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1?HE secUon on Indus trial Devjces appears in t.his 

IJ issue of t.he General Radio Company. ca t.alog for 

the firs t. t.ime. Application or electronic appara t.us and 

technique, once confillcd to tile cOJ)llnun.icalions industry, 

is expanding ulcrcasingly int.o other fields. Hecognizing 

t.his fact., t he General Radio Compan y has extellded iLS 

development program somewhat beyond the limits of t.h e 

communication indus tr y, Lo inclmle morc general applica­

tions of electrical measurement technique. The ins Lru­

Incnts described in this sec lion a1'e lhe first resul t or litis 

progralu. 

Applications of our equipment to generalindusLri al 

problems are by no means confined to those described in 

this section. Cathode-ray oscillographs and h.igh-speed 

cameras, included in other portions of the ca talog, have 

rHany appHcaLions ouLside of the comrnuu.i cations jllclustr y, 

and there is a grow ing recognition of the correlation 

between chemi cal and electrical p!"opert.ies of ma terials so 

that the al ternating-cllJ'l'ent bridge has hecome a powerflLl 

lool ill chemical analyses. The VaI'iac auto-transformer, 

laO, has obvious applications throughout industr y. 
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TYPE 548-A EDGERTON STROBOSCOPE 

T nI': 548-:\ E,lgcrton Stroboscope (pnwer su ppl.\· nil'] l.,mp) willi T n!:: 54!I-B 
S~·llchronoLl ... . \\ lotor Cont:u:lor 

Vis ion, the :lbilily Lo sec what is 
imppcning, is a proverui,li preliminary Lo 
finding a. Solulion for t1jfljcult.ics. :MosL 
I1lOdcrll mechanical operations hn.\-c noL 
heen subject La this fnndamenlalmclhod 
of alltllysis hecause they l.tkc place al 
speed s lao rapid for the eye 1.0 follow. 

The stroiJosCOI)C. however, depending 
upon the priucip les of inlcnnilLenl ,"iewing 
:lnd retention of vision, makes this pos­
sible. If a rol:'lti ll g object ;s instantane­
ously viewed at only one point in its 
molion, tJle optical impression is of a sta­
liona.ry object. If the viewing point of suc­
cessive obscr\'alions progresses SlllOo thly. 
lhe optical impression is that of an objecl 
['olating slowly al the rate of progression 
of the viewing point. 

The Edgerton Stroboscope gl'cally 
simplifies the Illcchaliies of the slrobo­
scopic principle. Ins tead or using rotati ng 
discs, shutlers. or olher mechanical means, 
intermittent viewing is accompl ished by 
fl ashing a light or high in tensity and very 
brief du ra tion. Tilis s troboS(;ope consists 
of :t lamp, power SOllrCe, and mealls for 
accurately timing the flask T he flash is 
of slIfIicient intensity to override modcrate 
lxL(.:kgro~l nd illu mi nation, and ils d uratio n 

is so brief UI[tt sharply dcfilleu views of 
objects mov ing at high linenr ycloci tics 
arC obtnwed. 

The stroboscope may be used as Olliglll 
sou l'ce in the pho tography of rapidly 
moving mechanisms. ] n this applic;'llion 
il is used with a shutlcrless C..'l.mera (such 
ns the General Radio T YPE 651-AM 
Assembly) in which the exposure is ob­
tained by means or the hriltinnt Onsh 
instead of a shut.ter. 

W hile the nOrLllul llJcnns for conlroiJ ing 
the flash rate is tbe TYPE 549-B Synchro­
lIous-l\iolor Contaclor, UIC rn.te can also 
be controlled (1) by closing any pair of 
electrical contacts, (2) by the GO-cycie 
supply mains (sixt.y flashes per second) . 
or (3) by a ny external source or alter­
IlItting curreut capnble or lIIilintaining 
100 "oils across 5000 ohms. 

All parts of t.he stroboscope equipmcnt 
except the lamp and tripping contacts arc 
built into t he metal cabinet which con­
stit.utes the power-supply unit. The cove r 
stores Ul e ue t..1ehable mercury-yapo r lamp 
and a 'fYPI:: 549-B Syncllronolls-Motor 
Variable-Speed Contactor which is op­
tional equipmcnt (lnd is no l included in 
the price of the instrument. 



  

~~~~I~~~~~~~STROBOSCOPE 

THE STROBOSCOPE 
STOPS MOTION 

T wo views of th e sa m e 

osr:i ll a f i n ~ spring 

BY ORDINARY LIGHT 
<--

BY 
STROBOSCOPE LIGHT 

---I> 
l,olD ImrrJllucit(d I>(d;QU II} 
3J-mm TrlOf;,,,,·p;ciN rr film 

SPEC lflCA TIONS 
Flns h in \! Ra n 1tc: frOl u 0 to 1'2,UOO nnsh~:s per 
Jllinutc for fum/:llllcntfli synchl'oll isl)l. 

La lll p: U·sJmpcd Illc rcury-wq>or lamp ulOunled in 
a bakelite protective housing which UlI,y IX' .~lu"i l 

upright or be"l ill the operator's hlLnd. 

IIIl1min~\t ion : T Ile ligl lt intensity wi ll Ik'rlllil 
gOOlI "ism\! ol)strwltiQI1$ i n II se.mi-I!MkcnL'tI roum 

willi lh\! lamp f!'Om 12 to IS inches from the object. 

S pect r a l Ois tribu tion: P ra<::l iclllty :III of tilt' 

mdianl CