca.pa<·itancc on all kinds of cable. 

The communications indUf,try \\'ill find it 
useful not only for routin(' mpucitnll('(' nlld 
d issip~.tion fnd.ol' tests Oil component capac­
itors but abu for checking ('aparitance to 
ground of t.ml1sfonncr windings, shields, and 
circuit clements. 

DESCRIPTION: 'I'll(' ('in'lIit us!'d is til(' scri('s­
I'c:-<islftllt'e cap:u'itan('e bl'idl!C'. One rat.io arm 
i ~ ('ont.illlloW.:ly Y:ll'iable alld calibmt('(1 to 
I'('ad dircetly in capacitalU'I·. T he othel' ratio 
arm is "ariable in J('cado i<. tt'PS and son'(':-< a ;:; 

a multiplier for the dit·('('\.-readillg dilt\. The 
va.riablc r('~i"'tor~ in :<Ni('S \\·i lll \..he "'t alldard 
(,ll.pa.citoJ1l arc t'tllibmtcd dir(,(·tly in di!":'<ipa­
non fadOJ'. 

Pl'o l'i"ion is mad!' for (·01)\·eni('ll11." apply­
ing an cxtcnlnl d-c polarii:in~ \'oltagc to t.he 
(Oapa('it.or lIndel' h'st. 

A "i:-<wd null iHdicatot· is IISP(\ , eon:<istinf,!; 
of It Lmwd amplifier and all eleet ron-ray 
t.ube. The ('it'cuit i" ~o dl'>signrr.\ that maximum 
!;cn:-;ilivih- i~ oht:lilwd at hai:lllce . with t·c­
dlll'I'd :-;(,ili<.iti\,ity oll' blll:lIl1'P. This at't'anp;<,­
m('lIt greatly facilitates ihe finding of t.he 
bahult'c point.. The de1('('\ot' :-;Y>item ('illl be 
m:lde linear and morc ~u itahlc for limit 
te:-<ting by ('hnllging one t.ube. 

A portable III~ngt'-t.ype ('iUT~'ing en:.:e 
hou:« 's the complete ill:-<tnmwnt. 
FEATURES: ~ Nine Jemdcs of eapilcitn\l('o 
valu('.'; arc covered by the THE 1611-,-\ Ca-
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plwiiltnre Test nridge :"0 that dle value 
of C\'Ct-y capacitor under Il,OOO}.lf fall:; within 
its range. 
'" 1\0 tLCC(>S~Ori0< arc req uired and t he bridge 
is reaciy for o lwmtion as soon as it is con­
nected to t.he powcr line. 
~ The d:<ual indi efl .. t ol' tL1lo\\':< the bridge to 
he u.~cd in noi>;)' location:; where head tele­
phones would be Ili<e\c:<:<. 
~ The detector ~r:; lem is VNy :<cn:<i\..i\·e whcn 
tltl' bridge is Iwar balancc, but relativ('ly 
iu:'<cll:<itiye whcn out of ba lanee. This ehamc­
teri:<j,ic gr('atly :<I mpli fies t hc prO('(.'i;l;i of locat­
ing the ba lanc'(' point. 
~ rhe 10\\' t('~ L voltage lI:<cd by t he bridge 

BRIDGES 

makes it. po:<sible to 5a\'C cOIl:<iderably in 
size l1nd co.~t over high-voltage equipment. 
Comparati\'e di :,< ... ipation-f:wlol' measurements 
on hu.'ihinw; have show n that the magnitude 
of the test voltage has pr:L(·tically no effect 
on \..he rC:<lI\t:< when \..he test vult,age is only a 
fmction of t he operating volt.age. 
~ ::\ Iolierate eleclrosiatic fields such as might 
be cnc;OllniNcd in laborat()ric,; \\·ith overlwad 
voliage1i of :<c\'cral t..hOIl,.:and volt1i do not 
d e.,:,t..ro), the ll scflll l\(~s of the instrumen t... III 
ca:<cs \\'ileJ'c the on:rhead voltage ... a rc greater 
than :<('veral tholl:<and yolt~, the bridge ('an not 
be' l\:<l:d '-;a.ti;;;fa('torilv unlcss iiufficil'nt ex­
ternal sh ielding of t he' bushings is provided. 

SPECIFICAT I ONS 

Capacitance Range: 0 to 1 1.000 j.<f. ~O\Wi:!d by eij(ht 
mulliplie. ~H'PS !Iud "" tll>I,wximat{'ly )ogarith"'ic, 
di),{,cl_rc" di,,~ dial. 
Dissipation-Factor Range: 0 to :iO'l (a l 60 ~,\'d(8), 
"o\'''''cd by <lUe dial hadul::<n "1'tJ.o~i"'at{'\y logarithmic 
~~al". 

Capacitance Accuracy; ±( I % + 1 j.<j.<f ) <)\,('r the (",til'(! 
""'I<" of Ihe hridjo(e. 
Dissipation Factor Accuracy: ±(:!"'c of dinl rl'adinlt 

-~~/)~= + 0.05% d i ~~il'"tio" ["clQr ). I'o wl'r I'nctor " 
vi) + f)', 

where /) .. di~sip"tion fatto •. 
Sensitivity: Th" >iC"siti\'it~· i~ ~u(·h thnt any rap"dlanee 
in the mlJ~(' \()OJ.<j.<f 10 1II.000 ... f can be b"la",..-.d to :1. 

WCci81'''' of a( le"~t 0.1 'i~ , 

Temperature and Hum idity Effects; The re"dings of 
the bridge are ",,,,[f{'(;\('d b~· temlll'!,,,tu r,, 'lnd humidity 
\'"ri"tiv" ~ "n~r the r:H,!:e of rt>o1I\ """dit i""$ "ormally 
c"rmlUlcrcd (6;;0 F In !l5° F, 0 10 !IO(.~ HII ). 
A-C Voltage Applied to Capacitance under Test: 
The ,·"lta~e ;11'1'1'('8&:d <)n the uhknuwn c" I,,\ dt:ou(;~ 
varies fmlll " maximum uf .1 ]lI>ro"im:otcJy 125 \'o1t~ at 

I Capacitance Test Bridge . 

S"hcmat;<: di~gr:lm of the Tn'" 
1G1I-A CaVHeiu",eo Tes t llridge. 
CC!lC'mtor ""d d<'t<)Ch)r <:0""<)'0_ 
lion~ arc interd,,,,,gcd by l1o<) 
switching when the bridll;r i~ u'lCd 
to rn()"~,,rc cap:!cil""c(>!! greater 

l10an 1 ... 1. 

100 ...... f to l~$S IhA" 3 \',)lts at 10,000 j.<f. Th.., cirruit is 
go ;lTr:ulged thM :1 ,,,,,,,il11u'l1 of OnE' \'olt-,,,npere of 
rcaE'lh'c puwer ill delivcred to thc $.1mple. 
Polarizing Voltage: Terminals a rc l""""ided rur ron_ 
netling "" e"ll'rna) doc pobri?ing ,·"h"II;l'. T he maximum 
)'oltall;o th:lt ~h"\lld he imprcs:;cd i$ 500 '·olt~. 

One of lI,e terminals i$ grounded .0 thaI ""." :I -C otl<'r­
"It'd pm""r sup\Jly wid, )(Nw,iI('d OU ltJlIL r"l1 l>c u.(·d. 
'Ihe lermin,,1 capa(·ita lwes of thc powcr supply du !lot 
"rr"ct the bridge circuit. 
Power Supply Voltage: 10.'> to 12.'> (or 210 to 2.'>0) 

""It., 60 cycle •. 
Powe r Input: 1.'> wnth. 
Accessories Supplied: Lille eonnector rord. 
Mounting; !'onal)le carQ'ing eMe of l"II;"agc-type oon-
8Ir"~I_iOIl . ('a~e is <:omp)<:tdy shidded 10 i"surc fre<:dutn 
from ~lcctrO$I"t;c pid;up. 
Vacuum Tubes; One c:lch 6X5-GT, 6~J7, ""d 61; 5. All 
nre ."pplied. 
Net Weight: 30}4 lK'und~. 
Dimensions: ("·i<ltlt ) 14)4.~ (depth) 16 x (he ight) 10 
inches, 0\'(,,·,,11, i"duding cover and h""dlc$. 

('ode lI'",d Price 

. .1 FOH V:'I\ $375.00 
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BRIDGES 

;'(.;; e • • • • • Cp ~ iJ 

•• 

TYPE 561-0 VACUUM-TUBE BRIDGE 

USES: T bi" instrument makes pO»"'iblc fH:ClI­
rate rnca:-;lll'cmcnb of I,he three fllncbmcntal 
vacuum-Lube parameters: amplification fac­
tor, Ll':ln;.;conductance, and plate rcsi~tancc, 
over wide r:Hlgcs of values. The accuracy 
is sufficient so that. the bridge h:ls found 
acceptance :lmong tube manufacturer!) as a 
slancl:\I'd of I'cfcrcll(;c for tube mC:lsumfficnh, 
particularly wherccxtrcmev:llucs of t.he param­
eters arc encountered :lIld where ordin:1l'v 
measuring circuits become unt.rustworthy. . 

I n the field of development. nnd r():-;C:ll'ch l.he 
in;.;trumcnt, in mldition to pl"O"iding accurate 
mcasul'cmcnb; of the II:-;uul tube panunctcri<, 
alTOI'd!> a mean.., of stlldying the behavior of 
tubes used in unconventional and sJlccial 
circuits, when :lIly one of the electrodes may 
be used as t he operat.ing electrode and where 
the p:1r<uneters may h:we negnti\'e value". 

The Lube coircuits h:1\'e huge enough cur­
rent-carrying capacity and sufficient, insula-

tion so that low-po\\'er tr:Ul."rniLting t.ubes 
may be tc.4cd in addiLion to rccei\ring Lubes. 

DESCRIPTION: The bridge makes usc of a lter­
n:tting-currenL null mcthod:-; of mea~lll"emel\t, 
in which phn.'<e !-ihifL and capacitance enol'S 
ha\'e bC{)n given !-ipecinl eon"icieration in order 
that the operating range of the bridge may be 
as wide n!-i po .. ,.",iblc. Each of the three coem­
cient!-i i!-i obl:"tined in term" of the ratio of t ,\I'O 

a,ltcrnllling te.-;t \'oll:l~e;:, A third volt:lgc is 
emplo:ycd in the capacitance halancing circuit, 
but it:; value doc., not enter into the result,s. 

An extremely flexihle arrangemell t. of the 
tube control circll ib makes it pos . .;ible to 
measure the tuhe parameters referred to any 
pair of electrod0'. Connections from the tube 
under tC!:it to the mea:.:uring I'ircllit me made 
by meallJoi of concentric cables and ja("kJoi, con­
nected to an eight-tenninal jack plate, 
mount.ed on the pa.nel. Sixt.ct'll concent,l'ic 
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plugs arc mounted on the panel, pcrmitting 
a widc \'arietv of interconnection,; I)()tween 
t he jack plate, thc mca:oiuring Cil"( 'lI il, and 
extcrnal batterie.." 

Ten :ldapter plug pl:ltc.-,; arc pt'o\'idcd. :,\inc 
of thc."c C:1tTV different ,;t:1ndard tll \)C ,,,ocket.-,; , 
and onc is :'l "lIui\'cr"al" :ld:1ptcr flll'lli,; iled 
\\'ith soldering Ittgs, 

FEATURES: .. A ,;implc and 4raightfor\\':nd 
meHi;lu'cmcnt pro('cdure is Il,"cd and i,; c,"*'t\y 
the samc fot' aU three cocflicient,;. A tlu'ce­
po,;ition switch is tlll'tled to t he dc."ired quan­
tity, multiplicr .-}witchc.., arc set at the appro­
priate \'alue for thc tuhe heing: tested , a nd :~ 
null halanC'e is oht.ained by adjust ing a three­
decade attcnll:ltor :lIld a variahlc caplI(' itot'. 
At halanl'c, the dccades read thc qua nt ity 
being mca,.;ul'cd dircctly to threc si!-(nificant 
fiJ,!;ll rc,.;, 
.. Indcpendent mea~urcmcnts of thc t hrce 
main t.ube par:uneiet'", arc I>o, .... ...:ihle, i.e., Ilonc 
of t..he bal:mcc.s depcnd ... in ally way on lilly 
othcl'. T herefore indcpcndent cro."':s check,; 
C:1 n be obtai ned from thc known l'claLiol1,;itip 
involving: the t hree cocflirie nt,;. 
.. X cgati\'c \'lt1Ue.., of the tuhc cocHicienl:o; can 
be Illca;;u red :l.., readily :l.., po . .,iti\·e \·a llle.";. 
.. In tel'electrode c:tpacitancc effect,,> arc bal­
:lnccd out hy a· method which make.;; po;;s.i bl e 
the indcpcnden t. mc:t.~urcmcnt of all t hree 
parameter:; O\'cr \'cry wide r:mges, Enol':; 
h:we t lms. heen reduecd, 11ml it is pos:;iblc to 
mea.sttre Lhe tra n . ...:eonciuct:llH:c of lL tube 
}lIn'ing: a high value of grid to piat.e e:lp:lei­
tance without any eJTor from this cap:witalH'c. 

BRIDGES 

Simplified di,,~ram of the eir<:uit emplo.l'et! for the 
"'ea~ure",e"t of t"an,,~"' \<III(,t"""e with the T\,I'I: .j(jI·D 
\ ',,«llmn·Tu be lll"id~e. '1'1,,;· II·e pbte Cl!l"'~lIt re~ulti"l: 
fronl the applie:l,iun of t, to Ihe ~rid i~ b'')''''<"C.'{1 hy ,," 
""111,,1 ,,, ,d OIlJ )().<ite tUrrell1 "PI)l ied It} Ihe Ilbl" fmm the 
~UlLrt-C C: . Ihlol1~h Ihe ~ta"d"r,1 re~i.~I'lIIte . T he ~('\t;n~ of 
the dN'i",,,! alt~'I1\"'tor ftt the h"ttum of the 'K\lICI l:il'l'~ 
the ~iJ.:lL if; cftllt fiJ.:ul·es ill the n;",,11. and the "ett ill~~ ur 
the >lle t' atten\lator~ (", and c,) illdic,\t(l mll i t iplyill~ 
factor .• (~".lI.T"'I.\' UY " nd ""'10~ BY on the panel 
~wit('he~). 

. \ 11.1' quadr:llul"e e<llnpollent throul:h the OUlllllt tr:"'~ 
fur",('r r('~ultillg from the lUbe inle ...... l('ctr()(!1' (,"1'''C I-
1'"1<X'3 can he h"bll~-ed Oil\. by the I'"hag;:- of th~ cxtr'" 
split s<,c"'HJ:,r~', "'Cling .hr<nl.l:h tht- douhl~-~t"tor C:'JI:lr­
ilvr. Thi~ h"l:tnrc d,)('s not afT"et the habn~'C conditioll~ 
for thc in-I)ha~ "O'"'I>OH('lIt$ and con:;cqucnlb' ha~ nO 
clT(>C( "" Ihe II1e:~urenl('IIt. 

T he poilll~ of introo:l""li"" of Ihe test ,·"II"J..~,' "I :",,1 
Ct aro chall,.:ed h.l· a ~\\"ilch whell the vther O:OIl~tants "re 
Ill(m~\ll"cd. A"othcl' ,witrh rc,·cr.'Cs thn p"larity of c, 
when "eJ.::lti,·c I'aluc.-;ofthe cocl1icientsare to he t"c:o~u"cd . 

SPECIFICATIONS 

Range: .·\mplifi~"ti"" (",-,tor (,u); OJ)OI to W,OO(). 
Dy"arnicintCTll"] plate r('$i~t:"'ec (r,.J : 5Uoh",.-; to 20 

mCJ.:ohm$. 
Tr:ln~tond1t~ta t\l'e (3 .. ): 0 .02 to 50,OO() m;rromll(lll. 
t:ndcr l,rulX'r "''QHu;tioll~_ the "hove "IlL":C~ ClLn be ex­

ceeded . The ",.rions par:lmnters c"n ,,1$0 be ",ea~ur~d 
with rC$pe"1 10 ,"ario". clements, sLlch :IS ~ereen ~rid~_ 
etc. Xel(ali\"(' , as well us I J<Jsith'~' , ,""lues can he ",(',.sured, 
Accuracy: Within ±:!% for r~~;$I:"'~lI (rp switch posi­
tion ) fmlll \OOU to !.()(J(J,OO() ",h,llS. At lower :lnd high('r 
"ahu'3 the error ;uere:l~e" sli.&.:hlly . 

The ('XI)f(,lIsion ,.. -r,;f .. will chnd: to ±2% whell the 
qU:lllli t it,~ arC "II mcasured Ity the hridge, :\11,1 whcn.

p 

is hetween 1000 and 1.000,000 ohms. 
T ube Mounting: :Wckct 'ld"JI\('rs arc pro"ide,) . :lS 
fullows: ,I-prong, 5-pron.&.: , ij'PTOllg, ~"'all 7-[lrong. 
mcdium 7·pron~, <lela!. I"elal, miui:tlu re 7·pronl-:. ,md 
a"orll (5- ami 7-Jlroll~). Thus "II ~Ialld"n l com t""rd,,1 
rct"Ci"ill~ tubes C:lII be uleasureu. [ II additiOll, " "IIIli. 
\"cr.~\I" adllpI{'r, "'il11 eildll so]d(' rillg [u~g, is pro\'idN! ~o 
~hat "'''llol1nted tl1l"'8, "r tlll X'~ with nOIl'~I,ltId:lrd h"ws, 
c,," be '"~'''S\lrcd cO""ClliCll tly. The p:,"c1 jack J)late "nd 
the adapters arc 1I\"de of 10\\"·10;;.$ y('llo", [)hell.,lie, rN[ue­
;II~ to '" minimulII the ~1"",tiJlJ.: efTect of dieleelric los~('~ 
oil the dy"a",ic resistance bcilll: m,,(.sured, 

561-0 Vacuum -Tube Bridge. 

Accessories Supplied: '1''''0 T~,rt; 2H-XE Shidd<,d 
(;o""c~ton f.)r c"",wcti,,~ bridJ.:{' to osdll:ltor ,,,,d 
(il'tN',,,r , t\\"o I-:rid-lt'"d 0(0)<11('('10111 ami 0111' spcd,,1 COII­

II<'<:I<.>r, 
Currcnt and Voltage Ratings: The tuhe circuits h'I\'e 
I"rl(e cuu,,~h Cllr,....IIt-c,·"ryinl( """acity ""d 81lfl\cient 
ill~\lI:Hioll W th"l 10W-POWCf tr:"'~lIIitting t"be~ ""'Y he 
t~st ... d in :uldilioll\o r~cci\"i,,~ lul)('~. ~] "XilllU'1i allo\\"'lhle 
piale eurro;'nt is 150 "". ftnd maxim 11m piale "oll:ll:e i~ 
]500 volts. 
Electrode Voltage Supply: Il:. tte r;c~ or ~"ilahlc \I'lw('r 
SUlI t)lies arc "ece~8"ry for I'TO\'idin~ the I'ariou~ I'olla~~~ 
re'Jui red hy the tuhe under t~8t. 
Bridge Source: A ~f)l1rce of 1000 CYClcs i~ r(''1l1i,,,,\, The 
Tl'N: SI:\.:\ :\\ldi" Oscillator or the T YI'I: 7:!:\.:\ \'"CU\lIll­
Tuhe F"rk is 8uitahle for Ihis [l"rt)<l~e, 
Null Indicator: --'n .1mplifierin cOlljullClion with" sen, 
$;Ii,'(, I.ai r of h~ad t~l ... ph""C8 i~ reco,,,,,,<.-ndN). 
Mounting : '1'],1' i"81T1UIICUt i~ "''''UlliN! ;11 " ,..:IIIIlIt 
cahinct. A woodcn 5toragc e:lS<' is pnJ\'idcd fo r til(' pluJ.: 
,)iale$ :lnd le:ld~. 

Oim ensions: (I.en.&.:tt.) l:; ~ X (",i(hh ) I,-' ~ . X (hcil-:ht ) II 
iudlc~. 

Net Weight: 51 !Xlundij. 

Pr;u 

$550.00 
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BRIDGES 

TYPE 544-8 MEGOHM BRIDGE 

USES: The megohm bridge is \'cry u"cfu! for 
measuring :111 type;.: of I'c. .. i:-:t:lnccs in the 
megohm range,.;, Thc"c u:-:c.-; include not only 
the rc:-:i:4alwc of cartl'icil!c-ty pc rcsi",Lol's used 
as grid leaks :\Ild coupling I'csi~tor,,; in vacuum­
Luhe ci rcuil..;, but. al.",o t.he in.'Sulution l'c. .. islancc 
of cic('tri('ai machinery i"uc h as generulor:.:, 
motor:', ~\Ild t ran..;formens; of electrical equip­
ment :<1I('h a~ rhco . ..;t:.l.ts and hom:chold uppli­
:1I1CC"; of !<inglc ('omhldol's, ca.bles, and capac­
itor,,; of ;o;ufTieicntiy long sections of high­
voltage c;~hle,,; of paper capacitors; and of 
slah:; of in"ula.ling m;.tlcri:\ !,.;. Volume rc­
si:-;tidty and its change with tempc l'atUl'e 
a nd humidity cnn be determined. Guard con­
ned.iolls arc prodded for t.he me:l~llI"ement of 
three-terminal rc:sil'itol':S Stich a~ mllit.i·wire 
cablc.';, t hree-terminal ca.paci tors, IIcl,\\'ork", 
and gU:ll'ded specimens of insulating materials, 

This bridge has been wi del y used for meas­
uring t he dielectric absorption effec\,s in the 
insuiat,ion of electrical machi nery, tt'llns-

fonners, and callies , Chn,rgi ng-cuITcn t curves 
can bc eas ily ohtained . 0\'01' time interntls 
from onc second to many hoUt's. 

DESCRIPTION: The T n!:: 5-1-1-13 l\ fegohm 
Bridge is u comhinatioll of Whe:lt:;tone bridge 
and vacuum-tllbe \'oltmeter. 

The bridge is compo...;ed of t.he foul' arms, 
A , n, N, P, a..-; shown for the OP EH.AT E po­
sit. ion in the di:lgl'llm at. t.he bot.tom of t.he 
ncxt pllge, \\'i th t he pOWCI' applied ac ross the 
arms, .4 and lJ, lmd the nlcuu m-t ubc \'olt­
meter connected across the conjugatc pa irs, 
A-N and /3-P. For ehecking the galvanometer 
zero, the tube is isolated from the bridge 
vol tage as shown in the C U ECK positioll , 
with the high rcsistol1i, K :md P, eOIlll('('loo 
to t he grid cxactly [IS in t hc OPERATE posi­
t ion . The enects of any voltages, aitcl'll:lIing 
0 1' d irect, in the unknowll t'c~ istor, P, :lnd of 
any grid ClitTent of the tubc \\'illllot appea r in 
the bridge balance becausc they are balallced 
out in the zerO :\djustmcllt.. Therc is a lso a 
CHARGE »o,;ition, in whi ('h the unknown 
rcsi,;t.or, P, is placed acn.)."s the a rm, B. This 
is valuable in Ulca,-; ul'inJ,!; t.he ]·c.';istanc() of 
large capacitors bccause full voltage is a pplied 
directly to the capacitor whi ch C,Ul then 
cha.l'gc at a maximum rate. The zero of the 
galva.nomctcr ca n al~o be c1l1'ekcd at a ny 
t.im e without. beinJ,!; affected by t.hc residual 
charge in thc capacitor. 

FEATURES: .. Thc dir{'ct mea..<:lIl·cment of re­
si';lanccs up to 1,000,000 mcgohms is made 
pos:$ible by t he u~e of a vacuum-lube de­
tector, which uhsorbs a negligible amount of 
po\\'el'. 
.. Con:;tant fractiona l aeellr:l.ey, regardlc."5 of 
setting, is obtained by lI~ing a rc."istanc-e 
scale that is a pproximat.ely logarithmic over 

:-'chcm:\tic eircui ~ di:lll:r:nn of the ~ICb'Ohlll 
B,·idge. 
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o ne dccadc. The cITecth·c :':('ale length for the 
mll!,!;c from 100,000 ohms to 10,000 megohms 
j;s 35 inchcs . 
... The volt:lg;e applied t.o the unknown 1"('si~t.­
ancc is held :lpproximatcly ('on.~t:\lH, rcg:\I"d­
Ics,; or t.he ,·l\.lue of the un known rcsi"\ancc. 
This condition i::i ne("e.~;<ary t o mcasurc insula­
tion I"e.~ i,.;t~lllce properly . 
... \'ollagc stahilization is uscd in the a-I" 
pOWCI" "upply to p re\'en t surges in charging 
currcn!. when the leakage resistance of capac· 
itors is me:\..~lIn'{l. . 

S PECIFICATIONS 

Ra n g e: 0.1 !n('II.Ohlll to 1.000.000 "'l·gohllIS, "'"Q'·cn'd by 
a dial :",d" {o·v .. ~iti'iIl IIlultil,lier 8"il,·h. " rc~i~I:""·l· "I 
1,0011,000 nw)("I\lII~ ,·an I>\., di~!i"j(ui~ h(',1 1","\ illfillilY. 
Accu racy: 

•• 
000 

'"00 

.\I!! - 100 :'.I!! 
:'.H!- II.JOu .\Ifl 
:'.I!!- tu,O()() :'.n! 

A"CI"·"rll 
± :~ <;~ 
:i: 6% 
±IO<,:o 

. .\ bo\"e l\).\JI)() IIh·j(.,I,,"g. Ihe : ... n,r:,,·y i~ cnc"li;.lly Ihnl 
with ",hi .. !. Ihe ~'·alc ,," thc '\ 1 1~(;O I I :'.1"; lIi,,1 ,."" I,,· n.·ad. 
T e r mi n als: .\11 high·,·,,!t:tJ.!c I<'rmi,,,,l~ :.1'(1 j"811I'lIt'll a.~ It 
1'r<>lerli"" (<> the 0l><,mwr. A "':t.~i"I11'" of l:t lila c:on be 
dr:",,, '!II 6hvrt circuit, 
Power Su pply: Two IYI)(l~ of I"",·(·r ~1I1>pl.'" art· ",·"ilahle: 
( \ ) a" :t." unit ddi,·cri"lI: d·" (<,sl '·011:110(1" of ;.00 '·oll~ 
",,<I 100 ,·,,1,.'1 tn Ihc h,·id::l'. "lid cn " hallH), po wer 
~Ilppl~· 1)( 1)0 ,·"ll~. "1') ,1' a·e unit "pcrale~ from" 10{o- 10 
I:!r"""it (n r :!10- T!) :t.W·,·.,)t). ·\0· to Go·~~·dc linc. 'n,e 
)mlt<'ry p .. wcr ~lIpply COf)'l;;;l$ of ::1 ;'\u. 0 Dry Cells ant.! 
:J IlurJ.:'·"~ :-.;". {o:IO~ -IZ,-volt h"ltcri{'s. 
O perating Voltage : T"I"I"ill"h arc J>fOvitl"d 110 thallhe 
h r;'''':e \""Itl<i/:c (·:Ill I.e ol,l:lill(o \l Ir"", "" ,·)(tcr,,,,l ,,",u n·c if 
dc~ircd. 1'\11<> 50U ,·"It~ ,':m he al'pli<'d. 
Vacuum Tu bes: Will, l~'Ul'ry I,,,wcr supplY.:I ID5.{;1' 
del<,,·I .. r tul.e i$ "$':(\; the j()O'vult J .... "'cr sUI'I,ly U""'8 " 

Ty!1t; 

BRIDGES 

Thc lu;,,<>m!s db! 01 T\"J'); 544-D :'.Iel:oiom 
Il r itl J.!C. The ~<':I!e i, :lllprox;"",u'ly 10J.!mith­

",ic ,,'·er Ihe "",in de<,,,de frolll I to 10, 

01\7-G delf'ctor, a OX':;"GT!C rect ifier." 5I..'·I·G rcelilicr. 
nnd. inthe w.it:<lI:f' reIo(UI;,I"T>!.:t tiJ,j.(;T C. 11 f,J\(l.(;"I' (G. 
" .JAI lhll"s( Tnl>1', ,,,,d Iwo '1'\·'·0, :!1 •. \C .!II!l "run 
!fillipS ... \1I1uhe~ arc ""!,pliN!. 
Accessor ies S u p pl ied: \\ ilh ,,·e power ~1I1)JJI.\·." ""'"I'''­
f(~)t li''''-(·''''''..,<.·I"," e"rd :llId ~P'H" I\,."C'. Il:'ttede~ a,..! 
SUl'l'li"d wilh rhe h,'IICrY"('I)rraled "".dei. 
Mo u nt ing: Shielded oak eahinct. 
D imensions: ('"hiuH \\jll, t·o,u clnsed. ("i(lth) I'l§ x 
(1'·"l:th) 2:t'~ x ( I,dl:ht) .... inrh(:_. o'·cr·all. 
Ne t W eigh t: "·itlo h"ner.\· JlO"·er ~UI'I)ly. ~"J'~ "'Mmil,: 
wilh a',. ]lOw('r ~"JlI)ly. 261 S pou"d~: T\"l'o, .j 11_1' 10. 1.1', 
poulI<I~: Tl·l'L :,.1-1.1':1. Ill~ l-'t",ml~. 

,'rirlJ 

Megohm Bridge , with A-C Power 
Supply .. $295.00 

544-8 

544-P3 
544-Pl0 

Megohm Bridge, Bottery Operoted 
(Incl . Bolteries ) . 

A-C Power Supply Unit Only . 
Bottery Power Supply Unit Only . 

.\1.00F 

.\ (; 11 E ~:.\ 1'.\("1\: 

.\ 1.00"'\ 1'.\ (" I\: 

21 S.OO 
10S.00 

22 .00 

Tn'~: 729-.\ :1nd T YPE I SO 1-.\ :o. lej.(ohm rnet('r~, di rt't<l-readinp; in,,1.rumcnt..-.; oper:.ll ing 
on the ohm meier pri nciple, are dC~(,l'ibC(1 on p3ge:< 151 alit! 152. 

GENERAL RADIO COMPANY 89 



 

BRIDGES 

TYPE 1614-A CAPACITANCE BRIDGE 

USES: Designed for the rapid mC:l,;;Ul'cmcnt of 
I'apacitors in indw;trial plant.,.;, the TYPE 

101-1-- .\ Capacitance Bridge fi nds application::; 
in both production Lc,.;ting; and in the labor­
atory. It is .':iuit,ablc for acceptlllH'c les!'s hy 
both the manufaeturcr and the u,.;cr of Lhe 
lllallY type;; of paper, mieH, and clccLroiytie 
capacilor,,; u,.;cd in eicelricai equ ipment, a nd 
in the laboratory it.. is a handy mean,.; of 
making rapid check" on t.he co nditio n of 
eapacitors used in experimental circuit". 

DESCRIPTION: This bridge is portahle and 
opcratt!-"i from .'ielf-contained batteries. The 
measuring frequency is 1000 eyeles, supplied 
by an internal electro-mechanical 0.,;cil1:1.tol'. 
A pail' of head telephones, internally attached, 
arc lI.'<cd in indicati ng; balancc. When not in 
use, the phone. __ are stored in a comparlment 
ill t he wal nut ("ahi net.. A rClllm·ablc hinged 
cover afford,., p rotection for the instrument, 
and ;\ c ~U"ryillg handle is prm·idcu. Operat.ing 
instruction .. ..; arc attached to the in.side of the 
cover. 

The circuit I;' that. of 11 conventional " -arm 
bridge, in which the los:" componcnt of t.he 
unknown is balanced by meal1.'l of ;\ v ill'iable 
resistor in serie,., with the :-tamlard capacit.or . 
Prov i,.,inn is made fOI" introducing a polarizing 
volLage, from an cxLernal source, in measuring 
e lecirol~, tic capacitor:" .. 

The capacit.ance of the unknown i,., ind i­
cated directly by the setting, at. balance, of a 
li-inch dial with slow-mol.ion c!J·ivc . A :;epamtc 
3-po~it ion switch provide...; mult.iply ing factor,., 
ill step." of 100 :1. T he :-;c("ond balance cont.rol 
i" a 2~-inch dial t.hat read,., directly in di~..;i­
pation f:wtor. 

FEATURES: Portability, e~L";C of operation, and 
~impl icit.\·, comhincd with wide range a nd 
good ael'unu'y are ,.,ome of t he princi ple 
featme.~ of thi:, b ridge, 

SPECIFICATIONS 
Capa c itance Ra n ge ; to JAl'f tv IO() I'f in tllf{~<, "IC I)~: 10 
JAJJ.f 10 10.000 "I'f; 0 .01 "f I,) 1.0 JJ.f: and 1.0 I'f 10 100 I'f. 
Accu racy : ±Z<;; . (,x.·(·pl 0" Ih(' 1001"(,~t r:II'l:'·, w!t{'F(·. 
lIflrr Ih(' zr,·1) "'''P:<t";''U,f·(';8 ~1Jt,II·:lf·tl·lt. tl,~ :I'·ClWWY is 
±(~ (",;, of t l", di,,1 rf'adilll: +:!I',.tf) . 

161 4 - A Capacitance Bridge . 

Dia l Ca libration: .\ppruxi"'"ldy t,'l':",·j(hmif' (uniform 
fraf·l;onal ",·(·ur:,,·,") o\""r IW,) ,,,:\i,, tlN'"df's. w i th" CO"'­
l'r<,~"ed lowf' r (1<,("::<1,; whid, i~ u$C(1 Olll.>· for ""·">;lIrelll .... n!~ 
belvw 100 !AJAf. 

Diss ipat ion Fa ctor; H,,"):(f', 0 to ·15':{" ,,\~("IU·'''·~'': 0" 
tl,,:- 10,,"('~t f":'1"Wil:uW .... rall!.:l· . th(' error. f'xp!"f!"-'Scd ill 
lX'r"f'lH dis.~ip"tion factur. is ±W.! X diaJ !"<'ndi"g 
+ ~ )'lo; un I h~ mhcr I WV ]""nl':"~. ± (0.1 X dial read­
jill: + O.~)", . 

Frequency; Th(' i!ll .... n l:d ,,~cillal('r rurnishe~ tl", "<,,.('S­
sar.,· loridg;e pOWrl":lt a [' .... '1"(·"'·.,· nf toOl) t"y\"l('''' ± 5'1'{.- , 
Power S u pply: ()-volt fliT lwU("I.\" . T\\"() Ill1r~e~~ F:?HI' 
unit i! cn"n(,CI("rI in Sl'ries arc r('r(,mm(,Il(lcti. :lll d :II" .... sup­
pli{J(1 wi,h Ill" illSlflllll<'ut" ,";P:I(", for these is pl"fl\"ided ill 
til<' ,·"hinf'i. 

Accessories S u pplied: I(('"d 1"lrpholles "lid h"11(']"i('~. 

Accessories R eq u ired ; \ \"hell :l d-r l'()l:trizil'~ ,"oltnge;s 
\1Acd . :l Z ,..,f h.'·-I):lS~ '·:'II:I('iIOI" is I"f'(l"i ,·,, (l. This cap, ... itor 
is !l"1 S\llll)lic(( with thl' in8t l"Uml'll1. hut SI):l\"l' for" 
Gen~r,,1 1·:I~("\ric 55X-(j:!\l is pro,·id~d in tlw cahi"d. 

Mou nt i n9: \\"al nUl cahinct wilh n'mn,'"hle hinged ~'(},"cr" 

D imensions : la y;; x SJ..~ x i incll<'s, o'·('r""I1. 

Net Weigh t: 1:3 .'4 pounds. 

Prier 

LAPEL $ 140.00 
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BRIDGES 

TYPE 1631-A INDUCTANCE BRIDGE 

USES : TILi~ bridge, a companiun in .-<I I'ument to 
the THE Hil·I-.\ Capacitance Britl~e J is de­
.~ i1-!;ncd for the rapid mC:I."urcmcnt of the in­
t!WI:llll'C aud ",tl)ra~e radOr (Q) of illdllttur:-; 
0\"('1' :l range of 1 00 ~h to 100 h. LI'."" a('('unl i c 
mca"'tll'( ' ltlcnt.-; ('an he m:tdc of iw luclor.-< he­
t,\\"i'(' l\ 10 ~h and 100 }.lh. It is suitable for pru­
(\ll("lil)1l t('."tin~ or for rOlltinc lal)oralory U';('. 

lron-('ured indu!'\ol'i can be mea"llrcd at all 
arhitrar.v y:duc of irnprc."'''cd a-c \'ultap:c \\-hi("\1 
i.-; :;uh:..:tautiall\' in CXI'P":" or the nlillc eorrc­
_"pomiillg to in'it ial permeab ili ty . 

DESCRIPTION: l. ike the Tn)'; Hill -.\ ('apae­
italwc Bridge. t lli,.: hridge is portahl(' and 
opera te,; from :<cl f- ('Ollt\ill('(i \):ll \ ('I'I('.", . ' l'llc 

same I.. .... pc of () .~ (' il1:1t or :lnd h('ad tckphones 
arc lI"cd, lind the bridAc i" hou"ed ill a "imi1;\I' 
eabincl... The ('ircuit.. Ii; t hai, of (,he .\ [a"'I1"('11 
briei)!;c, in \\"hidl a fixed eapaei t.or is u,.w<! ;\.>; t he 
sbndnrd, and the 10","; ('om ponent i" hal:meed 
by :l \':triahle I'c;-;]"tor "\lUntinJ,1; t,he "landaI'd. 

The imlllC'tarwe of t he unknowll is indkatcd 
dircdly by the "C1till~, at halanl'I', of au-inch 
cli:!! I\' jtlt "IU\\'-motiOIl dri\'C .. \ ;{-po,.:ition 
"witch pl'Ol'idc" Iludtipl.vinl-!; fa(' t.ors in "tel''' of 
LOO:! , T he ":ceoll(l balancc control i ,,;~ 2 ;!1-iIH'h 

dial calibraled dircct1~' in "tur 'a~e factor Q. 
FEATURES: ~I'I' T n 'I': ](H-l-,\ Cap:u'ii:llwl' 
Uridge 011 preceding page. 

SPECIFICATIONS 

Inducta n ce Ra nge: lOp], I" toC) h i,,:~ 'h'I'~: 10 ph lu 
l!U)l~1",h; II,UI h I" 1 h: :",01 ! h t" 100 h. 
Accu racy: ± :?:;r; "r dial 1",·,,,li"l: 1> .. '1\\"" ,·" 11M1 ",h "tid 
10 h. 11(.\o,\\" 1110 ",It 11,.. <'1"ror ,·"ri ." illH'r"'.J.v:os 1 Itt' ""'I-:"i, 
11,,1<, of 11." u"b,,,,," ,, . • \1,,,,-, . 10 h I I,,· <'1"I""r j"""""""'8 I n 
±Wr; ,,( oIi" ll~'"d ; "':::lt 11)010. 
Dial Calibration: '\I'I'1"".~ill\"1o"b-I"~",·itlt,,,i.· (""i( .. ,·", 
(r:"'li"",,1 ",·,·"r:,,·.,· ) ."',,. I\\"" "".ill ol"",,<I"~, lI"i,h" •. "",. 

J631- A Inductan t e Bridge . 

]>r<,~,« 'd I"w. ',· d,"'"d" ___ hid . i~ II,""ol ",,1,\' fu r ",,,:o,,,"'('))l('llt~ 
lX'I<>1I" IOU ",h . 
Q : Ha"I:<'. I II, .1:, . . \ ,.,.,,,,,,,,.,', ± IO<"c nf Ili:l1 fl':OI\i"l: for 
""it,,'s of () Il<'t wI','" :! ,,,,,I I U. Fo" hi.::l"'r ""lu"s Ih" .. 'rr •• r 
i" .. rl·a"<·~ p ,.n~'·"s~i\"l'ly \0 ± j.-,c.;, :It ,,() vf I.· •. 1'01" I" we!' 
""1,,,·,. Ihe en>,r i". · ro · "s,·~ I" :l- :m"{,:l 1 :o() "f I , 

Olhn ~!''''' ; fi' 'ali"ns :l rc iol,·",i .. :,] with Ih.)"" ror Tn'" 
l/OI "'\ Cap:wil:",,"" IlridJ('·' I"""""dilll: p"~". 

1..\ Il\',\ $1 50.00 
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TYPE 1612-A R-F CAPACITANCE METER 

USE S; Thl' TYI'E l(H2-.\. H-Ii' Cap:l('it:ulC'c 
;'ic\<'I" i,.; a d('I'i('c for ('OIwcnicnlly mca~llI'i lig 
capacitancell up to 1200 J.lpr. I t (";111 al:<o be 
u,.:cd fo r ('ompnring the [o .. "."C,.; in dielectric 
8:l mp[l's. 

DESCRI PTION: Till' princ·jple of opemtion i;; 
illu:<lmtctl h\" 111(' flllH"\ ionai (-iIT1Ii1 diav;mm 
below, Tht' 'lll:lin clem('nt ,.: arC' a one-mega­
cycle oscillator and ;t uW:lslll'ing ("in'lIit. 

The o!'w i llat~)!· j", \O() ... r-ly ("Qupled to the 
mc:\";\lrinj.! (' i)'('llil , wid ell incorporates :1. ('nli­
brall'd (·<l IM.dl 0r. ;111 indu(,lol", anti :t el'y:-:tal 
rC('Iifirr :IIU[ mi('l'o:tmlllct c l". ,:\Tlumal (-ollll'o[ 
of Illl' o":('ill:ltol' OU lPHt i . ..; prO\·idl'd. 

)<' [(':\:<11I'(-II1('nl i . ..; made \n" a ";lIh"ji\..lI\..ion 
method in 11"llit·ll the (,:lJl:t(>ii:tn('{~ of t.he cali-

bmtcd capa('itol' ;;-; rt'du(-('d to 1'C-0itabli,'h 
rc,.:on:lncc a ft('J" the lll1kIlO\\·1I t"apaeitancc IS 
COIllU!I"ICtito thc .'\ terminal,.:. 

The in,.: trumcni.. opcmics din'dly fmlll a 
115-\·01t, a-c 0 1" d-e line. 

FEATURES: ... Ea;<c and ;-;p(,·cd of mc:l.. ... urcmcnt 
3rc out:-tanding ell:t nu: tcr i."li(o:<. 
... Thc !":lnge (If thc in;-;tnlnU'nt t·o\·ers eapaci­
tor;-; t"(lnHn ()nl~' 11:<('11 in r-f (· iITUil,.:. 

... C'umparati\·C' lllC:1 ..... m·cmcn ls of diclei"lric 
lo:-;,.:e;-; al"t' I"l'adil~· madc. 

... The mclN i."\ ,.: impl c ,tnd ;l("t-mate a nd has 
no ('ompli('al cd t·il"("lIil :< . 

... 0\1" or dt· nUl be lIsed to furnish t.he Ilcees­
sar.\' powcr. 

SPECIFICATIONS 

Capacitance Range: U 1<"1 I:?OO I'-I'-f in I"" rllll.!(('S- QIO 
N) I-'I-'f amI U to I:!OO I'-"r. \t :"'t: ... ~ ,,~ ~"itd l(~d :ollto­
m:Oli'·:oll~·"~ '· :ll!a,-i I:\lW(' ,Ii:ol i~ r"I:o( (o<l. 

Capacitance Accuracy: Low H:o")(': From 0 )0 50 I'I-'f. 
± :I'r + n. :ll-'l-'f). lt~ol,,(·('n :iO :llId ",II I'I-'f. ± (i '.'. HiJ(h 
n alt!:.,: Fr"", 0 to 1:''OOl-'l-'f. ±(:l% + :'l'l'f ) . 

Dielectric Losses: 1"(.-] "li\"(' lJl(' tH illdi,·"ti')M with 
diff('r(',,' .li.·l.·,·l r; ,· ~'''''j)l~· ~ J(il"e 1\ ,·"mp"r:Ol ill' m(·"~,,r(l 
" f <Ii,oll''''r;'· I,,,,~. 

Oscillator Frequency: I "\I't:",·~·,·llo +1'"; ,,(lju~l<'<! at 
f"'·'"ry. I'r"'luel"'~· ,·"u I,.. n·"djusIN if ltt"'·l'~~al")· b}· 
." (.,,,,~ "I a ."",,,hle dU~1 ,·"re. 

Resonance Indicator: ..\ 1:\:\·ll'rpl,,1 Te,·lifi{'r is lI~{'d 
,,·il h " " .i,·r""mm('\{'r I .. i",li,·"I{' J"{'''.n''' ... .:. 

Tube : ,\ 117:;\7.(:'1' t"I)(·i~ .",·d in Ill(' (o..~,·illal"r circuil, 
,,,,,I i~ ~"PI,li~·d. 
Power Su pply: 11& ,,,lt~o :.n , .. f,O ,.~.(.l<'" "('. <or de. 

Power Input: I :! ":ttl$!l1 110; ,· .. Iu. n{'. 11 "·:oll~ "t 
11.', ",Jt~, d,·. 

Dimensions: ( 1.('''I(IIr ) 1"2 ~ (lwi!:Ir) {j ~ x (d'"I'lh ) 7'4 
i",·h{'~. o,{'r. " ll . 

Net Weight; II p()u lld ~. 10ollnres. 

Cod~ WQrd P rice 

1612-A R-F Capacitance Meter .. 0 ••••• "" ••• 1 $ 155.00 
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BRIDGES 

TYPE 1670-A MAGNETIC TEST SET 

USES: Thi:; eqllipment i:-; designed to furnish 
conn;niellt and I":q)id (iO-cycle measu1'emcnts 
of the ]lP!'lllcabi lity :Jt\d C01'C 1o"" of :<I))all ~am­
pic ... clf iarninatpd fcnomal!;llctie material, 
:<Ill'h as llIight be cut. from transformer l:un­
ination", :-:lwh ,;ample::; ma.\' have a. width lip 
to % inch a nd :l.lly leng! h in exccss of 2.:1 
ilwlle:;, ;Uld may be measured indi\'idua lly or 
in parallel combin:llion;o;;. They can be cut. in 
illly dc:<ircd dircdion. 

DESCRIPTION: 'I'he method of mCfl.surcmcnt 
u,.;co; a :.\1axwcll bridge in ('onj(lnd ion wit.h a 
phnsc-scnsitivc null dctc(:tor'. 'J'he mcaslll"C­
Illcnt consists cs,",cntiaIIY of the dclcrminn.lion 
of the inductance mui i,he 10":" component. of 
a solenoid huilt int.o the lC>it yoke in \I-hi eh 
the sample i.~ damped . These IXl.rameters 
:~re interpreted :.ts the permeahility aud core 
loss of the spec'imen m:~tct"ia1. Values of 
normal indllctio n, n, (flux density) arc di­
reelly calculable from these data. The i.e"t 
.\"oke is de.~igned to h:we ,:ulTic:icnt pennca­
bili t .... and ero.";''' ."ection so t Im! it·" 1"ehlCtancc 

is negligible com pared to that of Ute specimen, 
lip \.0 medium penne:li)i li lies. ("or1"o(:tiolls 
call be made \\"hen lllea~ll1"ing hi gh -pNlllea­
bili t \' IImteri .. l,.;. 

The mea"l!remeni. i" m:tde Hnder kno\\"n 
rondiliollS of 00-(".\"("10 normal magnetizing 
for('(', fl, ,,·illl jlmvi . ..;ion for :u ijusting this 
parameter on!r l~ "'ide; mngc. The magnet­
izin~ CIlfrl!lIt i.-< "inll.-;oidal. ), I ea.~urclllent" 
clo,.:e to inili:d permeability (// = one mil· 
l ioer.~ted ) ("all be made, and It .-<t o:ld.," bia:<ing 
magnetizint! force (dc) can be .-<H pcrimpo . ..;cd, 
if de,.:ircd, fOl" ineremental me,I.";lIrements. 

The deteC'tot· :<ystem eonsl:;\s of ( I) a 
de~('nerati,'e . ..;cledive :unpiificr, (2) It ph:-t.~c­
shifting neL\\"ork , which permit s either of 
t\\"o phases, 00 degree:< apart, to be sel(,(·ted , 
(3) a modulat ion bridge ill \\"hi('h the ;I.('t·o­
ccnte!" galvanometer j,; eonnocwd. and (-I) an 
amplitude-limiting Jl(·t,\\"ork, \\"hich gin''; max­
imum sen"itivity :~t halance, hut prcn'Ht:< the 
galnuH)m<'1.l'r fl"!)m goin~ on' scale . 

.\ l'omplele thcoret.il'al t reatment. of the 
met hod of mea$lIrement ,,-il1 he fou nd in a 
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p,qlC'r h~' H. \\ ' , Lnm,.:on, entitled "A :'Icthod 
of :, I ra1'ming I he' .\ J 1I)!;IlC't if' Pt'Opcrt IC'; of 
Small :'amplc" of Tran:<fo!"Jlwl" I.aminal iOIl":, ' J 

pllbli.-dlC'd in the l}rvccedillf/8 ()f till' 11I.~liIlllc of 
Ha(h!) Fllflill('rr.~, D('e('m bcr . 10-10. 

FEATURES: ... Small rc("/aJl~II1ar fllrtp .~atllp lcs 
arc 11:«'\1 for II1c:t':lll'enwuL, with the 'I'YI'.I:: 
IG70-,..-\ .\[agllcli(· '1'(',.:\ :-ict. TIm,.: it, i ... not 
11{,('p,.:"ar.\" to prppare ,,!)C(·ial ring-:<hapcd 
sample . .; or to 11:<1' the amount of material 
required 10 ('oll,.:iru('\ the ,.:Ia.ndal'd Ep"tcin 
tcst. core. 
... ill dcp('ndcut. indieatioll"; or balall{,() for t.he 
lIn) main hridge ('ontl'll]." :I.IT provided hy 
mean,.: of tht' ph!\"e-.~hif[il1g IlcjIH)rk. This 
fC:lll1I'(' (']iminat(>" the i]I(-On"cnieJ)('c' of (he 
sliding halalH'c thaI i", cham<'if'ri."'li(' of the 
bridf,((' whcn a ('oll\'cntiOll:11 Bull delCt·tor I::; 
u"cd. 
~ Dil'c('t (;()mpari.~oll of l]w ])('rmeabilil.y of 

various ,:;ample:-; eH n generally be made from 
the bl'id~c dial J'('ading.~ without the nc­
cc~." it.r of I'akulaling uu!o;olulc \·aluc.". 

~ The d irCf'\ion of oIT-b:tlanf'C i." imllt·a.ICc! by 
means of the modulatioll bridgf'. 

~ l\!c<lsttrC'nH'nb anabgoll." to Ep"jcin values 
for pOl\'cr j>urpo,.:e" C:tn bc m:H!(> 01\ 72-f,(rade 
,:;ili('on ."Icd or hi)!hcl'-pcl'mcahilit~- mail'ria!s 
at /Jmn. equal to 10.000 g::Ul"". 
» The high gain nc(·c"":ll·.\· for nH':I-~llr(·menl.,; 
l1t 10\\' v:Liuc" of n1ap;u('tizing: fol'('c i" f1ll"­
ni"hcd b.v the dC''!!;('lwrat i I"t.! ,,('1('('[ i\·c :tmplilic]", 
which abo climinat,c...; t 1](, dYed of h:~nnonic 
rC."iponse itt hig:h I":tlnc" of ll1a~ncl izing: fo r("t:. 

» Th e limiting (·ir(· \lit 1)I"('\'(,l1t" off-.~(·:· de 
deflcdions of the m(,ter, \\·hid1 is madc' 10 
rc.~polld exponcntiall.v 10 Ihe :lIllO\lllt of o1l"­
ba!:tncc. This :u'I'anp;('Ill('nL ('lirninaIC" the 
need of a g:dn coulml 01' rl.djust:tblc p;aka­
nOmctel' .~h\lni . 

SPECIFICATIONS 
Range of Magnetizing Fo rce: "1"1,,· f,U_,·~·, ·I.., '1<"'",,,1 
""lI::,,"lizillj.( f'!I"'" i, adjll~l:d' l l" fmm one IlIilli""'I'.<t"d 10 

(i ",·]"~(,·d" (l':ilb" r's p"r ",·lLli""",.]") ror a lilLl' "olt'lI:" uf 
1\':; ,""l!s . . \ hi"';II!.: ,"a)!lwtizill!.: [""N' (iI,' ) np '" :! 
o(·I.,.,,.,I~ ":11' ;ohm I ... · :ll>pl;",]' '1"1,,· "'·'·'·"",,,·y dol' 1I""",,r. 
"I' ," 1.5 "('r.<,('d". """ ],l' "],",;11,·,1 f.,>I" (I,,· ill'<'T",,1 
phW,.,. ",,! .pl.,- for tI", 1,..<, .<,'1. 

Permeabi lity and Core_loss Range: Th,' """W' for 
Iw,.""·,,hi1il.,· ,,,,t! \ '''I'< .. 1<,,,-~ ",<,,,"un',,,,',,," ,"ari,.~ wi,l, ,he 
ero.",-' -'<"'·(;"" "rc'", F"r " """ph, H,,,"" ,«'<"1ioll <I[ lU "'I . 
"""_ r"n ,,·,,1,· 0" II,,~ J.I tii,,];, :,.-,.IIIH). The IWl"It\e"bility 
:O'HI , '<ot'" I"," "f allY f,-.-r",ua!.:",.,i,· "'''''1'1(· "a" IOIJ ,n"",;· 
"",,01 if a .'''llll,lt, uf p""I,,,r pr, ,~~ .• ,·,·t;"" ;, "h"_,,',, , J 1 ,,,ay 
~",,, ,,!;,,,,., he !l("·",',,ar.,· t" ,·:,]("(,1:.k '-""'e,·t;ulL.< ["" hiJ::h­
Iwno,('"hilily '":oI,,r;:,),. 

Accuracy of Measurement: Th" ,,,·,·ur,,,·y "r \1:11:0 
ob(aine') with (his in",TU""'''( i ~ ,.hidl~- d,-,.·,." ,i,""\ h~­
the pl"cl"i,ioll with whi,']' Ih" "I"<>>!:!-.<,·,·t;"" "f th.., Sl,e'~ 

im"" i~ kr,,'W'L .";j",ila!" ~""'1,1,,~ " f id""t;"al ""',,-i 
,;e,·ti"" "a ll he ,·o tllpm·",1. .at "";" g;, .,." II. with ,," 
"'·,·,,,·al".'" or I ,,,:! pt'r,.",,1. 

Power Supply; 1 Li \'oh~, (iU "~"'I<'~; h~' a d","gc of 
~~""I\"'li,,,,~ (", 1111' I"'''"''r It:l",f",'''"'' I,rim:"..--, the 
i,,~t .-o)nIt'1l1 nUl 1 ... · "Pl":ll<'d frnUl :t :!:\(J-".,h Ii,,,,. 
Power Input : !'O W:tIlS. 
Tubes: :! (;C:"'o_(:. I ti.'\.-'_(;. ""d 1 On:l \"1(1:,0. 
Accessor ies Supplied; Tf·~t .n,k" :tnd Ii"" ,." . d . 
Accesso r ies Requ ired: \rlll'II " .1-" ,,,,,!.:,,,·tizi,,J.( f'IT"/)" 
i~ "I>p\i",l. a ,,,il1;:11'"'''''''' ""d" .",~"'t", f' " ""r,"ill~ the 
(\,. :0 .... ' .... ·,,"ir«oI. Tl,,· '1" ' .. 0: :1',1 _.\ !;O.(II)()U Hh"' ''';1:u j~ 

~lli("I>](· ",10,,11 the ;"t..,,.,,,,1 ,",,11:'1.:" ::1<"""'(0 i$ "...,d. 
Mounting: TIo" '''~t .~"t . <·)(,·I,,~i,"c of ,I,,· ,,·,t ."""", i~ 
h"ns"d ill :I w"lnut ""l>i""l with ~ I"l,i"j.( fro"t 1"""'1. 
Dimensions: T{·~t ><'1. (width ) l!O x ((I"IUh ) 1:. .~ 
(h"iJ(ht ) lU illd'l·.~ ,,\"t'I'-:t1I; 1<'~1 .W."".:. x ·, x ,;'~ i,,,,h,·s. 
Net Weight: ']"(,81 S"I. ·' -11",u"tls; t".~~Y""e. 10 pOIl"d". 

__ -:-"'C'!I"'~'~ __ ,:c-___ :--=-_-c:-____________ , __ CC",,"C'C'-'I""'CNC' ___ , _ -; J>rirr 

1670-A 1 Magnetic Test Set ...... ....... .. ..1 AFIHI<: $585.00 
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BRIDGES 

TYPE 707-A CATHODE-RAY NULL DETECTOR 
USES: Thi" \"j"II:l1 uuH indi(';t\or i" inlcrukcl 
for Il,.;C :I"; a balance det('ctor in hrid~(' and 
other nu ll-method lll('a"llI"CIllC'nj,.: ilL p\)\\"('l"­

line and audio frcq\lcl\(·i('.~. \\" hell (':l li hra t('d 
for :l gin'll fr('qu('n('.\·, it can be upcr:\ipd a.<; 
a limiL indi('a\ol". I t (';111 a]:<o he lH::d for ('Olll­

paring: frcqm'lleic,.; h~· llH'HIl:< of LL""ajow; 
figlll'r . ..; or. when ('alihr;ltcd, 1l:<cd a."; a.ll :\-0 
millivoltmeter. 

DESCRIPTlON:Thc Olltput of the hridp:(' i" ap­
plicd Ihmu!!h an SO-db highly ,.:clonin: ampli­
fier, operating: 011 the dcgcnerati\"c prineipJi., 
to tht' v('I"ti('1\1 deflcding p1atc~ of:"t Onc-ill(·h 
f'alhodc-ra.\' tllhe. The hridge gencmt(lr \"ull­
age j" app!i('(\ i..hrQllf..\"h an adjll:<tahlc phl\:'C­

,.:hillitl!! Ilctll'ol'k to the horizontal pl <l1t,.~. The 
tilteJ c!1ip.o.;c:-:o t"ornwd is I"c(hweci to u. hOl"i1.on­
tal straight. line at. halance. 

FEATURES: ~ IllliPpcnd('n! indi(·:lliolL.o.; uf the 
('tTc('i of IJalalwillg cil lwr I he rcact.i\·c or lhc 
rc"i.o.;t.i\'c hridge ('ontl"O\ arc I!; i \"(~ll. 

~ Ei t.hcr hridge ('onlrol ('an he halan("cd a('cu­
r;llcl:, without nc(,C'.o.;:o:il;lling an a('I'ur:,t(' hal­
anl'!' of thc ollwl". 'I·hi.o.; :lrranl-(C'1HC'nl m:lkc:o: 
rn.pid and ('onn.'nicnt rOllt.inc hridgc measul"c­
mcn t.o.; po~:o:illlc. 

~ l ndi('alion of the dir('('lion or ofT babn('c 
of ('ilhcr OIlC of Ihe hl"idge ('onlrol:o:, ('hu:o:cn al 
\\"ilt, i:; al.~o g in'n. 

I> H (':o:pol1:O:f' and ["('("O\"cry :1I"e in:o:i;llItaneOIl$ 
:lnd Ihe null indi(';lIor ('annot he injured hy 
o\·crloadillg. 

I> In noi,.;y lo("alioll:O: \·i:O:lI:11 hnlH!will~ is much 
le:o::o: fntiguinJ.!; than head tckphuJl(\o.;. 

SP ECIFICATION S 
Input Impeda nce: 0,,,· IIw!.:"hl", 
Sen s itivity: ).'() j.I" "t (j() "yd<!.~: :Jon to 300 j.I" a( 1000 
c~'I'I\'~' 
Selectivity : '10 dr~ih(,]~ a~a;1l81 ~I'"o'ltl h~r"l"";". 
Frequency Rang e; Ph,!!·in 1l1l;1~ IUlle (he ,,,,,pIH"'r for 
lhe dr·~iI"<',1 opt'ra,i"$( fl"<!ltllc"'·.\' . ::,'e "cxt pa!!(· . (·"n· 
linuollri ttln;n!! l':lI1!!1' ±;:" .~ for I':,,·h m,it. 
T e mpe ra t ure and Humidity Effects: ',"hrn thi~ i1l­
SI rU""'III is "pl'ratl'd uIld(:r ~c\"\:,.e c'IIldilinflS of tc'nt'H­
;'1'''',· :111<1 h"",idil." some dl·\·,\·,IW in s~"sh'i'~' "lid ~,·ll'c­
\i,,;t.l· lila.\' loe I'xl)('(·1<!d. l'''r til(' Iv\\" frI'C1UI)IlCY \utlitl~ 

unils thc ~i'tl" ili"ity In"y hc redu\'ed by a" "" .... h :l~ G dh, 
while f, .... ,,11 ""i l$ the ~decti\"it.l' 10 the s,·, .... "d h"r"",,,i,, 
m:oy he rNIlI"('d hy <> dh, TIl(' "ho\"e fi!!lIms :H,' f"r " 
ro;,1,,\;,'c ]""nidily of :"0% at !)i)0 Fahrenheit. 
Controls: l'""d ~ontml~ ;,re prfl,-i,I"d rnr 'Hljtl~1i"J.: 1he 
fo"u~ ",,,\ hrill ;,,, ... e of I he (':II hnrll"r:.y 1''' t"'TII. I),, · "h"se 
""d a'''pl;I",le of (he h,,1"I7.o,,(,,1 $ W(·I· p;II:.( ,-"It,,!!,·, and 
tho:- .I:"ill, $I.·lcet i,-; ,)" "lid tulli,,!!: of Ihe amplifier. 

Accessories Supplied: A i·f' )I 't. 1;11(' co"',c~tor curd. 

Acccssories R equired: 0" ... pi"!!· ;,, ph".<;II!! "irruil is 
u~,·d at :ln~' r"'·qur,,,·.,· 1,...1,,,,' .100 "~'('h'~: (0111' p\uJ.: · in 
\lu,;,,!! lInit for e,,,,h "tl(' r;,li"l: freq"'·',,".I· used. Tll('~ 
:Ire "ot indurl ... d ill Ihe llriecof (ho jnS1r1l1nellt. ($ce price 
Ii_( on "C~! 1':0;:"· ) 

Power Su pply; 10:; I" I ::!:, \'"It~. ·10 to GO ~.\'dc.'$. 

Power Input: :W w:tllg at no "ydl'~, 
Vacuum Tubes: OIl(' r.K;.C; Jl<'nwdc. onl' f,Fl't·C lwin 
uiotle, o"c ti.1 i)·CT f(, triodl', "lie !1I;\ 1':11 h,,(\('· ra.l" 'ul>e, 
;)IId oneGS;; rccl ;fi ... r; "II :Ire ~ul>lJlied wilh t h(: in~lrull,c"t . 

Mounting: SI'I"dnrd 10· i, ... h rd"y·r,,,·k panel. \\',,1nut 
cm! ],r,,,·kets arc suppli .. d rur I"hle moullt ;,,!!. 

Di mensions: )'""el. 10;0.; i ilwhes; d<,plh bch;mll'""d, 
~ I ;, ... h ... s . 

Net Weight: ::? ~) poullds. 

___ -"-'·!I",,"-_ _ , ___________ ___ _ ____ , __ (,.""'~(,:""C·,~,,~d ___ ,-_ _ ,-Pri,,, __ _ 
707- A I Cgthode-Rgy Null Detector* ...... ,. ,i :-:U.TY I $285.00 

I'.\TE:-':T :-:OTICE. See :-: "IC ~4. I"U;:'O "j, 'I~ l'l>:o ;i"" Cnit ",,0\ "]",,,,in,, Unil (.ee nex' pao;e). 
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BRIDGES 

PLUG - IN UNITS FOR TYPE 707-A CATHODE-RAY 

NULL DETECTOR 

T hc.<:c unit" :Irc rcquin·d for w,{' \\'jll1 TYPE 
707-.\ Cathmh·. lb" .\"ull DctC('lor and arc 
no" included ill the price of that. ill"'Lnlnlcnt. 

:\ pha:<ing unit, i" nctc~"ary for opt'J'ation at 
:tn~' frequent:" below ·JOO rydc:.:, At .Joo ('yelcB 
and aho\"c, nonc is required. A tuning unit i" 

required for each operating frequency. The 
tllni n~ rnngc i:<. ± 5'lo of the nominal fre­
qUCII(;Y of any luning uni t. 

:\llllllits plug into Illoullti n~ j:u'ks pro\'idct! 
in,.:ide ihf' nl\ll delc(·tor. 

96 

707-Pl 
707-P2 

PHASING UNITS 

For Frequencies Below 100 cycles 
For Frequ e ncies Be tw een 100 and 400 

cycles ........ ....... . 

AMPLIFIER TUNING UNITS 

,'>tJL1:rECAXT 

); ULI.Tl·:CHOY 

Frl"'1(1rllCY "'!II'~· _ __ -,---:":: ('",k 11"",/1 

707-P50 
707-P60 
707-P100 
707-P400 
707-Pl000 
707-P2000 

50 cycles 
60 cycles 

100 cycles 
400 cycles 

1000 cycles 
2000 cycles 

NU I .LTECIJO(; 

S l: I.I:r EC~:YI!: 

S'-I_I:rECTAP 

S ' "I.J:l'E(.'FI(; 

S l "l. l :r EC(; t;~l 

;-.:t;l.l:l'!-:Cll J .\ ' 

/'rir. 

$8.00 

8.00 

I 'firf 

$30.00 
30 .00 
30.00 
30 .00 
30.00 
30 .00 

Amplifier Tuning l "l\ it~ fot" ~pC'('i:d freql[{,llcic.,; bcl.\\"('('11 :30 :tnd 2000 cycle,", 
{"all be obtaillC'd on ~p( '( 'i:d ordcr. 
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AMPLIFIER S 

•• 1 

1--., II j 
.1 

TYPE 715-A DIRECT-CURRENT AMPLIFIER 

USES: T he TnJ:: 7J 5-A Dired-CulTclll Am­
plifier is dc.-;igncd primaril .... for II"C \\"i\.h the 
Eslerlitlc-Allgll~ 5-rnilliamJlcrc recorder. This 
('ombinaLion of ~~mplifiol' a.nd recorder i~ 
('ap:~blc of :"celll'illc]y recording ~m:l.ll d-c 
voltnp;c,; ~Ulc\ turrenh. In addition to it,.,,; 

Ob\'jOllS u.~c a .. '; a. l'c('oniing d-c milli:1.rnmctcr 
01' millinJ!imclcr, it has:1 Humber of applin~­
tiom; in 11I'O('C:"':' ('ontrol and in mca .. "un:mcnts 
in p l l),,·;j(·;d a.nd ('hcmiC'al laborJLlorics. 

Sin('c tht introc\mtion of thi:. amplifi(,I'. it 
ha.<.; found appli(,:l.lion to a Il'ide nll'i(·\.,· of 
indu,;trial fLnd rc,,;cn.1Th prohkrn:" , I t hal' heen 
ll..'icd rOt, the rC('oniing of fn'qucrw)' and for 
recording the modllla.t iOIl ]P\'{~ I of bro;ldmst 
t l'all:<rnit ter:<. Othcl' applimt ion,,; ilwindp t hc 
l'ccol'din,!!; of the insub.t ion resisiltlH'Q of 
('ieetrie:ti tll:lthincry timing dchydnl.tion. the 
mC<li<\lr('ll\cnt. of thc cmf of clcctro-tiH'mi('al 
('(, lis, the re(,urding of lifo tCi<ts 011 \W,'llu m 

t.uboi<. and tho rO('ording or i<olLnd and "iura­
t.ion inlcnsitici<. The ini<trtUnCllt. ma~' equally 
w('11 be ui<cd to ol)(,l'ltte hom phoioelectric 
(:olli< , rei<ii<taIH'C ,.,train ~a(!~()"', rc",j,;taIH:c I;hcl'­
m Ol\wt('J''''. and :<imil:1r cic\'i(·cs. 

DESCRIPTION: Tht' :unplificr is ~t hi~hly stable 
:H' opN:tled ill"'tnlnlCnl :Uld gin!", full-,.:e:dc 
()lLLput O\'CI' ,1 rang(' of input. voltagc", from 
0.1 \'011; 10 \.0 \'olt. )[(':tn:< arc p]'(n'i(kd for 
i<cl('(·tillg input. rc",i"'lallccs between 100 ohms 
alld 10 mc,!!;ohm",. 

T he ('il'('uit, cmploys t hree pcntodo t.uhes 
for the ampl ifier'" in a dc~cJl('I':'li\'(! ('in'uit 
a rt'an~ernenl, gi\'illg high ",lahili ty of ealibra­
j,ion. A ])1'idge-l..ype baialwillJ,.!; Il(,\,\\'ork u:<ing 
a \'oliagc I'eguhtor tube pnl\·idt' . ..; for haian<'­
ing 0\11. the "'teady phte ('urrellt in t he mctet', 
"'0 that the melt'l' inditates ('lIrrenl ('h:Ulge. 
B oth fine awl cO<l.r:<c zcro adju",tment.s a rc 
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provided for seLting the meter for normal 
zero. The circuit is un[iffccted by changes III 
!')!atc voltage caused by normal variations in 
fL-C ~lIpply \'o\tage. 

FEATURES: ... lIigh gain [ind ~impliciLy of 
operation hnve been combined with "tabilit.y 
of calibration. 
... A \\'ide range of input voltages and resbt­
ance combinations can be accommodated. 

AMPLIFIERS 

... Variatiuns in the temperatu re of Lhe 
cat.hode of the first amplifier Lllbe, :t crit.ical 
point, h:1\'o been overcome \'ery efTectively 
by using 11 regulating transformer and ~\ , fila­
ment balbst lamp. This 8y~lem maintains 
the heater voltage constant for line voltage 
change,,; from 105 to \25 \·olt,,;. 
... 1\.-c operation and small 8ize make this 
amplifier a convenient adjunct to the gmph ic 
recorder. 

SPECIFICATIONS 

Range: Th(\ illstmJl1(\nt is pro"ided with f"ur ealihr"I('d 
ran)(c~. ~('Icc!l·d hy J tle''''~ uf :0 swild,. ),(i"illK 5 rniili­
:lInpl"'cS li"l"'" UU!jHI! i" the r"N,rdcr rir('uit uf 1000 

uilJ"s, fu r i"put ""lla),(e8 uf 0.1. 0.2. 0.". a"d 1.0 \'\JI~ 
apIJli('d at the i" PUl lrrrni""I~ wilh rilher pul:uil.'·. The 
""i n i~ l>('st eX]lr('~.~('ct,,~ i' (.ra"~'·orH.hlJ:I:,rl<'e: the n,:-.xi­
mum YHlue i~ 50,000 mi, romho~. 

Accuracy: .h i' <:al ilm'h'd ".,Iune(('r, the at'tur"c,· of 
Ci,lihrali..,,, i ~ "PJ!m~ima,dy 1% ,)f full ~\'"I(·. Ihi~ a:'ell­
ra~., ' I>('i"il: rn:lirol:,irwd Oyer i' ('f>n~idrt'itl,lr peri .. d of lime. 

Input Circuit: ;"Ie,,"~ are pro\'ided for selN'tiug :II'Y 
one of a ",,,,oIw,' ,.1 inpu t rr.i~t", ... ,· •. ,;v th:'1 the i,,~(rll­
n'e" t ,,,,I n "I.,- h:l~ an "dju ~1 ,,1,lr inpl,l re.i~1 "",·e. hUI r,,11 
sen'(' :IS :I ral ihrat<'d ",illi\'ollrn('t("· nr mi'·],():llllllwfn. 
The inpUi r('~i~t",,..e~ r:"'gl' in p<>wel'o "r lO frum lUO 
ohms to 10 ",eK.,I"n~ .. ..:Iwrt-, ·i ... ·ui t "nd 0lx·, ... ·ir<:uit 
po~itiou. arlO al "" SIIJ,pli"d Olllh(' sell·l'I.,t' s",ild,. 

jI(J I' th,,~e appli("l!i"n~ wit..,.e ""Imi\'(, \,,,I,,,·s "ul\' :Ire 

of iu t('r':'SI and where !he \'J..llal!:e :"'"ibhle eX"('eds I' \'olt. 
One of the ,,,,it.,h po,ilioll, ,'ulO"e"lS the i"pUl lu:o ,.:".;­
ahl<· gaill "'J" r r"l,~" l1t" t lh!' ,·"l!"gr appli,·<llu 1)ll' ji" H 
grit! """ I,c adj,,",.:.d I" "UY ([('~il'e<1 v:llue. Th., irl)Hlt 
resisl ar",e f, ,r I his p, .. iliou is appro~i",,,\(· I .,· 1.jU,\)I)(l "I",,". 

Grid Current; The g"iel Clun·"t ill the il lput circuit is 
le~~ lh"" O.()O:! ",i,· .... "'",pi·I'(·. 
Output C ircuit; Th(' OlllpUI "in'"il is d"8iglH·d tu oprr­
:01(,,, 5-r"illialupc"t' Ine!('" uwulItecl uJ] the pa r,..1 "",I an 
e~H'ro,,,1 "wlCf ur de, i",· ",,,,Ii ,,~ the I ·:"tl·rli,,<· -.-\ILI!:U ~ 

5_",illi:""I""'(' I'(',·,,,'der. "",1 is IJI,<,,-id,',j ",i\h " """" ",11.1' 
Itdj'r~Trd ""l!lprns"lill~ resist"r",c , The "ompelJs:tliu~ 
resisl:II1"C is :"Ij,,~\(·d I" :tlln\\' f" f the resi~t"I"'c of the 
('~(Crn,,1 <le\' i"e, ~' J tk.t th ... i",lr"''' e ''l al\\'a,"~ w'Jrk~ 
inlO a "",.,,,a) ' -t'~i8Ia) ... e of 1000 oh',,8 . .-\llh"'II:h !he 
i" ~ I" u 'n('''1 funrlions perfe"II~' wi", ,) ope,."l illj;( int" 
rf'~ist" ,w('s from 0 10 :!()oO 010",". ils ,·"Iihr,,! iu ll i" affec ted 
slightb- if the lolal i",pc<i:l1Ice du,iates n,aleri"n." frulll 
dll' WOu·"I"" \'allle. 
T emperat ure and Hum id ity Effects : 0",,1' Ill(' ranJ;(r 
of m"m ,',,,,diti,,"s lIurmally ('IlCOUllll,.,.d «(;50 Fat"",n­
heit tu {lz,0 [:"I,,·,·,, ],,·ic U tu !)Z,t ~ 1'<·1:.(i,·.., f,un,idity ), d • .., 
uI"" ''' li"" :",d stability nrc iHdrpCIJllCll t of :om],iellL (;on­
dili .. "s. 
Power Supply: 1'1", inst rument i ~ int " ",I ... d for oprr­
aliun dirl'l'lh- fr"'" 1U5 tu 1:?5 (ur :.!IlJ to> :J;;O ) ,·"lts, GO 
l'y,·Il's . O l hl'" n,lt:q,:,·s ur ud,eI' frl'queue"" call be ~U l .pli,·d 

on 8p(OJ'i,,1 onlH ouly. 

Power Input: The pOWf'r draw" frum the (;0-"",'1<, lilrr 
i~ "pprl<xi'"a!l'iy;15 w,,!t~. ~o bUlteril's of un~' killd "re 
l,,,,pluyed. 

Vac"um Tu bes: The tuhes Il,cd M'e: lwo (,.I i-G. \Jlle 
(;]0'(;-(;. ,,,i!' GX"-G. Olle OC:.l JV II IOf •• one 4 ,\ 1. All arc 
furnished wilh Ihe i"~l'·"'l,,· " t . 

Mounting: The ,""pli1i('l'is IlH,,",!ed ill" "a,l ml'Ld (>asc 
idemit:,,1 \\'illo that "",·d ()Ilth(' 1 ·;~ll·d;ltc _.\"l!:u 81'('e"nler, 

01' ill \\':ol""l (·"I,illel. as dl'~i''l'li. 
Accessories Supplied: :-;l',·.,,, -foo l Ii",· Comil'ct"r curd. 

D imensions : Tn"; 71;;-A~t. (lwidl1 ) 15!, x (wi<hl» 
!J x (\",,)(11.) t;12 i,,,·hl·~. ,)\'('r· "I1: Tn.: 71;;_.-\]0: (l"'ij;(ht) 
15 x (\\'iddl ) .s~f x (ll' II)(lh ) ~ 3, i",.j,,·~ . ,,,cr-,, I1. 

Net We ight : \\';tlt l'ast IIlNal.·""" 10 ",atch L~terlill'-''­
A"I!:"s rel'unler. :!.jJ4 JJU III,ds; w;,\o W,,1U11! ""hi, ,,,1. 2214 
110UlJd~. 

Thl' 'j'Yl'l: ~15-A.\! Di"l'l'I-C"""('n t .\mjllifier . 

715-AE 
71S-AM 

In Cast Metal Case 
In Walnut Cabinet. 

...... .......... ·1 
......... ......... 

:bIDE 
ALO~YI' 

$345.00 
300.00 
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AMPLIFIERS 

TYPE 1231-8 AMPLIFIER AND NULL DETECTOR 

USES: The TnE 12:31- B .\mplifit'1' alld :\ull 
Detecior call be u,,;('<1 as a hiv:h-~aill :unplilicr 
for ~('n('nll labomtol'Y usc or :\ti :l sen"i1 h'c 
vis1Ial null (kteetol' for britlp:c mca;;Ul'cmt'1I1", 
For an aur:l] indication of t he null point the 
:Ullplificr C:lll he used with hCiH\ tpkphoncs. 
It may abo b(' u:<cd :'1:< :l pre-amplifier for 
crystal minopllOtit's, vib!';!! iOll pickups :md 
catll(J(le-nt." u"'til1u:«·olll':-;. ,ViUt l~ ,.:uita\llc 
crystal det('cior it (':Ul 1)(' u:-,('d a.$ a :-<PIl"itin! 
inciicator for a mplitudc-lllodu1n.ted high-frc­
qll('ll('~' \'oliag('" (for ('xamph" :\,,; a :o.ittllding­
\\':we indi("ator for a :-<101 tcd nW:l:<ming line). 

DESCRIPTION: T he in"ll'llmcnl.. con"ists of a 
high-gain amplifier with 1m OUt.PIlI.. s lap;c that 
call he operated a1) :l linear :lmplifier for 
genera! laboratory use or as a logarithmic 
ampli fie r for nu!!-c\(-tl'('lor u;':c. The p:w('1 
nwtf'l' indira,\.('~ the amplifier ou tput in t\I'O 
!'anj.!;(',..:, ~crn'''' a~ a null illdi(,;Ltor, llnd i:-, abo 
u:-,('d 10 chC('k t.he cond ition of tlw Imllel'r. 
'flip mlll-deh'cLor n':-:pOIli-:C i~ :Lpproximal(·iy 
log:aritlllni(' O\'l'l' a -IO-db rallgT . A 30-db 
input atklHllllot· i ~ provided for atjpll\ti~tio n 
of hig:h inpuL \'olt:tg:0"':, Eithcr ,\ 11.-\18 battery 
paek or the TYI'E 12\il-A POI\T'r Supply ('an 
be pla('c(\ wit.hin the (':lhilH·t to operate t he 
instrument, huL ()\'('r-al l pl't'formance i~ ~ome­
what better WiLh the b:\.ttcry . Blocking: capa(;-

i lOlCi at hoth input ::tnd output j;u'k>; i...:ulal!­
til!' in . ..:trumcnt from din'd ('IIIT('IIt. in ill(' 
l'X I.('t·mtl eircuit..-; to \\'hie-h it nu\.\' 1)(> ('on-
11('e-I<-(\. ..-\ /ilt.er jack on the p:u'll'l of the 
in . ..:t.rlll))( 'lIt permits in . ..:erLiol1 or :111 anLi­
\'(':-'Oll:l.llt filler, ;,:uch a~ the T YI 'I-: 12:31- P, 
ill the gl'id ci rcu it. of I.he last. :'itag:e for modify­
ing t.he frcquenc .... ehar:lctcri:,;tk, 

FEATURES: .. Plainh- b1)('I I('d pu~h button 
control:,; mak e the olif't'atioll of the amplifiet' 
!:' imple and COIn'CHicn\' 
.. Inpu t and output iPrminal!S nrc arrangcd 
to take ei t.her '1')'1'1'; 27·1 Plug:-; or TYPE 77! 
CO:lxial Conneclors. 
.. The :-iclf-con\.aincd meter InHkf's the inst.rU­
ment :l I'cry conn~ltiCl1t dct.ector for bridge 
measurement.!S. 
.. I f:\nnonics 0 1' noise outside tht' opemting: 
frequency r:wge are (':\ ~i1.\' and ('lfecti\'ely 
eliminated by t he insertioll of fil ter units, 
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AMPLIFIERS 

SPECIFICATIONS 
In put Impedance; 1 ml'.l::uiltll in pnr"llcl with 20 mifro­
m;"T' ,r" rad~. 
Maximum Gain : (;r..,:llCr lh"" :-':1 db :It 1 k.., wilh 1 
rnel(0hm load. 
Meter Scales: :\ ()IL\! ~":lle: TIo'. s~al<: i~ til" UH~' 
nor",,,lly us<>d to munitur the :111'l,lifi('f uuqmt vultal('·. 
l L is ""lihrah'd "pproxim"tdy in \"(Jh~ wiil, "n a,-,cunocy 
lOf r ... "dilll': of ±':;'.~ of full ~l·"l<:. 

SE)1:; ~ .. all'; Thi~ 'iwale is u$'(l fur d('\l'rmin inJ:: r"li"~ 
of \")h:lI1('~ ~u"{,(,>i.'!h·.·I.I' appli,'d 10 tllc ;''1)01\ It'rllli""l~, 
,,,, in ",,,,,dinl1-waw' "'e"~"N·llw"tS. It ill cal ih!'",..,d 
npPI"Q";"':lldy '" ,1"dJ."]s will, "" :'trhil."ry l\ero. Thus 
n r:olio ('xl.n·"" .... , in d('('ih."l~ ill oh'"inc<.i by ~llhlr"clinll: 
ullc " ' <'If'T n""l;,,!,: f'''ilI ""ulloer. Ratios 110 ohtai"l·d "re 
w','urn!.., "ithin au'; lOr ,1.(> ' .... rn'<:t ,",,1I1l' in d('(-il)('I~, 

1,I'1)\,id .. ,J :11 ] .. a~~ one ..,r the n.'"di"Wi jg ;Loo,'e h:,lf ~o::.le 
on Ihe mNo:r, 

:\0 SI'I);.rale :w:.li' i~ pro"itil'tl (or :\1'1.1, DET 01'W'f­
"Ii .. n, ~i",'" ""t",,1 n.'adinl!:s :ore 1l0~ 1If'('(1l't1. 
Null Detector Sensi tivity: ] ..<':!S than 100 rnirro,'olt8 
input is Tt."<luired to gin, 10<;'" i ndication on Ihe mcl<.-r 
:It I k .. , 
Ampl ifie r Sensi tivity: I ,{'~ Iha n 2,; mi .. .,,,',,lt~ i'I1H.t 
;at 1 k .. i~ '"('(Iair('d 10 give 10% i",li <.-"l iou 0)11 :-o; ,,::\,~ 

r:"'l!:e or Ihe nH"t<.-r, 
Output Impedance : A"proximalely 50,noO " hms, 

1'111'" 

1231-8 Amplifier and Null Detectar , 

Maximum Outpu t Vo ltage : 5 ,"olu inln 20,000 ohms; 
20 "OIlS into 1 ' ''('gohm, 
Noise and Hum Level: TI. t) open dr{'uit noiso Io"n:,l ;~ 
] C~~ lloMl 0,5 ,'olt at full gain , W]'{'n tho:: T n'.: I:!GI.A 
I'O\\'H SUlJply i~ u~l'd, Ih ... 0l)('n "ircuit lIoi:;c :.ml hum 
11'",,1 i$I\'~B thall 1 \"ult, 
Frequency Response: ~ {"un'c on pt(:{"etlinf{ 1,1' 1::'" 
T ubes: Tho iU~ln''''('nt r"qui,...~ 1\\'0 T YI"; 11..-1 au,] one 
'l'n"; IOb,OT Tubes. whid. are SUPI)lied in the iMtl'U' 
me"l, 
Power Supply: Bur~8S 6"1',.1,60 (!';il::u:01 Corl'~ B,H S) 
U:tttcry PacK i8 8111>1'1i ... d ill 1)laC(' in (h ... i"@lrl11"~ .. "I. 
Whell a-e SUI>I.I~' is d(-,gi....u, the 'l', ·t'.: 1:.'61·.-\ l'"wet 
SUI>I)I)" (II(-'(-' twX! 1):11::") .'aU Il(' u~ ... L 
Battery Life: U(:twccn 200 ,,"J :!,jU 1 .. ,ul'S al N hours 
IICr dllr. 
Accessories Available: ,],"1'.: 1:!31 · J>:! (-100 iUld 1000 
eycics) "nd TVI'I; 1:!:H-1'3 «(;0 ,,)"d(-'s ) "1"unoo ("ircuits :I re 
,,":lililhle for pro"idin!; S<'k'C\"'ily (Ill-'-'fl below ) .. For 
f" ... ilit;.! ;,,1:: N",nc.·tio,,@ 10 the inpllt ,.nd Olllput. 1\\0 
1'1'1'1: :!74,)1 PI11gs are ~ul>l)1ied, 'fYI'" :!;-I.:\(' or Tn'); 
27,1,:\£ Sltil'ldM\ (,,,""(-'f'I""'l n",,' he u ... ·.1. Where ""'"" 
I)JHe ~hil'ldilllC i~ T('<luired. Tn'O: 774 C",ni"l Conncctors 
(pUI::C :!O") , .. e rM·""""(·,,dMI. 
D imensions: I:!'., x l-'-o:o: I(P.; in .. he~. OYi'r-all. 
Net Weight: :!a~4 p,:m"d.~. i"dudi,,!; Imttcril's. 

I'rlu 

VALID $ 195.00 

TYPE 1231-P TUNED CIRCUITS 
USES: These \..ulled~I'iI'Cllit fill/'r:; :11'(' prirn:lrily 
dt':-oi).!;Jlt'd fot, use with the Tyl'~; I 2:11-11 .\m p1i~ 
fic !' alld :\'1111 D('(t:C10I" for sUPPl'c:o;",ing h:lI'­
monk's, Iloi:;e, and hum in ",iu).!;k·· fl'('q llCJl(·Y 
nW;lS\l1'('ll1cnh, such :tS the balancing of a 
hrid!!(·. 
DESCRIPTION: Th(' TYPE 12:3I- P TUll('d ("ir~ 
cll il s :\I'C pamJtcl H''''Ull;JII\.. dr('lIit.:" . TIl(' ,100-
:lnd 1000-c\'('lc I"lr('uils are mOIIllI('(1 in til(' 
8:1111(' <::1:«',' :111<1 :1 toggl(' 8.\\"ilt-h is in:-o;tall('d 
for sc\(.'t'lin,J:! th(' d('",iJ'('d h('(I'H'Il(·Y. ,\ plug 
:wd a 1('n~lh of s hicilh.·d cuille arc fUl'lli",he(\ 
\\'i, h all ullil:<. 

FEATURES: .. Jlltl'lllOll i('''' as \\"C'I\ a .. '-" noi:,,(' :l.nd 
othcl' ('oml)()n('nts out ",ide til(' pa%> band :\1"0 
('oll\'C'ni('ntk ('\iminal<'tl from the (h-tct'w!' 
(·in·uiL of a ·hrid!(t' . 
.. ,\m plifiC'1' gain i", \lot, ;.;a('rifi('('d appn't'i:lbly 
becaU::iC the iusertiol\ 10:"-.-< o t' Ill(' lill('1's is 
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POWER SUPPLIES 

AtlenU:l\iOll d"'nwt()ri~ti('~ of T\"l'~: 1:?31-\ ' 
'1'\1,,<.:.1 ('in·uit~. 

smal l ami call U~ll:ll1\' 1)(' 10\erated fot' mo~\.. 
uses bCC:lllliC of t he high gaiu of t he amplifier. 

II> The frequency Ch:l t':wtcristic of the TnE 
1231- B Amplifier and :\"u ll Detector when 
the T HE 123 1- P T uned Circu its :U"C lIsed 
with it is indcpcn<icnt of the terminat.ing 
impcdanl'<'>' ordinarily cncount('I"(·d. 

SPECIFICATIONS 

F reque n cy: Tw .... 1111;18 :or(, list('d. onc Fnr (j() t'~'d('s :Inri 
the utlotr [Vf both 400 and 1000 I'yd('!. T ile "('('\lr:"~y of 
tuning is ±2%. l:nil~ ror ollu:r rr~llLl'l"ies tau he rn"d(: 
011 :speci:ll order. 

Attenu a t ion : ~ i""cm"J",uyi"ll: curn'~. ;\01<' tl",~ the 
Tn-.: 12:1 1 .. 1'2 ill ('ff('('live ill .""",,·inl: J;O-rn'!e hUIlI a~ 
well "!II Il"rtll(mic$ o f Ih\] resonant frc{jucncy: 

Mounting : ~tand:'rtl dr:,w"-~tl'('1 (·:I~e. i\lodf'1 C (~Cl' 
lm~(' 1-10 r .... r ;linlf',,~i,!,,~) . .-\ phl<,:: ""d :.'-1 i"d,('~ of ~hif' l df'rl 
cahlf' Mel lJro,"idr<i rur ('<)''''elctilll: to 1l,p Tn'.: l:nl_B 
AU' lJlifielr Hnll l\ull Dete" tor. 

Ne t Wei gh t: a 1. 1l<l1l,,,1~. l~,th "",d,·ls. 

Tllpe 

1231-P2 
1231-P3 

~ _______ CF~"",~,,~,,~,,~y~ ______ ~---'-(~·oo~r 11',,,,1 

400 and 1000 cycles . 
60 cycles . 

.nIBLE 

.\;\ll'J.E 

$20.00 
15.00 

TYPE 1261-A POWER SUPPLY 

USES: The TYPE 1201-.\ Powcr Sl1pply 
i" :111 :\-(' power pack for Il~(' ill pla('c of bat­
I('t"k~ in b:ltter.,"-opcr:licd ill:<tnl1ll1.'uts wh('re 
con tinuOl lS operation, slII,h as PI"I)(llldion 
tc"tin~, makc>:i it. dc:<imiJle to UI}('I~ltC the 
ins tl"tlmcut. from an :l-C pow(,1" lim'. The 
power pack i~ dc:<igned to be the eqll i\':dcnt 
of a IU-I8 ( Bm~(':<s (jT.\(jO) combination 
haHNY in \,oltag(':<, ('I1I"1"(,1It capa<."ity. ::,ize :11\(1 

Sh:lPC, so t.hat. it i~ int<'rth:1I1g(':.i,I(' cl('(·tl" i (·:lll~· 
:ulIl medl:1llil"a JI\" wi t h t ha t ha \I (']'\'. It. t':11I be 
11:<('(1 in thc foll~\\"ing (3ellent! H:;dio inslru­
!lwnts: 

Tn'l-; 720-.\ I [('tl'rod,nlt' Frl't[ul'lIey ) l ctcl" 
TYl'E i59-.\ or· 1) :'tJllnd-L/.'wl .\lct('r 
THE 12:Jl-.\ 01" - 13 Amplifier and ;\" ull 

Detector 

DESCRIPTION: Thil:i 1'0\\'('1' :<lIpply is a light 
I.:omp:,ct unit. that. fit:< into 11\1.' batlcl"~' eom­
p:\I'I mCIlt. of Gencm! Had io i 1I::'ll'I1mCllt:-: \\"hit"il 
u:-:e t he BA-IS battery block . 

. \ :-;elenium rettifier and lA' filtel" wilh t.wo 
fla:< hlight cells flo:1IinJ.; :\('ro:;s t he uu tput. pro­
vide a low-impecla nt'e well-filtercd and I"egu­
ial(,d d-c filamen t. ~ttppl~· .. \ c'oll\,entional 
V:lC\l\ ItIl-lubc I·c(·tifier II l1d R-C filter prod de 
the plate l'upp ly .. \ four-terminal output 
socket fits t he plllg Oil tI\(, battcr~' ("able of 
instruments wh ich Il:-:e the 13.\ -18 hatte ry. 

Octa l Seleelor l 'lllg:-l inse r li,d in to :\. !<Qt"ket 
on th!' top of till' pOW(,1" supply m:tkc it 
pot;:<ible to select. fil:UllCIlt. :llld p late \'oltagcti 
fo!" nll"iuus need:<. 

FEATURES: ~ Filll'ring action eqlli\'al('nt to 
that of :l I:II"I!;I' capacitor is obtai1wd hy 
floating; i\\'O fi:l:-;lll ight cells aCrOSS the output 
fi laml'11t. :<llpply. 

~ E';,;{'lIli:llh- l'Ou:<lallt filnn1t'1I1 \-olta~(' i:-l 
maintaill('d iw 111(':111:< of th(':<(' :<mall balierics. 
\\'h('ll till' 1;0\\'('1" :<uppJ,\' is in operation, 
nOl"mallill1' \-oha~(' I':Hiation:< (':lll:<£' the ('clls 
('ilh!'!" 10 char!(e :-:1iJ.!:hll.'" 01' dl'li\"t'1" :<mall 
:1111011]lt:< of power to 1l ll.' loatl. 

~ 'I'll(' fil:lIl1('lll oUlPut \'olta~(' 1":111 h(' :<ct at 
:LIl\" time and checked ag:lill:<t the battery 
\"oii:tp;e. 
~ Th!' life of til(' fla:<hliv:ht (,('11:< i:< pr:l t' lieally 
eqwli 10 Ihc' il" :<helf life .. \ ,;mall reia.\', hi tilt 
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as p;\rt. of one of the filter chokc,,:, opens the 
circuit. when th(' in:;tl"1 l111ent is turned on, tiO 

that. t.he cells will not run down. 
~ Quick interchangeability with the jL\ ·!8 
battN}' block is possible. No rewiring or 
circuiL changes arc required in new inst.ru-

POW E R SUPPLIES 

mcnts purch:lscd wi th t he TYPE 1261-A 
Power Supply, or pun.:ha:"c<i ,.; ince the power 
su pply has becomc availahl(· . Older ini;t.ru­
mcnt.s may require a. minor Ch :lllgC in t.he 
wiring of the LaUery cable, and fun instruc­
tiOlli; ~lre furnished for such case,.;. 

SPECIFICATIONS 

OUTPUT: 

F ilament Supply: 1.5 volts or 3.0 "ol(~: maximum 
cnlT(,llt ;);;0 ma. Normal current llNlt\('U t hrollgll fill(,T 
choke 10 (-'I)l'r"l(: r('b~' is 300 ma. A blel'der resistor is 
nCl·,h·t! in the selector plug if the load CU Hent is le~s 
th,," Ihi~ ,·"llle. 

P late Supply: \\·It"11 Ih(l power ~1J])ply i~ Ollerat{'d from 
n II'.-v<>lt C.O·cyde line amI the nor",:L1 fibmeJl( eurrellt 
of atJO In" is dr,,,,·,, . the pI,,\(, supply has the fvll"wi"g 
char, ... tel·i~t ics: 

133 volt~ 0llen dUll il 
107 ,·"lts at 3 Illa 

.... ~l vult,. "I r, m" 
7:.! "olts '" 7 ",:\ 

"I,,~i"'III" uulput turr('llt S "'" 

Selector Plugs : Onr of th.· r"llow;"g is fllrni ~hed. PIC:'$<) 
~p('dfy tn>c wall1NI. 

S elector Plug 1261 - Pl - 1'T<,,-id,·~ pTnp" r ,'"h:ll:{'s 
for TYI": 75~)-.\ &>""d-I.(,,'('1 ~1('1f·r. !l"I1'-"'~' Pla,,' H[ 
;,;"",,,<1· 1.('\'(,1 .\1<·I('r mll~t he rcp1a,·('d II," [""r-ll'r"li u,,1 
1'1"1: 1<> fit u"lI,ut w('k('t of T\'['f: l :.!(;[-A Puwer ;-:" lJpb', 
1',,11 ~ensitivi[y uf ins' rUlll('''' """11,.1 1>(! lI~ed. ,\ tumual(Jr 
antlilll:g 1...-·1"w .:;0 (It, "II B ""d (" wl'il:hli"l: IIcl\\'orks "IIt! 
bdv,," -10 db un the A weightill:' "elwurk arc not rcculn­
melltled. 

Selector Plug 1261-P2 -l'royides ]Jt'JPer \,()11"l:cs 
for Tn'>:: 7':;~-B &mnd- Len-I .\leler. 

Selector P lug 1261-P3-l'ro l'id('s pTfl]lcr "ol"'l':e9 
ror Tn',; 720-.\ Il etf'ro<!yne Frequenc)' .\IN.,I'. 

Se lector Plug 1261-P4 - l'rovides proper \,oltagf's 
for Tn·.; I:nl-A or -13 Am]llifier and X,,1I Detector. 0" 
Null Detector usc. tlle plate supply regulation cnmC>l 
the lI1('t('t to ovurshovt somewhat uvon rapidl.\' approach­
ill l-: n "nIl. 

Selector Plug 1261-P5 - l'u be wired hy Cll~lomer 
to meet hi$ own rC<juirCIll{'1I1S. 
Hum and Noise level -Suf!i('i.:.ntly \0'" to ;\!!I!\lTC 
8ati~faetor.,· operatiOn of ill~tr\lmnlll~ 1;~tc<1 u,,!l()r ,",v"tli. 
li()n~ specificd. 
Input Voltage: 105- 1:.!5 {or 210 :.!50) ,·"IIlI, ,10 10 60 
eydc~. 

Input Power: Ap]lfoxill\atc1y 10 \\,,,t1~. 

T .... be: One GI[(; ig \l~cd. and is $UI)I!1icd with the in­
su·,w,,·III. 
Batteries: Two Burl-: .... ~g :-'::0. 211"i'f'dl~ which uro fl<)a~ed 
aerws the olItl!ut of the !-,il:tment Supply arc f"mi"hed. 
Accessories S .... pplied: Line (:onneetvr cord with OX­
OFF swiuh. 
T e rm inals: A fllUr·t ... rrn;1l,,1 OUIl'lll 8,.wk ... t fil~ Ihe I'lll/! 
011 thf' haltery cahle of the T\'l'l; 7;)~)- B. '\'1"1'>: 7:.!O· .-\, ""d 
'j'yp,: I:.!:H_A (JI' -II. 

D imensions: {1.cllJ::th) 10 x {width ) 2}:( x (dupth ) .:; 
inr.hc~. 

Net Weight: 7 J1 pOu"ds. 

l'rice 

$95.00 

\\'he" ordcrillJ::. specify type of ~d,", .. I"r phIl-: d('"il'N\ :lIld IYI'I) Illll"he r 'Illd serial nUIlll.e,· "f i"~tnlllwllt 
WiTh ",hit·!. pu"'"r ~uPJJly i~ 10 1)<) w<e,1. Ext!':! ,eleclo!' plugs c"" I.e Mlp!Jlie<! at" wi"" or S.75 ","eh, 
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POWER SUPPLIES 

TYPE 1260-A VARIAC-RECTIFIER 

0-10 VOLTS, 4 AMPERES, DC 

••• = •••• ... ~ .... 
•••••••• ••• • ••• ••••••• ••• W ••• 
••• 1'1/ • •• 

•••• •• 

USES: TYPE 1260-A Valiac-Reclificl' is in­
tcndetl for general bbora lory USC :lS a. depend­
able :mh"li l utl' for stomgc b:l.ltcl'ie" . It is :l 

cOlwcnicnL SOLlrce of filame nt and bias nl\1r­
a~c s for va.cuum tubes III experimental 
circuits. 

DESCRIPTION: The ('kml'n Ls of t he power 
supply uni t :.trc a transformer, n. selenium 

. ....... . 
• ••••••• 1113 •••••• 
• ••••••• • ••••••• • ••••••• • ••••••• • ••••••• 

rectifier and nn outpu t fil te t', The 0111 put 
voltage is controlled by a ral'i:1C feeding the 
tmnsfot'mer primary, and is indicated by a 
P:l I1 C\ meteI'. 

FEATURES: Ease of voitag<' (:Ol1tI'O\ £I'ol'n ze ro 
to rnaximurn , low hum level, and lull' inl('rnal 
res ist:1Jl ('C arc the important features of this 
power :mppi y. 

SPECIFICATIONS 

Output Range: " amJ)f'rt'~ at 0-10 ,""It~. d('; maximum 
p""'·l.'r. ·1Q watl~; maximum current." alllpcre~; no load 
wlh:llte. o\'er 15 \'011S. 

Meter: 'I' h!' outpul "oll:o~.· i~ indi'·:o l ... d hy ""olt rnl'ter 
mnu nt ... d on Ih .. ,-,,,hind . :\ 1>'111<'1 knuh 1.''' " lrol~ Ih .. OU1-
l)Ut. \'01 1:111", 

Po wer Supply: '1'10 ., " nil wi ll "IH'ra l'" from a 105- to 125-
"olt , .sO- t" DU-,·., <"1" liue, 

Power Input; \\" 1 .... ·n th(> Ullil i~ np<>r:otillll at tI,., fu ll 
LO-wfltt I""d . the I)()W(>T input from the :1-(' li"e is "bout 
i.s wllllll, 

Internal Resistance: T he d-c iut('TUal rcsist:U1t'C is 
O.Gohm. 

Hu m Voltage: '\ t 10 \'oh~, ,I am l)('r"('~, t il ... hum volt;.,!:"c 
i ~ I('~~ tll,on lOll mi ll in.lt :! { , T 1'-( /,f lhl' (nHpu t \'olta,!:"c 
when 11)(> i lL~t r um('''t ;$ "1' .... ,,1<'rI ()II" !iU-I'.n·le lin .... ,-\ t 2 
,·oh~. " a"'I>l'~'~. Ih" hum " "I , al:e i~ 1.'~~ Ih"l1 (;0 ,,,illi­
" O)h~ nr :j<"'( of ,I", o utput ,·"It"ll:l' wi",,, 110 (0 i'''>1runlf'lIt 
is "pI'r:HNI (lH a 50-cyt"lc li n .... For I()w,- r 1(J"d curr ... n t~ . 

Ih Cl hum d(" · '·I·"H·~ . 

Accessori es Suppl ied: I,inc conn{'{' lor c,,1>lc. 

Mounting: 'I' ll(' instnllll('nt i6 mounted in " mel:.] 
ellhinl" 5uiwhl(' for taOle IIi!<'. 

Dimens ions: (Length) lG x (deIHh ) 7 x (ht'ight) 9)1 
iud,(,~. o,cr. un. 

Net Weight; 2ij~~ pounds. 

" rirr 

Variac-Rectifier ., . .. , .... ,"'", .. . 1 V.\LET $125.00 
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Thc.-;c uni t. instrument>; are flexible, inl.'x~ 
pensiye d(!yices for p;clH'ml hhomtor~y Uf«', 

The Iht"('t~ unil~ lisled are de:<.igncc\ to 1)(' :\,.<; ­

semblt'd in tombill(tt.ion ;\.'i required for a 
part it'ubr appli('llt iOIl" They ,1.1"e C'speciall,v 
usC'ful in t.he :"whonl 0 1' college labomtory both 

UNIT INSTRUMENTS 

for tcaching ~Uld for W:ie in experinwntal work 
hy stude nts" They provide, at. low cost, 
indispensn.blo laboratory inst nltlwut:-; ~ a 
\\"ide-frequf'llcy"rangc po\\"er :-;olln'c and 
an amplifirr capaLlc of dPiiwring threc 
wa\.tJ';. 

(lAiC) 'I'YN; 120G-A Uni t Amplifier, :l"d (Ui{JloI) Tnt: 1:l07"A Unit Oscilbtor cO"llCCICd to tho 
Tff'~; 1205-,\ Unit l 'o,,"cr Su]>ply. 

TYPE 1205-A UNIT POWER SUPPLY 

This powcr plwk is designed primarily fol' 
liSP wit.h the Tn'l': 120G-.--\ Cnit Amplifi(']' ami 
the "I'YI'E 1207-A I-nit. Oscilh~tor. COtltH'ct ions 
to I he Ol-willalor 01' amplifier am made t.hrough 
muli ipoint. conn('ctors mounled in the ends of 
the in:-;t.rumcnt,," \V1lCl1 "0 II:-;.~ ('mbled, t.he eom­
biu:tliot\ of 11llit~ i~ vcry ('ompact, occupying 
a minimum of beneh s pact'. The po\\"(': 1" ~upply 
Clm :,1,-0 be llsed scpl~ratel.\' a:-; a g;elwml-pur­
pose :-;OIIl"Ce of hcatet" and plat.o p()\\"('r for ot her 
eie('\]"()lIlC ('quipment. 

1205_A I Unil P.owe, Supply . 

TYPE 1206-A UNIT AMPLIFIER 

USES: Thi:-; amplifier i:-; de"iJ.!;))l'd for ma",imum 
Illilit,\" in the h~bomtor,\". It,.: 1ll:t",i11lurn gain 
i~ .~ufTi('ient. fo r u,,(' itl tbt' d('l(,(,tor eircuits 
of irnpptinll(:p bridges, \\'hil(, il,.: ou tpu t. pO\I"('r 
i~ ati('qu<Ll(' foJ' dri\'ing; man.\" luw-pm\"('l" In.b­
uratory dt'yi('p,,:. The normltl operating; ra.nge 
CO\'('I'''; hoi h :Llldio all(1 :-;IIP(~I"'OJli(; f I"('(!ut'n("i(',~. 
DESCRIPTION: Thc mnplific:r cin;uit tontlLi lb 
two triode voltage-amplifier stages and an 
irnpl"'(\an("{:-eollp\('(1 0111 pIlI ,.:1 aw'. ('al hode dt'­
gpn('l",\tioll j" ('ll1ployed on 11t(> input ,.;tage, 
:u\d addil ion:tl dt'g('I1cralion j" jlltltlded l)('-
1\\"('('11 lite ,~e{"olld amplifier alld tlte ouipllt. 
tllb!'. Power supply ('(J!lnp('tiun,.: plug tiin'dly 
into the TYPE: 1205-.-\ L'nit. FOI'"PI' :-:'upply . 
FEAT URES: .. A ,"o!f:\g(' g:1.in of "H) db ("0111-

bil\td \\"ith a ma",imuill ()l1l.Pl1t of ;~ \\·:tlts . 
.. \\"ide fl'eqlle1\('.\" range - fb t nJl 10 100 k('. 
.. ]-:",('('lIl'nt gain o.:l:Lbility, 101\" di":lortiull, n,nd 
good pha.~('-"hifl c'h ar:t<'t('ri.~ti(" , 1"('.~ ultillg; fronl 
lht' II"" of in\"('r,~(' f('c'db:U'k. 

Output Voltages; 0.:1 \"olu. Ole, a' '2.:", ~mJ)crcs, llH,xi­
mUIIl, 300 '·,>ll~. d,', a' 50 Illilliamprri's Ill~x;m\llll. :\0-
load I"olt:lge;$ "h,,"1 :j!)O '·oh~. :\ l) r ... gll!:.li"n i~ prvl"idNI. 
Hum Level: 0"1'- "011 "I :{OO v()lls al,d 50 ",i1lialll])'m~~" 
I n put Power Su pply; 115 ( .. r :!3U ) ,·,'II~. ,;0 10 (;U ''.'"clc~" 

Input Power; "\].pruxi"'all'1y 12 W"II~. "" 1');1(\: 
"pproxi" 'a,<:h" ,in ,,""II~, filII load. 
Rectifier Tube: O"e O:\5-CT G whid, is ~upJ!lied . 

Output T erminals: A ~I"ndard Illultipoillt .. ""I,c,·tor 
is arrnuJ.!:cd fOl" plul-tging: dire"tiy '"l" (""h,'r Il,,~ "["\"I'E 

I:!Ot.\-A unit Amplili!'T or the Tyn: I :l07 ""\ I '"it Oso:i11ator. 
,\ mating plu!:! i~ provided fl)T use with vl h,'r '"'luipmellt, 
:"11\ a li ne (;Onnenlor cord i~ ~lIppJ i ed . 

Dimensions: (Widlh ) ,;"i x (hcight) r,li x (d"J,th) 
5)." i,,<"IlI's U "~'l"_ :tll. Net Weight; 1\3:, ll,~, 

(,,,,/(' W.mi Pricr 

AI "I'['l" I p,jee on Reques t 

.. \\"irp-\\"()\]llli \"olumc control in":\\I'CS low 
noise lew I a,.: gain i" changed, 

SPECIFICATIONS 

Voltage Gain: C(}n l in\(u\I~I.r "dju~lablc f"f)!II 0 to 45 
d.wihd~. 

Load Impedance: 7,;(JO Oh tHS ('I,li"l",n. r~l o.k i"g 

'''Ii'''''il"," i~ I I'f. 

Maximum Output; :3 ,,-,,(1 5 int" 7500 ohm8 ·'atl be 
ul ,(;oinc(\ with il-~~ II'an "j 'o dblullioll" 

Input Impedance; The- i'>]1111 1".,i'I""("· i~ :lOlI,Uoo 
"h",.<. 1I1,,,.ki"l( '·"l':wilor is 0.05 "f. 

Frequency Response: 1 ':~8('1,(i"I1.\· .·,,"~Ianl fr"t11 100 
(" 'd,'~ '" I(KI k.,. 11<'~p' Hl~l' d ... )p~ {; ,11, J><'r 01"101'",' "h,,'e 
:!Oo k, ·. l! •. ~l''''' "(' al :!O C i~ dow" (0 dt.. 

Distortion: Tlo l' distortion w]"',, d<J1in'l·inJ.!: I "":t(1 it 'lO 
a l"ad of 7;j1)(I "ht,,~ i~ !e~g th"" :!' c a[ fl"Cll't",wi<,- "l,o"c 
IOU ('\'dc~. AI I,,\\"('r fl"'I IU"' H" i(>s , he d i ~lol"( i ()1t iU'·I·":!""'.', 
bill i~ l ,'~" Iha" :\' , "I :>I)('~"(' Ie-,;. "I I "" ,,"'!>"I "f:, "",,I t~" 
\»Ial di~I"l"ti"" ;~ II tHIC'I" .; ' l ,01.",·" ](~I ... \'d('~" 

A_C Hum: The nU-r<ydc Illltrl 1t',,'1 'n Ih~" ""'I'ut j~ 
abu" I I:!:, ,,,,l li"olls" 

Power Supply; TIo(' Tn',: 1:l05":\ L'nit I'vl<"(>r ";"l'I,b" 
]>1111':' dir(,l"tl ~· inl" the '''''plilie-r. 
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UNIT IN S TRUMENT S 

Tubes: One 6SN7-G T find oue 6\'6-GT "r!) ~llpplicd. 

Te rminals: J ""k-lO).l binding poIlt~ On :!(-inch splicing. 

TVp' 

1206_A I Unil Am p lifi e r , •.•.•...•.•..... 

TYPE 1207- A UNIT OSCtLLATOR 
USES: The ability of this oscillat.or to produce 
a test signal at frequencic::; ranging from 400 
cycles to 80 megacycles makes it a most useful 
instnllnent in the labomtory. It fills the need 
for a simple wide-range power source for 
mca.'lUl'cmcnt and testing, without expensive 
refinements, but quickly adaptable to a wide 
variety of uscs. 
DESCRIPTION: A conventional H artley cir­
cuit is used in this oscillator. Seven plug-in 
coils arc available, which collectively cover 
a continuous frequency range from 70 kc to 
80 l\,rc. Plug-in coil forms arc available and 
can be used to meet.. special requi rements. 
Three plug-in circuits n,rc availnble to operat.e 
at fixcd frequcncies of 400, 1000, and 20,000 
cycles, respectively. Jacks across the tuned 
circuit permit ext.ending the range of any 
coil by plugging in external capacitors or 
inductors. 

The output circuit is coupled inductively to 
the tank circuit and t.he output is adjust.able 
by melms of a voltage div ider. The as.<;embly 
piUb'S dircct.iy int.o t.he TY PE 1205-A Unit 
Power Supply. 
FEATURES: ,. Designed for versatility in 
oper::~tion and in application. 
,. Controllable output up to ,Kwatt mnxi murn. 
,. Very wide frequency mnge. 
,. Good frequeney stabilit.y through t..be usc 
of high-Q coils. 
,. Jacks facilitat.e connect.ing external capac­
it,ors and inductors, t.o obtain any specific 
frequency wit.hin the range from 100 cycles to 
100 lV!c. 

S PEC I FICATIONS 
Freque ncy Range: SeWlII 1)lug-in coils (Ire flvflibhle to 
coyer the range fr()m 70 kc to 80 i\Ie, ,md a plug-in coil 
form, also (I.\'(lilable, m"y be wound to moot sJl<lcial ro-

TV," 

1207-A 
1207-P I 
1207_P2 
1207_P3 
1207- P4 
1207_P5 
1207_P6 
1207.P7 
120 7- P8 
1207_ P9 
n07_ P IO 
t20 7 . Pl l 
t207_P t2 

Unit O sc illator .. , ..... ... . .... • . 
Tuning Unit, 400 e . 
Tuning Unit, I kc 
Tun ing Unil , 20 h . . 
Coil , 70 ke 10 180 ke . 
Coil , 180 ke to 500 kc .. 
Coil , 0.5 Mc to 1. 5 Mc . 
Coil , 1 .5 Me 10 5 Me . . ...... • , . . . 
Coil , S Me to 15 Me ........... . 
Coi l, I S Me to SO Mc . 
Coil , SO Mc to 80 Me . . 
Coil form with eo .&. 
Coil Storage Rock . 

Dim ensions: ( \\'idth ) 10!4 x (hcij;(ht ) ;;~x (depth) 631 

inches over-all. Net Weight: 8%, pound~. 

Code W()rd Price 

Almon I Price o n Request 

qllircrncnb . Three plug_in llnits urc listcd to provide 
withi" ±2% I"xed audio fnXllIencics a~ 400, 1000, and 
:W.OOO cycles. Coi ls, coil forlns. and plug-in units Inust be 
ordered separately (see prio;;c lis t). 

Frequency Co ntrol: With the !evcn tunahle coils, CO II­

till1lOUS frNlUCIlC)' fl.djustment i$ provided by a variaLle 
air capacitor, hfl.ving a ""ilorm scalI) fMIll 0 to 100. 

The audio frequen cy units are inductor-capacito r 
combinations, Hlld the internal variable "ir clLp",·it.o r has 
li tt le effect on thc frequency. The frequency can be 
chan>:ed, however, by ~"On!\eeting a suitable capaci tor or 
iuductor to thc jnch pro,·ided. 

Frequency Stabifity: The frequc!H'Y stability is ade­
quate for most b borntory (lppli(:ation6, (:"ecpt tho>IC 
involving highly selectivc tuncd circuits. Variations of 
load impedancc cause some shift in frC<lucncy. 

Output Impedance; Approximately 75 ohms lit full 
OUt!lUt for the coils (70 ke to 80 l'.le) and ; 50 oilluij for 
the tuning unin (400, 1000, and 20.000 cyrlcs). A 2000-
ohm ,'oltug() ([i"idcr a t the Output terr l\inal~ providcs all 
output control. 

Output Power : At leas t a half. wait into a n\atc!wd load 
up to 5 M c, "lid H) milliw"tts :>t SO "I~. 
Modulation: J 9.cb nre provided for t'{)n ne~t ing a modu­
lating audio source in series with oscillator pi.lLC sUPllly. 
The oseillntor cnn be ampli t ude modulatcd to 00% 
from 0.5 to 15 l\"l e. The ma"imum modulflting frequenty 
is 10 kc ovcr tlus carrier rungc. T he modulating fl.udio 
oscill,\tor must be eapable of deliveri ng about 115 \'olt~ 
to yield 00 % modula t ion. 

Terminals: Jack-IOI) binding 110SIS with standard %­
inch spfl.e i"g (Ire providcd for the out!)ut conneet ion. 

Power Supply: The "f 1' !' E 1205-A Unit Power Supply 
plugs di rectly into the oscill ator. 

Tube: Que 6C-I is used lind is supplicd. 

Accessor ies Supplied; One extra plug-in ~"()il form; 
multipoint connector. 

Accessories Available: Tuning uni ts, coils, ,tnd coil 
Btomge rack lIre listed in price li~t below, 

Dimen sio ns: 1207-:\: (\\' idth ) 10 x (height) 5}i " 
(depth ) 671 inchcs OH'r-al l. 

PI, 1'2, and P3 : -IU ,,2}<l,,;1 i"ches each o\"c r-all. 
Pol, PO, P6, P7, PS, P\). and PLO: 2 % inches dhulle ter 

x 3}1 inches onr-all. 

Net Weight: Coils: 5 oz. each; TUnj"g Unit~: (1' 1, 1 % 
Ills ) (1'2, 1M lbs ) (1'3. U11bs.); 1207-A: 5M lbs. 

AlIeOI' 
,\HCO:--8.\ WAY 
.\ IWO'-":S.\ F1'l· 
AIIC01'8A I'I S 
AHCO:-·8.\1.0 t; 
AIICO'-":S'\l!!, ~: 

AI((;O:--SACH~: 

,\RCO:-'i"'A1'" TY 
AltCO'-":SAlt'l')" 
AJ(GO:-;SAQU,\ 
AlWOI'S .... \·Al t 
A1WONSAX U; 
AUCONSM,lll" 

Prien 

'" 
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OSCILLATORS AND GENERATORS 

In elect-ronies ami electde!ll communica­
tions laboratories, few instruments aTe ItS 

essent.ial as oscillators . A source of power or 
test voltage is a prerequisite to nearly all 
types of measurements - impedance, trans­
mission, waveform, scnsitivit.y, ami many 
others. Since 1919 the General Radio Com­
pany has bt.-en supplying laboratory oscil­
lat.ors for tI\is purpose and has always 
pioneered in new designs and Ilew circuits. 

Functionally, oscillators can be grouped 
under t.he following cJassifica(,iolls: 

(1) HCSQnant-circuit (L-C) types - where 
the frequency of oscillation is determined by a 
tuned circuit having inductive and capacit ive 
elements. 

(2) Beat-frequency ty pes - where the 
output frequency is t he difference between 
the frequcncies of two oscillators, one variable 
and one fixed. This type permits a wide fre­
quen cy range to be covered with a single 
control. 

(3) R-C types (degenemtive)-\\"here the 
frequency is detcrmined by a filter circuit 
composed of resistive and capacitive clements 
and the circuit is highly degenemtcd cxccpt 
at the pass frequency. This type of oscillator 
a lso covers :~ wide frequcncy nwge with a 
single control , and altemat ivcly can be de­
signed to produce a number of fixed fre­
quencies, as selected by a switch. Excellent 
waveform C!Ul be obtained from the R-C 
degenerative oscillator at low power levels. 

(4) Electro-mechanical types - where t he 
frequcucy is determined by a vibrating me­
chan ica l syslem. 

Oscillators are often designed for speci fic 
a.pplications, so that emphasis in the design 
must be given to a single characteristic, such 
as high output power, pmc waveform, fre­
quency stability, or wide frequency range. 
While a nyone of these characteristics, or in 
many cases, two, C:111 be achieved, it is not, 
in general, economical to combine all four in 
a single instrument. 

The General H~l.dio Com pany manufac­
tures a ll of t he functional types- lisled above, 
and the chanu;teristics of availabl e models are 
tabulated in convenien t forlll on the next page. 

The tuned-L-C oscillatm is lit tle used 
now for audio-frequency mell SL Ll"ement. and 
testing, because of the relatively expensive 
anay of inductors and ca pacitors necessa ry 
if a wide r:l. nge of frequen cy is to be covered. 
For Rudio-frequencies, it ha s been superseded 

by beat-frequency and R-C t), I)o8. At radio­
frequencies, ho\ycver, where tuning call be 
accomplished by a ir capacitors, the L-C cir­
cuit remains the best and most economical 
frequency-detcl'lnining system. General Radio 
standard-signa l generators use tuned-circuit 
oscillators to cover frequency rangcs a f:; large 
as 10,000:1. Thc 1"0' 1'1·: 857-:\ U HF' Oscillator 
is 11 tuned-circuit instrument using the butter­
fly circuit as the tuning element. 

The first commercial beat--frcquency oscil­
lator was produced by General Hadio in t he 
middle 1920's. As the development of tubes 
and circuits has progressed, increasingly 
better models have been developed, cuhni­
nating in the prescnt 'fyl'~; 913-C. 

The R-C degenerative type is a General 
H.adio development, covered by a basic 
patent, under which other manufacturers 
have been licensed. Two models arc offered, 
the T Y PE 1301-1\, whose primary character­
ist.ie is low distortion, and the T Yl')<; 1302-A 
designed for a wide fl"(~quency range. The 
formcr find s its greatcst usc as a test tone 
source for dis tortion measurements, and the 
latter as a power source for bridge measure­
ments. 

The General Radio Company m~lnufac­
tures a number of electro-mechanical oscil­
lators. Quartz-crystal-controlled types, for use 
as frequency standards, are listed in the 
FREQUENCY section of this catalog, as are 
two low-frequency tuning-fork types. Listed 
in the following section are two audio-fre-­
quency tllning~fork models, the TYI'~~ 813 
and the TYI'8 723. Thesc are useful as low­
power sources fo r continuous operation, as in 
modulating beacon transmitters. A micro­
phone hummer, t he T YPE 572-13, uses it tuned 
rced as the frequency stabilizing clement, and 
is no convenient, low-pri ced device for building 
in to bridges and other equipment. 

T he first commercial standard signal gen­
erator WiLS produced by the General H..'l.dio 
Company in [!)27 . Impl·o\'ed designs have 
been offered every fcw years since that t ime. 
At present, two ty pes are listed, t he TYI'~: 
805-C, suitable for ILse a;;; :\ labonl.tory sLand­
ard, !lnd t he new '!'Yl' f: 100[-A, a \'erStHile, 
lo\\·cr-priced instl"tUllcnt. Bot ll are amplitude 
modulated. 

The pulse genera.tor, while nominally listed 
in the OSCl LLATOH. section of the catalog, 
is primarily II wave-shaping device, requil·ing 
excitation from an external audio oscillator. 
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Frequency MI'.cimt"" Opc,t-Cir- 0 .. 11)111 Ibulllonic I'o~r See '>uue 
TylJf' ,Vo. Nam" Cla~, /{a"(J~ OUI/lUI cui! . oI.U /mptOOflCt: D i4I(1rlicl'l S " I'I11y S umber 

!Jl3-C HC:lt-t' rcquc"ry B<::at.-I'rC<II, ()IICY 20- :'>0,000 cyclell 0.3 "'aU 25 GOO Ohlll~, ha[flll<'CI.I 0.25% ,\-C Linp H ·I (1will"tOr or UIII)"],,nccd 1% 

700-A 
\ \ 'idc-Hllllj('(l BCl\t~ 

Ucnt-FrC<III(l"ey 
50 cy<:lc~ to <10 kc 

0.15 ""Itt 10 15 1500 ohm~. unhalat,ccd <:~% A-C Lille 110 Vrc(,l u)ney O~dll"l.Or 1010(:105 :'11 (: 

'" m l ..()w_l)illlOrtion :W- I;j,OO()cplI IS milliwatt>! G. r. GOO ohms. bal:J.nccd 

Z 1301-,\ O>!cillator 
R-C i)CJ.:cncml;vc (27 filCCd 100 mi1liw,n,tJJ :.10 or uZlbabncoxl 0.1 % A-C Lillo liS 

m rrequ(lllc;C$) 5000 ohnlil, unb:\l:l!Iccd 

'" > 10-100.000 40 rniliiwlltt41 I. GOO ohtn~, oohtnced 

~ 
13O"2-A ()"cillrotor H-C [)':'j(",er"ti,'c 

cycles 20 mi lliw:oud , 300 ohmll. unbnlanM 1% A-C l.inc 120 
SO rnilli"'"l1 .. 20 5000 ohm$, Ullo,.bnced 

'" > 857-A U.II-" Oscillntor Tuned Circuit 100-600 ).Ic 0.1. wall Co..u ial Line A-C' !.ine 122 

" 
723 V"cuum.Tube Fork E1CClro-1\ledmnieal 

400. '1<10, Or 1000 50 ,nilli,..:'tWl 31 m:",:. 50. 500. 5000 ohms O.,";<'{, :\-C l.i ne or 12G 0 cydeil, (:J model~) B''IItC1"i~ 

n 
0 

813-;\ Audi •• .()"cil1 fll'II'" l~lectr()-Mechanics' 1000 (')"de~ 30 milliwntt" 24 maX. 50. 500. 5000 "hms 1% U:l.tteriCli 127 

;: 572_H "licrOllhone Ilumme. Eleetr()-" I echs n;cnl 1000 cydCi!. :i: 10% ISmilli"'Mt...! .I.:! IIl:.X. 10.300 ohms BnlleriCi! 128 
~ 

> 
Z 
-< STANDARD-SIGNAL GENERATORS 

l"rl 'I,,·cn'lJ Ou/pI'1 Out/lill Power See I'''IJC 
Type No. N",,,c :If ()(iu/«/ ,,)JI U""U6 1'0118 1 m f1t<U., lICe SUM';.'! Nu",be. 

,\-;\1. 0 - 100% : 0. 1 IIlic.o\"olt 37.5.7.1 :111<1 S05-C St,-."d"rd .. 'i i.IC",.l Ccne."to' intermit 400 "nd 1000 c,\"cle ~ : !(l kc to 50 ). Ic 
to 2 .0 "01 1,> 0.7.5 ohm~ 

,\ . (, Li ne 11O 
extN",,1. SO 15.()(K) cyde~ . 

A-)'1. 0 -&1% : 0.1 ",ic,o"olt 
10. 50. lmd - 1001-,\ St:wos.d-Sia;nnl Cene.,,!o. iutcrnal ,100 cyclCll; .5 ke to .50 ).Ic to 0.2 "olW1: 500 010111$ 

A-C I,inc II' 
0 e~lcrn:ll, 2O- IS.000 ('yc\os. 2.0 \·olt...! .., 



 

SIGNAL GENERATORS 

TYPE 805-C STANDARD-SIGNAL GENERATOR 
USES: The TYI'E 80.~-(' Stand:lrd-Sigll:tl ( : ('Il­

CI':ltor i", d(,"i~ll('d primal'il," :\" a precision 
i:lbura\ut'y in,,;\rum('lIt fut' r:lpid alld ,1CCUnLtc 
testing of radio I'l'ccin't",.:, BN:au:;c of its 
:t(;('llraey, wide fre<jII('IH'Y range, and hip;h 
voltage output, it j:< a yaluablc 111:;irllnWll\ fur 
lahol':llorie5 (,Ilgaged ill 1'(':;(':1I,(·h :Iud dl·:<ign 
Oil radio 1'('(''';\'01":; :1Ilt! allil'd apparatus, while 
it:< "pccd :lllt! simplicity of opCI':Ii.iun make it; 
\\"011 :tdaptcd to proti llct,iun tc:;tillg. 

DESCRIPTION: FundiOll:lll\' this instTlllnf'nt 
eon"j:;l;.; of ( 1) a j·:t1Ticr-frcq1H·llcy oscillator, 
(2) :t lUlled r:lllio-fn'qucl\ey amplificr, ( :~ ) a 
resbti\'c OIllllllt. :1\\OI1II:llor lllld a \'l)!tlnelcr 
to r('ad the output kn-I, (-I- ) a modulating 
Q1,wilhtol' (-100 1',\'('II's ami 1000 ('yeks) willi 
it \'oltmctcr for rC'atiillg pen'cntage modula­
tion, a lid (5) a wcll-regula,ted powel' 5U pply ° 

The oscill:llol' ami amplifier nssl'miJlic:" arc 
Vil'LIWlly identical in cOlIslnll'iioll, and til(' 
coil switl'hingassl 'mhli('s,:\:" \\'('\1:\" the tuning 
c:lpadturs, :ll'e .!I;:ln,!!;('d and dri\'I'JI from (°0111-

moll pand COrltrub. ;';C\'ClI {'oils cov('I'inJ,!; the 
fnoqllcllI'Y range f l'OIll 10 kl' Lo 5U ,\11' al'c 
c;lrl'i('d 011 a ,:('ketol' disl' ill (~ael1 :I,.:,.:emhly. ,\n 
eil!;hlh eoil position i,; also p l'u\'id('d, ,.:u thnt 
an ('xt.ra set of {'oi\'.; rna\' hc ill,.:lallcd if (11)­
,.:in'd , The di,.:{'s ;!n' dd\,t,:n from a p:"tncl knob 
t.hrough a gear llH'l'itanism, \\'hich lll,.:u brillb"S 
into p:\l1('1 d('\\' :1 fI'C(jll(,lI (,y range id('ntiliCll­
Lion dial. ,\s e:)th I'oil is rotlltcd into posi­
tion, it is con ned cd into I'i rtll it through ,.:iI \'er­
o\'cr!aid eont:ll't bl:tdl'S, which firmly ('ngage 
sih'('1' al loy brllshl'.':, mounted Oll thl~ lUlling 
(·:lpal'itoJ'. Thc ('olltadS lire JllO\llltcd on 

polystyrene strip:", ill,;lll'ilig buth lu\\' e:tp:lei­
tHlI('C and lo\\' diclcCl.rk lo~~('s. 

Thc main t Ulling C'ap:II'itor::; an' (':\('CptiOH­
all~' ]'ugg('d, utilizing Ihe I':l~t fl':llnc 1,\Ope of 
l'oll"l rucliull, wilh lJ:lll-bl'al'illg "uppu!'ls for 
Ihe rolOr. The plates :ll't' shaped to ),!:in! :) 
iog:ll'ilhmic \'al'iaiiull of frcqucllt'.Y with ;11l,!!11-

lal' rotation, The t\\'o t:tpatitOl's a]'(' drin'll 
throug h .:1 ,,('lor gear:;, whieh :llso dri\'e Lhe 
dinx:t-I'eadillg frequency dial. 

The Oltl put :;,Ystem eOIl~i,~\s of II \OaClIum­
tub(' \'llltlll('\('I', a n'si~ti\'c atlenll:ltol' 111'1-

\\'ul'k , a :~-ruut, 75-ohm output. table, and a 
tel'minaiinp; tlllit. T his unit t('J'lTlinat('s lhe 
('able in il:-; eharacit'ri"tic imp('ci:llw(', It PJ'o­
ddes, in additioll to Ihe Borm:ll oUlput :It, 
:ri,;) ohm~, output ::; r('dllt'(,d b,\' faCLurs !)f 10 
alld 100, with COlT('SPUlldill,!!; output im­
]:H,dall(;cs of 7,1 nnd 0,75 ohm.~ , ,\ "tandal'd 
dummy alltenna OllLput is :1100 pru\'ided, 

FEATURES: .. Signals of (HOI'urately known in­
tens ity arc pl'oYided [It the ('nd of a pruperly 
terminated IO\\'-imp('d,llll'(' ('ahle, TIllIS Ihl' 
\'oll:q,(c is kllo\\-Il Hi tl\(' point of :lpplit-atiull 
and the nC('I',.:~ity for (;ollljlllting lead cITed::; 
is climin:l1t'd , 
.. H:uJio-i'n'IJIICIH'Y Icaknp:e find ~tray nl'lds 
[nc ['('(luted b ,l' ('Im'flll filtcring alld sltieldill),!: 
to ,,:u(°lt all CXll'llt that nw:tSlll'e])lenls eall be 
madl' at k\"('b a.s Iml' as 0,;) miITo\'(llt, 
.. H(::1Ctioll of th c output Cil'l'llit 011 tIll' 
(:arricr frequency is le::;i;cncd by \1";1..' ~)f a 
tlllH,d amplifil'r fitag;e , f'i(khflnd l' llttill~ i" 
kept at :t minilllum by JI('II\',\' damllillg uf the 
t.u lled pla It' eil'cuit. 
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~ A pl'cci:;ion of setting of 0.01% is obtained 
by t he usc of !l. gC~lI"-l'cduction vcrnier drive. 
Uackla::;h in the gear "rains is kept to :1 
mi nimum by automatic t.ake-up springs. 
~ The eITcct of ordinary linc-volt:lgc (luclll-

SIGNAL GENERATORS 

alions ovcr t he rllnge from 105 to 125 (or 
210 to 250) volts is eliminutcd by elecLronic 
stabilizcr circuits in the plate power supply 
lind a ballast tube ill the filament supply of 
the vacuullH .. ube voltmctCI"S. 

SPECIFICATIONS 
Carr ie r Frequ ency Range: lG kilo~y..,]C3 to 50 meg:,· 
cycle". c(,,"ereu in 1IC\·eU direet-re,.dilll( r:m.ll:CI, : .~ follo,,"~: 
16 to 50 ke. 50 to 1(;0 ke. 160 to ;)()() k<: . 0 .5 to \.(; ;\Ic, 
1.(; to 5.0 ;\Ie, 5.0 to \(; "' Ie, 1(; to t,o ;\1(:. A .!II):IN! r:U'ill 
IJOllitioll i$ provit!ed IK> t h:1t :\ sped,,1 set of ~'Ui l" can he 
illlllalkd if de"i r~'<l . 

Freque ncy Ca li bration: E"ch mllb'(! i. direct rellding 
to " " :lecur:ley or ± l % of the indicated 1rc..IUellCY· 

Frequ ency Drift: ~Ot grc,lIer t l"'l1 ± 0.05% Oil :my 
fro<luen cy mnge lor" Il<'riod of 5 hour~' continuous 
Ol)(>ra liun. 
Increm ent .. ! Frequency D ial: A ~Iow_molion vcr"ier 
drive di,,! i$ pro\'idcd , by mC"lIs o f which fre'lueney 
iIlC r(!ll\f'm ~ :o s s lllaLl ,,$ 0.01 % Ill")' he obt"i"..,d. 
Output Voltage Range: Conl inuollsly :odjUKtllhle Irolll 
0.1 mic rovol t to 2 \"olt~. Thc out lluL \"u\t".I1C (a t the 
lermiu:uion of the 7':"'ohm OutPUl c"h]o ) is inditflled by 
a pallel m..,t..,~ and II<.O\·c,,· poinL multiplicr. 
Output System: T he output imped",,<:.., at the IH' lIeI 
jack is 75 ohms. rcsi~li'e. A 75'01,," output ~ahle i ~ 
Il r()\'ided, WRcther " 'ith" te rmin;'I ion unit th"t fnrni~hes 
!NUSlanl outl»<n i ml>l.·dal\~C-\J of 37.5. 7. 1, ""d 0.75 ohrn8. 
The c"librali<l1l of til<: 1'""c1 \'O!lmeter-mullilllier ~o"' · 
hill:ltinn i. iu terms uf the ,WUI:I! \"olt""e acrO$~ Ihe 
37.5.ohm outpu t. When the 7.1 . and 0.7fi·ohm I JoUl!.iti,,"~ 
"rc \l8l'd, til.., indica ted output \"ull :oge mu~ t J...., divid(·d 
by to "ud tOO. ~~I,ee l i \'c1y. A stand"rd dumlny·"ntenua 
ouqllLt is "Iw ;I\":)il"hlo :. t tile t..,rmilHltion unit. 
Output Voltage Accuracy: .Fur mulliplier ~etl i"gl 
below 1 volt Ihe m"ximlltll error in oUlilUI volt"R'" is the 
. um of the "tlelluator "",I \""llmete r e rru ra lisled hclow. 
Maximum Voltmeter Erro r : ±.5% UI' to 25 "'Cl('" 
cycles. Ab •. we 25 mCI(""'YclCil. "n addi tional frC<IIl."wy 
crror o<:eu,",. amounting to ±i "i" t>l 50 lIlc.l1; ... )"'·I(·~. ,\ t 
1 /10 full ... ,\le "ud 50 :\1<:, Ihere is "hlu a Int!l>;il-tim~ 
error of -.5'i" ill the \"< .. I\Jtlcte ~ tube. 
Maximum Attenuator Error: 

1I!.'low 3 ;\I C. ±(:l % +0.1 microwlt ) 
:11<) 10 "I e. ±(5'10 +0.2 microvull ) 

10 10 :~O :\I c, ±(10'k+0.4 ",i uro\·oll ) 
JO tu [;0 1\1<.:, ±(i'; ';"+0.$ IIli~rovolt ) 

T lwre i" no 'Htenuatur c,...or fo r th\) l ·'·o l ~ multiplier 
""lIinl(. 
Modu lation : COllliuuou$I), ""ri"blc 'rom 0 to IOO'i". 
Thc pcrcellt: • .Il:C o f modul:ot ion i~ i"di(:oI('(1 I,y a IIl",!.'1 
'''Cld to "" :":t·ur",,}' of ± l OS .. of the metc r rc"dillS Ull 

805-C Standard-Signal Ge ne rator 
J'.\TI·: XT X01' ICE. See Xote I. p"ge "i. 

to SO% . for c:orril'r freqllc",·i<.'6 helo\\' IG I\l c : ± 15% fur 
hil(her carrier f~I\1e,,6c8. 

Inle rn:ll modul;'lion ill :"·,,ibhle :H"\OO .·yc11'$ : ... d 1000 
cyelC$, "ecurate in lre<llIcncy with in ±5<;~, 

The j(Clicr;.tor CI" I J...., modul:oted by "" ext~rn,,1 OI<'il­
I:.lor. ApP)'f.xinUlleLy 10 ""It..:! aCrQil$ t>oo.ooo oh"'8 "/"I) 

required fo r btJ<;., lIIo<\ul:.,ioll. T he o\"cr·"l1 ",o(\"I:., io'l 
ch :' r:leleri~t ie i~ :\.11 folio"·., 

A I,,/io /(''''fJe 
6O.......-15.{)()(J ....... 
50_10,UIKJ", 

Corrier /0"«1" (""<11 
0.[;- 50 l\! e 
0.1 - 0 .5 i\ lc 
16- 100 kc [,0 _ _ 10% uf C"rrier 

Le~d 

±hll> 
:l l.!i db 
± I.:',db 

!'rcque" ey 

Freque ncy MOdulation: Ou Ihe hil(hc~t e:lrrief frc­
lIueney r:"'lIe the fJ"e(IU~ncy ",odillation i~ ahoul 0.0':'';70 
fo r 100% modulation, ""d O.(J:t <:~ rur ao<.i" ",,,dubt;'''I, 
At lower carrier fre<lUl·"de~ Ihc Irl'{lu<'II..,)" mudulalio" i , 
less th,," the>IC IlCtceut"ges, 

D istor t ion and Noise Level : The enveLo!!\.· dis\<) rlioll "t 
" modulation level uf ~O(" .. is I{'$:I Ih"" 'I <""~ ,.t 1 :\!e 
C;lrri l·r fTC(lueucy. C"rril'r uo isc len·1 i~ :11 IC,""I 10 db 
b...tow bo<'l0 modul:otiun. 

Lea kage: The 111:III"elie induc tion I{'"kal-:e i~ I""" tha" 5 
",itrovo lt ~ lK: r ",,·ler "t" di~w,,,·e of 2 f"el fru'" Ih" 1(" "­
era t OT. The ;)-foOl 01l11Hll ,·"hle lK: rmil8 tl> ... ,.,..""i\·cr 
und{'r I~~I. to 1>0 ke l'! h ... yo"d thib limi t. Ibdi:niun !idd! 
:oro ucgligiJ.le. 

Powe r Supply : TI'e i,, ~trun,ent o))Cral"~ from rillY '10 to 
1.0 cycle, 115-,·ult (or 2:lo-voll) linc ..... " elcct ... ",ic vull "/(f! 

rej:tul:otor C0!l1pen~l'I{,1 for linc volt.:lj:te fLuctu.:ol ionl rmlll 
10£> to 125 volt$ (nr lro'" 210 to 2ao vult~). A ",aximUUL 
i"I>IIt \lower of 1-10 ... "tl~ i ~ I"CItuircd. 

Tu bes: SUIlI)licd wilh in~tnJlnent: 
I-GCS·G I-QD:!f\'RI50 
3-fi l,lj I-~.)£> 

1-5H 1-611 (; 
2- 2 .. \3 
1-6:; ].'6 

1-'\'''J>I.·ri lc :1··1 

Accessories Supplied : I;"\"(',, · f,,nt linc eO"'''''·\IIr .·IIft!, 
,H,d ~hid,k'{l oUIJ/ut cable "nd ICrII"""livu lIuil. 

Moun ting: The !!:lnf'] j " Iilli.~I'cd in Ill: ... k cruckle ""d thc 
.. "loillcl i ~ l>1"ek wriuklc liui ~h. 

Dimensions: (lI ehth t ) 1(; x (width ) 3J " (deplh) 12 
iucl,e • . ov('r·"II. 

Ne t Weig ht: 117 }.: p.ll1l1d$. 

I'r'('#! 

$1350.00 
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SIGNAL GENERATORS 

TYPE 1001-A STANDARD-SIGNAL GENERATOR 

USES: The T Yl'F: JOOI-A StandaJ'd-~ igna l 
(;I'Il('m\oJ' is a ia.bomtory inl'trutlwilt for Uf':C 

in d('tl'l'tllining the ])('l'formarwe of receiveI':'> 
lmd other equipment, fl.t radio :~nd supcl':-:onic 
frrq\l(,tl('ic~. Its f':turdy ('on:-:truC'lion and i'im­
pli('it~· uf op('n'Llioll make iL nl:<o well adaptl'd 
for pr'OtIUelioll ic.-:ting. BC'eam:c of it".; i<Tl1aJ[ 
f':i7.!'. low WI,jghL :\IId low I)()\\'cr coll:"utnplion , 
it (':Ul be adapted for p()J'l:~blc u.'!C in fidd 
~i/'('ngth mc,l.."'lIlX'Ill('lIt .. , .\molll!" other appli­
t'ationi< b itf' H'-C :\:<:\ ])()\\'('l' :'<OI0"(,C for hr'idges 
Illlt! other mC;I::;lll'in,!.( ('ire-llit,.; where ('ornpietc 
!<hidding and a. \\'ide fl'ellul'nc), mnge arc 
1'('( III i r('d . 
DE SCRIPTION: '1'1)(' \n' ldf'd aluminum ('abinet 
of the TYl'~: 1001 -;\ Rt:llldard-:-;igllill (;ener­
aWt' hOll."(~'l j ht'cc ~('pamle group:< of ('in'uits. 
The power supply is nt the top, the com­
pl('td,v ~hielded mdio-ft'CqUl:llcy portion in 
the middle, !md the modui:\tion and c'ontrol 
('in'uit') at the hot tom. 

The {,ll1'rit't'-fl'CIj\\('TH'Y Ol-wi llator usc's 3. 

J I:utley circ'uit and cover:.; in cight r:w,!!;0'. t.he 
frequene.\' sped,rum from 5 kc to 50 :'\I c. T he 
plat0'. of the main LUlling capac'itor a.re shaped 
to J,!;in.! 1~ logarithmic val'i:~lion of frequency 
wilh angular roll~tion. Tho prec' i ~ion of fre­
quelle,\' !<etiing, tht't'C'fore, is (,()Il~t:\nt , and t he 
\'('1'I\i(' 1' dial is ealibr:ltl,d directly in percentage 
frNIUC'nC,\' in('l'C'mC"nb. 

A huffel' amplifiN is \I~('(I bct.\n'{'n the 
o~t'illatol' and the low-illll)(,thllt'c tmtput, cir­
{'uit!<, T he :unplifier i!< grid modubt('d to 
provide amplitude modull\tioll from 0 to SO 

pcrc'cnl., l ,oose C'ollpling l)('t\\'('('11 the tJ>wi ll:~tc)1' 
:~nd t he amplifier miilimiz('S illf'idc'lltal fr('­
qlH'nc'." modulation. The attt'III1:'I.tOI' !<y:-;tc'ln 
and the output. melN am ('oupl('d to t ilt' 
ampl ifier through a high-pa_..:!> tilt('\', \\'hi('h 
diminatc>l voltages of modulation fl'CqUt'n{' .... 
from the output, 

The omput \'olt.ag(' i>l d('tNmin('d hy c_..:tah­
lishing 1\ fiXt'd ('luTic!' I('\'cl Il\' til(' abt('nllator 
input and b~' !>c\'ting \'\\'0 al\C"llll:ltOI' ('ontl1)l", . 
TIl(' C'nrJ'ie!' lewl i;; >let by adju>llin,C: the phte 
supplr \"oltag(' of the o;;c'illator and i:-; il1di~ 
('llicd In- a Yl~(,lIum~tul)(' voltmclt't' at t lte 
at.\(,ll u :\iol' input. The l~t I ('11\1:\1 01' s,\':<t(, 1ll ('on­
f; i>lt:< of a conLinuou",lr adju>ltabk J. ~lIetl\'ork 
cOIlLl'ollt'd h~' the output di:d ,wd a >Ii;.: pO>li­
t ion dt'('ade laddel'-nci work att(,lllmtoL 

The modulat iOIl ein·uit." inelude a ,100-('\'('11..' 
H-(' oi"("illator for intel'llal modulation al;d :l. 

gl't'manium cr~A;l1 l'e(,tifier to dctcrmin(' 
modulation pel'('(:ntagc. Pere(,lltagc modula­
tion is read on the same plU)cl metel' t,hal, 
illdieatel'i the C:l.rrier output level. 
FEATURES: ,. The TnE 1001-A Rtandard ­
Signal Gencl':\tor pl'ovidc~ acelll'atcly k ILO\\'1l 
out.put voltages at t\\'o Qut.put. jac'k", Oil the 
fmllt p:\l1<'I, which are ('ollvcll ic-nt for lise at 
low f l'('quC"lH'ic...:, or at t he (' lid of :'1. l('1'minated 
cablC" fol' high( '1' accuracy at high frC"quclwie>l, 
The termination I'e;)i>ltor call 00 ]'c!mo\'ed for 
m:\lt'hillg into a 50-ohm !< .... !>t('lll. 
,. Hesoidual outpu t voltage :'I.nd \(':\kage ar'C >10 
101\' that lU'curatc mell.."urcm('n t,s {';t il be muciC' 
o n t!\'CIl the most sell . ..:iti\'e rI .. '('ci\·('n". 
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.. The U1lC of an apcriodic amplifier as a buffcr 
and modubtor practically climinates sideM 
band cutting and rcaction of attcnuator 
sctting Or of load on carrier frcquency. 
.. High stability and low drift are a.ssured by 
t.he IISC of cemmie coil fo rms and tu ning 
capacitor insulators, and by thc low power 

SIGNAL GENERATORS 

consumpt ion of the completc instmmcnt . 
.. All criticld powcrMsupply voltages a re 
regulated. 
.. Simplicity of design and construction has 
resulted in an unusu<\.lIy sturdy instrument 
of small sizc and weight, which should give 
troublc--frce opet"ll.Lion fo r a long t ime. 

SPECIFICATIONS 
Carrier_Frequency Ra nge; 5 kilocyclcs to 50 megu­
cycleg to"cred ill pill:lit di,.c~t-re"di "g ,."ngcs as follow~; 
5 10 15 ke. ]5 10 5{1 k~. 50 to ]50 k<:, 15{I to 5UO kc. 0.5 
to 1.5 Me. 1.5 t o .5 i\h: . .5 to ]5 " ]e. :Uld 1510 50 M~. 

Frequ ency Calibration; T he aecuracy of calihration 
i~ ± ] ]Joelttnt. The di"l ...,,,lihr ,,tion is 101l:"rithmi" up to 
Hi Me. hut depart3 ~l ight l}' from tbe 10g'lrithmic scale 
at higher frc<tu<'llcie8. 
Incrementa ]- Frequ ency Dial: T he slow-motion 
n·rroicr_dri,-c dial is <,allhratcd to indic"te iueremCIl1S of 
0.1 perC(!llt of frc(tuen~'y per di"ision up to ]5 "Ic. 
Output Voltage Range: Tho opclI-cir~uit output. \'olt­
<l(.."'C " t I.he t.tlenua t.or jaek i$ conLinlLolI~l ~' arlj\l~I"hle 
from 0.] micro\'olt 10 200 millivolts. l'-or use at hi~h 
frC<lu<'ILcies . a 3-foot. 50-ohm collctmtrie c'lll]" ,IUd 
tt'rmim' l iIL):: rc;!is\or tQ m:lI<"h ils eharacterislie im­
pedance a re sUI,plied. When the enble i~ terminated at 
bOlh elld~. the outpu t volt:.se is cOILtinlLou~I.\" :ldju~t­
ahle from 0.05 mirTOvolt tQ 100 mi lli" olt$. The open_ 
eircuit o utput volt,,!!c at Ihe:.! VO I: 1"8 p"ILel j"~k i ~ meM­
u .... d din.:etly by the o utpu t meter 'LIld is 2 ,"olls if the 
meter i$ IICt to t he rcfere!Lce mark. T his vollal:e is ,.""il­
able UplO at lea~t. ]5 ~Ic. 
Output Impedance;" The o utpu t impe d:ln<'i! at t he 
atlenlltlior jack is \0 ohm~ (50 ohm~ when Ihe scrieg 
unit i~ u>lCd) ex~.Wt for the hidlc.t OUlPHt pOlii!ioll of 
11ll! :ltlelluator. where it is 50 ohtn~ . 

The output irnpe d.1llee at the end of Ihe termin,.ted 
ca hl.., i$ 25 ohlll ~. The output illllJoedance:'It t he 2 VO LTS 
panel jack is abou t 300 ohms. 

An ouqmt imp..,d:ULr.e of one ohm (with output voll"l:e 
reu tl<"cd 100:1 ) Cnn 00 oht:tiued I)y u~ing the T Yl'I: 
1001 -1'3 Voltage Divider, not 8upplied with t he i"s t ru­
melLl . hut listed separalely helow. 

Au ont])Ut illl llCdance "'(Iuivalent to that of the Dunllny 
1\II\ enn" ~[l{:dfi~d in tbe I.H.E. St" "dards CHn he oi>tai"ed 
by u~i,,;: the Tn·!; ]00 1-P4 Standard Dummy Ante""a. 
not ~UI!p!ied with Il,e ;lIslrmncnt. hut listed 8ep"':t t<:!y. 

A kllOwu induction field for t{:~tin~ 1(0)) re~~iver~ c'ou 
be ol>lailled wilh the Tnt: 100 1_1'10 Test Loop. not 
supplicd with Ihe ill$trulUeut, hut li.'ited *'I}arately below. 
Accuracy of Output Voltages; The ahsolutc accunlcy 
of 1 hll opeIL_cilCuit outpu t \ olt"gll at the :tuemHllor j:lck 
is determined by the aec" ra~y of the OUtput meter 'LILU 
o f th.., d~'C ,1(le 'ILlellua\Or. In ,Idditioll. it Varies wi t h 
bod, the ouqlut di:"\l sett ing ilIld the carrier frequency. 
~\ t fr~'<tllencics below JO Mc. wh elL the mltl)ut di"l i6 set 
at about full sc,, )o or lIt about ()nc-t.enth full 8c"le . the 
outpu t \'olt"ge ill co rreel l)" iudie'lted to ± (6 '70 + 0. 1 ~"') . 
With the omput diul set in the mid·scale region, Ihc 
error "ULY he g,...,,,,..,r or smallcr by 4 %. At frequ..,ncice 
:"Iilo\"e 10 "·!e. whl."u the outPUt dial i~ act :'It "bout full 

·:;"e "Outpu, Sl'a''''''8 of Si~""l GCllcrat"r~:' Genuo1 I(",'io 
Ect;I~";_~I.'. \ '0 ume XXI. "umber I. June. I\)4G. 

lOOlMA 
lOOl - P3 
lOOl-P4 
lOOl-PlO 

Standard-Signal Generator 
100:1 Voltage Divider 
Dummy Antenna . 
Test loop ... 

PATENT KOTler,;. See :\ote I. P"~C vi. 

selL lc. the output volta)::e is eorrectly indicated to an 
,Ie(:u.,.cy of ± ( IO % + 0.:11"\" ) t",d the error m,\y l)e:lS 
Iluu·h ,,~ 10 % la rger or ~m(dler ,,~ othe r output di"l 
se ttings. 

The accuracy of the open-ci,..,uit OlLltlUt "oltage "t 
the:.! VOLTS p,,,,"'] jack i~ ± :j % Ull to 15 mcg"cyc1c~. 
Ampli tude Modu lation: Adjustable from zcro to 80%. 
i\lodul"tion IJoeTt...,m~ge is indicated 1m the I)""cl m"ter 
and 1$ a ccurate ... ithin ± IO,% of the i"dicated \":o luc. 

The int<'rual modulation fr<'<lu..,ncy is 400 ..,ycle~ pcr 
$(!cond ±5'10. 

The cxtcrnul modulation (:h"Tacleri stie is fla t ... ithin 
± I d<'<'illCl from :?() cY(;\C$ to 15 kilocyr.!cs. T o liT(wide 
SO % mOdU]a l ion. thc exlernal audio ogci)btor m\l~t 

8tL\>I>I)' 12 "olt~ into a 4000-ohm lo"d (36 milliwaue). 
Incidental F requency MOdulation ; At 80 % 'Ul'I)li_ 
tude modu la t ion . the inrid<,,,t(Ll fl"C(lUeucy mooul"lion 
"arie~ from 'Ibout 10 to 100 I)ar(.$ Il<.1 r million o"er each 
c:lrrier_froqueney mnge cX(.:1.lpL for the highest frellucncy 
nillge (15-50 Me) where iL may be lhroo timl'$ :"IS gre"l. 
En velope Distortion; Abou t 6% "t 80% amplitude 
mod'Ilt,tion. 
Noise Level ; C"nicr No i ~e Level corresponds 10 "bout 
U.I % modulation. 
Leakage: Sln)y field s "rc aul)l!t(lm ially I('SiS tl,,\H one 
Inkro"ol t per mcter two feet from the gellcra tor. 
T e rm inals; T nt; 87'1 coaxial t ermi"'ll ~ ;.rc provided for 
the (.ttclluator outpu t snd for the CO""H", t 2-yolt OUt)lUt. 
Power Supply; ]05 to 125 (or 2 10 to :.!50 ) volt~. 40 to 

00 cyclr.$. I'owcr input is approximat.ely 65 "'lLHg. 
T ubes : Supplied with the i"st rum""t., 

1 - (;(;.1 
1 - 6L6 
1 - 6A I..5 

] -5Y3·CT 
:? - oca/ v R 105 
\ - 6:}:\7-GT 

Accessor ies Supp lied; '1'\'1',: 87'1-1U O 3-foot Coaxial 
Cable. Tn~: 1001-1'1 i)O-()hm Termination Uuit . Tn!; 
1001-1'2 40·ohm g.., rie$ Unit, Tnt: S"7-I-Q2 Adaptor, Typ~: 
1001-215 Adju~l1l\ent T ool . a nd a power cord. 
Other Accessor ies Ava ilable: N"ot supplied, hut ava il­
ahle on order a re tho l'Y!'I: 100]- 1'3 Voltage Di,·idcr. the 
Tn'~ 1001_1'4 Dummy AntCIL"a. ,,,,d tI,e Tn'!; 100]·PI 0 
T est I..oop. 
Mounting: The iu~tnllnenl is assemhled on an alum­
inum J)"nel fi n i~hw in black crackle lac(luer and mounted 
in :\n aluminum cabinet with a hhlek wrinkle fiILish. 1'1,.., 
c"hi llel is p rovided with carry iug handles. A row:s:;e<.l 
COlUp,\rlment is huilt i'\lo the lOP of the cabine t for 
storing the aC~"(,lIIIOl"ie8. 
D imensions: (Hei~ht ) ].1 % x (wid th) 20M ~ (de»th ) 
]0U"6 inchc~ over-all. 
Net Weight : !j,:! »ou"d8, 

('ode \Vord 

,\ IlG US 
.-\ IDIOIl 

Annow 
,\HHAY 

$535.00 
15.00 
15.00 
30.00 
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OSCILLATORS 

TYPE 913-C BEAT-FREOUENCY OSCILLATOR 

uses: This is a gctlcr:l1-puI'I>OSC bc:lt-fre­
quent')' oscillatur that i~ particularly useful as 
a power SOurce for tests Oil lludio-frC<lllcnC,\" 
lilies ami l1s.o;oeiated IIct\\"o['k~. I t is :ll~o 
uS<'ful as ;l voltagC' SOIllT(' for bridge mC:lsurc­
Illl'nt ... :'\nd for modulating ~igl\:11 gt'llct':llors 
and tC1<1. (l,..(" illat ol~. The osdlllltor can be 
1Ii«'(\ 011 !'ither b:li:lIu.:cd or unb:ll:lIIccd 
sy:-;tcm,... 

DESCRIPTION: The Tn)'; !) ! 3-C BellI. Frc­
(Iuent'." Os(·illator Iltiiiz('s the convctlliullai 
nc:lI-frcqm'l\ty osdllator dc"ign , hu t has :l. 
Jlumber of utl\lsWII dc,:ign fcatmcs that 
cont !'ibu!e to impw\'NI pcrfonnancc a nd ellse 
of operation . Two t'lldio-fn·quC'nc: .... oscilllllors, 
one fixed and une \':ll'iabl(', feed a pcnt.:lwid 
(·oll\'crtcr. The resulting dilrcrcntc frequc lwy, 
:lftel' pal"l"ing thnlllJ.(h :1 lo\\"-pn~:-; filte l', is 
ampl ified in :J. balllnced, de~elleratj\·c ampl i­
fic l', TIl(' outpu t !('\'cl is ('ontro l1ed by 11 COIl­
st:lnt.-illl]>eclalH'e :lltcnuator that j,.; cali­
bmtl'd in dCl'i i)('l:-; with re!;pect to an output 
of OI\(' rrii11iwaU intO;1 GOO-ohm linc, 

For pcrmallcnl. 01' relay-rack iustal1atioll, 
duplic;HC Olltput tenniu:!l" ;lrC prodded at 
tlw rcftr of liw illstl'llll1ellt, through standard 
multipoint, conncdOl',.;, 

,\ ncon i:lmp l:w.al.. indieator is pl'o\'idcd to 

:1:-;:':11;t in !;l;1nd:trdizinJ!; thC' frequcllc\' (':llill\'a­
l.ion of ill(' o:;ci1l:ltor by !;CUing to ;'cro beat. 
' ['hc frcqll(,IH'." dill! carTies:1 log:trilhmiC' :-icale, 
:lnd is dri "cn hy;'\ SIOW-1I10liol1 gear-I'cduction 
dri\'('. 

FEATURES: ~ Thc output volLage of this 
oscillator is pmd ic:1I1," ('0118t;'\lIt, 0\'('1' the 
entire fn'q\l('nl'.\' mngc, Bec:Hlsc of this ract, 
and becausc the output cont rol i" calihrated 
dired!y in dceihel,;, il.. is pOSf:ihle to klkc 
frequcncy chara ctcristic!; dircctly without :l 

dummy generator re!-listanec and oscilb tor 
voltmet er. 

~ A high degrc(' of stahilit.y, in out.put, voltage 
as \\'('1\ as freqll()rH'~', i,; obt:lincd by til(' use 
of high!,\' st·ah!e el(,lllelits in the osc illator 
circui ts nnd stnbili zati on of I..he po\\'('I' su pply, 

~ ]>O\\'cr'-~Ilppl)' hum is rcduced to :) Ycr}' 
lo\\' !cvel hy C:lreful design of t he power­
supply filte r , 

~ Good \\'ll\'cfol'lll i!o; :lChie\'ed bv mcans of 
c:trcful oseillatol' circuit dc:-;ign in conjunc­
tion with degeneration in the audio :unplificr. 

~ Small s i?c and light. wcight. make til(' o~cil­
latol' con\'cllicn tl~' pOl'tablc and COlll..ribute 
greatly to its gcneral utility, 

SPECIFICATIONS 

Freq uency Range: ZO tv 2Q,OOO.,yd('~, 
Frequ ency Control: The m"i" "ontl'()l ;lI~n~r"vcd fmm 
:?O to 20,000 .... \'d4'~ IICr lK.'i'O"d :Iud ha.' " ! rue IOj(:I,;lhmic 
fT('quency ~ ... ,tI ... , The 1()1~1 ~""Ie le"j{lh I~ "pprol<i",alely 
12 iJl('he~ . Th ... elTeN;"" ,mgle of rOI:ltiolL i~ 2-10", or SO" 
I",r d(',,,da of (r{'(rurncy, 

Freq ",ency Cil libration: Tht' ""Iihralinn efln he ~t:",d­
"rdi~1'41 wIlhin I cyde "L :lny limc hy IWllillg the ill$lrn­
"''''"t to zero he",. TI M,' "'al ih r",;on of the IrNjUenty NlIl_ 
Iml dial "aU he rcli('d UP"'" within ±(1 % + 0.5 eydo) 
,.!ter Ihe <)~('i1lator hl1l1 l)(!Cn eorTf'el ly IICt to zero I",at. 
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Zero Beat In d icator; A nC'Jn I;" np i ~ U::ICoj \0 indiCate 
zero local . 

F requency Stabi l ity; I "'pro,·cd dC8i~n of the oscillator 
circ"it" a",1 the us\! of hi~hh· ",;d.le eavadw,,, and 
il\(hl<"tors n.,,, ,lt ill all UllU~II" I I.,· hil(h d<)I('oo of "t"l.ilil.,·. 
The drift f,."m a cold ~!a,.t io ]c,~ th,,,, i ' ·yclc" ill the 
fir.~t hour and i.s <):;. ... <enli"lly ~· •. "nplet<J<.1 Wilhi" IWO !W\II!>. 

Outpu t Impedance: The output ill1p.~<.I:lIlre i~ 600 
o)"ns. ei ther grmmdet! or h"I:"',"l.'d-to-ground. ,,,,,I i~ 
eS1ICnti"ll,· constanl r"'):"rd l {'~s of tl".' OlllpuL conlrol 
selli"l-:. II·itl> load ;mp<)(b".·~s of 2OCK) oh",~ or Ic"-'<, the 
outPlit j~ b,lI"u,·('(1 for "ll ~l.'ni"l-:~ of the OUlput COllirul. 
Wilh hil(lwr load i,npN l:m'·c8. unb"b",..c "'''}" occur "t 
low SHli"K-" of , he OUlplI\ CO lilr"l. 

Output Voltage: .. Ipl>roxirnnle ly 25 w,lls "IICIl <:in·llil. 
For;l ",atched r .. siMin' load the OUI put voltage \""ril'~ I,~· 
le$~ thall ±O.:!.; db l." .. twern 20 ,,,,d 20.000 cyclc~ . Th<) 
o J",,,-, ·irCtlll Olltj'ut \"ol1"l(c i~ approximately ,I() v"h~ 
with the outputS,,"ilch;n the HIGII po;;it;"n. 

Output Control: The OUlput '·''''Irol is .. "l ii)r,',led in db 
rd.'rr"d t o I Inilliw:>n into GOO ohms. Thc tot:>1 mllt:C i~ 
fruln + :.!5 10 -:.!U do. 

Output Power and Waveform: l\OR:'II.-I J. OUlPUI 0.:1 
walt ",:oxi",um whcn "p"ratcd inw" ",;ll<"hNllu"d. With 
V>lal ]"' 1"I1"''';C content :LP1,,·.,xiln:otcl.,· U.2570 l)(!twccn 
iho ,,,,d 7500 c.,·des. Bclow 100 c.,·~le,; Ihe h"rn",,,;c 
cunlent ;"Cfe"i'O.~. "ml m"y l"Il:och 0 .. ; ,/;' at 50 cy.,]c,. A 
1,:onc1 ~ wil~h all"w~ ,11> i"'·re'\~ .. in lh<) output pow.;r to 
" maxi''''It" vf 1 "''Itt. For th is III G H l>O.' ili'>I1 of Ihe 
OL·TI'UT ~w ill'l, thc <1i,lol"t,,,,, i ~ Ic,,"~ th"" 170 l)Ctwccn 
IO/J ",,,I 751~1 e.\"("II'~ ,;nd ;ncrc .. «>~ to 2':" a t 50 cydes , 
" ·Ith d,e OUTPUT colltro l 111'·"00 full.'· 011. the har_ 
",,,,,ie ,·",,1(>t,1 i~ fll'pl"<>x imaTe]~· dmlhled whcn d,c 
o>iCi ll"wr is Vp .. n.tl·t! into " '·cry low ;"'I",(}"nce. I f. 

T yl'<' 

913-C Beot- Freque ncy Oscillator 

OSCILLATORS 

ho we,·c r. the O UT!''-;"!' cuuu· ... 1 is turned :1 dl, or ",(HC 
I.J<)I(>w t he maximum scI Ii,,!:. the lond imp· .. ·oj"",·o 1m>! 
,· .. r,· liHle effect upon t hc w:lnform. 
A-C Hum: For NQHM ,II, · output the ;I-e hum is Ie"'" 
th:", 0 .10/0 of tho output voltal-:C. Siuee lhe ,·"Iume ...,ou­
trol ill in tho ouqmt ein·uit. the h"m rICr~, ... \t"l(e lI,,(·~ uot 
;,w .... "se for low Ol!lput ,·ol t ag~s. Th~ lllll" may be 
"Iil-:htly gr~"tcr 0" lhe J[I (;1 1 o"tput "Inl-:<) . 
Temperatu re and Hu m idity Effects: L"rl("c (;h'''lgc~ in 
ambient t<.:,,,j,...,mture ,,,,,J hlH"idil.' · "e,·..,.~~itn t e " rc"d­
jU$trncnt of the .. eI'J-I ...... " t setting. Hi J.:h t"""'l'er"t",....,$ ""lI 
humidity c,m:sc a slight increa~c in distortion ali t! "slil-:ht 
,!(-Neft8Cl jn output. 

T erminals: J,".:k-top biurting I)l)~ts wi th slandard %­
irwh sp .. wing a"d ~lnnd"rd 1\·Cl8IHn Eleclri" douhle 
OUll>lIt jack arc provided 011 th ... Il"nel. A ~t "ll(brd IIl,,11 i­
I>oi " t socket :Iud plug pro,·ide dupli"Mc O"l l)ut t...,n"i",,]s 
on the hack of the i"~lrtlmcHt fur rclay-ruek i"~II1 11a t i,,". 
Mounting: The ll'l"el;s desil-:"ed for ""'U"lin): 0 " n I!J­
ind, rclay ratk, bll t rcrn .... '· ... hlc wO'"lc" cuds arc sUl'I,licu 
lI<J tlo"l it may hc used Cllually wc11 o n " lah]..., . 

Power Supply : 10510 IZ:, '·olt~. 50 to 60 cycles :I-C. A 
si'np!Cl <.:hanl-:Cl in tlte e""llect i01 ' ~ 10 tI,..., lJl",·cr tr:",~for".wr 
nHuwa t.hc In~trlln'cUl to hc u8('(I.", ZIO to 2(;0 volts. Th" 
lOt,,1 consu",ption is " hout 100 watts . 

Tubes: 
3-6SL7_CT 
1~ijSA7 

I- !,\·.I-G 

Z--6VG-CT 
:!- OD:3 /\ · HI50 
1_ ' J'll 

All nrc supplil'd with the ill .• lnnncIJt. 
Accessories Supplied: "' ._e,· .. "_f,,,,t li"c l~,"ne(·lor 
cord . an.1 a IlIl,hiJl',illt ..,,,,,,,C<·lor. 

Dime nsions: 1!J % x I'll.:;" 7 h i, ... I,,·.<. ,,,·..,r_all. 

Net Weig ht: ·11 Y2 ]>ouIJ,k 

I'rice 

I c.\ HOt. $450 ,00 

OTHER BEAT- FREQUENCY OSCILLATORS 
O t her ty p('s of beaL-frequency ost;illators tIre described on pages 110 and 172. T\'I'~; 

700-.\ (pag(' 1 lG), wi t h an upper fl"f'qll elH"Y limit of 5 l\1e, i:-; dCi;ignf'd fOI" wide-band 
Tlwa:-;urcmenb. 'I HE [107-.-\ (p:lge 172) hil S f\ linear 8c:\le from 0 t o 5000 cyc1e:-;, and is 
l1;;cd a s an interpolation dedce ill freqllcllc), mC:U;ll rmncnts. 
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OSCILLATORS 

TYPE 700-A WIDE-RANGE BEAT-FREQUENCY OSCILLATOR 

USES : This oscilblor is useful for laking selcc­
tivi!,y Curl'C::; 011 llllWc! cirl'lIi !s O\'CI' a Il' id e 
l':lngc of frcqucl1('ics, fo r measuring the trans­
mis:;ioll chfl.l':lctcrist ics of filtc'I~, :lIU\ for test­
ing wide-band systems sLlch :ll$ ll'\c\" ision 
amplifiers lITlll cOMdal <::lhlc5. The instnl­
mcnt. is also an c:-:cclicilt geneml lahorator,\' 
oSCi1l:l.lor for usc a:') a SOll rce for bridge 
mC:Isurcmcll ts and as :l. modulator for 
sta llda rd-sign:l! generators. 

DES CRIPTION: Two hi g h -f l'C q UC]H;Y oscil­
btm's, one fixed and tl1l' other nl1'iab1e, feed 
a detector from which the diITcrcncc fre­
quency is obtnincd. The detector is followed 
by a.IOW-p:\8S fi lter :tnd a two-sLage wide-ba nd 
amplifier. 

Both oscill:ltor circuits nrc mounted in a. 
hc:wy cast.-:\luminuIH box to :\SSlll'C uniform 
heat distribution :1nd practic:1l1y pcrfect. 
shiclding. Two r:\nges <HC proddcd fO I' by 
changing thc frcquc rwi cs of both t.hc oseil­
btors b.v ;\ betor of onc hundrcd. A s ingle 
switch on thc pancl changes from olle range 
to t hc other. 

Dcv;rncr:1tiolL is emplo.'"rd ill thc :nllplifirl" 
to millirnizc hum lwd distortion , and to 
cqual ize t hc frequency responsc. Lo\\"-p:,~~ 
fil ll''-S :1 rc pro\' idcd to mainl:\in a high rat io 
of desircd Olltput voltage to beatiuf.;: \·Olt :1 W'. 
.\ pentagl"id mixcr tube :Iud a buller :1ll1pli­
fier :\I'C used to j,;obte thc two oscill:llOI'S 
electrically. 

FEATURES: ... A ve ry widc mllV;!' of frequen­
cies is eovcrcd with a. single dircct-readillJ.!; 
con trol di:l l. 
... The frcqucm:y variation wiLh dial sctting 
is :t ))pl'oxi matciy iogaritlrmic. 
... . \ 1\ inercmentn.l fl·cqucnc." ('(lIllrol, also 
di]"(~L reading, cn.n be used to make small 
v:\rin.tions in frequency :1t n.ny point. 
... :\ low-frcqucncy range has been incor­
pomtcd into Lhc oscillator for cOIl\'cniCllcc ill 
working aL :U1dio frequcncics. 
... :\ high degree of out put voltaJ.!:e s lability is 
obt~ litlcd by a, dclayed nutoma lic volume 
control circuit., which :1lso hclps to 1)limi n:1 tc 
\"ariatiOIlS ca lLsed by linc voltage flucLuatiol\!:i. 

SPECIFICATIONS 

Frequency Range: T wo '''''1::('. ;,re ,,"wided : 50 cycles 
to 40 kilocyclc~ . ':1.1\(1 10 kilocydc$ to 5 mcg:H·Yc1cs. 
Frequency Control: The ",,,in di,,1 is dircc-t re"diu.: in 
frellllcne)' "nd ""rries two all,)roxinmtdy logarithmic 
(re(I"Hlncy .!ICalc~ OO\'Cri ll l!: Ihe r:lnjC('~ spt .. ..;fied "h,")\'e. A 
fre(luency ralll::C ~wi trh i ~ pro\'ided for rapidly c1 ... ,,~illl:: 
hom onc tanKe to the other. There is also "" jncremental 

(rN llIen"'y ...,nl101 which is calihratcd belwl'Cn -100 .~fl(1 

+ 100 eyries on the low r"ngc aud - 10 :'1111 + 10 kilo­
cycle. on Ihe hil!h r:' lIgl'. "\ny frelillene), ch':IIIgc m"de 
with this control :.dds :llgehraically to the f~l\Len .. y of 
the "",in ~'O ntrv1. 
Freq uency Calibration: The e.:olihr:ltinn m:l)' he ~t,,,,d· 
ard;~.'d lI ~ any lilll'-' hy !!Cuinlo: the instrument 10 ~Cr<J 
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bC'H with thc $cro "djH~tlnelll (.'()Illro!. T his adjuslment 
crill 00 'n"de wilh in .5 cycles on Ih(: low ra"~e ur 500 
cycles on the hh:h rau);:e. 

:\f\<,r Ihe o",·ill>llor has lx'{!n (."()rrccI ]y.'SCt to zero heat., 
Ihe ralihr:niOll of Ihe m"in frequcuey-eonl,..,l di"l ellll I...., 
rclied ")>(111 within ±(:l% +5 cye\e") on the low ra,,~e 
:,ud ±(:l% +SOO ,·.,·(·le8) VI1 the high r,,"g<). Thc c"hhr,,­
liv" of the i"'·re""·"I,,] fr"'luelley dill] is wilhi" ± .... cyde8 
(or ±.'iOO Cye\C8 (,n the low ,,"d high r:LI'J;:e~. rC"l'ectil"cb·. 
Frequency Stability: Th .... I\,gll ,·"r..,r,,1 de8ign "J~qu"lc 
therm"l di81rihUlion "ud v .... ,tilation : .. e pro,·idcd for 
",i"i,"izin);: freque" c), drifts. The ostill"\,, r e:IIl he :"" ·u­
r"tely rc~cl 10 zero heat"t allY lime. therchy eli",ill"ti",. 
errors eau!;Cd h~· any 8,,,,,1l r,,''':lini,,).( fn.·llllc",)" drift. 

Output Impedance: The ullllwt is 1:ok('n f ... )n, a 1(;00-
ohm .\y'·t<>n-I'crr~· -wou"d ptlte"lionwter. Q"c uutput 
I<,.",i""l is ground,·l!. 
Output Voltage: The "':'I~iU1U'" op"'n-cir~llit output 
,"oh"g~ of tho <>~,·i l \a\(},. i~ J.,ctwc"" 10 a"d ]5 \"I)h~. 
Bc,·,,"S(! uf the "UIO'lI"!;C ,· .. ,I",ue ~onlrol cir~llit. this 
vvlt")!,, rt:",,,i,,~ Nmswnl ".ithi" ± 1.5 ue,·iI>cl~ v,·cr c:l"h 
elllire frequ,·"~.'· ra"gc. 
Waveform: The tlJilll harmonic eonl,·"t of the open­
circuit '·oll".<:e i~ l"as Ih"" ;i c,~ (ur fn·'lu"",·ies "hoWl 300 
cycles 011 the lUll' Ta"g" "ud "b ... ,·c 30 ),:ilocych,$ "n the 
high r:l"ge. 
A-C H u n"I: Wh .. n thc I>.'ll"illAto r is OlloCfatod at :'Il~ · 8npply 
fre'lucn'T r ... m ·10 10 (;0 ,"ycll·~. the ]J"\\""r-~upl,ly ripple 
i~ Ic~s th,," 1'/0 (of tI", ouq>l,t voltage O il citlwr r:",j«'. 
Voltm",t",r, A ,·".-"",,,_t,,h,, ,·"h",,·I!'r " in·nit is \I~('(I in 
tho o&·mator for lIle"~,,,·inJ.( tho flutpul '·o!t:lj(l'. T he i"di-

Type 

OSCILLATORS 

calin.<: mCler Oil the lJ"nd is c"l ihntled d irectly in ,·olls at 
Ihe (1111)\11 Il'rminals. 
Controls; 111 "ddition to Iho ",,,i,, r.-equcney-eonlrol dial 
lInd Ihc i,,~rcllwn\!! 1 fcc'lllt'''c.'· <ii"L Ih~re is :. frcqncltty 
range swi tch. :llId " Zl'ro he" t adjusllncnl. Thc OUlIJut 
"olt"j(c i~ ,"aricd by" potenliun,cter ~"UHlrol provided near 
the output Icr',lina]s. 

T erminals : Thc output lenllinals:'Ire jilek-lOP binding 
po~ts with ~t "JI(brd %-inch spacing:. The lower ~er",in,,1 
is grounded In thc panel and ~hi"lds . 

Mounting: The instrll1"('ut i~ uv"nnl1y 3uppli<ld rnr 
t"lJle ""lUn(ill).(, bu! "aU 1.>0 easily "dapt"d for relay-" ... ),: 
mOll"titlt.( by f<)mOl"ing IWO ,,",,]nlll fr"",,,s a' the e,als nf 
the I",,,e!. 
Power Supply: A-C power S'I)lJ)[Y, ]05 Iv 125 ,"olts.-IO 
to 60 c}"cle~. i~ u~d. A ~i"'I)le ch;",ge ill tlte l"uru,cctiulls 
to the ]>ower tr""s(ormer :1l1ow3 the jnstrument to he 
u~ed on :HO to t50 \·olt~. 

The tolalllOwer C"H~l"npliu" isapl )mxim:Hcly S5 waU3. 
T ubes: The followi"I;. tltbc~ arc 11""([: 

2-(l.J5-GT/ G 2-:.!5L(;.(;Tj G 
] - G.1 7 1- (;11(; 
l - tiU 1- 5C·I-G 

I -T\"I": :l1 .. \ G-O·L!) 
All 1\llloC~ are anPl.]icd . 

Accessories Supplied: ,\ ".,,·\·,,-{.>ot power ,·"rd. ~I,,, re 
Tr ... : ~ LAC_!H~J neOn 1:""p. lind "lie Tn'.: 27-1-:-;:]) 
Sl,ieldcd Plltg. 
Dimensions: 1',,,,el. (width ) Ifl.~ ( h~ight ) 10 ).<l inches. 
ov"r_all: depth i)('hind p'Llwl. II inches. 
Ne t Weight: (7).<l pOlu,d~. 

CQllr Word Price 

700- A Wide-Range Beat-Frequency O scillator o nG.\X $700.00 

TYPE 700-Pl VOLTAGE DIVIDER 

The TYI'~; 700-PI \" ohage Di\·ider extcnds 
the rcadable range of the ou t put. \'oltmct('1"­
potentiometer combination of the Ty]> ~~ 700 
Oscillator down to 100 micrm·olb. Thc volt­
agc diyider con~j,;t~ of It laducr-type rcsi~tive 
net.work, mOllllt('d in a mctal cont:lincr, 
\\·hich is connectcd to thc o>:>cillator OI1Lput 
b~t mcans of 11. ~h icldcd plug find cable. 
\ lultiplying factors of 0.1, om , O.OOt, and 
0.0001 call be selectcd . 

\ ICll.,;urcments on higlt-gain, \\"idcband sys­
tems a rc po~;o;ih'c bcc:\usc the frcqucncy 
characteristic of the di\·i(!r-r is flat \\·ithin 
10%, for all scttings at frequ(,lu.:ies up to .) 
mcgacycles. 

SPECIFICATIONS 

Accuracy: Th.) ,wcu,,><"y of fllt""":Ili"" is ±:'''~ . 
Impedance: Thl' input i"'lwd,,,,~e is 2000 0Ill"8: Ih ... 
OUlpUt i'''lloCda,,(·o is :!OO ohm •. 
Dimensions: ( H,·i~ht) -I ~<l;< (<ii:omct,·r ) .' ).<l i,whc$. 

Ne t Weight: I % pounds. 

700~Pl Voltage Div ider . . . . . . . . . . . I 
(,,,,Ie Wurd 

GENERAL RADIO COMPANY 

Prire 

$50.00 
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OSCILLATORS 

TYPE 1301-A LOW-DISTORTION OSCILLATOR 

USES: The TYPE 1:301-.\ O:;;cilbtol' was de­
signed particularly for lise as:l tOIlC source for 
dbtortion mC:lsurcmcnb; :11H1 as a power 
source for hridge m(,:lsurcmcnts at. audio frc­
qucncic:;, ilCC:1W:iC of the large number of 
frequencies that can be obtained from this 
oscillator, it b also satisfat:io["y foJ' measuring 
freqllency charactcri~t i (;::; and for Il::iC as a 
gcneml-pu1"J)O'~c laboratory o~)("illator. 

The output frequencies include those rec­
ommended bv the FCC for dh;LorLion 
measurements' {)II broad(·ast. t ransmitters. 
This osci11ntor is thus ideal for IISC witlt t he 
T nE 1932-.\ Distortion and .\"oisc 1\'lc1cl' for 
rapid distortion mC:lSlll'cmcnts. 

The UIlllS1Wlly pure \\":l\'cform delivered by 
this oscillator at low fn:qllCIl('ics m:.kcs dis­
tort iOlI meaSUl"emellts posiJiblc at COll:-:ider­
:.bly 10ll'er frequctlcies than has hitherto 
bccn pnlcticablc, 

DESCRIPTION: The oscillMor is of the rf'sist.­
anee-luned ty pe and operat('s on the inverse 
feedhaek prineipk de\'c]opNI by the Ceneral 
nadio ('ompan,\', Separate feedback networks 
control the frcquelH:y and :lmplitude inde­
pendently , thus prodding high stability :Ind 
low dbtortion, 

The (if.gener:ltiYe feedba('k which controls 
the fr('quen('~' is ubtained hy me:ll1S of a 
pamlkl-T network in('luditlg rnic,;t cllpacitol':> 
ami wire-wOllnd resistorS , T he regcnerati\'e 

network includes lllt au toma lie coni ro! system 
wherehy a hi~h degree of stability i::; ohtaillf'd 
together with loll' harmonic distortion, with­
out requiring any m:HllI:ll feedback :ldjust­
ments, 

T he d('sirNI frcqu('rlcy b s('I('cleci hy push­
button switches, ,\nuLher push-button :j\\'i t('h 
selc<:i:i the ou(,pu t iml)('dllllce, .\ contrv1 is 
provided for adjusling the output \'ullage, 

FEATURES: I> Low (list.ortioll and :1 high 
degree of freqllt'Il('Y ;;ta bilit,\' :l t'e the i rn purt,a nl. 
features of this instrument. 
I> Instant selection of :lIly Olle of 27 fre­
quen ciel) fl'Otll 20 to ! 5,000 (,,\'cles 1)('1' :-:ecund 
c(ln be made by means of t.he cOIII'etdcnt 
]lush -bll t h,n COlli ro!, 
I> ExtNlla! resi";lors ('an he plugged into jacks 
in t.he in::;l.!'lI1lWIlI, t.hus l1lakin~ possihle- oper­
ation :It arty fl'cqll('nc,I' \\'ithin tIlt' normal 
operating rangC', In addition, :-;at.isl'aetor~' 
operal ion call 1)(' obiailted al rreqllell{'i(~s 
outside of thb range :\J1d :IS 101\' as 2 ('ycles 
per seeond, Hi somc sllel'ifi{'e in purity of 
\\'H\'(~fonn, 

I> An cxtCl'llal mnge-t'xtC'll,.;jon unit, t.he TYPE 
I~OI-PI, h; al'ailable \\'hich plugs into tbe 
oscillatur and pl'O\'ides it Ihul1iplying faetm 
of 0,1 for all fl'('quen('i(~", The frequt'llc,\' 
range i,.; i hus extended dO\\'1l\\':lrd b,l' :1 full 
dec:l(\(' to eOI'C!' from 2 to I;) ey(,lei> per 
second, 

SPECIFICATIONS 

F re q uency Range: t. fixed frNtui!lleies I)('IW"'" to lind 
,,;,()U\) c)'dc~, 

F requency Contro l: 'I'll(' Ir(" l"'"""Y is r(",lro>!lt'd 1),1' 
lW" lHI~Io-1"HI()n swi\('h<',<, T Ii(' 1ir~t pro,' id(',~ fretl""",'ies 
()f to, ~5, :m, ,HI, aO, 60, "-', WO, ,,,,d l;-'Of')'d('~, whilf' Ihe 
H"'o,,,1 m"lTipli,'~ I I"'~r (1'<"1"", ... i('8 by I. 10, "nd 100, The 

frl'(ju(', ... ic~ i"du(\f'd CQ\'f' r l'r''': li,'"ll~- till' (,l11in:: :Lll<lihle 
r.~n)!:f' in "pp."xi"':<I('I," 1"J.:acidlinic i''''''{'H'''lll~, 

Tlw Tn'" t:101_1'1 Ibn)!" Ex\{'n"i"10 l'"il i~ """ilnhl{) 
to pm"ide " n111hipl,\'in~ faGt()r "I 0,1 (S<'e J,ri,'C li~t OJ] 
llPx1 1'''1';(,, ) This """1((' ('xtc,~,i,,{l ulli( lJlu!,s dil'('<'ll~' JHI', 
j"cb l"I),' ided i,,~i"c dll' I)opilbwr, 
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Frequency Ca libration; El\d\ il1~tnuncll~ i~ :"Jjusterl 
wi{l.ill ±(l%% + 0.1 ~yde). 

Frequency Sta bility: "rhe i"t~rnal Yolta"e rep:ula tor 
tlli",ill:.t~s frtlqU (ln~,. eh:''',::e~ no's"lt in" fro'" chan~C$ ill 
1ll'Ile supply. Ch""J.:c$ ill loa,\ h"'·e no effce~ UIKlIl the 
fre'luency . The frNtue,wy drif~ is not o;reater th"" 0.01% 
per hour after th!) lir~t 10 milluteS of operation. 
Output Impedance; Three Oltt]'lt~eireltjt$ are pro'·'dcd. 
&·le<.:tion "",ollg them iH ohl";,,ed by "WailS of a I)u~h­
bUlIon swilch 011 lh!) panel. The output imp<.>Uauces "'"" 
a s follow.: 

l. (;OO-<lhrn I>fll'''I<:c<l to Arou nd . 
:.? (;OO-oh", 1I111",lanred. 
;.I. "OOO-v!om unhal:\IIccd. 

The ,·ol"rne COJlirol is" polClltiomet.·r in th~ 5()()()...<,hm 
circuit. The :,,·tll:ol OlltPl1t i'npt'd: .. ,<:c of Ihe ':'OOO-ohm 
cin·uit will ,"ar.,· h"tween 1000 and GOOU ohms. d'·I>Cttd iIiA 
" pOII the S<luiug of t h.., yol u me cont rol. i;uitabl.., r"'3i~t'''lCc 
p"ds keep the i'npcd:uwe of the (iOO-ohm VUIP"t circuit 
eAAt;nt ially constant, reg'lfdles.s uf the yolume (v"trol 
8l'uiuJ.(. The (iOO-"h", m,lanreu output cirruit i~ lx, lanced 
at ,.II freqll cll<.:iea wh..,n opcn'ting intu " b",l an~ed lo"d vf 
any i"'ped""pe. 
Output Powe r : 18 mil!iw',\t$ into (;00--<:11"" loftd . or li.G 
voJt~ open cir"ui\; 100 tnilliw"tt~ into iiOlXl--<:lIt", I,.,ad, "r 
ao vultg opcn cir.::u it .. The output \"olt"I!:C, for either i, ,,­
p<.>,J:,ttce pv~ition. will rem:oin const.:u,t within ±l dll 
th roughou t the (""lut"cy tang.., . 

Wave form Distortion; 

5OOO-ohm o u tput: - X "t "'ore tit"" 0.1 % I"'tw~n 
-10 ·7':'0\) cydcs. 
Xol more th",. 0.1'-,'-; ,, \ ol her 
frequ,·ucie$ . 

600-ohm output: - Xot more !h"" O .] '.~. I~·t\\",·,·n 
-10-7,,00 cy<:!eg. 
Xol 'nore th"" (t.:!.;',,- 1"·IWl'l·" 
:!O··IO ~yd,,~. 
Xot ,,,ore th"" U . l.' ~' "b",·.., 
i50Q cydes. 

OSCILLATORS 

T e m pera t u re an d Hu midity Effects: The oper~tio" 
of the instfU'nen t is ~ul""I:Ull",lly indc!1-Cndent of di"'"tic 
ch"ttl:c~ itt ~~mj)Cf:L t\,re lind humidity. Under extremely 
high ll''''p,)ratllrc find humidity thn two hil!:he~t fr~­
q"enpie~ m:oy be affected " •. m'cwhat durin!: the \\""rlll_lll) 
pcriod of Ihe in ~lrun'ent. 

Power Supply: 105 ~o 125 (or 210 to 230) ,,01t~, 25 1,,(;0 
"ycle~ ae. 'r] ,,, l"t,,1 )I<Jwer c<J"~umIJliu,, i ~ apl'I"Vximatdy 
45 W"H~. 

Tu bes: 

]--(iYG-G 
l- l;s'17 
l - u::;}, 7 
!--(i::;Qi 
1- 1\1-:-]7 
] - {iX5 
l- iilH_G 
1--(i.':;L7-GT 
]-oD:I {\'1I150 

T erminals: J:wk-t"l> )'i"di,,1': po~u with ~t:""lard ~:f­
i",; h sparin.: ~",d ~t<l,,,.hrd \\·c~t<·r" Elc<;(ric llu"ble 
uuqmt ja,·k ~re pr()vi<if'd Olt the parte!. A I:rourtd IN­
m;,,,,! is "I>S() pfO\",dNI. A 8t,,,,,l:<rd ",ultil",int cult(lf'Cl(Jr 
]lrHvide~ dupli~"t<) OU(pul t<·r",in"l~ "n thc rcar of th<: 
i"~trumc"l fvr rel"y_r"" k in~talbt iou . Th~"e t,","min"ls 
ur<: di ~COtl1'c~trd when :I 1'1"1: i~ inscrted in tlrc \\"e~t"rn 
Ele('tric-tYIIC p:m("! j, ... k. 

Accessories Su pplie(i: Lilli; \,vutu·Olvr curd, alld H,ulti­
poi nt cvn"e~tor . 

Mounting: Thr i,,~trt""(,'H i" n·I".,·-mck 1""''''(,·<.1. 
W"lnlit cltd fratn"~ Hr" ",·"ilahle tv :,d"pt t he inslru· 
[,,,·,,t f,)r ,ah!e ,,\,mnti"l:. (~~ .. pri ~e list ho;,low.) 

Panel Finishes : St:lll<hrd C"""r:<I ltadio hl,,,·k '·"t(" klr. 
Ccnain $I,,,,,],,rd I:r".,·~ whid. ",," I,,· PT<"{·~>s<·d in 'IU""· 
lilY C:U, he ~lLl,plicd "~,, price i,,,"rc,,~c of 811.00. 

Dimensions: 1'""..1 (l"nl:th ) HI .~ ( h~jght ) 7 incltl" B: 
del.tlt I)(>hiu\l p:",d. 1 2ind,~". 

Net Weight: :11Y.I>()und~. 

('od" I\"",d " rire -- ---
1 301-A 
1301-Pl 
ZFRl-412-Pl 

low -Di stortion Os cillator . .1 
Range Ex tension Unit (2 to 15 c.p. s.) .. 
End Frames . . .. 

_0_ .n"~"Qn p,,'b 

II ,!'.N!!tJeL Sol","", H",,~" 0 .. /1111""9 •• If'" -, 11---- --1-I ~1l1, _ t;I/ -
- - -

'"[OLJ(N(;V_~ 
, 

\- -- c,vii 
, 
I I~ CP.S. I ~ ---; , , \ \_ .... . , = , 

~-
'-~--. _____ ......-<' -:::. __ .J 

~ ... . 
\.0 ........... "'~"'pli~' 

+ 

V 1I'~"''''Ii'''' 
I 

Co"',o/ T~ _R_b,,,,,/DIJ C""','''''<I / 1I'~_"li1)1! I'J--~--fi PilI" 

-,---- --., I!f.l <1-<: (;Q"';;-!U' ~1 ' H,g"'II,UIl • Bios ..... ~ 
: Plol, I 
I Su""', : 

.. ~II~" 

OZO NE 
O V.\'I'I-: 

EXIH"IU)IIH C 

0",1"" 
C<JbI,o/ 

l1li 

. 
-

iii 
ISI -

"'Vol:'.OIo<l' 

O"q/ 
Blo. --.... '------'1 I~ 

1I.,"'olo'~ ___ 
~ 

$395.00 
70.00 
16.50 Poir 

~' OIlTPIIT 
SCL£CTOII 

)C -.-

A.Y.~ 

Am"lili" 

II1II 
• 

=-

• ~ 
IITPUT , 

-.-
0,1iI/ B'ol/ _. 

-
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OSCILLATORS 

TYPE 1302-A OSCILLATOR 

USES: The TYPE 1;302-:\ O;':'('i11:)tor 1l:)S been 
designed a:-: a rom'Clli l'll! ~Ollrcc of power foJ' 
h ridg('s and other networks e~pctially where 
the frcqllPllty ran:;:c nrcdcd c:dcll(b beyond 
t he normallirnit of :tudio osc illator" into the 
f:,u pel',-:ollic t'<1ngc. T he ent ire ftUdio "pcctnu11 
is {'o\"('1"f'd dO\I'1! to 10 cycles and the uppel' 
fl'cqll!,tlC'y limit of 100.000 (·y(·le8 extpm]s far 
('Hough into t l)(' l'fldi!J-freqllcnc." 1':lllgc to 
on'rl:l p the lo\\" end of 1'-1' generatOli'. The 
0,.;('[11:11 01' can 1)(' llscd OIl dlher b:d:l!lccd or 
Illlb:ltanccd ;.:.ystcllls. 

DESCRIPTION: This instnlllwnt. is a J'cl"i,;t­
lince-tulled O::icillalo!' emp loy ing th e inwtc;{' 
fccdhaek pl'intipk. The f requ('!l(',\ '-detNllIi n­
ing network ll ,.,('8 a \\"jcn bridp:c tirnl il, in 
II"hieh the capac:it h'c e'km('nts :lrc (·ontrolled 
hy the maill frcquCllt',V dial, and two rcsisti\'c 
clemCll ts nrc sclected by a ran!;:r switch. 

The a mplitude of oscillntioll is held ("Oll ­

stant hy using a se('ond bridge' scction, with 
a non-linc;ll' l'C;;i:-,;t;)IlCC in serted in onc :mn 
of I he bridgc. A butTer amplifier i~ inscrted 
a head of t he out,pul, [e\'el control to minimize 
reHelion on t he oS('ili;1tor freque ncy . 

The output amplifier i" al't'angcd to p ro\'ide 
balan(,(,d-to-ground output fo r nOD-ohm loads 
as well as unb;lla nced output fOr 300- or 

bO()()-ohm load s . TIl(' circu it design is i'w: h 
t hat, con:-:idc rnhlc \'al'intioll'; in load vnlues 
from tll('s(' nomina l outpUI:-; ("nn be 10k-rated 
\dlholl!.. apprel'iahly incrca:-:ing the dit'tot'iioll. 
The output termin[l.l$;H'(' :llTllngcd i'0 Ihal n 
comp]('te:\y !<hicldcd cO:ix i:)1 connection (:[l.ll 
bc m:Hle. 

FEATURES: ~ The wid(' frcqucnt'y rangf', \'X­

tending ft'om 10 cycles to 100,000 eycle:-:, is 
!111 im portant fcature of thc TYl'~: 1:{()2-:\ 
O:'lcilla ior. 

.. Excellent frrqllcn('.', ~ta.bilit,\· i!< ohtnilH-d by 
mean;.; of the l)J'idgc-typ(' feedba(·k ei r(' uil~, 

~ Harmonic di stort.ion ha:-; Iwc n kept 10"' , 

~ A ~t:mi -lo~a rithmit- i'calc eliminate:- (,t'o\\'d­
iug at the low-frcquenc,\' end :)ml :-: t ill nllows 
ihc high frcqllcneit' s 10 be :-:(' t. with the sa me 
prccigioll :lS the low frcquencies. 

~ CO:l:dnl sh ielded out put 1('nninnb at'" n\'ail­
ahl" for lise in hridp:e IlW:1SUl'cm('tI \s :tnd 
oth('r applkntiom, "'hel'e stmy fields arc un­
desirable, 

~ Itlternal volta:;!;e t'''gliiatiOIl in the PO\\'CI' 
supply rcmoves eff,,(,t;; of linc-\'()]bge tr:t n­
~ien ts lwd allows tlH'. ill:-t t'lltllcnt 1.0 OpCI':l\.e 
from a widc range of supply \<oltagcs , 

SP ECIFICATIONS 

Frequency Range: 1010 lOO.O()O e.'·~h:~, in fum rM,~eg, 
E:I{'h r:'III,1.:C eo"('r~ :l der"de ( ]O-IOO rycle~ , lOO-WOO 
eyd('s, 1000-10,000 cycles, :Iud ]0,000-100,000 cyde~) 
continuously "ari,,\,\c, 

Frequency Control: Th" main control dbl is ('lIl:r:"'oo 
fmlll 10 to 100 cydcs o\'er " sf'ale 1('''1:110 o( "Pl'ruxi­
m"I('I~' 8U inchcs, Vour mull i\llier ~wilehes mulliply Ihe 
scale (reqncncies by 1. 10, 100, or 1000. 
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Frequency Calibrat ion; Each in~tru'''l·''t is :.djuHted 
within :1::(1).4% + 0.2 en:le). 
Frequency Stability; The warm-up drift is ICl~~ than 
1'% in th.;: first ten rnitlutCls :md is l,-,slI th"n 0.2% licr 
hour thel'eafter. 
Output I mpedance: Two outi,ut circuitH "re Im.wided, 
balanced GOO ohms ""d unhabltec,( ::,000 ohms. 

Tile ["I('fIt,,1 i"'iIC<i"t1cc of the (;OO-ol,m output [s 
COllS"",t at 550 ohms \mll'~S the LO\\' output terminal 
is rUl1!,,·cll ... 1 to RIVu"d I,y 1tH":ms of thc ~tr"p prv\'i<led 
vtt Ihe P"'H"1. Tltl' output i",pNb nce is dum IUl I"ed ""d 
th(! OUtput is unh:LlalLccd to gr<>ulLd, 

Th(! 5OUO-ohm vutput positivn is intcndcd for 5(lOO­
olll>l I,,"d~. "tlh"la,wrd to ground. ,,!though the clTr"ti,'c 
ittl,'r""l ;"'pcd:",,·c of thc v" ... ill"lor a,'crages :.Ixollt ·100 
ohms in this I)o~it io n. 

Output Voltage: Apj)1'Qximat('ly 20 "Oltll opcn ci rcuit 
nn 5OOO_01un output. a"d 10 ,·.,lts " !JCIt ('irl'"it on tiOU-
0[,'''' output. The OUtput ""It aRC is c""stnnt witl.i" 
± 1.0 dh o\"(.,r the ('I,lirc frc<jlll'''CY Tl'''R(' . 
Output Power; ,'\ maxi,,,um J)"Wf'r output of 80 ,,,illi­
W,,11S t:an be obtained i"to ,III ""hala"Cl'li '}ooo-"J,," 
load. A maximum (of ·10 milliw"tt~ cau he ol'lai"r(\ into 
:1. I~,lat)ced-Io-~r("",d tiOV-ohm load (20 milliwatt" iut(> 
an u"hal:",~«!d :lOU-oh'" load ). 
Waveform: l"'rl"'>ltit, contrnl is le5..~ th,,,, I "~ for all 
ou tPtL~ \'alllc~ and ," all fl'Njtlcncics within il ~ ra ngc, 

OSCILLATORS 

A-C Hum; 5000!l ou![mt, 24 mi11ivolls, maxim,u". 
600!! OlttptLI, It milli"vit s, maxi,u""" 
Terminals: Jack-top bi"ding posts with IIt,,,.<I,. rd 
%,-iuch ~pacin/.: "ttd ~t""d:.rd (;cnc .. a] fbdio 'j"YI·.: 774 
co,.xia! tcrminals arc p]"o\' idrd on the p:t1ld. Tho SCl'a,.,He 
gfound terminllll".s a Sir,,]) which Can be uscd to /.:found 
tire LOW OUt]lut termi""L 
Mount ing: Tire ;ItSlrll'''{'I, t is IJormally slIPl>li"d fo r 
rd".\" -r:".:k mom'ti,,~, hltL ca t) 1)(: casil.,· "d"I)IN1 f"r 1,,1>le 
"IUU"lin!l b~' 11'0 additio" .... r \wu w:t!tmt fr:llll" ~ at the 
(!nds of the Ilatwl (~CC i,ricc li~t bel"w ). 

Power Supply: 10& to l:!& (o r 210 to 250) "olu, 50 to 
liU cycles. 

Tul"lllower consumption is "hotLI 90 w"tl~, 
T ubes: Thc followinJ.( luh"$ aTe wil'll "lid arc nil supplied 
with Ihe iustru'"enl . 

:!-G~i,7-G' I ' 
2--{; 1I·I-G 
I - GAl\.li 
1--6FG 

l --{; VG 
J- GJ.:; 
1- ,-, \ '·1-(: 
l - oDa, "H1&l.1 

Accessories Suppl ied : .\ litte c"n"ector cord. coaxial 
OUII)ut conncctor. Tn'.: :!7·1-!I\ I'lug, and UlultipvinL 
COIIIlt:ctor, 

Dimensions: (I.,·",:tll ) l!j Ys x Owight ) 7).4 .~ (depth) 
H }~ inches. m·er-all. 

Net Weight: 30 p<Jlmds, 

Codc Word Price 

1302-A 
ZFRJ-412-P1 1 

Osc illator . . , .. , , ..... - • . . . . . . ... ·1 
End Frames ... .... , . __ •• • ••• • •..•. 

.'[."\" ,\1. 

.l::l\"DfI{.-\:\I \)[ (l 

$365.00 
16.50 Pair 

l'A"1'1-::-:'1' :-:onCK Sec NOlu 1, 1.1. ~"d 2;;, page \i. 

OTHER WIDE-RANGE OSCILLATORS 

The T n l'; 700-A \r ide-Bange Be:H-Fre­
quene)' Oscilb.lm, de"'tribeu O il page 11 0, 
h:l.:, :l. frequcncy range extcnding fmlll 50 
cyl:le:o) 10 5 me~:l.('ytle", 

The '1']"1'.1:: 1207-.\ [; uil, o.~cill:l.tor , de­
s('ri lwd on p:l.gc 100, i" a "'mall and COll\'cn­
it'IlL instrument which lIi<CS a con n )ntiollai 

Hartley ein·uit.. to towr a wide frequenty 
rallg\' wilh :-:e\·cra.l plug-in (·oib. Three fj;.:cd 
audio freqllelleic.-; me :"'aibhle in :tddit ion 
to seven eOIl I ill lloll",l .... t unable ranges \\"hi('h 
eomplcleiy cover Ihe r:l.nge from 70 kilo­
cycles t.o 80 meg:l.(:ycies, 

Schemn\ie ci"~u it di:lgr'lIlt of the Tn'1: 1302-A O.<cillato,.. 
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OSCILLATORS 

TYPE 857-A U-H-F OSCILLATOR 

100 Me to 500 Me 

USES: The Tn)'; 85i-.\ C"·H-F Oscill~tor is 
R pO\\'cr ~o!lrcc for mcaSlll'cmcnls :lIlt! tc,;ting 
in the fr('([llC!1c), range between 100 .\le and 
500 :'lit-. 

DESCRIPTION: The o,:cilbt.or consists of :1 
bultcdly-Lypc tUlled circui t, and :1 \Y. E . 
31G-.\ \ "aC\lum Tube, CIH'\o,,<,d in )\ met·ill 
hOll:<ing tll:l! provides :1 moderate amount of 
sh ielding. Thl' a-c power-sllppl~' IInil is in 
a scp:1rntc ('ahinf't. 

Output i:-; obtrtincd at a CQ:lxia l jack Oil the 
,.;ide of the cnbinct. Output. cO!lI)1in!!; j,; in­
ductiyc and can 1)(' v,Hied ('ontillllO\lsl\' from 
m:lximum to pradic:111.v Z('I'O. . 

Tlw m:lin dial j;,; calibratC'd dil'cc!'\y in meg­
:\('\'ck:-;. The \'('l'I\icl' dial c:lt'l'jc" 100 uniform 
di ~' i sions and co\'crs the tuning I':lllge in 
about 10 revolutiolls. An :llIxiHmy scale 
indicates rC\'ollltiolls of th!' slow-motion dial. 

Filament nlld pbte pom)1' nrc supplied by 

the THE 8.~7- P I Pow('1' Suppl.,· . A 3-con­
ductol' shielded cord of £i-foot It'ngth. I)CI'­
mancntly eOllllected to the o,.:cilbtor, plugs 
inlo the powel' sllPply uni t . 

fEATURES: ~ :\ mod('I'MC amOllnt of powcr 
is dcli"crl'd In' the T\'I' E 857-.\ l'-II-F (j,.:eil· 
hlo!' oyer;, ';' idc freqllCII('." range , 
~ Sill~l('-dial frequency (;onlml, wi th 1I ,.:Iow­
motion dri\'e, makes it ]lo,.:,.:ihle to ,'ar,\' the 
0::>('ill:110r fl'eqt ll'll cy in small inereml'nb;, 
~ Ou tpu t fluetlialiolH; from err;lti(' (,kct.rical 
contact are eliminated 1)\, the u,.:( ) of the 
butterfly cireuit as a frel!llellcy-df' tcrrni ning 
clmnent, sinee no eIPctrical COIlllcct.iollS to 
the 1'0tOl' 111'1' needed , 
~ Back}a;.; h i;; extrcllH'h' 10\\-. and the insu­
lated rot or shnft is mOllllted ill bnll bearings. 
~ The entire ll""crnbly i::; sm:lll , eom pact, 
and light. in weight. 

SPECIFICATIONS 
Frequency Range : 100 :'Il c to.500 " I r., 
Frequency Calibration : TIll' frc'lIlCllcy dial rc"ds 
diretti)- ill m("Ra~ycl(·s with "" act"lr:!",." of ± 1 %. He· 

pb~e!l,..,nt of the v"" ullm lu hc rHay rnllS(' ,\ .$hift in thc 
c"libralion. A trim'"cr c:trmcitor 16 provided to compen· 
~:lI{' for "ariations in tuhe c"paeit"ncc. 
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Output Power: Th\! oscillator wi l\ dcli"cr " maximum 
()f apvrn~imald,\' 0.5 \\' a ll :11 the hi~hcsi fr\!'lucncy. At 
IOW\!f fn:qucn(:if's, Ow OUlPUI ; "('r<·a"...~. 

Output Coupling: II,V r\ll:llinl!: tiw output j: ... k, tho 
orientali,,,, of the ~Il\:oil OU t lHlt "oupling loop Call 1><.1 
,:,r;,'d fWln ~e"" 10 IIlaxilllUlII COllplillg. Ily ~c,"(' wi "g Ihc 
j:"'k ill 'II' (.ut. (he 51"";"/.( loc(wee" the os .. il ]"(,,r IUIINI 
circuil :'lId the 1001' ean 1)(' "djuot(>(\ in addition. The 
,.output lel"l"i":11 i~ a <;oaxia l piug , 

Output Impedance: The output "y~le'", will. ils 
adjlt8u.hlt' ".,uplillg, iii :Hhpl,'(\ fo!' \t~c wilh ",,,, xi,,1 
liHl'~, :\l: .. ~i"llllli I~.wcr ean 1>(> delil'cr,'d v. ioad iIIlPCU­
"""<'~ jn lite nHl~e tlu'umlly 1'lle()Ulltl'I'ed ill cuaxial 
8,\"8tel"~. 

Power Supply : Filall"'''1 ,,,,d pl:ole puwer i~ flU'"is1ol'd by 
thr TYI'f: 1',;7- 1'1 I'()wer Sup!,l,\', ",hi ('1o i~ moullted il l a 
<'('parMI' "ah(1)1'1 wilh (;oIlIl('(:l i llg ('ord :lnd pIng, Tho 
plale \"()II:og" Sllp)li,,'] h,l- this unit i" fix"d at th" 'n,,~i­
mum ,'alu(' fOl' *.fe o pc""liu" of the tuh,:. I L opel'a ll's from 
" 1iJ,;-!() 1:!5",·()lt (or' :!II) .. lO :l.;U",·olt ) a_,' liu",·10 10 (jO 
"yde~. Th" power inpuI_ i~ "hUll! tj() \I'''I'~. 

Oscillation I nd icator: . \11 el""tron .. m~' mix· is provid"d 
i ll Ihe '1"1'1" ; s;.i_l'l l'o \\"(>I' ;o;ujJply 10 indi""le grid cur­
n:ut "lid l JIIt~ furll i ~h au illdi('a, i"u uf "~"ill"ti",, _ 

Tubes: :\ l(j .. .-\ (os<:illawr ) ; (iI':5, .J \':3 .. (;'1" (pOl("l'r ~"p]lly j, 
.. \11 :ore ~ul)Jllied , 

Accessories Supplied : .-\ line <:Ollneclor ('OI-d fn. power 
$uPlJly "lId " Tn',; 77.j .. :\1 ("a l)i,' ,h"k f()l" the "o:oxi,,\ 
outpul ,,r til" useilhlUl" ," .... sUlJpliecl. 

Mo u nting; Butll useill:llor arod ,he power supply unit 
a~ II10Ul>lcd in !lll,t:d c:oIJin"I~. 

Oim\!nsions: O~("il"'tor. In'S x 7 % oX 7 I:)' i,wlll's. ",·" r-all; 
powl'r su pply, ;, ~2 _~ G% .~ G \i inches, 0\'('1" .. ,,11 _ 

Net We ight: Oarill,,(ol'. G ~ , pO\uHls; 1)0,,"(:1' 8UjJply,!)H 
p01ll,ds . 

Type 

OSCILLAT O R S 

\,il'W of Ihe '''"(:(\ ("in'u il (If Ihe '1')'",; ~J7-.\ O"eil\a 
tOl', ,,],,),,"ill)', als., t I,e "U! IHlf "("Ipliult \'~'I' :I ud .IU ' llUt 

j,wk iu aPI)l'()xim:ttcly Iheil' nOI 1Il,,1 pO$ition . 

857-A U-H-F Osci llotor(with Power Suppl y) $285.00 
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OS C ILLATORS 

TYPE 869-A PULSE GENERATOR 
USES: The pulse generator is int.ended for Il~C 
ill teAs on ei!"('u it,,; dC:;igncd to p:\~,,; "horl clcc~ 
trjc~d pulses. It generatc;;; pu[,;c,,; of either posi­
ti\'(; or negative pO!:-Il"i ty, whose width can be 
set to an." Y!lllIe between O.:~ and 70 micro­
second:.: and \\'hose repetit.ion rate can be con­
trolled bchl-een 20 and ·1000 cydc!:> prj' second 
from an cxtf'rnnl a-c source . Complete ;.;hidd­
ing of the entire instrument makes it useful 
for pubing standard-signal generators and 
similar ap]llll"ll1US, II"here extremely low \'olt­
age level:; arc encountered. 

DESCRIPTION: The microsecond pulses arc 
generated in an output amplifier stage by 
driving Lhc control grid between the limits 
of plate-culTcn\, cutofT and platc-elllTCnt 
saturation. Either positive or negat.iye output 
pubes arc provided by switching the IO:ld 
resistance into the cathode or plate circuit. 
The :lmplitude of thc pu be b cont.inuously 
adj ustable h.Y mCHn:s of a :screen \·olt.nge 
controL .\ negative bias voltnge lIpplicd to 
the grid of t.his Lube maintains Lhe tube in 
a culotT condition between pulse:' . During 
the plllse period a high positive bins is applied 
to t.he grid. 

The posit.ive pubic, used to control the 
output. amplifier, is derived from a circuit 

cmploying; t\\"O gas-triode;,; . The output, :\Inpli­
fiel' grid is coupled to the tcntcr point of 
these scrie,.;-eOllllected gas-t.riode,.; \\·!lich nre, 
in turn, pl:lccd aeross a e:lpacit.ol'. A positive 
d-c potential b dcveloped acro;;s the capacitor 
tcrminals by charging: it from Lhe pOll-cr 
:supply through a sllllnh1e series resistance, 

"-hen the first. g~l:;-t.riode becomes eonduct­
illg, t.he positil'e capaci tor \-ollage appeal'S 
across both the ouLput amplifier grid and the 
ot.her glls-triode_ Conduction in t.he second 
gns-t.riode removes t he positive voltnge from 
t.he amplifier grid. Simult:tncollsly, the two 
gas- triodes no\\" pre.-:;ellt a lo\\--impedance p:tth 
aet'oss the c~lpaei tor and dischargc it.. \rhen 
the capacitor terminal voltage falls below l1 

critje;ll v:lhw, both gas-t.riodes deionize and 
resume their normal non-conductillg st.ate. 
The capacitor tll('1l recharge'S through Lhe 
series resistor and the circuit. is rc:.tdy for :L 
second pulse operation . 

FEATURES: ~ A Continuous range of adjust­
ment on pulse \\·klth b obtaincd by wsing 
variable circuit clement:; in the simplc It-C 
circuit that controls t.he time delay bct.\\·cell 
the conduction periods of the two gas-triodes. 

~ An output. voltage is provided for control­
ling a high-spced swccp circuit_ 
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.. A limited ph:'lse adjustment is provided 
l>cl..ween the out pu t and the internal sy n­
chronizing a mplifier. 'I'his pcnnil s adjust.mcnt 
of the l iming of t he pulse with rCSpN.:L to 
t he high-sl>ccd sweep circ ui t of an ext.ernal 
oscillosCOI>C, 
.. The timing of t he pulse !\nd the sweep 

OSCILLATORS 

circuit Call l>c maint:'l illed within a fraction 
of :t microsceond, even :\t the lowest. t·ej>cti­
l ion r:llcs, by mC1l. IlS of t he synehronizing 
circuit, which has a high dcgt-ec of control. 
Thi s condition is tlcc·c,,;sar.\' if microsecond 
j>ul&!s are lO be visible cle:uly 011 e:ltho<.lc-my 
sc reens. 

SPECIFICATIONS 

Repetition Rate: 20 IQ ·10110 eycles. Pull!l'slolllwr 1h'l1I 
10 !tli .. ro"e(o(md~ :orc limited 10 " m"xiluum fretjllc",,}" t)f 
1000 '·)"C le~. 

Input VQltage: Ilel\\"('cli 5 ')'Id 10 \"olts arc n:"(tllired (or 
normal control. For improved .st:tbiliIY at the lo,,"e~t fre­
qll,'fI(·i('~. t hi~ III:l..\" l)(l i"rrc:l.scd to:l. \\l".~imUll\ of:lO '·0It 8. 
I nput Voltage Waveform: Thi$ iR nl,l .;.:r' (I<-"I. ""d )11:IY 

\'ur.'· from a ~inc wa\"c t(l " Irian.l(ula'· WI\"C. Car(l UlUl'L 

I.H'! luk{,lI. ho,,'c,'cr, to keel) this ~ignal r""$Onahl)" free 
from p,,"'·l'r ~\'IJ I)I.\" hum volta):e, 
Synchron izi ng Output; A clilltK'd s ine \\"."i\"~ of ''1)])1"0)(­

imatl'ly - ]/iQ and +50 IJe;lk volt~ al)IJe"r~ aero" the 
~Y'H"hl"()"itinll: "ulpm l ermin"I~, T his mar he u&'<1 to 
"untrol the h,):h-81)(>{"d ~w~p cireui, of an ' »IeillUR"'I)h 
I h;ll ha~ II«')) prov,d~<1 "'i,h suitahle t r igf(eri nK :unpli llcre. 
Pulse Amplitude Control: .\ panel control I)('rmil~ the 
I)UI~I' amplilude 10 he adjtlsted from zero 10 maximu'lI, 
with a II cKIiJ:il,le efTe(·1 upon the llUlre wa,·donn. 
Pulse Waveform: The pul;\(! b es;!Cnti"l1y Il:tt-toPI~1. 
IOnd I"..~ UII dr{'<"li"e rise time of 11.1 lIli,·rosccond for pullIC 
widlhs l e~~ th"'l 10 ",i .. ro~IId". For 10ult"r l)u l!ICs, the 
rit<' lime isl",;,j than 10'";' of III<' ImlllC width. 
Output Selector; ,\ )l:Hlel swilch IJermil$ "n~· one nf four 
i Ulpo('d,u\l"('~ In he iU]l('rl ... 1 ill tIl<' outpnt " ",plifier, :md 
allV\ prvvidl's eilher lXlsiti,·c o r nCK~ l ive IJUlllC~. 

Pulse Widths; The oUllJUl puis...· is <'"Out inuously ,,,!just­
"hie On'r Ihree r:lllltes. Thew " re 0.::1-;$.0, ::I-I(J. ,md 10-70 
micl"t!oscoo'Hls, rCSI.>C<l{ivcly, T he ""li l,r:l( ion of theM'" ~"On -

lrol ~ is app ..... ximately eor~t o\'er the entire fr<!{J.nency 
r"nKe. 
Output Amplitude: ~ee lal,le below . 

Phasing Controls: Panel con'rol ~ "re providNI to 
pcrmit adjll~t"hlc ph"~ill.l( of the OU'IHlt pul~e ' W('"f a 
l i, ,,,tc([ r""RC. with r"~Jlect to the ,·oltaKe obt"i""d at 
tha ~ynehrolli1, i n.l( OUtput terollinals. 
Power Supply: 115 (Qr 2:lU ) \·011$. 50-GO eyelc~. A ,."rin­
tion of ± IOr", in Ih(l ~"pply ,"olwKe will "auw" " .inor 
\'ari~(ion in the oUlput p"IS() amplitn(!(l. ""d will J.:cncr­
ally tend to dWHl(e the pul:!C width. Fur oplirnu", IIC r­
f()rm"n~, olICrati()n lOt Ihc 11i)- t)r 2:30-,.0It ..,Liuc is 
re('()>ntnl'mk'd. I'o"'('"r (III)u1 is (',0 watl~ . 

Accessor ies Requ ired: To d ri,·" the ~e lleratf) r "II ~-o 
!IOurce if nC<:'d"d. The Gener:ol Hadi .. Ty l": !.II:i-G 1k!:H." 
F....,'IUCIL .. y O".,ilbtor is r1'"cornrn('"nded. 
Accessories Su pplied: _\ $C"('n-fot)t line conlleetor cord 
and OIlC Tn'.: nl-H2 I'"t .. h ('t)rtl.1r<!~upplied . 

Tubes Supplied with Instrument; 
2-GHli 
1- 6.\ ("7 
1--6:'\5 
I--{)I):I / VR 150 
1- (iS:'\7_<':T 

MQlInting : .\1,,1:11 .. ahiIlN. 

2~::-4 
1--(;:-:("7 
1--6%"i)-<': 
I OC:'I / \'HIQ.> 
1--6LG 

Dime ns ions: ( I.cn.l(th) I()x (heighl) ()H· x (dcpth) 12J.i 
inche!, over_lOll. 
Net Weight: to I)()unds, 

PEAK OUT PUT VOLTS - O PEN CIRCUIT 

l'llise I 'Q~ili~~ .\'rQlll i1HJ 
J>Ql"rily OIH."ralillY 
Ol/Ip,,! 

20 K !? IO()() !? 5()() U 100 \I 100 !l 500 I! 1000 !l 20 KH l'req'''''''c!J* 
.":'rllil/IJ 

Hauge A !JO " 70 20 
" '" ';,0 "" ;jOO ....... 

H"nge Ii II" "" SO 10 
" 

~> I ill :«10 rlUO ........ 
Hauge C 100 00 '0 20 " 'KJ '''' :100 ;00 _ 

-foroth('"ropera(o"", f,tquenele •• ~he ,·oi,,,,,,ee ,..,1\ "" " ·"1,,,, "PI,..)~""al~l)" 2O';~of' he \"ftl" ... " g,,'en ,,\x>,.\'". In gene",l, Ihe open c'r<:ui~ 
Output Vt!lt"u will ten,1 to dee«':"",," ". the put.e width "",J ... perM;n" (' ''''Iuelle)" j"e«':a.e. 

Price 

869-A 1 Pulse G enerator " .. , _ . _ , . • ' , . , , , , , ,I oun: $330.00 
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OSCILLATORS 

TYPE 723 VACUUM - TUBE FORK 

USES: The T Yl'E 72:3 Yacuum-Tubc Fork is 
a cornp:H"t, ,..1:11)10. fixed-frequency osdllator. 
It is parii('ul:!rly lI,;cful as :1 modula ting 
suure£' fur sl:llHhnl • .-:i);Il!11 gCllcmtors an d 
heacon tmll.-:mi l1 l'r'-:, as a po\\'cr source for 
imlX'dancc hrid).!;!''; and fur lratl::;mi:-;.-;iun 
mC:lsu rcmCIl I ,.; 011 lines :\nd cables, an d as a 
test-toile gCllcmtor fO l' communication sys-

tcms. Its wlLI'cfonn Ls suflicicn tl y pure to 
permit ils Il:'C as;l tcst-si!!;lIal source for m:lII)' 
types of distortion mcasmcmcllts. It I:; all 
excellent source of liming puiS('s fo r oscillo­
gmms. The 410-cyclc model i:s lL sou rce 
pih:hcd at IntCI'Il.ntionai" .\. " 

DESCRIPTION: This instnnncnt. is :In electro­
IIH.'e ha nical osc illator wlH)s(' frcqucl1t'.\' is de­
t<'l'm incd by a \':ICllllnHui)(' <lri\"(' 1\ tuning 
fork. The dridng and pickup <:o il:-: nrc so 
:tl"t":tnged as to 10:HI t.he tine;.; of tbe fork 
equrtlly and to aO'cct onl.v f'.lighLly il ::; free 
vibmtioll. 

SpaN) is provided in t he cll hinet for mount­
ing haU('1'i(':-: OJ" all a-C po\\"er-:-;u pply unit. 
(~ec price 1i ~j, on no;.:t. page. ) 

FEATURES: '" J.;;.:cellcnt :lC('uracv and stabil­
it.y of frequcll\·.v :11'C the outslan'di llg fcnl m es 
of I,his o,.:cillato1". 

'" Low h:u'mOlli<- cout cnt. i:-; oblained b\" t he 
use of 11 filter, and :In ou tput. Imll ,.:f~rmcr 
is u,.:{'{1 10 pro\'id e> t ll1"('C outpu t. imped:II1('cs. 
'" A-c opera t ion amI constant ou tput make 
this fork CSIX!c1ally \"llhl:\blc where loug 
periods of Op Cnl lion :lJ"C nccc:-;s:try. 

SPECIFICATIONS 

Freq uenc ies; Thrl:l: (r~~ l uc,,\"i~'~ arc (wailahl\:, 400. '110, 
'"Id 1000 ,·y,·I(·~. 
Freq uency Stabi lity: T Il!' h'IllJ",r",ur(' ("()('fIirieuI of 
f n'(IU~IH'Y i~ nl'l)I·".~iuml(>ly -U.O() .... S·~ prr d~J,:rce j-"ahren_ 
lu-il. Thl' frc'IUPIW.I· i ~ entirl'))" i"d"I'"",kul or load 
ill(llC(I""O"l'. II'hl'" 11,1.' a·~ p')"-el" ~lll )]!ly i~ lI~ed all ini tial 
d"',",lw.~rd drifl ',f fn"III(-I".Y 'wrlJr~"~ the lempel":lIlI l"e 
of Ill(' ("d,; i~ "IfN'INI h." he"l J,:('!wr:\lrd in Ihe 11O \\"er­
supply IIl1it. Th(' tot "I 1'\'II\I('IIl·.\· drift i.< of the order of 
O. I ':;'; t" U.:Y;. .\ 1,,"1 "I I hi~ d,.ift. ),oll"(',·el·. or('UI'~ in the 
ril'~1 :!() l"i"1I1('$ Ilf 1)I)('r'lli"lI. 

The \,,,1t:l~~' ,-," emd"lll of f"l'lluellt',I' i~ 11('l::li).(ihle onr 
thl' ""I"I,,:d "''''J.(l' of ]"'tH·r.l· "r ,,-... ~ulJ])ly \·ollng0S. 
Accuracy; 'I'll(' S\aj,iliz .. d ("(''1uenry is n dju~led to 
wilhi" ±ij.I~·:.r ( of iu dl"' ... Hied "")""',:1\ " room alllhi('ut 
of n° Fahl"{"lIheit. 
Output ; The .,uIJlul tv a lIl"tt'h~'lllo"d i~ ajJpl"Oximatcb' 
50 Ulil1i\\'IIl~. 
Internal Output Impedance: OUljJut illlpcd:l"ces of 
50 . .}OO. "lid JOOO ohms lire provided. 

W avefo rm and Hum Level; TI'e totallHLrllllmic t"O[)­

I<'-Ill i~ 1<.-"" II", ,, 0 .• ;(',. "l"h(' hUIll i~ l1!'idiJ(ihl{'. 

T ermin als: Il indinl( IJOU~ f(,r thl' vutjllH eir"'!;! "re 
IIH)UIlINI 0" Ill(' ])'Illel. II:ltl('r.I' Irr",ill"l~ "re 1)l"<>uJ,:ht out 
to sunk(, l} srr~w h~:I(ls on Ihl' pau .. 1 In p!'rmil IIw"~"rl'_ 
lIlenl o( the haller.l· \,,,1t('J,:e~. 

Power Supply ; 'I'hl' il,slrunwul is :I,":libhl<, rnr e ilher 
Iml1('r.l· "peraliull or f"r operalion from Ill,:;' tn 1:!5· 1'011 
-I D- «) (iU·('.I"rle l i,,('. I' .. r t."tI~r.l" "perat;'"1 ""I.' l\u r.l: I'~~ 
·11-"11 (l' ·i· \'c,!t ) and 111'0 BI !rl(('~~ Z:IO:--'X (.J .~ ·,"" I I ) arc 
rl!,!uired. TIl(' h"tl('ri,,~ (,lid a_I' 1)<",'l'r 8lll)I'I.I' arl! illl('r­
(']'''''J,:('"hle. T h{· 1H>\\"{'r ~UPI)I~·. TYI'~: i:!:I_I' I. i~ '"':, ;I"hl(' 
;!(>llarn!!'I~·. (i'iI'l' ]lri/"(' li~I.) '1'10(' O>.'-()F F 8\\"it .. h is 
arra!lJ,:ed 10 e(II)II"<l[lh(' :L-('!ille Ilr tll(~ h:luery current. 

Vacuum Tu bes: 

For hauery ~ul)pb': I - I.\!)-(;T/ O 
For a-c ~upVI.l"; 1-\.\5·(;'1' (; 

1- 0(';\ \' II tUb 

T he nl!(:e~!.1fy t\lIK'Il "re lI11 IJPli,·d. 

S,·h"",,,I;r wi.-illJ,: <liagr,,,,, vf 

'1" '1'1: .:!:! \ '<I('uuIII-Tuhe Fork . 
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Accessories Supplied: A !len·n.foot linc CO"'HJctor cord 
i:J $UI)P1i(',j "'it h Ihe :l·e ol>Cf~ted model. 

Mounting: T he Qsdl1:tt<)f ~!\SCmhly i8 m()ulited on a 
pheno1i<.- p"nc\ and is enclosed in ,1 "':llmll cabinet. 

OSCILLATORS 

Dimension s: (Length) \0% x (width ) 6H' .~ (heil!ht) 
i ~~ inches. o\'c r."II. 
Net Weight: 11~:f IJOlInd~, i!>"'[lIft ing bnUcrics: ~H 
pou!l(I~. with ,,-e IIUPllly; a-r powcr supply "lone. I V, 
pounds. 

T!fW Prcq ll rllc'l PQlt'Cr S"I'I'III· rQrl.· Wr",1 f' rwc 

723-A 1000 cycles Batteries !'j:\AKE $ 115.00 
723-C 1000 cycles 105 to 125 volts, SOLIO 140.00 

40 to 60 cycles 
723-E 440 cycles Batteries SO BEl{ 125.00 
723- F 440 cycles 105 to 125 vo lts, ST li[)Y 150.00 

40 to 60 cycles 
723-B 400 cycles Batteries STOllY 115.00 
723-0 400 cycles 105 to 125 volt s, SUU,Y 140.00 

40 to 60 cycles 
723-P1 A-C Operated Power Supply Onl y SX.\ Ii: I': YI'AC K 40.00 
723-P2 Set of Replace ment Batte ri es :';X .\ Ii: ~:y B:\'n 5.39 

' Included in price. 

TYPE 813-A AUDIO OSCILLATOR 

USES: T he T YPE 813-:\ Audio Osei!hltor is 
intended for t he sa mc gencral :lpplic:HiolH:; as 
the 'j'YI' Jo: 723 YacUlun-'Tubc Fork , but where 
thc requircments of \\";\vcfot'ln, st:"tbilitYI and 
outpu t :II'C not so scvere. 

DESCRIPTION: This inst.rumen t. is :1 battery­
opel·:\tcJ e1cctro-mechanical o:;eill:ltor in 
which t.he frequcncy i:s determined by a 
tuning fork. T wo mierophonc button:;, one 
for t.he driving circuit. and onc fot" t.he out.put. 
eil'cui t, arc mounted at thc side of the fork 
ill such a manner as to toad t he t incs cqually 
illld to nO'cct ouly ~1ightly the frcc yilJra t.ion 
of t.he fork. 

The [oi'k itsclf i:') mOllnted rigidly :1t t.he 
heel beneat.h a metal base [llttlcl, which C:ll'ries 
t he driving electrom:"tgnct.. Thi::; ba::;c p:lnel is 
s lIspended from Lhe phcnolic PllllCI with four 
rc:;itient moun tings. 

A Iilt.er and outpu t. tran:;fonner are pl aced 
insidc t he cabinet. lltHJerncath Lhc fork. A 
b:lt.tcry compartment is also provided al~ 
though extern:ll b:ltterics may be u:scd, if 
desired . 

!khemfllie wiring di")l:r;lm of '1','1'1.: $ 13-. \ Aud io O~cill: ,tor 

FEATURES: Good \\"a"eform and frequency 
st.ability are among t.he fcatu res of this con­
venient. tlln ing~fork oscillator. The mechan­
ic:d construction il$ rugged :wd the fork is 
protected from dir t. and exit'nl:ll injur ..... 

SPEC I FIC A TION S 

Fre Cluency : 1000 eyell's. 

F r eq uency Stabil ity: The temperature ~ocflil·ienl of fre­
qucncy i~ -O.OOS% per <-legl1'c Fahrenh('it. The " oltage 
codliri('nt is I<)s$ th"" O.{JI C-fa per ,·Illt. Tlte fr('qucIlcY ill 
cnLitdy i"depelld<:lIt of load ilnpcdanc(:. 

Accuracy: T he rrctlUC"c~' i$ "djus[ed within O.iV{, of iU 
srWlcifi{'d \":llue. The "ctu~l fr('(IUelley i~ 1Il('a~u["(!d. at a 
St:ltcu ICllq)(:r:lture t)l'l \\"r,('n iO "nd SO d('~r(!('s F:,hr<)l1_ 
heit. and nwordcd 011 the l):t!ll) of [1,(: c:lbinet lO an 
;wrllr"cy of 0.\ %. 
Ou tput: Thn OUlPlil to a ",atched load imrK'd;",cc i ~:.>o 
to:lO milliw:ltu with (;"·uil dri\"f: alld 10 [0 15 milliw;UIlI 
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OSCILLAT ORS 

with '11<l-,"olt dril'''. When th" o~cmat')r is OpNa\NI 
cOllt i l\uou~l.\· for gCl'cml hQ"r~. the oull)1ll Il\:'~' drop 
helow t h('~(' ,""luc~. 

In t er nal Ou tpu t Impedance: Ou.put iml>cd:lIl('e8 of 
50 . .:;00. :lnd bOOO ohllls :lre proddNI. 

Wavefo rm : Till' IM:!I hannon,'" Mnl('lI! ill aPl)foxi.",nciy 
O. ; :.'-~ with I '1-I'"h drh'c and :l1)"rvximM('ly 1% with 
G-n,l\ tln,"('. 

Powe r $u pp ly : For jn'('rmiu('!1\ "I)I'm!;O!) with (I moder­
:1\(' I)()wer output. :Ill ill\('rll:ll ." ~-"o1t I",(t<'l',\" c"n be 

Frl'l'lllCII"" 

813-A 1000 cycles 

U$('<I, ror .l:rcatcr output or Co" ti)IUOll~ op(' r"';01l. 
a" cxtcrn"l l.>" ll()r.\' nf ' I I~ to G \"oh~ ~ho\lld he u .• cd. 
B"tt\'ril'~ arc- Il<')l ~HJ)pli('d. 

T e rm ioals: BindinJo: 1)0818 for (>_~tcrn"l h:'tlt·ri('~. if lI!<C<I. 
""d for the out PilI dr('uit :U'(' prol'ilk·t! on the pand. 
Mounting: Th.., fork is .i"I~I)('nded {rum" met:,1 I,bt\, on 
n Ilhen,,1ic ,mnel "lid is endofICd in" w"lnut (':.hi""'1-
Dim en s ions: ( r.('n~th ) (I" (width) 5 x (1.~'i~hl ) Ii ;,,,.hl:'3, 
oW'r·"Il. 
Net W eight: SM ,)()u,\ d~. 

!'ricf) 

AXGEL $70.00 

TYPE 572-8 MICROPHONE HUMMER 

USES: The humme r is intended fo r U~ :lS a 
low-po\\"er :\.·0 SOurcc fo l' bridge li nd othcl' 
measu remellts wherc ext re me pu rity of \\"(\\'e­
fo rlll :md frequcncy stability :11"0 not essential. 
T hi:; ~ype of o~i ll:ltol' is lI~d in t hc TYPE 
050-:\ I mpcd:ulcc Bridge llS the IOOO-cycle 
internal gcnerator, 

DESCRIPTION: ,\ Luned reed detenn iuc;.; the 
frcqueney of t hb cleet. ro-mcchank:d oscil­
lator. A microp hone button is moullted near 
the reed to pick up energy for continuing 
t he oscillation:;, 

FEATUR ES: The TYi'~~ 572-fl 
Hummcr i~ extremely com pact, 
simple to use, a nd inexpensive. 

:\ I icrophollc 
convcnient, 

SPECIFICATIONS 
Frequ ency : 1000 ('.I'du ± 10c;, . 

Ou t put Power : AIl]lI'\l"irnat('ly t5 Illilliwalts wilh 
·Ilr\"oll dri\"('. 

Inte rna l Ou t p u t Im pedance: T wo i'nll .... d!uH'e8 :lrc 
("':lilahl". [0 or:lOO O lllll~. 

Waveform : 111 thi~ type or osc-ilbtor. di~t'miol1 \':l r i('$ 
cOl1siucr:.hly with mceh:lIlical ndju~tll1('l1l. dri\"i1 11-t volt· 

a..:e. nnd other oll('nttin..: l)ar:lInClel"$. (·ollil('<lucntb·. 110 
d('lillilc ~p .... ('ili«"li",,~ (,,111 he ~i'·en. 

Power Supply: T he h"ml1ll'r i~ dt'Sil!:l1{'d I" OIl<' TllIf' fr01i1 
t, ,,1 :-1"<.11 h:l1u·r.,· . . \ tl.",,11 <In"" ,',tII I", llwd i{ lIIvre 
pVWl'r is dc~i r('d. 

T er mina ls: .-:Oldf'riuJ.( hH:~ "' .. wovid",l. 
Mo u nting: A ~:1gt·"I\lmill1lln lI"mlldlll!: I".i'<' i~ used . 
(:-iN' ph')WgT:qlh. l 

O i mens ions : (I,l'ngth ) :ll , x (\\"idl il l :! I < X ( h~il!:hl 1 I % 
;,'dINI.o\· ... r-:dl. 
Net We ight: 90un<"1"ti . 

J'rir~ 

572-8 I Microphone Humme r . . . . . . . . . . . I $12.50 

LOW-FREQUENCY TUNING-FORK OSCILLATORS 
suitablc for \1 :';0 as frequcncy st:lIldanls :l rc dc:-;cribcd 011 p:lgC'.s I!) I to I!);j. 
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WAVEFORM 

USES: Th(' wave nnn.!Y7.c l> is used to mC~lsurc 
th(' amplitude and hoque1lcy of the compo­
nents of:1 complex cic<:t.ricill W:1VCfol'm. These 
include not onl~' the components of hnrmonie 
di"tol'lion , but abm those of intennodulafion 
distort ion , noise, lInd hum. 

Spceific w~c..;: of the TYI'~; 73G-A \rave 
Anal~·1.cr indudc the mca...;:Ut'cmcnt of d i,,· 
tortion components in il.lIdio-frcquclwy equ ip­
mcnt, broadcast receivers :111d transmitters, 
tp\cphonc systems, puhlic address equip­
nWl lt, oscilbtors, amplifiers, and vacuum­
tuhe circuits in v;encral; harmonic studies Oil 

electric power ".\"stems and electrical Illa­
dlincry; hum measu rement in a-e operated 
commllnic:ltion equipment; noise nnalysis; 
:lnd induction studies on tclephone lines. 
As a sharply ltwed voltmeter, it is i1l\'aluablo 
in the mcasm'cml'n L of the transmission 
chamcteristics of electric wave filte rs, 

DESCRIPTION: The Typ ~: 7:3o-.\. \\':) ve .-\.na­
IY7.er is a heterodyne type of vacuum-tube 
voltmeter. The intcnl1cliiall'-freq\\Cncy ampli-

TYPE 

736-A 

WAVE 

ANALYZER 

fiel" includes a highly selectiye filter using 
t hree qu:u{r, crystl1ls. The U Re of ~t heterodyne 
method makes it po,;,.;ible to va ry the 
response frequcncy while using :\ fhed­
frequency filter. 

T he outpu t of the IOC:l l O~('i1l:ltor ~\IId the 
whole of the complex W:I\"('[orl11 to be eX:1In­
ill('d arC f('d to a bublH:cd modulator where 
their combina.tion produces both the sum 
and diITcrence frequcllcie~, or side bands, in 
the output. The original of the complex \\';1\'e­
form is not passed by lhe modulator inl.er­
medi:lte-frcqucncy outpu t t l'unsformcr, and 
t.he local oscill:ltor canier freq\1('ncy i:s sup­
pressed in the output bce:luse of thc two-tube 
balanced modulator employed. 

The 50-kilocycle componcnt of the upper 
side b!l1ld , proportional to Lhe voltage of that 
fl'equency present in the original wave to 
whith the main dial is :sel, is selected and 
a.mplified by the intermediate stages. The 
adju:;tablc v;ain control of t he am plifier makes 
it pos"ible to measure a wide r:Ulge of voltages, 
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FE A TURES: ~ A "flal l op" ebamct.el"istic as 
sl1o,,·n by the tun·(' at the right i" oh tll ined 
by w; ing th(' t hr('( '-crY6tlll filt e r. Thi" fe:1tllre 
make" tUllin)!; e:l,;i('r alld inc rc:"tsc,; thc s ta­
bility of tbe tuning adju,;tment. 
~ :\ ,"cry widc I"lln)!;e of inpu t voltag(';'; -
1,000,000 t.o I , full ,;(":Lic - call be :lccom mo­
dat.('d diret:1 1\, . 
~ Sr lf-(·on lai;led c:llibrating ;,;ystems make it 
po,;,;ible to :;tllmi:lrdizc the \'olt.:I ge and fre­
qHe m: .'" calib rations ell,;ily a t lilly time. 
~ The input. impedance is con sian t. a t 
mehohm, bu t. :1 buill-in IOO,aDD-ohm potCll­
tiomete r b provided as :t 1l altc l"tlatc inpu t 
sys tem where ah"olut c \·oltage 1c \"(~ l s need 
no t be ddc nnill('d. 
~ E~tern:ll ma:.;:nct ic field s eause no t rouhle 
bCI;au,.;c Lhe bahuH"ed modulat o r is fed by 
a ph:1SC inverter l uhe, mI ller than uy 11 
trall"ro rme r. 

WA VE F O RM 

. . . , . 
i • 

i ~""--.-

• i • Ilf 
I rJ l1 , 

III l1l1I 

Tra"" IIlis~ion <"1"'m<:(~ ,·i5I i ~ o f t lt" C'T"!" \ til tH in the 
T YPE 7;1(;-A \\"a l·e A"alyu·,.. 

~ l lumidih· cn ed..; are minimized 1)\, hennet­
ieally ~e;dt"ng all crilic:l] p:trh illd~IUillg: t he 
ery::; t:) l:,; . 

SPECIFICATIONS 
Frequency Ra nge: 20 to HJ .OOO ,·.,·dl'~. 

Selectivity : .\ pproxim;u"h- .j c., · ~I <>~ ··n,,\ \op·· \):I "d 
wid ' h. T Il('" J"""I>O' " .~l' is ,]" "",, 1':; dh al .j , ' ., ·d<>~ , :{O d h :lt 
III ,,~·d('8. /iO dl> " T ;It) ".,·eI<,~ frm" lh <> IW'lI k. T he ;t(' le,,-
1 i ,·i I}" is ~"Il<1 'Ill t '''·t'r 1 hI.' f l"{'(l'll·lIe}" r:lIlt::l.'. 

Voltage Range: ;100 min,H"fllu tu ;l (l(l '·olt~ full s~ "I l' . 

Th(· \n,,"cst di\' i ~i,," Oil t it ... Ill"h ' !" rO'T('sl'" "d~ to IU 1-1' . . 
T ltr ,,,· ,· ,·_,,ll r:lll.,:e i ~ d i,·'d,'d ill'<> fUllr ,""jnT r""I:I.'~ : 
;\001-1'·10 ;WO "l\". :1 Ill\" ! ";{ , ·.;10 Ill \" 1U:t0 , .. O.:! ,. ((, ;100 , .. 
E,,,·]' of the"'· m"ge~ i" d ividerl illt" S('n ," ~ral" f:l lll:e.< ; 
ro r <,xal" ple. tlte 0 _;3 , ' ( 0 ;lOU ,- ,.," ' ).(" ha~ the ("l1o w, ,, >: 
f"lI.~'·"I<, mng\· ~: U. :\ I·. I , .. ;\ v. 10,·.;11) 1".100 v. :\O() v. 

,\ , Iil"f'<"!-I',·"dint:: ,1,·dl .... 1 s(·"I" i~ ,,1*, prll,·id<,,1. 

Voltage Acc uracy ; \\·i,hin ± .'>'; ,," ,,11 r:I1')(('" . .ipuri"u8 
v(, h a l:es fro,,] highc r " ",IH ",,,d ul ,, t i,,,, p !""d,, ("t~ i"\J"()­
d ' I!"('d ),.'. Ih" (h·t,·,·("," ,, 1',. ~lll'pr('.~s{'d b~· " I I<,a s( 70 dh. 
JI "111 i~ ~\ll'l,rt·~$('d hy at 11.',,~t ;.; dt.. 

Inpu t Imped ance: O ne '''''I:"h", \\" h" n " "cd fur il ircl't 
v"lt"t::" IllI.'"su>·""'e1ll~. \\·h" n IlSl·d WiT h the iUI"" pot,·,, ­
tiomet,',. it is "pprux i"':tt,,I .I· IUO,UiJO "hllh. 

7 36-A Wa ve Ana lyzer . . . 

Accuraey of Freq uency Calibration: ± (2% + 1 
c.l"d,·) . 

Vacuu m T ubes Required: 
:I - (j("() 1- ,;(".; 
1---{j h G-GT jG 1 - ti ;,\ ;}_G T jG 
:\-[, .17 1- 6F.:'-<3 "1" ;G 
l - fi !\ t'< :.I- T,· ".: :: I . .-\ G-!l-I!! n,'on lamps 

Th,,~(> liT<' "UllPli,·tI wit h tilt' il1.<'I"III''''''(. 
Power Su pply: .\ -(" lin". 10:, wi:!.; ,·"lts. ·10 I" 1)0 "~· ,.]t'S. 
.-\ '.]';I " g(. i ll TI", p"W~ '· tr:lll~f"r'""!" ,·"",O\",·(iOll 1,,, ,,,"iT 
I hl' lHI(' of :: 10 tu 2.~0 '·o1t~ . 40 I" (;0 ".""I<,~ .. \ ,"I)I ' a)(,' 
s tahili?iut:: l"iTt'"il is ',,('\ utl,·, \. l'" wl'r illllU! i~ !,I~"'t G[ 
w:< ,,". 
Accessories Supplied: !':lmre ,,~on b,"]>. onl' ']" ' .I"f: 

27'1- \:1: .";hi ~\ d",! C"' '''(>Plor . " lid " li ne e""""rlOJ" corti . 
Moun t ing: :-:hi<'ld(>(1 ,,,,k rahjll<'! . 

Dimensions: ( \\- id,h ) I!JJ.<l x (heit::ht ) Z.:J H x (dcpth ) 
IU1i i!,," h,," . " ' ·cr-al l. 

Net Weigh t: NJ ! { pounds, 

Codr II",ml " ria 

I $920.00 

The THE 7(j0-:\ Sound .-\na 1yzcr anti t.he ]'YI'I·; 7G2-B \"ibl"llii on _-\ na l.\·zl'r, analyz('rs 
having a t:onst:llI t PCI"C('lltagc hand ,dd t.h, and dc,: igncd prima rily fo r sound a nd \·ibr:l ­
I,ioll :l11:I1 .\· . ..;c;;, :lJ"(' desl'rihcd on pagc . .,; 13 and 17. 
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WAVEFORM 

TYPE 1931-A AMPLITUDE-MODULATION MONITOR 

USES: The mod ulation monitor ii'i t1~d to 
mC:l1<IIn' :1 nel 10 i ndi('a 1 {' ('on I iIllIOU:;1\' the 
1)('l'ccnta~(' modubtiOI1 of bro:Hlra:-;i :wd 
other mdin-telephone tr:l1l :-;mitl c l-:O;, " h!' TYPf: 
1031-.\ :'{adulation :'Ionitor perform s Lhe 
following spctifi(' flln<'tiOllS: 

I. :\ l ca ~t1 l'cnl('lli of pcreenLtgl' of modub-
lioll 0 11 either po.'<il i\'c 0 1' 11('14:11 i\'c peaks. 

2. Ovc1'Illodu!a t ion illt i i('ation. 
3. Program level nwuilol'ing. 
'I. .\ lcas lIn'men! of cankl' ~hift when mod­

Illation i:s applied. 
5. :'il':lslIl'cmcnt of transmitter :llldio-fl'c­

ql l('Il('Y rcspOIl:-<c. 

DESCRIPTION: Tn}; 10:3 1-.\ :' Io<iul:ltion 
"tonitor COll"j"f,.t of thlH' (':.;:-;cll ti ai c\(>llwnt:<: 
( I) :1 Iincar diode l'('clHil'l' which gin'''; all 

illstflntanCUllS outpu t. \'oltaW' proport ion:)} 
to tlw r :1 I'1'il'l' em·clope. (2) a .-:cmi-pC'ak yoli· 
mctcr which gi\'c,-::~ tOntilllloll'-: indie.u ion of 
; he peak mod lll:~ti()n. and (:3 ) a triggcr circuit 
whieh fla_ ... llC'-: .l light whencYC'1' tlH' lIf'ga li\'c 
modulation peak. ... mOtnl'lllal'ily cxc-ef'd ally 
pl'c\"iou~ly :<l'l valuc. 

'I'll(' Iinc:1I' r('('tifi{'1' is dl'~ig:ncd for operation 
at il low Ixmcr \en-1. whit-I! !1;l'catly simplifie.-: 
the <.'ollplillg to Ihc tr;)n~milt<·r. I n the output 
of t hc lin<'a l' l'Cd iliel' i ~ a d-(' meteI', which 
indic:ltcs til<' ca rriCI'lc\'c\ :)t which the in stru­
ment is opcl':lting :Uld al, ... o s ho\\':< any carrier 
s hift during modlilatioli. 

In ;l (hlilioll , two ;l ll xi1i:lI'Y :ludio output, 
circuits ol}(,nlling from :l S('p:lI':ltt' diode 
1-C<."tificl· arc l)I'oY i(k<l_ Onl' of ,hcse. :11 ()(){) 
ohm~. i:< intended 1'01' ;wdihlf' moniloring; 
111(' o,h('I-. a high-impcd:11lC'(, dn"lit, ~i\-e8 a 
fai,hful l'e prOillW,i oll of til(' c,uTi('1' ('lin-lope 
with IC8:< than O.l ('~ di~tOl·t ion and CHIl he 
IIsNI for distortion nnd 1l0i ~c· lcYcl nW:1smc· 
ment s. 

FEATURES: .. Sp{'cd and ~irnplidt,\' of opel'a­
l ion, cs,."'('lltial for m()lIitorill~ in:-strumcnts) 
:1 1'(' :\\':libblc in thi~ instl'l unPIlt. It OP C I':lt C:S 

1)\'('1' a wide ('arricr·fl'eqllctlC'y ran!!;''. :\1Id :l 

tlllwd input ci l'('uil i ~ pl'o\-i dp<! to facilita te 
coupling to the tran~mif ter. 
.. The r-r pOWC I' input is onl.\" :1 fnlction of 
!.1m! requil'cd by older mo(kk 
.. The f1a.-:hin~ lamp is cxtl't,llwl ..... lI:-;t'i'ul :lS :l. 

mOllitorinl!; tledtc. It i~ :sc l.. to (la .-:h with mod­
cm\(' fn'( (lII'II ("Y when 'he trall:<miul'l' i:-; opl'r· 
nting nonI1:111 ...... If tI\(' fI:\~hillJ.!: nHe c hanges 
markedl.\· thc opcl'atol' I:; mad(' a\\,:\I'C t h:lt the 
an'rage len'l of mod\ll:lliol1 1I:ls changed. 
.. Thr fhshillg circuit:< :Ire ~o d('~igll('(1 thai 
i he indica tion i:-; IIllalret'led hy modera tc 
ch:lllge:-; in carri er ~\Inplitlldt" 
.. T crmill fl ls flI'C pro\-ided so th:l t I't' nloi (' pe l'· 
CCIlllll!;e modlll:lti on indic!lt ors CH Il 1)(' eon· 
Ilt'ctNI to the instl'ument ext,{'rll:llh'. 
.. F. ('. C. l\ pproval Xo, 1555- has been 
issued fOl- t.hi:; monitor, 
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WAVEFORM 

SPECIFICATION S 

Rang e : ~ I,)d"bti(>" il<'r''':n':II(C. 0 to 110%. i",lic:HNi h~' 
nwt,'r on po~ilin' J)~''');'~' 0 to loo'l on n(lIl:!!;'"C PC;!);s. 
'I' ll(' n,,~hinl( bn,1' i~ :uljugt:lblc \u <)l>Crah: from 0 \0 
100"-; <oil nClwli\"1l p""ks . 
Carrier-Frequency Range; '1'),,' monitor will oJwrat(} 
al ""." ",,,'r;"r fl\·'I'''~Jl\'.'" r .... '" I).ii HI til) "'\·I(:"Tc1('~. ,\ 
~i"l!:l(> ~N of ""il~ k illon 0.,; I<l ~ "'i'g:wp'l('s or ;{ 1/, liO 
m"I!:,,('.\· d,,~ ) i~ sllpplir-d wilh ,,: ... h i!l~lnnn~1I1. unl,'~~ 

hUlh ~<"!~ "r(> SII<·,·il;,·:III.,· <mll·r'·'1. 
Carrier-Frequ ency Input Impedance: .\ hollt i5 
,)hlll~ j" the hl',,,,d""~l halL'1. ill('("('a.'iu).! ~Iil(htl.'" al hil:hcr 
,':orr;(>I' fl'l" I'Wlwi,'s ""d \'ar~'i"l!: "un,,,wha\ with inlJllt 
lUll;"!!:. 

Accuracy: Th~ ."·cr,,ll :I<','ur:,,'," of "' .. "SUl' ... ""'''1 III -1110 
'·.wl.·~ i.~ ±:!"( "f hIll ~(':lll- al 0", ami loot'·" and ±.I% 
"f full """l~ ", :Ill." (lrh"r m"Ii ,b,iou l><,rl"(·""II:(,. 
Detector Li nellrity: Thi"' Ili~t"n i"l1 ill 1 I., . .li"de dN {'{;l"r 
i .• "I'ry I"w f"r fr"q''''"cil's \III I" ,500 cyd(,g. _\I""'e ,hi~ 
fn"lll<:u,'.'" a .<111,,11 'lin'",,,, ,,( ""Io:"li,·,. IIC"k ,·tiPlli,,!; 
un·'''·.<. r<:,witinl( .j";' at II,,· C.x,r~",c hi).!h end or lhl"! 
"uoli" 1'''''1:(' al l.i.lflKJ ('~-"h's ,,,,d IOO"~ "",d" blio". 
R-F Power: I" Ih{· hroadcast ranJo:(' thu maxi"l11m r-f 
power IT'qlliN)"H'IJ' is ,.1",,,, U.':; wall. 
Vacuum Tubes: The f'JII"wiul': l\Ill{'~ "I"<) \I~I : 

:?- (is:-':, -(:T 1- :W.iO 
:?- (i;-:Ji :!-(lIM / \-HI50 
I -G.\J..~ \ - 1;;'\;; 

Warning Lamp Circuit: Tlw O\'E IC\IO[)t:I.AT IO:-l' 
I,,,,,p will f["6h ".1"'11",'cr Ilw ul"!).!"I;n· ,,,,,d,,I,,li"lI p,'"ks 
u"rN'ti 110(' "Nli,,).! or 110(' :'IIOD( 'L,\TIO:-': I'E_\J\S di,,1 
by "1»)!r..,,,i,,,,,t('ly:!' ;' iII"dublivu. ror :,"di ... fn'<.l'l,,"ci('$ 
1)('1 w(·,·n :10 ""d ,_;00 '·~·d"g. Fu,. higher ,,,"li,, fr<.·(I ,w1l";u~. 
th~ 1'1'1"< .... ,,',,1':(. ''''''r>tlv.lnbtion r~(Luil"<)d to f1a~h Ihe 
laJllp ;n"r('"",,~ slkhtl.\', 

TIl<' a"CIl!' ;"'Y "f the dial c"lil)r:!liun is approximately 
::I::!c~ uf (1111 ~c"k·. 

Meter Circuit: "l'h., respulls<' ,,( ,II(" l' J.:lI(,E:\T,\(; E 
:'IIOI)[;1. .\TIO:\ ",,,1<'1' ..,i,·ruit is n"t. wi thill ±0.:!5 dh, 
1",.'I,,"I'cn ;'0 :!nd 1;;.000 C.,""ll·~. ,LUll wilhiu ::1:0.1 db be­
t.wet''' 100 "lid 10.000 c.\"cl..,~ . 

Modulation Monitor, 0 .5 to 8 Me . 
Modulation Moni to r, 3 to 60 Me 
Ex tra Tuning Coil s, 0 .5 to 8 Me 
Ex tra Tuning Coils, 3 to 60 Me 

Either po;,ili\"e or n"I':"li,'(' ",odlll:orinn ]xmks '"a.\" bc 
I'c"oI. ('"lil,r"li"n ill ill> bel,,\\" 100'.;' ''''ldtl1aliv" i~ pro­
,·i<l('(1. 

Thl' m(,'I'r d.'·lI'l1l1i<- ~har'H"'I"'isri<- meelS FCC SllIlcifi_ 
cations fur ",,,dulali,,,, "",,,it(H"$. 

Audio Monitoring Output: "l'h~ ",,,Ii,, ')utl'll' :O'''l'li­
lie r is fl,H. withiu ± 1.0 tlh. fn,,,, :10 {<> -1':'.000 ( ·.\"I-I(·~. Tho 
intl'r",,1 irnpc<h' ... e i.'! GOu uh",~. Disluni,,,, i~ I('.~~ than 
U.:! ' ·" . 01'(',>-1 in-nit <lUI 1'111 ,·"II").!,· i~ ,,1""1' :;00 milli""II~_ 

Fidelity-Measuring Output: 1'1", within ::1:1.0 dh 
1...,1\\"("'11 :JO 1:;.000 ('.,·cl,·8 with Ty".; 1 ~1:;:!_.\ Disl(lniun 
:0 nd :\ui,... :'111'11'" ,·""n('('led. 

Olltp"t Il·n·1 ,,,ri('8 illvc,.,."I.,· with ~l'Ilill).! of :'II ODV-
1. ,\'['10:-': I' E.\I~:' di"I, Ihus pm\'idin).! T(·as"n,,!'I.,· '11Ii­
fur", inpll! W di~'''rli"" ,net .. !" "t "II ",,,d ,,lal;"" IC\"l·ls . 
..\ ,'<,ra,,(I' ..,,,t 1)1'1 len·l. :q'I,,,,,,,i""'I,·I.,· 1 .. ; ,·"lls. 

I{csidu:d nuiS(' ""d !omn 1;:\('] \\'ill 11<>, eX\'C{'d -~o dh_ 

Auxiliary Output: .\ mullipoim ~v"n"~'ur:1I ~h~ rear 
"f the inslnu,wlll [Jr')\'illl'~:1 rn~,"'" of <'''''''I'( ' !.;II~: 

I. ,\ n:"nule !' .. rc",,'al':c :'IlolI\l1:.t;"n :'Ikt('r. 
:!. T" a GOO .. ohm <>U1put fur audi" mv"it()rin~. 
:1 . TIo" Tn" ; I!):!:!_ .. \ l>isllJrlio" a",1 ;-';"is(' :'I 1('ler. 

Power Supply; 10:, tv 1:?i (ur ~IO 10 :?;O ) \·ull~ .. ~() to 
GO ('p' ll'~' I'nwH i"pul is :<PIIT<)xi""ud.,· .j() W:l\!~. 

Accessories Supplied; :'Iluitipoi"t runOC"I"r. Ii" .. c"'n­
IIN:I..,r conI. ,,,,d one ~CI of i"pu~ tuning coils (spel"ify 
fre'\lI~n('~' 1":"').((' \ k~i,· .... I)_ 

Mounting: T he ill~\I'u"H'''t is ,"('hy-n,ck lIl(lunt('d. 
\\'"I""t end ir:"n,·.' :lrc a""ibbl(- for '"hlu ",ulllllin).!. 
(:,~'e pnl'''' lisl lid"".. ) 

Panel Fin ishes: :'1:I'l(brd (;('111'1":\1 Ibdio hbck rr"rkle, 
CCl"!njn ~\"nd"rd I':r,,~·~ whi,-h ~an h" [lro'·c"~·d in ,!U""­
Iii." <:<In be ~"l>plic<! ar a prit" im'n''':'\(' "f :511.00. 

Dimensions: 1':lUd (l(>nl':lh) 10 ~ (height) ::.U inches. 
Depth l)I'hi"d P" 'I(,I, 10 ;nd,('s. 

Ne t Weight: ;;12'. llOunds_ 

Code II'vnl 

'I',\ll1lY 

TOPiC 

T .\ IU1" 

TOT~:~[ 

I'ric" 

1931-A 
1931-A 
193 1-P5 
1931 -P6 
ZFRI-510-P1 End Fromes . . .... ....... . E:\ llFHA.\ II·:.\ T 

$395.00 
395.00 

t6.50 
16.50 
16.50 Pai r 

l'i\TE:\T :\OTlCE. See !\"otC$ J. 13, 21, 22. 2.;, vn~e "j. 
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WAVEFORM 

TYPE 1932-A DISTORTION AND NOISE METER 

USE S: '1'1)(' TYI'E 1!);32-.\ l)i~t()rtiO!l and 
\'01,.;(' :\[('tl'l' mea::;\lt'C',.; di:-;tol'tioll, llui,:C', and 
hllm 1<',,('1 in :1Ildio-fn:-quCIH',\' drtu il", In con­
junction lI"ith the TYl'~: ]!);}I-.\ i\ l odulatioll 
:- Iollilur. it call be u,<ed 10 measure these 
qllaniitie;o: ciirc('ti.v ill tht' ou tput. of md io 
hroadcast i!l~ t rall:<mith.'r.... I t finds m:lny lIseS 
in tlw ('ommunic:ltiolll". Iah()I~'tol'\' and in t he 
production te;-;ling of radio l'~c i ycr:s as 11 
wide-range, high ly "('1\,,i\h'c \'oltmctcl' for 
such mC:lf'lIl'emcnt:-i as ,;ignal-to-noise ratio, 
. \. \'C Ch:ulwteristic:; aud hum Ic\'c1. 

DESCRIPTION: T he pl'iuC'ip:tl eknH'llts of the 
d[,;lol"liol1 and noi"e meter 111'(' a high-g:lill 
:lmplifiN II'It,h nil H-C iUI(']'stagc cou plin g 
ullit t hat ba!nnc('s to a sharp 111111, a eali­
bral('d aUellu;)ior for adju1'\ting the tien1'\ith'­
ity, :ind a y,H'uum-tul)(' ,·oltmN('t·. f)egener­
ation maintain,.: a high <\('gn'C of stability in 
amplifie r ga in :ltul a lso :\ flaL tmnsmis,.:ion 
ch:lI":\cteristic cxcept within :in octa"c of t.he 
null frequency. The HU1l freqlletlc.v iti eon ­
linlloll":\Y "ariablc and i1l controlled by a dial 
on the panel. T he function of the null !let­
work is to eliminat.e tiLt' fundamental of the 
:l1ll!io-fr('quen('Y ;o;ig;nal, I(':wing ani." the d b ­
('ortioll prOdlH·t,.:. which arc indit::ttcd dircctly 
on the p:wc! meter . 

TIll' Ilull lI('t\\"ork j,.: !'\\"itehcd oui of ih(' 
circ uit for noi:;c and hum me:\:;UI'cmcnt:,. and 
t.he itl1lt rllnH'nL then opemlcti :I>i a highly 
sCll:,it. i,'(' ,'oltmeter. '1' \\"0 input ('in'uits arc 
provided: (I) a tn111:;fo)"n1er for bridging a 
GOO-ohm line; and (2) a dired connect ion to 
t he lOO,OOO-ohm gain (·ol ttrol. The latter is 
used when IllCaHlrcmcntti :U'(' made on the 
modulated output of a mdio transmitter in 
conjunction with t.he T HE 1f.l31-A \ Iodula­
tion \ Ionitor . 

FEATURES: ... ('ont.inlloll .-< aciju:;tment of ft'e­
qucncy O\'er t.hc en tire audio ra ngc iti provided 
in thb itl>i lru mcn1. 
... . \ ny frcql\elt("~· tan be ,,('Iected qui("kl~· ,.:jllcc 
there iti only onc main tuning control, \"ith 
:111 :luxiliar.,· trimmer. 

... F.-equendc::; up t.o -15,000 cye1eti :Ire p:ls--<ed 
by the ampl ifier circuits tiO that distortion 
me:l,;urcmcnts call he ma de all fundamcnlal 
frcqucneics lip t.o 15,000 cycles. 
... Distortion yailles :IS low :\,; 0 .1 ('c C:1tI be 
mCll>itlr('d , since t.he 10\\'('1'\1, range i:; 0 .:3% 
full scale. 

.. T he auxiliary d bm ealibratiOlt Oil the range 
switch add:; ("on:;idembly t.o the lI:;cfuitt('ss of 
the instrument. 

SP ECIFICATIONS 

Distor t ion Ra nge: Dill lor!ion is read dil"('e!ly fnull a 
I:m!;!' 1I\('1('r . .\ "mlti!)!il'r alln\\"~ full-sl'all' dl'fI<'eliollll 
fnrtl.:V;-. 11";'. :V·" .W .... " or3Y~ di~lurlion. 
Noise Meas u re ment Rang e : The- ranll;C for rarrier 

llniOIC me"8urt'melll~ e.~ll·ll(ls 10:-0 dl, !'('!o" I()()("~ modu­
I:Ili'lI\. whcn the distortion llWl('r i! O!)N:ltl'd from the 
Tn,: Hl:jJ-,\ :lloduJation :llnni!or. 01' 1>0 db Ix-Io,," ;\1\ 

audio-frNpl(']WY ~il!:n,.J of zero dhlll 1",",:1. 
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Aud io-Frequency Range: .')() to 15.000 ('ycll's /rund,,­
",.,,,,,,1). for di~,ort;"" "U-'''.UI"('''lI'nt~: :1111" 1:,.000 '''''''II'~ 
fur un;IK' !lnd hum m('''<\lt'('U'':''I~. 
D b n, Range : '1'1.(' 11<,\\,(·r-I('\"(,1 multI' i~ fr"m +;,>U lu -bO 
dl.m. Full ~'·"II' \'"Iu('g t>f + :.>(). + HI. O. - 10. -:!u. -:10. 
:111,1 - ·IU dl .. " "rl' l""widNI. TI.l' ~l·" I ... i ~ .·"l il.r:lII'.1 iu 
I(· .... '~ .,f " t'('kt'("Ul' Ic\'('1 nf 0111' milli\\":tll ;" (iOU .,1"" •. 
Input Voltag e Range: Tltl' i"pul .ilt""I II'\·d gl",,, ld he 
I,N\\W'1t I.:! ,,,ul:1O "<Jll~ fur Ihe 111O·kilul"" iUI"'I. "".I 
10""""'11 o.~ "ltd:\o \"(,II~ f"r til\" fiUO·"hn, hd,h",,1': i"l'lII. 
Accuracy : Fur di~I"'li"" ""·:tS"Ti·U,..,,, •. .:t,.;', "f full 
~ ... "I,· (<I. ":wh ':1111':" ± r('~i,lu"l di"I"'li ... , a~ ,,,,,.'d 
hl'l,m= ("r It"i.-«- ;t'1<1 (j' m II\C"~Ur('mI'UI~. ±t." "f full 
.. ·"It·. 
Res idual Distort ion Level: 

IUI)· I':il"\",, l ul'u':U.U.-.<""~. 1n,,~imult" h"I,m •. :.00 
".",·I('~ 

0.10"(-. I""xiumlll. ,.I."e i,.:.oo 
.·)'.'1('~ 

0.1 (I"',. 1I1"xi1l1Utu. 1"-,1 \\(',·u :,0 ""d 
70,'.,·cI,· .• 

U,O:,~~ . m:lXi'''''III. 1, ... ,\\"( .... " 7U " lid 
; .':;00 ".\"(·I(·~ 

U.IO'·;'. ,,,:txi,,,,!!,,, a l ..... ,· ... 7.;,00 
~p·I,·~ 

Res idual No ise Level : 1A'!:s:I Ih: ... - ~O dh. 
I nput Impedance: '1''''0 i"pUI [ml)('d:",.'i'~ :or/" lIT<" id,·,l. 
IlJlUX)1I "I"n~ "ull<,i:"'f'i'<I. ,utd 6O()."h"l 11.;111:;"1: ;"1>111 
( IU.OUU ,,10m, ). 1".I;o1l<'NI Qr ullll<.I'III('(>d. 

Meter : .\ 1"'1:(' ,"c(-r \\"i(h "" ca~il~' .""d. ill"",;u:oI('d 
~"al/" i~ p",,·idNI. l' ... n":·" ("ltc aud .k'('ilwl .. aHhrat;uJ>$ 
:11· ... iudu.I,·d. 
Vacuum Tu bes: 

I (iJ i> 
I ti:-o:\ i -G T 
I-GJ.:"·(:T G 

1-(111 6 
I- fiX;:' 
'! - ull:t I'" It l.i U 

Accessories Supplied: Line <,o"" ..... tor .. " .. I :lUd c"hic 
rur ('QuUl'('l inl: In Ill<' '1"\'1'" W:U·A ;\ Iodubliou ;\lou;\Q •. 
Other Accessories Requ ired : Fo. ",(,:huri"l: th,' dis­
I"rl;n" ;n Ol'Il'iIl:l'''u ,,,,,I o,her :""Iiu·(t'('.,u" ,,,·y .. ,,,r,..:.'~, 
It" :I,Milional 1"'1";I.IIICIII ;$ !'C'luir('l!. !-'<>. II1C,u!"r('lUcnU 
"u :""lIlifi('l'z!. li,,(·~. :",11 <:>th,-r ("'<lrt" .. uni .. :uiu" "Nwu.k~. 
a 1,)"··\I ;~I.'rli"n "sI·iII:,."r;~ '''''I"irl'<I to f1Z."i~h 110,· IC~' 
I""C. '1' ,,": 1:101·.\ Low-Dislurtiun O~dll:",'r (oK .... 1':'l:e 
III'- ) i~ f{'{·""",,('udNI. W IL,," ,h(' ",,,du1:o(('(1 "1111'''1 of 
a .:"1;,, IT:o,,srn;tt ... r i~ I" 11(' ,,,":tsur ... d. " lim'ar ''''''Iilil'' 'n 
1, .. "lu<'1' ,It(' :",di" ('" " .. IOI~ i~ n('(·,'~.ar.\· . '1'1.1' Tn'" 
ItMI_.\ .\ I",lul",i,,,, ;\I""il'" is rl'(II",,,,,,,,,ll"Il 1M II ,i$ 
JHITJ~'~/". (:-0, .... 1"'1('" I:t:!. ) 110"'('''''', :my d,·1<',·t.,. ~y~t .... " 
1l:<\'i"l( ",i"j",,,,,, lIndi~turted uIII,HlI nf 1.5 \'ult~ rm~ 

0:"" be IISN!. 

1932-A 
IFRI-412-P 1 

Dis tortion and Noi se Meter 
End Frames ... 

WAVEFORM 

.\ t'('1:,.-·r:tek :.,.s('mhh· 'I( hro:ul.·,ultiul: 1 .. 8t ""ui"rncnt 
~h."'il;l/:. fr .. ", '''1'";110''",,,. T,·,." Ift:ll_.\ .\11I"lillld('· 
;\ lo.,lu"'I[,," ;\I""i,,.,.. TnE IH:I'!·.\ Di~lVrtion a",1 :\oi.I!C 

;\i elt'r. ,,,,II "1" , " I; I:JUI·.\ l.o"·j)i~">rlio,, o,.,.iI1"tor. 

T erm inals: I"pul [('ru,i,,,,I:; ;,rc 1JT(,,,id(-(1 at Ih,. " (' IIT of 
thc i"~lnltu<' '' 1 ("r di,\·(·( n,,,,, .. ,·t;OI! tu ,he modulation 
mll";I,,r. A \\"('o1<'rll EI('''lri,' j""k i~ "m"i'[('d:rt th(' 1""'<'1 
al"". :t~ :til a\l~ilbry [IIIHlI tiro'uit. I'lul/:l:["1: iI,t" Ihi~ 
ja"k :omu",:otkall.\" dis,""'''l'rls 11,(, 1'('"r '"<mll<'r\un<. 

Power Su pply: 10.:; to I :1." {o r :!IO In '!:,Ol . \·"II~. -Xl t'J GO 
('ydc~. The line ;"I>lH IlO,,'n i~ (j.; \\":ttt~. Th ... I"'''C' 
$Ulmly i~ "nitaI/:" n'I!"l:th·d. Litlc ~"rl/:''''' h",..· 111, "Imre­
ci:thlc l·iT('('l. 

Mounting: The i"~'rl1,,,ctJl i~ rela~' r: • ..,k moulned. 
\\'"lmlt ""d fr,""('~ :rre :"·:ribhJ,· 10 ,,,1:01" IIw i,,~!ru_ 
JII,'III r"r ,,,hI .. ",,,umilll/:. ( :-ON' l'.i,·,·li"1 h,,.I,,,,,. ) 

Panel F inishes ; S(",,":mi (;(·lIl·r:01 1(:I.liu 1,1: ... \; cr:t(·kle. 
C"Twiu ~I:",d"rd I:m~'~ \\"!t;,·h c"" he I)r"''i'~<l'd [II '111:"'­
,ily ,·:tI, I", ~1I1",Ii\'d al " pri ..... in("'",:Il!I.' of $1 LUO. 

Dim en s ion s: I':UI('I (1('nIt1h) 10 x (heid',) i ;""he": 
d"IHI! I",h["d p:",o:I. It ind,es. 

Net Weight: :li~~ p"u"d~. 

I T.\UOO 

t:XIH·lI.\~ II)] G 

$575.00 
16.50 Pai r 
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WAVEFORM 

TYPE 651-AE OSCILLOGRAPH RECORDER 

USES: T his dcyicc is suitable for recording the 
trace of a eathodc-l'ay oscillograph to obtain 
nn accur:Hc l'cc'ord of transient. phellomena. 
Typical applh:ittiollS IIrc the stud ,\" of the rc­
SPOIl,,;C of clccLric:.d net.works to lmdden ly ap­
plied voltages, the recording; of ::i\\"it,ching 
transients, and the :study of the ill:;klltialLc­
OtiS variations of \'oit.agcs and current,.; in 
clcdl"ieal machinery undel' :uhilr.ary load 
variations. 

DESCRIPTION: In the THE Gn l -Ai': O:;dllo­
graph Hccorder the film is driven continuously 
pilSi the Ilpert.ure, so thn!' the Lr:1CC of the 
cathode-ray spot. i.'$ recorded as n. continuous 
line. 

The accomp:lIlying photograph shows the 
internal eonstruction of the recorder. The 
large central driYing sprocket, :1nd the boUom 
t.ake-up reel are driyen by separate motors . 

Thc torque ch;lr:Jeterbtic;; of Lhe motor" arc 
such thnt the proper film tension is main­
tained a" the film Jla,,~c~ from I,he IWld ing; reel 
to t.he take-up red. Fo('u"ing i" lI('compli:-;hed 
by viewing the im:lge t.hrough thp r()eu~illg; 
eyepiece \\"hell the 1.1\·0 apertures ill the 
driving sproeket. :Ire aligned :b "ho\\"n . The 
image form s 011 a small piece of tr:Jllslucent 
film II"hiGh call be locat.ed on t.he sprocket. 

FEATURES: .. . \ I\·iele range of film speed.,.' 
extending up 10 35 feet, per second , 0:111 be 
obtained by varying the yoltage applied to 
t.he dril'ing and take-uJl motOl"s. \\"ith :->pcdal 
mot.ors vcry slo\l· speeds can also be obtained . 
.. The lens moullting is arranged to permit 
focHsing; o\·cr a II·ide mng;c of distances . .-\ 
simple and direc t. foellsing meall,.; is prodded. 
.. R eels will hold a full 100 feet of film and 
arc int,crchangcablc. 
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SPECIFICATIONS 

Film : ,\,,~. :3.;-",,,, [i['ll or I'aper \I'irll ~r:lndard Il ... rfor". 
,if)Il~ ":111 II(' f Un. J):I~·I;.:ht IO:ldillJ.! and uu["adi"J.! lI·i.h 
II,·glhdhl.: lI""~1<:. 
Film · Spee d Range : \\"hell (Ill' "'!H"r~ an' "1>(" ·,,,,-<1 :1, 
rh ... "olr:ll(,,~ m ... ".i..,,, ... d 1 .... low. fil,,, SI"'(o{!;; Iwlw ...... ,,;; and 
:10 f('''' pe,' .~""""d ,,, .... "I>"dll,,1,I,-. At the lrh.d''''~1 r,-,·,,,,,_ 
""',,,II-d "I>(-rali,,):: '·oll,,)::I'. higlll'r ~pl'{O(l~ will """u',i,,,l's 
b ... ")'lail",<I. 

;\lo>lor~ I':l'ared for I"w('f "1"·,,,1 r",,!(I'~ ",," he "ul'pli"d 
(In ~1"""i,,1 nrdH. 

Lens Sys t e m : 1.""8 "'U~l 10(' ]l"n·loa~~d ,....para (<:1: ... .-\ I,'n~ 
of apen",,' f ( I.:;' ""d :1_i,,,·10 fvc"llem:(lo is a"ailahl,' ill a" 
adju",ar,!1' ",,,,,,,,i"g ,hat IJc ... nil~ f""1L~i"g f"r di",a"""~ 
I""w,"'" oS :",,11(10 in"]It's. (.''-"" Ijrir .. li~ •. ) '1'10(· i''':I).!(· f". 
f,,~u'i,,1.( i~ "h~l'f\"d dirl'!"!!;' "'I 11,,· "'lui\"al('11( "I a 
gr"uud I:l as.~ in ,h" 1'1"1 1': "f .h,' [;rm. Th" h,,,s i~ '-'llliPl"'d 
wilh a" i<"is diaphral:,n. 
Thi~ II'''~ i~ ~llfli,·i(·u,ly "r""I" 10 per'nil (1, ... remnlillg 

(If na,'"" r .... '" a (':>, hilde-ray "~,,jlllll:m])lr 0" M'W·'·~""."i· 
t i,·" p:o",·lrro"':oli .. fil", ," a "I'",,-'d of :1:;' f"N 1','1' >1\-""",1. 
whell Ill<' f"(i,, "r .<t1"ll'·"l:tll al""1: lit" I.r:o~'" III Ie-II,\(lh 
of film is I,·~s Ih,,,,:; to I 

Osc il l(lgra p h Screen: .\ ],'W-I'Nsi~tt-li'{, ".:tilli,· hillc 
s'·r,"·u. su"It.,~ "",' with:o 1'.) II. I'll I'h"splt<>r. ~It"uld 
h., II,,,,] f,,,' h~sl l"<'~lIlI". 

Reels: "I,{'!'i:olly m:uk' re-,-Is fur 1":odin1.: :lUd lak,·.up aro 
~ l lPllli,·d . Cqmdl.r of rt'"ls . lUO f('ct. 

Orive Sys tem : H',lh IIII' fillo-dri,'" "pr,,,.k"l ""d ,he 
lak"_lIp n·d ar .. dri,..:" h~' ""in'rs:;1 (,,_,. or <1-,') ,",,,,ors. 
'1'),,' film ~!>~'<'d is ".,ri,'d hy :OI'l llyilll: ""h:Ol:{'s 1><.'I"'''''" 
60 "nd :1:30 ,o1t~ (f> Ih .. 8(' Inol"r~ . 

Speed Contr(ll: \rll,'" Ilo-,-nl! or Z:w-\"oll. 5U· (<> 60-
p'_,-d,· ~el"\"in' is a,·ai1ahl .. . :; T n": \'_;) J! ~IT <IT T Yn: 
Y-oll Vari:or Itl"~· I", IIs,'1l .0 ,":or." Ih,' "011:\1.:<' ~I>pli<'d 10 
Ih ... ",olOr.'. For d-,' s",.,.ic". n'sisla",'r Uletil"ds of ,"nlwgc 
«mlr,,] In liS, I", "~<,,l. 

Starti ng Characte ri s tics : Full npcrati"g ~])('ed i ~ 
rca"h"d ill aJll>ro~i!lla' ('I.\ · 10 (,,'" or fil ,,, rr:r\"(,I. :r~ 

*6S1- A E 
6S1 - PS 

'\\"il);"'" le,,~_ 
1',\"I'E:\1' :\OTlCE. 

Osc illograph Reco rde r 
Le n s, f / l. S x 2 .0 " 

WAVEFOR M 

i ll'<'I"ior "irw of r""')J"d~1" ~ho\\"illl: fil'll spr.wkct . t:rke--lIp 
r ..... I. "",I (''''usinl': rp'pi\-,"('> . 

!Il:>xi,uurn ~J-",,',L _-\ 1 1..,\\",·,. sJw ... d~ I<,~~ hit" i~ cV"~lllllrd 

in rc,,,,hiltJ.( ,,] I<.·I':I,i"l: ~1>M·d~. 
Dim e nsions : ( [.<'''1:110) 11}1 x (width) G~~ x (h('ight) 
16 ," iu,·hl'~. o,",'r-:oll. 

Net Weig ht: :;:! p'HII"I~. 

I 
C(,/I~ lI 'ord 

Dl:\I-:Jl 

!) l.\ flY 

I'f ire 

$550.00 
165.00 

STROBOSCOPIC RECORDERS 

• • • I • I • I • I I I I I • • • • I I I I • I • 

~~I(~/~, ....... 

• • • • • • • .. • .. • • • • • .. • • • • • • 
• • . ~ . . . . . . . , • • • • • .. , , • , I • 

, • • • , • • I • • • • I , • I I • • • I • I • • .. . , I • I • • • I I • • I .. . • • • • .. • 
',.,".':- "~"""",~·""", __ "",· ... ;,F"'" . , ... : 

I • I I I • • I • • • • I I I I • • • • • I I • • 

Fot" recording high-speed phenolllcna b," 
means of stl'obos('upi(; light, t hc THE 05 1-AG 
Camcra is ;\\·ililablc. This dilicr:; fro m the 
COI\ \"('nlion:ll mOlioll-pit'llll'C camera in t.hat 
no l'ilutler i,.; cmplo.n .:d . . \ com mutator is 
proddcd 011 Ihc ;;]lmcket. to trip a ;;troiJo!<l:OpC 
at. :.:ing1P-fl'amc inlcn'iil"" 1'0 th:it the pholo­
gr:lphic rct'ord i ... propcrl.' · fraJllcd for pro­
jec t ion .. \ Ithough the film i~ eonti lluou:;ly in 
Illation, the ;;trobo:ieopi(' fI[l.~h is ":0 shol'l in 
dlll';\tiOl1 t.h:lI no blm of tho im:lg() i,.; Iloti(;c­
:lblc. ~ pecd~ up t.o 1500 franH'~ pcr ":c('on d can 
bc obt :lincd .. \ (!Omplelc de;;t' riptioll of t he 
T YPE fi51 -.\C Camcra ami the T YPE 15:3:;.\ 
I-ligh -:-i pccd :\ Jolion -Pict urc As,.:cmbly IS 

gh'cll on pagcs G ~lIld 7 . 

O~cilJo:::,,"ns taken wilh th(l T n·f: 6.', \-,\ E Oscillograph 
U ... corder. 
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WAVEFORM 

TYPE 830 WAVE FILTERS 

USES: Elect ric w:wc filtC'rs "rc wideh- lI;<cd 
fot' ttl(' ctimin:lIiOll uf ha nllOtl icl5 fl'o~n db­
tort<>d \\':lwful'nl":, fur the i:,()iatiun of spccifi(' 
corn pollelll :< of ('tIInplcx waveform,.:, ~\I1d , ill 
gcnct":l l. to rCIll()\'C \'oltagcs of nndc"irt'li 
frcqlll'J1Ci('s 1'1'0111 mC:l"llring alld com muni­
eatiOlIS Cit'("lli l s. 

DESCRIPTION: TYI'~; 8:~O \\ ':\\,C Fillers arc 
com p:wt , t\\"IH.a'rtiotl filtr!':; having cxecp­
tioually ):;00<1 cbar;wlcri,..ti<:lS. Thp.\' :11'C andl· 
able in 10\\"-P:l"", higb-p:l"", and b:wd-pa ,.:s 
models . ThC' ,.:('(' liOll" co-operate to gin- hoth 
:1 :-;hll I'P cut -oil' and hiy:h di:<ni tni na I iOll ag:l lust 
fl'CQllt'lieiCS ull(,.:idc the pa,.:s bnlld . 

The b:uul-p:l:->."i n1mkl, Tn'I'; SaO- B, is 
sh:u'ply i lined to pa,.:s 1000 ('ycle:< and eli:;· 
criminate :Ig:lill:-l oth(' 1" i"ret[II('ntic", the de­
sig;u hdllg Sll('h tbaL:1 m:t~imllrn of attenua­
tiotl is pro\'idpc! fill' tht, ":('col1<l harmonic at. 
2000 eyclc", The input and olllpllt coils of 
this unit ,1I"t' t:lpped :-0 Ihal the fill(' r can be 
11:-;('(1 with hi),(h 0 1" loll' 1<'1"llliu!llillg im ped­
ancc:.:, 01" to lX'pla('(' Ill(' ("umhin:ltion of :l 
filtN alld Inlll"fonllt'r to \\'ork bctw("cll d if­
ferellt illlp('d:w('"". 

The allclluation l'ilal"aClel'i:-tic:.: ~lre the 
;<:l rne for l'itlll'l" cOllllcction 011 the two-imped ­
:ltWe :,iti(', hIlt dill'('1" "omell'hat for difr('rellt 
('OI1II('CI iOlI" 011 11[(' r uur-impt,dallte :.:itie. From 
tilt' ploL :It. lIlt' rig;hl , iL will be :.:('en thaI 
grt':n('Si ,lllt'lllllttion 10 hannoni('" i:- obt:lill('d 
on the .'l000-ohm out pu t tap, .\ 11 :l~tel1l1ai ion 

1)(':lk at the ,,('t'ond harmullic 0('('111':'; w])('11 the 
.;()()- and :)()()()-ohm I:IP:': 011 th(' four-im­
p('dam'(' :,id(' ,He u":('d. Thi" 1K':lk is not. 
prt':«'llt lI' ilh til<' ol h('I' two lap .... 

:-:illl:e f'ith(,1" :.:id(, ma." ht' Il:.:('d :I:': input or 
Ollt pUI , I\\'() <lil1'<'I'('1I1 t'OIlIl{'Ctiun:, arC' po:,,,ihk 
wh('11 In ll"killj!: 1)('1\1'('('11 ;3{K) :llltl 5000 ohm:-. 
From tilt' ('III'\'CS "I IOWII. it i" ('I'idell l that 
,;ollw\\'hal bell<'1" eh:l1'!H'Il'ristit" will IX' ob­
I:lill('d if t.he :lOO-ohm ('o\lIlt'ctioll i,.; made at 
thl' LlI'o-irnpl'( iallce sidc. 

FEATURES: .. Tht' atll'llllalioll fit tht' cut-ofT 
l·rC'I[IIl'IH".\' i" Ic:",,,, Ihan ;~ d('('i bels fo1' Iltl' high­
PIl".'" :IIHllo\\,-p:l:-s mod(,ls. <llld for I ll(" h:11Id­
PIl ";" mod!'1 th(' :1I1I'II11aliotl ai th(' dl""i["('d 
1'1'(''111('1\(' .\ ' is unly :") 01' Ii dl'[·illt'l s . (:-:('1' li(·turn­
P: ltl .\'ill~ ('llrl·('.~. ) The ('IIIT('" :11:':0 "hull' thai 
,I di"(' t"imill:ltioll of :It It'a"t 10 {b'ihd" is 
maintain(,d for :111 fn'II11(,lwi('" ),(1'Cal('r th:\ll 
1.5 tim(',; tilt' cllt-off frl'qlll'tLcy 1'01' til(' high-
1);1",,,, t.'·I)('s . 
.. ,\1\ cxt'<'lIent h:llltl-pas.", filter l'O\'pring Olle 
octal"(' Ill:ly hI.' ohtaitl('d hy u"iug the 500-
('yell' high-p:l ';'", alld Ih(' 1()(K)-{'~'('I<' low-I>:I"" in 
t:llu ll'tIl, Tht, CIII'I"e of :lttCllllation \'S . fl"C­

<jut'IIC.\' fot· Ihis combi ll:ltiotl is :!howli on the 
Ilf'xt, p:.1~(', 
.. T hc cOlnhitl,ltiul\" of itLJlut :Ind outpu t illl­
pe&I1\('('s :l,':lilahlc with the 'J'YI'~: 830-1{ :Ire 
s uch lh:1t thi" tilter mal' be wot'k('d from ('it her 
:1 :lOO-ohm li1l<' 01' a \':Icullm lubc (plate rc­
si"t: lltce :'lp pl"o~im:llt·l.1' 5000 ohm,,) intO:l cir­
ell i\. of almost all)' im peda nce with :;:l tb­
beLOI"Y results, 

.-\l lcnUal;o" c har;w'cl';~liI:-.• of T\, I' ~: )o:Ju,\{ 
ilaud·I'"u ["[(('r (",. th(' '·:II·i . ,u~ tCI'luil'''li,,~ 

iU'I>ed:OlU·C •. 
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(·h,,,.a,·tCTisti,·~ of !III)()...·.,..,lc I"W-I)('M ""d 
!OOIkyc1e high_])"..,. filtCTS. 

WAVEFORM 

The ,j(II""y~lc hi",h_I''''''' ,,,,.I It.~''''Ydc I"W-I"''­
'nvdeJ6 .,,'" Ix; "'N\ in I"ndc'" tn (,!i,'c " Otlc-oCta"c 

h'Uld-I"''''' charactcri"tic. 

SPECIFICATIONS 

At t en u at ion Ch arac t e r istic: ;:;'l'l' a('('omll"n~' inl': r\lr\'(·~. 

Vo ltage Li mit: \·"I1,,(,!{".'< "l' t .. "l'lJr<lx;rnmdy;J \'Oil8I1L 
!lll~' ft'{"(llI.'''''Y '''''Y he "111.lil-.1 10 thl' ;;00. .. 1"" lih!'r 
\0 \'t.lt8 ror :'(MIII-"h", lih,'r ) inllut tl'rn,;"a18 withouL 

!jil(nilir"nll.,· all"r;U,I( tl,e rt'''I'''It:!t' run'{"!j. AI hi.s:her 
""Ita.!:!' !!'\,.·k ~Iid,t ~hift in thc ltw!l.liun of tin' "ttl'IIl11!.· 
I inn Il('"k~ .n"., I ... ('xPI"·I.'d. 
T e rmi na ls: Tn'.:.' "':~O-A to S:«I-II i.wllls;"c "r(' Ilro­
,·id(·<1 with II\.th ",-,I,k-rilll!: llll!:~ "nd j"..J,'-W1I binding 
l)()IItS. 'fYI"; :;:IO-H h"s wldcring IUl!:s unly. 

Cul-OJ! 
1'11/>fJ i"""II/"I/CU 1111",,,11111(;6 

830-A sao cycles 500 n 
830-8 500 cycles 500 n 
830-C 500 cycles 5000 n 
830-0 sao cycles 5000 n 

830-E 1000 cycles 500 n 
830-F 1000 cycles 500 n 
830-G 1000 cycles 5000 n 
830-H 1000 cycles 5000 n 

1'000. soo n ! 
830-R 1000 cycles 50,000, 5000, 500, 

so n 

Mounti ng: All n" .. I!'I~ C"' ... ·I'I Tn'.: ,:10-11 !lr(' m<>"ntN\ 
in :\[mlf'l C (,,,8('1. T1',·>: "':lO-B ;s '"uu"ll'd ill a :\It.<le l 
J) eu.!iC. 

Di mensio ns;.~ (Ii",en~in"~ f"r :'.1,,<1'" (' :",,1 :\ 1,,'11 .. 1 I) 
r"""!j ,'n ",·.n 1'''1(' . • \It CXlra " i, ... h mUSt be "Il .. w('{\ in 
the d"Vlh for tire prvj ..... t;oll vf thl' tcru,in:dd "" "II 
",,>t1.·18 eXl"Cpl T\· ... : "':IO-H. 

Ne t Weig h t; Tn'.; :-':IO-D. 7 M pound3; ,,11 olher~. :I~ 
pOllu(I~. 

C",lr 1\ '(",1 I'ric~ 

Low-Pass Flt;r~:nGOA'I' $30.00 
High-Pass FILT EBG I H1. 30.00 
Low - Pass F I I.TEI1;;;110 ~: 30.00 
High-Pass F I LTEHf<.EAT 30.00 

Low-Pass FILTEHTO.\O 30.00 
High-Pass 1"ll:n:Ii.\[ "SH 30.00 
low-Pass .·ll:r~:Il ."; I GX 35.00 
High-Pass .'!I:rEIlPl l'E 35.00 

Band-Pass . · ILTERRQTt; 35.00 

OTHER FILTERS 

A 400-cyclc bllnd -pa$s tilt('l', T \'1'~: ;):~O. for u:-;c ill di.4ortion measlirements, is (k,,;cribeu 
on the next Pll).!;<'. 
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WAVEFORM 

TYPE 530-A BAND-PASS FILTER 

T his filtet' is d(';,; igncd for ll,j!: wit h :1. ·100-
cycle Oi'('iliatol' \0 pro\" idc ;\ H'l'y pure siglln l 
for distortion mC:1SlII'Cment,:, ;tnd fo l' ot he r 
appJir'ation" where onl,\' an c:·dl'cmcl.v till1a ll 
harmon ic content can be tolct'1llcd. I t.. may 

T rnn'mi,sion rh,lr:H'tc, i,t;,,,, of TYf'F: 5;J li- .\ 
Ibnrl-I':l.~s Filter. 

1)(' u.-;cd with flllld:1!ncnt[1] freq u('ncics fro m 
;H5 to ·125 ('~·d (',.;, pro\' idi np; lIll attellua t ion 
of 11 t least ,')0 decibels 1,0 all harmon in:. In 
addi tloll ('on"idcrablc attl'tlllatiOll to PO\\'o['­
linc frequencies is p1"oddcd. 

SPEC IFICATIONS 

Atten u atio n Characteristic: (:-icc "~cQI"JJ,,n~'ing 
<:UlTC. ) A pC'ak of 1",,~inlOlin aUeml:uj,," is ~l for r('jc<.:­
I ;vn vf tlw SOI)-<:.\·(·I(· ~('('''nd harmon;,". 

Voltage Limi t ; \'()hal:('~ 111' 10 :l1,pro)(im,I1<"!~':1 volts at 
all," ir('qu('Iw,'- ItIn~' he "I'I,lic<l 10 II\(' lih('r input l('r­
rnin"l~ wilhoU! ;;i~llifk"nd~' aherill):: 11](' "c'~IKl""'" ('ur"". 
. \t I,i~her ,·"ll"l::e le\'cl~ ~Iil:hl ~hif1 ;" (h(' I,,,.:o!;on of 
1he "Uen"at;"" peak m"y he expected. 

lml'eti,,"u 

530-A 600 ohms 

Mounting: Filters arc' "lI)IIl1\('d in ~t'lI,(hl"(l ( I ra",!) 

sl('('I . w:IX-lillNI ~1{)d('l I) (.,,~('~. 

D imen sions :("a~('. (widlh ) ';", x (la·;).';I>I ) .;I, x (,kp(b) 
.;'~ilH"h('s. v,-cf_all. (Noe ,,1.$<' d i"wnsi'JIj"d ,Ir"willl:: 
helow,) 
Net W eight: S pounds • 

('otic Ward f'rir~ 

roc.\ L $35.00 

DIME N SI O NS OF FI LTE R CASES 

J/om-;l, II MonEL C .I IOIl I'/" D 

A . :! " .. j", ' l>e< :\ ' .. inti,(:< ,; ., , jn('! ,es 

B. 3' ill("he.< , i"che< 
., j"ch(l..i , " ., 

c. " YS in('hes I' ~ hu'h,,_ .; ' .. iudle~ 

D ." -. iud,,·.< :~' " i'H'hl'~ 1'.\ i"l'hc~ 

E . n - , it ... hc< :1'2 i",'he< .p" ind,,,.< 

j " lli iuche~ :!;~ illche_' ,I' ~ ind'ns 

G % inch % inch Hinch 
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METERS 

Dircct-l'clHling instnlmcnts for the meas­
IIrement of voltage, tllnent., po\\'cr, resist­
ance, and at her quantities are indispensable 
items in t he electronics laboratory. The 
Gencml 11 :1<1 io Company hus al\\"ays pio­
neered in the development lind m:1nufacl.ut'C 
of specialized ty pes for radio and electronic 
measurements. Its curliest products in this 
field were hot-wire ammet.er::; and high-sensi­
tivity galvanometers . 

\Vhcn suitable vacuum t ubes became com­
mercially availnblc, t he first Gencl'lll Radio 
vacu um-tube volLmet.e!', t he TYPE -126, \\"as 
designed. In 1037, the first. commerci:ll pcnk­
indicating \.y pc WIlS annoullccd , :l develop­
ment stemming from similar circuits used 
earl ier in modulation meters. For mdio-fre­
quency volblge me:lSltrement., development. 
has been pointed toward higher and higher 
frequencies, a~ ne\\" and beHcr vacuum tubes 
became ava ilable. T he new TYPE 1800-.'\ 
which represents the best pCrfOl'lntlJ\ce aV:1i1-
able from present-day commercial tubes, oper­
a.tes llt. frequencies tip t.o 500 meg'l cycles. It 
al so measures d-c voltages, and , \\'jf h c:lpaci­
tance shun ts, can be used for t'-f Current. 
measmement .. Hs accuracy specific:ation of 
± 2% is considerably bett.e r than h:1S hitherto 
been achieved in v:\CI\U1n-tlibe voltmeters. 

Bcyond this frequency , similar eircuits 
using a crystal di ode instead of a. vacuum 
t.ube have made possible the TnE 1802-:\ 
C r,Vst.:'11 Galvanometer, which operates up to 
1000 Mc. A pioneer instrument, t.his \rolt.­
meter is not as accurate as the vnclilim-tube 
types used llt lo\\'er frequencies, but fill s a 
definite need ill the radio labomtory 1'01' a 
voltage measUl'ing device up to 1000 meg~­
cycles. 

Combining the vacuum-tube voltmeter 
with the simple ohmmeter circuit ha s made 
possible the direct-reading megohmmetel', a. 
convenient aid for rapid testing of high­
valued l'csistol'S, in.s ulation and cap.witol'.'; . 
The ']''1'1' £ 1861-A ? ... regohmmetcr can also be 
used ns n high-resistance d-c voltmeLcr, a 
feallu'c which Hdds considcmbly to it s utility. 

.Bady recognizing t he utility and simplicity 
of oxide-l'ecti fi el'-t.ype instrument.s far audio­
frequen cy work , General Badio engineers de­
velopcd <li:i8Cmblies using resistive networks 
<lS constant impedanre mul tipliers, stich as 
the TYI'E '1 8;~-F Outpu t ]"'lctel'. 

Another adapta t.ion of the )·cI·tifiet· type 
indicator is the direct-reading out.put-power 
meter with adjust:1ble impedance input, 
represent.ed ill thc current. Gencral Radio 
line by t he TYPE 583-.'\ alld TYl' I~ 783-1\ 
Output-Po\\'cr Meters. \Vith t hese meters, 
Lhe powcr availablc from atl audio-frcquency 
source :l S a function of impedance can be 
quickly measured. When Lhe metel' impedance 
is adjusted for maximum power, the source 
impeaa.llce Ca.ll be determined. 

For porlable lise, the 727, 728, 729 series 
is IIvlliinble fol' measuring i\-C volts, d-c 
volts and megohms. These arc all bat.t.el',Y­
operated instruments, idea l for field usc, but 
cll pable or laboratory accuracy. T he Tn'!': 
728-A Yl1cuum-Tube Vol t meter is fUl un­
usually versnt..ile instl'llment , measudng d-c 
volhtges from 0.05 to 3000 volt s, and luwing 
an inpu t resist·ante betwccn 1000 ~\lld 5000 
megohms fot' a ll scales. 

For IO\\'-level voltnge standardization, t he 
audio-frequency mict'ovolt.metcr can be used. 
This instrument com,'ists of a voltmeter for 
stand!ll'dizing the input at :1. level of a few 
volts, followed by a calibrated :lttenu:ltOI' to 
produce output voltages down to 0.1 micro­
volt.. I t is pal'ticlll:ll'ly uscful in sensitivity 
and gain measul'ements on audio-frequency 
equipment. 

For use in the mpidly developing radio­
act,ivity field , the ne\\' TYPE 1500-A Counting 
Hate Meter \\'ith its !\SSOCklf.ed Geiger­
A'lueller counters is list.cd, the first. of a nelV 
line of OR instruments for nuclear meas­
urement s. 

Meters fol' me:1suring other quantities are 
listed in other sections of this catalog. The 
IXDUSTltl AL scction illCludes the T~' I'E 
750-13 Sound-Level :Vl etet·, fol' industrial noise 
mcaslll'ements, and the TYPI'; 7Gl-A. Vibra­
ti on :\'Ieter, for the measuremenL of accelera­
lion , velocity llnd displacement. in mechanicnl 
sYf:iterns. III the WAVE FOR:\I[ section will 
be found the ' I\T~; 1031-A :\1odulation 
Manito!' for measuring pcrcent:lgc modula­
t.iOIl in ]'ildio tl'unf:imittet'sj the Tnt,; 1032-A 
Distortion and Xoise i\i[ ctcr, for over-:l11 dis­
tortion and noise level meaSllrements in 
tnlnsmit.tet'S and audio equipmen Lj and t he 
Typl~ 73G-A Wave Analyzer, It sharply t uned 
voltmetet· OI>Cnlting o\'er t he range of 20 
cycles to 16 kilocycles. 
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METERS 

TYPE lS02-A CRYSTAL GALVANOMETER 

USES: The cr)'iital glllv:llIomct.cr is a direct­
reading voltmeter for lISC at. frcqucncicl$ be-
1,\\'CCII 30 and 1000 megacycles. It. can ~llso be 
used as:Ul indi(;~ltOt· of vuita,!!;c :l.t, frequenc ies 
up Lo ·1000 mcgacye1cs. Although it reads 
directly in voltage, its absolllte !lecume.\' is 
not as good :15 th:.1 of General Had io vacuum­
tuhe \'o\lmcfcrs. [llld for this rC:lSOll it is caUl.-

. "(")";m,,lic di"j.(,.:Ull of 
Tl"l"i! ll"-O:!_. \ ("r ~'~l"l 

(;"I\",m""wlI"', 

luged as a galvanometer l':lthcr than ;\5 a voit­
met.er. Laborat.ories engaged in ultra-high ­
frequency mC:l$mCmcnts will find thi:; instru­
ment invaluable, s ince it extends hy about. 
t.hree to one Lhe upper frequency :It \d1ich 
rapid, direct-reading VO)WlgC mCIIStll-cmcnts 
call be made. 

DESCRIPTION: Funct.iollally, this instrument 
CQllsi;;ts of tt cry;;tai reelifier and a d-c 
vaCllllm-Lube amplifier. The crystal rect.ifier is 
built into a small shielded probe, :Hld a c. ... hle 
carries the rcctified voltagc to the d-c :lmpli­
fier and indica ting meter in the cabinet. The 
probe is prodded with a number of reIllO\'llble 
littings, including 10:1 and 100:1 multipliers, 
a coaxial adapter, and a 50-ohm termina ting 
resistor. The d-c amplifier lIses It triode in 
a degcnerati\'e c:lthode-follower circuit. 

Cathode and pl:lle power i>:i obt.:lilled from 
self-contained batteries, The C:lbinet has :l 

stor:lge comp:utmcllL :11.. the top for hou::iing 
the probe unci :.Iccc::i::i?ric::i. 

fEATURES: ,. The voltmefet· ~ca!c is :tpproxi­
match- linC:H. 
,. \'oli:lI:;:e>:i lip lo 100 \'olt;-; Ctlll he nlC:l>:iured 
by u~illg the convenient. multiplier" that. arc 
prm·id et!. 
,. 'I'he norm:l! vtlriatiOlI>:i in lube ch:lrader­
ist ics and bll Ltery yolt:lgcs (10 not. :1 PI)recia 1)ly 
afTect. t he meter indication. 
,. The \·ariet." of probe tenninatiou>:i make the 
\'oHmeter adaptable to many types or 
meatiurcment. 
,. Bat teries h:\\'e :\11 oper:liing life of approxi­
mald.\· 200 hour", . 
.. The et11ibra l ion ean be checked and :\d­
ju"ted in termti of :l voltage obtained from 
a. -10- to GO-cyclc a-e pO\\'cr line . 
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METERS 

SPECIFICATIONS 

Voltage Range: O. L to l \·olt. dir<"("t r('ildiua;(: I to 10 
vuLt~"lld 10 to LOll \'ult~ dirt'c\ n-: .din.&.: wi t h multilJlicu 
8"111)lipd. 

Acc u racy : ±:;c~ of full !l('alc on 6inll:widal \-"I\:l.I,;c6, 
s u lojPt"t I.! frNIIl('tI .. ~· ron C('lion . 

Multiplier Accuracy: A\I lllu\lipLi('t$ arc adjMl('(i to 
have a muhilll,\' jllJ: fnewt within ±.Y~ or Ih(' nmnillai 
""\11('. 

Waveform Error: T he meter rl'i! POll!il' Illl\,r<m,.]u's that 
of n 1)('''1.; ""hmeIPT. hut the $palf> il c:lLihra' .... d ill r-IIl-S 
\""I\l('~ ru. ,I sin(4"'"n- jlll)tl1. On di~t"rl('d w{O."pru.rns the 
pcr(~"I:\I((' cli~\·i:. tio" of Ill" ........ dill.L: fMm lh,> rom-II 
n,hlP m"y II(! M larlo(c as the pc rc<,n,,,.&.:c "f h"nnullies 
1''"''~''1. 

Frequency Er ror: The "PI"'. limi t of lls('ful n"u is 
dc\('rruilwr\ h~' til(' frequency uf scr;('~ n-8/.u;m' '<' ill the 
cry~lal I""hi: . wloi"h ,'",il'~ "mo ,,!': d itTN ... nl '·r.'·~I.~I~ uy 
~"mc LOor Ii/;-. \\',( h:l 1:\21B ' · J')· ~t,,1 iu Ih~ 1Ir<)1 ,~. the 
T('s'm :l"t fr .... (u ... ul·.,· i~ l)('twl'f'll IC,50 n"d :?OOO ;'II ," wilh 
Ihi: 10 : 1 tlItthil'li"r;lt 1 :I"h('<I. hi:1 Wi:cn 1700 ,md :!:!()o ;'I"'; 
"l1d ";Ih thc 100 :1 mulliplier "11,,('h('d. 1,,'{w" I'u I:{SO 
""d IENO ;'II,.. 

Th"l·/T(',·( ur rC:f!/)Il:lUN' un thc m('[('r iuuir,u ion 1J(""'lt1e~ 
:l1'1,l'('('bhll' "I "hout :.'(X) "'(':::, .... \'I·I('~ nnd ,·,m~·~ thc 
inNer indi('fttion 10 1>(, hh:::h. ('orll',·,i<>H ,·"n I,,· 'U:lu{' for 
' hi~ ('rror hy tnuiti"I.,-iIlJl: th" nll'lo:r iu\li('Mi"n h~' "O~ 
(-,;/ #.,), wll£'r(' J i~ Ih,' u])l·T:llinJ.( fn'qu('1I('," ""d /0 i~ I I,,, 
r" ..... " ""I fn"lu('tl('Y, (The:- f"CloT I - (/ Jo)t i~ u,ccful as 
,,,, "I'j),nxilltlHI' ('()n(,,'li"ll wh('1t tlr~ fr"'1n(,'H')' iJ rnuth 
1)('Ir.w r{'~ n"""'(") The "'''fl'''li"u :Iii " funct,,,,, "f fro;--.. 
qlLelli:." for Ih(' :Ol"<'r,,~,w r.f" nUlnl"..]' "r cr.I,~",I~ i~ I(i"('n in 
th(' a,.,·'>tll1':m,I""J.( 1'1<,{, Th" dutte,l Ii",·.' n'llr"s,'''1 the 
mnxi 'llUIll 11,·,'i:Hioll~ tu be expc~I,·d i" illd il"i<1ual cr,I'~­
t alg "",1111".1' Htnl>Uut \II ± :!O' ( of th(' iudil-:'1<.:tI l"ult"l{(! 
at 1000 ~(r , TIl{'!IC c"r l'('('{ i"n" al"<.' fur Ihe ,"ullage "I Ihc 
[acc of {h!' pruhc wilh no Frohc tC'rmin:.!s , 

CorrC('tion cUTI'e for the Tl"I'F. 1 .... 02-A 
Cry~':.! (;:'],' ''''OIl1('1er ,,~ " ["Il{'l ion of fre­
(IUenty, l,:.u:'cn"itLIiC'.s illdi(-ftl('(1 hy Ihe 
~h:\ded ar('" al 10'" fre<lue, ... ie; "lid duttcci 
li llc! a t h igh rre{l1Hm"ie~ ari"" from differCllec!l 

autung cry~tal$, 

1802- A I Crystal Galvanometer 

Vicw of g:Ih-"numC\cr prohe indudinlt znu!t i plicr~ 
""d lermin,\lil)n "c(~,;.sorie~, 

.-\1 fn'<luen ri('~ 1)('10'" a tlominal value I)(,IW(,(,1l 10 "nd 
:t(l ~I r, lh(' iudic-:,tiun fal1~ ufT :\~ a I"('~uh nl Ih" ~m"ll 
wries "'''Il, ... il:''''·,' in th(' prol".., The 11"t't1''''''''Y :It whi"h 
thi~ " tT""1 1l{'~"1H(,~ !lulitoe,"!'I,' d('I"'"ds UpOl) 'h!' ,'h"r:o~­
leristi~" of til{' i"dil'idual "r_w!:.!, parti"ubrly Ihe h:.\"k 
rrsistanc('. 11t:>,':lu;(' the lHullip1i!'rs are "ap:"'it",,\"(, "ott­
"J.(C di";l[('I'~. Ill{' \illlil,,,~ ire<[ueue). is hil(h('T wh('n they 
arc \t~C(1. 

Input Impedance : T ht' i"lmt "ull:lri(,,,w(' i~ n~"r1y 
illd('j) ... ndt,t" of the ~laI1l"'rd "r,l'sl,<1 u8('d. hut th(> iUI>!tt 
,.olld'1t"I:uwe d(>I){""\~ "" 1 ht· fn'<lu{,IlC)-. 1"011"1(,·1"" ,,1. :."u 
Ihe cr,,-s\:,1 ehar:"'It'ri~li('~, Fu r IX:.!IB cr,I'sl'll~, :<1 fl'(" 
{lu~·",'i "iI 1)('1"" W()1t ~k ""d "Oh:ll(' 100,'('ls al>OI'(' a f('w 
l('rlth~ of" volt. 1"('1'1"I.'~c,,{at;,·e ,":lith'S :01"<.': 

Prohe: ('''I1:1('i''III<'(' - ';l'l'f 
('""dW'I"Ul'l'-IOUWlllo,,,, 

10:\ !\I ullip1i('r: (·"lmt"iw,,'·C - 2";l'l'f 
C""d'H"I:uw{' - 1.(>"" than :!;)l'mlnNl 

100:1 )Iullillli"r: ('''rm('il",,,",, - I. e.!,!,f 
('om\uctance - Lc~~ I h:m III !'1I1h<>! 

Power Supply: The ll"" ('~~'!Ty h"tt('ri,'~, Ol1e JlurJ.('~s 
z~o:\ X :l lld 011(> HurJl:e~~ :.!F, ,,' ... $uppli("!. 

Vacuum T ube : Ou(' IRS " :leuum tuhe is HUI)!,1i .... I. 

C rystal : ()U<, 1.'\:.!11I "rY~lill i~ ~u1'pli,'''' 

Mounting: nl,,~k <"r:t~kle "hmtinuIU 1"",,·1 ''''>Utll('(1 in 
ft ~hid(INI walnut ""h'lIel. Th ... ~:r"I ... :llld IlrolloC' ill1.l 
8\01"('(\ in Ih(' ""hill(,l. 'I'll<:' {'" rryiuJI: handlt, ,',01' he ""-'l 
<I.ij :l <"O,well i"ll t "ull]lorl fur lh" in~tr"m('''1 wh"1l pla .. ",1 
on:l l",,, .. h wilh 11i(' I>,LIll'i lill('u h,,~k, 

Accessories Supplied: Ouc Typo; ISO:!-!'1 W:I ~Itllti­

plie r. Oil" T"Pf: I:-():!.l':.! 1011:1 :'Il n1Iil'li"I", ""C TVO'f: 
l Nl:.!-I':l <..:,,1, 1,· ' l·"t"llliu:ltiuu. fi!li,,~~ fur ]JIIII(.tlt'l( iu!o 
']" 'I'f: ;;1.(: <lr 7i.I_~ 1 "(",xi,, l ('OlUl"rt'JI'~, 

D imensio ns: 7 x i x J(Jl~ iud,c~. o,'cr-"II, 

Ne t Wei g ht: lOt~ Il<>ltnds, 

I <.:O:\IC $220.00 
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METERS 

TYPE 1800-A VACUUM-TUBE VOLTMETER 
(A - C OPERATED ) 

... ------,~=-----------; DESCRIPTION: The hig:h-ft'cqllcnc,\' probe COII­

USES: Thc T YPE 1800-.\ \ ':lCUIIJl1-'J'ube Volt.­
meter is :1 high-impcdanec widc·rangc \'olt­
mctcr whitll can he 11:<l'd 1101 on l" for tll e:L~ lll'e­
mcn ls at aud io and l'[ldio fl'('(llIC'tt C' ics up to 
scvN:d hundred n\('g:lcydrs bil l, abo at.. d c, 

[n addition to its U:-lC as a \'oltmeter, t.h(' 
T HE 1800-,\ can bc Il:<.('d, with till' ;::ped:11 
5O-ohm tcnni nating 1"<,,...i:<lOr wh ieh is flU'­
nished, to lllC3;::lI1'C current ami 1>011'('1' in the 
lcrmin:ltioll of litlC':; 01' oth('1" locations, 

,\It hOllp;h t:llibra il'd to gil'(' t hC' r-m-;:: \'lII IlCS 
of appro:dlll:HC'ly ~inllsoid:t I \'O!t3V:P:<, t 11(' \'oh ­
mell'r can hI' u,,{'(I, ('xccpt Ott the \O\\'C':<t \'011-
:lgc ranp;e:<, lo dCh'1'1ninc t he pcak value of 
a cumplex \'oltnge \\'[lVe, 

Schen",!;" cire"it diagram 
or '1'\'1'1:: lNJO..,\ \',_t"lUlll­

Tube \'oItmeter, 

t;)i Il8 :Ill arQnt-type diode ]'('{'lifi(' 1' eonncl'tcd 
by \'cry short lead:; to the input (:;\ p:witol' 
whl!'!1 is :\ sma ll buttOlHYPC unit mounted 
011 a low-loslS illsubling <ll:'t. Except for th(' 
small :1I'('a or tlli:: inSlll:lt iOIl at the fnmt. the 
probe i.s comp\C'tciy sh iddl'<l. .\ mC'ta l c:\p 
screw:; onto the end of the probe :wd is lI,scd 
to :lltaeh various fill ings :~Ild tnmin:lliollS to 
the probe input. T he t:II)I(', which also su p­
plies hO:I\cl' power to IllI' dit)( II' in Ill(' probe, 
en !Tit's I he I"()ct ified \'01 t age i 0 a d-c a III pi itie!' 
:llld indil'ating meter ill the (':\bi11d, of t he 
i n ;o: I 1"\1 1lH'1l l. 

The d-c ampliflcr consists of :\ balanced 
t.II'ill triude opera ting in a highl~' (kgcIH'l':Hin! 
circli it. The rec Hficd allcmaliug \'Oll~lge i ~ 
:lpplil'{l directly to t he ('01111'01 grid of onc 
1 rimlc', :Iud :l dilxle, t ha t se1'\'!,,; 0111 \' to balancc 
till' cfTcI,t of thc initial-\'clodt\' {,Iirrcnt in the 
I'l'difying dilKie, i.: COIHlc(,t('(i to l he control 
grid of t ill' second triod£', Degenera I iun is 
ubtaillt'ci b,\' cotlncclinp; ':lnotbel' t\\'in t riode 
in til(' c:lthode {'ircuit of t hc amplifiN, The 
in dic'aling meter i:; conllet led in .:('rics \\'i t h 
pr('C"isioH rc,:istors bcill-ccn th e ('alhode" of 
th£' :u n pl if,l'ing L\\' in triCKles. The ('hangl' from 
onc \'ultage rangp to anol lU'l" is made by 
cha nging the \'aille of this scrips l'c:<i:<t:lnce, 

FEATURES: ,.. The input impedance is mai n­
billed at a high \'aluc o\'(' r :"tll the mllgcs of 
t.he \'oltmelel" 1'01' both a-c' and d ·c measurc­
ments, TIlII;; \'ery little PO\\'Cl' i:-l t:l kell from 
lhe sOllt'ce bC'ing measured . 
,.. Ac('urate mca :-;ul'emcnts al frcql ll'ncies lip 
to se \'crnl hundred megn c,I'ch's C:1n bc made, 
bccause t.he small probe makes po:<,:ible vcr)' 
short Icads, The plup; termill:lls 011 lhc probe 
Clill be remo\'cd t.o shorten the le!lds still 
furt he r , 01' o lhcr fitti ngs 01' ICl'Ininlllions can 
he \1:0;('([ in,:ie:ld, 
,.. ,\ pen'tla ncnt.. c~llibrat ion Sli hst:1nl kllly inde­
pendent of tube chamcteri:<Ucs is po. ..... ,.ible, 
bC(':luse ihc degcnemtion in thc doc :lmplifier 
Slabi1i7.(,s the gain, 
,.. The th ree highesi t\-c :-;('t\les ill'C practicnlly 
IillC:W, and t here is sufficient o\'e1'lappi ng of 
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METERS 

(/.r/I) P lots of Ihe rcsi~lancc ''lnd re'lcti"c 001111)<)11""1.'1 of the in rut. irn pc<hnce of thl' Typ,: I~OO.A \ '1I1:1l1lrn.T ul)(> Voh_ 
mel",', ( U ,(lM) P lols ~hu,," ill": ratiu of :'lp\>li ... d \'"h,,~c In ;",li"'11('(1 "uI1:lI'(c ",," ["nNion of fr"(I(lcn~y fur \,:lI' i"u~ \':LltH'S 

of iU,U<"HCd volt"I(t:'. ",kcn wilh ""1) ull lm\ I)hu: n·" ",,·cd. 

the VHrlOIlS [':llIgC:i :so tha.I, all readings can 
be mad!, well up Oil th e seide. 
.. Oil(' zero adju"tmcnt eOllt,raJ serVe:-i fo r :111 
J'allgI'S, :lull rc:scttillA: is !loi, requ ired from 
range to range. A n:glllatN! power ~lIppty 

eliminates flul'tll:ltion:: in the zero "cUing or 
in t he meter read ing:; over a wide nlll.!!:!' of 
liIH'-voltage variations . 
... (h'crvoll1l gcs 011 :lll," ,-wale I\"illnoi d:1I11:1ge 
t.he instn tlllc nl. 

SPECIFICATIONS 
Voltage Range: 0.1 \0 1.:;0 ,·olls. a·('. ill s ix ran~~$ 
(O. t •. I.;;.;;. 1'-,. riO. a'lfl ].jl) '·oils. full ~""II' ) : jJ.OI lu 150 
volt~. d·,'. in six r'HI~\'s (0.'-,. Ln .. :;. I t •. '-'0. :1,,,1 1;:>0 \' ol t~. 
filII ~\·al~ ) . 

Accuracy: D(", ::!:::.!% of fIl1l8~,d" n" ,,11 six r:H])!,CS; AC. 
±:.!':'o of full ~(',d" On ,,11 ~i" I·"n).!~~ for ~i""!loid:d ,"olt:'1.:(·5. 
8ubj .. ,·t (() fr('(III .. 'IO")" ""ITN·ti,,n (",<'(·bo:·low ) . 

Waveform Error: On (h" :I·C \'o\ta)!,c r""I:('~. (hI' in. 
str"uH~ nt "1>('ralf'S as " J>('"k '·oIlIl1Nl'r. ('"Iih.:,,('(\ 10 
... ad r·m'~ \':oh,('~ of :l 8;11<' W'''·''. ur O. i Oi of tI'l' pe:lk 
""llIc o f " (''''''I,I"x W:"·('. 0" di~'orl('d w:I\"l'funns Ihc 
I>cn'cnl"):" dl"'i:\I;,m "f th(· r(':.Idi,,~ f .. urn 'hc r·tIl·s 
,,:dul) m"." IX' as b l' )!'(' :t~ the per"c,,!,,)!,c of h:lrmoni,'~ 
pr('"",,,( . 

Frequency Error: . \ 1 hi)!'!> fl"('q"(',,dl"~ ' r('"",u",,,, .. ill I/,e 
iUIJIlI ('ircuil and 'r""sil·lim(' " ff,'c!$ iJl ,h .. (Iiode rel,tiliH 
int roducc errurs in tho;) melcr n~:lding. The rcsOllullce 

Vacuum- Tube Voltmeter ... 

efTect C:111SCS 110(' !!wl ('r 10 r,'al) high "nd is ino\('I>('Jlil('''' 
of Ih(' :ll>l'li('<I "<llt,,~(', Tlw Ir;u,~il·(i,n(' <'rroor is a fut ... • 
lion of lloe "ppl; .. d l"rlh'l)!'e and ,('"d~ In e"u~(' ,I\(' m,'h'r 
10 r(':111Iuw. Tlw: ... rolllJl"nyinj! 1'lIn'('~ ~ ,',. 110(' fr('(lm'''' ·.'· 
corr('('lion fo t' ~('nral difT('r(',,! \"(,\t:Ij.(l' 1l',·('1~. I I win 1 e 
]l oiNI Ih,,1 al ln w ,·ol''';:'·'~ th.- !r:",~il ·li nll' " n.1 """')II~W" " 
('f)""~I ~ tClld 10 .. "nN'I. ,,·hil(' at hi;:hN' \',,11:0):('.' I Ill" (',.,.<lr 
is :0I1n<l~1 eUlil"l'ly dIll' 10 n·~u,,"n'·", '1"10(' r('"onaul fr('· 
'lll('''''Y will, ('''Il 0" hut pit,)!, r(''''''''ed i~ :ob"'t 10:'<1 ~I c . 
T loi~ ""hmel('r may 1><., n~.·(\ :0; fr('(ln(,llI"io:'~ a~ I"w :I~ 

:!O c~' ('I('~ will,,, f"'(IU('II(·." ('Tro • ...r I('~~ 110:011 :!"; , 

Inpot Impedance: .. \ , low fr("IIl .. "..i,,~ 11w 1''Illi\"al('n~ 

p"r,d l(,1 n'"i~tn,,~(, <If !h" :H' input ("iro'ui! i~ :!;; "''')!'''I"n ~. 
AI hi;:ha fr"q\l('uI ' i,,~ Ihi" r('~i~I'n,~(' is l'edw·.'01 h." I,,~~('~ 
ill 11, ,· ,.Inml 1'''1':0'';1:",1'(', Thl' (''Iu i'':oI('111 p:or:oIl('1 1'''));1(';' 
("',('(' al rad io fr('(lul·'tI'ir~ i~ ;;.1 ."#oIf wilh II\(' prol .(' l'''V 
,md pl1l1( r('n,o\"(',\. AI audio fr("I"l"!Ti('~ ,hi~ r:111:\\"il"II("(' 
ill('n':"''''~ ~lie:hlly. T \o(' ]lro]", " :'1) :lnd ph,,: :"Id al)J>ro,xi· 
lIl:1tdy I.:.! p."f. TIll' :wrotnp:",ying plol e:i,'('s 1/", \"Hr;:o· 
lion <)f 1( ,. "ull X ,. wilh l r("lll('>I<"y, 

0" 110., d·<" r:ll,J..'<''' IWU ""Iu"s of inpul T<'~i~t:",c" :Iro;) 
pTO\'id,'I\' 10 ml'e:ohm~ ""d "1>1'11 e:rid . 
Power Supply: Ill;) 10 I :!.'i vnl lS (ur 210 III :!50) \,,,It~, 

.'1."', ;,0 tl) GO .. ycj(,~. "l'he jn,onulIlelll in""rpol' ''(''~'' \"lIlt· 

alt" rt'~"la"'r 10 t:'''nl>('n~''t(O ("I' ~UJlply \·"rialiu,,~ O\'('r 
'his '·oll:Ij.!(· rallge, '1"10(' I)/)WI'r inpul is I,''''' I hall :!.) "':lll ... . 
Tu bes: Two !HIU,',. two ij:-:.r,i.(iT. on(, G.\Tti. one G('4. 
onl' (i;'\;' •• (;"I"(;. on ... :j .. l, Hnd \w(> !)!H " re nS<'d; "II :Ire 
sllpp1i('d. 
Accessor ies Suppl ied: .-\ lill" "on"e,'lor ,·urd. ,)"y " .: 
:.!,-\ and '1' \',' 0: 7i-lI('rmin"lion~. :'11(1,50'010,11 t .. 'rouin:llin~ 
re~i~l"r fur pwl><.', 

Mounting: Bh"k 'n,,,klr li ,,·.-Io "\Utui '"1I1I 1>:1",'[ 
ttl"ll"!'·.! ill a $h i('I<I<'<I "",,IIIUI ('l,hilll'l. 'I'hi' "" hl(' :I"d 
prol)\' art: 81f1r('([ ill tIl(' ""hill<'I, The """".1'1"'" h""d\(' 
e,tI, I, .. ~,., "s" .... ""·~,,i('nt ~UJlP''''1 f"r Ihe i"~ lrU!ll('!l1 
",h,," pl"l'('d 011 ,I II(>I",h willo tI,(, pan('1 liltl·ll b:lI'k . 

Oi m ensions; ( \\"idlh ) 7 'i x (dcPI It ) 7 't x (h.-h:ln I II Ys 
inehrs. u\"er.:lli. 
Net Weight: l :P, 1>1)\lnd~, 

" ria 

$345.00 
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METERS 

TYPE 1800-P2 MULTIPLIER 

This multiplier extends the fL-C \'oltagc 
\'angc of the TYPE 1800-:\ Yatllum-Tl\hc 
Vol tmeter to 1500 volts. It ('on,.,i,:;ts of iL 

capacitive voltage divider \\'hich pro\-ides a. 
ten-t.o-one rcdud,ion betll'een t.he voltage 
applied to the multiplier and the voltag:c 
appenring aero,.,,., the \'oltmctcl' terminal,., . 
The multiplier screw ... onto the end of the 
voltmeter probe, adding abollt, two inches to 
it.-; lcng! h. 

SPECIF ICATION S 
Multi p l ier Ratio: w; I ::1::1 PI'," CChl. ",1,..,11 Ihe mull,· 
pli(' l" i.s adjll~tcd to the ,'.,hm<,ur wilh whi,·h it i~ to 1:(' 
IlSN\. .. \ muhillli~r ordered wilh :\ '1'1'1": l~OO-.\ , ',)11· 
m,'tcr is "dUS1('u 1<> 111:1\ \'ol,rn<'!('r. Wh"" I h(>mul(ipli" T 
is used wilh :"",tlwr voitm('j!'r, thcl"(' i" :1 p".s~ihle ad-

1800- P2 I Multiplier 

di t io!!:') error of ±2 pcr rcnt, hut thc multiplier ,·"n 
he adjusted 10 lIny Tn'1:: l hOO-A \"olWIClcr by tl,c \\~r. 

Inpu t Impedance: The f)qu i\"l,lcll t p"r"llel resi~I"'lr·(· is 
... 1 Ih ..... r<l<lr ... f One hundred limeS th .. C<lllj\",dcJll Illl",lIc1 
f<l6bt:lnce of the \"<}hlllel"]" 1)1"(>\)(' . The cquinti(-nt I)"r­
allt·1 rapa(·i T:tIl(·O is 1.5 I'I-'f. Th<l prohe ,·a ll aatl a center 
pJIlJ.: when s<;rcwNI on the ulUitijJlier ,,<ld apl)ruxiUl:ud~· 

0 .. ; ;<I'f. 

Frequ ency Error : The ml111ipli{'r fr{"IU"'Wy H''>f is 
sh(:",·n in tEIC "ln1. T hc rcsuu:"'t frCflllcn,,), ()f thc 1>011-
tildier and voltmeter prohe lUJ.:clher is apl)roxilll"tely 
10.n) :1] <:. t hc &"\Ille "" the r<.!sou""t. lreqll"n<:y of the pro)", 
,,],me. T hlls thn hitth-frt.·WH·twy (,Tror call 1J<"l det('tJlliuc<i 
f!"Om the correction cl lI·' ·C5 furnished with the ,·olt!llelcr. 
Onh" the (·l\f\·e~ rfl r ind i'·atl'{l , · oha~e" of 15 \·.,II~ ,,,,d 
hi'::!lcf nced br· lI~cd he,·allS(' the muilip)i(,T i$ "UI ne('<i,'(! 
f"r m('".~urcme" t of ,·"It,,;:('s helow li,O ,·olt~. The 
multiplier i ~ nm rCNUlHnCIL(\ed fnr \1$(' at frel!'''']l<"ica 
)('r,)W H)O k~. 

Dime ns ions: ( I.en;:!h) :) % x (di:lInet ... r ) 1% inl"h('~. 
o\"('r-all. 

Net W e ig h t: ·1 "lIn~c~. 

Prict 

. . . . . . . . I ABODE $18.00 

TYPE 726-Pl MULTIPLIER 
The THI·; 72(i-Pl ..\ Inliiplicr was de"iJ.;"Iled 

for u,,(, lI"itb the TY I' E 720-A V[I.(·llum-'l'ube 
\ 'oltnwter (noli" discon tinued) to extend the 

T!lI'e 

726-Pl I Multiplier 

range of voltage mea"mf'mcnls up to 1500 
\·(l](". A limited qllan t,ity oj t hese mu lt.ipliers 
is still a.vllilable . 

C",lr WQrd Price 

. . . . . . . I ,\ LOU]) $14.00 

TYPE 727-A VACUUM-TUBE VOLTMETER 
( BATTERY OPERATED ) 

USES: This b a gC'llf'ral-purpose vacuum-lube 
voltmeter for lise at. frequencies up to about 
100 megfwrc1es. Bec:I\1.';c it is batt.('\"y opel"­
:lted and port:lbll' , it has many ;lpplications 
in the fi eld . \\"1H'rc an a.-e powe r line is not 
alll":IYs ;lvailablc. 

DESCRIPTION: A diode rectifi er eil"eu it is em­
ployed as ill the T nt; 1800-. \ \ ·Oltmcler bill, 
with a. more sensith·e two-stage d-e ampli fie r, 
permiLting t he meaSu rement of a-e \·oltagcs 

d own to 50 milliyo1ti' o\"('r til{' ontin' fre­
quelH·Y rallJ..\e . 'I'll(' high-volt:lge limi\.. is also 
eXh'lIded, to ;)00 \·oltso 

FEATURES: The high input illllwdall('e, wide 
voltage range, and wid(, frf'ljUf'llt":y mnge of 
t his itl:;trumcn t comhined wilh it:; oon­
venience find portability nMkf' the TYI'I'; 
727-A \o:wlwm_o lllhe \"o1tm('t cr :111 extremely 
useful meter for the communications labo­
l'atorY , !l s \\"('11 as for field \\"ork. 
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SPECIFICATIONS 

Ran ge: O.n.) ,""II '" :;o() " {J11~ :<-t .. ; " ~l'\"l'" !"""g('s (0.3 , 
I, :-1 . lH. :-10, l()(), :300 "()h~, f"l1 ;«':11(' ) . 

Accuracy: \\';llt "in\!$<,id,,1 \""ha).(('~ al'plif'd. 110,' a"CU­
!":H'Y i~ ± :I'-, ,,( (ull s("ale on !!If' U.:\-,·olt ra"!.!l· :l"d ;.L :!'10 
"r fllll ~('"l(' on all ')lll('r r,w!.!(·~ .• \n ,aldil;<)",,1 ,'IT"l" of 
± :v; or iIH\i, ,:tl\'d volwJ.:C ""',I- n-cn'lI:t ll y (,,""Ul' "II tl", 
:lO_, IOU-. :",<.1 :>00-,-,,\1 )""tlJ.:('~. I ;(,""n~f' "r \mJ).!_IJ<'ri"d 
".:in.: "f 1],(' dividpl" r('~i SI")"~, If tlH' rull _""ale ,;\',,~il;,-ity 
is ,-I""'k"d ,,,.e,,,;io,,a l l~-, e"rrel·t;"" ""ll (I,,'" 1\(" """I" \0 

"Iillli""te Ihe c-rTe("t "f ""Y ~'jO"h "I(illl: , 

Waveform Error ; 'l'lw inSlrnnwnt is ",dil>r:ot('(\ t' , '-e,,,1 
lh(' r_m _,; v,du," of " , ill"oo;,\;<1 I'<JI(:lI(f' _ 0" ( lop Iokher 
voltaJ.:<' r:"'J!cs. h",n" 'H, it ;,; "88<,ntiall.,-:o lll'ak r,',,,I;ng 
dl" ie!". c:lI;1 ral~d I" r"ad U.'Ui" of d,e peak ""h,,· " f I Ion 
appliNI ""hal'l·. a"d 0" di'I''''1<"<I "",-d"ru J ~ til<" 1-"--'1'­
e("lltal(" dl,\·;"ti"" of Ihl' '"<,,,(\ i lll( fr,,,,, Ih .. r-,,,-~ \'"1\1,, 

'"a." Ill'''~ [,,,'':(0 a" t he 1>I 'ITel,la)(l" "I h"l"I",,,,i .. ~ P'\·;«'''' . 
0" IIIP \"""('f f"")(l'S II,,· i,'~tru ' ''l' n I "PI'rox i ,,,a(f'~ a (r ue 
8'luar .. -hll" d("'i,'c', 
Frequ ency Error : I.('~s (hnn 1% 1000I\\'(O('II:!U t~ .. dl's and 
~IJ :'1,', ,-\ I hid,ef frt·qll('JH'i~~. (hf' (,I'for i,; ",hout +5'~ at 
(ii; ;\1,· alld al~>UI +10'---( al IUIJ :' k. 
Input Impedance : TIlt" ;npUI "ap""iu",( 'n is npproxi­
ll,atd~ .. llil-''''!. Th(O 1,,,rall('1 illl'\I1 l'esi~l"nce ("I lnll" 
fl'l'q","" if'S ) i~ ah"III :' IlW)("lll"~ "" I\l(" 1()ln'" ra"J!l'~ ,,,,d 
",holll :; "H'!.!'JI",,~ 'HI Ih,· :\0-. 100-. :IlJd :IOO-I"olt rau!.!es. 
TI,,' :1(" -"'''P:<I,.,-il1).( ~\ln' es J!;n1 ,Joe "ari"lion of H" ,mol 
X p with ff(·quclH;Y. 

Plot of rl',i,(;,-(" ,m<l refl('lin~ ('()m l)(}llent~ of inpu t 
impNi:.n("e of "[" YI''' i:'i - _\ \ ·",.m",,-Tube \'ohmctl'r. 

T ill" 

METERS 

T emperatu re and Hum;d ity Effects: O,'er the norm",1 
range of room condition" (I_;,~o Fahf(>nh(>il to !15° F"'hren­
he; t : 0 to 05% r plative Jmrnid ity) the "Cell racy of iudi­
cation i$ suhsl:mti:dly illdcpcndcut of te"'I)('r:ltll"c " "d 
I,umid;ty (·olHlitiotls. Solllctl"hnl reduced .... ('curacy Ill"." 1* 
t:XI>l!ctt:d, howen',·, if the instrllm('nt is subjt:cled 10 
eXlrcnll'S of tC"'I)(>ra(lIre. 

Zero Adjustment: _\ z!'ro adju,;ll1I!'nl i~ provided ou 
tI,!, P""(·1. T I1l' ~ettjll).( i,; thl' ~,,,,,,, fo" all '·''''geS. 

Vacuum Tubes: T II" o I~;' lu l O(>b and "'H' 'J.',7 luhe arc 
u~ed ,,,,,i a l'c- ~ul ) I>I;Cd w;lh Ihf' ill~ltl1!ll(>nl. 

Batteries: TII"(j Bur~('"s W:!ol'l. one llllrJ!e~~ WonI' , 
nnd th,..,1' Burge~" :!F balterieS :ll'e "'·qui'·cd. and :lre 
~uppli("d wilh Ih" ;"SI!'Umellt . Ha l l!'r," lile is HP1)rn~;­
n"UI{" :';,0 h')\n'~ of illl.:r",;! tenl "Iwration . 

Mounting: "["hr' ;II"lrl1mCI11 ;s 811ppli,," in " walnut case 
Wilh ~O,"1'r "nd is n""",ted Oil a n cng'·:tl"(·t\ bla~k "ral-kle­
fin;~h ahlluimun ]J"lId. 
Dimens ;ons : II X G% X 5~ ;n~hcs. Q,'(>r_all (COl'cr 
dO;""I!), 

Net Weight: ]() 1i I)(}Ulld~, indudinl': balkricb. 

Code Word " r-ire 

727-A Vacuum-Tube Voltmeter , ... .. .. , . . , ,I $180.00 
1',\1'EX"1' ","onCE. Sec "'ote 28. page r i . 
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METERS 

TYPE 728-A VACUUM-TUBE VOLTMETER 
( B A TTER Y OPERATED ) 

USES : Tlli:; n)ilmctcl' is intended fo r IllC:I:iur· 
ing doe nl\tagcs in low-power tin'uit" where 
no apprcdablc power call be t:lken b.\' Ihe 
meier. It is particuiad.,' It:<('fui for mc:)slIring 
c\ectrode ,'ollage:;; 011 \':H;uum t.ubes :llld 
c;)thodt'-ray o:<dl1ogmphs. 

DESCRIPTION: ' I'he circu i t is 1 hilt of a dcgctlcr­
ati\'c doc amplifier. The \'ultage to he mf':ls­
ltrC{i is applied dircetlr to the grid Oil Ihe 
10\1"('1' range", and through :1 high rcsist:lll('() 
volbgc diddcr fOl' the high range,.;. The 
ill ;.; \ ru menl is pori a hlP :lnd power Stl pply is 
oiltailled from scll"-('ont:lillcd l):lttcric:;. 

FEATURES: .. Extremely high input. r('si"l­
:wee, I-\:I'c:lt cr than 1000 megohms, i::; :w:lila1>lc 
0 11 ;til ranges . 

.. SU J)m'irnposcd a-(; \'o!tagcs of cOIl:;idNahle 
magnitude havc no cffpct 011 tIll' mcter indi(':l­
lion , thu:; muking po,;:;ibk the m!':l:;Ut't'mcnl 
of fixed clcetl'Ode \'oltagc,; in the prC:;!; IlCC of 
signal \'oltag('s . ' 

~ Either the positivc or the ll('g:lti\'C krminal 
or thc sourcc under measurement can bc 
grounded to ihe panel b.\' the lise of the 
I'c\'ersing sldteh pro\'ided 011 the P:llWI. 

SPECIFICAT I ONS 
Range: tUN to :;1000 ,·..,Ils in ~"v(>n n"'I.:C$ (:3, 10, :10, 100, 
:HJO. HJOO. :3000 \'olls, full ~t,,1d. 

Accu racy: Wid,i" ±3c, 01 1,,11 ~c~lC' "" all ranll:C'~ . An 
,,,ldiliou,,1 C"'!"<, r of ±3c~ of lllC' iudi(':olcu ,'oil,,!.,\) '''''Y 
c'·c"w"n.\· O{"('ur ou thC' 100_. :\(JO" 1000- ""d :HiOO"'ol t 
r,,"g('s l)('e:\u"", of ]oll)l:-period ,":l,,1.: of the ui"ider 
resistors. ThedTcct of such a)l:i"l: (.,,,, hc.'l'hmi"ated if the 
full'SN,le ;jCnsili,· it~· i~ ~hl'<:ked Of·~:tsion"lb' . and 'my 
t".'t(,S~"t·.\, ,· (It '''l·( · tio,,~ made. Bauer.,· "l.:itJl-( ('au ~aU'!C ,," 
additional ('rrnr o f :?";' of full S('ak on the :i-I'oll '·:1111-( ... . 

I n put ResistanCe: 1000 m(>l.:ohms on Ihc h il.:hcr ,·,,It:ll.:o;) 
r"ngh (100, :100. WOO. :jOOO "olt.~. full st·" I,,), G~'iler 
t l, an ;".000 ttlcj(ohms on lI,t' loU" \'olta):c nlH~"S. 

T er mina ls: TWl) g" t ~ of input t l'rminal~ ar,' I)ro,'id~d on 
tl", 1" 1""1. O,,"~ .... i~ ,,~<i fo r ""..,,~uremcnu M Ihe low 
I'ulta):"" ('nd of thl' raU):l' (0 10 :\0 1'011 S) and the othn ~'~I 
is wwd for the hi):l,er "olt:l)(c rnC'\SUT('''''''llt~ (:10 to :lI)OO 
'·tllt s). 

728-A I O-C Vac uum - Tube Voltm e ter 

El..,metll:try ~d,~matic di;IiU"'"'' 
for T,.,..: 72:-.·.\ D .. C \ ':lcuum­

Tuhe \ ·oltmctcr. 

Polarity: A r('\'crs;uj( s\\'i(~h on ,he l)lw(>l 1)(, rmiIS 
measu ..... "' .. II1S wi t h cithcr Ih~ positivc of the nC.l:ati'·e 
Icnn;n"l of Ihe !IOUT{"(' ~I"()u"dcd 10 Ihe patl(' l of tho;) 
;tlSl r"'''''1l1 . 
Effect o f AC: SUI)('rirnposcd a-c "olt:'I('~ of le$$ Ihan 
:?OO \'olu ha,'e a tI('J(IiJ(iblll eITeel on thc metcr imli .. ation. 
T ube: Tho;) luhe, " II .... is SUIlI)licd, 
Batter ies: Thc Imtt(>ri ... ~ re'lui r('(1 :Lrc threc Burj("*' 
W:'\013 I'X or equi""]""1 and on .. l\,)rj(e"~ F:?B I' or ('(I"i,'­
',)CIII. :\ e01l1parttlU'u , i ~ pf(wi<iNI ill thc ""~ of 110<, 
inSl rulllctll for holdi!H:: al1l):<lterics':\"N o f h,l1l(>ri('$ is 
suppl i"d 1I';lh the in$lrU"'(>"I. 
Mounting: Th!! instrument is ~ItPlllil'<1 in :I w:oIl1>" C":«! 
with co,'c r .~t\d i~ nt <>u t.,('d on an cu):ra"ed bl: .. "k "T:<c];lc­
Htlish "lumiuu,,, pa"el. 
Dimensions: \\';1 )' ",,'·er eJo:'.('d. (letlJ(lh ) 11 x (lI'i \Hh ) 
6H .x (hei.l:ht ) i, l" inchc~ . o,·cr-,,]]. 
Net Weight: ~Hi r'OIl! '(\s . in"]udiUJ( h'ltlcries. 

PII.O'L' $1 55.00 
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METERS 

TYPE 729-A MEGOHMMETER 
( BATTERY OPERATED ) 

USES: T his mcgohmrnctcr i::; :1 battery-oper­
ated design particularly intended for appli­
cations where portability is required. It. is 
well adapted 1'01' field Il::lC in the lll():~ !'l\lrcmel\t 
of the le:lkagc I'csi:-;bncc of cahle;,; and imjula­
tioll . The \ridc range of l'c,;i:;tancc co\'crcd by 
this inst rument rn:lkc::l it ~lIitablc for ll~C :IS 
a moisture content indicator for :::;Ilch m:ltc­
rial s all lumber, paper. llnd leather, where a 
definite relationsh ip exi,;t:; between rnoi:;t.urc 
content. and clcctri(',d conducti\"ity. 

DESCRIPTION: The circuit, cmplo,vcd is that 
of a conventional ohmmeter. The llC(:C::S,'u-y 

sensiti\"it.\" for measuring high rcsi::ltance is 
obtained by u!:iing a \'1tCuum-tubc voltmeter 
:IS the indica ti ng clemen t . 

The highc~t re,;istnnce ,:tnllCb.rd (1000 meg­
ohms) i!:; o;;pccially tl'Clltcd to prc"ell!, surfacc 
leakage. 'I'hi :'> t.rea.t.ment. insures that the 
reading:s of the im;trulllcnt. arc esselltially 
independen t of humidit.y. 

FEATURES: a.. A very wide rangeofre:si,;wlIlce 
values can be measurcd :simpl.\r and quickly 
wit.h t.he '!'YPI:: 729-A :\Icgohmrneter. 
a.. Good accur:l.C.V i:s obtained, and the circu it 
tlsed i:s so st.nbilizcd t.hat the IIcemac), of 
ca libra t ion is mailltained illdcpcndent of tube 
characterist.ics, 
a.. T reat.ment of thc high-resistance standard 
to prc\'cnt surfacc Icabgc climinates diRi­
cuI lies normally causod by high humidity . 

a.. This megohmmcter is particlllal'ly valllable 
for field applicat.ions bcellllse of it·s small 
size and sclf-con taincd power supply. 

SPECIFICATIONS 

Range: '!(M)Q ohms to 50,000 m('gohm~ in fivc ovcrl"l}pinR 
nL1>b'CS. 

Sca le: The ~t"ll(lard direct-re:ulin,; ohmln'-'(f'T calibration 
is uscd: c • .mlcr scale v"luc~ :m: 0.1, I, 10, 100, ""d 1011() 
ulcgoh'!ls. I.e",;th of 5c:llc, :l H inches; ceHtral decade. 
1% in~he8. 
Accuracy: Wi thin ±5% of thc i"dicated value l.>Clween 
30.000 ohms ami 3 IIlc;:ohms, aud wit hi" ±So/c of the 
indicated ,'"Iue l.>Ctwow.u :i mc.&.:ohm$ aud ;IOUU megohms 
when the ce"tral decade of the 8""le is uscd. Outside the 
central decade the crror ill('reasc~ because of the t'orn­
])r(!sS('d sc,ilc. 

Temperature and Hum idity Effects: O\,('f the Itorln,,1 
ra",;e of room cunditions ((;5" J··ahrenheit to 95° Fahren­
heit. 0 to H57., relative humidity ) the aC<::Ufncy of iudica­
tion is lIul).~lltulinlly indupende"t of tf'mper:LturC 'LlLd 
hUluidit)' conditions. Somcwhnt reduced aeC\lraJY may 
be e"peeled, howe,·cr. if the i,,~tr\l r r1l'llt is ~ubjeeted to 
tellllJ<'ratures l.>C,Vo"d the "l><.>,·c r""ge. 

Type 

Voltage on Unknown: 'I'he volt,,).(o;> "llPlied ou the IIU­

known dOCl! not e.~ceed :!:!'''': volts and ",.ries with Ihe 
mctt'r indicatiou. 

Tu be : The lII1,c, a 11....1, is supplicd. 

Batteri es: Thc I,"tteries required "re two I\ uq:e~ 

W:lOBPX or equi"alf'nl ,,,,d olle BUf,&,:C$;I 2F211 Or <'<Iuiv­
"lc,,\. A comp"rtmcnt is provided ill the "":So.' of the 
inst rurnl'lIt fo r holdi"g ,,11 batteries. and a sct of hallerics 
is ~tJl)]J1i"d wilh lhe in~lrtJlJlC!ll. Battcry life is lI]lprOl(i­
m:ncly ~5U hours of iulermiucnl opem(ion. 

Mounting: Th(l ill~trumcnt is ~UI)l)lied in :l walnut ",,,$0 

",ith OOV(lr :lnd i~ mounted on all eIlW""ed black ~racklc· 
fi"i~h alumiuum panel. 

O imensions: "'itlt cowr d osed: (Le ng(h ) IL x (width) 
6 % " (hcit:1u ) 51'1 jnchC8. o ,·"r-:lli. 

Net Weight: lF1 J )() und~. illciLuling b:ltleric~. 

"rice 

729-A I Megohmmeter .... . .• .. . •. . . . ...... J PIOUS $105.00 
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METER S 

TYPE 1861-A MEGOHMMETER AN D VOLTMETER 
(A-C OPERATED 

USES: The TYPE 1801 -1\ :'iegohmmctcl' is a 
direct-reading ohmmeter for measuring reb­
t.i\·c1.v high l'Psj:-;tall('es , including the leakage 
rc::;i"L;lncc of cablcs and samples of insulating 
material, and the resist.ance of all types of 
f-ixed and variable resistor",;, It, CUll also be 
used to tOClltc derective ill!'iUlnLioll ill clectric:al 
equ ipment., and its wide range makes it. 
part.ieuhniy suit.able for the determination of 
the moist,me cont.ent of II'ood, paper, and 
dchydl':l tcd pt'Oducts. 

The lcakilge l'c::;istilnce of c!lpac it.ol's can 
:llso be measured , bllt. ill mCHsuring large 
eapal'itors Idlll lOll" lcakng{'J the t ime eOIl ­
st,Hnt. re . .,;ult." in I'quilihl'iutll being roached 
slowly . For example, a l-~f ca p:lcitot" . h~ying 
:1 lenknge re~btfillce of 1000 me1-!:ohms. could 
be shown ill a few ,"c('ond.-; t.o 1m ve a rcsi,4ance 
greater I.h:lll 500 megohmf<, but. perhaps a 
minute \\'ould bc required t.o obt.ain t.he rc­
sistance wit.hin 1070. If a hi1-!:her, or con.<;tnnt, 
test. \'oltage 01' fI lower time const.an t ii; re­
quircd, t,hc 'J'Yl'E 5.\-1-13 :\lc1-!:ohm Bridge is 
rcr.;oIllIlH)micd (scc page 88) . 

This il\~t1'l!IIWllt call itli'lO be used :15 a 
vacllum-tube voltmeLer fat" measliring d-c 
voltage up to 100 \'olts. 

DESCRIPTION: This inst,l'lItnent. is vcr.\' similar 
to the ordinary ohmmeter) except tha t, ill 
order \,0 meai'urc vpry high rc,.:ist:uu'('S, a 
\'aellulll-tu!JP \'oltllwt('r is us('d inste:Hi of the 
cOllvent ional indicator . ..-\ zero :.djustment is 
pt'O\'ided for setting nil five ranges in a singlc 
opemtion . 

FEATURES: '" H.e~i,,;tan(;c is read dil'cet.ly from 
n large meter :-.cale. ' 
,. Operlltion i5assimple:~st.hntofall ordinary 
ohmmet.el', and a wide range of re . ..; ista[l(·es 
call be mca :it1red 011 t.he five overlapping 
nlllges. 
,. Readings are independent. of supp ly voltage 
fiuctul1tions becl1use the l1-C power> supply is 
regulated. 
,. D-c yott-ages up to 100 yolt.s can nlso be 
measured with tbi::; mcgohmmct.cr. 

SPECIFICATIONS 
Range: :!OOO ohrn~ t') 50.0UO nlcgohms in Ii".: overlap­
ping r:Hq,('S; ~c,'<) t o [00 "o ll~, d-r . 
Scale: Tlw sl:lndard dirert-re:ld ing: ()h'nnlCl(~r calihra­
lion is used: celllcr ~c:llc \·" l \lc~ arc 0.1. I, 10. 100. anu 
lOOO nlC'gohm~. Length of 8(':>11'. :ll~· inrlles: ('f'ntf'r de,,­
ad ... I % inelw~. Tlw ~(",I,~ i~ iHumin"ted by " bmp ill 
til(' inriic:,tillJ.( mcll"·. Thc "oIUlg{' ~""Ie i~ linear. 
Accuracy: \\' ilhin ±5c~ uf the imlic:ltet! v:oIu() hetwcNl 
:10.000 ohmR :llId :1 mC').(nhrn~. and "ithin ± S% of Ihe 
indiraled v,dne hetwC'C'n :j luC').(ohrns and 3000 nl('gohms 
when the cl'nlral dC<'ade uf the ~('"Ie is llsed, Ou t ~idc the 
ecnlr,,1 dee:ldc thc error i""rc"scs i)(,pallsc of tlw POm­

presscd sr:tI ... For \·011:O).(f! measllrcmcnts the acellrac.\' is 
± 2";; of full .~c:ole. 
Input Resistance: For '·oll:l).(C mC:l~ ' lrcme"ts the 
input rf'~i s t:uH'e in uH)~()hms is indi":lted hy the scle('\ur 
switch. 011 the"" positiou the n'luivalcllt rcsi~taucc is 
~f(~ale,. th"n ::!0.01.l0 megohms. 
T emperature and Humidity Effects : O"er th() norm,,[ 

Type 

ran,:,'\) of room <'ondil.inns ((j.~o I':lhretlht!it In (l'~<> F"hrcll­
heit: 0 to (15 '1, f(·lati,·c humidity ) the act ur"cy uf the 
il'~lrumel ' t is subst:tnti"lIy i"dcpendcnt of I·empernture 
:<nd h"'nidil~'. 
Voltage on Unknown: The "ppiied I'olta).(c ollthc un­
k"o"",, docs not c"ct!t!d 10(; volts find v~rics with the 
iudk:llioll, 
Tubes: The ncce~""ry t\lhe~, one GX5-GT! G, Olhl 85 
,mil one OCa! YIU 05, :tre supplied. 
Power Su pply: 105 to 125 (or:nO to :150) voh S. ,10 10 GO 
('.'Tles. The l)()"'er required is 10 "'alts. 
Aceessori es Su ppl ied: ..\ line '~()"tlc etor (',ord . 

Mounting: The ins!i'llmrnt is su[)])lie(i in a walnut e:1SC 
;IIld is '"OUIllt!d Oil all engra\'cd hlack cra<:klc-/in;sh 
" lmninllm p:tlwL 

Dimensions : (Width ) [0 x (h()ight) S x (depth) 51~ 
iuchcs.o,'cr-aIL 
Net Weight: 8M pounds. 

eMf! Word I'rice 

1861-A Megohmmele r . . . . . . . . . . . . . . . . . . . I $130.00 
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METERS 

TYPE 483-F OUTPUT METER 

USES: 'I'll(' '!'yPt; -l83-F Ollt,put \J ctel' find" 
it:-; great.est, ll"cfulnc,;;; in the routine labor­
nion" measurement.s of \'olt.ago::; at. Iludio 
frcqltellcics and fol' comparison measu rement,.; 
of variolts typef'. whore the mel,cr is u:;cd t.o 
mat.ch t.wo niltage,.:. 

\\"hell \l~('d in ('OlljUlld ioll with ~ln amplifier 
thb tnckr is all excellent. bridge null detector 
fo r PC)lH)!" and audio fl'cqucncie:s, 

DESCRIPTION: .\ CO] J]Jcr-oxide-rcd.ifiel' \'olt­
met,or j" wwd as til(' indicat,ing meter. An 
L-t.~·pc mult.iplying network is used to extend 
the range and LO fUl'nbh a COIlStl1llt input 
impeciatlcc. 

FEATURES: The TnE --l8:~-F is a sensitive. 
\\'ide-rallgT, (,OJIst-a ll t.-impedance, and rugged 
Oll t.Pll t meter. 

SPECIFICATIONS 

Voltage Range: lIdo,," 0,:; ""It to :!oo n.lts i1) 8e,-e" 
r:l"g<,~ (:! , .1. lO, :!O, -10, lOO, :!uo ,"olts, f"l1 scale), 

Accuracy : The fund"m enl"] ""{'ur,,c," i ~ ± .;% of full 
~c"l(' . whidl i~ l''lui''"lcnt I" 0 , 1 ""It Ulultipli('d h~' the 
m"lliplier ~ni,,>[, This :1<"('ur:[(·.,' :lPI'1i('~ on l~' whcn thc 
in~1 rllI1W,,1 i~ ol}{'r"l('d on $in"~,,i(I,, 1 ,'"Itagc~ :\nd on tl .... 
flat P()rti"ll~ "f Ihc ch" r"c ll'ri~li,' "urn';; $I.o\\,n hdow. 
Waveform Error: The cuPJ ..... r-mid~' ",,('I il;('r-Iypc meier 
is ea lil.ral,·d in r-III-S vahl(,s f" r " siuu:!-oid,,1 applied 
"011:,>[(" \\"hen It''n-~illW!lJi( b,1 '"uh"ge~ "re "ppli(!d, an 
error ill il.di,·"t;,,,. ~" J\ OCI'ur. ~i"n' Ihe mCler is not" Irue 
r_I" _~ i"dil":l ling d("·i~('. Tl.(' "nor ",ill d<']}{'nd un the 
m"gnilUfle and l'ha~c of the harn,,)Uic~ pre:;!.)"t. hut with 
wa",·f',"'I,,;' ,,,,rm,,ll.,· (',,~<)u" lerrd in ('Ommunication$ 
work, will not hc ~(~fi()u~. 

In pu t Impedance: The iml)e(Jance on Ihe 1(1) multiplier 
i~ ~O,OOO .. ,I"",. ±2~{ . For II/"'cr muitipli(·r ~etl i" g~. 
]on",(·,·,·r. Ih(' irnl}{'(blw(! ,""ri('s slightl.\' ",ilh ,"oltagr. 
Thr gr('alrsl <"I1ang<.' in illl))C(bIK'{l ()ee"r~ on the I multi­
plier ",ht·re till' in'p{'d:l!I,'c i"("r"a~8 by approximately 
15'« a~ Ihe ,'olt:og<' i~ drnll)\{'d from full s'·alr. 2 w,lts , 
to quart l'l' 5I:a l('. P.;) ",,11, 

Type 

483-F I Output Meter 
I'ATE",T "'OT)C!-. !;c., ""'e 5, pnl(C vi. 

Scale Length: 2H in ch('~. 

Terminals: .In('k-top hindinJ,! I>o~t~ arc lJl'o,·id"d. ~t:tnd­

ani ~ I-i" .. h ~padng i~ UH·,!. 

Mounting: :'I Iounted 0" "" "Iu,ninum pa",,1 which i~ 
mOl",led i ll " ,,":,] n"l ~:d)i,,('t. 

Dimen sions: 1J.<'"tll!;<h ) !J% x (widlh) -I }., x (h<.'ight ) 5)4 
i"ch<,~. o,'er_all. 
Net W eight: :I'~ wH",d~ . 

Code 1I0r<l Price 

.-I VOID $70.00 

(I.fll) Plot ~ho"'i))1!: Ih(! dfe~1 of I"m]l<'rature on the m(!le,' indi('ntion. Xote that ill the Ill)rm:l1 room I{''''perature range 
tIl(' t('mpcmtlU'c cocllicicnt b practically ~ero. l)"w plo1(e<l here are the :I\'(!r:l)(C from a ",,,nl>('r "f in;'tr"",e"t~ . 

(Uir;"') Average frequcll(,,I' rhm'n('i('l'i~tie of the meter. 
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METER S 

USES : TIl(' output-power meter rcad,; directly 
the amount of audio-fr<,quCll('Y ))0\\"('1' that. II 
sou ITC is ca p:lblc of tleli \'pri ng int 0 all,\' de,.:ircd 
load. Thus the cfrt'ci of 10:1(1 impedance on 
power de!i,'('j"ccl C!II\ )(' casil.\' measured. ;)IHI 

the char:u'l,l'J"ist.ic impedance of telephone 
line . ..;, pllOllogmph pickll])":, O1wil1:ttors, and 
similar equipment cnn be found by ou::;Ct'dng 
t,he irnped:lllCe \\-hi('h gin's the maximum 
rC::lding on the in,.:lnlll1Cnt. 

In (,c,.:ling radio recch'or" I,he TYI'E 583-A 
Output-PO\n~r l\[cte\, is \'cry useful liS an 
output, indieator for standard selecth-jt,y , 
:WIl,.:it·j d I.,'" b<l nd-\"id t h. :llld fidcli ty 1,(',.;1:<, 
nnd :\11 allxili,\lT dccibel scale is furni,;hcd on 
the meter for t ilb purpose. 

TYPE 583-A 

OUTPUT-POWER 

METER 

DESCRIPTION: This in"tJ'll!llcnj, may bc ('Oll­

s idc l'cd to 11<: an :IdjusLablc load impcd!llLCC 
111:1'0"::'$ whil'll is COllllC<"Lcd a \'oltIl1l'!,('r that is 
calibrated direetl,\- in \\'alts lost, ill til(' load , 
ActU:11l~r t ll(, input i" conncd,cd tht'Oltf,;"h a 
lttllititap transrUl'Incr llnd a rcsistance nct­
work to :lll output meter, 

FEATURES: ~ The po\\'er range cO\'(,1'ed is 
50,000 : I and the impcdance l':ttlgc 8000 : 1. 
.. All readings Crln be made directly and 
qui ckly, 
.. Considemble O\'er!orlds, for short periods 
of time, Call be handl('d b,\' I he rectifier-type 
voltmeter uscd as the inciic:uing clement.. 

SPECIFICATIONS 
Pow er Range: 0,1 to 5000 ",il1iw:l.l1~ in lour Wnh"'S (t;, 
.'iI), ,;()(), SUOO 'n;lliw"t\~ , r,1I1 ~("ll,') , The cOl>\wr-oxide 
'"l'll''' is (':dihr:Hed fmm ! '0 :')0 lIli!!i"'''Ug with an 
:",xili"" .. ~('alc rc:"li,,~ fr"", (J tu l i uf' .. ihds "I",,-c " 
rder<'rl< '<" It','el of t mill;"",,tt. I\' ith the Ululti/,Iicr the 
tot:o1 r:l"~e is -1 0 to +:li d(''';Ilf'I~ :dK)\'C I milliwatt. 

Impeda nce Range: 2.1. to :!().O/}U "I""". Forl~' discrete 
i'O)I~dan<.:cs. d istributed aJl!m,xi""",'ly I"~ari!hmic" l !y. 
:orf' oh\:t;ued hy r>le""s of" !c"-.<I.('11 Oll.\is dial and ~, 
fuur-~t('p :II L:LTII'I..I Elt. 

Accuracy : Thc "~t"r:wy of l~>th I~'''f'r ""d i111l><'d"n"c 
""·"g,,nm'C.,lS '·:,ri('s with fr<'<IUet"·~, . The ill""i",,,,,, 
er!"f,r i" fll11-~c"le power rc"diH~ d"e~ not ("Hced O.,~ 
dl'{·ihct iK'!w('.:n 150 ""d :!5UO cY"lc~, "ur doe~ i, ('x~('(',1 
I.:j dnl'il",l~:\! 20 ""d 10.000 (·",,'l(!s. The "nmlll:C <'rn)T 
is O.:l dedhd a1 :m :llHI ,'iO()() ,·.n·lcs. and 0.(; d ... "t;ihcl at 
:!o aud 10.000 '·.'-ck~. 

The maximum error in illll)('d,uwc dOC8 n01 .. ,,,',,ed i % 
hetwcen 1:;0 "",\ :lOOO <:ycJe~. nor d"e~ il ('xO'ccd ;jO~:'o lit 
:to ~,,,d 10.000 cydc~, The an''',,).!c erru!' i~'-;% at 30 ""d 
5000 c.wlcs ""d 20% "t:!O ""d 10,1)()() c.,·(·I('~, 

Waveform Error: Thll i"dir:lTi"g i" .<l rllUwTlt uf!(ld i~ H 
T.'I/H! 

rOlll>('r-oxide cetlifier,type me!"r. c,,,lihcaled in c-u,-s 
,"altlcs for " $inuwid,,1 "pplird ,'oha~c. \\:l,en nOH_ 
sinuwid:Li \"oitaJ.:"s ar .. appli"d. all ('Tror iu iudicatio" 
c:Ut !lc,,,,r. sit)!"c Ih" ",,'tl"- i" no! 'I ! 1"1(' T-tn-S indicating 
d",·icc. Th" ('rror will dep",,,1 on t.he ""I).!HiIUd() "".I 
ph"~c or !hn hattnoniu pre~e"t, hut with wa"clonlls 
normally cnCOllHll't't'<i itt C""'"Hlni .. "ti"ns work . will nut 
bc ~('riO\ls. 

Mou n ting: Th .. in~trum"nt is nlOlIrtll'd On " " '1Iuu,iTlurIl 
panel in " walnut cahineL 
Dimensions : (Le"gth) 10 x (width ) i x (ltei~h' ) r, 
inches, owr-HII. 
Net Weight : Sli pOll"d~_ 

('()fIr IV OM !'ricr 

583-A J Output-Power M eter . . . . . . . . . . . . . . I ABUSE $120.00 
Ph TE:->T KOTICE. See :->Otu 5, 6, »~)[C vi. 
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METERS 

TYPE 783-A OUTPUT-POWER METER 

USES: The TYl'~: 783-A Out.pul- Power Meter 
is ;l direct-reading ill1:itnnllcnt for measuring 
the puwel' output, of 1tudio-frequPllcy circuit,,: , 

SUllie of its specific w,es ine1udc t.he test.ing 
of amplifiers, transformer,.;, and ot.i lf' 1" IlP\..­

worb . I t is pa rticularly useful for sirnubling 
loud-.-;pcaker or other load impedances i ll 
testing t he out.put chlll'ai;l.Cl'istit:-; of high­
pow!']" audio sy"t.cm". sill(,c i t will 1Il(':I"'IlI'C 

power uutputs a:-; high 1IS 100 wattl<. I t, is 
suHi(-jelllty 8('])", ili\"(' , 0 11 t.he other hand, to 
b(' useful for measurements on very low-level 
circuits. 

DESCRIPTION: FUJu;liolllllly the TYI' ~: 78:3-A 
Output-Power ). [ /:\,('1" is clluiva\clll, to llll nd ­
justab1c load impedance aero:..::,; which is COll­

nected :1 yoltmcter that is ca libmtcu d irectly 
in \\':\tt~ dis::;ipated in t.he luad. 

FEATURES: .. A powf'r ]";\ngc extend ing to 
100 watts is provided by t his meter . 
.. F rcqucnc.\' an d impcdancc characteris t ics 
:l.rc impro\'ct! 0\'C1' tiw:;e of the l:imallcr '!'YI'E 
58:3-.\ UULput.- Po\\"cr :\ Ictn . 
.. T hc auxiliarv dccilw[ sc,lic is <~ COII\'cllicllce 
for ma ny typc~ of mcasurcmcnt!;. 

SPECIFICATIONS 

Powe r Range: 0.2 ,,,i ll iwatt to 100 w"U~ in li,'c r:luges 
(10 and lUU milliwan;" 1, lU, and 100 watts, filII scale). 
A" auxili"ry d..,cibcl ~c"lc on th.., mcter reads from -10 
to + IU dedl",IB "I)OI'e a r"r"r",,,.c 1('1'''' of 1 milliwat~. 
With the multiplier th<l total r'''I.I(e- is - 10 to +50 
dccibcb "oow, 1 ,"il1i.,."tt. 

Impedance Range : 2.5 to 20.000 oln,,~. Forty di~cJ"(lte 
impcd:ll l "e-~. dislrilml<ld apprvxinwlely log.1rithrnically, 
nre oi>t"incd h~' ml':I"~ of a tCII-~tcp 0 11 ('.18 dial and a 
four-~tcp ;\IU];1"I I'[.lEB. 

Im pedance Accuracy: T he i"put i", tJCd:",ce is within 
±2% \!f the indicated ,,:due, e-xcept al the higher ,.udio 
frcq"e",·i .. ·~ , where 'he (!tror fnr [J,,' higher i.up.ed:Hlcc 
!!Cttin).':~ ",ay exceed tlli~ value. At 15.~K) eyclps the itll)UL 
i",p"'h,,~e nror is alKlut [>'Y~ for i'''I)cdaucc~ frvm 10,000 
to :!IJ.()OO ohm~. 
Power Acc uracy: '1'ltC jndieat<ld power is aN'ural(' IO 

±O.2(j <il) al full-8eale r .. "diug. ,\t tl'e iVW('H i'npcd"nce 
Jlllliliplier >!Cniug (:!.5 IV :!O ohms) t!tHe Illa,' he :"L 
"ddit iomLll'r'~lr of O.:! db due tv ~,..i l eh <.: .... nt"e t r~sist",,, .. e 
wh,'" the power multiplier is set "t 10 (10 tv IOU ,.."tt 
rall).':(, ). 

The o\'cr-"Il frc(jueney eh,..aCI<lrislic of the power 
indi"'"li"" is nat wj.hin ±O . ."i db Imm:!O cycles to 10,000 
cyd .. ,s: witl,in ± O.7:' dJ, to 1',.lJlJ(1 ~.I"des. 

Waveform Error : The ill<lieal ing irostrllllle"t used is "" 
ooPIH'r-<>xide .,·,·tili,·,· n.Her, "alibr,,[,'d ill t-m·s "allles 
for a sinll~"ida l applied voltagc. When Ilo,, -~ i"lI.~oidal 
\"olta/(t';, al"<: applied. an crror ill indi~"tion can o~ ... ur. 
since the mct<lr is "01 a Irlle r- Itl_s indicati"..: dc"ic('. 

Typo 

783-A j Output-Power Meter 
P ATt>N"l' :-:UTICE. &e Not~ 5. 6. I>"lte vi. 

T he err"<lr will J'·I"·,,J on the magnitude and 1'1".".., of 
the harmouin l)r,'seUl. hill. will. w""plonns normnlly 
e,U"oll"tcred ill 'ue".~ure"ll'"t cir~uit~ at communie:ltivns 
fff'qlle.w;t's. will ,,01 Ill' serious. 
T empera t ure and Humidity Effects : lIu,,,id;Ly condi­
ticII1S )"" .... " "e).': l ;~;hlc cJTl'(·t on the accuracy of 1he 
ins1ru'nel1l. 

TIL(' i".<!t"urn(,1l1 i~ c"lihratcd al 770 F,,)'rN,lrei t ~nd. if 
Ihe- 'Huhi ... "t \('''')l('rar!lre departs widl'ly frllln Ihis \',due, 
:l(llIi l i"",,1 ('rrnr~ of indi"'"lioll lIl:l.I· be expc'·I~·". AI high 
temlKll">ltul"C$. (!lz,o F"hrenheil ) this Ml<iit i(l",,1 (·rr .... r may 
approtl('h the ,,''''';n,,1 c,dibratioll ('rror. p:l ni<"uhrly :l~ 
the higJ, ... r rreq"eu<:i"s. 

T ho in~tru"'\'''t i~ so de~i~ned th:l! Ihe 11"", di~~;I):"ed 
hy the i,,~trunl(',,~ il~elf ha~ a negligihle etT..,cI v" the 
ac,·uraey. 

Mounting: The instl"wnent i8 mounted on :l l>henolic 
pll.n~l ill " w"lnu[ <:ahi"el. 
D imen s ion s: s.~ 1.>;:< 7 inches, ovcr-aU. 
Net We ight: 17 lJounds. 

Code Word 

AJjB~~\, 

Price 

$260.00 
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METERS 

TYPE lS00-A COUNTING RATE METER 

USES: The Countiug Hate Me(er with its 
Gcigcr-\Jucl1('r tOllllt c r is [I complcfc ill;,jtru~ 
mcnt for mC[I:;uriJig the mtc of random ema­
na l iOllS hom I':ld iO-:ld i \'0 m:1 tcri:1 ls, . \s such, 
it is a b:\~ic tool ill lHltica l' phy;-;i("s, where 
appJic:ltions ;Ire dCn'ioping r:'lpidly in m;\ny 
;o:ticll tifk :\IHI indUSl ri:11 f[('lds. 

'J\\"O familbr appli('aliolls arc the qWlIlti­
tatin~ 1ll('H:mrcmcnL of mdio-act h'c m:ltcrillis 
in hospit:d,:, ami ('osmic 1':ly !'(',.;c:lI'ch. :\ most. 
promising fiplel i::; in conjunction with melio­
:lctivc [;,otop(',.;, ;o;('w'1':11 hundrC'd of which arc 
now being produ('("(1 in rclati\'ely Iar~c qWlIl­

tities. The radio-adi\'ity of !illch isotopps 
pl'oddcs a tl':I('('1' h,\' mC:UH; of which theil' 
('ourse in chemi('al :ltld phy:,iC'ai proc('sscs 

\';cw Ilf Pr(' ·ntnplifi ~,. with <'O\"('r r~rno\'cd to ~how 
f\~t:r - H :l :-' (',,,,ul.·" "I,id. 1",~ 'I foil window mailc 
of (l,I~)I.ill('h "lull liWltn "II,,~', >;"tCl ,h(' rl'''\'~llicllt 
'l""""I("""~1I1 to! pl,,~~iflj:( <"l\IlIt"",~ ill u]" <lut of 

Lit.., dl'..,llit, 

(':In be folluwcd \\'it lL t he cuu nl('I', The pn':<t'nt 
applica tions of this lcchnique inelllde prob­
kms in Ilwdidnc, c-iU'mistry, geology, mct~1. I­
iurgy and agriculture, 

DE SCRIPTION: The cou'nting rate meter ('on­
>: i.-:t.-: of :l l)I"ohc (·onl:linil\!( a qUl'lwhing pl'C­
amplifipl' and n. :«)('k('L in whith til(' ('ountei' 
tuhe i,,, normally mouni( 'd.:l ":(>('oml amplifiei', 
a ('ircuit whil' h s tJllldardizps thc :<haIX' of Ihe 
pl1l.-:<':-: without :dfctl ing I ll('il" number, an 
amplifier t.o (·Imrge a :-:huntc-d f'apacitor, and 
a, Vll('\IUIll-tub{' \"ollmeter \\'hit'h me:l:<lll"CS the 
charge, Tbis charge is proportio!l:ll to the 
rate of emanatioll"', 1Imll he indicll.ting clement 
is talihmled din'dly ill COlln ts pel' minute, 
This rate ma,\" also he :<imllltalwollsly rccor'ded 
OIl a, pell nnd ink n't-order, Fi\'e J':tllge~ are 
pro\'ided, and the total range of indil'ldion 
is from 5 to 20 ,000 COlml s per minute, The 
inlcl"llai po\\'!'I' :-.upply systcm opcl':lies from 
thc fl,-C lillt', :\lId adequatc voltage regulat.ion 
is pr'ovided, 

FEATURES: ... A contill uous indic:1.tion of 
count jng ratt' is J/:h'clI hy the '1'\"1'£ 1500-:\ 
Counting Hate )Ielcr, 
... . \ 5-milliampc re ref'oreler C:1.11 be eonnected 
directly to :l pallcl j:u"k 10 gin :1 continuous 
n'cord of coun tin g rate :IS indicated by the 
Ilwt(' r , 
... The output of ihe I riggPI' til 'cuit is a\,:l. i1-
:Ible at t(,I'minllls ll.t the I"(':l.r uf lh(' insll"ll­
menL to op(,r:lte 1m inl cgrll.ting register, if 
de:<ir<-d, 
... The ('OUBtN is so made th:11 it can be 
pluV;gf'd ill amI oul of :1 sock('t ill t it(' slime 
111:\1111('1' as :In onlizlHry \'acuum tube, Chang­
ing or n 'placillg counter tubes is thus greatly 
fadlitated, 
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~ .\ IOlld"pc:tker i:-; mOlillted on the pallel to 
pl'O\· id,· an audible monilor. 
~ '1'111' Idgh-\'oltagc tiupply fo r lilt, counter 
eire'liit i:-; \\'('11 !'t'gulah'd and i:-; ('olllillllOIlSly 

METERS 

adjutitablc from '100 to 2000 yoltti, tiO I here 
h; 110 difli(:ulty in opcl':lting thl' ('011111(,'1' tlll 
the plalc:lU of itti eh:lr:lClc!'blit, Thi~ nllt:l!!:t' 

is abu 1I\'ailablc :rt tCl'rnillal~ at lIlt' l't':rL 

SPECIFICATIONS 

Ran ge: Full so'"ll' "aluc~ of :.'00, I;tN), :''OU(), (j.()()(), ,1nd 
::?O,OOO <VUIIIS liN ,,,inllte Ht"C IIIV"i<il'd, The minimum 
ral(' II"" /'an he /'('"d "n Ih" m(:t{'r .Il<'"ll' i~ S 1· ... IUlI~ l>l'r 
l1limLle, 
Acc uracy: Thl' in~lrun1('tl1 h"s heen l'a lilor:tl {'/l with a 
I':cnl'r"lor "f l'tIU"n,"""IIa"l'd l)\lbe~ tv ~'idd "n "t·tur:wy 
"f ±J'., <If full ,,~:tll' I'll ,,11 ra"!(l'~. 

T he n'.IIOII'i"ll li'"l' uf Ihl' itl~lrUII".'tI1 i~ "dl'tlualc fvr 
nm<iorn C~,U,,\$ up In ~U.l)OO PC']" ,ninUlf'. 

Counter Tube : ;..:" C"'Ulltc'r tuhe i~ SUppliNI wilh Ihe 
i "~lnll"c"1 1'\lt ItI>l " ~l'lf-q"p''''hitlJ: l"'la- :,,,d g:ttlltll:t-my 
( :eigl'r-il]ul'lIer ,·,)nnl('rS "'" , ... ail,,!,Il' a~ $ ),,,,,",, ill Ihe 
pril:e list hd",,", .\" alpha· ray ,'''l1l1ll'f ,'"II al~" I", \t~1'(1 

with Ihe i"~!rt""l'U1 if dl:~ired. TIll' "utmler i~ """,nl<'<\ 
in 1101' l)r(>II<', "ltid, iK sllppli<'d ,,-iilL Iltl' i".'lrn",,,'''!. "nd 
t"C!}\'I<'Cmenl is siltl l)ll'. 
Co u nte r Ci rcu it Volt age : The "olt"j(e "ltPlied tv the 
'~"'''I<'r ('irNI;1 i~ ""nti"u ... u~h "dj\l~I"hll' rrm" 400 lu 
:''fiQt) ""Its. Tlte ,""h\{" "f thl' "oh:lJl:1' is fl':t d [rutu :Ill 
"'i!dn_I,,,~ ili ... n ~wil("h :tllll :t \'alihral<"\ dial \\'hkh C~"{,11I 
lite :!OO-I'(I]I illtH\":t1 II<'I\\'l'l'11 ~wildl I}<)ittl~. )'ll':I" ~ is 
,'rH\' idl'll f"r ~!""t\:lrdi~;"g 11.(, l'OII"J:~' .110 Ih"l Ihl' 
"l:l:umc'Y of 110" ".,Ila!:,' !'<,adillJl:8 i~ "illtill ±:V, "f lite 
:lclu,,1 ""Iue. T)l(' "OW~J" ~u]l]ll~' is \\".,11 r,'!:ulaIN1 ~" Ih:tt 
lille-I'o)l"g" fiU<'IL"'liotlij do tI'" <.:"U,", "h"llgl'S in Ihe 
ltig),-\"nll:tJ(i:! SU I",I.,·. 

Ou tpu t: Tlt l' <Hltp,,' or Ihl' IriJ(gH l'irnlit i" "n.ilahlc at 
termi"als "l lite I'e"r ... r the itl~trucnellL Thc '100- to 

• 1500-A 
l S00-P2 
1500-P3 

Counting Rote M eter . .. . 
Beto-Ro y Counter Tube . 
Gamma-Ray Counter Tube . 

'Wit h",,~ (''''''ner T"Oe 
I'ATEXT XO"l'ICI-:. &e XOtt 30. v,,~e "i. 

:!()t)4} .. \"o]t ""ri"hle hil::h-IuLlagc ~ulIlll) i~ ,,11ft. "I":lil"r.le 
al thl' rear ttf the in~!rllltll'''t. 
Recorder : .\ !l:lI,!'1 j: ... k is J,rv"idl'li fur tVIIIIl'l:tiUl: " 
5,,,,,, rN·"nIH iliin tIl(' "ll't .. 'r ,·irt'uit. 
Aura l Mon itor: .\ ~'":lll]'lltd~I){',,';;(·r is lI1ouIII('t1 oil tIll' 
IJ:ill(>1 f"r lIf<\.' as "II :mr:r] ttl.",it',r .. \ (~mtr .. l. "ilh "II "fT 
I",~ili"". i~ "ru,id('" f',r ,,,lju~li,,~ Ihl' ""IUIIIC', 
Power S u pply: 11):, I" I~.j , . .,1t~. 50 I .. 00 \".I"<·I(·~, II.' " 
~itllple l·halll(> ill ,-nlltll', -ti,,"s n" th,· I,ower Ir,,,,sfurtlwr, 
a :!IU· ") :!5U-I'<J\( li"t, ":lU he lI~l'd. 
Power Input : (i() \\':ttl~. 

Accessor ies S u p p lied : Phil: fOi r(Itltle"li,,1': rc"",·,h~'·. 
ami lilll' """I1(><'IOf ""f'\. 
Accesso r ies Req u ired : .\ "")\IIII,,"I\lIJC "'U~t loe ohl:lill(>(1 
"'-·,,:lraH'I,.. I",-'C vri,'c li$l hd,,,,·). 
Va cu u ." Tu be~: 

,',-ti:-'J, 
I~O.\(;; 

I ~(;:'\.i·(;T IG 
I ~:'\:! :-..7!J 

.·\11 arc sUJ'JJIil'cI, 

2--6J.j 
1 ron. 
:!--!t!ll 
2---(l('a I V I( I U,<; 

Mou ntin g : Thf' ill~tnll!i('lIt i~ ~hi]JJJl'tl wilh ",,,llIlIt cml 
fr:""c~ for I "Io!c, IU<>HI!I;HI.:_ Hc''''.,·-rack 1I1<"'lItilt~ i ~ 
"o~~ il,l .. h." rl'II",";"g the I'!"I f,."n1('.<. 
Di m e n sion s: !':mel, I \I X S \ , itH'h(>~; dl'pl h loI'h illfl "",,(·1, 
1:1 i, ... It(>~. 
Net W eig ht: a~\~ J.IlJutld~. 

lUl/'" Wurd Price 
WO~"~"~Y-"'=--'--:-$495 ,OO 
WOHHYB~:T,\ I( Pric e on Requ es t 
WOHllYGA.\I.\IA Pric e on Requ es t 

GENERAL RADIO COMPANY 1S7 



 

METERS 

TYPE 546-C AUDIO-FREQUENCY MICROVOlTER 

] lIu~tn't iQn shows older II1ml{'1, Tn.: :'~(i-B 

USES: The '\'Yn; 51(.·(' .\udio-Frequcncy 
:\licl'oyoltcr is a u,,;cful :;Olll'('C of ~llIa l l, known, 
Rudio-frcqucnc.'. ,'oltagc1S. I n n\(::I~uring the 
response of amplif-iers, tmll:;foJ'll\cr::;, and other 
audio equipment, slich :l source of known 
input yoltagc is extreme1.\" \':llu:lblc. The 
micl'ovoltcr C:\1l abo be lI::icd to rnC:lSUl'C ot her 
smllil yoltages by substitution methods. 

DESCRIPTION: This iJl:-ltl'umcnt consists, os­
scntinl1y , of a (;on~tant. impedance nttcmmtor 
:1I1d 11 volt meter by me!\ll:; of which the input 
to t he att('nWit or is :;t and nrdil.cd. A :switch 
controls the output voltage in dcc:\dc steps 
while :In indiddually c:dihm tcd di al p]'o\'idcs 
(>olltimlOtiS control O\'cr cHe h decade, 

FEATURES: .. An exccllclll, £1'<'<1 11('1) ( ..... cha rac­
te ris tic, extending fro m "c ry 10\\' frequcncies 
up to 100,000 ('ycles, is :"\\'i\ibble in this 
iZI!Stnltnent.. 

.. Exccllent nCCUl'ncy is obtain:lhk for ab!So­
lute "011 age len·1!,; ns lI'el1 ;IS for \'olt:lge 
r:lIio~, \\'hieh arc all that arc needed in gain 
or los::> mC:1SLlrcmellb<, 

.. D ecibel scalc", in a.ddit ion to tl\{' ,'ol lage 
ealibration of the meter a nd multi pliers, :ue 
provided, Thc~c ~cale:'l mak(, it. possible to 
obtain rclativc rCSpOZI"C chllmctcristics in 
decibels without calculations. 

SPECIFICATIONS 
Output Voltage Range : FrOIn 0. 1 "';.- ..... ,·oh to Z ,0 \'01\ 
OPf'll dr .. "il, wh ... n Ih ... illllUl \'ull:tj.{e ia ~t to the ~Ialld_ 
ardized refe .... l1~ \'alue. 
Accuracy: For open-('in'uit OIlIl)UI \,(Jh:ll:e~ the calibra­
liOn is :lct'urate within ±(a'70 + 0 .• ) mic ..... ,·ult ) for 
OIIt I)UI !l<'ui"l:~ allOn' I ,,,i('ro,"ull :Uld fur "II frNluenl'ies 
betWN'II:tO "lid ~,OUO .. ~-de~. For hil:l ... r fn"luendeli lip 
10 100 1.:(' the ('alihrMinll iij 1I1'("ural(' ",irhi" ± 5 % for 
oulpur :K't1inl:s :Ih •• \"(' lOll mirr',,· "I1~. TIll'!\(' sl)O!rifieationa 
appl ," unly wlwre wan'form and Icn,peralure error8 are 
1l('lIlillihl(l (~(.., l",luw). 

I n cakul:.lilll: rali"8 of <ou lpur '"fllt"I:".!!, al " j.{in·n 
fr{'tLUl'rw.,·, Ihl' ",·,'ur:",.,· of any ~in'lI rcadi"l: ,'"n he 
c( '''~idH('d 10 he \\";,hin ±(:!c( + 0,'::' rllknll·olt ). at 
frrquc-nri('s UI) tu ]()().()OUC~'r!(>8 .. \llh(' lril:hrrfre(llIell("ie8 
t hi~ :r{','lIr:",y al)J,lic~ ,"rly :,1 1{'I'd" ,.ho\,e lUO rnkru,"oIIS. 

'I'll{-' rnil'rH\'ol1('r (':III 1>(' 1I,...,d nil .. II' if au eXI(" r",,1 
ItWlrr i~ used or if the iut .. rual lIle t .. r hall )C(>u c,, \i bnne" 
for de. 
Output Impedance: Tire 'Jlltl>1lt irnp ... du'1l'e i~ 'LPPrv~;­
"'alely GOO ol""s "m/ is ("0118t"ul wilh !!CttilLg wirhin 
±5'7o, TlLi~ impNI"",,,, i~ .!Iuffi<"i("ntly 1,,\1 ,;u thul no 
correction un tl", "'Hput ""llal:(' i~ Ul"'l'~~"ry f"r load 
impedAnces of the or{[er of 1O().OOO "hm~ ,Uld gr(,ater. 
Input Impedaoce: .\ pproJ(;",:\!('ly ()()() uhm,;, sui.,. 
8I,"'tillll ," intie!,cndrllr of (}\IIPlit ~c!tilr).( ull "II but tho 
hil:hrs. rn,tlliplirr Jlo~ition . 

Waveform Error: The "n'ura,,), of the micro"oltet as 
a e:.Hhrarl,,1 attelruator or \'oit:.,,(l di,·ider is inuepe"dent 
of ",,: ... ,·form. T he ahsolute "I"'urar)" of the OILI ]Jilt "olta~e 
calihr"li"" d('II<""I~ on the ch:ua('teri~liell oi Ihe input 
eUI)lJocr-m:ide rc<'tifier \,ohmctcr, whl,·1t ha~ a sm:'!! 
wi"'<.-f<)rrn ~'rror Ih:lt del)('nd~ in tllr" "" ) ~ lth the ph(l.$(l 
:,nd Ihe IIl:11:rritmtc uf h:.rrnonlcs IlrellCnt in the iUPllt, 

Thi~ rrror ilL the "olulIl'Il'r c",". in I:rn ... r:rl. 1:>(' nrl:lectcd 
when the m;rl"Q\,olte r is IIs ... d willt ordin:,r.'· labor:rlor}" 
O!I<·ill:lTorft . The n-el ifier-In)(' ,'olt UlCl('r iudf inT roo.!ure8 
some diSTorTion unlrSli Ihe $Our/"(' imlw·d:rnre i$ "en' low. 
With :r GOO-ohm l!Ourt-c Ihe distorTion lnlroc:h,~d is 
uhOUl O.:! 'lOl-
Temperature Error: TIr(' "ermar.\· of TII(' ('alihr:rl io!) is 
indcp('ndent of tempemlure ",11("11 IlIr m;rro\'olt('r i ~ used 
:r~ 1111 attcn\i(l.tor o r \"ollal:(' di-'ider, T he "h!WIIL1\.' IlI'CUr­
lIry is :dTccted slil:h tly hy ICnrpNaTure 1",{,(l.u:K' of I'lr:urge 
in the \'ul t rneter ch:. r"dl'risti,·s. TIr(' ne(·t'~~"r.\· ('orrl'l'lioll 
for Il''''l!eraturcs fr"(o,,, (i,j Q 10 !l:;o Flllrr('uheit is furnislu'(\ 
wil II rl,(' iH~1 rltm('lJl. The rfT"I'IS of humidity arc nt'.::lidhlc. 
Power Source: The {[,i,·in).!: o8<"il lall)r rn\l~t be c: rp:lhle of 
furu i ~hi"l: abuut 2.2 "olrs arr"ij~ GOO f)lrrn~. or abou t 
S "ril1i\\""rl ~. 

Te r mina ls: J 'WI.:·IO]l hiudinl: l)08t~ are muunTed on 
s l:.ntiar<l ~:( - iud. slJ.:l<·;nj.(. 
Mounting: T Ill" instntmc,,1 i~ ",,,uutl'li On "n "Iurni""m 
1):1n(>1 iu ,I ~hi,'I,lecl ,,":thlUt r:chinN. 
Dimension s: (I.('nl:lh ) to J( (width ) -; x (heil:ht ) G' 
irl<'I .. :-~. ",'rr-:oll. 
Ne t Weight: (iJ4 !}()unds. 

®- I _ __ .0,",""",,"'" • ., ... 
~,~'" " 
@ :,' . Lll='f+-r1 

_-.J.. L r 
..... '0· ... '''.''.;:;, 

''''' .... ' 

Type Code Word P ria 
S46_~Co---TI-AC-udC-;o-_~F-,.-q-u-.-n-,-y--M-;-,-,o-v-o-I-1-"~'-. -. -.. -.-.-. -. '. I'---~C~'~'O~'~'~N~---''--C$-l~l~O~.OOC---­

'H~II, I). S. Pat. Oft. 
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FREQUENCY AND TIME 
Till' dctcnnil1:uiOIl of fl1.'qUI'IICY diredly in 

tcrlllS of ti ml' is a flludamcllt:lI lllc!lStll"t'IlWllt; 
SIIW(' frcqw'Il('," ilS lhe lime rate of r~:urrcnce 
Of:l c .... dkal phCtlOIlU'llon .. \ primary s L:ln<lard 
of frcqm'llc,\' is, Ihcl'l'fol'l', dcfiued :IS OIIC 
whose frcqIH'IW .... is dt'tl' rmincd directly in 
LCl"IllS of iilllt' .. \ ,'I(,(,UII<i(ffY standard j,.; one 
who,;(' frequency i.~ dptt'l'InillC'd by comparison 
wit h :1 primmy ntandal'd, or hy comparison 
with other seeontiarv sta l\dard~, some olle of 
which was originally' com pared wit.h a prim:ny 
stand:ll'd. 

1t is to bn noted that the above l'iassifica­
Lions of fr('qllctl('.V standards h11\'C nothing 1.0 
do wit.h the IU'Gllr«ci(>.~ of the standards. In 
fnet I he ~:\ll1(' st:lIlc!anl is logic-ally clnssed as 
a pl'irn:ny s tandard if ('hcckcd din'ctly against 
time, and :15 a "('('one!;)ry "t..ancb rd if checked 
agaillsL staluiard fl'('{IIU'11CY trall.'<missiOllS 
(rcprc:;enting a di>lj,an l primary standard). 

III pr:lCticc, til{' rcspun:>libilitv uf cstnblishw 
ing :llld mainLai !ling HI'('I Ir:ltc 1 i;lIc determinn.w 
lion:; Iw :l:>ltronomi('al ObtiCl'\':ltiolls i:-; not 
as:;llmeti by th£' individua\:; dc.'<irillg a primary 
sbnci:1nl of frequ('lwy. The time {letC'rrnin:l­
lion:; :lrc (':lrricd (lilt b.\· ()b~I'valories espe­
cially cqllipp{'d fo r the purpo~. The results 
:H"C m:Hle :l\':lilahlc to:l large number of USCI'S 
b\" mdio and wir(' t l~Ill:< IIl i:;sioll. In the Luiled 
St:1t.P:>I, the t". ~. :'\aval OI):«'I'\":ltOI'V tr:lIl5-
mits high-pr('cision time signals by I"lldio 

through the facilitie:-s of the L".~, :\:\\'al Radio 
Scl'dcc. 'i'rnll:>lmissiollS on sc\'er:ll frequcl1('ies 
:H'C :lvail:tblc sc\'el'al timcs:I cla\' :mel cail be 
I'ccl'h'ed nearly :111 O\'er the woi'ld, 

The u;;cr of a pl'i m:ll'Y frc'<lu{'nry l;Lancbnl 
C:lll t hen cOII\'l'nientiy detcrrn iue the fre­
quency of t he !-itandal'd in Wrill!-i of t.he :;l:llltl­
:ml time interval sent, Lo him 1)\, radio. 111 the 
G eneral Radio equipment mC:l!~8 :H'e pm\'ided 
for quickly and ensily makin~ this comparison. 
F or the mo:<t. p!'eci!"le results, the errors of the 
tr:lnsmit.t.eu t imc :<ignal must bc taken int.o 
account,. COl'!'cciiOlI data Illay be ohtaincd by 
applying to the Sllpol'intondt'nt, U. S. :\Taval 
Observatory, Washinp;ton, n, C. 

Since the :l:;t.rOllolllic·,,1 cil)('k:; no\\' lIscd 
at t.he :\'a\"al Ob:;C'!'\'atory arc pic7.o-t·lcct l'ie 
o~dllators, sim ilar to thl):>Ie It:'<Cd in 11(·(,l1r:lt.o 
frc )quetl(;y stand:lrds nnd ><inrc, Ihroup;h d ose 
cooperation of tht· r . ::;. X;l\":ll ObSCITator.v 
and the Xatiollal Bur('au of Standards, the 
piezo-clectric oscilla tors of t.i\(' lntter's pri­
m:lI'.\' frequclll'." st:\J1da rd :H"C (·hetkt..'(i i n the 
Same w;ly as t he fo1'llU'I"s a:;tl"OTlomi<:al clc)('ks, 
t he comp:1l"isoTl with time i". ill elfcct, C:lI'ried. 
oul by the observator.\·. The slandard fm­
qucncy tl':lIl:;missioIlS sent out by the Bme:lU 
of Standards COII:;('qu('nt I.'" rcprC':'<Cllt a primary 
standard of high prC<'i:-:ion available to :111 who 
ean n 'cei\"e thc t.I':\Ilsmis.<.;ions. Whcrc ~m('h 
tr:ln:<illis~ioIiS C:1 U 1)(, l"Cet'in!{i, it. is gellcrally 
more cOI\\'('n ienL and nUlI·h qu i{'kt,l' to make 
thc comparisoll hy frequ£,llcy than by time. 
For informn t iOlI llnd sC' ]l('dules of transmission 
of standard frc'quelwi('s, appl.v to the Rad io 
Dh' i:-:iotl, Bun'llll of ::;tanciarcls, 'Depa rtment 
of Commel't'C', \\"n:<hington, I). C. 

Because of the \'agarics of high frequency 
tJ':lnsmissioTl, mally lIsers rely 011 checks 
againsL time as II l'eSC1'\"C, The.\' :11";0 U:>l(' the 
pri mary standard as a highwpred ti ion clo(;k for 
labomtory timing puq)ose..;. 

As w fm con:-:idcl'ed , the prC'('i:<ion oscillat.or 
is a sin~lc~fr('(IUC11t·y de\'i{'c. For PI':1('1 ieal 
util it.y it is neccs.-ml'.\· to obt:dn fl'om thi:-: i'ingle 
fl'C'qll(,llCY ma 11.\' 01 hC'1' f l'eljuC'neie:-:. hot h :\lIo\'e 
and below til{' :>Itandnnl frNlllcHc·y. for ('Oll­
"cnience ill mCll:>lll1'('lllClll:<, :O-;in('(' most (If the 
precision o:;('iIlato1's ol)('r:lle in the rC'}.don of 
50 to 100 kr. iI i!-i 1l{'(·C': ... .'-;11l·\" \.0 dh'idr the fre­
quency to obl:lin :1 \':due ~,]('h thaI :III {,:I:<ily 
eon:-:trllctcd :<ynt"hl'Ollou:-; motor {':Ill be 11:>1<-,<1 
to (·ount. til(' nmnhl'l' of ('\'('Ics £,Xl't'ulcd 1)\, lhe 
Prt·t'I:<iOll O:-:('illat.or ill :t ':-:t:I1lIi:, rd inlC'n:al of 
tiille. For illea:-:llrcm('llt .... of Iligh mdin frNluen-

FU:CIH: I. Illo.-k tlial!r:"ll .,hf)winl! the flllH'tiollal 
arr""I({'Il"'''t I,f the T\·l>t. lltK)...\ I' I'l'im:lr." Fr~~I'J(,I1{,Y 
St,,,,d":'d :md the ,':tUl(e "f \lUlplH fn-''1\le''tic~ :L\'ail;I1Jle 

frvm it. 
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cies, it is ncecss.'l1'y to multi ply the standard 
frequenty to obtain Ilseful freqllencies in t.he 
rangc of the frequelll'y being measured. r~oth 
oj t.hese opl'l":ltions ar .... rendily performed by a 
cont rolled relaxation oseillaLor, knowll as a 
multi\·ibrat.or. 

An oscilbtor of this t.YPe' is dlllrfl cterized 
by it..; slls(;epiihilit~· to control hy <"In int.ro­
dueed volta)!;t', thc fn'qllctlcy of whit'h lies 
Ilcar the I"tl1ldarnell{,al, or low-order harmonic', 
frequen('y. In the c:ontrnllPcl condition, the 
relaxat.ion (ls("illa1.or lo("ks into st.ep wilh t.he 
control \'olia~{' , :lnd the frequency bc:u"s :In 
intcgral relatiunship 1.0 the frequency of the 
controlling nJ!t:lge. 

THE PRIMARY FREQUENCY STANDARD 
TYPE 1100-AP 

The {,lPnwnb of :~ primary frcqlJ('ncy 
~Ialldal"c\, (;{,I1('I'al Hadio TYI'I'; 1100-.\1', arc 
shown ill Figurc I. 

Tht, fn'qu('nty of t Il<' pn'('ision oO'l'illatol' is 
100 k(', which is di\'idcd Sl\l,(,t'ssiycly hy f:~e ­
tor." or 10 t.o obtain mull i\'ibratol' funu:ullenkd 
freql\('neic!' of 10, I , :t.nd 0.1 ke, A four th 
mulli\'ibl':ltor opemt.ill)!; at a fundallll'nt:tl I"re­
quencyof 100 ke, prQ\·id(·s :\ larg;(' lIumlwl' of 
h:Ll'monic~ at. 100 k(' int('l"\'nJ. ... for 1I."'e al. high 
radio fl't'qllt'ncics. lIal'lnonie.-; of the [0 kc 
Illult i \'ibl"a,1 or are silll i lady u,"'ct\. I n the audio­
frequen('y and lo\\,-fn'qucn('y range (up to one 
01' t\\-O hundrcd kd a cat,hode' ray os('illos('ope 
Ii< us('d to obtain hundreds of known frequen­
cies, This if; simplcr LImn t rying to Ill~tkt· usc 
of h:1.rmoni('s of t,he ]0\\' fitanti:U'd frcqll('lI('i('s . 

The rallgc of uS('fltl oUlput. frequcncies ob­
tainahle from the, Gencral lhdio Primary 
(01' Sc(:ondary) Frequency Standard is indica­
ted ill Figure 1. Compl('lc spc{'ifica tiolls arc 
gi \'('11 011 pages 1 G·l t.o 1 (i(i, 

This frcqlwtlcy i<t:md:1.I'c\ is the rt'.'<ult of 
man," -"l'lU'S of cont illliOIlS dcn'lopm(:nt in t he 
CcnNnJ Hadio bl)()t'atories, The q uartz hal' 
(:tnd mOllnt ing), the osci llator circuit , i\ml the 
tompC'l':\ t 1II'('-cnn t ral ::;y,-;1 ('III u.'ied in tilt' stand­
a]'(1 mak(' possihle n. i<lahilily of :\ fc\\' parts 
F Ha; r.f: 2. \'i~w of Iii\: Tn'" 1190-.. \ Q""rtz Bar ,,~\:d in 
Tn'.: lIOO-A Frcqucu<,y Slandtu·d, with cover rClllo I'CU. 

showing the ~p,.jng 6uspell.,;ioll, 

FREQUENC Y 

FI\;L' ''~: 3. J.:klllcillary cin,uit of the bri,igc-',I'pe piezo­
ck'-'tric o.<dih'or lIscd in the ")"\"1'': lI UO_.-\ Frc(j\lcu~y 

S,:!udarck 

in lO i ovor periods of se\'(']":1.1 mont.hs, and l~ 
shorl-p('l"iod stability of apPl"Oximately 2 
parts in 109

• The quartz bar and iti'< motlli1.ing 
:tre shOlm in FiglU"(, 2, T he b:tr vibrates in iL:; 
sceond-h:trmonit ('xt{'Ili'<ion;tl modl', :md is 
he ld :tt. its t,\\"o Ilod('s in a "pring slisp('n~ion 
mounting; ill such a manner a.·s t.o introduce a 
minimum of damping;. El('(,tl'()(k~ arc fornwd 
din'('tiy on Iht' "mfIL('('''; of t.ll(' qWtrtz, The 
cross-,~(·('tional dimensions of the bar have 
b()en sO (:hoscn t.lmt Lhe tt'mpeml.Ilt'(· ('odfieicnt 
of froque·ncy is %ero in the vicinit,.\' of the OPCI"­
at,ing tcmpcraltll'C of GO° C, 

The t.emp('I"atHre-('oni 1'01 s",.,tern holds the 
t.crnpcl'<\wre of the quartz bal' COIli<bllt to 
bet,ter than 0.0 1 0 C, The principlcs of OPCnL­
tion of t.he t.{·rnp('l'<tlU1'e-<'ontrol s,vst.em \\'(,I'e 
OUllined in an article cntitled ":\olc," Oil Lhe 
Design of T empemi,me Control ( -niL ... ," by 
J. K. Clapp, Ucncml n od-io HxpCl"imcnlcr, 
A1II,I;u,.;L 19-~-L 

A bridge-type o.'icillator eirc'uit is used, 
shown in schemat.ic forlll in Figure 3. III t.h is 
circuit, tlw cl'vslal vibraies at its :-,cries I"('SO­
nant frequ('n('~\' and t.he 1Lmpiiludt' of o."('ilb­
Lion is cOlIskmL. For all :tlutl,rsis of t.he eircllit., 
see.J, K. CI:l.PP, ". \ Bl'itige-C'ontrollt'd OS('i l­
hi 01' , " Gencl'(,l HadiQ i':xl'criIllCnfcr, April 
19H, and :\lay 19-1,1. 

THE SECONDARY FREQUENCY STANDARD 
TYPE 1100-AQ 

In lhe pa!<t there was a useful field fur fre­
quenc~- stancl:ll'ds of I('s;; thun tllf' hest possi­
ble pl'Ct'i~ion, i<uch ;;tandards h('ing checked 
hcqu('IILly again~t, ~t:ltl(bnl frcqll('IlCY t. rans­
missions. Thcse st,andards cOlild bc man\1fac­
t ur('d :It a lowcr cost thall thc mol'C 11I'('('i,.;c 
standards and conseqllC'ntiv I\"erc Ilsed In 
milny ;lpp1i('ation~ wherl' pricc W;l1) a govern­
ing consideration. 

,\ t present the d('manc\ for mal'O accmate 
secondm.\' standards, coupled with less expen­
sive dCi<L,!!;lIs for primal',\' sl:tlldal"d~, makos it 
l1ndCi<irnble to rnnkc 1\\'0 typcs of i:it,and:nci, 
Conscquenily, the same ('ornponcnt. units nre 
oITcreei fot' lise as n secondal'.\- stilndard - the 
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j>t"N'i!'.ion o:,tilla lor, and multi\'i!)m(or and 
pOW('I' ~\lppl.v unit. htl! \\'ithoui the syneron­
ullwtel" unit. (Th;:, lal tel' unit (';lll be added 
hIP)', if dc,. irC(1. .\ll that j" n('~'(''''''ary is to 
mOllnt it and pJIIJ.,!: in :1. ('ab1£' I'>llpplil'd fo r the 
purpoH' .) 

FREQUENCY MEASUREMENT 

The next. step. :If 1 ('I' l'st:luli:<hitl).!; a :«'rics of 
st:llld:lt'd fr<'qll('Il('jf'S embracing 11 portion of 
the frequency ::p(,('\l'lIm in whit-I! measure­
ments of frcqut'IIt'Y :He to be madC', is to ('\'al­
nale :lI1y unknown frcquclI\'Y in terllls of OIlC 
of the sla nd:ll'd fl'eqllcn<'irs, :\n,\ ' unkno\n\ 
frCt[1It'IlCY \\"ill lic betweell t 11'0 of the stanc\:t rd­
frequency h;ll'nloni('s as ",ho\\' 11 in Figlll'c -J. 
The sirnplclit pro('('s:; j" to df'lcrminf' the dif­
f('r(,lltf' in freljlJ('lley bct\\'cl'll the unknO\nl 
freqllt'tlf'Y and the neat'est. of the st,a ndard 
f1'{'qll('ll('i{'~, This ditrcH'tlt,p is added to the 
standard frequelH'Y if til(' llnknown li('1' abo\·e 
the 1'tand:l!'u, 01' :-;uhtnwted if th(' unknown 
lies belol\' the slalld:u-d frequency, 

1'1<:t:U.: 4, Th i~ di~I::"'lm ~hf)wg lhe relulioll helwt'ell an 
uu)wo"''' f"cqucne), "ml " ~1"nd"rd h"rlllonic ~eries , 

For I'\'alll:\ting The fl'NjUCllCY diff('rence, 
, 1 01' H, ( Fi!!:lll'(' I ) a l'OIl\'C' niCllt nwthod con­
si:,t,.; of ht':lting til(' 1'tandllrd ami llnknO\\'ll 
fl'PqUl'II('i('''; in a d('tI'C:tQr, :Ull! I11I':lsllt'ing the 
beat. frequency by comp:I1'j,,;ull with a c:\li-

FwvlCl': 5, FUlINionnl dillll:rAm ~ hov.ill" the opemtion of 
the dircl,,-I)CAliull: lllclhml of frequent)' me"~urcll1enl,, 

bmted alltlio ostilbto)' as illlliclited in Figure 5, 
The 'J'n>E 1105-,\ Frequency .\ Ie .. suring 

Equipment has ueell de:, igned as nn assembly 
of the n('('(':'-..;aI'Y in:-;II'Ulllcnt1' for me:lsu ring 
unknown ft'(.-qllcll<'ie:-; in tl'rms of st:U\d:H-d­
frequcllcy h:\l'IllOllic:; obtained from the TYPE 

1100 Freqll(,Il('Y St:lnd:ml. This assembly in­
cludes a ll illil'rpoiat,ioll osdlbtoJ' and com­
plni:'oll o1't'illost'opc for me;lsUl'ing audio and 
bl'al fn'qu('lldos, as \\'1'11 a,.; til(' lI('('C'"S;lI'y 
radio-.freq\l('llcy dcle('t OI'S 1l11d e;alibr:tI('(1 o:wil­
lators u:;cd in Ille:\suring thc highcr fl'eqllcll­
ciei;., ( 'om ple te descript.ions of this equipment 
:lre gh'en on pages 167 to 175, 

WIDE-RANGE FREQUENCY METERS 

For llIally applications it is not. 1H't'C";";:lI',Y to 
have the :lCCllntC,\' provided b,'> a frequency 
st:lIlcbrd, 1101' i:; it. nllmys po:;...;iblc 1o \.l:;e (:011-

veniC'ntly 1'\wh II n'lalin'ly large piC'('c of ap­
pamlu,.;, A('cordingl." SI"'cI':I1 dilrt'n'lIt types 
of fl'('(lllenc,v-measliring inst l'llments have 
1)('1'11 de\'C'lopcd 10 i;.upplement. the i't:lndard 
0\'('1' Y;ll'ious frequenc,V and :lCCUt';lCY t~lIlges , 
The simplcst. of these is the time-honored 
rc,.;onant-cit'('uit wavemeter, which ii;. s till a 
v:llllable 1001 for gC'lI('r:t1 cxpel'imC'lltal work 
or for making preliminary :'1.dju:;tJ)wlIts on 
osdllalors and tmll,,:mittel''':, ~n:,r:ll m()(lcis 
of w:wemetl'l'iS cowring differ('nt frequellt'Y 
r:lIl,F;I''';, :lCClIl'at"ies, nnd l'eson:lIH'e indicators 
are described in detail on p:lges 193 to 1\)6, 

The helcl'Od,nlC frequclH'Y llll't('l' is c:\pable 
of m:lking mcm;\lI'Ptnellts more a('('ur:ltely 
thlm the \I':wcnwt('t' :lnd st ill is sm:lll enough 
so t.1I:\t. portllbilit,\' :lnd simplicit.y nre nOI lost., 
One model, the TYI'J,; G20-,\ , described on 
page 178, contains a one-megacycle crystal 
calibrntor which makes pORsihle freqlll'lIc}, 
mt'a,-;urcmcnt:, to an ll,.('cumcy of 0,01 %, The 
TYl'~; 720-A i~ t~ 0,1 o/c- itl1'tl'Utn('nt. for It.~(' up 
to 3000 nll'gtw)'('I('.-;, T hl' dir('('t-rt':lding dials 
on t hc,.;c in,-;lrUll1ents make rapid measure­
ment:-; po,.,.ible, 

'1'11(' THE 1110-,\ Tnterpoklting Fr('quency 
Ri:lnci:ll'd , »agl' 176, is a n('w type of inRt rtl-
111('11t. designed particularly for U:,I' with 
hctel'Q(lyne frequellc .... meters io ('xlt'IHI 30<'-­
cura te frequclwy lllC'aRIII'('m('nls lip to 2000 01' 
3000 mcg:H'ydl'~' Thi" ill:,ll'lllllC'nt i ~ essell ­
tbll,\' a eI'Y1<tal-( 'ott t l'oll(.'(i frequency 1<landard 
varia hie 01'('1' the range from 1000 to IOtO 
ki lo(',I'('lc:;, '1'11'0 lllultil'ibmtol' un it:; gil'l' ](X>­
kc :llld I-.\ Ic harmonic!;, The f~H,t t.hat the 
oseillatol' :lnd mullivibrator outputs arc vari­
able o\'er a 1% 1'IIngc me:\ IlS that th is instru­
ment can be used with :\ heterod:,'ne fre­
quency meter !iuch IIi;. t.he Ty l' ~: 720-A , pagC' 
180, to J)ro\'ide an accurate ('heck point al 
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:lIly point on the dial of the Tnt: nO-A . Thus 
the accuracy of high-frequency measuI'Cments 
made with the TYI'~: nO-A Hetcrodyne I<' rc­
queney .:\ Ieler is imi)roved to at least 25 parts 
per miJIion. 

FREQUENCY MONITORS 

As con trasled wil..h t he problem of fre­
quency measurements O\'cr wide rangl'8 of 
frequencies, certain operating requirements 
demand the continuous measurement of a 
single, or a very few frequencies. The eontin­
UOllS monitoring of the frequency of a radio 
transmit.ter is ono instance. Frequency moni­
tors arc now required by la\\' fo r man)' classes 
of service in the United t.:ltes and foreign 
countries. 

1'0 1' continuous monitoring, the process of 
me:tsut'cmcnt must be reduced either to auto­
mlltit: or vcry simple operation. In the '\' Yl'f: 

11SI-A Frequency Deviation l\ Ionitor, de­
signed for the stnndard bro.'l.<icast fl'CqUCllCY 
range (see page 182), the Cll rrier frequency is 
compared with Umt. of a piczo-elcctric oscil­
lator which is olrsct. from the assignl>(\ Cl:lrrier 
fl'Cquency by 1000 cycles. Thc G:.1rrier and 
secondnry st.'l.ndard frequencies arc fed to a 
detector, where the beat-frequency difference 
is obtained alltl is then amplified. The am­
plified output is thcn pl:Issed to II fl'Cquency­
indicating device, usually l'Cfcrroo to :\s a fre­
quency-deviation metcr. If the t rnnsmittcr 
frequency varies with reference to the fre­
qllcncy of the secondary standard, the beat­
frequcncy also varies, and the departme from 
the normal vn lue is a measure of the currier­
frequcncy deviation in both magni\'ude and 
sign. Thc carrier-frequcncy deviation can 
t.hus be continuously indicated on a meter; thc 
operating personnel can easily check the fre­
quency at any time and ml'\ke the ncces.<;ary 
adjustmcnts to torred lill y deviations which 
occm. if desired , such deviat.ions may be rc­
corded, so that a permanent record of t he 
station perfOl'mance is obtained. 

In some cases, eSI>ccially for high-frequency 
services, a somewhat simpler typc of monitor 
is more dl'i:i irahle. ' I'he T'l' l'E 1175-13 Ft'C< lllellcy 
i\Jonitor, for inst:\l\cC, has a f;.lmlll crysw\1 oYcn 
which has mounting facilities fo r folll' crrst~l l s, 
see page IS6. By using a p:lI'ticuiar hlll'monic 
of t he crystal oseillntol' frequency it is possible 
to usc this monitor for transmitter frequencies 
from I GOO kilocycles to 1U2 megacydc~. If the 
transmitter is off frequency, II beat signal, 
whose frequency equals the tr;\Ilsmitter devia.­
tion frequency, appears al.. the output. tel'lui­
!lals of the monitor and can be measured 
directly by men ns of the THE 1176-A Fcc-
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queney 'Meter, page 188, which has a mngc 
cxt.endillg from 25 to 60.000 cycles. Prov ision 
is also made for tI ~illg hcad telephones if Lhe 
beal.. i ~ in t he audio l':Ing(", :Illd in all c~\scs the 
direction of the deviat ion call be detel'mined 
quickly. 

A speci:)l model, the Typ~; 11 75- BT , pnge 
ISG, has been designed to mOlIiLOI' the elll'ricr 
frcquel\t'y of television stations operating at 
frequencies up to 220 megacycles. 

For monitoring f-m transmit.ters, a some­
what more complex system is required , since 
not only t hc mean frcquency, but abo the 
pcrcentagl' modulation, 01' fre~wency swing, 
must be meas ured . The 'I''o' I'E 1l70-A 1"-),1 
)Ionitor, d(':-icl'ibed on page lS-l, i~ designed for 
this s('rvice. '['0 obtain maximum stability, 
this monito)' u .. ~s a 101\' (150 kc) intcrmediate 
frequency, produced by beating the t rans­
mitter with a. halm onic of the stand:\.l'd­
frequcncy cl'yst:d o~ci11:1.tol'. This beat is 
passro through :~Il i-f amplificr and limiter, 
which simp!'>; t he Rignal into Rquare-toPIll.>(\ 
pulses of steep \\'ll.vcfront. These sqUtll'('>(\ 
pulses :'\I'e then applied to a counter-typc dis­
criminator, the oul..put of which lw .. <; a d-c com­
ponen t COI'I'l'sponding to the mean fr<X1ucncy 
and an a-c eomponf'nt COJ'l1'i'pond ing to the 
original modulating frequency. The d-c com­
poncnt operates a mctel' to indicatc ccnter 
frequcncy, and the a-c ('omponent opcmtcs a 
conventional modu!:tl ion monitor circuit iUld 
provides a high fide li ty signal for dis tort ion 
measurements. A GOO-ohm outpul.. for audible 
monitoring is also provided. 

LOW-FREQUENCY STANDARDS 

Where only a sillglc standard frcquency 
below 100 cyclcs 1)C1' SC<'ond is desired, nei ther 
the complexity or the accuracy of the pl'im:1.ry 
sL~\ ndard is uSllillly nec<led. For these :\pp\ica­
t ions t.he l..ulIing fork si.:tnd:lrcis \i i;lcd ill t his 
section arc satisJaclorv. TYPE SI5 Pl'c<"i~ion 
Forks are lo\\'-power, 'batter),-<Iri\'cn devices 
with !)tnbililics of t,he order of 0.01 % . The 
v:\tllum-t.ubc drivcn models, TYPE S16, are 
tcmpcl'1It tt]'('-('olllrollcd and nrc stable to 
0.1)0 1 o/t . 

AUDIO FREQUENCIES 

For t he dircct mc:tf!lll'cmcnt of aud io fre­
quencies, two instruments :) I'C (l.v:lilablc, t he 
TYI'E I 17G-A FI'Cquency \I etcr, tt direct-indi­
cating dcvi(~e for menslll'ing frcqllcncic!) up to 
60 ke, and t hc '1'1'1'1'; 11 'll -A Audio-Frequency 
Meter, :\ null-type Wien J3ridge with :l direct­
reading <li:11 from 20 cyclcs Lo 20 kc. 
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TYPE 1l00-A FREQUENCY STANDARDS 

fAb",.,·} \ "i,'\\" "f (h~ TYPE 

1100-.\ 1' Primary ."1:0",1:11'<1 
of Frf'qllC!I{",". The j"di"id­
",,) p:" .(· I ~ afC mount"'\ in 
" I...",, ·h-typc (,,, loin('1 ,""d,. 
\\"h("ll the st:lnd"rd i~ 81lP­
pJif'd wi th Ihe Tn',: 11 0 .;-.\ 
F r c q II f' 11 C~' i\l""suri"g 
Equil'''wnt. a nOOl'- t.\'P'; 

rark is fllrn i~Jl('d. alld the 
'1"'('1; 1107-;\ 1"I('rpol:.. 
t im' O~('i11"lOr is ,,1$0 

1ll<HllIlnl in lhis r""k. 

The T~TE 1100-. \ Fr('qm'llty Ktalld:l rd " 
:ll'C t omplP]('I,\' tlt'I\' Ilnd higld.\· prc'd:«, ,,:tand­
:lrd~ of t"n'l[u('tl(',\", opcral ing on t he jlt"in c- ipic:-; 
IlUl-lillf'd 011 page,; I GOand 101. '1'\\'0 mudcj,.: flrc 
:l\":tilabh'. the '1'1'1'1'; 1100-.\ I' Pl'illlar\' :-;tand­
:ml a nd the Tn'E IIOO-.\Q :-;('('OI\C!;H:\' :-;iand­
ard. 'I'll(' :':UllC' bn:-:ic C](>1II\'111 5 arc u!<('d in 
each, alld tll('I'() I'; no difft'I"(,t1cc ill 'HTunlC.'· 
and "t.a lJi iit,· bet\\"cen t.ht' 1\\'0 a,.::<crnl ,iic,.:. 

The prim·a!".\' ,.:t:I1lJard i,,; prm'idl'c! \\'ilh a 
~YI1("I'()n()m{'I('I" (""Ylwhronous m otor el()("k) 
for e\'alu:lling il s fn'qucIH"Y din'el ly in 1('l"1lI,; 
c)f :;i allliard tinlt' . 'I'hc .~C I· C) I ){la l"\' stalldard 
ha." IlO ,;ynerOllollll'kr .. \1\ oihe·,. ;o;JlPdfica­
t i!)!IS :1]"(' ielcn! ie'a! \\" ith tllo:<c for t ll(' prim:lry 
,.:tandard. 

IJnrrnonk ":{'ric,.: ha~{'d on fumlanll'niab of 
0.1.1 , 10, and 100 kiloc'.\·c1es are :l\':\ilahl(' at. 
it." out.pu t. tcrminals to furlli...,1! u:<ab1c sland­
:Hd fr('(plPtleics ol'c r lL widc rangt' . The 
;)Ccural'y of :\11 ()utPl lt frl'quel)( 'i t,S i.~ tile 
$l m c « nd i.-.; hC'tt('r lhan fil'c part ,.: in Icn 
millioll UVCI" pc'riods of tiC\'()l":l1 mOllths. 

Un1e,.:,.: otit('nri,.:e "pcrificd, earb a.~"embly 
i;.; ,,:u]lplicd ill :1 hench-I,ypc relay rft ck. WhCll 
thc '1'\"1'1'; 1105-. \ Fr('(lllCIH'Y :\l casurill!4 
Equipmcnt.. i,.: o rdcred with cither .:s t:lnd:1l'd , 
floor-type rack s arc ",upplieJ. 

(.II,,, r. ) "il'''' of d ,t· Tn'~: 
lIOO-.\Q I' N'ontl,""," l're­
qU(·"' ·.'· ;o; ' all<bnL The <'::11.0-

in('1 ,.,,,·k j ~ d('.,i).:",..([ to be 
llsed 0.>11 :l ,,,I)1e::- or l>(lllc:h . 
'"'0 ~ylH"rOn' ''!ll' 'l'r is iu­
c\ndf'd wit/I lhis "~:K'",hly. 
':lnd " blank p,md i~ 8111)­
l,1ied to fit! t he unuS<'d 
~P'WI' "t the topof Itl(' ral·k. 

(lJd",,' ) .... ""'ti",,,d I,!..,,·k di:l"T"'" "f .h" fr<'<.I.,(·",..i". 
0\'tainal,11' fn"" a "1"",,, 1 u;O •. \ FI"(Oqu(', ... ~· ;o; W"durd. 

A fUllctional layou t of thc standard i" 
shown belo\\". Brid descripl ion,; of ! hc indi­
vidual units arc 1!;i\'cn on thc followin1!; p:tge, 
and complete spcdfi<::ltion,; on pagc 1(Jt) . 
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. \ newly dcsilJ;llCd a Si'cmhly of f l"( 'qllCl1<'.\· 
mca,,;uring equipmcnt for usc wi! h t hc,.:c 
:-;t :lndards i::; dc,:,cribcd Oll pages 167 to I fi\). 

Geneml Hadio. Frcquency Shndards :u'[' 
known the wodd ovcr for reliabili!F and 
:(·eumey. They arc used by gO\'crn;l1Clllal 
:lgencics, indu"tria J plant.s , military sel"dc(' ;;,. 
and rC"'CII J"(.:h labol":Hodcs. The.~(' nell' models 
h;\\'e all the fc:Hurcs of their famoll:; prede­
ce,,";OI"S, plus man." :uldi!icmal :\d\,anl:tgef.; in 
con \'('nicnce, .~izc, wC'igllt, performance alll! 
appcar:tllce, that, l"c . .;ul1 from Gcncral Ibdio',; 
continuous pJ"ol-!;ram of J"e,,;earch allCI dC\'eiop­
mcn t in the field of frequcllc'y nH'(IS11rellwllt 
and stall( I:IJ·(lizat ion. 

The pl'imary stand;l!"d is all excrllcll t n:l­
t ic)]):l! st:lIHlanl of f reqlH'IH'y for CUll11111111i c-ll ­
( iOIIS minist ries, alHI wi th t he 'j'Y\'I'; 1105-.\ 
FrcquClwy 1{casu ring EquipnH'nl , Can he 
used to monitor or tt) rne:1 Stirc tilt' i"requ(,lll"i(',; 
or radio s(,:lIions. It is nlso suitab!c for use as 
a standard clock b\· obSC1"l"aturics. Ht',,(':!l'ch 
laboratories :lnd l":l(lio maltll factu rilllJ; ]liants 
should lISC the prim:ll"'y standard \\"hellC\'er 
the rNpliremenl s makc it, lHh' isablc to havc 
a n Indcpendent check ag:linst, timc. 
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For many uses the t iming feature of the 
primary slandard is not, needed, and the 
secondary staminrd, wh ich of reI's the same 
stahili t," at, ;l" lowcr priec, can be used, With 
the secondary sta ndard, :111 accurate thcck 
upon its frequency can be made by :t com­
pa rison \\'it,h stand:lnl-frequelH:Y radio t!'l\lIS­

nlissiOlls sHeh llS t,hose of the .\atiollal Bureau 
of Stalld:nds at Washinp;ton. Th is compa rison 

TYPE 1103-A SYNCRONOMETER 

T hi.'< panel indllde.'<:t l000-cyclr '<:,\'nchl'nnous motor 
for .. IYe('livd,\· ('OUlllin!; Ihe 1lI1111hel' uf ('.I'de"; CXt,t'ult,d 
uy the ~1:lI\d:nd pi,'w-clcctri(, ()~dll:ttor ill:1 '<:(;Illdanl 
lim<: init'l'\'aL A bl'j .. 'C, illuminatt-"I, 2·1-1,uUI' dial wilh:t 
1,,111,: ~1I'l'cJlI,n)(d lll"k,·.~ fol' ea;<;y visioility, A lllicrodial 
1:"IIII1.('to)', ("Wl';l(inl!: ()II,'C c:«'h ~~'('ond, a(l(\ (·alibmt .. d 
in hundrcdth;;; of :1 ~("'(md , i~ providcd fol' <:Ulll ­
pal'i;;ol\ with lime ~i!>w\b, Thf' t'll1<:ru,lial lIleChallislil 
"all hc pha~,'{1 by 01(':111," "i :1 pan,'1 ('u),ll'ol. Cum­
pari~ulI of tl,c ~\'IICrUn"l1IlJter I'eading wiih siandard 
tillJ(' ('an be m:Hlc 011 the mi,'rodi:ll .~(':\le to onc p:\I't 
in [I'll million 0\'\'1' :t 2·I-hour int"I'\'''1. The 1000-
('ydc ~,\'IH'hrono\l~ motor i~ ~I:lrtcd by It OO-eyclc 
motor \:()Iltrvlled by 1\ pu~h-bllttoll Vll the panc1. 

TYPE 1102-A MUlT1V1BRATOR 
AND POWER SUPPLY UNIT 

T his unit cUIl[ain~ four llluitiviumtors of 100, JO, 
I, :lIId 0,1 kr fn'qul'l\, 'i e~, 111<: power .'Oupply for the 
ellt ire .'<tnlldanl, and Ihe eonlroJ ci)'('l\)t~ of Ihe 
tl'mp"I~uur('-l'()l1I1'01 ~y~1\'ll\ of lilt' Tn'~: IIOI-A 
I'icw-Elt·('trie O~l'ilhl"r, COll~""l\trit ,~hi('lded t-'()Il­
llectors :\I'e pruvid .. d f"r l00-kc and JO,ke 1t:u'lllonic 
outputs, fur nt(liu fl'('(IUene,\' mC:I"un'Il",nL", alld 
10 k(', 1 k,' lind 0.1 kr fur audio fn:(III<:lIo:.:y lllcaSlln ~-
1Il<:1l1~. Thc,"C torl!w('lion;; !U~ i all lllounled 011 thc 
real' of the a;<,.",'mhh·, ,\11 IIIbe,~ :11'(> !\(;cc~ i ble from 1 he 
fC:lI', witlloUl relll~\'al of all\, dll~1 cow:r;;, TIJI.! fOllr 
mllllivibralo1'>' an' l\\o\lIlI{'(I;>II Illc r('al' panel, which 
i~ rrIHol'ahk wi!houl di~c()nJlC"lillg any wiring, 
)'Iollnling ~1>aC'<:r~ ,'wI! ~cr\'i"ing (':Ibk arc ~upplicd 
to Ope)':ll" the lllullivior:l1ors when the panel is 
rcW·r.'<"d, giving :H:("C&; (0 nil l'OlllllOlIcnt..; of the 
mUlli\' ibralor :ls.semhly, 

TYPE 1101-A PIEZO .. ElECTR1C OSCillATOR 

Thi", MC'illator op('r,"c~ willi !I T\'!'~: 1 H)O-A Qllarl7. 
B1I1', II'hidl i.'< IlIO\UH~ ... 1 ill the ICIllI'('l'ntllrc-"Oll11'(l1 
IInil, 10('!lIed al lh<: it'fl hehind the p'lnd, Thc 
tl'l11l't'.r:ttl!1'e is c,-:,ull'ol!,'d ~)y a (<{!mpel1:<:tI"d !Jll'l'IIIO­
~1!'1 ('l!'('11 1t all(ll~ 1ll:IInla ln,:.:] \\'l lhlll O.Ol o C for !Ill 
ordin:u',l' :tlll hi,'nl l<:l1'P"nttul 'e~, '1'11<' (J"eilialor dn'uit 
a~<:lllbl,\' j;; mO\llllNI :\1 lilc right I)<:liilld III I' pall(!1. 
.. \l1IUIH'~ arc aC("',,,,,,ihlc frolll the rcar wilhout ll.:mo\,­
ing any du,", ('Over,.:, TIll' o,<;cill:llo1' pand is rcl1l()\'ahle 
on di"t(JII1H'l'ting kat!;.: ttl (hc I[Uarl7, bar alit! t'!'1lI0V­
ing thr connect ing ('able plug,:\ hridge-Iyp" o~cilialor 
!'il'('uit i~ u~e(!. 

,\ vi,'\\' of (he Tn't; 1100-;\ QU:\1'I~ Bill' is shown on 
page Ilj), 

TYPE 480-BA CABINET RACK 
(nol ~ho\\'1l abuvc) 

A IX'nl'iHype ('"bin('1 nick i,~ ~uppJird 10 IloU;;'r the 
('ompletc frcqllellty ~1andan!. When the 1'YI'.: 1105-A 

FREQUENCY 

is !\dequale to enllu:lte II\(: freql1cll(',Y of Ill(' 
st.andard to :I few parts in olle hundred 
million. 

Shown be)()\\' arc the illdil'idll1ll panels that 
make up the slandanl, with hri('f de!;crip­
tiol11; of their characterblics, .\dditional de­
taib of ci rcuit and ('om;tructioll wil l gladly 
be supplied upon l'equ('st. Kpccificatiom; and 
prices arc listed ott page 1 U6. 

Fn'quellt·y i\]e:l"l1ring ].;(llli])II\<:II\ is on!t'rcd lI'ilh 
lhe ~1:lI1(brd. a flo() r-IYPl! rack i~ '''1I1I]llinl. Opl'lIillg;.: 
lI'ilh I't'lllo\'abir jini.~h<:d "Ow!';;, III\! pruVilit,d fo;' 
e()l1n<:t'liun~ betwccn tllc ..;tamiard !Illd \lte llI(!a..;uring 
equiplllc l1 t. 
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FREQUENCY 

SPECIFICATION S 

Freque ncy Range : Standard frcquenr;c8 mnging from 
one ]lui !Ie per !!(!Court to frcqucncic8 of ISCvcTai Ulcg,u:yclcs 
CUll be ohlil ined frum lhi~ equipment. 

The output f r()(IUc"cic~ ;ore U~ followl!. T he u])I)Cr fro­
Qucllry limit d<lpllnds Ul)()ll the mcth.)d u~cd to dCl{lCt 
II ILd utilille the hartlJouic6. Tile \',1I1U':8 here quoted are 
eMily nJl\chcd whom \lsing the T v!'.: 1106 F rC(jueney 
Tmnsfcr Uniu. 

}<"rom 100-\;0 IIlultiv ihr;.\UT, 100 ke a nd it ! harmonics 
"l) to 50 m('gacydes. 

From I().ke multi>,"brator, 10 ke and illl harmoniCII 
Ill) to 10 IIICJ(IUTcles. 

From I.ke l1lulti\"ibmtor, 1 ke lind its hannonics in 
t he IIudio-fre(lucney range. 

Yroln lOO-('y('!e Illuitivihralor. 100 cycles and its hilT'­
mon i(ol! in tlw lower 'Illdio rallJ(e. 

From tho;) lIyncronometer uuit. oll('-8(!('ond conUletor. 
T he time o f oecurrem::fl o f tile COIlUl"t ",ay be ph,,!!ed 
to occur at <H'r inMant oyer II range of onc ~c",oll d, 

If II 81litahle hi~h-frC(lllcncy ret'eiYcr i8 lIIwd to detect 
them, 100-ke har"'QIli<:~ up to 75 o r llIore mCIl:"cyc1e~ ~"n 
be utlliloo diJ'('CII,'" For work :tt llij(hllr freqll(lllcies, Imr_ 
monic. of a n :luxiliar), m<'illator wlWll(! fund,ulIcnt:l1 ill 
monitQl'f'd against the 8tand:trd lit II lower frC<luefley 
eRn be uaed, 

Output Voltage: The harmonic OUI I)U1lI of the 100 a nd 
10 kc fire :l.I 10"' impedance (65 tlIUllt). The r-m_1I ,'olt_ 
a/i(c., meRtured fit ttle terminala of the (r<xluency 8t:lIld­
md, IIcrOIlll II 65-<>hm load. are: fit 100 kc, 0.2 ,"oil.: and 
10 ke, 1.2 ,·olh . The audio-frequency OUtputs are at 
low impedance (GOO ohm~). Thc r-m-s ,'oltn"es measured 
nt tho terminlll strip of the at:uld,wd, ncrOils n 1O,OOO-ohm 
10lld, 1Ir(l: 10 ke, 20 "olls: 1 kll, ~5 volts: 100 eydlls. 20 
" OilS. Thclj() "0Itag{)8 nro represcnt1iti\'e only; they arc 
1I0t I!:UI'flmtwd valucs. 

F requency Ad j ustmen t ; The frequenry of the <IliaI'll 
bar in its OlICillator circuit is :Hlj u~tcd to within 1 part 
in len million of its 8Jlecified frequcm:y in terms of 
st,mdnrd time. Slight ehanj:(e8 in frequene)" may occur 
during shipmcnt but a colllrol ill provided for ad just.ing 
the frequency li fter installation. 

Accu racy: Whlln the :lSllCrnhly i8 oPerl'ted in atMTdance 
wilh ins t ructions, a nd afteT an :tgcing period of n mOllth, 
the Trlt.e of drift o f the fr(Xlue licy will reUla in hclow 
b p"rt~ in lOt IXlr day and Ihi8 will d('('rc"S<l with time 
to nhout 0.5 l)tIn in 1(1 per day at tho end of one ycar' s 
O))(l rMion. 

Frequ ency Stability: The ~tundard i! d~igned 50 that 
ordinary chan-,,-cs in air I)r('!!~urc, :unbient temperature, 
and line "olta/l:c h:t\'e Ilr''''"lirAIl,)' no effoct on the fre-

Type 

qu(mcy. The temlXlrature coefficient of frequene)' of 
the (l"IITh bur is less than 1 IillTt in 10' 1)(:" dcgree C, 
The Illmperalure control is within ±O.O lo C. T h(' \"oltago 
coefficient of frf'(turney of the crY~Ii. I-cOn t rOIl(ld o~('mn­
tor is :l1)proximnt('ly 21)nrts in 10' for lino \"oillt/l:e cha ll)(1lI! 
of 10%. The u\'er,,!(c h-c<lllcncy \'aril\tion from this 
enuse will be !UIl<'!t'lI\ti:.lly 11:>111. 

T h(l nuctuutioll! 'If frequeuey of the nnndard oyer 
thort IlCrio<ls, Buch a8 tho;sc rcquired in making frefluene)' 
mea~uremen" arc leS3 than I p:trt ill 10'. 

Output T e rm ina ls: The \"ariOIl~ output fr<xluencies are 
lIIade !"'ailnble I\t shielded ' )[''It conne<-tiOll$ :tt the rear 
of the ,ullICmhly. Sin/"'(; :til neee$l!l.r.,· wirin/[, for all ill ter­
COllllC("tioll' bet" 'Wll units of tI'e II&!Crnbly. is provided 
in I he form of cables. no con neetion8 need l}(l made hy 
the nlSCr ot her Ihn n power-supply COnlH"Clion8. and :l 

con"eelion to the point wl,,:ore the 8t:lndurd frequeucies 
lire to be used. 

Vacuum Tubes: The fo llo",ill/[ 
are sUI)Jllicd "'itll the nssembly: 

1-6AC7 
10----()S!\7-GT 

1- 5H4_GY 

tlllKl8 nl"(l requi red and 

1-6116 
1---6K6-GT/ G 
I- Ty),.: 2 LA P-4:l0 

Power Supply: 105 to 125 (or 210 to 25()) volts, 50 to 
60 cycle.. 

Power Input: For the T YPE 11OO-AQ Secondary Stand­
ard. the pow,;r demand from the 811 1mb' line is appro;.; i­
lllatel), 155 w"tt~: ",i(l, heuteu off, the power requirod i.~ 
npproximlltcly ! 25 wuus. For the T y,'1-; 1100-A1' P rimMy 
Stllndard. the corre~pondillg figures II ro 175 "nd 145 
Wllt!S, respeetivcly. 

Accessories Suppl ied: CQmple le Jlet of Wbe~, SpaTe setl! 
of fuSCl!. fueible linke, Ililo t lia::hu. All ('ollllflct ing cables. 
including power-supply le:td~, l!CT\·i.,;ing enble , and com­
plete ollerating ilUtnlctiolls. 

Mounting: All tmits lire moulllt.'(i on sl:mdllr<l 19-ineh 
relay-rack Ilan,;is finished in I)laek crackle laCqUer, dreS3 
Il!llle l eon8truct ion. A cabinct rack, hJ:tck wrillkle finish, 
i~ supplied for mounting the unit. of the u8-'!Cmhly. 

D imensions : The oW'r-lIli dilll(!n~ion8 of lhe !\~8cmbly 
in henrh-tYIXl cabinet nICk :irc (height ) 4:1 x (width ) 
22 ;.; (dCI)th) 15U inches. The a,,"ibblo 1)>1",,1 space is 
19 mck un ih or 33U illches. 

Net W eig ht : I n bench-type fnch. TYPE 1 100-A 1'. :.>00 
j)Qund.s, Tn'.: Il 00-AQ. 165 j)Qund8; in floor-type r:leks, 
T1'Pa.; 1 1000A 1', 335I/OII"d8, "1"1'1'.: llOO-AQ, 300 PQlmds. 

Code Word Price 

1100-AP 1 Primary frequ ency Standard , .. , ..... 'I 
1100-AQ Secondary frequ ency Standard _," , , .. 

Jo:XCI-; L 

EXAC'!' 

$223 5.00 
1590 ,00 

PATENT /lionel':. See Notce I, 8, 12, 111,27. 2fl, page vi. 

166 

When ordering eit her st..'l.ndrl.l'd for use with 
"')' P I-; 1105-A Frequency Measuring Equip­
ment, be sure to specify T YPE 4S()..PA (Roor­
type) rela.y rack. Otherwise a. TYPE 480-BA 
(bench-type) rack will be furnished. 
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FREQUENCY 

TYPE l105-A FREQUENCY MEASURING EQUIPMENT 

The TYI'~: 1105-A Fl'cquCJl(;Y .\ Ie:lsllring 
Equipment includes all the lluxili:ll'Y equip­
ment. necessary I'm measuring ltnkllU\\"1I frc­
qucneics ill terms of t.he TYPE 1100-.\ Fre­
quency Standanl8. The gCllcl'al arrangement. 
of equipment ami t he method of rnc:1SUI'C­

mcnt. [;<;o;ho\\'11 ill t.he functiull;ll block diagram, 
page llifL 'Yht'l} this :hscmbly is lIsed in eon­
jUliction with eit her model of the TYI'~; 
1100-.\ F rCqllC11t'y Standard, mC;I:;IlrCllwnts 
(;;\11 1)(' made' din·(·tly at. frcqucndes up to 
lOa .'lit- . .\lcaslln'lllcnts:lt higher frequencies 
C:1n be made by using :lUxiliar.\' C't[uiplllcnt, 
sueh :18 rt'ccin'l':; or osci1l:1I0I's, to transfer 
the unknown in harmonic steps to a frc­
{[Ilene," belo\\" 100 .\le. Where the fl'C{[llCney 
nlng-c t,o be used is smaller or the t,\'PC of 
mca"urcmcnt to be made is specialized, 
simpl(~l' a,.;semhlies can bc furn ished, and 
quotation" \\'ill he made upon rcquest. 

The indi\'idual instruments comprising the 
TYPE 1105-..\ Frcquclley :'I1f':l:,;ul'ing ,\ sscmbly 
~nf' :l\':lilablc ';f'par:ltcl,\', :lIJd all are dC';I;l'ibed 
in detail in the following pages, 

The gCI1('l'al nwthod of lllca:-<Ul'CIlH'nt. is out.· 
lillNI in the di:lg:mm on page am, .--\t mdio 
ft-('\jlH'ncil',-.; bcl.\\'{'cn ahont 100 kc and 100 
.\Ic , (hc unknown fr(,([llrlwy is brought into 
the Illl'a.-..;urillg '''Y:-'it 'l)) tht'Ough the detcctor 
s('etion of R. fr('qu(, III'Y tran:-f('l' nnit or thronl!;h 
:Ul l'xtNllal radio I'ccci\'N. TIll' dit'l'cL-readillg 
:';('1I1(' of till:' ft'('(llll'ne.'-' I r:l.n",fl'r unit gi\"(.;;: I,he 
approximal(' \':tln(' of tit(' unknown fn'quclll'Y, 
For a pn'ei."'e d(,tt'nninaiioll. til(' 1)('11.1. fre­
qllC'IlC.'-' 1)('I\\"e(,1I thc unknown and it "t;l.ndar(\ 
frl'qu('I\('y harmoni(' is mca.:"ul'cd hy ('omp:u-i ­
;;:on with tllP int('rpoiat.ion oi<cillator, til(' ('om­
pa.ri"OIl bcing made on t he ostillo,;cope, 

Abovc 100 .\1 c, ('x\('l'llal fl'cqut'llcy Illl't('l'S 

sue It a" t.lw TYI' f.: 720-A Ilnd TYN; 020-A call 
b(: used tu (,,,tahli,,h a h:Hmollic l'f'htioll be­
t \\"('('11 the unkn()wn and the stauda.rd fre­
{Jurney. Ot!wr t.,"pes of "ta.ble os('ill:~tot'i; ('~tn 
:1.\.~0 bc' u"cd for th i~ purpose, 

.-\ t audio f r{!qllenei(',~ , the inkrpoht ion 
o."'cillator is matelH'd din'eth' to til(' unknown 
freljllC'ncy. A h:).rtl!Ollic of lhe unknown {':tn 
bc' u,<:cd nt low audio a.nd sub-audible fre­
(lll( 'Ilt'ICS. 

BI't\\·c'cu about 5 ke :Ind 100 kc, fhp in­
tcrpolat ion o."'(·ill:"'ltol' i:: uscd to pro<iw:e a 
\':tria!)I(' frcqu('llcy (·irnllar !-;\\"ecp on the 
osc'illo,,('ol)('. Thc unknown frequency i" t.h('n 
det ('rill incd from 1 he o"c'illo:-'I'upc patl e1'l1. 

'I'll(' :H'c'urae)' of mea.,-; ll]"('JnI' IH t.hat ('[ill be 
ca:-ily realized i,; ± O. l c.nk in d{'\('rmining 
t hp difl"cr(,IlC'C' bet.wC'cn unknown and :-<tand:m! 

\,il-\'- of "f"Pt: 110,,-.-\ Fn"I"f'IH'~' :'>If':lsufiug Equip­
Il"h'ut wil h Tn'.: 1100-,,\ I' I',.im"f~- Frf'(tut:'u('~' :-((""d:,rd, 
Tht:' m('''~lIfing eqnip",I'ut aI$>K'Ulhl.\· is ~lIp»li"d Wilh 
Qm: nOQr_iyp(' feby r:l/·k. ,,"d Ill{' Tn',; llO;-A ("I('f_ 
I>obtioll Os"itt:' tor m'",,,(~ in th" fl'<!(IUl'''Cy sl:mdard 

rack. below the ~t:I"llard . 

frequeneic:;, TIl(' fraet ional a("('u r:ley ,'aries 
with thc fI'Cqll('IWY b('ing nW;l,;ul"ed ranging 
from 2 in 10· a.t low fr('qucm'il'i; to 1 in 1O~ nt. 
hi)!:h fn'lIu('neie,,;. 

By rl'vct-"ing t.ht' pro('C'dll!"c of 1ll1'<l"llre­
m('n t. it prcci"l'l..., known frl'(ju(,lwy of :'tIlY 
vlLlw' betw('('n 100 kt- :l.w! 200 .\Ie (':Ut be 
gCI1('l':ttcd. The d<,,,in,d frC'l[u('n('.'-' j" :lxailahlc 
a.t thc OIlt.pUt terminal" of:~ frC'quency tmn,,­
f('r unit.. At audio fl"('qw' ll cic", f!'Olll til(' inter­
polat.ion o.o:cillalor, 11udio frequc'llcic" lwtwt'cn 
o :l.nd 5000 cyeiC:-l are avail:thlc, 

This equipmcllt i,; the rcslllL of some 
tln'll t..v years of eont i 11\11111:; dc\'c!opmcn I., and, 
s implicit.y of opC'I'atiun h;J.:';, ncxt. to H('('Ut"tW.I' , 
bc('n the guiding prilltipl(' ill its de"ign, 
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TYPE 1l05-A FREQUENCy MEASURING EQUIPMENT 
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TYPE 480-MA RELAY RACK 
T he illdividu:\l units, u:ilh Iht a(tfl1it)fl hi /lIe 

TY1'~: J 107·.\ liller/malin/! 0 3dllalar, :\T(' mOllll lt'tf in 
the Tn}: ·181)..\1.-\ HcI~I.\· H:l.ck. At the !.m;,c of the mck 

TYPE 1109- A COMPARISON OSCILLOSCOPE 
Thi.~ lIlIil ('ontllins :t ('atilode my oscitloSCOI)C' with 

il f< P'fI\CI' ,-;ul'ply: s,·I( ·('lillJ,:. I'm'"Jthilll'!Im ])hasc­
shift in,l: lIel works for cin:ular .~\\"" "p.~ at lull' fl\:q u.'Il("Y, 
0.1, I, and 10 kc slandard fr(~qllerl{'it:". 111101 ;11>1 \':ui ­
Ilb!c fn 'qut'IW)' nbtaim·d from rill' illll'q~,blioll o~f·il. 
Intor; :uod ~I i;dc('lur proddilll( for all 1I~,,·(· .... ~ar.l' and 
t'OIlV"lIicnl c()m p':.HiS<) II ~ Tefluin.'d in l1Iakill,L: ft't'cluellcy 
ml':,.'<urcment". \10$1 patt..,rn" :lre pI"Cl.'Cllted 01\ a cir­
f"ul:.r 8Wf.'Cp by radia l dellceliOIl. 

TYPE 1106-A, -5, · C FREQUENCY 
TRANSFER UNITS 

(3 1'aneb) 
Eadl of the;;.., ullits conlain II h(;lN"d/nc fn'ljueJlcy 

meter 10IId 111"I<"1"ool.,·nc d etector, wit h dil""'I-n':l<ling 
I;C:ll(::'I, 1l" 11):: " ~ :lre:l:S follow:s: 

T\"I't; I JOfl-.-\ 100 k("" to 
'1'1"1' 1:: ]1 06-B I :\1,' 10 
Tnt: 1100"'G 10 :\1("" to 

ZOOO ke 
10 :\Ie 

100 :\Ie 

Thc harmonic ~l lpul of thc ftN1IIl'IIf")" 1Ill'ICr can be 
ust:d at (rc<llIclwi.';S high"r limn tho ...... · mw·rcd by the 
di:11 olnb'CS, Rl! cxpl:iillcd in I he ( 1)l'r,11 ill):: ill8101etion8. 
Tile OUl]lllt of till' freq uency nU'I,'r i~ :uljll8tnhlc by 
lI. pan,'1 ("o l1lrQI, :IS is tlu~ n'b'Cllcration of the hetero­
dyne detector. 

TYPE 1108 ~A COUPLING PANEL 
Thi~ unit is the ("('lIlralb:cd control "nint at which 

nil switching :\nd Ic\"£:1 :uljustml'rl18 nCN.""",,,ry (or lI"in):: 
Ihe various combHlfitions o f mCllsllring t.'(luipment 
C:lII be eallily find quickly cllrr icd o ut. 

TYPE 1107-A INTERPOLATION OSCILLATOR 
Thi~ unit ilS:I tlir"'C'I-rcndillg ,,",Jj,)-fn'qu('IIC'Y oSl'i l­

btul" ""V"rill):: frC(IUCrwi •. " fmm 0 to.j()()(l "ydclI, I I is 
u!«:d 10 mC:l~urc Ilu~ audio-frcqU\'I,,''\' ,lifT~'I'I.'n("l.' 1)(.,­
\\\",'('n Ihc unkno\\"n frc'llll'rH"Y " nd f\ l!1:lnda rd IO-kc 
1I:1l'mul1il'. I'I'I.)\'i"ioll is iliadI'. on 'WI) );"a l,,);, so thnt 
I"\.~ult); rnn Uc oblnirU'd h,' :\,I,liliulI ollh'. :\\"oi,lillg 
subtraction, .\ 1111X,·1' rir('u i1. il' prtwidc,l Willi .:ollll1)ls 
for output of Ihe inkrpoblOr ami for the unknuwn 
frcq\lI"l\r~', liO Ih:\1 :I maximum Uc:11 :' I1II,litudc "nn be 
o],l:tirll'd . . \ rtWH'1' illdi{'al('~ out l'lIl ,'0 t:\b'C :\l1d ,':I n 
be II ..... ·.;] :Ii< II i>('ftl indi,·:tlul' for l1Iatching the inler­
polator rmll IInknown frcqucncitlS. 

is IllQullt{'(1 n '1' YI'~: 1105-1'1 Spt·nkcr f'Jr audihle moni­
!orinl' of bcn l \(t1U'~, 

c\1I (~II1I11·,·tinns hct'H'('n ~t'tI1,lanl anti Illl'''illlring 
:u>.."t.'l1Ihl.,· nrc m:ldc by m.'ftIiS of patch tVI'd.'!, which 
Ilrc !<upplicd. 

EaC'h of tl\(o instrume"t! ('<lInllri~il111: II,e 'I'",..: 1105-..\ Fnxlucnry " le".urinJ; Equipment ie a"ailahle l!eJl"r:lteiy, 
,\11 :.re ("<.Inl" INc]y d('!lt."ribrd in 111(' f()l1(),,"iul:: I':'!t:'·~. a"d \hOl!<' dC'l!eril.lion~ ~hollid be t"On~nltrd rur further ,k;I:\il~ 

of d(·~il1n ,md ".,,,,Slrl1rtion, net "c;lI:hl. ,jionl'll!ions, CI(;. 
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F REQU E NCY 

SPECIFICATIO N S 

Terminals and Connections: All instruments aTC 

('quip!!~'d with ~I,i<:ld .. d '·"",,('nlr; .. '-"'''''l'C10TS on tIle 
re". "f ":I<'h lInit. :-;'llila hl~ ~("lIH .. cti"JI; ("nls arc $u llvlif'd . 

Power Supply: lOr, to l:!b (o r:!10 I" :!.;(I ) ,"olt~ .. ){)·' ;O 
' -Y' 1(' .•. 0110,-, \'''II"gc~ or fr("lu .... ll~il·3 nn spccialvrur·,. only. 

Power Input: ;!OO w"tI~. 

Accessories Supplied: ('mnpl('tc $()~ of luhcs, ~]l"]"{l 

~('!s ()f fu~"~. pi),,! lil.(hu. ( ·u""I·~l i,,1.( .. "bles. i""ludi,,!; 
Ilo,,"<)r supply ,·urds. Complete opcr"lill~ itlslru('liolls. 

Type 

Mounting: '['he eOlllpl(!(.e :lsscltlbl~'. ",ilh the cx~epli()" 
of Tn-a,; 1107-:\ ''' tcl'1lOl:\liun O~ ... ill:ltor. ",.. ... mu in " 
s1:lnd"rd 19-indl TYl'E 'I~J-~'iA Cahinet I("ck. This rack 
;ne!\I(lcs scn';"c out1et.~ rur ,,:,, 'Il inSlrunwnt, 'I'lw illlcr­
pola/ IQ I! Q..cil/a/QT "'Q""'~ ill /1, (' jrcq " CI!(Y ~I",,,lard ruck, 
a-'\ shown in thc llhotoJ(ral'h on page 167, 
D imen sions: ( Hoi~ht ) 76 Ys x (width ) 22:0; (dCIHh ) :!Ol~ 
inrlws, <.>\'<:<-all. '1'<.>t:01 rack ~p;lce is 40 n".:k unit s, or 
70 ilOChl:-'\, 
Net Weight: :170 Ibs .. iw,luuinlO: rll<'k, 

P ricr. 

11 0 5- A I Frequen c: y M easuring Equipment . , , ... 1 

rode WQrd 

,\IlTEH I Pric:e on Request 

T his di,1/!:.rnm sJI0WS in hmdiourd form the op'm,tion 
of Ow '1' \'1" : 110,; J'reqll<'Il{',\' ~l('as llrinl!: Ass!'mbly, T he 
Tn',: 1101'< Conpling l'a,,('1 is the ~enlJ',,1 unit frum "'hkh 
,,11 ol!('ra\i""~ '''C .'nnlrol1cd, 

Tho ,,,,kIlo,,,,, fr!''l''{'''~Y /, nnd " ~nicp ,,{ ~\""d"rd 
fr('(jll<:lI~Y h"l'm<'>lli~s arc Ilppli1'd through :lUl'lIl1"t(JI'5 to 

the hetcrod,"nc del!'!'tnr , The unknown cn" then be 
"~timalNl qui"kh' from the (alibr:uion of the dN('('\or, 
or he «<'\l'r",i,,1'(\ ",,)r(, accu ra\('].,· h~' u~e of the lmtero­
dyne fr((lll1'r,..~' rllNl'r, o r IJ() n,,~,,~un'J 1"'e<;i>!(']Y hy U~(l 
of the i"t~rpO"'li<.>" vaciJ]n\or. 
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FREQUENCY 

TYPE 1106 FREQUENCY TRANSFER UNITS 
USES: The TYPE 1I0G Frequenc,\' Trall:-­
fer Un it1:l lIrc utilized in tmnsfcrring an UIl­

knowll frequeuc,v for measurement ugnill~t. :t 

frcquclH'Y sLanclard, Or for transferring a fre­
quem'," of knOI\'n \'allle (determined against 
t.he :-:;lllmbl'd ) to an output. c irCllit. The 
dircd-l'cading frequelle.\' c:llibnlliolls I\'ill give 
the approximate value of ;ll1 unknown fre­
quency, OJ' the approximate value of a desi red 
frequency in t he output circuit.. 

" ' hCll u,",cd with fL frequency standard, 
these units pro\-ide mc:U!s for rapidly iciPnti· 
fying the harmonies of the standard; for 
1l(;cll ratcly matt-hing th e heterodyne fre­
q ucn cy tn('t('r to the unknown frequency; 
for lISC as a subst.it,lItc sO\ll'ee in mClU;uring 
freqllcneics undcr conJitions of noisc, faJing 
or of intermittent operation of the trans­
mitter ; and for obtaining :1 freqtlerH:~· of any 
(\('sired I'alue, accumtely knolnr in terrn~ of 
the frequency stanclanl. These irl:;iruments 
ean a!~o be used as general PlIr]>O:-;(' ca librated 
freqllcll CY mctcr~ and dctC('LOrS, 

DESCRIPTION: Th(' TYI'~:s liDo-A, 11 0G-13 
and 1106-C Frequency TrallsfN t 'nits are 
identi(.a! except for their frequ{'nc.\· l':Illgcs 
whi(,1t arc: 

'J'Yi'f; I lOG-.-\. 
TnE 1106-B 
T YI'E 11 06-C 

100 ke to 2000 kc 
I :'lIe to 10 :'l I e 

10 _\1(' to 100 :'lI e 

Each ('nn"ists of a hetcl'Od,Vlle frequelll')" 
met.ct' (I\'it l! harmonic gellcnHinJ; eil'('uils nnd 
outpu t eontrol) IIml :1 heterodyne dctee t.or 
(with alldio-frequen('y amplificr and mgenera­
t ion ('ont1'ol ) , 

TIl(> heterodync frequency meter Q.';cillntor 
circllit is a hi)!;ldy ~tablc oseilbtor haying a 
frequency r:ll1gc of 2 t.o I in 1\\'0 ( I lOG-A ) or 
t h rec stcp:; ( I IOG-B, -C), .\ direct- reading 
fr'cquenty :<I'al{' is pro\'i(kd for the fl!llda­
ment:tl llnd selected hmmoni e rangc!;, cOn'r­
Ing JO to I in !'requeney (20 t.o I on I lOn-A) , 
The harmonic output can be u.":lcd at, frequen­
cies hig-her than those cowl'ed on the dial 
ranges; for /,xample, using the fundamCldal 
frequenty tic:1les :H1d n>ading ten t,in1('l' the 
scrtle ndue gil'es the co\'/'mge of the trnth 
harmOlli(', Full details of oper:ltion an: givcn 
in th(' in!". tructio!U;. 

The heterodyne detector ha:; r:IIl!(('-s\\' itch­
iug :\nd direct-reading frequel1!',r !,(,:tles cover­
ing the l'11t.ed range of the unit, The det ector 
Clln be operated either in the non-o!'cillat.ing 
or oscillating condition by u,,;c of the regencra­
tion ('ontro1. "-hen osdl lating, it. i:-; especially 
\I,,;('ful in obtaining nn exact. Z('l'O beat ::;ctt inp; 
bdwccn the frequency meter :wel a signa! 
frequ ency, by the three-o ... willator method, 
the dete('tor s('l'ving as the third o:<('illatol'. 
\\"hen no; ost:illating, it produces the beat 
hetween the standard harmonic :llId Ihe 
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un know n frequcncy. An aud io-frequency nm­
plifier with nn output imr)(x lance of npprox i­
mately GOO ohms is pro\' idcd, 

On both the heterodyne frequency meter 
and detcctor direct-read ing frequency scates, 
ne:l. I·]y :360 degrl'e rotation of the drum dials 
is u~ed. Both nrc llPproximately s traight-lillc­
frequf'll cy in calibnuion . Operation of lhe 
mnge selectors automatically sets t hl:' point(' ri) 
so that. the likelihood of errol' in reading olle 
of the !:iCvcral scales on the dial is greatly 
reduced. 

FREQUENCY 

FEATURES: ~ Dials are <lirecl-reading in fre­
quenc\' for both the frequency meter :\1\<1 tho 
dcte<:tor. 

~ Blmge dial:< are illumina.ted and arc mounted 
behi nd p:lnei and \,k,\\,C(1 through a window. 

~ Range switchi ng for both frequcncy meter 
a nd detector. 

~ The heterodyne frequency metN is de­
s iglled fOl':l high degrce of frequel\ey stabil it.y, 
lwd drift is negligible for t he !;pf'cificd comli­
tions of lise. 

SPECIFICATIONS 
Frequency Range: 
Tn'~; 1 H.H.i-;\ 100 ke to ;?OOO ko.: (H TUngee) 

(10 rlu ,gell) 
(10 r,1nJ;lel) 

Tv ,'>: 1106-B I :".1 .. to 10 :".Ie 
Tn>: II0ti-C 10 ;"Ie to 100 -"Ie 

Th" l,rlermh'lIe frC<I"('['cy "'Neu :011 10:,,·(, :!: 1 
fund'''''r,,!:,1 r""1((,3. wilh en1ibra l"d dir",·t_ I',·,,(jinl:: 
harm"";,, ~ .. "Ie~. The IU't .. r."l""e (h'I('('lnn ,,11 ha\'e 
funda"'''''I:oI ran).(es con·rillg Ihe s l)(>cificd band. 

Cal ibration: The hell'rodyne fre<luency meIe r d ialg :.ro 
.. ll lihral\'d :,~ {nil"",,,; 

Tv".: 110&-:\ 

Tn>: IIO&-C 

1 k(' inten 'als 
5 kr int en·~. 18 
;, ko.: inl('T\'"ls 

10 k o.: intcn'"b 
20 ke inten'''!S 

100 ke inle.",,1$ 

100 10 <1 00 ke 
'100 10 2000 ke 
I.OU !O 2.00 -"It· 
2.OU 10 10.00 ;"Ie 
10.0 In 20.0 ;"Ie 
20.0 (0 100.0 .\Ie 

The IWI('mdyne d('I(-<'lor dial~ nre r:l.1ihr:<ted wilh 
l!<Jmewhlll I(rc:,'('r fr('(llle nry inl('n'"ls. hut the imf'n'"ls 
p .. rmit rc:o",-,n:ohle esti"""ion of fre<lue" "y, 

Accuracy: The ,U:C\L r :\('y of Ihe he\{'rodyne fr<'qlle"e)! 
mell'r (',,1ihmlion perm its VOlSiti,'e iU,,"1ificfllion of 
harmoni('l. when uscd with" fTC<llIency ~t:",d:lrd. \: 8(:d 
indi,·idu:llly. Ihe 0.::,li1""1;00 ,,"II be relied IISJO" to 
±O.l lIer cell\. 

F requency Stability: '1'11<' riT<'lIih of the 0~o:illal0ra 
\I~<'(i fur the hele ...... dyne frequency mete rs :ore d(,Higned 
for hill:h ~I"bilit)' Hg.1inst eh:"lI.(cS in sU1> l>h' \'o]rall:e o r 
"h:u'lI:cs in 11,1><.. cap:\ .. i l:u'cc~. Th(\ hclcrodyn(' detN'lor 
$Iahilily i~ lIut ;oS good. but is ~\If1i "i('nt ly hill:h ~o t h"t 
no diflicuhy i$ encounlered frum ""riali""s i ll maki llg 
f""'lur""y lIIe,,~uremeIlU. 

Input and Output Circuits: The h:, r'OOlli(' olltimt of 
tho hcl{·J'(}tI~·ue frell""'wy "WH'r~ is .~,,:\il:thle ;It shi<'ldNi 

concentric jiLCk~ for u"c with 50-65 ohm o.:.,lwerotrie cahle. 
H "rmonice of the fUlldal!lenlal frequeu ('Y II> at le".'It t ho 
10th nrc U8ahle. Thf' radin-frequency input ar,d the audio­
!requcue)' ouqmt c"nnfftio"~ of Ihe heterod.l'ne dCl .. rtor 
fire "hi('ldcd enW'l'"nk jaeks. T he i"l,ut ri rru it is suit"blo 
for \I~e wilh SO-(;.~ ohm .. "hlp: the output imped"nce is 
~'''lJroxim''tel.,' (jO() Oh1118. 
Power Supply: 10.; 10 l:!i', (Qr 210 to 250) volts ao·(iQ 
e)'de~. Ot hrr ""It:II.!C" or fre'l,wl1cie8 on sped:\! o rder only. 
Power Input: 40 ",atU . 
T ubes: l"1I1>P1i('(1 wilh i"~lrument8: 

Tn',; l IOn-A, _II 
3-6.'$.17 
I -6J5 
I-GS;\'7GT 
l - GII(; 
I GX5G 
1-00:1 \' IUW 

Tn',,; II()G.C 
I-GSJ7 
1-6.15 
}-GS;\'7GT 
I-GX5G 
I- <)()() I 
I-oD3 VltI.50 
2-0002 

Accessories Supplied: S,,,,re vilo~ lights "nd fusel; 
lille 00"ne0.:10r oord. 
ControlS: I'ower O:-,:.QF F s"'itch: heterodyne fre'luency 
meier j'LATE ~u .. vly !wi\"h: helernd~'ne frellu .. ncy 
meter ,md Jleterod,'ne detector H.-\:-':CE (wil selector ) 
ewite ht'S; frC( luen('); 0.:0"1 ...... 15: h..,erodyne fr('{IIIcnr." meier 
OUTl'U'r conl ...... l: hetervdy no.: detector IU~CE;\'E ItA­
TIO;\' conlrol. 
Mou nt ing: l"1:",d~rd 1!I-i""h ,.elt.~·-"'ck mount ing: 
dre~~.]l:"'cl rOIlSlnu·t ion: hlack cra .. klc !ap{tllcr. 
O imension s : Pallel (1(!II!:!h) H) x (hci!:hl ) iO}<:j ;""hu: 
behind 1I:\I1cl (Ienglh) I, U x (height ) IOU x (dellth) 
1:2 jll .. he~. 

Net Weight: <17M 110\lnd~. 

_ --::-:,:TII/H! 
1106-A 
1106-B 
1106-C 

Frequency Tran sfer Unit 100- 2000 Kc 
Frequency Tran sfer Unit 1-10 Mc , , ...• 
Frequency Transfer Unit 10-100 Mc . , . , 

Code II'0C"''-__ T _ _ -,-''.rirt 

ABOl:T 

;\(,.'TOlt 

ADEI''!' 

Price on 

Requ est 
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F RE Q U ENCY 

TYPE 1l07 -A INTERPOLATION OSCILLATOR 

USES: The prilldp:11 u"e of til(' Tn'l'; 
1107-A lntel'poliition Oscillator il3, in con­
neclion \yith a. fINIUCIH':Y ::;talldard, to mCHsmc 

the differcw:c between t.he unknowll fre­
quency and it kno\nl siambrd harmonic. 
The dirN:t-rc:lding linCHI' sC:l1cs or 0 to 5000, 
and 5000 to 10,000 cycles m:1kc possible the 
rapid evaluation of t.he frequency difrcrclwc, 
by addition only, with high accuracy. \rhile 
t.he dials arc marked :\5 dc;;cribcd, t.he :1(:1.ua l 
frequency range is 0- 5000 cycles. 

The lineal' sc:lic of this oscilhttor also 
makes it useful for Olht,1' types of \\'ork where 
accurate frequency increments fire uc:;ircd. 

DESCRIPTION: The oscillator is of the beat­
frequency type, with the r:ldio-f rcqucl1('Y 
oscillators opemt.ing in t he region of ·15 50 kc. 
The circuits are desigll('(1 for exceptional 
gt.'tbility of frequency against supply voltage 
changes, tube ('apacibnce changes lind tuLe 
replacement..,;. A tUDe plate~supply regulator 
is then employed as a further safeguard , 

The variable-frequency oscillnt.or frequen cy 
is controlled by a precision variable air 
tapacit.or; Lhe fixed oscilb\t.or frequenty bya. 

fixed ail' c:lp:l(·itor. The imlutiors of bot.h 
o,,;ci llator eirntit.s :ne \\'O\llH! 011 ceramic forms 
and arc ~hielded, efrectiwly elimin:lting lIn­
\\,:1nted cou pling and rcdu('ing the efrects of 
chnnges in ambient. tcmpt'nlt.ul'e. 

A 11 output volT meter i." provided til:) t ca n 
also be used as fl bC:lt. indicawr for matdling 
the oscillat.or out.put frequency t.o an un~ 
knowll audio frequcncy. Indi\'idual cont.rols 
al'c provided for t he OSl'illator output :1lld 

unknown frequency volr.ages in ordcr t.o 
sel'llrc the maximum I)('at :Hnplitude :It any 
le"el. The OSCil1:1 t or Oil \ pl! L \'O!t:lgC j,; prac~ 
til':I1I.\' con~tant over "he \\'hole range of 
fn)(IUcncy , 

FEATURES: ~ T he fixed o,,;dll:.ltor is pr'o\'ided 
wit.h a switch which pcrmits changi ng t.he 
frequ ency by eXflcny 5000 cycles, By thll~ 
Ch.'lllgillg the frequency the oscillator C:ln be 
fitt.ed \\'iLh a scale re:lding 5000- 10,000 cycles. 
\\"hell measuring :111 unknowlI frequency lying 
bdo\\' the standard freque!lI'Y, the beat fre­
quency need not be subt.racLeci from the 
)o:.tanclard freqlleney to obtain the unknu\\'lr 
frequen cy. 1 1\~t.cad the 5000- 10,000 cycle 
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sc:l le is lIscd :lnc! the reading is added to the 
frcqllcll(oy of the next. lo\\-e[" standard fl'c­
( IIU'I H:Y h:ll'moni('. 

~ _\11 iudieator ligh t operaled by the s\r itch 
indicllll.'>i the pmpcr 1:'c:lic to be rond. 

~ StabiliLy of output frequellcy, :lnd linc:l lo, 

FR EQUE N CY 

c:\Sily rcad sc~lIcs are features of grct'lt con­
venicnee in usc. 
~ Fo r Illeasllriug \·cry small frequene.\· inf!l'e­
men ls, I,\\"o diwd -rc:Hling in{"l"elllcni:ll fre­
qUClley dial.s (one ·for the 0- 5000 ~c:\lc and 
olle for t.he 5000- 10,000 cycle scale) are 
prov ided o 

S PECIFICATION S 

Actual Frequency Range: 0-5000 ('y r lClJ per li(!cond_ 
D ial Calibrat ions: ·'DIHEC"J""': 0-5000 rydf'~. wilh the 
oar ill"lor fr!'qlle"".\' jnereas inl!: f rorll () 10 .')()()O di>"iijions 
0" the ~~"Ic_ '· In:VEHSE·': 5000-10,000 ey, ·II'$ wilh lhe 
os .. ill a\Or frefllH'IWY decrea~i"g from [,000 f'~·(· I('~ tu ze ro 
while lWale reading goes fN)m ['OOO-IO.O(){) di\"i"iorr~. 

Accu racy: The instrulllent is "Ii~"ed to ;.~rl'<.) wilh lhe 
Iinl':.r dircet.-re:odinl/: s .. :oles to withill ±2 .. ~·des. 

Th., ,",u·i"I,lc c",,,.cilOr i~ pn,,-ided wilh a pree;:.io ll 
WOrll1 drive !!O thnt preeire fr(!(IUcuey l!Clti"~iI ('1.11 be 
made. ~II",II residual Hrt!r~ a rC c"sily :)nd (lui ,-kly rc­
mo,·cd in lhc rCJ(ion of auy frequeucy in ~h<l r:tURe hy 
fiuc ",Iju~ t m.,nt of the zeN) with ..... fercn.-e to;. fn.·Wlcncy 
,,,.ndard h,,,-inl/. n I-ke or O.I-kc ouq)ut, or hoth. For 
c\":L1u:tliuJ.( '-cry ~m:t ll frequency difTl'rcnf'MI. independent. 
dircrl -rf'adinJ( fre(lllcncy inrrcmcnl dials :tre ],rt!,·iu(:d 
for the two OSI.-"le1!. 
Output: The output ,·ohal!:e ia :tdju~l"hlc UI) to 1[' 
,·(>118. The 01lt]lUt circuit illl]}cd:trtrc is nI1IlN)xinmtl'iy 
600 ohms. 
Mixer Circuit: 0·' m;xcr .. ;r"'lil. witl' ,-ohulle <:o nlrol. 
i$ J)ro\"idcd for inje('tinl/: " freq uen cy to hc nwasured 
;nto t/ttl :ulll)lifier circu it. Beau may be ohscrvcd on the 
OUt]lUl lIlele r, or by mean!! of l.c,,(1 tl'icll holl('~ or ~IX°:tk(' r . 

Power Supply: 10[, to 1:!5 (or:!iO to :!50) \"oll~ , 50-00 

eyfl('~. Othcr volt"RI'~ or frequencies on ~ Ilecial orde r ollly. 
Pow er Inp u t: 50 wntls. ,'pproxirnat!'ly_ 

Controls: 0:-;·01'1' 3"il .. h; DIRECT :lnd HEVEHSI·: 
~c"l c ~ \\"jld.; Two .. H nnd WTO-SCt OOlllrols; main I'· HE­
Ql·I·:i\CY r()ntrol; OUTl'UT lind 1i\l'CT (mix!'r) 
volume ('(Jnl rols_ 

Meters: Output \"oltmeter; used nls<> as a heat indi(·nto r. 
T erminals: T crminnls. hoth on p<ln('1 and f.l r('llr. fiN} 

pm,·i,ll·d f<lr hot h m ixcr input "nd o~(· illatot output. 
l'anl,l l(ormi,,,,l s lire uu;,·.,nlal for ',,"0 pin or ~onccntl· ie 
1)luJl:!'. H.,ar tcn"ill:,I~ are for <XI1\<'Clllrie plugs_ 

T ubes: I'urui$hcd wi th inslMulleuu : 
1- GSJ7 
1--G"i\7GT 
3-6J5GT 
1--6.\.;(:'1' 
1-00::1 ' -n ISO 

Accessories Supplied: :-)P:lre pilot lil!:hu. fulIC$. Power 
cord. 
Mounting: St,mt!:. rd I!)_in('h relay-raek mOunt ing. 
Dimension s: 1'"",·1 (I .. nl/: l h ) 19" (heil!:ht ) 121 i in .. hes; 
hl'hilld ]}"n('l. (1 .. IlRth ) 17 M x (height) 12 x (d l'plh) 11 
ineh('s. 

Net Weight: .j{)I'lI!Oll"d~. 

____________ ,-__ ~C"~"lc II.,"O""' ____ -, ____ -'I'.n~'"' ____ _ 
I In te rpolat ion O scill ator .. 0 ••• •• 0 0 0 0 • • 1 llAno'" I Pri ce o n Request 1107- A 

FIXED 
osc:a.LATDR ,= 

CUi "; 42 o. 471(e 

OUTPUT !!! 1= IH I!!!! MIXER 1= .. PUFlEA 
DETECTOR 

FILTER 

u, 

0-50 00 CYCLES 

.1 
VARIABLE 

!!! OSCILLATOR 

42 T0471(e 
INPUT 

AMPLIFIER 

INPUT 
II @ 
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FREQUENCY 

TYPE 1109-A COMPARISON OSCILLOSCOPE 
USES: This in strument. i:s j):ll'ti .... ul:1rly in~ 
tended for usc with a TYI'~; 1100· .. \-') Primary 
FI'(' ljUCllcy Sta ndard (01' TYI' E lIOO-AQ 
Sccolld:u'y Frequency Stnndard) :\8 an aid in 
making interpolat ions 01' checking calibr:t­
tions wilh high accuracy. \\ 'ith stich stllnd­
ards :lIld a;o)."i()c i ~l tcd measuring equ ipmen t, 
t he TYI't; 1109-A Com p:lrison O:-;.cilloscopc 
l>ro\-idcs a corn'on iont mcuns of mc:\suring 
nudio li nd carrit'1' fl'l'(IUCncics, or of c:\libr:lt.ing 
oscillators in these frequency r;\Ilgcs. 

DESCRIPTION: The TYI'~; 1109-..-\ Comparison 
Osc illo~wopc contains it 3-inch, radial (\pficc­
lion c:llhot!c-my tube and its power su pply. 
Selective Amplifiers with PO\\"Ct" supp!," , ph:1RC­
shift net-works, and controls IIrc J)I'odded fo r 
oh l:tining circula r' sweeps at frequencies of 
t.he power line, and 0.1 , 1, and 10 kc from the 
fl'cquP[H:Y standard, and at Var-il1ble frequency 
obt:lined from the TYPE I 107-A TnterpobLion 
Oscillator. A melinl defleetion :tmplifier is 
proyidpd. fOl" displaying the input signal on 

the circular sweep b;l1'ie. Switching is Iwo\' ided 
for selecting the s\\"('('p frequencies :Uld for 
selecting ally one of the oo\'el":\ [ opemtions 
normnll.\" in\·olyC<.1 in mIlking frequ ency 
mC:lsurements 0 1" calibrat ion:>;. 

FEATURES: .. The geneml use of circu[n.r 
sweeps pro\' ides symmetrica l and readily 
interpretable p11ttcrn1'i. 
.. By o\"crlon.ding the dcfledion n.mplifi('f it 
is pos:-;.ihle to idcn lify c;lsily fn'q uency ratios 
invoh'ing much higher illl('gcr~ th:\n (:an be 
identified in l.i s.<';''1 jous pattern ::.: . 
.. Ol'din;nilv in the U!)C of calibrated o::c il­
Int ol's, it is ilOt neCeSs.lry to idetlti fy a patt ern, 
it is only ncces&'\ry to Ildjus t lhe o::(· illa tor 
so that. t.he patte I'll s lnllds st ill. A system of 
knowlI freqllc[H"ics i:,; ('/H.:;[y es tabl ish('d on 
the bRSis of th e 1.11])(' of p:tlt em obt.;\ined. 
Wh('11 u:-;cd on basc fl"<'quenc: i(,1l 1001" 100 times 
higher, lhc swne t!llJC'S of pattcrH ('OITcspond 
to frcqllcnrics ju~l. 10 or 100 tim('s h ighet' 
than the origimd Hystelll of known frcquen(" ie:o:, 

111 . .... 1. ~ ... tll.'m:ttie dial!T:Hu of 
the Ty!'.: I [O<J-A ('''IllI",riSOIl 

Osdllo:o«>pe. 

SPECIFICATIONS 
Frequency Range; \ 'I!t'"ful !>all "'ru~ ,.:", be (>l,,:. ill("d 
QI'er th ... frNIUf'lw.\· r:lUl((' from very I",," "ndi,) frNIILI":n.j("s 
10 radio frequen ... il'$ <If " fC!w J,undred kilocyde~. I n the 

r:\n~e " 1' tn WI) kilo ... ydf>8, nn inl>llt \"oll:\gc of 0.5 ,"olt 
giw:s full r't1Ii,,1 dl'flect iull. 1.""I::('r \"01l :l l::cs Io: i\"c very u~c-­
ful ~(I \l:lrC-w't\·c n,dial deflecti"ns. 
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Controls: ON-OFF swil~h; BRILLlA:-':CE, FOC'{;S, 
:Hld ('ESTEHISG ndju~lm('''t~ for ~:llhodf'-r:o~' tu!,c; 
~ w~"<""11 DI .\~IETEH :l"tI :-;IIAI'I:-':(; ""lIrmb: FBI':­
Qt.:I,;K("Y ~(·IN· T "r rO!· ,·in·ular sweep: :-:;ELE("TOR for 
~(HlreC~ to he ,·"mparcd. 

Term ina ls: :\1 rear. h." ""n~e!\tri~ pl \ll.:~ f"r Mnndard 
rTl~I"crH"i('s. find fur ~"ur<'''~ 1" he "omp''''N!: "" panel 
\!~. uni\"('r~,,1 tWH-pOtnl find ,·vJt('('"lri(· plul( to Wllrcc 
l ... inJ.: m(':,~ur('(1 o r ""lihr:lwd (O 10 100 kc or mor .. ) . 

Power Supply: 1115 lu It5 ("r 2WIO 25U) \"I111S. 50-60 
,·ydt'$. 0li,<.'r \" .... It:lge~ ur rrt'(luendes .... n ~L>eti:l\ ordf'r unly. 

Power \ n put: :lU W:lt t~, approxilll:ltcl~·. 

1109-A Comparison Oscilloscope ... 

FREQUENCY 

Tu bes Supplied: 1-1'~'pc JU I'IA. J" radial deflection 
Cal hude_ Hay Oseillo$('o]lfl 

:?~(;S:\,iGT I...--{lX5-GT 
1~(jJ5GT 1~6SJ7 
1~:.!X2/Si!) 

Accessories Supplied: Spare pi lol liJ.:hlS :111(\ fu:!<.'~. 
Line connector ,·onl. 5 ~uucenlri~ ]lhlJ.:.~. 

Mounting: SU",dnrd ]9·illl"h rclay_raek mOllulillg 
Dimensions: 1',,,,,,] (i{'IIglh ) 19" (h('i).:ill ) 7 ill('hC>1; 
hc>hind p,,,,('I. (widlh ) 17M x (hei)(hl ) 6'1" (oIC'plh ) I:.! 
iut"i'('$. 
Net Weight: 45 l!o,,"d~ . 

Code lI" ord Price 

. . . . . I In S!'" 1 Price on Request 

TYPE 1108-A COUPLING PANEL 

USES: This ('0upJillg panel i.~ (k~igned 
.-;pccifie:llly for u::;c :I::; thl: centralizcd ('ontrol 
]lilllel in a fi"eqllcll(;Y measliring equipment 
employing a TYPE 1100-AP Primary Fre­
qucncy Standard (or TYi' ~; IIOO-.\Q Second­
:l1",r FrcquPIH:Y Standard). The panel ca n'ie:c: 
the nece,.;,mry sw itch es II lid volume controls for 
:lll OIWI"atiolls in making frcquenc~' mea s­
urements. 

DESCRIPTION: The instrument. coniains the 
following controls: F I ~ EQl EX( ' Y :\ 1 ETEH, 
for selctfi ng :1.nd combining ihe frequency 

meter outputs of IIO(-j-.\. 110G-B and llOG-C 
hel erodync f requelH'y meter ::;cct ions; STA ::\D­
AIW FR IlQU J.::\ CY H.·\ IDIO:\IC selecto" 
,.;clccling 1 OO-kc or I O-kc harmonie outputs, or 
eombi nation ; indi\'idual volllme controls; 
D.ETECTOH sclc('lor, for iScleeting input and 
output. ('in'uits of IIOG-.\ , llOn-B, IIOG-C 
or lIll t'x t.ernaI detector (or receivcr) i all 

OX-OFF :-:;witch and volume COlltl"ol for 
frequen cy being lllC:I!'.ltJ"eti; .\IIC'HODIAL 
switch ; T I;; J.-SI'E .. \}~EB s\\'itrh for trans­
ferring bct,wcCIl tclephonel"l and speaker and 
betwccn deteetor and int.erpolator outputs. 

SPECIFICATIONS 
Termina]s: At r .. ar. hy :.!4 ~hielded cOll<"ell1ric plugs to 
:.11 SOlJr"('~ alld ill~tT\IIr'c"IS n'qllir~d, {(,,'r telephone 
conl1{'('lioll fur use wlorn "dj\l~ting ~tan(]:,rd :_J.:ain~t 

~u",(hrd fr(·qllf''''''~· nan~11Ii:lSi(m~. At fmul. hr sit i('luNi 
"o""~"'ric p]UI.:~, h:lrmonic OUlP1l1 dr~llits of 1]06-A, 
11O(;·B. :llId 1106· (' hel("m<iyn" ff('{luC'nc~' 'lIct~'r 8CC­
tioll$; illpllt conne/;lioll for fre(ju{'llty bei,,!; m{'asureu. 

Type 

By tWQ-poillt or sl,""brd lclcllhone jack. cOllnC"lions 
fur ld"llhone rettin'I"l!. 
Mounting: Sr;\ll(brd HI_t,,(·h I"<'b~'- rack ''''lII'lling. 

Dimensions: Pa"el (1"''' 1.:1 h ) I!) " (h.'ight ) 7 ill~hc$: 
]",hilld panel (widlh ) 17'. x (hC'ight ) (; ,~ x (depth ) 
Gy:! i!lch~$. 

Net Weight: 16 pOllnd~. 

('ode It"(lrd /'rice 

1108-A Coupling Panel ....... , , , , • , , ...... . 1 D:\'I"rY I Pri ce on Request 
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FREQUENCY 

TYPE 11lO-A INTERPOLATING FREQUENCY STANDARD 

USES: Thi" insl rumen! j,.. a PI"C(·j"lOll intcr~ 
pobtor fot, Usc with hctct'od,nlC frequency 
met.ers, such as the Tn'l~ 720, in making fre­
quclle)' mC:I,,-;ul'cmcnL<; in the ultra-high­
frequency riwgc. up t.o 2000 01' 3000 :\[0, and 
with the TYI'E 020-A llcterodyne Frequency 
)'Jcter in m:lking frequency meas urements 
from 10 :\ Ic up to several hundred .\[e. It can 
also be used fol' frequency mcaSIlJ'Clllcnt::; in 
(·onjunct.ion with high-frequency receivers 
pro\'idcd their fl'cqucllcy cnlibl'atioll f; arc 
,.;ufficiclltly good to identify frequencies 
,.;cpantted by as little as 1% . 

DESCRIPTION: The block diagmm indil':l.tcs 
t.he c!':;scntiai elements of the instrument: ( I) 
a. frequency stand:l.l'd. \'ariablc (n'cl' a mnge 
of 1000 to 1010 kc, 01' I %. and (2) a mlilti­
vibl';l.tol' unit fol' frcqtlencies of J 1\1<- and 
JOO kc.* 

The freqll('IH'.\· i'tan(hwci ('on"isis of :l. 950 ·ke 
C'J',v.-;tal-coll t l'ol1cd o . ..;(·illalor. n. highly stable 
50- GO ke bridge-type \,;u'lahlc frcquellcy L-C 
oSI'ilhiol', :l. mo(\u!:'l-tOI', l.Uld filter for ,.:elecj ing 
the sum of the two frequencies as the filial 
output. The dial of the \'aria.ble oseilla.tor has 
\000 divisions to co\'el' 10 kc. 

The 1% I'ange of t he output frequency 
n)C':UlS t.hat the frequenc." mnge of any ll1ulti­
vibmtol' ha.rmonic is also 1 %. Thc lOOt h 
harmonic of the 1-:.\lc illult.ivibralol' ('an 
ihel'cfore be adjusted contilluou!:ily from 100 
.:'. Ic to [01 _\Ie, /.!:i\·ing compll'te Co\'el'llgc O\'CI' 
this intcrval. At, 10l ).Ic:md highcr harlllonics, 

'G~" tral Rf!di~ H;r ~.,'m.>tI..,., Vol. XVIII. No. Q, }o'"bru:"y 1M .. 
"Conti"uolU> I"t~rpob.tio" :'Ilclhooa I"ltl ll - )Iclhod 1 \ ' ," • 

t.he range from :UI,\' ·multiple of 1 )'Jc to the 
n('xt highcr mlllt,iple if-; less t.h:uI 1% lllld so 
these rangc:; 11-l'C covcred by less than full-:·wale 
variat ion 01\ the vari:l,ble frcqucncy oscil1:1.tol' 
dial. 

\"hen the l00-kc mult.j\'iul'n.tol' is used. 
the 100th harmonic a.gain has;l, range of Ie;{ 
:\s the stan(/:trd frequen(',\' is ehanged oyer the 
full rangc of thc dial, co\'ering 10.0 to 10.1 
:'./c, and for ;dl higher mul tiplcs t.he mnge from 
onc multiple to the next hil-\"l1<'1' is coYc rC'ci by 
lc$.-; th:ln full-se:lle mnge of the variable fl'e­
qlU:ncy oscilhtol' dial. 

The multivibmt.ol· harmonics g:i\'e ('omplefc 
fn'qlleney co\'crage from 100 ).[c upward, for 
thc 1 .:\lc unit, :lnd from 10 ':\ [1; up\\'al'(l, for 
I.hc 100 ke unit. When t.he Intcrpolating 
F rcquency Stanciard is u:-:cd \\'it.h the T YPE 
720-13 and TyPE U20-A J letel'od\'llC FI'C­
qlU'IH:y .:\h'lcrs, ha\'ing ranges of lot) 200 and 
10 20 .:\Ic respectivcly, on 1,\' the harmonic:; 
from thc 100th to tlw 200th are Il="ed. 

Thc di:l,[ of t.hc Tni': 720-il, for cxample, 
co\'el',,; 100 200 ). [c with ('a!i!)r:l,lioll marks at. 
cach megacy(·!I'. \Yith the dial of the \,:~I'iable 
frc(j1l('lIcy oseillatot' at 1.el'O, the standard out­
put frcqucncy is I ).Ic cx:\<: II)'. and all hnr­
mOlli es me thcreforc ::Iandal'(i frcqllCll('ic.", 
\\'hich ('an be \I,,('d to eilc('k the hctCl'OdnlC 
frequcIH'Y metcl' at any i'cale graduation. 

Jf thc hct.crodync fl'('quelley metcl' has bccn 
st:!. to zcro b<'at \\'ith a frcqlU'IH:y to be mea .. -;­
tired, an approximate rcading of the unknown 
frcqueney i:; gi\'cn at 011('(' on the dial. As all 
exnmpic, Sllppo!<e tilt' rending to be ](.2.3 ).il-. 
Using lhe interpolating Frequency Standard , 
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the 1- ::\f c illlllt.ivibrator out.put. i!-; coupled to 
the frequency meter. T he oscillll,wr dial is 
then advallced from zero until the 162nd 
harmonic (identified by the 720-8 dial read­
ing) is advanced from 162.0 ':\'Ie to IG2.3 :\lc 
approximately where zero beat is set. The 
increment in frequency is determined from 
the variable oscillator dial and is added to 
I G2.0 ~\lc t.o give t.he final rc..-.;uIL. 

FEATURES: II-- This instrument is designed for 
oper: ~tion by zem beat adjustments onl.v. over­
('orning: the need for wide-band cin'uits or 
wide-Land interpolating met,hods. 
II-- All frequency increments arc taken as posi­
t.i,"e, avoiding all need for subt r:1.c t ion or de­
termin ing the sign of frf'qw 'II('Y incrcmcnt.::;. 

FREQUENCY 

II-- :\Ieans are provided for chceking t.he align­
ment. of t.he variable frequenc." oscillator 
calibration in terms of the 950-kc crystal 
f requcllcy. 
~ Since harmonics of t,he mult.ivibrators fall 
at. all standard frequencies tran~miited by t he 
C. S. Bureau of Standard:.; (W\\"V) it is p()~..;i · 
ble to check the absolule accuracy, including 
the frequency of the 950-ke crystal, by usc of 
l"l. :::uitablc rccei\·cr. 
~ To permit bringing the mllltiv ib rator out­
put close to high-frequency equipment, t.he 
lnult ivibmtor unit is conncded to the stmld­
ani frequency IIlIit, by mcan,.; of 11. cable. The 
,;mall multivibnl.lol" unit ('an thcn be movcd 
around lrithOliL Illoy inv; the hu·gcr uni t. 

SPECIFICATIONS 

Freque n cy Range; Thc output frequency r"" J.:e of I.he 
1110-:\ Int('rpola(i,,~ FrcquelU':Y Stan(b rd is frnm WOO 
t(l 1010 kc. T ho:: output frc'llten<"ies uf Ih(· II HI_PI 
)lult i"i braloT Cnit arc 1.0- 'Uld 0.1-)10:: fund:u"cnt"ls 
with h"r"lonics up t(l :WO or more. 
Calibrati(ln: The \"flrillhlo:: frc()u(",,~y oscillator \l i,,1 h,,~ 
1I..l00 di\'i~iu,,~ ~<lrr"$I',,,,di,,g to 0 .OU1 I,er cent or 10 
pariS per ,,,iili ,,,, per di,·i~io" . 

A list of .. h",·k ~eUinl':6 is pruvidNi on the pan,..'- This 
d":'c k can he Jllade al "".'. li",e h~· si,upiy \)Inl-':I;:I]),,-: " 
$e~ of IwafiplHIIles into Ille jad, o r hindinl! pO~IS provided 
011 I lw pand. A Irillu""r (·" !llrol on Ihe p,"wl prOl"i(!{'s 
for 'Hlju~( illg the osdllalor 10 al(rec",r-nl wil h I he cr)"~ I:01. 

T o f,,{'ililatc tOl,,·ersiolL of (ho:: d ial "--,,dings rrum 
th("ir 1"'5;e \){'r<"r-tllal(e or PIlrIS per million "al lies o r 
fre(tllen~·~· i,wremeul to fr''''lioml of a mel(acyl"ic or of 
0.1 )1(" (100 kt- ) . " 1;,I,le li$linl': the nutnher of di,,1 (li'i­
~ion~ for frequc" (·.,, i" .. remc"ts of 1.0)[,- and 0.1 )\ e at 
each h"r"'''ni~ fr"m 100 t" 210 is J.:i'· cn on tI,,.. p,,,,.,!. A 
~i mpll- sl ide-rule ratio ~hen gives the desired fr(lquc tley 
incrclUpnt. 
Crystal Oscillator: Thf. ('I)'s!(l1 M~illrlt()r;$ adjll~trd to 
wilhin 1 part in a milli""1 " r 1'''''''(''·1. frpquc·' .... " al room 
1Pmlwratut"C. II ~ lv>Hld l ie r~-li"I,I (' 10 within ±IO 1>tI\"{s 
per milli"" at o rdin"r.,· roro,,1 (pmpcraturp$. The ("'·~·~t"l 
frelllle',,"Y ('an hc 1'I1<",·kNI ""d II<lj,,~ted in I{'rlns,)[ ~I,,"d­
"rd f"·'lueney Ir:",~,nissi,,"s frnm \\. \\"\. \Isin..-: an 

external ",pei'-e r, n,ail)\:li"ing the \"ari:lhle oscillator ,,~ 
{,~I\ctl.r 50 k,' ill tprm~ of the ~I)'S T al. 
Accu racy of Measurement: The over-"I! 'Icclt rae." of 
"' ("\SU ..... "WI'1 i~ ± ".!;j 1",,'IS jll'r Inillion lt~ in J.: the 0~";1-
iator di:\1 dir,·,·tly . I( rhe o~l'ill"lo r is carl-rully tri"wwd 
in tcrms uf 11,,- ("l".'.~\a1. tI,,· Ol"l") r-"Il aceu",,')' is li",ited 
prirwipall,\" h.'· Ihe (']"rnr of Ihe rrys l"1. 
Vacuum T ubes: The fnlluwi ,>.I: tuhes 1\1"(' supplied: 
2 - {iA{"i :l - {i,I.~(;T It: 
-l - GS:\,i-(;T I - .';HK; Y 
I - {is.1 i 1 ~)()(Jl 

I - (;S,\i 
Power Supply: 
("~·cJe$. 

:!I. .-\ 1'-·\:lO (BridgC" C ircuit L: .. np) 
~ilhl'r 10.i-l1':' vr 21O-15U "ult~, 50-GO 

Power Input : ~5 WI\II~ f ... >In 11;;-",,11, {iO-('ydr- linr-. 
Mounting: Tnt: 1110 •. \ Hda~· Jl:o'·\.:; TVI·': II W_1'1 
("~ta'·hed I" 1110- .\ by ,·,,1.1,-) small mel,,1 c"binel. 
Accessor ies Supplied: Lino:: connector cord, :u,d 'I"'·\,f: 
III()- PI ) 1 '1II i";hl":Lt<lr l" "il wilh ,·olllle<'l;nl/: c"hle. 
Accessories Req uired: ll(·ad lel,·phones. 
Dimensions; lllO-A P:"'el (1(>nl(lh ) 19 ~ (Iwi).(ht) SH: 
l.oeh i"d l"lIIel. (I(''' l!lh) li H x (hcil(ht ) $%.~ (d(>pth) 1-1 
inchc.< . 1110-1'1 (IcnJ.:th ) !JJ.. x (hci..-:ht ) z,Y.( x (d{'pth) ':'~4 
in{'hcs. 
Net Weights: Type II 10-.\ :t>!<!(' ''lhl~', ·10 p()lmds: 
Tnt: 1110_1'1 :'I lult;,-ihralor l; "it. i h p"u1Ld~ . 

Price 

1110-A I Interpolating Frequency Standard .. ... ( HAVEN Price on Reque st 
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FREQUENCY 

TYPE 620-A HETERODYNE FREQUEN,CY METER 

AND CALIBRATOR 
USES : A1tholl~h designed primarily for mCIl':­

uring high and ultra-high frf'qtll'ncies , this 
instnlllH'nt can :l1so be Il,:{'d to mcn;<ll l"C 
frcquf'l1cics do\\"n 10:l few hundred kilocycles, 
pl'o\'idcd i he !-i ignal being mcasUl'cd is suffi­
ciently lltrong. 1"01' communication companies 
it.. pro\"idcs an cxccllmi meallS of nlpid ly 
measuring the frcquClwic::i of a lnrgc number 
of t.l":1I1::;miitcn; (either \O('nl 01' remote) in 
addition to its 11..;(' in calibrat ing and sCl'yicing 
rcccidng equipment . i1('c('iw'J'manufactuJ'I'I':'; 
will find it. Il:<cful in checking the ranges of 
I'ccph'cl's :Illd o,:dllators. Jt is suitable for 
monit.oring the frcqucnd{'i) of r:Hlio t.r:lllS­
miLters where the allowable frcquem:y toler­
ance is ± O.02% 01' greater. 

DESCRIPTION: T he i<chem:lIic diagram sho\ys 
the cssential clcm('nl~ of Ill(' in"tJ'll!lle tlt: ( 1) 
a hetcrod,nl c fn::qucnt',\' me te r , (2) a crystnl 
calibrat.or. and (;) :1 detcct,or and audio 
amplifiC'r. 

The hctcrodync frequcncy met.er is direct 
rending, an important opcl'llti ng e01wC'niC'ncc, 
part.icubl'ly when ll.~ing h;Hmoni(>i<, The fun­
damental frequcney nl r l!~(' ii< 10 10 20 '\l e. 
Thh; mngc is di\'idf'd int.o 10 :;teps of I .\Ic 
eaeh , and t,he cle:;ir('(1 step i" "cleet('d by 
m('ans of n coil sw itch , The main tuning 
ca pacit.or I:O\'l'rs ;\ r:lOge of 1 1\ lc for each 
coil, the dial bcing engnwed to rC:ld hun­
drcdths of meg:lcyc)P", dircl·n)'. :\n :\uxili;lr.Y 
cli:\I, \\'hich drivcs Lhe main dial t.hrough a 
reduction gear tl':)in, C:\i'ricS a scale that sllb­
dh'ides the main sCllle di\'i;.:ioJls, the small est 

di\'i,.:ion being 0,001 ille 01' 1 kc. TIl(' fre­
quell(')" of t,he hcterod,"nc frequency meter is 
giVCll by I.he !o!Ul1\ of the l'oil sw itch and 
capacitor dilll readinb"S, subjPl't to ;\11)' sC:lle 
correction :\8 determined by the cr,\'st:ll 
calibmling point,.:. 

F or checking the ('alibr:ltlon of the het.cro­
ci:'>'lle frequency n1l'ter. ;1 pic7.o-clf'ctric cali­
brator, employing :l one-mcgacycle low-t('m­
perai..urc-coefficiClit quart z plal c, i,.: pro\'id<,d, 
Se\'cr[ll point:' on each coil rangc of (he 
heterodyne fr'('(plency meter may be chf'cked , 

The PI'oc'cdure in making mcasuremcnts is 
simple, \\,hen the unknO\nl fl'C'quen ey is 
within t,he fundamental m11ge of the h('t('ro­
dyn e, t he hetel'oci,\'ne freqll('ncy i::; set to zero 
beat. with the un k n()\\'JI , :wd the frequency is 
rcad direct.l), fl'l)111 t.he dial. When t.hc lIn­

known i::; above Or below the heterod\'J1C 
fundamentall'an,!!;(', thc dinl r('adinp; lIlu;.;t he 
multiplied ordivided by the hal'mOllie llumllel', 

FEATURES: .. ,\ \' Cl',}' wide range of freqllen­
cies ean be mCHslIl'ed wil h til(' TYPE G20-A 
li elcrodYlic Fl'I'qucnc~' )'Jdcr and Calibrator. 
.. Excellent ~H'Cllr:lC:V hai< been combined \\'ith 
simplicity of opt'ration, 
.. The direct-reading i'rCljlH'rlc.\' ":('ale m;lkc's 
COrl\'('llicnt Ilnd mpid nH'H;.;llrClllf'11Is po""il)le . 
.. A high degrec of frequcncy sLabiliLY in the 
oscil1nt.or is obtained by (':lreful de,.:ign and 
constru cfion. Ball bearings arc med ill the 
v:\1'iablc ail' c:l p:"lcitor and the inductors :Ire 
wOllnd on stea t ite forms to keep losses and 
tcmpcmLure cuefficient low, 
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.. Either batteries or the buil t-in H-C power 
su pply CHn be used with li ny model. This 
featu re is H grcH L com'cnienee when the &HllC 
instrument is to be used bo th in the labora­
tory and III t he field, 

SPEC I FICAT I ONS 
F requency Range : Th(' fundanwnt:11 frequen(')' rangc i~ 
from 1010 :20 Itll',I.(ae,\'(· lc~, in iO ranges of I /l Ie (lach. By 
h 'lrmO lL ic mClh\>d~ frt'<.lu""e ies between ~()() kc and :JOO 
/lIe nNl easily measured, 

Fre{lllC,wies up to ahout JOQ :'Il u ca" he rne,,~ur-ed by 
selling a Irnrrnnui,-. of 'Ire IWlerod,""C fr~'<.IUCuCY nWIH to 

zero heat wi,h the unk'l<Jwn. In general. Ihl' hcal is 
obl'lined ill Ihe delCl'Wr. hut fur lil(' very ltigh('Rt fre­
(lu('U,;;eS it is ~dvi~ahI0 1" U8C ,Ill a"xilia",'- \'(le,·i,·(lf . For 
f r('qUi'"p ics 1 ..... I"w IU _\1 " und down to "hout JUO kc, 
h"rrlHmic~ of "'\C'lllatc strength fo r nre"~u re"'cnt ~a" be 
gCllcrat('{[ ill the det(,.·tQr tuhe providNI a ~llllki(· ,\tly 

strong siglla l is appli('d 10 the i,,~tt'tLnl('n( . For weak 
signnl~, 1\ lu~al OI!cillawr as a harmunie-gcncratiul( "te'!\IS 
is nee(lSSa ry, 

Calibration; T he capacitor d i al~ a rc graduatr:d tn read 
d <-"':;'I1:11 fractious of uH' gacyclcs di rect ly, the s""dlcst 
di\'i~ioll corr('spomiiug 10 0 .001 :\l c (1000 cYl·lcs), 
Calibrator: A 1- :'I le pie7,n-eleet.ric o>sdll"tor. cmploying 
a low-temprr,HUI1'-e()cfficicII(, quaT\7. plate. i~ pTO\'idC<! 
for clll"'kinl( the c!llibrut ion of t ill; ft'~~IUf'II"Y meter. 
Ji :.rm<J"ies of 1 :'I [e fnll fit t he UpPf'\, aut! lower li1Hit~ of 
the dial, gi"ing a bra,.kel;"g rheck 011 "aeh coil rilllg(l of 
the h!ll"r<..-lyne frH(IUP,I"'~· metc'r. Harmonics o f t he hetee{)­
dyne also 1!rodl"'C he:lla w;1 h h 'lrOWll ics of the c~!iIm'tor, 
gi" illg ,'hf'('ki"g poin1$ a, mult iples of Y:/, 71, U, :lnd Va 
1\'11', C\{' .• m'f't' the dial range. ="-ince these points occur at 
the ~atne d ial fl'"ding~ for cach range, checking ;s "lade 
n 'ry simplc nn t! e(,,,ve,,icIlt. 
Accuracy : The ov(' r-a ll a<-rll racy of n\('a~uremfmt is 
±O.OI % or better when the frequene.\' tn('\er is checked 
ill \t'tlf\S of the crysUtI c:\lilmllOI' ,,,,d I he reSulting corn;c­
tif> 11 :\pplied \.f> thl' dia l ""ading. 

Vacuum Tubes : 'I'll(' follow ing luhell "re used ,HId are 
supplied with Ihe itl~ t ruUlent : 

1-05,1 1-,s·' / G7.4 
:{-n,i.') 

Power Supply : Eitlwr W,~ to I:!:) (or 210 to :!50) '·olt~ . 
50 to 60 cyele~ . or G ,tltd 1:.0 '·ol t.~ d-{' .. l switch On the 
panel St,ll'dS tlte 1,"J)e of l}(lwcr $upply d(\~ir(\d. The 
a-c oper"t,.,! Jl""'i'r ~IIJlJ'>I.,· is l)Hilt i ll . Battcrif's are not 
suppl ied with ('ith~' r dIe rc1a:- '-nl( 'k ur portable model. 

Type 

620-AR 1 Relay-Rack ModeL" 
620-AM Portable Model. , ... 

l'ATENT NOT ICE, See Xotu 12 , 20, page vi. 

FREQUENCY 

Closeup view of the t.uning d ial, showing de tails of 
the scale. 

Power Input: 15 watts from 115-volt , GO-eye\c supply. 

Mounting : T he instnllll('nt is supplied either for relay~ 
rack mount ing (Tyl'): ()~U-AH) or in a port."ulc aluminum 
ca hinet (Tnt; 6~0-A),1) . 

Accessories Supplied: Onc-mctl;aeyc\e quartz plate, 
)i"" ('Otlllc<-tor cord . Wilh the relay-rat'k model (TYI" : 
6:!1l-A lt) two 1lI1tl t ipoint C(>lllle('tors are f1lrni"h,.,!, wj,il(' 
a )",t.tcry T>lll~ "lid ",.hl~ and" llIultipoint eonnector are 
furn ished with t,he portable , "od~'1 (Ty,' ,: 6:;U-A:\[), 

Accessories Required : 11l':,,1 tl'll'phul l l'~ . whi~IL Ci'll he 
eonnected cithcr "t Ihe i>:ulc1 or at Ihe rf'ar of the in­
stflllllent, 

Di mensions: Typt; ti:!O-A R . pallel , (lelll(th) 10 x (heil(ht) 
8~" i"chc~; behind pauel, (length) l i U x (height) 8 % x 
(dept h ) !IX inches : TYn; 620-A), I , 20.\4 x 14% x 10 
j,,('hell,O"cr-aIL 

Net Weight: Tyl'); G:W-AH, 3:!X pounds; T yi''': (j~O-A M, 
"i ~ 4 poullds. 

. ·1 .. 

Code Word 

1>.-\ ISY 
DALLY 

Price 

$600.00 
680.00 
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FREQUENCY 

TYPE 720-A HETERODYNE FREQUENCY METER 

USES: T he Tn]·; 720-A HeterodYlle Fre­
quency 1\l etcI' b u.~cd for the mc:t:<IIl'cmCIlI of 
frequency in the h-f and u-h-f band". II, 
ext(,lld~ the field of the fnmili:lr hctcrOc!\'IlC 
method of mCH:;11rcrncnt lIP to abou!' 3000 ).10. 

DESCRIPTION: The principal clements of the 
in:;jnllnCllt arc ~\ ('alibmtcd o:$cillatol", fI cry",· 
tal detct'l Or and :1Il :Iudio illllplificr. The 
fr('qucrH"y-dcicrtnininp; clemellt of the o"cil · 
blor is :1. butterfly ('ircu il , in \\"hkh the 
clIp:1. t itance and the incluc;llInce :1.1'C varied 
si multancoll,;ly . The mo\'abl0 par\' of the 
eircui L rotat es ill ball bearings . .:\0 slidinl!; 
contacts arc uscd. and no Current. is caniNi 
by t he hearings. this permits fI 1jlllooth and 
stl-lhlc ndju"tmen t. of frequenf','"' The OF:eil­
lator frequency is :l.dju.-;t:lble bt't\\"cen 100 
lind 200 :".I c, lIarmOllies of the oscillator arc 
lIscd to measure frcquencies aho \'c 200 :\[c, 
and hannonies of the llnknown :l.I'C uscd :It 
frequcnci(' s belO\\' 100 :'Il c, 

The d!'tcct o r is :l standard silicon cl',\'slal, 
so mOllnted that it is easih' :l('cessibl e for 
repla(·cmcnt. ,\ sparc is fu rni ~hcd , 

Thc Lhrcc-slap:c lludio amplifier has an 
effectivc b:1l1d width of 50 kc, T he output of 
t.he amplifi er olwr;ltes a panel meter and a 

builL-in louus]l(,:lkcr. :\ jack is prodded us 
wc1l fo r hend t elcpholle's, 

Th c entire a::iscmbly is battery-opcra ted, 
complete' I}' Se'lf-contailwtl, imd mOllnted ill 
a portable, fahric-c()\'crcd cabinet , ('omple-t(! 
opcrating ill::;truCliollS arc mount<)d in the 
cover of t hc cllbillCt. 

FEATURES: .. The scn,.:i1id tv ohtainahlc wit h 
the hctNodyne mct hod of Ilwll,.:u rcllwn t PPr­
mii s thi ::; instrument to be lI,.:cd Oil comp:ml­
t i\'cl,\' \\'c:lk s igll:'lb. 
.. :\0 direct, ('Oll llc(,tion to the i;()Ul'eC undcr 
mC:'lSllrelllCllt is lI8uall,\' ]'et[uire'd, bccau:"c of 
t he adjustable alltenna moullt<'d on the 
pant'\. 1 rO\reyCI' , provi>; iorl is madc for COIl­

ncct illg an addii iOlla 1 pickup wi)'{' if nC('<,":&1 ry, 
.. ,\ wide mnge of frequt'llcies tall be meas­
ured \\"ith the single fUlldan1Plltal frNIUCJl('Y 
band. and lhc dial :11T:lnj:!;ellwnt i ... ,"Udl t hat. 
sm:tll fl'('qucncy inCI'(, lllcnts ca n be' mensllred 
preti ... el~' . 
.. The hllttel'ny typc of tuned eirruif avoids 
most of t he difficulti es in lwl'{'1l1 in \'ariablc­
fl'cqllcney clemcnt s :It ullr:l-hil!:h frequenci es, 
.. Either b:1UNies Or :'111 a-c pO\\'<'J' supply 
can be Ilscd wilh the' in st nllHCll f, 
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FREQUENCY 

SPECIFICATIONS 

Frequency Range : '1' ]", fu",l:onu'utal (1'1.'(ln('n'-',I' rall,!:c is 
frum IOU tu :!UU " .. ·It,,!'.\·<·le~ . This n'''It'' is "on,,,,'d in " 
~inJdc ha"d witll "I>JI ... ,xjm:Hd~· iug"rilhrnic fr«LIU"l<"Y 
di~tri"uti ... ". By h"rllu",k ",,,!buds fre<llIcuci('l! bc~ ... rt"u 
IU lIlcl!,t<"yd~·" "ud :«.100 mCj.(:,,:yd~·s (',.n be mcasul',,'d. 
tii lin' lL"rlll""if'~ ,,( I he i "[l'rn,,1 usc-ill" 1 "I' are ..,on~idl·r., I ,1.' 
StrOlI).!,·r 110;11, harmuni"g (of the lIuknuwn all 1((:1I(·r:o\< .... 1 in 
lhf' tiNc·"Wr. tI'l' 'Wilgili\" i l~' uf the i"~!rUII"'''l fOIl' fn" 
([Ul"I<";"" IIl·1,,\\' tin, range of 11,(, u~(·ilI"l"r fUllclaml'lIuol is 
(·",,~i ll .. mhly ll'~" Ihall 110,,\ ,,\ frl·q\Il'"~i<·,, ,,<\11,,1 \" ur 
"hlln!' Ihe 05";II"loJr fuudmnl.'ntal. 
Beilt Ind icat ion : \\ iliL :S1""I1~ "i!(,,,,I~ II. ~I ... ,nj.( IOj'at lIule 
will he 11I.·"rd in the "mall d.\·""",;p ~pe"lcr in liLl' fmnt 
1,;",\"1. F"r \"'ak~'r :f;It""ls" pair ... f h,':.dphvll"S ~II"llld I .... 
u;;{>d. In "d,liliv" In Ih., "udil!le IJ('al," \"i~"al imii'·"I;UIl 
is "I,lailll'J by liLl' d,,/led!vu vf Jhe Jllllwl rn('\('r. ~iru .... 
tht' hand \\idlh u( Ih., de le"lor circuit i~':;O kilu("~·..J/'s, 
lin: Ilam'l rnele r will «('11""1 C,'VI! wll<:n th,' fl"'\l1I ... n".,' 
UU'aSlLfed i~ uu~lal,l ... and dUl'~ not L>rudm'c a ,;Iealb' 
:\luE!>le b .. 'at nut .... 
Calibration: The main dial i~ l'alihmt<'d in fn''llll'''''Y, 
e:.th di, is;n" e()r~~J.I"ndinJ.: to uuc me.:a,·)"!·I,'. 

Th(' H!rni,'r dial i ~ 1I:.',,~d to Ih .. tllllilll1: Ullil ,,, ",,,I.., 
oll{'-h,,]f lur" of tll(' (Ii,,] ~~'rre~JI ... nd tv alll'".,xi,,,,,I,.Jy I' 0 
('h:",.:c in f"C<llIen('~' O\'er I lle entire 11111;1l': r""l!;e. T hc 
\"t'rni(>r dbl ~arr'i"8 :!00 unifo rm di"j~iu"~' 
Accuracy: T he (}\'('r-an ac{'ura"Y of lIH'aSUn'II,,'ut 
is ±tJ. I';', 
T e mperature and Hum id ity Effects : On'r Ill(> rau.:(' 
/If 1"'''''''1 ,~,"dili""8 !Io"""I'" " III".,nu1(>1""<I, leU'lll'rature 
",,,I hllmidilr d,. not :.!TM'I 'Ihe """ural'}" uf 1IIl' ill,.\r". 
UH'm, 
Vacuum Tu bes : Tl'e f"n"wiu.: tulll.'~ :.r(' "!<f,d ,,"lI ar;' 
SIII'I.liN] wilh .h(' i,,8IrUIIWI1I: 

l - l:\5-GT G 
I- I O;-.-GT 
I-~':;~ 

Power Supply : ,\ IIIITp:ess (jT .\(jU lb\l('ry is 5uPI,li,,'d 
"ilh Ih .. , i"~lrll",(ot.I. For a-e ul)l'mli"" Ihe T YI'Ie; I:WI·.\ 
I'.!\\"er Supply 1.':'11 he u»<,(1 (!K'e I",.:e W:! ) , hUI IIllln l>c 
onle r('d 1ICI,,,r:.ldy, 
Mounting : TI;<:' '1','1'.: 7:!0·.\ lIctt'rod..\"lIc 1'n'< IU('nry 
'\ IN,.r i~ ,,,vUl,INI in a ~hiddl'd (',.rr,' i,,~ "allC of durahle 
Iliq)lau .. ,-III)()("/o((' ".msITU{·,ion . ("""pIN!:' .... pt'r"li,,1': in-

'J'~ 

720- A I Heterodyne Frequenc y M eter, 
P,\TE~T ~OTIC~:. See ~ole 10, pal:~ "1. 

., 
• 

View of Ihe hUIIl'rl1y-lnx' tUII,.d ,';1"",,;1 lIM'd 
in the T n'l: 7:!O-.\ 11 .. ,( .. ,..,<1., ",. r ..... ,IIII'Il"y :\ I.'I<'T. 

lItrul'.iuIls are :.tlarl.<'(l to Ihl' po,'cr, ami" cOUlplete 
"'irilll: dial!;ram, "ilh ";r,·ui. '"\>lI~I:'l\t~, i~ "ltad.t,U \1) 
11,(> i,,~ill(> {if 11,(> ("a1.ill<'l. 

Accessories Suppl ied : 0",' I:\:!I-B t',.,'~I,,1 i~ ~uppJi(>d 
,,~:, ~p"r{' in atlditi ... " t .. ,II,. 0"" ill Ih(' it'~.nWl\'HI. 

Accessories RecOlllm ended: 1 I ,'"dl,I"'lIc~ ",IIi.·h '':In 
Ill' 1)lulU((>,1 in Oil lilt' frnl'l I)aud, :>ud "hid! ":HI Ill' 
$1" ..... <1 in the c",· .. 'r of Ihe illslruIH(,IIt, 

D im e n sions: (llt'ilth. 1-1 x (wi,lth ) I:!I~ ~ (<1"'1>110 ) 
iO!:l i"dlt'~, "n'r. all. il ... ludill)( ("uq'r ,md h,,,,dl.,, 1',,"('\, 
lO~.i " lI~i il1('h(> .•. 

Net Weight: :!7% l)OlIn,]", with 1.>:ltt('I)·. 

. • ' • , I 
CtXlc W ord 

F,\"CY 

I'rict 

$340,00 
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FREQUENCY 

TYPE 1181-A FREQUENCY DEVIATION MONITOR 

FOR A-M TRANSMITTERS 
USES: The TnE 1181-.\ Frcqllclwy Devia­
tion :'lonit.oJ' indicates direc-t.ly I he magllit ude 
{llId dircct.iotl of the frcqUl'Il('Y deviation of 
a bJ'o:ld c:,~t transmit.ter from its llssigncd 
tha lln c! frequency. A. monitor of this genera l 
t.vpc is required for cHeh station by th(> 
F ederal Communications Commission. and 
Approval "Kumber 1-1 67 ha,.; been issued by 
the Commission for the TYPE 1181-'-\, 

DESCRIPTION: The clement.s oC the monil,or 
arc showll in t.he llccompan,dng schem:lt,ic 
blot'k di:'tgram. \ 'olt.agcs from :1 temperature­
cont,rolled piez(}-clectric o:-;(:illatoJ' (frequency 
j ± 1000 cycles) and t he tmnsmittcr to be 
monitored (frequency f ± J.J) :Irc amplified 
and fed to a mixer from which their dilfcrcn Gc 
f requeJlcy (1000 ± .if) is obtairwd. This !ludio 
frequency is lunpli ficd, its peaks arc clipped to 
produce an essentially squa re \\"a \'eform, and 
the square II'al'es :ne :lpplied to an audio­
frequency meter. The indi cating element of 
the frequency met,cr is calibrat.ed to read zero 
lI'hen the audio beat is exactly 1000 cycles per 
second. Dcyiations from 1000 cycle::> (.if) are 

indkMed direct.ly li S the frequency deviation 
of the tranljmitter in cycles per s<'("ond. 

The mOllitor is i\-C opcrated /lnd is mounted 
on a Single rcla:y-l"1lck pnnel. Coupling to the 
transmitter is obtained from a short length of 
wire atta<,hecl to the iUJlut lermiuals t.o act, 
as an antenna. 

FEATURES: ... l'vIoduhttion of the tmn:,;mitter 
docs not affect t.he frequency deviat.ion indi­
cation. Consequently it ill not ncccsS<ll".\" t.o 
couple the monit.or 1.0 the ('rystal buller st.HgC 
of t he tl"<\ll smitter. and the monitor input is 
Ol)i.:'lilled from the modlllatcd t ran smit tcr 
outp ut.. 
... Only :l very small amouut of r-f POIn't· i:-: 
required to opet":lte the monitor, and a :;implc 
pickup antellllH - usually only a fCII" inches 
of wire - hi all that is needed. 

... T he ft'CqllC]H 'Y dcdation indi('ation is inde­
penden t of carrier amplitude within \\"ide 
limits . 

... Positive incii<;ation of failUl'e of either tt":ln~­
mittel' ca rrier Or the monit or cr~'stal osci llator 
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i,.: provided . . \ signal~level pilot :lm\ the lam p 
ill lhe inclicflling met.er bOlh arc c'xtin}!;u i,,;hed 
if t.he carrier input \Pn'l drops 100 101\" for 
proper opera ii on of Ihe monito!". A plI:"h~ 
button tc::t indi cate:"> I\"hl't. Ii('1" or not. t.he 
monit.or cl·.\,,.:t,al voltage b adequate. Other 
pilot lamps inclic'ate heater-thermosta t and 
!lOln'r ("in'uil 0lwr:liion. 

FREQUENCY 

... Bcmotc monitoring i:-; pOi-;:"ible by connect­
ing an ('xIPrnal 111('11'1" to lL ":{){'kc'i prm'itlet! at 
I h(' rC'ar of thl' in":U·ullH'nt. 
... In ,.:l:dlat ioli of t.he T YPE 1181-A Frcqucncy 
DC\'iali on ).lunit o]" i:-; ('xLI"t'm('ly ,.:impk, and 
t.ll(' de:-;ign i,.: :-:w:h tha t a minimum of al-ten­
t,ion i" I"t'quircd from l lw ;;(:ltion op('raj.ing 
"taIT. 

SPECIFICATIONS 

Freque ncy Deviation Range: ±:lU e.,·cle.-. r.'"d"lo\p to 
"liP ,",\"dp. 
Carrier Frequency Range: VOO 10 2()IX) kc, 

Accuracy: \\'lwl) rl'cciH'd. wil hi" ± 10 p"rt~ per ",illion. 
. \11 :odjuSI"":111 i$ pI"h\"idNI to brill~ Ihe readi"g ;nlo 
agrN.!InCIII wilh lIlonilOriu,l!: ~t"liulI ",e,,"urCIll(""'~. 

Stability: l'uder "orlilal OPl''''li"g '·'",diti"n~. the frc­
flllC!l('~" slahilil .\· i~ loNler ll,,!l, <)I,e part in 11 'Jlilliun . 
. \djusl"'enl~ ar!} pro"irl"rI to ,·"rn·,·t the illdicat.:-d fr!}_ 
'1" ""(";" in lerm" of sl,md:onl-f,."qu/'l,(·y lra"stll;s~ioll" 
wh"IH"'(>r 1,t"(·eS~~r.\·. 

Vacuum Tubes: TIl(.' following IU)><'S ar" re<luircd ,,,,d 
~\llJl,li<!<l with ti,(> in"lmlll""I: 

:~-(,:-:.J7 

:! (j'\(', 
:!- (jIlG 
2---(j.-;Q' 

1- ,; \ '·1-(; 
l---(j!ll -(; 
1-0(":1 \'Hl():; 
\-2o.'iU 

I - (i \'{i 

1181-A I Frequenc y Deviation Monitor 
]'ATE)\"T )\"OTICI· .. <;e., )\"o.e. 7 .~. 12. 20. 21.>. ])~J.:c "j. 

R-F 

AMPLIFIER 

MIXER 

Coupling to Transm itters: .-\ f"". ind",~ of wire 8(>r\'inC 
:oS "n an!('m,a is n~u:,!I~' suffi("icnt. _.\ minimtlm ni ,;() 
milli,·,,!t.~ I'il'kllp is rN,uired into" high-i .. ,p ... ·d,uu·c ,l!:rid 
eircui •. 

Accessories Supplied: Qu"rl7. 1)latl·. Ii"" l·OU"C<!lor 
curd. and plu~ r"r co",,(>("ling all rXl(>I''''',! "Wlrr. 

Power Supply: 10:; 10 12.; (o r :!IO 10 :!!,O "o!t~ ),:;O to 
(;0 , ·.,·(·I('~. 

Power Input: ;1,5 ",atts for healer uircuits, 100 w"tt~ for 
monilor drcnil s. 

Mounting: '1')0" ;,,~ " """"" i~ ,..·I"Y _J·,,, ·k """",ted. 
Panel Finish: S,,,"d,,nl G,,"(>ral H~,lio b"",k (·m ... kle. 
(\'rlaj" ~Iandard J.':'"".\'~ whi("j, can I"" I'ro"('"~('d in (1IIan­
lilY ern I"" SUPI,li(>(1 al a prkoe i" erc,,~c of SII.()O. 

Dimensions: 1',,, ,('1 (I"nglh ) HI x (h(>ighl ) 1.;; 3., irl("itC8. 
D(>llth belli"d p""cl. 13 i""hes. 

Ne t Weight: 51 I)uu!ld~. 

I'ria 

. . . . . . . . . I ;\1:\ LA \. $705.00 

FREQUENCY 

CP 
METER 

R -F 

AMPLIFIER 

A - F 

AMPLIFIER 
A - F 

AMPLIFIER 

STANDARD­
FREQUENCY 

OSCILLATOR 

PEAK~ 

CLIPPING 
AMPLIFIER 
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FREQUENCY 

TYPE 1170-A F-M MONITOR 

- ~~-.; ' 

<"'J' 

, .. 
e ;; ... .. ., • . ~ 

I - Jr;" Ii !I I '" ~ ... i ~. ~'.: - - ., '. " .:: 
.' •• '~", :' .. f.' 

m! 
-;..'" 
• 

I: 
t~ 00· ~I ~ 

USES: Thi" monitor giY($ a I'OlItinuOliS indi­
C:ltion of ccntN-fn'qucllcy and ]>Cl'c(:ntagc 
modulation (frcquC'llcy d(·\"iation) of f- m 
lmll:'mit.tCI':O. It. a]"'o furni ... h{',.: a high-fidelit.y 
Olltput for mCII."'urinJ,;: cii"lort ion and 110i>:c, and 
:\ GOO-ohm out.put for audio monitoring. The 
monilor is dcsignrd to opemto at. frcqueJwics 
between 30 and 220 nl('gn('ycl('~, covering both 
the f-Ill broadcasting bands and the {!'cquell­
('lcs IIs('d for audio l.J':\lll:imittcl's in tclc\'i.~ ion 
broadca.-;ting. 
DE SCRIPTION: The ac('ompnnying block dia­
gram "how!' i he fUI\('1 ional or)('mtioll of the 
monitor. A harmonic of lL ":landard-frcqucncy 
o~willator be:lts with t.he tmll:<mil tCI" f I'cqucllcy 
to pt'OdliCC a nomin:d int('l"mcd1:\\(, frcqllency 
of 150 kc pill:< 01' millu!'\ thc tl":U1...;mitter fre­
quency de\'ial ion,,,;, Thi:; :<ig:nal i!'\ then pa:<"ed 
throuV;lt :1mplifil'l":< and limiter" \\"hi('h ch:\nge 
t.he w:L\'cform t.o stcep, :;quare-tuJJped pubes 

of (:on"t:\nt. amplitudC', whi(" h :U'(' :Lpplied to ~\ 
('ollnIC'l'-t,\'IW di...;t"t"iminatol', Th(' d-(' out.put. 
of til(' cii . ..;niminator is u:-:cd to op('mt(' Lhc 
ccnt('r-f1"('(lllCIH'Y indi{';~tol'. ' I'he a-t" 01I t]>lll , 
SlI illlbly :unplilil't1 and lill(,1"('(I, opemtt's the 
modulation iudic'alar:.; :lI\d i:-: availahle :Lt. t.wo 
ou t put. ("in'uil_..;: a l00,OOO-ohm ('in'ui ... for di:<­
torlioll and noiS<' m(':I"\I\"('m('nt!'\ and :L ()()()... 

ohm l'irl'uit. for :wdio monitoring, 

FEATURES: .. 'I'll(' U.";t' of :l low inil'nlledi:ltc 
frcqu('lley and a tOUlltcr-t.\'I)(' di:<niminatol' 
rc~ult!'\ in :l high d('g;r('e of stahility , .<:0 that. a 
conti nUOIl .. -; indicat.ion of c('lIlcr ft'(::qlll'lw~' is 
;t('hiev('d wil hout rdcn'IH:c to :'1. ~ccond cry . ..;t:d 
for :<('1 I,ing ,wro . 
.. lIighly :<t:Li)lc c1'Y~I:ll o.'willai.ol'. K:lme ci1'­
('uil :L."; i:< u."t'd in (; H a-Ill monitor:-:, 
.. 13<'-(':\II:-:c the (.'ollnl<'1"-t.Yl)( ' dist'riminalm is 
inhel'cntly lincal", :l{'('ur:ttt' ("C'nlt'r-l"n'qm'ncy 
indicatioll:< ar(' obl:l ined ('V('II in period" of 
il(':\\'\' modll\:tt ion . 
.. Di.~l'l"imill:Ltor is lin(':l1' to bc'tt('1' th:ln 0.1 70, 
permit.ting :HTumtc di:-:tOl"tiOlI nWa.:'!UI"I']n('nt." . 
.. ('an be: ol)t'ratcd at 25 k(' = lOW';' modu\:\­
t iOIl , for tr\('\"i:siull audio dlalllw\:;, 
.. Di:<t.orlion-and-noi:<l'-nW;lSl.lrill).!: OU I,put. in­
cilldc'~ ~tmld:uJ 75 miCI"(}';I'I'(J]ld dc·cmpha:-:i:< 
circuit. 
.. H('~idual ]lOi;;c le\'cl is dOl\"n at JCIl,..;1 i 5 db 
refNrcd to ±75 kc (\(' \'ialioll. and G5 db for 
±Z5 kc (tclc\'i:-:ion) d('\' ial ion ." 
.. .\Iodul:l.t.ioll mCI('r r('ad:< 1)t):<itin' or ncga­
tL\'C pC:l.ks or peak-to-peak, a.s :<ciP("\cd by a. 
switch. 
.. Ovel"modulation lamp flashes whell modu­
li~tioll <'-XC{WC\S 1(,\'('1 (~S !'\('t bY :~ dial. 
.. H,-F sen;;itivits i" 1.0 \"OIl. or he(.It'!". 
.. Adjustable i,i1mt utt.c'IlU,LIOI", with input. 
le\'ci mct CI". 
.. Pilot. lamp indiealcs w\WIt input. Ic\'cl is 
adcqll:l.te. 
.. 'fermin:lls arc provided fol' C'ontll'tling cx­
tCl'Il:d n1('tCI'8 and OYt'l'lllt}(iuhtioll indicators, 
.. Hcguhted power :-:upply. 
.. Clm,<:sis :~1'ml\ged for maximum heal.. dis.<:.i­
p:llion ll.nd ea .... y >;(,I"\"icing, 
.. .-\ 7,('1"0 ('uITet'lion j" pru\'kicd to cOm pCIL.,ate 
for long-t.ime drift. 

SPECIFICATIONS 
Tran smitter Frequency Range: 30 to W:! l\1" with 
TYr'>: IliO-l'l H,F Tuninit rni, : It.!) \0 2:.'0 1I1c with 
Tn'>: 1]70-1'2 It-I-' TlInint-: ruil. 
R · F Inpu t Impedance: lIilCh imll<'t\!lnC1.', wilh Type 
ii4 ( '~txi!l1 C ( ,IlIlC('lOr, A C:tll:lcit !l r]('c :Ht(,lIllalor i~ 

I)n"ided fo r :.djIlU;lIg ti,l' input le\"cl. Thc mouitor C!ln 
I .... , u$C<1 "ith st;l.II<\;ord H ;\1 ,\ tnln~mittcr mun;"'r;,,): 
OUlput, 
Inpu t Sensitivity : I "olt t.f, or better, 

In pu t Level Indicators: A meter fur indi"aling r_1 
input le\"(~1 is ]m,\"idNl at th<' r(""r "I th ll cJ",>!Si ~. Si):nal 
pilo t h'1I1I) :mu ~('nt<-r,fr""I "(""" ," · IlIN"r 1)i1u(. I(.!uw when 
illlml1c,,,1 is lId." .""I<-. ,,,,.I ;01'<- ex(iugui~hNI wht·" le \'('1 
dro],~ hcluw th., u~"hl" minimum. 

In termediate Freq u en cy: IflO "", 

Discriminator: I'nlre-connter type, 1["(Oar to IX-Hc, 
tlmn 0.] 0;;, u ,'cr" r:tngc of ± IOU Icc ( I:{:I ';"~ modubtiu,,) . 
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Center Frequency: 
Indication: :'Ilel l.' r i~ c"hhmled ill lOO-eyrie di\' i ~ion~ 

from -::1000 10 + :lOOO "'~'cJC$ ]Jcr second. No 1.1.','0 WI i ~ 
nCt-e~~:, ry for cach I"c"dilll.: " nd no ~colld cr~'st:ll is ]),'0-
vided. 

Accuracy: (;rY~I:ll fn.'<llIen.-y, when monitor i.i re­
co;oi,·o;od. is within ±IO ]J:lrt.i pcr millio" of 81Klcificd ch"""cl 
fl"(!qu.-n.-y. Cl·n tcr-frc(tu ... nc.,· J"(>adillJ,: i~ adjustable o,'('r 
±:IOOO-c-,"de r:l.ZlJ:C to brillg moni ior into ngr"('lllNlt wi lh 
frcqU(:"(:~'_me"s"ri"g sel"\"iee. Center-frequency illdicmiun 
Ihe" is accurate to ±:Wll eyd('s. 

Stability: ±·IOO l,art~ ()lCr millioJl , or lKlttcf, O\·c,·_all. 
fur lo"g pcriod"s. 
Percentage Modulat ion: 

Indication: :\lell'r i~ cal ibrated from 0 10 1:1:I 'lt.. 
Additiu,,:.! dh 8(·,,!e is pro,·idcd. ::>,..il.-h ~e!(>"I~ l)/);litivc 
ur "I'gati\"c rl('ak~. ur full-w:\\"e (IKl.1k-lo-pc"k ) i"dicat i .... ". 
100 % Ilwdul:itioll corresp .... nds to i5 kc d""'i"t ion for 
f_m h""d;;. Int t'rlw! "dj"~I"'enl of IrWt('r rir"ui, challges 
calibr:.liOIl to read ICM.)'" ~ ~H 25 k(' dcvi"lion. for 11'1e­
vi~iOn ~tI,dio moniluring. :\I cler h"l1 i~li~~ "'I,'{lL FCC 
tC(lui~1l1c"tS. 

Accuracy: ±5% modulation. 
Overmodulation Ind ica tor: I,,.,m]) fht8hes wh"" 

IIT{'{h,tl'rmined lIlodub(i(ln 11'\"('1, :l.~ ~"t 011 " lli"l. i8 
(');("C<'dNI. n",,!.:.., (If dial is 0 to I~O% llioduration. 
Ou tput Circuits: 

1. Distortion and Noise M(>asu r ements: 'l\'rmina!s 
art' pm\"ided for ..,on",,(:(ing" 'fl',,):: lfM2 Di~lort;un and 
Xoisc :'I1l·h·l". ,,"d " gain N)U1rol is I/ro\" i([(·d. 

Resid ua l Distortion: I.""",, thun 0.2 % '" lOO-kc ;;".i"ll; 
(I:n</~ IIloduhtion). 

Response: 50 to ~O.OOO cycles per ~N'<>"d ±h db. 
Siandard 75 ",icrosecond dt'-cml)hasis circuit i~ induded. 

Maximum Output: L..; \"olts inlo 100,000 (>hm~. 

Residual Noise Level: - i i; dh vr i.>ctl"r r ... ferred to 

i ii I.e de"ialion: -65 dll ur Ucllcr for ~;; k<.: dc,·jatiOIi . 
Sensitivity: Full outl/llt ",in 1)(' o1>I01 ill(·d dO,,"11 10 1"> '10 

of i 5 ke d("'i:l\io". ~nsiti\"ity \"ark~ wilh mooul:Hion 
(T('<IUC"'·.'· in "(·..,ord,,nc\) wi th ~t ;",daJ'd d"-,,mph,,~i~ 
Chal"aCI,·rist ic. 

2. Audio Monitoring Output: 

Type 

1 ' 70-A I F_M Monitor ......•.•.•.•.•. • • . 
P ,\ TEST :;.;OTICI-:. See ;';01" I, P"I:" vi. 

FREQUENCY 

Impedance: GOO ohms, nnb"l:oueed. 
Output: Zero dhm:\1 75 ke dc\"i"lion, 100% modula_ 

tion. 
Response: :',0 to 15.000 ",~'cl"s per second ±H db. 

Crystal Oscillator: GClleral H"di .... hill;h-sl:l.hility circuit. 
Cryslal is tellllX'rature_controIINi:lt (60 ±O. 15 )" C . TeUl_ 
peralurc cocnicicn' of Cr.l"~I"! i~ ~ II:.ru liN million 01" 

Ic:s:l I,cr dcgr<'(l C. CT~'~lal o~cill"tvr Ollllllli 1""('1 ~an he 
rcad 011 »:llId ",eH'r by PI"('$>;UIl; " 1)\l8h-\)uI\0]} swit ... h. A 
j"ck is mounlcd:I1 tIl\' rc"T .... f the ch"ssj~ for ("()I1I1 ('<!t ing 
a mil1i,unmelcr In ("(,t'<·k erY~I:,] o~l'illal(>J" ph,e curn:nt. 
Remote Indicators: Ci ... · uil~ :I,td lcl"I"i",,1s ,,1"1' pr' ... 
vidt'd for ("(Innce lill~ Ihe full l)wing i"di":lt l'i1! ('x",r­

":Ill.,' : 
Cc"lcr-frc<jllcnc,l" i"di~alOr 
I'erccnt:l!;(>-Irlodulatilln mcler 
O"er-,"odubt io'II:lIl'I) 
(;lIO- .... hm uul,:lbnC(>d allr,,1 ,,,o,,itol" 

Vacuum Tubes: 'l"ht' foll .... wiul.: tulJCll nrc n ~ ... d alld :Ire 
supplied Wilh (hc monilor: 

1- (; .. \1\(; 2--(1(;4 
2- (;.\(;7 
)- (; .. \1\7 
2- (;::>:-":7-G'I" 
I- GBEfj 
)- ti.\(:5 
2-:!050 
I- (;:::J i 
v--(j,\ I.ii 
4-GSLi-GT 

1-:',15 
2-o1J3/ ,'HI :';O 
I- (;./G 
\- mn 
1- (;;-;10 
\- (; .. \ 87_(; 
I -oC3/ VH 105 
2-;14 

Accessories Supplied: All tuhcs, co:", i,,] ronnector for 
r-f i"liUl. pow!'\" line l"()III'e~lio" c(,rd. l)Ower ~\lpply plu!.: . 
Power Supply: 105 ,0 12.j '·(llt~. ,;() to GO cycles. Power­
IrHnsfor"l<:r_l,rim:IT.'" (·omle,·tion~ ..,,,n 1)(1 ~ha"ged \0 

perl"it O(l('r:llion On :!IU 10 :.!50 \"olts. 11:11('(1 power input 
~OO ,,"alta. 
Mounting: I'.)-iuth r('lay-r,wk p'Ulcl with duu cover. 
Panel Finish : Stand:lrd (jeneral Hadio black cr:l.ckle 
lae,!u(·r. C('rl"in IIt:l",hnl grays :md olher finishes Ih:lL 
Call 1)(l proccssed in quantity ,'1111 IX' furHi~hrd at nn eXlm 
Ch:IT/.:" of .s~O.OO. 
Dimensions: Prill"], HI x ~u ti inelll's, del/tl' !x·hi "d 
I>,,"el. lau i,whes, o\"C!r-:,]1. 
Net Weight: :"s I>u"nd~. 

evil" WQrd 

.\IW.\tI $1625.00 
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FREQUENCY 

TYPE 1175-8 FREQUENCY MON IT OR 

USES: The TYI't: [J 7.5-B Jo'I'C'<!UCIlCY 1\lonitol' 
is designed to monitor the c[\ lTicl' frequency 
of :tll1plitudc-modlllatcd radio tl':tnsmit,ten; in 
the high-frequency range, particularly those 
opcmtcd by police, fit'c, and ot.her muuicip:)] 
dcp:trtmcnts. It is a high-sensitivity monitor 
and hence can be lIsed to mOlliLal' low-fre­
quell(;,)' mobile transmit..tcrs from a dist·[lnce 
as well as for monitoring t.JIC main transmitter. 

Cscd either s ingly 01' in groups, it provides 
an excellent means of moni t.oring the frequen­
cies used by airlines and Hil'port", 

Television tnHlsmittcrs opcrat,ing at, fre­
quencici'l up to 220 megncyclcs Clln IISC the 
'l'yp,:: 1175-B'1' Frequency :Monitor fo r 
continuously monitoring the \'idco cnrrier 
freCjuency. 

A voltage of t he nudio bent frcqucncy 
bctween transmitter and moni tor crystnls is 
ava ibble nt nil outpuL jack. Wh ere a con· 
tinUOllS indicat.ion of frequency deviation is 
desired, the TY l' E 11 7(;·.'\ Freq llellcy:-If etcr 
should be used . 

DESCRIPTION: The monitor consists of a 
temperature-controlled piezo-electric oscil­
!:ltor with mounting facilit,ics for '1 crystals; 
2 buffer amplifiers, one for the cryst.:11 fre­
quency and one fOI' t.he trnnsmitler frequency; 
a mixer; and an audio·frequency amplifier. 
in the TYPI<; 1175·13'1' Frequency l\'lonitoJ' 
the erysla l butTcr nm plitier is t,ulled and so 
the monitor becomcs essentially a s ingle­
channel in strument-although four crystnls enn 
be mounted in til(' 0\'('11. 
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The crystal oscillator circuit ill onc devel­
oped in lhe Ceneral Ra.dio labomtOl'ies 
spccifieally fo r lISC in monitori ng where a high 
degrec of stabi li ty and reliability i;j rcquin'tl. 
I t difY<'J'S from older t.ypes in onc important 
J'e<ped: no tu ned elelll<'nts am lIsed in til<' 
circu it except thc crystal itself. The crystal 
ol><'l":\tes much nearer to its truc :-:eri('s rt'So­
nant. frequcncy t han is possible in (·011\·1'11-

lional ci rcuits, and t he sta.bility :u-hi{'ved is 
correspondingly higher. 

The bc:l t.- f l"(~quellc.v Oll tput is :tvail:l.ble :H 
it telephone jack Oil Ihe panel , :ltld tht' Olltput 
of the crystal osdll:l tor is :Ivailahlt' at p:lllel 
term inals for c:l.l ibrating or adjusling ot her 
equ ipment, such :.\s receiwrs and mobilc 
transmit t(' rs . A low-pass filter is provided wit II 
t he Tn·I·: 1175-13'1' for use oeL\\"p,cn lhe monitor 
and the T YI'E 1170-.\ Fn:qucn cy i\ let.er. Tid:; 
filter is ll~d t.o eliminate the piclu re Ulle­
frl'quency component of 15,750 cycle:-: and i\.~ 
ha.rmonic. ... 

A p:tllcl :;\\ itcl\ ,·1110\\·8 thc mUllitor 10 be 
kept in a stand-by condition, \\"here the 
v:l.ctlum-tubc ci rcui ts a re )lot operating but 
tcmpcra.ture cont.rol is maintained. 

FREQUENCY 

FEATURES: ~ Teledsioll t ralH.;mit fer-fre­
quency monitoring on nil cha llnels from 1 to 
13, ill('\ll :-:in~, is simple ami cull\·cllicll t wit h 
this mOil it or. 

~ The high sen:-:it i\· it .... of Ihe monitor makes 
it. pos:-:ible to u:-:c it fOr lo\\"-power services 
:l.Ild rcmotc 1ll00li loring. 

~ ('r .... :-: I:l1 osdllatOI· output i:-: a\·ailablc at 
panel t('rllIinals and :In output le\·el control 
is pnn·ided. 

~ Two butTer :-:Iag(':-: arc II:-:e(\ . one fO I· the 
c ry :-: t:l.l oscillator alld ol1e for the Il":1ll"mittcr 
input. 

~ Sinnd-hy opera t iun j,.; 1\\·lIiI:IOI(, hy .~im ply 
t lll·Hill)!; n :-:lI"it{"h on the panel. 

~ .\ 1(':-:1 fu r dc\·intioll di!"N.·tion i:-: j)\"()vidcd, 
:1:; well:l:-: le.-: I,. for ("1".\·4:11 and heal output. 

~ .1.)cvi:l1 ion r!"l'qllelH".\- m:l.p l Illlcie, completely 
llllafYe<"i('(1 by :lmplitllde modulat·ion of the 
t.mnsmiLtcr e:IITier. i:; given direct1.\· when It 

TYI' ~; 117(}.-. \ Frequcncy ,\ Icter is used with 
t.he monitor. 

AClU:"I1 re<"ords of crys l:LI o~cill"t"r ~t"hili,y .... \·'·r :"I period of /I('\·('r:ll \\".~k~. Th(' fre<lu(,IH:i('s indie"Ie<1 on 
tI.e J)IOl "I"(: r"nd""I ... "t"l~: h"r"u",i(·~ "r.- u."!t-li f"r nI""i ' "rin.!:. 

S PECIFICATIONS 
Cilrrier Frequency Range: Ir.oo kr 10 162 Me fur 
T'I"I'': ll75-U; 1600 kr 10 220 "'I r for Tn'': lIi5-BT. 
AccurilCy : With TI·,·.: 376-),[ Q\I,'rl~ J>I'lIe. O.I)()J%_ 
Quartz Plate: Xo o:ry~I"ls ,ITt) in('luo! ... 't.l in ,he price. 
~ prit"C li~t below. C~·~t:ll~ are I(roll",1 10 an imel(r:l1 
8uh-multiple of I he challllf'1 freqllcl1ry. uul<:-!J8 offJ!O: l Ol)('r­
a lian b ~Jledficd_ 

Number of Monitor ing Channels: A Itl:lxiltlllltl of 
fOllr d iffe rent eh:'nnclS for T n·.: I li'i_B; onc only ftlr 
Tn.: 1175-11"1'. 

Power Supply: lOS to 125 Yolu. 50 ttl 00 t·~·dc$. By 

ch:"'l(illl( .... "',w,·tiuns on the I>ow,-r lr:",dormer. the 
monitor ,·,11 , he operated from :, 210- 10 250-'·oh Ii,\{>. 
Power Input : 75 wau~_ inrlurlin.a: lell>l)('r:l11l1"\' colllro1. 
Accessories Suppli ed: Linc eo"neelOr cord. multi_ 
point Mllnerlor. :md T\·l'p' 7i-l.:\! (;"blc _I:lck. 
Vacuum T ubes: 

I--GAC7 1- 6.".17 
1- 6,\07 1--G.'.:5 
l- fi l-:5 I--GBt-:6 
I (;:';':--;7-(;T 1- 01):1 \"Il1 50 

.\ 11 \-,"·Ullm tuhes "re ~uIJ\l1ied. 
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FREQUENCY 

Pa nel F in ish : ~1:""lar,1 C<'n!'f"] Ibdio hlaek cr"d.:Ic. 
<.:ertain $wnd:trtl Kr"y. "hid, r"u II(! Ilro<'1'llSC'<1 in (L""n­
tity C:LIL 1)(' ~U IlIJ lied tI.\ " pri.'e i, ... rC:l~ of S I1.00. 
Mounting : ~l"nd"rd 19·inrh rel:t~'_ r:I~k 1"111..,1. \ \ '"hml 
end {r:orne! tire ~":li"'bl." rvr "da,.I;1I1: the i""HIlI"';'''' 

T illie 

fo r ':lh1(· 1l\()ImtinJ:. (~ Ilrj (,,,, li.,\ 1I..-Iv,... ) 
Dimensions : 1': .. ,..1. l~j x -; ir ... hl·~: <lcl, I/ ' Il<' hiud ,>:onel, 
11', ;".-h/':l. 
Ne t Weight: :!:! l)<llmd~. 

Cooe Word I'd("</! 

- ':-:'-=-75::'--B 
1175-BT 
376-M 
ZFRI-410-Pl 
ZFRI-710-P5 

Frequ e nc y Monitor 1600 kc to 162 Me TIPSY $325.00 
340.00 

70.00 
16.50 pair 

Frequency Monitor 1600 kc to 220 Me "'I":\" IC 
Quartz Plate . . . . . . . . . . . . . . . .. L .\ 110ft 
End Frames for Type 117S-B (or -BT) ..... E:\IH'1(.\ MII\\" 

End Frames for Type 1176-A mounted with 
Type 1175-8 (or -BT ) as a s ingle unit EXIlFU .\ .\l G.\ i> 17.00 pair 

1'.n·EX1' XOTIC'E. N!e ",,1<"11 I. '. 12, ~O, p~J(t vi. 

TYPE 1176-A FREOUENCY METER 

USES: The '1'''1'1': 11 Hi-A Frequency ). rctcr 
clm hc ul$cd :l l$ :L gener:d-purpolSc ill:;\'nllllcn t 
for dclcnnininl{ Lhe freq ueuey of all IIllknO\\"l\ 
801l1'{;C, 01' coni illuou~ ly monitoring the fre­
qu\'JIcy of a sy.'itcm. 

For thc clcct roni('S labot'atory i t j)1'O\'idcs 
n. cOll vcn icnt mcftll$ of mC:l~\Il'illg audio alJ(l 
sli person ic frequclIcit·s up to 00 kc, regardless 
of w:l\'cform. FOI' monitol'inl!; rad io tran!<rnit­
tCl'lS, it call be lI,;('d in conjullction with a 
crysta\ rnallito!', l'.HICh ftS the TYI'E 1175-B, 
ta indkat e ('onlili liolisly the dcviation from 
ftlSSigncd chalillci frequency, 

DESCRIPTION: Thl' eircuit con,.;ists of ( I) an 
input :lInplificl' f()lIowed by (2) a, ~l'i('s of 
clipping and limiling ilmpli(icr"", and (:n a 
frequ(,llcy-indicating cil'('IIiL compo:S(..'C\ of a, 
cap:H'itor, ;l, diode, and a <I-e micromnmctcr, 
The fUlJ ction of 1111' clipperi' :\lI(l lim itl'J')' is to 
COIlYert t he input :-:ign:ll to:1 i'qwnc \\'a \'cfonn 

SO tlwt the ind i,'atioll j" not :lneded Iw 
cha llg<'s ill am pli tude 01" wJn-crol'm of Ol e 
inpuL .signal. 

FEATURES: ,. Dircei.-I'f':lding Hcak,'i, :111(\ :l 

sillgle r:lnge-se1cttOl" swit('h , pCl'mit rapid 
frequenc .... IIlCa f"lI rCIll{'n ts to he lIl11de, 
,. A well-regula ted po\\"el" su pply I'lirninalc~ 
:til ('O'cct :! of line "oltag<' ch:lllge,.;, 
.. Illdi \'idua\ ,,;c:lie caliln :tt ion adju,.;tmcnt:< 
:Ire prodd('(i for each mnge, 
.. , \11 exteJ"J1:t\ metel' ('an he COIIIII'('INI to Ill(' 
in.strum('nl. th rou)!;h a IllUll ipllil l1 cOIlIJ('dur 
on t he rear of the unit. 
... T wo !:'Cts of input. h'rminnls :"11'0 pn)\'ided 
0 11 the pand :lnd , Ull the rca l" of the IIIl i l, :t 
multipoint cOlllleei Or pro\' idC's :1 ml';LtlS of 
:1 Uftching mOre perma nent {"ounce! ioni', PII1!!­
ging int o ti l(' \\" K p:lncl jal'ki! lHltol1l:tticall.\' 
diSCOllncc'ts the I"C:II' tl'rminak 
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FREQUEN CY 

S PECIFICATION S 

Ra n ge : ~5-(iO.OOO ('~'dcs ncr $<." ' ",,(1 ill ~i.~ nl1IJ:CS. Full_ 
.~t· 'ilr ,·;,hlt'~ a rc 200. (;00 , 2000, GUOO, 20 ,000, fiO,OOO 
{·ydes. 

Accu racy : ± (:!'i~ of f,,11 s""I" + 2eyd.·s), {or:lll raUI(<'s. 
When o p<'r"liuJ: oil Il,,' GO.O(lO",".,·,·I(' r:l1,J,!i'. wilh I('~ 1/.:'" 
0.5 "Oil ;UPlll, Il,e ," 'CII!"'''"}" ~com('s ;±:J';~ nf l ull ~(· "I(· . 

I n pu t Vol tages: 0.25-1.".0 n)\ts. 

Inpu t Resistance: ;jOO,O()() "IUl'~, for "II 1":<Ilj!(>S. Olle 
sill" I:rv""dNI. 

I n p u t Waveform: '\"1,,· r"",Ii"J.:s a r!) SUl>l'I"1l1i,, 1l ~ ' ;IHlc­
lwndem of wuvd(,rm, ~() ]",,1': as \/w (li~sY""1H'II)' "r Ihe 
posit j,"(, :llld !legat; \"<: lion i"us ... r till" ,,""'"l' i~ Ic'i.S \/'"'' ~·l. 

Powe r S upply : 10:,·125 (,,,. :!10 \0 2:,0 ) \·,,11,. :iO-(iO 
·Tdl:~. 

Power Input: 5 1) " ,,1\S. 

Vacuum Tu bes : 
I - Ii I-if; I- H:-'Xi-GT 
l - f;:O; Q'i" ! fi./;; 
!- 6 X f> :!- 6KJ7 
\ - () \" ij 1-0Aa, \'lG;; 

i - A"'pcrit,' :1··' 
, \ !! ,'a('lllll" tlll)(,8 :lrc ~lIp"l i pd. 

Moun ti ng; !-i.lalldau[ 1~I_illd, I .... l:t~·· r"(·k ]>:,,\('1; W:.J II llL 
,·"d fr''''' ''$ arc ,,,,,,ihbh,, 10 O'{)II\,,· rt to ,ahle "'''\lIIling, 
(:O;C,· ,,,.i.·c Ii~t bduw J, 
Pa ne l F i n is h: ~1" I\d"I'([ (;"1(, ... ,,[ Hadi" h[,wk ..,., ,,,k[,'. 
(\· .. I:lil1 ~1:"I,bl'<l I!""Y~ w!>i,.h "an ]",. I'r"" (,~>R'(1 i n (l11an· 
lilY Cal( he slIpplicll al ,,\·ri('(· il(', ... ·:lSC uf SII.OU. 

Accessories S upplied: l.inc "un"""Wr curd ,,,,,I lI1ul,i. 
l)<Ji", '·,)",u)<,IU". 

D i m ensions : 1':11",1. 10 x f>~.( i"d,c~ _ d" p!h \",hind 
p:I],<,I, 1 1 J4 ill,-hf'~, 

N et Weight: I~ ' }~ I>"u"d~, 

--,-=c'-TyW 
1176-A 
ZFRI - 310 - Pl 
ZFRI-710- PS 

.~ ___ _ ~ ___ ~ _ _ _ , _--,C:".Q<" Ii'Qf{i 

Freq uency Meter . ' ITIlLO $265.00 
16.50 pgir End Frames for Ty pe 1176- A E:'\ DFH:\ MCNl' 

End Frames for Type 11 76-A mounted w i th 
Ty pe 11 7S- S (or -BT ) as a sing le uni t E:'Ii D F lLU.WAS 

PAT E",], "OTICl-: . ";c.., :'\Q\<), I. 26. p.~gc ,-j, 

The Tl'l'f~ 11 7;;·B J'!'()(II1"ncy 
:'I1 ""i\or ",nr! I.he ,\,,'1'.: 117(;. A 
Frclll1cnr~' :'Il etcr ,..,." ~ho\\'n 
here "~~",,,lAed Wilh "nd fl·"mc~ 
f"r 11,;""~:l de\-iatioll 1l1""iWr. 
E i t l"'r i n~tnUll('lIt en n be ])lIr· 
("),;,;C{] :tIld u~cd ~ep,"' ntelr . 
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FREQUENCY 

TYPE 1141-A AUDIO-FREQUENCY METER 

USES: The Tn!:: 1141-A Audio-Frequency 
:\ Ictcl' is:l cOIl\·cll icut. in13t rullll'n t. fot' mC:l:otu'­
ing the freq ueuey of oscilla tors auci olher 
a udio-frcqllc 11(',Y si/.;II.\1 SOI II'CCS. III nldio-fre­
qucn<,y mca~lIrcnl('nts it. can be uiicd to 
mca13\11'C 1 he f requeue}' of t he :\Udio \.)(':1 t 
bcl.wccn the unknown fl'CqUl'IlCY and :1 10-
kiloc,vclc ::;t:l ndn rd-fn.'qucncy h:ll'mollic. 
DESCRIPTION: T his mete!' u~s the Wjell 
hridgC' fl'(!(llIcllcy-scledi,·c eircuit, with a lIull 
method of idcntific:ltion. The hrid.c;c cirellit 
cOllt:lins only Cftp:I(' i talw{'s :lnd r('~i:'t: IIl(·('S. 
The cal ibrated dial control::;:l ganged as,:crnh1.r 

of t.wo I>1'CCI81011 v,u-i!1hlc l'c~ i i'f ors. \\"hilc the 
changeii in r:lIlgC:He lI<:cornpli:.hcd by switch­
ing the fixed capacitor:;. 

FEATURES: .. \ 'cry :lcclImte audio-frequency 
mea:;urCIlH'tlt ~ (':til be made easily, 
.. A \\' ide frequency range f!'Om 20 to 20,000 
cycle:; i:s co\'cl'cd ill three d('(,:tde I':lnges, 
.. A log:lI'ithll1i c d ial sC:llc i,., 111:'\(1(' p08."ihl(' 
by It~ing variablc resi:;tol'i; wit h t:lpel'('d 
elcnwnts, 
.. \I:t,ltlletic pil'kup is negligible 1)C(':utSC the 
cin'lIit lt ~,; (Jilly rc~ist;l,nces :tnd c:t P:H'it:UI('L'!<, 

SPECIFICA TION S 
Freq uency Range: 20 10 20.000 tyr1t'l! IH lhti!" r:1IIJ(t's, 
20 to :!OO cp:lt~, 200 to :!Ul)O r~' dtg, ,HId 2000 10 20,UOU 
,'~'dt~, 
Accuracy: ±O.5% o\"tr the {'llIlrt frNjUcncy r"ng", T hn 
Hull l)Oint is Slo"TP cn<)uf,(h 110 llml 111\' di,,] l·,IIl he ~I 
100.1 % pro\"i(lP<l II,,, w~"'d<)rm i~ ",,,,o(lImbly 1l\11"(' :",d 
II I(' 8u)I), b' \'ol\"b'C or dctttlOr 1R'''$il;\"ily is Buflicitutl~· 
hiJl:h 10 I)TG\'idc the "c<"('l!S.'lry 0\'('1'-,,11 lItl!si l h·ily. 
Dial: The G_int'h whi~h h"" :_ ~1!)w-motion drin~, 

of abOIlt. 3200 J;:l\" ing " >:1<:"1,, 

1('''ll th ,,{ " .... lIl 17 in('hc~ fnr t':lI"h ]0 hI ] fl'l"tllt'llty 
rauJ(", TIon HI!:,1 ~"a1c 1"nJ(!h i" thu~ over .\ fl>('1. 
Input Impedance: :\ to 10 ki1uhms, tlo~ ,malltr ",,]no 
('orre~t>ondi,,~ 10 tlot' hio:lwr fl"(.·q\L(,lI~i('~. 

Input Voltage: 110 n,It.~ nns, ma"imum, 
Output Impedance: 1 10 -I kilohm8, Ii,t ~",,,II .. r \'"IU(~ 
t'()rrespollding lu th" hif,(iler fIX'<IU"lId",~, 
Controls: }o"J'e<lucnry Ji" l, n<ngc 1lI.']crlor ~"itd" and 
re"i~I"lU.'o-lll,l:u""C NJnl rol. 
Accessories Requi red: A null d.'tl'rlor ill n('('(led to 
operate the meter. 1I,'"d teltl)h()I)f's, rueh:u Ihe \\'Ult'rn 
£1(">lri(: 1000.!-C, or au ",nplili ... r-mtl(·r t .... ",hin:ltio n, 
~lld) :IS the Tyl'.: l :!JI-1I .,\ ZIlI)lifitr finn :\ull ))'''It ... lOr, 
,.,, " he u~d. EYen with head tt'le"hhlle~ an "",plili,'r 
flud IIItt'r 8(ot"ti'ln will pro\'e lIS<'ful. 
Mounting: TI'e instrument is m()U!Lll"Il oil au :L1uminum 
I)''''tl in a ~hicldcd ,-,ahin('l. 
Dimensions: (Lcu!;t h ) 12 " ("idlh ) f."~ " (lll'hd,l ) !l 
i"rhc~ over-"n. 
Net Weight: 15J:( pound$, 

Code WQrd Pricc 

1141-A 1 Audio-Frequency Meter ... , .. , , , , , , , ,I COLOIt -1- $215.00 
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FREQUENCY 

TYPE 815 PRECISION FORK 

USES: The THE 813 Pn'('i~iot1 Fork is dl'­
~i)!rt('d for such uscs liS timing in g:cophysil'lll 
explorat io ll , ralinl!; elo('k~ and \\":Itchc;.;, ",YIl­
chronizillg f:lc~imik iransrni",;ioll. :llId lo\\"­
frequency s\11l1d:lnlizlltion. It i:-: :Ibn lin 
cx('C'lIenL SUlln.:c for ac(;tIt',\\c]y limill!,!; :;lrobo­
scopic flashes. 

DESCRIPTION: 'I' ll(' fork j" m:H~{' of lo\\"­
tcmpcr'llIII'C-(,(H'ffi('i(,tll ":Iaillk"" "I('cl. I t i,; 
mOllntt'd al the h('('[ uti a llWl:d panel which 
is al1:l("hcd to !itt' tn,tin b:l:'{' hv 11)(>:111": of 
I"\II)h('1" "hoek Ilh:<or!)('r .. " to ]'(·dlll '(' t'11('I'g:.\' 

dil':-:ipation thl'ollp:h Ii\(' tnolllning:. TIl(' fork 
i ~ drh't'tl hy all elc('tl'om:lg:net muunted 
bet \\' ('('It t h(' t it1('s. 

:-,ep:lratc rnic:I'OphOtll' hlltton,.: :He ll:wd for 
t he dridll)!; allll UlllpllL cil'cuit:.;. ()Ilt' mit'ro­
phwl(' IJ\(itoll I,; llH)Ilnif'Ci Ull (':u'h tillt' ncar 
lilt, 11('('1 of tIl(' fork, 1\'I1('rt' tht' ;(Illp1itude of 
vihration i,.: 101\', '1 hi,; rn inimizt's Ihe tb\mpillg 
nel iOIl I\'hich I he preSI'IH'I' of Ih(' mil'l'o­
plllllU''': t'xerl s Oil Ihe fork, AI ill(' ('lId of 
caeh lillI', ;Hijllslilll!; ,~('r('II''': arc prO\'ided for 
equalizing Ihe loadilll-{ 011 the till('S, :lll 

im])()l'lanl f:I('I()r ill rt,dllcing the (11't ' rt'IIIt'III, 

FEA TURES: ~ . \ eClIr:1C\' a Illi sta bilii \' :H(' com­
billed with :o;implicil",: of cOIl,;tru;,tiolL and 
oper:ltioll, 
• Sm:tll size :lnd lo\\' POII'N )'('qllin'Il\PlIts 
m:lke the fork easily porI able, 

SPECIFICATION S 

Frequency: Tlm'e m,,<l('I~, "]",,,,';111; at ;'0, W, aud 
IOU "Yt'k~. ''f'SP.,,',;vciy. ,,"C li~l .. d, 

Calibration: Th" furl. will 1)(' "x""II~' u" {r"'IUl""'~' :It 
1',,,, ,,(. h'UlI','mtul"<.1I,,'I"',,('n ,0 autl ~u dl'l'(re('$ Fahrenheit. 
' i 'h(' nu::o,.urt'd ",,1,11', wilh a dridul: ""It:II((' of·, \·"Its. 
al " ~1"1('d , .,mlx,r"tUrl.! h.: IW' ... ·" ,II "nd I'U d;'I':I'l't's 
].'"101"<,,,10(';1 is W\'('" (I" Ihe cal ihr:otiull ('N'lific:lIe 
to ± U.OUl c,;', 

Stability: Tlu~ "wr."n ~"'hLlily "r Ill(' rork i~ abollt 
1 ]Jan j" 10,000 ""der ,,'.,.m:,1 01,('r"li"l: .;'. "(Iili"n~, 

T emperature Coefficient: B('(w,','u 60 ,,,,d 8H 11(·),[,'f'(," 
F:ohrt'"locil (l,e t,'n'IX'I':l'UI'.., .."x,Ifj";f'"l of {rc'juc,,,'," i~ 
:" ..... u~ C),(lIlI70 pcr d..,j!r..,c F"I"',',,I,,~ i( :lnd is IICI::lt;,·C, 
TI,e :"'l1ml ",.,:o~ur.,d ":olue i~ j(i''eJ1 un the ""lih,.:llion 
certificatc. 

Voltage Coefficient: The volt:ll':" C(If'Ifj";c"r .)( frl.!­
(jllC""~' ;>1 ahout (I.t.lIN'/c I'c r \'olt a"d i~ l':il'<'11 fur ":I<'h 
fork UII Ihe ..,,,]ibral'un certi/i.,atc, 

Waveform: ll:o.",,,,,i<'>I "re ahout :$0% of th ... (HJ\llIlt 
yuh"l:c ,,~all]":Ids , 

Ou tput : The inl('rn,,1 output i"'llt'd:" ... c i.l "h01)l 50 
()ht,,~, ""d Ihe ,wl.~imu", "m l"l~ IlOw"r "I~)", 2;. ,u'lli­
W:lUS when a G-\'ult hal(l·ry is u!W!d in Ih<' OUlput "in'uit. 
T he 'rl')'1; SI5-1 '1 T.a"sfurtlwr ha>l :0 ~ I"IJ-Ul' ralio of 
I 10 :!7_1::1 "ud :111 olwn-l'ircuit UUlput of "l:>nUI ,;0 ,"olli! 
c,'" hc oht"i,,('d from it wh.,n ('o,,,,(" 'If'd It) the rurk 
output, This tr:msfur".(: ,' is re(:um'l1endt'd fu r uS() I",! WC<ln 

Tyv<: 

tI,(: f"rk output ami an~' rda(i\,,'I~' l,il':l0 I.md ;"'I'<-,d,,,,..., 
sHch "s Ihe input tu a I""",' r amplificr, 
Power Supply: ,\ 4-v"l, I~'!\('I)' is rt'~""'''",,{'ntl(>d as 
tI'l' dr;\'i"l: s"un'c atHI " -1 - !o (j·\'ult 1~'1 tl'ry in I h<-' '''11 pm 
cin''';I. Thc halH"oy Can b., ('0,01,"(0" til hOl Ii C;rC"il~, 
Dri,,;n/!: ,'urn'IIt is II'$.'\ ,hau.)O milli"IIlIIt"I"{'S, 
Accessories Supplied: .-\ "]>h,,~j,,!:-- ~:opwi((lI' wilh 
phll':-iu lc:od~, 
Mounting: '1'1", [,,,,I. ":j.$(''''''J~' i~ ,,,,,,,,,('(1 01l:t 1111'1,,1 
1m"", ",hi"h >I"mlld lo<.! h"ri,u"I,,1 ",10(011 rl", fork i~ upt','­
ali,,!:, 

Dimensions: 1:$:< (; l(:~ i"d)('~, m','r-:oll, 

Weight: 10% J)Q\",d~, 

P rice 

815- A 
815-B 
815-C 
815-P1 

50 cycles .. _ , , , , . , . .. ... , , , • . ' . , f'A t: :-: ,\ 

rAT,\!' 

,n:1.0:-: 
'fA unY 

$ 195.00 
195.00 
195.00 

12.00 

00 cycles. , 
100 cycles, .. 
Transformer .. , 
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FREQUENCY 

USES: The "l'ypt: g IG \ ":lCUUIl1-'rIlUC Precision 
Fork is a primary staud:lrd of (requeue:-.- . It 
ell n 1)(' tlsCll fol' t I", &"l I1lC purposes liS TYPE 8 15 
Pr('('h'lon Furk hut il~ hiJ,\:ht'1' pl'('cision and 
stability make it llda ptablc to considl!rably 
mol'(' :l(,('UJ'a Ie mC:I:-)IlI'('lllcnts a I1d. in addil iOIl, 
to tinwk('C'ping :llId citn>nogmpl'lic meaSlIre­
ments. 

DESCRIPTION: The complete inst nunCllt eOIl­

s isls of :1 lUlling fork :<imillll' to th:IL lI1«'d ill 
Tn'E SI5 Pre!-j"jl)!! Fork. :I Icmpl'nllmc 
control sYstem,:I \':I('lIum-tubc amplifier. :llId 
a SVllclll"UlIO\Il; mot ur cJodi:. The fork is made 
of 'lo\\,-I('mpet~lluI'C-('ocffki('nt st:linl('ss steel. 
It is rnOlllllcd at the heel Oil a metal p:lIlcl, 
\\"hi('h i" :Itt:lc·hcd 10 ihc hnsc of thl' temper­
allll'c-control hox IIv m!'ans of four ,·crli(·:\1 
heli cal :-:prill~s to redllcc CliNK" db.';ip:llioll 
Ihrollgh the mountinj.!. TIl(' fork i:; d r in'lI 
electm-m;lgnctil"ally , llnd til(' dri\'C :lad pick­
u p ('oils Ill"e 8Yllllnct ric':lIly pl:H:cd \\'it h rcspect 
to the tines in ol"d('1" to k('ep thc dt'crcmcnt 
lOll" :\n<1 gil'(':1 Q of the order of 20.000. 

:\ t\\"O-stllj.!C :IInplificl" CUllplc8 the pit-kup 
:lIld til(' dri\'ing cui Is . .:\n a-\'-C cirCllit is 

TYPE 816 
VACUUM-TUBE 

PRECISION FORK 

included, :Intl .a fourth \'Ut"1lI1JH (11ll{' :-:Ilpplit:s 
uutput pOII"('r at Ih(' furk freqlH.'IH.".\'. The 
ge)l('ral eirclli\.. is sho\l'11 in the accolllpal1.,·ing 
sch('ll\;l.tic diagl"lllll. 

'I'hc 1(~ mpet":lillre-c 'ol1trolkd chamll('r in 
II"hi('h the' fork is mounted is :1 mct:t1 IXlx 
elldu:-:cd in a halsa-\\'OCJ(I (·a~·. 

'1 he :-:YllchrolltJlIS ('Iol"k is d(':,i j.!lIc'(i to 
rcgi:<t(,1" ('Ol'l"l't't time \1·11<'1\ the fm'k i:< exactly 
011 it s I':Ited fl"<'I!IICIWY. ('Olllparl';OIl of the 
rc:ldi llg. ... of this cloc·k \I'ith Bt:mdanl time 
signab :IS tr:.H1:-:mitl('d hy md i(l pl'u\'id('l) a. 
mc:.1llil of (·hccking Ihe fn'<tllclH'Y of 111(' fu rk 
0\"('1" 2·I-hOlII" l>criOtis of (,t)lltin\\CJUS OI)('\":Ili()H. 

FEATURES: .. Ex(·('ll('llt :\(.·l:ul~te." .'lild a hig;h 
de!!:n'e of f!"l'qI1CtH·.\· stability an' the im­
portant (·h;11~\t·t('l"i;;;ties of Ihis fork. 
.. Powcr olltpnt is kC'pL I:un:;t:tllt :lml :\ Ilmn­
bel' of ('oll\'clli('lIt outpul illlpedllllt:c:-: :I rc 
:lI';tilable for ('llIl1lcl"lion to \·ariou ... luad!'. 
.. 'I he hOllr am! minUl(' h:llIds arc 1'(',;('II:tblc 
fl"Om the rca r of 111(' ill:-:trlllH('!It. 
.. Puwer for nlllllill).( tilt' fork (':111 Iw obt,nil!('(i 
f\'Om cit\t('r [Ill :1-(' or d-e Stllll"("(' ..... 0 field :IS 
well al$ 1:1I101":1Ior)" opcr:Ltiull is po,.:.. ... ihlc:. 

SPECIFICATIONS 
Frequency: r.o ... ,.,.}". p ... r ~ .... ",d or no .. ~·dN' llf'r ~l"()"U. 
Cal ibra tion: Th" fn.'<IUf'n.·.,' i~ "tlju~If'<1 "ilhin OJX)(),)'10 
of i,~ ra",<1 ":\1" ... ""tI i, "'",,~un.·11 to O.tlOOl '7c> in "ur 
~1:I"d"nl;~;nl: "'I~,r:.'''ry . 

S<'n...".~ "I"(' 1"""'i,I"d ;u t h~' (·"d~ v f I II<' I;""~ of th.· f .. rk 
for ,,,'j"~ 1 ; "I: I IIf' f "'"<IU"'It"~·. T I,,''''' "". ",· .... ""i Ilk r I""m I hc 
out,.id~ of lIlt" t'·"'I"·I':.I"I"(>"·',"I..,1 h.",. ;\Ii,,"L" d",,,t:e8 
:<rl' "'· ...... nl'li~IIt.·<l hy "dju~li"l: 11>(' :I-"-C circuit whilc in 
(1)('1":'1 jnn. 
Sta b iii ty: \\"1"." I hI' !t'",I'''''' 1 U"._,...,,,1 .01 ~)'1<1 I"n I!!. Ollf'r­
:IIiult. Ihe (n>"u",,,.,- i~ ,,j.hi,, nul' I""l in IUO,ooo 
(O.OOI'j~ ) "f i l~ ,,,('an ,·:.It,(" Ihu~ li".i,,!; 10 h •. ·U('r than 

( Riohn PI", "f " 10·11".\' fr;",Ut'n~)' 1"("'(>1"(1 "f T\' p,: 
~In \·,,,·u"<11-'I',,I,,. I'''''''; ~io ll F"rk. 't"!o<, full line 
~lo"w~ tI.l' ,,1»1('1"\·,,(1 fn."<I'''''''~'· ' 110" d"II,'d Ii" .. the 
f!'(><llle"~y "fiCf 11u·I,~r\Ju,(>!cr t"" J"I"(-<'livn wa~ "IJJ,lkd. 

OUl' ~t·~·""cl 1)('1" 11:\.\'. \\" ill"'UI 1.'lUllI·":!."'" coltl!""I. the 
fn. ... I"(" ... r ,>til f •• II,,"" "ith it 1'<)U~id,·ralJl,·I:u: l ,·:<r':lli, ,,.,, 
in "mbi<'ul l"nllJ\·r"I"r;·. \t "r,ji""I".\· ... ~"" ft''''I''' f­
:II"""., ,I ... · 1"""l "'I":<I"n' ,·,,,'Jli.·i,·U1 "f (n.''1''''''''.\' I~ m·It"­
tin· ,,,,t! i~ 1l('1"'~"<'" IU :",d "..'0 1':0"" i" 1(r 1)('1" d,·It'·l'C 
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CClllij::r:ldc. Thi~ cocflicielll is smaller ,,~ the Nltl!rollcd 
Olll' rlilinl( tcmlX"ralure, Frt"<lul'ncy changl'll wilh lIUI)I>ly 
,·"It~11(1' aud :lImQ;jphl'rie prc.$llurc arc IIsually nt·gli((ihlc 
in cOlnJ)"risoli 10 thc r:tted ~Iccurac~' of Ihe rork. 
Powe r Supply: The arnplilil'r tin'lIit and the l'I':\tcn! for 
tl'lllpcrntllrc cOlltrol :Ire arT:",~("d 10 OI>l'TaW on eilhcr of 
1"'0 Iypcs of IIOWI'T ~ul'l'b', >Selection being made by 
plufI: lind jack termiu"ls: 

(I) :,·r linl', 10.:. I" I:!.) \'olt~, 50 10 00 c~·dcs. 
12 ) d-r Ih,t" 1(1.) In 125 ,·"ltl!. 

Power Input: For U'IIlIX"r:lture cOlilrol. :lO w~,ltl!. illll'r. 
miuf'UI; ru. fork ~lIld "ml/l il;('., 45 \\':tll~, ,·o"~ .,, nl. 
&]):,r"le lill(' IIwi.dl(". <':<.>lIIr(,\ I he hCllln "",.I fur l. rirc"iIS. 
Output: l'e"kcd or sinuS<')i(\"I,,,~ l!e[ected hy II switch. 
" ' hen the ~yncl,r(,nou~ clot·k i~ Olx'mled, "Iil~i"mm 
ollllmt is 1 \\'1111, Whcn clock is not """d. maximulIl 
output i8 '2 "'an$, 0111»111 circuit i~ not ItTOum\<'d and i8 
free fronl :ln~' doc l>01:ori~alion. ""nllus OUlplll irnll<.'d­
,I"CC~ hclween:...>(}() "ud :10,000 ohm~ arc Ilrm'idcd. 01>l'T­
IItillj:: f.e(luency ill 1101 :dr{'~I('(! h." c1l:lnj::e in OlLq)ut 1<md. 

~ [ a~i'''\l1Il p<'lIked "lleIH'ircuit om put ""llage is :l50 
\'olt~. 

Tu bes: Supplied with ill~'rullH'nt: 
2- 6,I7-G 1- (jQi-G 
1-:!5Ui-GT (; 1- :l5Z6 

816-A 
816-8 

I- TYI'f: :!f.AG-!J·I!),\ 

Vacuum- Tube Precisian Fark 
Vacuum- Tube Preci sion Fork 

FREQUENCY 

Sche",,,' ic t'1n'uit diat:r.lm of tho: r ... k :ullplir...,T 
nnd OUllml drcuih. I., lIml /.1 ,"'c Ihe pitkuJ) ,tnd 

dl'iI iUI( ~'Oil~, 

Accessor ies Supplied: :->I)IHC fUi!ClI, muliipoillt ~'On· 
nector, linc OOll ... ,clOr curd. 

Mourl tirlg: 'I'h(' entire nll~('lIIhl~' i3 motlnlNI 0" n ~l:Ind­
"rd J!/-i 'll'h ..... I"y-m.·k palll'l. whi"h "'-Ul he :t.bllt ... ci fur 
lahle 1I""""i,,).: by II,"' l1!1(l "f the "'lIod"" l'lIe! f.,,,nes 
81J1'1)lil'd. T h" i"~trUII'l"'t is l1':ldib' purtahlc ill lin op"r_ 
"Iill~ l·"'Hlili .... " if kr'pt in :lppruxiu,,,I,,jy il~ oper"I;"G 
I,,,~i'iv" (p"m,1 verti('a\), 

Dimen s ions: 1'''lIcl, I() x 127.( inch{'~; d'-'Ilth. 12% 
i,,,,llT's. 

Net Weig h t: 56 1>01111(\$, 

SOc 
GO c 

C()<f~ \1'(,,11 _~_~~J:'C"O·~'=::---_ 
$575.00 

575,00 
n:IIHY 

~'.\ IIl.E 

TYPE 566-A WAVEMETER 

USES : The THE 5(iG .. .-\ \\':wcmctr-I' is a wide-­
nwgc, gcncm l-J)mpo.-c, :\bwrption·typc ill­
stnllllent intcndC<.l for I':.lpid frcqucney chccks 
in t he bbol1ltol',Y 01' the ficld. 

DESCRIPTION: The Wl\\'cmctcr con:o:ists of :\, 
v:II'bblc air c;l p:\citol' mounted in a walnut 
c:\binet, a sci of five pltlg·in induelors, :Ind 
an incandcsccnt, bmp, which is llsed to indi· 
cat.e 1'C'sonancc, A fridion-I,vpc ",IO\\·.moiion .. 
dri\'c dial is prodded on the eap:\cilor and 
carl'iC's thrce scales calibrated directly in 
frequency. 

FEA TURES: ~ ('oillpad nc:<.-': and 
price' IIrc important fc:ltllre::; of 
range w:\vcmctCI'. 

modcmlc 
thi::; wide· 

~ Thc plug·in It'l'Ininals arc::;o Mr:lngcd that 
the inductor (':111 be rotated to vary the 
coupling to the sOU\'cc under mC:\SUl'Clllcnt. 
~ :\ rack is pl'oddcd on the :<idc of the cabinet 
foJ' storillg the coils when the \\':\\'cmclcr is 
not in use, 

SPECIFICATIONS 
F requency Rarlge: 0,,-, 1<> l-iO \lIe (.00() to 2 rnNt>I1II ) 
\I$inl:; II\(" fi,'c 111111o:-ill indm'I' ,r~ f"r"i~h('d wilh I ht> in~lrll_ 
1IIO:11t. Thl' (·"' I "~"i . ,,r di: .1 i~ di ..... ,·1 "·,,dill!!: in fre"ucll'T. 
Accuracy: TIl(" :t ... ·ur:l<'~· of di,,[ i",Ii'·, .lion i! ±:!<';" 0,,; 
to IG il le; ,u,d ±:j';t; , If, I" J5U ~I,'. 

Accessories Supplied: One spare iudie,,!or bllll/, 

D imensions: .134 x ';~3 X 5~f i""hl'~, owr-all. 
Net Weight: 3 pOllndg. 

566-A Wavemeter , . 

_________ ,_---'C~·.OIC,CIC,.='-',,' __ ,_ J"ricc'cc-__ 

..................... j WAGOi'\ $60,00 
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FREQUEN CY 

TYPE 724-8 PRECISION WAVEMETER 

USES: The prcl'isioll w:\\'cmetcl' fills:\ definite 
need in the fidd of frequency mC:lsurClllcnt. 
I ts :lCCIlI':H;Y is ::;ufficient for many measme­
ments whieh rcqllirc a fairly close knowledge 
of the f rcC[ ll('fI('y. hilt where mOre precise heter­
od yne llwt hods :11'(' ncithl'r nceCS5:ll'Y ]lO)' 

COII\'cnicnl. :\mung these applic:Hions is lhe 
prclimillMY lining up of radio tmnsmitters 
and checking t Ill' f !'('que'nc), spa n of oscilla tors. 

DESCRIPTION: 'I'll(' Tnt.: 721-B Precision 
\\'a\'('meter j" a tUlled-circuit instl"tllnent, 
cOllsistin~ uf a precision capacitor, a reso-
1l:J.1l('{' iudicato!', and a S('j, of inductors. The 
c.'l.pal'itOl' is similar ill COIlSil'tlct.iollal details 
to Tnt: 722. (::icc page -1-1.) 

FEATURES: .. XI) (:urnbcr,,;omc calib ration 
Clll'\'('S :1 rc nccciNi b(!('au~c vf I he stra ight.-I inc­
i'rl'qllcncy e:lpa('itor, The ca lillralioll data 
arC in tabular fvnn, :uld specifi c.: frcqlwucics 
:) rC fvund by ill 1 cl'pola ling het.II'ccn I hc 
point s ill Ih(' table, 

". All induCIOt's ha\'(' heen d(':')ign('d to h[i\'c 
very low 10.5:;(,8 nlld a high degree of stability, 

". The plug-in coil m()lllltin~ allows t he coil 
to be rOlaled to obl:lin differcnt dcgret::s of 
cOllplillg, This fealure is It considemhlc COIl­
\'cnicn('c in OPCI':H ion , making it unllet'('::'~:\ry 
to hold the wa\'('I11<'I('1' in a\\'kw:\rd p()~itions 
to couplc it to oscillator tUlled cil'cuib, 

". ,\ germanium cl'y:-;tal rcctifiCl' is IIscd as 
the rcson:IIlCC indicator with a miCl"n:ullmeter. 

SPECIFICATIONS 

Fr equency Range: 1(, kil()4;l)"('1f'8 to [>0 nl(>lo:"cydc~, 

Accu racy: ±O,~5%, 

Ca l i brat ion: Th<l c,,!iurfI( ion i~ ~ulJl,licd in t hf' form of tL 
t"hle of e"lihml<ld poinu, Liuf':.r inlcrpobtion betw(:Cn 
the~ l .... ill1~i~ u~('d to ol)lain lICUin!;$ for other fre(juem;iea, 
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Capacitor: Prcci~ion worm_drive type ~illlilar to Tyl'>O 
722. Thc clipacilor seuing is indicated on Ihe dial and 
drum and is oomroJ1ed from the front of the ])ancl. 
Th<'re are 7500 ui,-isio!ls for the entire 270-dc~ree angular 
rO",t;OIl of Ihe capacitor rolo r, The prc,.j~ion of !;CUing 
is kner than one part in 25,000. The plale6 arc sha]X'u 
10 give an appf()xim:llcl~' lincnr vurialioH in frequ<'llcy 
wilh scale 'lCtlilig. 

Inductors: Coils ,-,re wound 011 Sl<'a1ilf' f"rm~ a"d ell­
closed in molded phcZLQlie cases. !';even coils arc userl to 

COI'cr a frequ .... llc.\· 1':ll>g(' 1 .... I.wren 16 kiloc~'1'1(,8 and 50 
Il\ .... g"cycle~ . 

724-8 I Precision Wavemel er . ..... . _ 

FREQUENCY 

Resonance lndicator: :\ germanium tr.\·~tal rertifier is 
used wilh " mi("roammuter 10 indi~atu rl'SOn:",cc, 1'1", 
indiclitor is eOllp]N] to Ihe Ulnl'd ci"~uit t11T<}U~h" capac­
itive voltnge di\;dl'r, 
Crystal: .\ lX:H gcrmnn;UlI\ cl'yHnJ rex'tifiCl' is uS<:'d. 

Mounting: A wooden stora~e (",,<!C, fith"l will. lock nnd 
cnrr.\·in~ h:U\dle, is fu."i.<lu:d. This h.~s f'o",p:lrtm(,IlI~fo r 

ho]din,,:: the ("W"ciIOr. in(]uf'\I)r .... "nd f':llihr.1Iion ch"r'~' 
Dimensions: C:"rr.l'in~ (':I~, 17 1 x 1:1 .~ 12% inehl'8, 
o\"('r-all . 
Net Weight: Wid\ cnrryilLl( C:I$<:, :H pmUltb; without 
earr.\'il\~ e:\S<' , II< l'l)u"dlj. 

CQdr Word PriCil 

. . . . . . I WO~I .\ :'; $275.00 

TYPE 758-A WAVEMETER 

USES; [11 thc vcry-high-frcqllctlcy range, 55 
to 400 1'v1c, this w;lvcmcicr j)ro\-idcs a con­
venient and nccllt'ntc mellns of measuring the 
frequencies of osci llatons. 

DESCRIPTION: TYI' ~; 758-A \\'nvemeter i:; ~1 
tuned-circuit nbSOl'ptioll ty pe of illsi l'llment, 
in which the capacitance and inductance [Ire 
varied simul laneollsly . This permit s Il wide 
1':1nge of frequcncy to be coycrcd with a 
singlc coil. The coil is connected penn:1Jlently 
into t he eircuii. Thc rcsonancc illdicator is:tn 
inCi\ lIdcsecnt lam p. 

FEATURES: to .-\ \\'ide frequency mllgc is cov­
crcd \\'ithout t he bother of changing coil s. 
to A t ransparent material is llsed to enclose 
thc circuit elemcl)ts so that t hey can be seen 
at. all t imes. This featu re is of help in coupling 
the \\'a \'emeter lo [I circuit . 
.. The indicator hunp will glow whcn meas­
ming Lhe freq uen cy of :til oscill:lLor with 
about two \\-atts ou t pu t. Fol' IO\\-~po\\'c l' 
oscillators t.he react.ion 011 lhe plate or grid 
curren t can be used to indicate resonance. 

'l'ype. 

SPECIF IC ATIONS 

Ran ge: 55 :;"! c tu ,100 :;"I e. (i ir('f'( r(':l,ling_ 
Accuracy: ± 2% . 
Te mperature and Humid ity: 'I'h .. " "Cllr"l-y of tbis 
wa'-ClnCh'r is ('olllpl("\cly illllC]lCIl<icnt of «··l!llwr:lll1fC 
rl ut! humidilY ('fleets o,'cr thc r:lIIg .. ~ norl\l"ll~' l'lI­
I'OulltCIN1. 

Resonance Indicator : l "c:mdl'S{'<'llt 1"'11])_ 
Accessories Supplied: OIlC $J):lre Indic,,!nr I:lIlIp. 
Dimensions: 5 x 5" ,13, ;"f'IIt's. o,-c r-,,]1. 
Net Weight: I~~ I>ou"d~. 

C()(/c Word Price 

7SB-A Wavemeter . . . . . . . . . . . . . . . . . . I \ITI"fY $35.00 
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FREQUENCY 

TYPE 1140-A U-H-F WAVEMETER 

USES: This inslrument, fi lls the need for :1 

frequenc.'. mC:lsuring in,;1 rumcnt of moderate 
:u'curacy in the ultra-high frequency range. 
It will measure to ±2% the frequency of 
oscillators and oiher sources bctWl-'C1l 250 
:Iud J 200 mcg:l.cyclcs. 

DESCRIPTION: The fl'cqllcncy-dctcrmining cle­
ment in the TY PE 11-10-:\ W(l\,cmcter is a. 
butterfly circuit. in which C<lpacitancc and 
imludancc nrc ":lriod simultaneollsly by a 
:-:inv;k eon ll'u!. The l'Cstlll:l1lcc-indic:lting cir­
cuit l:unsil'JIs of a. cl'ystal detector and II 
l11inoamnwLcr. These c] PIl1Cllts, tov;cthcl' lI"il h 
the dired-reading drllm-type frcqllCll(',V scale 
and a slow-muiiun drive, arc mounted ill a 
eOlwclLi(,llt mold('d phenolic cmm. 

FEATURES: ~ Low lu:;:-;(':) Ilnd pcrlll:mcncc of 
c:dihration :He :l:-is\lt"('d by the buuel'fly 
citTuit, which t'cqu ires no moYing contacts, 
.. _\ \ddc frcqul·tl('Y range is co\'crcd by :l 

single rotation of the di,:lt. 
.. ' I he small detector cart ridge is easily I'C~ 
placed , if burned out 01' damag(,d , wilhout. 
lllTcding the C':llihmt ion . 
.. Sensiti \'ily i:i ~Ilni(-i(' t ,t to give :l meier 
I'e:lding with u:-i('ilbtol's ha\' ing only 20 milli~ 
watts OlitpUt. 

(Lrft) Yiew o r "'""{'1I1(,ll"t lhuwjlll:: IIIIIilll:: COI)_ 
n,,] ,11 ,,1 rClIOn:",('(' indical"r. ,,\ "ill.!"w i~ ptO­
\'id~·,j :It the T('ar thmuJ.:h ",I,i,'1. t he hlLlh·rn~· 

..,in·uiT is \'i!iI!lc. 

SPECIFICATION S 

Range: :2:",0 T<l CWO :\k. 
Acc uracy: ±:?r;" 
T emperat ure and H umid ity: '1'1. ... a .... lIr"'·y "f thill 
""wemNct i~ illdCIlf'mll"nt vi t('II)jlf'mTnrC alltll"lIuidily 
(,/Tech Q\'l.'t tile rrtlll::(' of 1'",)ln t ... 1Il1wr"tu .... ·• ami humidi­
ti('~ 1I01'"" .l1y ('III"Olult('r .... d in Ihl' blXJralorr. 

Detec tor : The 1I('(1'("ut i$ mr"'!lll'd in :I st,u"b r,1 ,'''1'­
trilll::e "lid ran he I'CIJlat'(>(1 if d,un"I::, .. 1 h~' on·r!""dill:':, 
A l~22 Silit-oll CI'ystnl dClc('lnr i~ used. 

Oi mensions: " " .J '5 x 7 ' * itJchl.'~, owr-"l1, 
Net Weight: aJ~ IKI\I"d~. 

(Rillht) Vi('\\' with cal!(' r('lIlo,·('(1. Th(' IWO dillS 
~ho",n allO"(' Ill(' sl""ft hearin..: lIl:Lkl' l ..... "I~'·L 
with Ihl' Il1Ch:r Icrmi""b wllt'll 1111' C;'I:K- is On. 

11 40 - A Wa vemet e r . 
1',\'I'E:o>'r !\01'ICE. !lee :O>oto:: 10. pAIl~ d. 

Codr 11'0>11 

I \\',\G EH 
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ARTS AND 
ACCESSORIES 

SWITCHES 

• 
KNOBS AND DIALS 

• 
PLUGS AND JACKS 

• 
COAXIAL TERMINALS 

• 
R-F CHOKES 



 

PARTS AND ACCESSORIES 

TYPE 907 GEAR-DRIVE PRECISION DIALS 

(/,rjl) Tyn; !)(}7-LA Genr-Drive Procision Dial. fronl,..(){.pnnel mO<lc1. ;md (riOht) TYI'f: 007_l.n Ge"r­
Drive Precision Dirt! Je~igned for h, .. :koQ(-l1lmcl ",ounting. 

The Tn'E 007 Gear- Drive Precision Dials 
iuwc <I-inch diameter fl'Ostcd chrome scales 
individually engran)d on l\Il automatic self­
indc;.;ing engra.Ying m:U'hinc. The finc , radial, 
accUI'a.tciy lo("atoll lint's divide the complete 
circumfCI'Cllec into 3GO d ivisions numbered 
frolll 0 to :l(jO. 

St'ttings of t,hc.sc din"!s can ('on:-;istentiy he 
duplicated to one-fift.h of fL lIivi.;.;ioll, allowing 
a prcei!';ion of resetting of 1)('1..11'1' than 0.06% 
of full !'wai('. Parallax iii {'Iiminalc..'{\ by the u.se 
of all indimtor t hai ahnw;; /'(,Ill:l. ins flWih with 
the :-< urf:wc of the dial , aild which a.t t he samc 
t im<' ab!<orhs, t hrou~h the flexibility of it.; 
mount ing ann, :tny !<ligh t ec('cntl'ieit ic!< of the 
main !<haft. 

Tho ring gcar and dri\'C pin ion arp pre­
('i;;:ion cut gears, fiprin~ prc!<s<xl to pliminate 
llny backla.-.;h. The (:!rin' !"a,lin i!< 10:1 , and it 
is po!<~·dble 1.0 IL-';C a (·a.libml~'d vt'rni("l" ur incrc-

menlo d ial on the pin ion shaft if dc:<ired. Any 
standard THE 901 dial (page 201 ) call be 
ad:tpted fo r usc on the pinion shaft. The 
drive pinion is held in a stainlcs.'i steel (;ollct 
which runs in a phosphor-bronzc bushing. 
The collet allows the dl'ive to be l ~dju!<ted for 
any pH.llel t.hickncss up \'0 ~ ill('h. 

The main dial!< arc set. permancntl)' and 
securely to t hei r "hafts through the u.'<c of 
two sct-serews 900 ap;l.rt ; this prol;(.'(.\urc 
cli milmtes any dial backla .. -.;h whit'h m ight 
otlwrwis(' occur. The dial hubs ~\re hOI'f'd to 
rctcivc a %-inch :-:haft, but, a split. bu:-.:hing is 
jll1wi<i('(1 for usc with X-inch shafts. The 
3GO-div ision dial pla.te is \wlt! by three screw;.;, 
and can be ea.-.;ily repi:wf'!l with othcr 4-inch 
dial p1t"\.tc:- !<u("h a....., the THE nOl (page 201 ) . 

The di n.l indi(;a.tor, knob , and a.1I J\cce~.~:1. ry 
rnountin~ parts a re suppli0d, as arc complete 
drilling and monn t ing inst.ructions. 

~ 4-INCH DIAMETER GEAR-DRIVE PRECISION DIALS 

Dinl (;((11'_ -'" cl 
TYllt" .I/",,,,I; "!1 .I re Di.i.,.'-o/!!I J)ri" /fal to W(I"M 

907-LA Front-of-panel 3600 360 10: 1 1107.. 

907- LB Back-af-panel 3600 360 10: 1 11 07.. 
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I>JT.\B 

nITO!' 

f'r icl' 

$9.50 
9.50 



 

PARTS AND ACCESSORIES 

TYPE 520-A DIAL LOCK 

Any Gencra.1 Had;o dirCCL- 01' fr iction-drive 
dia.l ca.n be firmly clamped in uny position by 
mC:\..ns of the Tnt; 520-A Dial Lock. This 
lock holds the cdv;c of tho dial in a. visl··1ikc 
grip without c;';ol'ting appJ'ceit~blc force on t.he 
shnft on which the dial i. ... mounted. The lock 
doc,", not alter the dial sett.ing a.nd can be 
undamped by loosening t he knurled knob 
when it is desired to change the ditd to a now 
setting. 

Dimensions: (I..cllJ.:lh ) :? x (widlh ) I x (hcigiJt) I Y2 
inches. o"er-all. "t'igh~ "\>on' I",ncl. I indl, 
Mounti n g: Two :\0. 1$ ho]t·Jj. H inch :lIJ.a.rl, (lrc ro-­
quircd for mou'lling. 
Net Weight: 1>1 ounces. 

"IIIM CMe Wom' Price 

S20 - A $0.7 S 
View of TYPE 520-.\ Dial I . ..o<'k installed on a 

Ill'l'ciJl;un dial. 

TYPE 318-8 AND TYPE 522-A DIAL PLATES 

These dial pla.lCS am designed for usc with 
tll<' Hheo!i t,:d,,~ and Voltage Dividers described 
un P!~gcs 38 to ItO. Each dial plat.e is attMhed 
to t.he panel with the same mount.ing scrcwlS 
that hold t.he rheostat with which it is used. 
These screws and the neccs."ary knob are 
fmnished with the rheostat and arc not su p· 
plied with thc d ial pl:1.tcs. 

The T nt: 318·13 Dial Plate is a 3-incll 
d iameter plale mn.rked with 50 dh'i~ions 

a.round 2tJ8°. It is drilled for standard 3-hole 
mounting and iiS suih~blc for lL<;e with rheo­
!;bt-voltagc divider!; such as 'l.Yl'ES 214, 314, 
371, and '1f t 

The Tn]'; 522-A Dial Plate is a. 2Yz-tnch 
diameter plate m,\l'kcd with 20 divisions 
around 25.1-°, It is de-ligned for use wilh the 
TY1'~: 301 llheo . ..;t,\t· Voltage Divider and is 
elI'illed for mounting with t.hat unit. 

Tup< .\"d IrcioM COOt Word Pric.e. 

318-8 Dial Plate . . I % oz. ]))';\'11, $0.65 
522-A Dial Plate . . ... ~oz. DOGMA .50 

Tn>E 318-B TYPE 522-A 

OTHER DIALS 
Dircct- nnd fl'ict ion-<\ri\'e diallS arc descril:x..'<.i and shown on the ncxt two pages. 
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PARTS AND ACCESSORIES 

FRICTION-DRIVE AND 

Four different dial Si7..cs arc tl.vlliifl.ble in 
this se ries of dials extend ing from 2 inches to 
G ine\H'S in diameter. The '1'1'''1';8 ~)Ol , 002, 
and 904 lliwc scales with photo-ptchf'd char­
actl'rs 1.I.nd divisions, and an: dc:-; iglwd for 
appl ications where ext reme precision k> IIot 
required. 

WllI're a prcci:;ion friction-drive dia l is 
required , the Tn},;::; 905 and 906 :u-c Ycry w('11 
suited. The soak,s for these dials arc ind i\'id­
ually c ngmvtxl on an automatic cngra.ving 
mat:hinc, which produces fine, accurat.ely 
located linc.s. Sctting:-; of thc:-ic dia ls Cllll be 
duplicated con .... istcntly tu one-fifth of a divi. 
s ion, allowing a. prcci .... ioll of rescUing for I.he 
1'\'1'].; 90G-JF Precision Dial of betler than 
0.05% of fulll:ic:dc. 

The preci.sion dials, TnEs 905 and OOG, 
are available only with a friction drive. Thc 
dial plates havc a hONc~hoe-l') haped slot into 
which the drive is mounted . The tension of 
the fr iction drive is ad justable to suit the 
load and the preference of t he opcmtor, and 
the pO:-l itioll of the friction-drive 1)haft tan be 
adju:>ted by means of an eccentric bushing to 
compcn&ttc for ltny errors in the centering of 
the ma in shaft in the center hole. 

• 6- INCH DIAMETER - TYPE 906 PRECISION 

J)ial 

DIRECT-DRIVE DIALS 

Thc smallest d i1dii, TYPE 901 , are available 
only with direct drive, but. the TYI'~:s 902 
:'1.nd 904 arc available wiLh both direct and 
friction drives. 1'he friction-drive mechanism 
used on t helSe dials consists of a th in disc, 
which is mounted on t he b~\ck of t he dia l 
plate, griplx'd and dri,·cll by two :-Illlall discs 
attached to the frict. ion-drive f<haft. This 
drive Shll ft. is mountt:d in an eccentric bush­
ing so that. the teu:;ion of the <iI·ive can be 
eas ily adjusted after .the dial and drive arc 
mounted. 

All of t he d ial~ with t he excpption of the 
Tn)';s no;") and 90G P recision Dials have the 
diul plates in:-;ulated from the slmft. All 
models arc !3ccured to t heir shaft:-; by t he use 
of two sct...")crews sepa.rated by 900

, il,.nd m e 
supplied bored to receive n. % -inch 1'lmft . 
Bushings me provided so that the diab can 
be easily arrangcd for mounting on Y.(-inch 
shafts. 

The indicators shown in the photogra.phs 
are designcd to remil,in Hush with the :-;ut"facc 
of the dial, t hus elimina.ting parallax a nd 
absorbing any slight cccentriciticti of t hc 
main shaft. T he indicators, necessary mount­
ing screws, drive knobs, and mou nting tem­
plates arc fu rnished wit.h the diak 

DIALS 

Net Coo, 
T,," A re Oi. i .. «m .. DriN: lI'ei ohl Word P rj« 

906- HF 180 " 300 Friction, S:I 
906_J F 270 " '" Friction, 8 :1 

.. 4-INCH DIAMETER - TYPE 90S PRECISION DIALS 
9 0 5_ HF 
905_J F 

200 
300 

.. 4- INCH DIAMETER - TYPE 904 DIALS 
904_ HO 180" 100 
904_J O 270 " 20. 
904_HF 180" 100 
90 4 -JF 270" 200 

Friction, u: l 
Friction, u:l 

Dir(.'Ct. 
Direct. 
Friction, 5: 1 
Frictioll,5:1 

.. 2JA - INCH DIAMETER - TYPE 902 DIALS 
902. HD 180 " 100 Direct. 
902_JO 270 " I • • Direct 
9 0 2- HF lao" I •• J'riction, 3.3: 1 
902_JF 270 " I •• Friction, 3.3:1 

.. 2- INCH DIAMETER - TYPE 901 DIALS 
90 1_HO 1800 100 Din-'Cl 
901 . JD 270 0 

I • • DiJ"(:ct. 
901 . lD 3600 100 Din-'Ct 

PATEXT :\"OTICE. See ~me 17. "~I'.e ,.j. 

15 oz. 
15 oz. 

007. . 
o oz. 

5 oz. 
5 oz. 
801.. 
807.. 

2 )..1 oz. 
2)..1 oz. 

" o~ . 
" oz. 

2 oz. 
207. . 
2 oz. 

GENERAL R A 0 I 0 COMPANY 

1)1 ROT 
I) l n ,\ r 

I)IIWG 
I)lItL\1 

1)fJ',\.U 

0 11'00 
1II1· t::-; 
1)11"t; T 

DI .\I'\' •• 

01.\110 

nnlOlJ 
Dnlli"G 

1)11.0(; 

IJII.AI· 

IJI l.l1l 

$12.00 
12 .00 

$10.00 
10.00 

$3.25 
3.25 
4 .25 
4 .25 

$2.75 
2.7 5 
3.7 5 
3.75 

$2.75 
2 .75 
2 .75 
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PARTS AND ACCESSORIES 

TYPE KN FLUTED KNOBS 

These molded plwllolic knob:- arc dCiiigncd 
for usc on General Hadio ttpparatus. Ilow­
{'vCr, they afC also made available for ~:.le 
s()pa ratcly because tbey IU'C woll su it.ed fot' 
usc on measuring instrumcnts of all kinds. 
The ba.r knobs arc cspct'ially COIH'cniC'llt for 
usc on switch~, and the TnE ZKKC-3 
Spinner Knob has been d('~ignC'd with an 
auxiliary finger ~pinncr for u:<c on ~low­
motion drivcs. 

KNB-l KNSP-6 

/"".~. 
~ ( ... )' 
I ) . 

J ) 
"-....-. -..---' 

KNSP-8 

KNSP - l0 

KNB-2 

ZKNU-3 

KNS-12 

All of the knobs except the 'I'\'P~: ZK::\IC-3 
Spinller J(nob nl'c molded in onc picce with 
a. bnlss in:-;cl"t bored for a ~ s-inch shaft. 
Dush ings arc fLlrn i~hcd with all models to 
allow their usc on >i-inch sh:l.fts. Two set­
screws spaced 90° apart a rc prov ided on all 
of the knobs. 

All models except the ' 1 'Y1'''~s ZKi\t:-3 
Spillllcl'j{nob and h~S- 1 2 Fluted Knob 
h:Lw mold(>(.I, filled, white pointers. The 
diameters givcn below arc thc diamctcrs of 
the :--kirts . 

... l-INCH DIAMETER - WITH BAR 

,,"rl Weight Package P"ck"(J~ 
1'yl"" for .') CQlI~ Il'ortl ('/ ,,) 0/ ~l 

KNB_I ! 33A 0 • •.• . [ lI ,m":XOIiOX I; [ $3.50 [ $13.00 

... 13Js-INCH DIAMETER - WITH BAR 

Xd lI'("iO"1 i'ocJ;;>{}C P"d"<f!/f 
TyW /M :. rO(/i- iI"()r(i 0/;; 0/20 

KN B_2 I 6 oz . . ..•• ! B,\I1KXOHTlI"O ) $3 .75 ! $14.00 

... 13Js- INCH DIAMETER 

Nel W~i!JM P()cka()f! Puck"(lc 
TYIIfl jor;; Code 1\"(",1 rif 5 oj 20 

KNSP_6 1 5% 0:1 •.•. 1 xum.xolt';IX $3.00 1 $11.00 

.. 2_INCH DIAMETER 

Nd II'tiuM J'uckulJC I'fl ckUlJc 
Type fur, r(l(ie W ol"(1 a/5 ,,/20 

KNSP- s i e oz .• ..•. 1 :S1; ULXOIlATt; ) $4.25 1 $16.00 

... 2 - INCH DIAMETER - WITH SPINNER 

TyW Sri 11''''1(1101 ("Q(lc W ord ("lIil P ricc 

ZKNU_3 [ 23.4 oz . . .... J SI'I XXOIJTllt: 1 S3.00 

... 2 3Js-INCH DIAMETER 

Sflll'ciyht J,,,r/mfl" p",;:I",yc 
1"YI>t jor [, ("Me Word 'of·; <if :.'Q 

KNSP_IO! 12% oz ... I xnu.xOIlTt::s [ $5.S0 ! $21.00 

... 21fs-INCH DIAMETER - WITHOUT POINTER 

.\"d \I" cia/!t 
T!II'" far r. rQ(lr \\'OIV/ 

KNS_12 ! 17 oz ..... 1 )<;"UUI.:".OIWOZ [ 

1''\1'1'::01"1" :'\OTICf-:. See :'\otc 17, P"II:C 'i. 

J>(lck"'Jc /'ock«oc 
... /.'i aj2() 

$5.75 I $22.00 

THE QUANTITY DISCOUNTS MENTIONED ON PAGE 

IV ALSO APPLY TO QUANTITIES OF PACKAGES. 

The TYI't: KN l-1l1tcd KnolY.! :Ire 8hown :l]lprolti­
m:ol('1y onc_loalf ,\cllI:l1 si~e in Ihe l)h(>I(\ltr"l)h. 
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PAR T S AND ACCE S SORIES 

TYPE 874 COAXIAL CONNECTORS 
The Mil" Typ.: 87·\ ('oaxial Connector is dcsiJ.:l1cd for 

thll hiJ.:h -freqU<.lIlcy lahor:no,·y where J.:ood electrical 
jlcrfor"':mce and cOtl"cnicncc in usc arc equally ilIllKlf­
tanl. TI,e cI"II'fltICrL~lk impedance of the C<)n ne<;:tor is 
:',0 oh",~. If ui'(!ll with c:.blc" :Uld other eo,,~h,l ()Ic,ncn\s 
of proper dc.,-iJ.:tl. rcncctio,,~ nt. thl' M1nncctor junction nrc 
~11l,..1l :It till fre"llcncic" up to :~OOO "'CJ.::,,:yelc~. 

Only Oil\! u",vcr"nl h,,~i.., connector is f('quire,l for ;'\11 
purp()>!c~. Two of thc"'-l connectors pluJ,: sn iOOlh!y into 
(!ach o ther without any imcf"""di"IC clements. 'I1ld the 

t'OIllI)lkation of ''',lIe :,,,d female ends is CUlIllllNcly 
c1in,ilLalcd. For added COIl"cllioncc thn inner connector 
is d(!,~i J.:ncd to rc<.:ci \"O, a TY1'~: 274 Phil.:. A doublc_shicld()d 
low-ItM.~ 50-ohm c:lblc. and !;(!n)r:ol con"cc\or.'. ,U'() :l\"<,il­
able a~ l>re~el1t. Il.nd otlLer co(Lxi,.1 clcmcnL~ will be 
annoutl f'ed later. 

.\11 !uct,,1 1)(Ln~ :lrc finished in Bri~hl-:\lloy ,,!:Lte. The 
i",;ubtin" bea<l i.~ llol~· st.\ ... c"c. aud i ~ molded with ke.'·· 
way~ for l)(}.Sitil'c "li,,""'e"~ of thc inner :md outer 
eonductor~. 

SPECIFICATIONS 

T ype 874-B Basic Connector \..'Ollsists of inner :lIld 
O\L\('r (·onductors. in~ublin~ head. cou])linl.: nut, :1,,<1 
L'CI"inin!,: ring. This COIHH'elor is ll("~i!;n(>d for att:lf']unent 
In rilo:id. 50·ohm. "ir-dil'lc,·II·if'. ,~,"xi,,1 line !llHde from 
~t>" on. ' (6" ID tuhi"!!: :lnd O.:!.j.j" ]) md. 'l'h(· iLlller 
tOutluf'tor i~ to 1)(' '('n'wN] into :111 ~-;t~ 1"1)1';'11: in the 
("ud of the rod. :lnd Ihe retninin!!: l"inJ.: for tll" coupling 
nut is to he ~na]>l~d i"v) a J.(." d,,,,]>. U.0;l5"-wide 1o:1'00\"0 
cuI in tlw %" luhinl!:. 

T ype 874-C Cable Connector ront;dlls the Ihsic 
Connettor p:lrl~ plus imwr and outer lr:m~ilio" pi('<;<'$, " 
svft t ..... ppo:-r ({'rrulo:-. aud " ruhher .\:u;Hd. The Iran"itioll 
Vic('O:-~ "re d<,~ig"CII tt) :tuat:h to T Yl'f: b7-l-A:! Pvl .'·Nh..'"l­
cuc C"hlc aud "r(' tapercd ~o a~ to llI:lintaiu the 50·ohm 
('h:OTa("teri"lie imrlf'danl"e of the ('QIlIll'Clor 'lnd c"ble 
Ihroughout the <"Im"g<, ill di"rneler.<. The ("ll)le inner 
C()Jlllu\"tor is to hI' "O]d(, l"('d 10 the' ;''',('L' tL',,!\~i ! i(>n pic<,c, 
and th(' cHhlc braid i~ :111:1,.[,,·<1 to tlw OlUI" tr"",";li"'l 
pi("'(' h~' c riL"l'iug the f(·rI"lll". Tlw ruhher gUanlpl"(>I"id('s 
" pr<,t\,(·til"(! handlt·. 

T ype 874-P Panel Connector is "i",ilar to the C"hle 
(;v"uf"·~nr . ill(·luding tn"l~i! iou pie<'<'." for '!'\'J't; bi'I-A2 
("a hIe. l'~""pt Ihat" p""cl adaptor and nut are ~npp]ied 
in pl,,,·(' of the rubber guard. The p,,,,cl adap'nr fit" iLlW 
a 1 ~ t6" J) hok in p"nd~ fr"lrL J16" 10 L-:(" thick ""d j~ 
d(""igLlCd to clamp the cvuncctvt in any de~ired (Jrien­
l"tivLl. 

Type 874- PC Pan el Connector with Cap i~ ~imil.1 r 
tv the Tn'E ~74-)' ex('cpt that the p:lll{'1 a(lalller is 
e'lUil'ped wilh a {'''I)li\'e. hinged. ~priug e:lp that (,ff('e­
lll'ely shield~ the ope" <:onnectvr whe" nOI in use. 

r 

T ype 874-Q2 Adapter is dbig""d f()r lIl"kin~ til(> oLltJ.mt 
of" <:oaxi"l SY~Il'rn :l1'Hilable "t:l pair vf :h-indL ~J!:I,"Cd 
hindiul-t I>O.<U or pluJ.:~. 

T ype 874-Q7 Adapter is u~~d to COlLUt'<'L fL'"," '\ Tnt: 
1)7·1 Coaxi:ll C"'lIlector tv auy T\'(',: 77·' C":lxial 
CO'IIIcctor. 

T ype 874-A2 Polyethylene Cable consbu "f a 1\0. 14 
~!r"nded illlll'r ~o"du~tnr. ~el>amted fro'" " d 'Hllole­
braid ti,,,,cd-eOlll:>cr ~hil'ld h~' O.:!,,"," OD l'ol.,·{'lh.v!enc 
)J I insulaliutl. and with an .... uter gray I'la~I{'X ja"kCL 
O.:!/i5" OD. The dl''''a~l{'ri~tic impedance i~ 50 vhm., 
±5r/o. :'nd ~h" n"min,,1 "apacit,mCl' b ;~:! I-'I-'f per fnoL. 
Thc .'ttt<:ml,uion al 100 :'I1c i~ al)t)ut ZH db per IOU {(){It. 
;(ud .'tt JOOO M e about Ill.':; (II) per lOU feet. 

Type 874-R20 Patch Cord I·on.,i~ t,. of Ihrl'<' {t:!"t vf 
Tn,: 1'-7·1-,\2 Polyethylene CallIe with a '1'1'1"; ~7·1-(' On 
I!,,<;h (·nd . 

1'Y/1C S el lI"ei!}'" ("Q"~ Word "rirr 

874.B % oz. CO .'XlJIUI>GF. $ 1.50 
874_C I.!.{ <.>z. CO .,xc" nu:n 2.00 
874_P :!.!.{ 01. . CO.'X!":':';!':I< 2,25 
8 74- PC 2 J.4 oz. c".,.~c ., 1' f',:1< 2.75 
8 74- 0 2 2 Y.i 01.. CO.'XTlPf'f:n 3.00 
874 _07 :!y, ()1.. CQ"Xj'.,,.M:U 3.75 
874-A2 lJ.<.!o1.. rc. CO.IXCt;l'l·EI< 0.50 " 874- R20 7 07. . (·U.' X JJ.' ',-ITI< 6.25 

I'ATE",T :\1.)T1CE. See NOL(~ :ll . P"<,\l I; . 
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PARTS AND ACCESSORIES 

TYPE 774 COAXIAL TERMINALS 
At high and ult.ra-high frequencies, the 

intcn;UllIH'ct.ion of the variou::> element,.; in a 
mca:;uring system i:-; best ac('omplishcd by 
I\)C;11\,.: 01 coaxi:d lines. Tn'I'; 77·1 Coaxial 
'Jcnninals arc concentric plug-and-jack unit.s 
intended fo), u,;c \\'ith coaxial Jines. T he,Y are 
used in a Iltllub!:r of (;cm:ral Ibdio ins Lru­
m(!Ilts, among them the T yPlC 821-,'\ Twin-T, 
the 1'1'1'1'; 010-..-\ Radio-Frequency Bridge, 
and the T YPE 805-C Standard-Signal 
Generator. 

In order to reduce impedance mism:\tch 
,rith any line having a di fferent charactl'ristic 
impf'dancc, TYPE 77·l Coaxial Tcrminab have 
been made ,,·jth short Inil'rlla! ("on<lllctOl'5 

~tnd with low capacitance. In order to pro\'idc 
all con t inuous an external shield as possible, 
IUb':' ha\'c been proyidcd for four eonncct.ion-s 
to the outer ~heU from thc cable ~h()ath 
at points uniformly distributed around t he 
circumference. 

The ~olid dielectric is poly4yrmlC, wh ich 
ha::; both a. low dielectric constant and a low 
di..,sipation fattor. 

A plug unit, and a jack unit.. are available 
for mounting Oil pancl...;, and a similar pair of 
unit::; for terminating co:n:i:d cablcs. The plug 
conncctor and the jack connector makp it 
possible to join two cabl('~ hadng ickntie:tl 
tcrmination,>, that is, t.wu plugs 01' t\\"o j:ttkJ";. 

SPECIF IC A TIONS 
Ca p3cit an ce: F<)r !"'lIly "pplitaliOl 's III(: ..,,,p'li·i!,lnN' ,A 
the~e ullit~ ia the f:l,.,tor 10 he congid~rcd i" onter",j";",, 
their suital)ilit, ... ThC' "'''l!,'ciu"wc for <.'",..h T rl't: ,i-I 
Unit is given in the de$"riptioll 011 the !\{'~t 1):1(: .... In 
additi<)ll to the lOt"] ~ap"citall('e there i~ gi'·C' IL. f<)r 
m"ny nniU,:I figure e,dlr.d "i,,~('rtion {"'l,:.(·it:lrler.." whkh 
is th ... ('apadtall('C '1(ld('d 10:1 dr"nit \l"h~11 dl:lt iJaniO"(llar 
unit is phl)'(l;eo in. Thi~ ig lo\\"er th:", Th ... IN,,1 c"]>:\('il:lll<"e 
bccuus(' of the o"erhppin)!; when :l phI)!; uniT ig phH:l:ed 
intO :1 j,lck . 

Ma t erial s: :\]et"lIi~ j):llts ""~ of nickel-pla lcd hr"ss; 
i'lsul,.,i()I' is pol.\·~t,·re"c. 
Ca ble : The cahlc C<Jn~i$\s of :I stam[;,rd 11Cl' . .-llium_'·"Vlx·r 
eOI1(\lwlor, >scp:lrated from :I hraidcd linned-etJl'lx"- ,h:nlo 
hy Anhydrc~ A inslli:llion. wilh :In over-all co\"('ri,n: of 
:lhrasi<),,_re~i8t;\nt rllhl:ocr. The n,)m;n;)l ch:lr;;rt .. rist;" ;m_ 
pcO:"""e is 7"2 U!IIr1 $ ± 10'",, : the nominal ":I]1""it,,,,,, ... i~ 
2(; I'-I'-f per foot; :>IId the dissiValio!! bctur is 0.0"2 ur less 
fl.T H)OO {'.\"!·le~. 

Dimens ions : .\1I drawing.;! arc "ppr{)~im:lI('I ,,' T2 ~":ll .... 
Net W eight : See de~criptions on ne~t 1I:!)!;e. 

PATCH CORDS 

The "l'yn: ,,-I-H P:lich Co!"(ls eonsisi <)f" 3-foOl S(·~·\i(", 
of '·O!w"'lllrit'-.• hi ... ld.,<1 t:.hlc {£(>(> ~l>ccifi("(t!ions abo,'C ) 
\(>fmimll{'<.l in Tn'.; 7;4 Co:!~i"l (;"l>k T ... rminals. 

The ')"1"1'.: ;;-I-Hl Io:l~:l Tn]'; 77-1-~1 Cllhle J"ek :\1 one 
end ami" Tn'.; " .J- I-: Cahle Plu~ at the other. The Tn']'; 
774- 112 h"$ II THE 7i-1-:\1 Cable J Il,;k at each end. 

SCi Code 
Type I]"ri(lht Word J'rice 
~~'----'~~~~r 

774-Rl I Patc h Co,d I 5 0 z. 1 " CC I:SSOl<!~T $S.SO 
774-R2 Pe>tch Ca,d .) oz. ACO:SS()!!.\"I' $S.SO 

774.N 
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TYPE 774. £ CA BLE PLUG 
Thi~ is " plug ~"Vllm·<·tur unit fur usc wi lh ooucenlr ic 

sh ielded cahles (',If i"d, or le$s in di"meter). The co""e"'· 
l ion of Ihe illllC' r conductor is made l)y means of a TYI'.: 
~74 Plug, while the outer ~k'<!\'e ji t ~ snugly ,mmnd the 
split ~lec\"cs of the j"ck lerrnin:l ls or ("untledurs. Fou l' 
suld('-rinj!: lugs ar('- pH"ided for ("otl lwf" tin j!: to t he sh ield of 
a eo"ceulric c"hle, "s is a lu~ for t he inner eumhH"tur. 

T ota l Capacitance: 2.oJ.l,llf, 
Insertion Capacitance : 

1.41-'1-'f. 
Net Weight: I H 07. . 

Code Word : ACCt:sso.:n: 

Price: $1.75 

TYPE 774· P PA NEL JACK 
A mil t "I slud. SUPIH.rtcu by" pulystY '·"'Ilc st rip, is 

n,uu1l1cd cOIH'('"tri,..:.!h· wi ll. the outer shell, ""d is 
re\'eS~l'd 10 re"ci\"(~ the' TYI'I-: 274 Plug of the plug co"­
n,..rtOI" u"ils. T he OUIer co"duo·tor i" " split ~lee"e whi,.), 
II:rou"ds to t he )),,"el on whi"h the j",.k is mounted. In 
<:Vllj',netioll wilh the slec\'e of:l el,hlc phIl!: ()r c"""e,·,or 
\mit it vcry effectively shidds Ihe high IC;ld cO"'H.)elioll . 

T otal Capacitance: :U; I-'I-'f. 
Insertion Capacitance: 

1.7 J.lJ.I f. 
Net Weight: IU oz. 
Code Word : ACCt;.~.~"I'OI) 

Price: $2.00 

PAR T S AND AC CE SSORIE S 

TYPE 774_M CABLE JA CK 
T his i~ the j,wk u" it fur cun""eti"g:l ""Ilcenlric cahle 

to a "["yn: iH-G I'a"el Plug. Silll ihr in construction to 
the cahle plug. 1\ recc$S("d ~tud take~ the T n·t: ~J.I Plug, 
",hilll 1\ split sleeve fits i"to the uuter sleeve uf thn l)lug 
t"rmi"al~. 

T ota l Ca pacitance: 2.8J.1I-'f. 
Insertion Capacitance: 

1.7 J.I", f. 
Net Weight: 1 H m .. 
Code Word: ACC"~~O"UD 
P rice: $1.75 

TYPE 774_G PANEL PLUG 
T h'ls unit eon~isu nf a "["YI": :;7-1 I' lul!; tnfHLtltea ax i:l lly 

ill 1/'" Cellter of a hra~s slwll. The 1 )lu ~ is "up])orted on a 
p"I.'·iH.''''cIle iusulaling slr ip which ~"n'es to i*)latc il fro", 
th .. ouler Cfl",Iowto '·. The assemhly r"quire~ :\ U-i.wh 
lI\Oull1 in~ hole :lI\d rna,\" be mou"t .. d on an." l):lnel thi"k­
IICSS up to Y:! i ll<:h . The entire plug a~~eml.b· is nickel 
plated . A li",,(><1 !!()Idnillg Ic .. minal i~ pro\·id(·d fur Ihe 
" .. "Iral plug. whil.> the outer co"d,,~tvr gn",,,ds to the 
metal panel. 

Total Capacitance: ~.4 I-'J.lf. 
Insertion Capacitance: 

I.;! J.l1-'f. 
Net Weight: I ~.f 0>; . 

Code Word: ACCJ:SSQ(;()D 

Price: $1.75 

CONCENTRIC CO NNECTORS 

To ol)tain maxi,,,,,m !I~·xihilit~· wilh the ca).le (mli pa"el 
t('rlllinals des("!'iloed ail"'· .. . it is de~ind,le to have :,<la])le"" 
Hvail"hle 10 con"e('I betwelln two lerminals of Ihe sa,"c 
killd . Tl,,, TYI'E 7"i·l·I·· Plug Cunnector ""d '1"\"1>,: 77-t.:-J 
Jaek (';"nnCf'tor arc t \\"tJ- w,,~' u" its designed for th i ~ pur-

TYPE 774_N JACK CONNECTO R 

Total Capacitance : ·1.2 ,111-'1 . 
Insertion Capacitance: 

~.OJ.ll-'f. 
Net Weight: loz . 
Code Word: "CCIC~OSUT 
Price : $2.00 

TYPE 774-X INSERTION UNIT 
T his u"i~ is dcsi~n('d for h<l\l~in l': dummy n"te""" s, 

imped:uw<)_m:""hillg nctworks, "tlcmlalors, (tIld similar 
c in·uils. I t consists c~"cnt i (lily of 11 hullow cylindric(,l 
aluoninum eastinl: with a piull; eon ,}ector at one end m,d 
u jack conne,.!or "t 1100 uther. One s ido is partially cut 
away tu pcrm;t the "'o''''ecli()n uf <:ireuit el~·ments be­
Iween Ihe two term inals. A Il i,·kf'I_. ilv('r "anwplale ('(I\'or8 
th is op(>"j"l':, l'u"'pl('(i"I: the ghi('ld i" l!: uf the high po_ 
ten ti,,1 t"rmin :L I~. 

Total Capacitance: 6.0J.lI-'f. 
I nsert ion Capacitance : 4.0 p.,..f. 

TyW Sri Weia11i Cooe W ord P rice 

774_X 4h oz. p.SO 

pose. T he phIl!: COImedor r",g a plug tc rmi",,1 ateither cnd 
and Ill,,,· t/"'s be ust'd to connect a j:wi<-t<:rminated cahle 
10 a ]J,,;,(>I jack, or 10 emUlett twO c:tble j,wks logether. 
In " ~ i ",ilar """,npr the jack """"ce-tur "",kcs possible 
eonneetioll of twu plug-InN termi""h. 

TYPE 774_F PLUG CONNECTOR 

Total Capaci tance: :\.6 ,III-'f. 
Insertion Capacitance : 

1.3 I-'I-'f. 
Net Weight: loz. 
Code Word: .t(:CES..,O~'t(l 
Price: $2.00 

TYPE 774_YB TERM INA L UNIT 
This " 'lit pr""idc~ a ~hield"d h,.usi,,1': fur t('nni"ating 

resi~tors, at thc ~"'''C lime m :, i<i"1!: Ihe OlltlJUt of a coaxial 
Sy8!f'!ll """ila1oIe at:l pail' (JI %-illt'h ~p"c~·d biudiug pusts. 
As shuwn in the nC~'<>ml"tIl~' ing skct,·h. it "u" g;sts uf a 
coax;"l j"ck. "pair uf hilld,ug pOS1~. "lid" metal hous ing. 
Total Capacitance: o. ll-'l-'f. 
Insertion Capacitance : ·l. tJl-'l-'f. 

Typc S ci W eigh! P rice 

774-YB '. oz. $6.00 

ALL 

DRAWINGS 

ARE Y2 SIZE 
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PARTS AND ACCESSORIES 

TYPE 938 STANDARD PARTS 
The TYp~; 938 Standard Part:; ha,\"c been de!:iigncd primMily for usc in General Hadio equip­

ment. Belo\\" arc listed :;cl-crai of the most.. useful items, \\,hieh are heing made anlilablc t.o 
manufacturel's Ulld experimenters for u:;c in the assembl:y of I:tbora\,ory I\IIU ('xpcl'imenUl,i 
equipment. 

206 

Type 938-A Binding Post 

A =' 3 ~ inch 

n _ Z~ ;,,<.'Ii min . 

(' = G·;l:! 

J) = 1':lIIel "" 1~<6 inch mnX. 

Cooe Wurd: ,q',\:-"'.'H ,~p 

[>ack('rJ~ 0/ 10 $3.20 

P(.ckIlYc "I 100 . 28.00 

Type 938-8 Insulators 

A = 3{ inch Ii - %: ;"eh 

C = l{ inch ~'l\l(lre 

C()(le n'()NI, ~'r.'''I'_'l!"tj o:: 

Puch,yc ,,/10 Sch $1.00 

Pad'oy" of 100 Scl~ 8.S0 

Type 938-J Jack 

,.j = 3~ i'lrh hc~ . 

1J = P''''cl = ys in!':!. ",;.x. 

C - I~ :1:-

Codc lI""n/ ; .~'r., :o.·I'.\nACT 

l''''ckl,yCf!jIO. $1.75 

Puckll/Je {If tOO . 15.00 

Type 938-W Binding Post 
A sse mbly 

A = H inch B =: I ,,,ch ""n. 

D = Panel _ ~ inch "".x. 
CQric W ord: ~T.IXI·.\I<'I X·r 

Poch'IIC of 10 . 

PUCk«fICQf 100 

Type 938-X Jock 
Asse mbly 

$4 .20 

36.50 

A = M inch H - :16 i"eh 

D '" Panel ,.. ~(G i"ch ma.x. 

Code lI"<:>rd: wr"xl'.\Jt,IUT 

Packa{)c of 10 

Packoac of 100 

$2.75 

23.S0 

BINDING POST 
The T nl'; {):38-A Binding Po~t i,,; made of 

Bright-Alloy-plated bra::;,,;. Connccl ion call be 
mnde to thl . .; post in a number of di1Terent 
\\'a,y~ . The bOlLom of Lhe base is cl'O:;,,-drilled 
t.o lake phone tips or lI"ir(' ('mb directly, 
\\·hile the top is drill('d lnially to I'e(,(,i\'e the 
THE 2H Plugs. Spade terminals ('att he :;e­
cllred firmly bCL\\'Cen lhc ba:;e 1111d fluted nut.. 

INSULATORS 
The Tn'l:: 9:3s- r~ i nsulators arc hollow 

conical in:;lilators molded of bind, poly­
styrene. They have been dc:;igned sppcifi('lI11y 
for lise with Lhe Tn'I'; 038-:\ Binding Po:;t. 
and the Tn'I;; 0~8-.J Jnek (see "Asscmblies" 
below), find til<' interlocking d('sign allows 
their llSC on panels of llny thickncss. 

JACK 
The TYPE 9:3S-J .J ack is !-iimilar tQ the 

TYPE 27-I-J .Jack. hIlL is made \\·ith :I 10n14C1' 
shank so that it ca n he utied \\"ith the TYp~: 
~n8-B in"ubLors (see T YPE 93S-X Jack 
As:;crnhly belo\\·), This jack can algo hC' ll,,;ed 
without the insulators if it is moullted on 
a th ick panel, or mounted \\·ith spaccrs. 

ASSEMBlIl::S 
T he T n'E 9:3s-\r Binding Po"i .\"scmhly 

and Lhe TYPE !)3S-X .Jack Assembly a rC' ('on­
Y(:nic n t, hushil!g-~ypc. jack-lOp tn;11inal::i de­
,:igned fo r mounting 011 nny panel up to 
Xc; inch thick. 130(h Ils.-;('])1\)lics ll,.;c the Tnl'; 
!J:3S-B insuhHors to pl"(n'ide 10\\"·lo:';s insula­
tion and i1 low terminal capatilanec. T he 
Tnl, g:3S-W uses tli{) TYl'~: gas-,\ Binding 
P ost so thaI. connections to il can he rnadC' in 
sc\'cml di(rerent ways. \\'Ilile t,he TYPE n3S-X 
llses the Tn' !': 038-.1 Jack to I"hith connection 
tan be made by lHly TYPE 27,l Plug. A set of 
two of either a,,:';emhly Cl1n he mounted \\"ith 
% inch spaeing to take the TUI;: 27-1-:'11 
Double Plug, :\ square shOIlJ ckr on t he bind­
in14 post keys to th!, insul:ltor which in tUl'll 
call be keyed to the pl111el. 

The t!-(' leakag{· resislallee of tlw poly­
styrene in::;u!awrs is g;rea1.er Limn iO mep;a­
megohms. and the di:;sipatioll factor less 
lhan 0.000;:'>. The dil'cd. capacitance bCi\\·('im 
1.\\'0 TYI'~; 938-W Binding PO:>l As.<;emblics 
mounted % inch apart all a X-inch metal 
panel is about 0,7 p.p.f. The capac'itance of 
one post, to the pnncl is llbol l t 2,2 p.p.f. Although 
not. primarily inlended for high \·oltage lise, 
these binding posts can be uscd safely at 
voltages liP t.o -1000 volts peak. 
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PART S AND ACCESSORIES 

TYPE 274 PLUGS AND JACKS 

T he Tn'1: 274 part,.; have become alm01it inu i:-;pcll:"ablc in hboratorics c\'cry\\"hcl'c as a :;implc 
and flexible means of interconnecting equipment in temporary or semi-permanent setups. In 
auditiort to being u:,cd on General Badia instruments, they are used by mn.ny other manu­
facturers of iabol"tLlol'Y equipment.. 

JACKS 

The ba.';ic jack unit i" the TYPE 27-:1.-J whieh 
is made of nickel -phtcd b rass . All TYPE 27<1-J 
J acks arc fUl'lli,.;hcd with t inned terminals and 
nu ts. Tn'!·:s 2U- U and 2f.!-D Plug,; and [til 
double plugs arc rcccs,",ed in the top, thus 
mak ing jack,.; fol' other plllbG. 

SINGLE PLUGS 

The TYP E 27-1-1\ the ba:" ic unit, consists of 
a. thl'('acied nickel-plated bnt",,; slud \\"hieh is 
fitted \\"ith a bcryllillln-copp<'!" ~pr i ng . .A nut 
and t.erminal me fumishc-cl. . TYp~; 2n-X is 
::; imila r to T YPE 27-J-1', excep t the ",tud is not 
i..h readcd lHlL has a t ubul a r t'ivct top. TYPE 
27-1-0 has a larg('!' threaded ~tud whirh is 
l'e('C'siicd to take a TYI'B 27-1 Plug . '1'YI'I': zn-D 
is s imilar to TYl't: 27-1-L' but ha.-; an insulating 
phenolic sleeve and a thumbiicrcw. 

All plugs \yin carr~; 11 maximum I;ql'rent of 
15 a mpercs 0 11 a rcsi .~livc loat!. 

TYPE 274 Plugs and J al' k..., are "hippet! un­
a"!"embleu. 

DOUBLE PLUG 

The TnE .27-k\[ Double P lug tOIl"isl,,; of 
two plugs "ct % in('h betll'cen (·ont.m'!; in 11 
molded poly:.;tyrene form . The top is l'C '(·(·:.;,,;eli, 
forming; a uoublo jilek, "0 t hat t iw."(' ull it.s ('an 
be s t:u 'k('d in paral lel. The plug:.; :u'c drilled to 
Lake ('ord lips, or II'ire loads, lock Huts being 
pro\'ided for fasteni ng. 

Tho lise of pol~',d,yr(,lll' as t he molding 
material in:<ul"I':'; high leakage rc:.;i:.;tunec and 
low dielectric lo~"e'" Tile capacitance between 
pins is abou t 0 .8 I-ll-lf at a di:<~ipation factor of 
k.""iS t han 0.001. The direct-current ICll.kage 
res ista nce is greater than IDs megohm>:. 

SHORT-CIRCUIT PLUG 

The T YI'B 27--l-~;B ShOl"l,-Cil"('lIit Phi" I"on-
. 0 

SlstS of t\\"o TYPE 274- U l'!ug,.; alld a ni(·kc1-
plated bmss bal'. 

THE QUANTITY DISCOUNTS MENTIONED ON PAGE IV ALSO 
APPLY TO QUANTITIES OF PACKAGES. 

Type 274-P Plug 
A = 1'""e1 = VI inch "'ax. 

B = k'6 irwh C = G-32 
J) = :!)finch 

Code lI' ord: "T_~ XI"\"C.\T 

l'(rcka{}c 0/ 10 
1'lIrka!J(J ()/ 100 
IOOO---/f).'!O 

2OOO-f.?, .').')O 

$ 1.25 
8. 50 

78.00 / M 
7l.00/ M 

Type 274-J Jack 
A = s~ inch hex . 

B - 1',,,,cI = Ys i"ch max. 
<..'=7."1-2 ... 

C()d6 11'ord: STAXI',\HTOI' 

I'acku% of 10 
PackurJc 0/ 100 
l()(X}--JO!J.'J . 

2()(}()--l.'),!)O.') 

$0.75 
4 .95 

46.75/ M 
44.00/ M 

Type 274-X Plug 
.1 - 0.1:3:; i,,('h (liam . 

n=~i"ch C-Ysillch 
D "" kG in('h 

Code U'{)r(l: S T.\X l·A lj·nx 

l 'uckaae 0/ 10 $0 .85 
Fuckaoc 0/ 100 
IOOO- {.'-j09 . 
f!(){)() - / .1,M!! 

6.70 
61 .00 / M 
57.50/ M 

Type 274-U Plug 
A = 3~ ineh hex . nut. 

B =- I'''H('1 = ~8 inch '''''x. 
C - 7{ -2S D=HilLCh 
Code Ire,rd: i"TAXI'.Hl(lOT 

1'''cka!IC 0/ 10 $ 1.50 
Puck"!Jc 0/ 100 Il .00 

Type 274-0 Insulated Plug 
A = !-oi iJl("h Jj - }il i"ch 
Code 11 ',ml: "T.\XI'.\ f\El"f: 

1',,~bro~ oj <5 

1',I<'kfroe o[ 10 
$2 .50 

4 .00 

Type 274-M Double Plug 
.1 _ ! ~~ i',,"! H>_~ /I = l%illChcs 
Colic l l '()nl: lH.\ XI'.,nnl""G 

{ -"il " riC( 
I'w'k"uc ,,/ 10 

$0 .65 
5.50 

Type 274-S8 Short-Circuit 
Plug 

A = T 1 f i "dH~" lJ _ 1%; i ,,~h('~ 

emle Word: STA "".IUZIl' 

r.,: ,<il Price $ 1.00 
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PARTS AND ACCESSORIES 

TYPE 274-ND SHIELDED PLUG 
This a ..... "l'lIlbly consist;; of a pair of TYl'E 

27~ Plugs mounted at. stund,\l'd %"-inch Sp:lC­

iug on :~ yt·llol\" phenolic support. A black 
hni,..h (,ll...:t.-alumiIllIlH :--hield fil.:s over the plUbJ"!; 
and i. .. connected to the grOu nd krmina.l. The 
:Ls . ..;(!mbly is designed to plug into and over 

:\ pair of T\"I'.~ 938- \\" Dinding Pu:.t. '-\".-;CIll ­

blics, mounted on a mcb! pancl. 

Ty/"" Kef Jrdo'" Cod~ Word " ,.iN; 

274-NO i 2 oz. [. Sl'AI'LtiG IlOG $1 .50 

TYPE 274-NE SHIELDED CONNECTOR 
The T\"l'~: 271-:\Jo: ~ hi(·ld('d Connector l'OIl­

Sil.:tS of it p:.i l' of TYPE 2(.1-:\ U Shielded Ping." 
\\" it.h a 3-foot length of shielded cOlwcnt.ri(' 
c:lblc. The cahle haS n. t;imractcri,.:l,ic im­
pcdanc() of ~l1J()\It. -!O ohm.>; and · the t.otal 
capacitance of the it.sscmbly is of t.he order 
of 1 GO !tltf. 

This eonrH'('tol' is tl"rflli ill high-fr'('(jlh'nc)' 
\\'ork nnd in 1ll{'1l.";urcment;:; \\'h('I'(' pr('(':nILiut \$ 
in regard to !:ihiclcling mu~t be observed. 

TYIIC Nel lL'rioltl COIltl W ord Price 

274-NEl 5710Z, I ST,-\I'l.r.;m:n; I $4.00 

TYPE 274-NC SHielDED CONNECTOR 

Thi::; :l.Siiembly is similar to the Tn>~~ 
27·1 -.:'n~ except that the plllb"S Me the stand­
~\t'd TYPE 274-) { Double Plug, It is IL"'cful in 
application" where the shielding rcqlLircments 
are not ~umcit·ntly severe to justify thc use 
of the T YPE 27,1-XE bu t \\'hcl'c U1l.')hiclded 
leads cannot. sttfcly be u!':ied. 

TY//tl Xet Wl'illill Ccdr I\'(ml 

-2~7~4~_~N~C::-lIr,2:::Y,~.';-O~Z,-'-rl-s-'I""-'\XL"\ I/ZOO I 
l'rirr 

$2.75 

TYPE 674 JUMBO 
Tlwsc a l'e ruggf'd, heavy-Juty parts dc­

:;igncd for usc in circui t....; carrying l'clativcl~; 
large cU rrent.'i, They make safc Iwd convenient 
COIHI{'Ct.OI'S fol' CIII'l'cnt."i of 35 amperes 01' Ic."S. 

The T nl';s G7 1-P Imd Q7-1--.J mc very useful 
as the plug and j:u'k clements for plug-in 
units, such :l.S oscill:~t()r coi ls. 

'- A-

~f-·' I .... 

o 
, , , 

Type 674-P Jumbo Plug 

.1 "" ~~ inch 

C - h -;~:! 

Cod, 11',,,,1: "'TASI'.\I! .'PI; 

PocJ,:alle of 10. , $2.50 

PLUGS AND JACKS 
Except. fo r siZt', I..ht',",e pfLd:-; ttl'C wry ~imibl' 

in dc"igll to Ihe TypE 27·' PIUb~ :tnd J:l(·k~. 
:\ickcl-plil.tcd ht'fLl'll'l i" \I;;:c(\ in thc con"truc­
t ion CX('C'pt for I he plug l<pri ng::;, which arc 
mil.dc of sl)C('iall,\' tempI'I'cd Ucryllium (-0PPCI' . 
:K IItS fLnd tinned Roldcl' ing tCl'min:\ls ;tl'C 
suppl ied. 

Type 674-J Jumbo Jack 

.. .. a,f inch 

B = 1'",,('1 = ' " in r h nl:l~. 
C .. .\4 - :. . .'0 LIe 

Packa!}e ,110 . , . . $2.20 

THE QUANTITY D1SCOUNTS MENTIONED ON 'AGE 1V ALS O 

A"LY TO QUANTITIES Of PACKAGES 
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PARTS AND ACCESSORIES 

TYPE 920 SWITCH 

The '1'YPF. 920 S\dtth is a rotary, cam­
actuated, blade-type ~witch having one cam 
and one single-pole, double-throw switch pCl' 

:o:(;(;tion. A ball detent and limiting stop:; arc 
built into the switch body; detent positions 
arc 22Y2° armt. 

The switch body, shaft . cams, and blade 
holder:; arc molded phenolic. C:uns lWei blade 
hold<'I'S arc keyed together awl held by 8ta.nd­
ani 0-32 machine screws so that sections eLll 
1)(' addC'cl 01" removed msily . The switch blades 
arc rolled fine silver on spring-temper phos-

phOI'-bl'OIlZC, and are clamped in ~lots in 
the blade holders . The blade::> can he bent 
to achieve a wide variety of switching 
:tlT:tngcmcnt:-. 

The TYPE D20-A is a four-pole switch 
having 11 positions and "0 al'rtmgcd that dec­
ade steps (of, say, resi:;tance or capacitance) 
arc obt:.l,incci when foul' units having relative 
magni tudes of 1, 2, 2, and 5 arc connected to 
tlw four poles. The switch is arranged so 
that t he unit~ can be addpd in pn.l'allcl OJ' 

:;crics combin:ltion~ . 

SPECIFICATIONS 

I nsu lation: :>.Io ld('d I>h'molie. 

Resistance: The d·e rl"~i~lance of t wo switch hh des 
plus the oonl',,"' h(>(ween them is about 5 millioluns. 

Ca pacitance: T he ~'\P''''il ''I1~~ hClweclI two switch 
blatks i~ "lx>lI t "2.51'1'f. 

Voltage and Current Ratings: The hrc,.kd"wn "ol l:lgc 
vI the insula l ion i$ !!"e",<,r th"" :?OOO ,"nits peak, tllUs 
,,11.,wing " ~"f.., opl']":l1in!; lll'lJ(inllllll of ;,(10 \"011$ r·,n·s 
<In low_cllrl"('nt work . The switch will l>!'eak the cin·ui t 
at. 500 , ·olls if turned r:'lIidly 10 thn W'w lICtt ing. hut. 
\·ull~gl's aho,",! 150 ,"olts m"y C~lIse degtructh·c a rcing 
if the swi tch is $'-\ 1X\\ ween liNt',,1 l'o.-;itions and the 
<:lIrr<'lIt h rokl'n is mure th(ln a f(lw milliamperes. 

("urr<-uU up to b ""'VnC$ call be e:,rricd by Ihl) ~ ,,"i tch 
"I I",," ,"oltage levels. 

T erm inals: Snldcriug terminals :'l re:HI in te)::ral I)art of 
li,e swild, hl:ldp.s. 

Mounting: Two pand holes_ one % · inr-], diameter fo'· 
the .~I",ft ho~~_ and one fur thc ~ i"l:l (- I O-;l:~ 1Il0ll<llilll: 
~,·,.(-w. :O;witd' will lit 0" Jl'lIlds "I ) ~u We ind, thick, and 
k'l<)b i~ ~upp!ied . 

Dimensions: P('ncl space, 1 % x I V, iuclu::s oH'r'all : 
depth behind jl'lUCl. TnI': ()ZO-Il , 1% illchc~: TnE" 
()ZO-. \. aw.l ·C, 2 inches. 

Net Weight: '!"yPt: 020-B, 2 ).1 OllW'CS: '['Yn:s 020-.\ 
'l1,d .(;, ~ "uure!. 

----cc'c'O,.~C---,_-cco- --:C---C--::-:c:c-oc-------______ ,-____ Cc.,c'cc"_' ·c'c" ______ ,-____ Olc'c,'c'roC-__ __ 
920-A 4-Pole, Decode (1-2-2-5) .. . , , _____ . . "'IXX," $5.50 
920-8 2-Pole, Double-Throw . . . . . . . . , X ITRE 3.50 
920-C 4-Pole, Double-Throw ........ . ,. . :\"OBLE 4.50 

OTHER SWITCHES 
T\\"o oth('t" (h-ade ~\\"it('hcs, '1\·PEs ;)IO-P3 and 380-1'3, arc Ii.':itcd on pap;e:-; 29 :~IlJ 5,'), 

rc.-;pcetivl!iy. 
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PA R TS AND ACCESSORIES 

TYPE 119 RADIO-FREQUENCY CHOKE 

USES: TYPE 119 Choke is useful not only iLS 
:t ra.dio-frcq\I('llcy ehoke in Y;H'lllun-t.ubc cir­
cuits, but also as an induct.a.nce element in 
filters and tuned circuits. 

DESCRIPTION: The winding is the !<o-nl.llcd 
helical Lypc, compos{)d of :~ large number of 
thin , spi]'[L,!-wound pies. '['n't: 110-13 u,.:e;; a 
du,.;l..-typc corl'. The coil is mounted in a. 
molded phenolic housing which is ctl'ccti\'cly 
scakd again"t moistllt'C pClwtrntion. 

S PECIFICATIONS 

Accuracy of Inductance: ±ZO %. 
Maximum Current: 1;0 r",\. 
D imensions : (IJ.·ight ) ;! in<::hc~; [or lx'$(! di''' ('Il~i{)n $, 
S~~ skcl<·h. 

Net Weight: Tn'~: 1I9-A ,:! Yt OZ,; '1'Yl't: 119_11.;$ oz. 

11 9 - A 
11 9-B 

0 .25 h 
0 .5 h 

J)·C 
J(ni~la",;c 

·150 n 
·150 n 

FEATU RES: There is only one si!!;nificant point 
of resonance, all minor rc.~onantes being lll':lC~ 
t il'ally climin:~t.ed by the method of \\'inding 
and a..i,.;embling . The shunt capacit.ance is low, 
so that t.he choke em bc used at. frequcncies::l...'\ 
high a.s 40 mcgacyclcs. The use of an iron-dust 
COl'O in TYPE 119-13 makes pos:o< iblc a high­
induct.ance uni t with very lit.tle incrcfl.t'c in 
cap~\citance and resi:-:kmcc. The capac iiance 
and conductancc of this choke as ~~ funct. ion of 
frequency are i'hoWIl on lXlge 73. 

At the !~ft is I' "oew of the Tn'E 110 Choke and 
at the ril4!.t a ~k(lt(:h of the ba~c din"!Il~ion.~. 

Code Word 

119-A 
119 -B 

Rad io-Frequ ency Choke .. ..... ... . . . L\1 :\GJ'; 

B1BI';!) 

$2.25 
3.00 

2 10 

Radio-Frequ ency Choke ... . 

TYPE CAP-35 POWER CORD 

Thi;.; powcr cord i::; supplied with rllmost 
all Gcnel'll! Badio a-c operated insll·mll.C'lIts, 
and is listed here for the eO!l\'Cllle!lCe 
of tho:o;o customer.::; who require occasional 
replllc('men ts. 

The Tn>E C.\P-35 Power Coni is se\'on 
feet long, and has t he plug [lnu eonnect.or 
bodies molded in rubber din'elk to the t\\'o­
conductor. :\0. 18, THE SJ, :Slnlnded cord. 

Net Code 
'lYW Wci'JhI Wr,rd Price 

CAP-3S I Power Cord ! 8 01,. 1 COH!) \" 1 $1 .75 
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INDUCTANCE CHART 
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WIRE CHART 
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APPENDIX 

The :t ..... ''''I.''n~·i,,1: eh, ... , m"~' 1>(' tl,e<\ to fond: 

(1) Tilt' r\'a<'!",,,,, of " 1::;""" ;11<10''' ' ,,111'(' ,It :' ~i\"c" 
r"('<IU'-I"·Y· 

(2) 'I'll\.' ,'(,,,,'1:,,.,,,' "r ,\ Il:i\"('u ""I~wit~"'K' 'LI !\ Ii:;,"cn 
(r("I'I('W",L 

(3) The ....... ''''''''1 h ''''lur"ry "r " s:in"" [", Iurlalll"il :lud 
"'''1''''';'''''''(-, 

I" "1'<1(·,' I., 1,,,·ilil,,I\' lIlt' .11'1f'r",j"",;,,,, of ",,,:.:,,;llldc 
of thl' '1,,:onlil;I'" ["",[.,( .. 1 11> lWO tor ,I",('C ·iJ::"ilk"lI~ 
fiJ::" .... ·~ ,h ..... h"rl j. <Ii, i(k~l iIL[" l,,"" l,,,r'~, Fi li:"n~ 1 i'lhe 
cOIII!,I<',1' ('h,,,'1 '" 1 .... ",'('<\ ("r r"lI!!h r"k"hliou". Fi::ure 

2. which ;~ :1 ~inglc Ile .. :I<I .... of Fill"r/! I c"brl:cd :ll>p,.n:o:i­
malcly ;- ti",c~. i< to) he " .... \ where lhl' "h:"ific:tIlt. IWO 
Or II,,-cc rh:" .. e~ ar(> In 1>(- ,letl,,..,,in,,d. 

TO FINO REACTANCE 
Emer 11. .. ,.],,,,1< n:-n [":llly 'rmn tl"" ho\tulll (fn~L'''~n ... ~·) 

:"1<1 :01",,~ II,,' 1ir~~ .• !:rutinlt "1.w:,,·,1 t" the> Idt (e"L" ... i-
I:ltln') ,,,. I" thv ,-i!:h' (iwhwl,,"'"1'l . (".,.re>"I .. ""lin~ S("""lc* 
( UI>IO(>r ur Imn·r) lUlI,1 1~· ,,_(><1 11'."tll:holll. l' rujett 
lr"ril"ul:<lIy 10 Ihe Idl {run, Ihe jnl('r-""'Ii"" :\1ul rC:II! 
re>aN"t<('e. 

Write for Enlarged Copies of These Charts 
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TO FINO RESONANT FREQUENCY 

Enter the .,1:1111;1>1: lillc~ for the I(i\'en j",hWl:l1L<'(! ;lllo! 
O:"I>:",il"" .. C. ]>n>j~""1 d ... ",,,,,-,, .. II f""1Il their jnler.'(!('tinn 
'H"I "1',,<1 rc.'u",,,,~ f,'cqucncy frmll the I ... ,nnm ~{·"Ic. 
C"rr..,~p ... mdilll! sr"lc~ (upper or lv,,"cO'j mIL"t he . ll~N.l 
throIU:l,,)U1. 

1~'J(wIJJII': The ~"IIlI)lc llO;"t j"di,.aled (I'iawrc 1) 
('orrcsp"lld~ tv " [,.eq",)",\\" o{ "hmlt ,QO ke and :tII in­
ductance of .'.ilK) }4h. or " ""paeLla",'C vi 100 1J.J.<f. ).!:idng 
il) either (',,~c " rC"('I,,nce uf ;11";'Ul :?OOO ul",,<, The 
r .... "lIl'm\· frcqucm,y Qf :\ dn::uit Mut"iniul( Ihc.~e ";\lllc~ 
,,( juduct,"u:c :Hld ('"pacil:mcc is, uf Cow',oc. ,00 kc. 
appruxirn:ltciy. 

REACTANCE CHARTS 

USE OF FIGURE 2 

nIHII"C :! i." II,-ed to "hI Olin "d,lilir,n:li prct'; .<j"" of 
,..~:,(1i,,1.: lmt d,)('~ not "1:,,,c thc dc,·imal pnint whkh tlm~t 
he h,,·atcd f .. olll a Jlr.:litllillary cut,..,· on Fillurc I. -"incc 
the chart Ilc,"(',:..<aril" rC{loti,.(:~ t,,"o Inllarithmie d(:(":l<lc~ 

for itl<hH"latwc and (":lpadt:Hlt"e for c'·cr.'· ~itl~lc ,Iccatlc 
nf fn."<!uctw.\· :l",1 t"ca("l:m<"C. Iltllc.<~ titc ("on-c("t decade ror 
L IIml C' i~ dIO'('tI. tltc ,,,,It-UI:.IC<l \·al1\c~ of l"C:lct:l"CC ami 
frcqUC-"f"}" will he ill c,·rM I>~·:l f"("lOr of 3.10. 

r.:I'W11'Ie: (C"uti",,, .. ><.i.) Thc .. c" .. t:", .. c c"rrC~l)O,, ( li,,1': 
to:;oo J'h Of It)C)J'l'f i~ :!:!:m "h"" <It ,I"! k,·. their rc,nllan! 
f"c1lue",.:y. 
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APPENDIX 

A CONVENIENT INDUCTANCE CHART FOR 

SINGLE-LA YER 

The "Ioarl ,on the next I'a~'· i, ",'cd for ,lctcl"Il,jninl: the 
lIu,n1..,. elf 11Ir"~ IIN'C""''''Y '0 ,,1,1:1;11 " ~i\"c" j",h""l""CC 
,"'" J,'i,(!n \\;,,<li"l: (,,,."', T h<,,·ha .. t t)Ch,w i, vlnltNI ("om 
~I:""t:.rJ ",iulli"l: 11:,,,, 1">1,]; .. 10,,,[ h,c wi,." "1:"lUr:l\" lI n'cr~ 

",,<1 ;., ".<Nl t" d(' \cl',,,ilo(! d,e wi,." ,i,.c. 

T he \""rj"hlc~ ""e II. the llu , ,,l~,. of t"I"tI~. :H"I I d the 
"", io vI ",i"dilll': 1<'''1:110 to W; .. (l il l),( diarncl<;l'. T he ':t,i.) of 
imhwl:Oll<:e l u di'''',clcr 01 w imlinJ,: I. d i~ 1",,<1 ,,~ a 
p'lI":ln,ctcr . 

T he curn'~ Wl',e ""'''IH,tcd Irotn the expr" . .;._ ;"" d"en 
ill ("i ... ,ubr ~.I 01 llo(! \ ",:-: . Burellu of ":l:""I:oI\I~ .• "'hidl, 
" .. jnl: the \e'·'niUol,,!!.'" of the "]",rl. 'nay he ",r;lIell, 

.IJ~.-'H .... ,,'II' 
,. = I K (I ) 

",loCI'" /. i~ th" i",llld""rc ill j.lh, 1\' i~ :S ")!:"<Jka'~ c<J" ~t:\nt, 
,,,,d ,/ ""d / al'C ill il ... hc~, 

For" j( i""Il i",lu,'" ",,,(: tllc lIl"nl~1' of tu""~ is then. 

(2) 

Th i~ [01'1 .1 of (he <)"I",,,<,<i'>1I i~ p"rtieul" "h e~l,,"<)nieIlL 
h<)rall,(', ill (h'.i)!"inl( ('"ik ,he CIll-'illl'Cr 1I~1I:t1I," ~""' t'" wi, h 
a j(i"cII ~"i l [u"'" (I " known) "",I IIc<)d~ " giVCII i"dllr~­
'"1~'('. I . ( /. d c,,~i l y l'"I"uiaICdj. 

SOLENOIDS 

:':'illl'" :-\"I'::lok,,'s l'<)I« ' '' '" dCI,e"'], "" the rat io 1/ ;/ , 
the II"C of ,hi, r",io ror , he ),,,.izoll{,,1 ,~"lc 1I",k(-'< "lItllf' 
"nr\'C" 1,,,,,,,111."1. ,<() ,h"t. ill )llollil1': thelll. ,,"ly "IIC ~nn'e 
1111'<;'<.1 he ",,1cIlI:t'Ctl, The "thene r,,11 I.>c tlntW" frlm, " 
\(:l1Ipl,,\(· , 

FQr itllcrpo1:otilll( loetw"e" curves. :\ IOl(arilll",i" s('"le 
cover i ,,)!: ,!III! d"(' ,, rI<J of I . d is "hv"' tt :'It the ,. il(h~ of the 
rhan. 

eXAMPLE 

As "" j, ~, ,, "ple M ,lit, 1I.<e Hr IlIe,<<J cJwrl •• , r,,"< i,l(-'r t he 
pr"I,I('", nf tl<J,<it!n i,,1!. " e"i! IIf 1110 j.lh ind",: I:o,,"(' "" ,I 
",i"dilll': f"rlll tW() i tt ~he,< ill d i"metcr, w,th an a""il:thl() 
winoli"~ ~I""'(: "f I"'" ,,,1'1,(,,, T he (Iw"'til~' i ",' "nily 
""d I, II is 50, E"'''ri''~lhco:h,,,,t "II. Ii - ,;O,,,,d f"U"",_ 
ill l( d"",,, Ihe ntn'(, '" thc '·~rti.,,,1 lillc I d '" 1. wc li" o! 
th"t II, a~ iud'~:lIcd IJ~' Ihc ldt h""d "cl'\ io:,,1 ~('alc, i~ 
;j,1 t\tl·,,~, 

'\'i,1t " wiud in.!': ~1"'t'C "f IWo II",hc<, thi< i, <,quI""le ,,\ 
to 2, turns 1)()I'linc"r itwlt, "]u"e ""HII"1. '1' 10.., ~(:"'lIId ('hart 
~It,,\\·~ tha , :S", IS cn"m ... 1 "r ~i"I':I<,_~ilk _ , :So , :.W d""l.k'­
,ilk-, ,,,' >in.l':le-~ ... 't1ol1- Or ),"0. 22 douhlc_C<1Ufl"_OO,·cl'..,d 
w"'" ",,,,,Id loe \( .«.'<.1 (,!""" ' ''')\lnd . ;-"'o , :!ii harc wi re , 
dV\lhll! ~ I "w...,d, co"ld ,,1.<1) he u"cid , 

"'Had;o I "~tru",c"u ~"d ~ l e,.."re,,'e"I~," p, 252, 
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APPENDIX 

DECIBEL CONVERSION TABLES 

It is convenient in measurements and cal­
culations on communications systems to 
express the ratio between any two amounts of 
electric or acollstic power in units on a 
logarithmic scale. The decibel (l/ lOt.h of the 
bel) on the bl'igg.'l.ian or b8.8c-lO scale and 
t he neper on t.he Ilapicrian or base-e scale are 
in almost univcrsallL'SC for this purpose. 

Since voltage and current rl.l'c related to 
power by impedance, both the decibel and 
the neper can be used to express voltage and 
current. ratios, if care is taken to account for 

Decibel - The number of decibels N db corre­
sponding to the l-atio betwccn two amoun!..<; 
of power PI and P2 is 

P 
N JJ. = 10 loglo p~ ( I) 

When t.wo voltagcs /~\ and E2 01' two cur~ 
rents II and 12 opcrate in identic:\1 impedances, 

and 
[ , 

Ndb = 20 logu.~ 

(2) 

(3) 

If RI and E'z or II and l~ opern.te in unequal 
impl'dn.nccs l 

and 

El Z. 
N db = 20 loglo E2 + 10 loglo Z: 

k + 10 loglo -k' 
" 

" 201 II 7, h db = oglo -1 + 10 loglo Z 
2 ,,~ 

k + 10 loglO ~ 

(-I) 

(5) 

where Zl a nd Z2 arc the absolutc magnitudes 
of the cOl"t"cspo nding impedances and kl and k~ 
are the valucs of power factor fo r the im­
pc<lanccs, El l E2, 1 11 and 1 2 are abo the 
absolute magnitudes of the cOI'l"esponding 
qu,\.ntities, Note that Table I and Table II 

the impedances as.<;ociatcd with them. In a 
similar manner the cOl"rc."ponciing acoustical 
quantities can be compared. 

Table 1 and Table li on the following page:; 
have been prepared to facilitate making con­
versions in either direction betwccn the 
number of decibels and the corresponding 
powerl voltage, and current ratios, Both 
tn.bles can abo be lIsed for IWIJers and the 
mile of slall.dw'd cable by applying the con~ 
verosion facto los from the U\.ble all the opposite 
pa.ge, 

can be used to cvalu:\lc the impedance a.nd 
powcr factor tcrm,'l, sim!c both :\fC similar to 
the expres.~ion for powcr n~tio . equation ( I), 

NeJ>er - The number of ncpers tV u,. corrc-

I
, . PI. 

SpOil( mg to a powcr mt,lo P
2 

IS 

I PI 
,V ... P - '2 log. 1)2 (6) 

. B t I! 
For voltage rat.lOS -1' or Clll'l'cnt ratios -

~ , I~ 

work ing in idc1\t ind impedances, 

ll.nd 

\ ' I i'.\ . u,. = og'-I" -, 
I , 

Nup = logc/
z 

(7) 

Whcn b\ and l!.', or 11 a.nd I , OllCt-ate in 
unequal impedances, 

EI I Z~ 1 kl 
X .. ,. = IOge l!.', + 2 log. ZI + '2log.~ (8 ) 

,_ 11 1 ZI 1 kl 
.\ ~.,. - log. T,. + '2 log. 2:2 + '2 log. r;, (9) 

\\'here ZI and Z2 and kl and 1.;2 are as in equa~ 
t ions (4) and (5), 
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DECIBEL CONVERSION TABLES 

RELATIONS BETweEN DECIBelS, NEPERS, AND MILES OF STANDARD CABLE 

M ulli1J1y IJ!I 1'Q Find 

decibels ... 1t51 llcpcr~ 

decibels . . 1.056 miles of st:,udard c<ll>\e 
mile:! (If standard cable .947 decit>cls 
mites (If stanci:lrd cable 

. ''''' nepers 
nepers. 8.(;8(, decibels 
nepcrs .. !J.li5 milC$ of standard cable 

TO FINO VALUES OUTSIDE THE RANGE OF CONVERSION TABLES 

Val ues outside the t':\ngc of either Table 1 
01' Table lL on the following pagCti earl be 

rcadily found with Lho help of t he following 
simple rules: 

TA BLE I: DECIBELS TO VOLTAGE AN D POWER RATIOS 

Number of decibe ls positi ve (+): Subtract 
+ 20 decibels s~l ccessi vcly from the given 
number of decibel::; until the remainder falls 
within range of Table L '1 '0 find the voltage 
mtio) multiply the corresponding value from 
the right-haud voltage-ratio column by 10 
for each time you subt.r:.\cted 20 db. 1'0 find 
the power ratio, mUltiply the corresponding 
ntlue from the right-hand po\\'er-mtio column 
by 100 for each time you subtracted 20 db. 

Exa mple - Given: 49.2 db. 
49.2 db - 20 db - 20 db - 9.2 db 

I"ollage ratio: 9.2 db - 2.88·1 
2.884 X 10 X 10 - 288.4 ~ 49.2 db 

Power ratio: 9.2 db -)0 8.318 
8.3 18 X 100 X 100 - 83 1 80 ~ -19.2 db 

Num ber of decibels nega tive (-): Add +20 
dccibeb successively to thc given number of 
decibels until the slim falls \\'ithin the mnge 
of Table I. Fol' the voUage ml-io, di \ride the 
value from t he left-ha,nd voltage-mtio column 
by 10 fol' eu.eh time you added 20 db. For the 

power ratio, di vide the value from the left­
hand po\\'er-ratio column by 100 for each time 
you added 20 db. 

Example - Given: -49.2db 
- 49.2 db + 20 db + 20 db - - 9.2 db 
j'oUoge mt£o: -9.2 db -) .3467 

.3467 X l / lO X 1/ 10 - .003467 ~ 
-49.2 db 

POlVCI' ratio : -9.2 db -)0 .1202 
.1202 X 1/ 100 X 1/ 100 - .00001202 ~ 
- -19.2 db 

TA8lE II: VOLTAGE RATIOS TO DECI8ElS 

Fo r ra tios smaller than those in table- Mul­
tipl y the given ratio by JO successively until 
the product can be found in the table. From 
the number of decibels thus found, subtract 
+20 decibels for each time you multiplied 
by 10. ' 

Example-Given: Voltage ratio = .0131 
.0131 X 10 X 10 - 1.31 

From Table II, 1.31 - 2.345 db 
2.345 db - 20 db - 20 db = -37.G55 db 

For ratios greater than those in tabl e­
Divide the given ratio by 10 sllccess ively 
unLil the rema.jnder can be found in the table. 
To t.he Humber of decibels thus found, add 
+20 db fol' each t.ime you divided by 10. 

Example- Given: Volt'\gc rat.io = 712 
712 X 1/ 10 X 1/ 10 - 7.12 

From Tu.ble I f, 7.12 -)0 17.050 db 
17.050 db + 20 db + 20 db = 57.050 db 
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A PP ENDIX 

TABLE I 

GIVEN: Decibels TO FIND: Power d {
Vollage} R I' an C I a l OS urren 

TO ACCOUNT FOR THE SIGN OF THE DECI8El 

For posiliv. (+ ) valUI' of th . d ecibel - Both volt:lgc 
a nd power rfitiOil :lrc greale r lh:1II un ity. Usc the two 
rightrhfllld oolum nij. 

VoIllrgr 
Ratio 

1.0000 
.9886 
. 9772 
,966 1 
.9550 

.9441 

.9333 

.Olli6 

.!H 20 

.901 6 

.8913 

.88 10 

.8710 

.80 10 
• 85 11 

.84 14 

.83 18 

.Biel! 

.8 128 

.8035 

.7943 

.7852 

. 7762 

.767-1 

. 7586 

.7499 

.741 3 

.73!i!8 

.7244 

.7161 

.7079 

.6998 

.691 8 

.6839 

.0701 

.6083 

.6607 
.• 653 1 
.6457 
.G383 

.6310 

.G237 
• 6166 
.6095 
. 6026 

.5957 

.5888 

. .58il 

.5754 

.5689 

Exompl.--Git-en: ± 9. 1 db. F£nd: 

- db+ .... 
I~()u;(;f 

db Vollu!l~ 
l1(1tio Ralio 

1.0000 0 1.000 
.0772 .1 1.012 
.9aW •• 1.023 
.0338 •• 1.0S5 
.!H20 .. l.o·n 
.891S ., 1.050 
.fl7 10 .6 1.072 
.85 11 .7 I.OM 
.8318 .8 1.096 
.8 128 ., !.lOO 

.7943 1.0 1.1 22 

.77G2 !.I 1.1 35 

.7586 '-' 1.148 
• 741 3 I. • Ll6l 
.H44 I. • 1.I7S 

.707D '-' 1.1 89 

.691 8 1.6 l.202 

.6761 1.7 1.216 

.G607 1.8 LiSO 

.0457 I.' 1.2-15 

.6310 2.0 1.259 

.G IG6 '.1 l.iH 

.6026 ••• 1.2S8 

.5888 '.S 1. 303 

.57501 ... UU8 

.5623 .. , 1. 334 

.5495 '.G 1.3·1f! 

.5370 '.7 1.3G5 

.5U 8 ' .8 1. 380 

.51i9 .. , 1.396 

• .5012 3.0 1 .413 
.4898 '.1 1.429 
04786 , .. 1.445 
.4677 '.3 IA(Ji 
.0157 1 ••• 1,479 

.4467 .. , 1.0196 

.oI3(J5 3.G 1.514 

.01266 '.7 1. 531 
04169 '.8 1.549 
.4074 ••• 1.567 

.3981 ' .0 1.585 

.3890 '.1 l.603 

.S80!~ , .. 1.62i 

.3715 , .. l.0<11 

.3631 ••• l.660 

.S548 .., 1.670 

.3467 '.6 1.608 

.S388 '.7 1.718 

.33 11 ' .8 1.738 

.5236 ••• 1.758 

P OlUr 
Ralio 

1.000 
1.023 
1.047 
1.072 
1.096 

1.1!l!l 
1. HS 
1. 175 
1.202 
1.230 

1.259 
1.288 
I.S18 
1.3"9 
1.3BO 

1.41 3 
1.445 
1.479 
1.51 ·~ 
1.5 01 9 

1.585 
1.6!i!i 
l.OGO 
1.698 
1.738 

1.778 
1.820 
1.862 
I.f!05 
1.950 

1.995 
i .04i 
2.089 
2.138 
2.1 88 

U S9 
i .i91 
2.SoI" 
i.399 
2,45.5 

2.512 
2.570 
2.6S0 
2.692 
i.754 

i.818 
2.884 
i.951 
3.0iO 
3.090 

For negative (-) voluu of th . " .<ibe l- Bo th vo lt:lI;C 
fl rld I>ower nltios lire l<:diI l han unity. US(l lhc t wo lef t . 
hall( columns. 

+9 . 1 db 
- 0 . 1 db 

Y oI/{l1/C 
Ilulio 

.5623 

.5559 

.M95 

.5"33 

.5370 

.5309 

.. ~2 '1 8 

.5188 

.5 l ifl 

.5070 

.5012 

.4955 

.4898 

.484i 

.4786 

.01752 

.4677 
AOU 
,4571 
,45 19 

.4467 

..... I (j 
04365 
.43 15 
.4i66 

042 17 
.4169 
.41 2 1 
A 074 
,4027 

.3981 

.3936 

.S8nO 

.3846 

.880i 

.5758 

.37 15 

.3673 

.36SI 

.3589 

,3548 
.8508 
.S'~07 
.S428 
.3988 

.3350 

.53 11 

.3i73 

.32SG 

.S199 

Power l' of/age 
Ratio Ratio 

8 . 128 2 .8.') 1 
0 . 1230 03508 

-db+ .. .. 
POl/xr 

db " oIfu9t 

Ilutio Ilutio 

.3162 5.0 1.778 

.5090 '.1 1.799 

.3020 ... 1.820 

.2951 '-' l.8n 

.i884 , .• 1.862 

.2818 ,., l.SS<! 

.i754 '.6 UIO.i 

. !il:Gfli 5.7 Ul!i!S 

.i6S0 ' .8 1.950 

.2570 5.0 l.fl7i 

.2512 6.0 1.995 

.2455 G.I i.018 

.i39fl 6.' i .Ooli 

.2344 G.' i .065 

.i29 1 6.' 2.089 

.2iS9 6.5 i.113 

.2188 6.6 i.138 

.2158 6.7 i.l03 

.2089 G.8 i . 188 

.i042 6.6 i.i13 

.1995 7.0 2.239 

.1950 7.1 i.i65 

.1905 7.' 2.i91 

.1862 7.' 2.S 17 

. 18iO 7 .. i .344 

.1778 7.5 i.371 

.1738 7.G 2.399 

. 1698 7.7 iAi7 

. 1660 7.8 i.455 

. 1622 7.6 2.483 

.1585 8.0 2.512 

.1 549 8. 1 i .541 

.15 14 8. ' i.570 

.1479 8.' i.600 

. 1445 8. ' i .6S0 

.14 13 8.' 2.601 

. 1380 8.6 i.09i 

.1349 8.7 2.723 

. I S18 8.8 i.754 

.1!i!S8 8.' i.786 

. 1259 9.0 2 .818 

.li30 D.I 2.851 

. l iOi D.' i .8S4 

.1175 6.' i.917 

.11 48 ••• i.951 

.1122 9.5 i.985 

.1096 0.6 3.0iO 

.1072 '.7 3.055 

.1047 '.8 3.090 

.10i3 ••• 3.liO 

Power 
Ratio 

3.162 
3.236 
3.SI I 
5.388 
3.467 

3.5'18 
S.63 1 
3.715 
3.80i 
3.800 

3.98 l 
"'.0740 
4.169 
4.i66 
4.365 

,~,4()7 

4.571 
4.677 
4.786 
4.898 

5.012 
5. 1i9 
6.2·18 
5.S70 
5,495 

5.(JiS 
5.754 
5.888 
6.026 
6. 166 

6.310 
6,457 
6.607 
6.76 1 
6.1)18 

7.079 
7.244 
70413 
7.586 
7.76i 

7.943 
8. 1i8 
8.318 
8.5 11 
8.710 

8.fl 1S 
9. 1iO 
9.333 
9.550 
9.771 
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JloIllI~ 
/latio 

.3162 

.3126 

.S090 

.8055 

.S020 

.2986 

.295\ 

.2911 

.i88·' 

.2851 

.2818 

.2786 

.27M 

. 272!1 

.2692 

.2661 

.2630 

.2000 

.2570 
,254' 

.2512 

.2483 

.2455 

.2427 

.2899 

.237 1 

.2344 

.2317 

.2291 

.2i65 

.2239 

.2i13 

.2I SS 

.iIG3, 

.2188 

.211 3 

.2080 

.i065 

.2042 

.2018 

.1995 

. Hl72 

.11)50 

.19t8 

.1905 

.1884 

.1862 

.1 841 

.1820 

.1799 

.1778 

.1758 

.1758 

.171 8 

.1698 

.1679 

.1660 

.164 1 

.16U 

.1603 

D E C I BE L C ONVER S IO N TABLES 

- db+ ..... 
TABLE I (continued) 

-db+ .. ... 
P ower 

db 
I' oJ/live P OWfiT Voll(I!!C Power 

db 
Voila!! /: Power 

Rotio /latio Ilalio Rutio /lolio Rutio Rotio 

.1000 10 .0 3.162 10 .000 .1585 .02512 16.0 6.3 10 39 .81 

.0977i 10.1 8. 100 10.23 . 1567 .02455 16.1 6.SS5 40.74 

.09550 10.2 S.2SG 10.47 .1549 .02590 16.2 6.457 ·U .69 

.09388 10.S 8.273 10.72 

.09120 10." 8.S 11 10.06 
.1551 .02S44 16.3 6.5$1 42.66 
.1614 .0ii!91 16.4 0.607 43.65 

.08918 10.5 8.850 1l.t2 

.08710 10.0 8.3SB 11.48 

.085 11 10.7 3.0128 11.75 
,08:n S 10.8 M07 12.02 

.1496 .02239 16.5 6.083 44.67 

.1470 .021f18 16.6 6.761 45.71 

.1462 .Oi 138 16.7 6.8$!) 46.77 

.1445 .02081) 16.8 6.918 47.86 
.08128 10.9 3.508 12.:'10 .14i9 .02042 16.0 6.908 48.98 

.07943 11.0 3.548 12.59 

.077(;2 11.1 8.580 12.88 
,07586 II. i! S.03 1 1::1. 18 

.1413 .01995 17.0 7.079 50.12 

.1 396 .0 11)50 17.1 7. 16 1 51.20 

.1380 .011)05 17.2 7.244 52.48 
.01413 11.3 S.67::1 13.49 . 1305 .0 1862 17. 3 7.$28 5$.70 
.07244 11.40 S.7 15 15.80 .1349 .018iO 17." 7.413 54.95 

.07079 11.5 S.7!58 14.18 

.06918 1 1.6 8.802 1 ..... 5 

.0676\ I \.7 8.8-16 14.79 

. I SS4 .01778 17.5 7.'199 56.28 

.1318 .01738 17.6 7.586 57.54 

.1 305 .01698 17.7 7.614 58.88 
.06607 11.8 8.81)0 15.1 4 . 1288 .01660 17.8 7.762 60.26 
.00457 11 .0 S.{lSO 15A9 .1274 .01022 17.9 7.852 61.66 

.06310 12.0 3.98 1 15 .85 

.061(;0 l 'l. l 4.027 10.22 
.1259 .01585 18.0 7 .943 63.10 
. 1245 .0 1549 18.1 8.035 64.57 

.0(;Oi6 li.2 4 .074 10.60 

.05885 12.8 4.121 10.98 
.1280 .0 15 14 18.2 8.128 66.07 
.1216 .0 1'179 18.$ 8.222 67.6 1 

.05754 12.4 4. 10!) 17.38 .1202 .01445 18,4 8.318 60. IS 

.05028 12.5 4.217 17.78 .1189 .014 18 18.5 8.414 70.79 

.05495 l i.O 4.266 13.20 

.05370 li.7 4.315 18.6t 
.1175 .01380 JS.1l 8.51 1 72.44 
. 11 6 1 .01349 18.7 8.6 10 74.13 

.05243 li.8 4.865 19.05 .1148 .01318 18.8 8.7 10 75.86 

.05 1i9 1t.9 4.416 19.50 .1I$!.> .01288 18.9 8.811 77. 02 

.05012 13 .0 4 .467 19 .95 .11 22 .01259 19.0 8.913 79 .43 

.0-lS!)S 13.1 4.519 20.42 .11 09 .01230 19. 1 9.016 8 1.28 

.0·1786 13.2 4.571 20.89 

.0-1677 1:1.3 4.6201 il.38 

.0·}571 13.4 ", .677 2 1.88 

.1096 .0 1202 19.2 9.120 88.18 

. 108" .0 11 75 19.3 9.226 85.1 1 

.1072 .01 148 19.4 9.SSS 87.10 

.OH67 1:J.5 4.7S2 22.39 

.0'IS65 13.6 4.786 22.91 

.04266 1:1.7 4.8U 2S.H 

.1059 .01122 19.5 9.441 89.18 

.1047 .0 1096 19.6 9.550 91.20 

.1035 .01072 19.7 9.661 9S.58 
.0,1169 13.8 4.808 23.09 
.04074 13.9 4.955 24.55 

.1023 .01047 19.8 9.772 95.50 

.10li .010i3 19.9 9.886 97.72 

.0398 1 14.0 5.012 25. 12 .1000 .01000 20 .0 10.000 100 .00 

.03890 1-1.1 5.070 25.70 

.OS802 14 .2 5.li9 \l6.30 

.037 15 14.3 ,U8S 26.92 

. OS6S1 1-1.4 5.248 27.5" 

.03548 a .5 5.S09 t 8. 18 Voll/J~ 

.03",67 14.6 5.S70 28.84 /lalio 

.03388 1-1.7 5,435 29.5 1 

.033 11 14.8 5.495 50.20 

.05iSIl 14.9 5.659 30.90 
3.162 X 10-1 

10- 1 

.03162 15.0 5.623 31.62 

.03090 15. 1 5.680 52.S6 

8.16'lXlO- t 

10--' 
.03020 15.2 11.754 S3. 11 
.02951 15.3 5.821 83.88 3.1 62Xl(J1 
.Gi884 15.4 5.888 54.67 10-1 

.02818 15.5 5.957 55.48 

.02754 15.6 6.026 86.81 

.02692 15.7 6.095 87. 15 

3.16t XIO- 4 
10-4 

S. 10iX lo-' 
.02630 15.8 6. 166 38.02 
.02570 16.9 6.287 58.90 10- s 

-db + ..... 
POlU~ 

db 
Voltage 

!lalio Rolio --
10- 1 10 3.162 
10-" " 10 
10-1 SO 3.1 62X 10 
IO~ .0 10' 

10""' 50 8.162 X 10' 
10'" 60 10' 
10- 1 70 S.16iXIOI 
10- ' 80 10' 
10'" 90 S. 102 X 104 

10-10 100 10' 

To find deci bel valu es ou tside the range 'o f this t able. see paite 217 
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1" 
JO' 
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APPENDIX 

TABLE II 

GIVEN: {Voltage} Ratio 
Current TO FIND: Decibels 

POWER RATIOS 

To flnd the number of decibe ls corresponding 10 Q given 
power rolio-Assume the given power ratio to be a 
volt:l&'C ratio :md find the corresponding number of 
decibels from the t:lblc. T he desirw result. is exactly 
one-hal f of the number of decibel;! thus found. 

Exompl.----Git-en: a power ratio of 3.41. 
PilUl: 3.41 in the table: 

3Al_lO.655 db (voltage) 
10.655 db X J.1 - 5.328 db (power) 

Vol/age 
.00 I .02 ~I I I I /latio .01 .04 .05 .06 .07 .0' 

1.0 .000 .086 .172 .257 .341 .424 .506 I .588 I .668 
1.1 . 8~8 .906 .984 1.062 1.188 l.iH U S9 1.364 1.438 
1.2 1.584 1.656 1.727 1.798 1.868 USB 2.007 i.070 i .1H I., 2.279 11.345 tAll tA77 2.542 2.607 2.671 t .7S" 2.798 
I .' 2.9t3 2.984 8.046 3.107 3.167 3.tt7 3.t87 3.3<106 3.405 

1.5 S.5U 3.580 3.637 3.694 3.750 3.807 8.862 8.918 8.973 
1.6 4.08i 4.I S1 4.190 4.i44 4.i07 4.350 4.40~ 4.454 4.506 
1.7 4.609 4.660 4.711 4.161 4.811 4.861 4.910 4.959 5.008 
I. ' 5.105 5.1 54 5.iO I 5.i 49 5.296 5.343 5.890 5.437 5.488 
I.' 5.575 5.621 5.600 5.111 5.756 5.801 5.845 5.889 5.98S 

2.0 6.021 6.064 6.107 6.150 6.193 6.235 6.277 6.319 6.36 1 
t.1 O.H ·~ 6.486 6.5i7 6.568 6.608 6.649 6.689 6.729 6.769 
t .• 6.848 6.888 6.927 6.966 7.008 7.0410 7.082 7.121 7. 159 
t. , 7.2S5 7.272 7.810 7.847 7.384 7.421 7.458 7.495 7.532 •. , 7.604 7.640 7.676 7.712 7.748 7.788 7.819 7.854 7.889 

t.5 7.959 7.998 8.0i8 8.062 8.097 8.131 8.165 8.199 8.i3i •. , 8.299 8.SSS 8.366 8.S99 8.432 8.4GS 8.498 8.530 8.563 
'.7 8.627 8.659 8.691 8. 723 8.755 8. 787 8.818 8.850 8.881 

••• 8.943 8.974 9.005 9.036 0.066 9.097 9. 127 9.158 9.188 

••• 9.248 9.278 9.308 9.337 9.367 9.396 9Ai6 9.455 9.484 

3.0 9.542 9.571 9 .600 9.629 9.657 9.686 9.714 9.743 9 .771 
S.I 9.827 9.855 9.883 9.9 11 9.939 9.966 9.994 1O.Oil 10.049 
S.' 10.10S 10.130 10.157 10.184 10.ill lO.iS8 10.i64 10.201 10.317 , .. 10.870 10.397 10.423 10.449 10.475 10.501 10.5i7 10.553 10.578 ,., 10.630 10.655 10. 68 1 10.706 10.731 10.756 10.782 10.807 10.832 

'.5 10.881 10.906 10.93 1 10.055 10.980 11.005 11.029 11.053 11.078 
'.6 ILl i6 11.150 Il .174 11.198 11.222 11.246 ] 1.270 11. i DS 11.8 17 
'.7 11. 364 11.387 11.411 11.484 11.457 11.481 11.504 11 .5i1 11. 550 , .• 11.596 11.618 11.641 11.664 11.687 11.709 11.732 11.754 II. 777 , .. 11.821 11.8440 11.866 11 .888 11.910 11.982 11.954 11.976 11.998 

4.0 12.041 12.063 12 .085 12.106 12. 128 12.149 12. 171 12 .192 12.213 
'.1 12 .256 12.277 12.i98 12.819 12.340 12.361 12.S82 12.403 12AU 

••• 12.465 12.486 l!l.506 12.527 12. 547 12.568 12.588 l!l. 609 12.029 .. , 12.669 It.690 12.710 12.730 12.750 li.770 12.790 12.810 12.829 , .. 12.869 12.889 12.908 12.928 it.948 12.967 12.987 18.006 18.026 

'.5 l S.064- 13.084 18.103 18.U!l 13.141 18.160 13.179 13.198 18.'217 
'.6 13.255 13.274 13.293 13.312 13.830 18.849 13. 368 18.386 13.405 
' .7 13. 44i 13.4 60 13.479 13.497 18.516 13.534 13.552 13.570 13.589 

••• 13.625 13.643 13. 661 13.679 13.697 13.715 13.783 13.751 18.768 , .. I S.804 13.81i2 I S.839 18.857 13.875 ] 8.892 13.910 13.927 13.945 

5.0 13.919 13.997 14.014 14.031 14.049 14.066 14.083 14.100 14.111 
'.1 14. 151 14.168 14 .185 14.201i 14.tI9 14.236 14.253 14.270 14.iS7 
5.' 14.320 14.387 14.353 14.370 14.S87 ]4.403 14.420 14.436 14.458 
5.' 14.486 14.502 14.518 14.535 14.551 14.567 14.583 14.599 14.616 , .. 14.648 14.664 14.680 14.696 14.712 14.7i 8 14.744 14.760 14.776 

,., 14.807 14.81i8 14.839 140. 855 14.870 14.886 14. 902 14.917 14.933 
'.6 14.964 14.979 14.995 15 .010 15.026 15.041 15.056 15.072 15.087 
5.7 15. 117 15.133 15.148 15.163 15. 178 15. 193 15.1i08 15.224 15 .289 , .. 15.269 15.1i84 15.298 15.31S 15 .328 15.543 15.358 15.373 15.888 , .. HiA17 15.432 15.446 15 .461 15.476 15.490 15.505 15.619 15.684 
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I .09 

.749 
1.511 
i .21t 
i.SGO 
3.464 

4.028 
4.558 
5.057 
5.5i9 
5.977 

6.403 
6.809 
7. 197 
7.568 
7.9«' 

U66 
8.595 
8.912 
9.218 
9.513 

9.799 
10.076 
10.M40 
10.60 40 
10.857 

11.102 
11. 341 
11. 578 
11. 799 
12.019 

12.234 
12.444. 
12.649 
12.849 
IS.045 

18. 236 
] 8.423 
13 .607 
13.786 
13.962 

14 .134 
14.803 
14.469 
H.632 
14.791 

14.948 
15.102 
15. 254 
15.402 
16.649 



 

DECIBEL CONVERSION TABLES 

TABLE" (continued) 

- -
" oI'age 

.05 .• 8 .• , Ralio ••• .• 1 ... . 03 ... .• 6 .'7 

6.6 15.563 15.577 15.592 15.606 15.621 IS.635 15.649 15.664 15.678 15.692 
6.1 15.707 15.721 15.735 15.749 15.76S 15.778 15.79i 15.806 15.820 15.854 
6.' 15.848 15.862 15.876 15.890 15.904 15.918 15.951 15.945 15.959 16.978 
6.S 15.987 16.001 16.0 14 16.028 16.0U 16.055 16.0(19 16.088 16.096 16.110 
6.' 16.124 16.1S7 16.151 16.164 16.178 16.IIH 16.205 16.218 16.282 16.245 

6.' 16.i58 16.272 16.285 16.t08 16.812 16.S25 16.S88 16.S51 16.365 10.S78 
6 .• 16.S91 16.40"' 16.4 17 16.480 16.448 JO.·UG 16.469 16.488 16.496 16.509 
6.7 16.52 1 10.584 16.547 16.560 16.578 16.586 16.599 16.612 16.625 16.087 
6.8 16.650 16.663 16.676 16.088 16.701 16.714 16.726 16.789 16.752 16.7640 
6.' 16.777 16.790 16.802 111.815 16.827 10.8400 16.85t 10.865 16.877 16.890 

7.6 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 17.0740 17.086 17.008 17.110 17.1tt 17. 155 
7.' 17.147 17.159 17. 171 17.183 17.195 17.t07 t 7.tH. 17.251 17.US 17.265 
7.S 17.266 17.278 17.tOO 17.502 17.8140 17.526 17.588 17.8400 17.861 17.878 
7.' 17.885 17.596 17. 40 08 17.UO 17.431 17.448 17.455 17.466 17.4078 17.490 

7.' 17 . .501 17.518 17 . .524 17.556 17.547 17.6.59 17.670 17.582 ]7.5115 17.605 
7." 17.616 17.628 17.059 17.650 17.662 17.678 17.68.5 17.696 17.707 17.719 
7.7 17.780 17.741 17.752 17.764 17.775 17.786 17.797 17.808 17.820 17.851 
7.8 17.842 17.858 17.864- 17.875 17.886 17.897 17.908 17.010 17.051 17.042 
7.6 17.058 17.964 17.075 17.085 17.096 18.007 18.018 18.029 18.0'0 18.051 

8.6 18.062 18.073 18.083 IS.094 IS.105 18.116 18 .127 18.137 IS.148 18.159 
8.1 18. 170 IS.180 18. 101 18.202 18.212 18.228 IS.2540 18.24-1 18.255 18.266 
8.' 18.270 18.287 18.207 18.508 18.81!) 18.529 IS.840 18.350 IS.861 18.871 
8.S 18.582 18.892 18.402 18 .4015 18.U5 18.40840 IS.'U IS.455 18 .465 18.475 
8.' 18.4S6 18.496 18.500 18.517 18 .5t7 18.557 18.547 18.558 18.568 18.578 

8 .• 18.588 18.699 18.600 18.619 18.629 18.689 18.649 18.660 18.670 18.680 
8.6 18.690 18.700 18.7 10 18.720 18.780 18.740 18.750 18.760 18.770 18.780 
6.7 18.790 18.800 18.810 18.820 18.880 18.840 18.850 ]8.860 18.870 18.880 
8.8 18.800 18.900 18.000 18.IHO 18.929 18.089 18.949 18.958 18.008 18.078 
8.' 18.988 18.998 10.007 10.017 ]0.027 10.050 19.046 19.056 10.066 10.075 

9.6 19.085 19.094 19.104 19.114 19.123 19 .133 19.143 19.152 19.162 19.111 
9.1 10.181 19.190 19.200 19.200 19.t10 1\).ti8 19.258 10.247 19.251 19.t66 
> .• ID.276 10.t85 1\).2M 19.804 19.318 10.325 111.552 19.84!l 19.851 19.300 
9.S 19.810 10.879 10.388 19.398 190407 111.416 19.426 10.435 10.444 19.458 
9.' 10.465 19.472 10.481 19.'90 19.499 19.509 1\).618 10.527 10.586 19.5'lS 

9.' 10.554 19.564 HU73 19.68t 19.591 10.600 10.609 19.618 19.027 10.086 
9.6 19.045 19.654 10.064 10.673 1!).632 19.001 19.700 1\).709 10.718 10.726 
'.7 19.755 19.744 10.753 10.70!l 19.771 19.780 10.789 19.708 19.807 10.816 
9.8 19.825 19.858 19.842 19.861 19.860 19.869 19.878 19.886 19.805 19.904 
'.9 19.915 10.921 1\).\)30 10.039 19.948 19.956 19.965 19.974- 19.988 19.001 

- -
J' oIlt'fjfl 
Rutio • 1 2 S • • I 6 7 8 0 

10 20.000 20.828 21.584 22.279 22.923 23 .522 24.082 24.609 25.105 25.575 
26 26.021 26AH 26.843 !7.2S5 27.6040 27.959 28.290 28.6t7 28.948 20.2.48 so 29.542 20.827 SO. 105 80.870 50.680 80.881 81.126 81.864 81.606 3 l.8t1 .. 52.0n 82.256 32.465 3t.669 52.800 38.06' 33.255 85.442 33.625 33.80" 

•• 88.070 8'.151 54.320 34.486 84.648 84.807 34.064 55. 117 85.269 85.417 
6. 85.56S 85.707 55.848 85.987 56. I f.!. 56.258 56.891 86.521 30.050 86.771 
7, 86.002 57.025 87.147 87.260 87.585 87.501 87.616 57.780 87.842 37.958 
8. 88.00t 88. 170 88.276 SS.882 88A 36 88.588 88.690 88.790 38.890 88.088 
DO 39.085 89. 181 39.270 89.870 8Q.463 89.554 89.045 89.785 59.825 59.913 

106 40.000 - -

To find ratios outside the range or this table, see pal1e 217 
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INDEX BY TYPE NUMBER 

T!1IJe Name Page T~ Name Page 

CA P-3S Power Cord 210 5S3-A Output-Power Meter. 154 

lef F luted Knobs 202 602 Deeade-Hcsistance Box 26 

V-5 Variac 18 620-A Heterodyne Fre<lucncy Meter a nd 

V-5 Ganged V nri:1CS 22 Cnlibmtor 178 

\'-10 Vurine 18 631-'3 St roootnc 2 

\'-1 0 Ganged Vnrio.cs 22 631-Pl Strobotroll . 3 

V-20 Vnri:IC 18 64S-A Strobolu x 4 

V-20 Gnngcd VIIl'iacs 22 650-A i mpe<i:\l1cc 13I'i<lge 76 

50 Vurine 18 650-P1 Oscillatm-Amplificr 78 

50 Ga nged Vilrincs 22 651 -A£ Oscillograph Recorder 136 

50-PI Choke 22 651-AO C:uncra . 6 

100 St!lndnIY\ Induct:\I\cc . 66 1l54-A Dcr.:lde Voltage Di \·jd cr 3:1 

107 Vnriable Inductor. 58 663 Hcsistor 36 

11 9 Hndio-Frcquency Choke 210 667-A I nductUll(,:e Bridge 79 

200-3 V:\rine 18 668 ComJ)cns..'ttcd Dcc:ldc-Rcsist!lncc 

21 'kl\ Rheostat and Voltage Divider 38 Unit 31 

219 Dccndc Condenser 53 670-F CompclIs:l tcd Decade Resistor 30 

274 Plugs and J:lcks 207 67<1 Plugs a nd J acks 208 

274 Shielded Plug$ and C;\blcs 208 700-A Widc-R:lllge Be:lt-Frequency 

301-A Il hcost{l.t. :\nd Voltage Divider 38 Oseill:!tor 110 

314-:\ Rhoostnt. and Voltage Dividel' 38 700-Pl Vollage Divider 117 

318-B Dinl Plate 199 707-A Cathode- Hny Null Detector, 95 

371 Hhcoslnt and Voll:1ge Divider 38 707-P Tuning and Phtll3.i ng Units 96 

380 Dccndc-Cnpncitol' Unit. 54 715-A Direet-Cul'rent J\ mplifier OS 

471-A Hheostnt :Ind Voltage Divider 38· 71t1-C Cn j)ncitn nce llridge 70 

483-F Output Meler 153 720-A Heterodyne Frequency l\'fcter 180 

500 Resistor 37 722 Prccision Condenser 44-'16 

505 CaJ):\citol' 51 723 Vacuum-Tube FOl'k 126 

509 Stall(lnrd Condellsel' 49 723-1' 1'owcl'Supply , 127 

510 DCct\(ie- Hcsis tallce li llit 28 724-B Precision W:wcmcter , 194 

520-A Dial Lock 199 726-1'1 i\lultiplier 148 

522-A Dial Plnte 199 727-A Vacuum-Tube Voltmeter 148 

530-:\ Band- P;lss I"iller 140 72S-A D-C Vllcuum-Tube Voltmeter 150 

5H-B Megohm Bridge 88 729-A Mcgohmmeter , 151 

5,I6-C ? Iicrovolter 158 736-A \\'lIve Analyzer 130 

549 Contactor 5 740-13 Cal)3citancc Test Bridge , S2 

W I-D Vacuum-Tu\)c Bridge 86 758-A Wavemeter 195 

500-A Wnvemeter 193 759-13 Sound-Level Meter 10 

572- 3 i\ l icrophone Hummer 128 759-P21 Extension Cnble :md Tripod , 11 

578 Shielded Tl'tll lsfOl'tncr 80 759-1)35 Vibrntion Pickul) 12 
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IN DEX BY TYPE NUMBER (continued) 

Type Name Page Type Name Page 

759·P36 Control Box 12 1108·A Coupling Panel 175 

760-A Sound Analyzer 13 llOD-A Comparison Oscilloscope. 174 

7<i1-A. Vibration Metet' 15 1110-A Interpolating Frequency Stand:mi 176 

762-13 Vibration Analyzer 17 IIIO-PI 1\'[ ultivibratol' 176 

774 Coaxial Connectors (Terminals) . 204 J 140-A U-H-F Wavemeter 196 

783-A Output-Power Meter. 155 1141-i\. Audio-Frequency i'vl cter 190 

805-C Standard-Siglllli Generator 110 IliO-A F·)\'f Monitor 184 

813-A Audio Oscillator J27 1175-B Frequency 1\'[o])itor 186 

815 Precision Fork . 191 lin-fiT Frequency l\'[onitor 186 

816 Vacuum-Tube Precision Fork 192 It7G-A Frequency 1\'leter 188 

821-A Twin-T Impedance-Measuri ng 1181-A Fn .. '<lucncy Deviation l\fonitor 182 

Circuit 72 J205-A Unit Power Supply 105 

829 Decadc Attcnuator Unit. 34 1206-A Unit Amplificr . 105 

830 Wave Filten:; 138 1207-A Ullit Oscillator )06 

846 Variablc Air Capacitor 48 1207-1' Coils :md Tuning Units 106 

847 Vari::tlJle Ail" Capacitor 48 123I-B Amplificr and !\ull Detector. 100 

8·18 Variablc Air Capacitor 4; 123I -P Tuned Ci rcuit . 10' 
857-:\ U-H-F Oscillator 122 1260-A Vat'inc-Rectifier 104 

869-A Pulse Genemtor 124 1261-A POII"cr Supply 102 

874 Coaxial COltneclors (Termin:lis) 203 1301-.'\ Low-DistortiOll Oscillntor 118 

90' Direct-Drive Dial 200 1301-Pl Range Extension Unit 118 

902 Dirt!clr- aud FricLi()!!-Dri l'e DiaL 200 1302-A Oscillator 120 

904 Direclr- and Friction-Drive Dial 200 1450 Decade Attenuator 34 

905 Prech;ion Dbl 200 1490 Decade Inductor 57 

906 Pt'ecision Dial 200 1500-A Counting-Rate l\'Icter 156 

907 Gellr-Drive Precision Di:}1 198 ]500-P Countet' Tubes 157 

913-C neat-Frequency Oscillator 114 1530-A Micl'Oflash 8 

916-A Radio-Frequency Bridge, 74 1533-A High-Speed l\'fotion-Picturc 

920 Switch 209 Assembly ; 

938 Binding Post", lind Insulators 206 1611-A Capacitance Test Bridge, 84 

9,10 Decade-I nductor Unit 56 1612-A R-F Capncitance Metcr 92 

1001-A StandJll'd-Signal Generator 112 1614-A Cilpacitance 13ridge 90 

IIOO-A Frequency Standard 164 1631-A lnduct:mce Bridge 91 

IJOI-A Piezo-ELcctl'ic Osci llator 165 1670-A l\'Iagnetic Test Set 93 

1l02-A l\'fultivibnltor and Power Supply IS00-A Vacuum-Tubc Voltmetcr 146 

Unit 165 lS00-P2 11'!ultiplier , 148 

1l03-A Syncronometcr 165 1802-A Cryst~'ll Galvanometcr 144 

I L05-A Frequency .Measuring Equipment 167 IS61-1\ :Mcgohmmeter , 152 

1106 Frequcncy Tl'flnsfet' Unit 170 1931~A Modulation ]\'fonitol' 132 

1107-A I nterpolation Oscillator 172 1 932-A Distortion and Noise Metcr , 134 

GENERAL R A 0 I 0 COMPANY 223 



 

INDEX BY TITLE 

Adju~tn.blc trnniSformcr ( \ "IHiaC) . 
Paye 

18- 22 
44-49 Air cnpncitors . 

Amplifiers 
Amplifier, bridge 

direet-eurrent . 
unit 

Amillifier and null detector 
AmlllificT-()SCillator 
Anft]yzcr, noise 

sound . 
vibration . 
wave 

,\ttcnua.tor, decade 
Audio-frC(IUcncy meter 
Audio-frequencyoscilblor 

. is, 95, 98, 100, 105 
7S, 95, 100 

98 
105 
100 
78 
13 
13 
17 

13, 17, 130 
31,35 

. ISS-HIO 

78, 106, 114-121, 12&-128, 172, 191 , 192 
Autotransformer (Vilriac) 18--22 

Band-pass filter 
Bnr knobs 
l1cat-f/"C(jllcncyoscillators 
Beat-frequency oscillator, wide-range 
Binding posts and w;scmblics 

101, 138, 140 
202 

114- 117,172 11. 
206 

61-96 Bridges 
Bridge, cn]lftcitl\nOO 

cllllacitllncc t.est 
high-resistance 
impedance 
inductance 
megohm 
!lower-factor 
radio-frequency 
rtlJistancc . 
Schering 
vacuum-tube 

Bridge nmplificr 
Bridge nm]>llficr-oscillntor 
Bridge transformer 
Brondcllst. frequency monitor 
Broadellst monitur, 1·'·[1.1 , 

70-77, 82-85, 00, 92 
82-85 

88 7. 
76, 79, 91 

88 
70, 76, 82-85, 00 

72- 75, 92 
74, 76, 88 

70 
86 

78, 95, 100 
78 
80 

182 
184 

Cable, extension, lind tri l)od 11 
shielded 203- 205, 208 

Cable jack 203-205 
CaLle plug 203-205 
CnlibrAtor, pie1.o-<'lectric 178 
Cafllern, continuous-film st robosoope 6 
Cnpllcit:lrlec bridge 70- 77,82-85,90, 92 
CII]lllcilance test bridge 82-85 
Cnpneitars 41 - 55 
Cnpncitor, air dielectric 44-49 

decade ". 53, 54. 
fixed ,H)- 51 

mien dielectric " 
I)aper d ielectric 
precis ion " 
standard 
vllriable flir 

49,51,53,54 
53,54. 
44-4. 

4,1-46, 49 
44-49 

Cn thode-my null detector 
Choke (for Variacs) 
Choke, mdio-fre(Jucllcy 
Co.axial connectors 
Comparison oscilloscope 
CompcllSllted dceadc--resistancc unit , 
Coml>cnsated decadc resistor 
CondenSCTi:\ (sec Capllcitol"lO) 
ConnectoTi:l, cot\xial 

shielded 
Constant-inductance rc;;istors 
Contllc tor, hand 

s troboscope 
Control box and vibration pickup 
CoI)per-oxide rect ifier voltmeter" 
Cord, pntch 

p"ower " 
Counter t ubes 
Counting.mte meter 
Coupling 1>ll.Ilel " 
C rys tnl g.'llvunomcter (\"ohmelel") 

Decnde nUcnwltor 
Decade cnpMilor unit 
Decnde condenser " 
DecAde rcsistance bo~ 
Dccndc resistance unit 
Dct:Mlc rcsis t:lIloo unit, eompens.'I.ted 
Decade switches 
Decade voltnge divider 
Detector, heterodyne 
Dial, direct.-drive 

friction-drh"c 
genr-drive 
prt.'Ci$ion 

Dial lock 
Dial plnte " 
D ircct-currcnt amplifier 
Di rcckurrcnt vf\Cllum-tuhc vollmctcr 
D istortion lind noise meter 

t'-l\"! monitor 
}' ilter, btmd-ptlSS 

high-ptlSS 
low-l)tISS 
Wln"e 

Fix(.'(l cllpacitor 
fi xed inductor 
Fi.~cd rCllistor 
F lash, Iligh-spccd 
Fluted kno,bs 
Fork, precision 

vacuum·tube dri\"en 
Jo'requeney deviation monitor 
l're(IUeney measuring equipment , 
l'l"C(lueney meter . audio 

heterodyne" 
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Puye 
95 
22 

210 
203-205 

Ij.t 

31 
30 

41- 55 
203-205 

203-205, 20S 
30,31 

5 , 
12 

153 
203-205 

210 
157 
156 
I7.') 

'" 
34, 35 

i).I 

&1 
2G,30 

28 
31 

29,55, 209 
~, 

170 
200 
200 
19S 

19S, 200 
199 
199 
98 

lSI 
101, 138, 140 

13S 
I:IS 

101 , laS, 140 
49-51 

(lO,21O 
36,37 

S 
20"2 

191, 192 
126, 192 

182 
159- 196 
1SS- 100 

170, 178, ISO 



 

INDEX BY TITLE (continued ) 

l-'rC(jucncy monitor. 
Frc(lucncy stand/u'd 
Frc<llIcncy InUlsfcr unit 
FriClion..urivc dinl . 

GlI\vnnometcr, cry!!tal 
CUllgcd Variacs 
Gc.1Nirivc dial . 
Geiger-Mueller coun ter 
Generator, pulse 

standa r<i -signni 

111111<1 cont.'lctor 
T-I,urnonic analyze.', 
Heterodyne detector 
Heterodyne freq\lcllcy meter. 
High.frequency resi1$tor 
High-pass filter 
High-speed light source 
1-1 igh-6pccd motion picture aAAf'mhl.\· 
High-speed recorder 
Hummer, microphone. 

l mpcdanee bridge . 
]mpooance-mcnsuring nrtwork, Twin-T 
lnductnnce oridgc 
1 nductnncc standard 
Inductors 
Inductor, decade 

fi;t.;cd 
st:mdnrd 
variablc 

Ind ustrial instrumf"nfs. 
Insertion unit, cOllxinl . 
Insulated plugs 
1n8uln1ol"$, panel terminal. 
Intcrpolnting frc<luency standard 
Interpolation equipment 
Interpolation oscillator 
Inverse-feed back oscillator 

POfIC 
182- 189 

164- 166,liG 
liO 
200 

144 
2'l 

lOS 
156 
124 

110-113 

5 
13, 17, 130 

170 
170, 178, ISO 

36 
138 

8 
7 

6, 136 
12S 

76 
72 

76, 79, 91 
60 

56-60, 210 
56,57 

60, 210 
60 

56-59 
1- 22 
ro, 
207 
206 
176 

167- 176 
172 

118- 121 

203- 205 Juck conneetor, eOaxial 
Jacks and plugs 
J umbo inch 
Jumbo plugs 

203, 204, 206-208 
208 
208 

]\:nobs 
l\:nol>, bar 

fluted 
spin ner 
switch 

J..ock, dial 
Losses in capacitol"$ 
Low-di.stortion osci llator 
LoW-p:1SS filter 

l\ lagnetic test set 
l\ legohm bridge 

202 
202 
202 
202 
202 

199 
42 

lIS 
las 
93 
8S 

l\"legohmmeter 
Meters 
l\Ieter, alternnling-eurrcnt 

audio-f J"C(lueney 
bnttery-ol>eratcd . 
counting-rate 
distortion and noise 
frc(juency deviation 
hel.crodyne frequency. 
megohm 
noise 
out put . 
out j)ut-I)Owcl" 
r-f capacitancc 
SQund-levcl . 
vibration 

Microfl nsh . 
Microphone hummer 
Micro\'olter, audio-frC<lucncy . 
l\-Iodulation monitor 
Monitor, freQuency 
Motion-picture assembly 

Pag£ 
151 , 152 
141 - li;8 

144- 149, 153- 155, 158 
. 188-190 

I·H, 148-151 
156 
1M 

182-189 
I iO, I i8, ISO 

151 , 152 
10 

153 
154, 155 

!)2 
10 
15 
S 

128 
lOS 

Multiplier (for vacuum-tube voltmeter). 
Multivihnltors 

132 
182- 189 

7 
14S 

165, 176 
OS l\'tu tunl inductance standard 

Network, nttcnuntion . 
Noise meter 
Null detector, and nmplifier 

cathode-my 

34, 35 
10, 134 

100 
95 

Osci llutorll 78, 106, 110- 128, 165, 172, 17G, 191, 192 
Oscillator, nudio 

i8, 106, 114- 12 1, 126-128, 1i2, 191 , 192 
bent-frequency 114, 116, 172 
clectro-mechanicnl 126--128,191,102 
interpolation . 172 
inverse reed back .. 118- 121 
IJiew-elcctric . . 165, l i6 
radio-frequency . 106, 110- 113, 116, 12'2 
rcsistnnce-eapacit:\nc<:-lunc<1 118- 121 
tuning-fork-drivcn 126, 127, 191 , 192 
ult rn-high frc<jur.ncy 122 
unit lOG 

Oscillntor.nmplifier. i 8 
Oscillograph recorder 136 
Oscilloscopc, comparison 17<1 
OutlHlt metcr 153 
Output--power meter 154, 155 

Panel jnck, coaxial 
Panel plug, coaxial 
P:llICllerminal insulators 
Parts nnd accessories 
Patch cord 
Pickup, vibration . 
Piczo-elcctric osci llntor 

203-20.5 
203- 205 

2{j6 
197- 210 
203- 205 

12 
165, 176 
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INDEX BY TITLE ( continued ) 

l'btc, dinl . 
Plug connector, cOftxinl 
Plugs find jacks 
Power oord . 
Power meter, output 
Power stroboscope . 
Power supply 
Preeision condenser 
Precision dinl 
Prccisioll fork 
Precision \\'I\ \'cmclcr 
i'rimnry frequency standard 
Pulse generator 

Page 
199 

203-205 
203, 204, 207, 208 

210 
154, 155 

7 
l Q? __ l05 

44-46 
198, 200 
1£11 , 192 

19·1 
164- 166 

1U 

72-75 

" 21. 

Hadio-frc(\ucncy bridge 
Hadio-frequcncy capnei tnnoo meter 
Hadio-frc<luCncy choke 
Radio-frequencyoseill:l. tor 
Rnngc-extcnsion unit . 

. 106, 110-113, 116, 122 
H S 
136 Heeordcr, oscillograph 

s troboscopic 
Hesistanoo, compensated dCCRdc 

decnde . 
Hcsistnncc bridge 
RC$istnncc meter 
Huistancc~8p8citance-tuned oscillator" 
ilC:tistors 
Resistor, compensated decade 

constant-inductance 
dccade . 
6'00 
high-frc<lucncy 
variable 

Hhcostnt and voltage divider 

Schering bridge 
Secondary frequency Ijtandard 
Shielded conductors 
Shielded plug and cable 
Shielded transformer " 
Signal generator, standnrd 
Sound IlnAlywr 
Sound-Ic\"el meter 
SpillOer knob 
Standard, inductance 

inlcrpolnling fre([ucncy 
mutu:II inductancc 
primary frequency 
secondary frequency 

Standard condenser 
SW"ndani-signal generator 
Slrobolux 
Stroboscope 
Stroboscopc contactor " 
Slrol>OSCOl>C recordcr 

6 
30, 31 
26-32 

7'1, 76,88 
151, 152 
118- 121 

23-40 
30, 31 
30,31 
2632 
36,37 

36 
26-32, 38-40 

38-40 

7. 
164- 166 

203-205, 20S 
203-2OS, 208 

SO 
110- 113 

13 I. 
20" 
60 

176 
58 

164- 166 
I&4-IGG 
4~G, ,19 

110-113 
4 

2-9 
5 
6 

Strobotnc 
Strolwtron 
Switch knob 
Switches 
Synchronous-motor eon tactor 
SyncTonometer " 

Telcvision frequcncy monitor 
Tcmperaturc-eontrol box " 
Terminal insubtoNl, panel 
Tcrminniunit, coaxial 
Test bridge, CA pacitance 
Test set, m ll.gnetic " 
Transfcr unit, fre<lucney 
Tnlllsformer, adj ustable (Variac) 

bridge " 
shielded 

TriI>Od and extcnsion cable 
Tuned circuit " 

P (I(Je 

2 
3 

202 
29, 55, 209 

5 
165 

186 
16.; 
206 

203-205 
82-85 

93 
liO 

18-22 
SO 
SO 
11 

101 
'l'uning fork, IU"ccision 191 , 192 

vacuum-tube drivcn 126, 192 
Tuning-fork oscillators 126, 127,191 , 192 
T win-T impedunce-mcnsuring lletwork 72 

U-H-F heterodync frequency metcr . 
U-H-I' Ol!ciltalor 
U-H-lo' wa\"c metcr " 
Unit ins truments . 

Vacuum-tube bridge 
Vacuum-tube driven fork" 
Vacuum-tube voltmeter " 
Vacuum-tube voltmeter, d-e 
Vuriuble ai r cn.pacitor . 
Varinblc inductor 
Variable resistor 
Variac 
Variac ~ctificr 

Vllriorncte r " 
Vibrntion anulyzcr 
Vibration me ter 
Vibration pickup " 
Voltngc divider (dcc.1.dc) 
Vo ltnge divider (rhcosklt)" 
Voltmeter, eryst.1.1 

oxide-rectifier 
vucuum-tube 

ISO 
122 

195, 196 
lOS, 106 

86 
126, 192 
144- 150 

150 
44-49 
56-59 

26-32, 38-40 
18-22 

1~1 

58 
17 
15 
12 
33 

38-4. 
144 
153 

144-150 

Wavc an.1.IY7.er . 13, 17, 130 
Wavc fi lter. 101 , 138, 140 
W.1. \"cform-mClI.'Juring instruments " 13, Ii, 130, I~I 
Wa\"emetcl"ll (sec lo'rcquc ney meter, heterodyne) 

Wnvemetcr, precision 
\\"idc--m ngc beat-frequency oscillator 

193-19G 
194 
116 
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Sydney, Australia 

FOREIGN 

WARBURTON FRANKl, LIMITED 
380 Bourke Street 
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BELGIUM 
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CLAUDE LYONS, LIMITED 
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CHINA 
CHINA SCI ENTIFIC INSTRUMENT COMPANY 
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Shanghai, China 
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ElFlOMETA COMPANY, LTD. 
Polockeho 42 
Proho XVI, Czechoslovakia 

EGYPT 
THEODORE T. CASDAGLl & CO., LTD. 
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Cairo, Egypt 
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INDIA 
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ITALY 
ING. S. BELOTTI & CO. 
Piazza Trento, 8 
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Sydney, Australia 
SPEDDIN G, liMITED 
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SOUTH AFRICA 
BARTlE AND COMPANY 
Post Office Box 2466 
Johannesburg, South Africa 

SOUTH AMERICA 
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SPAIN 
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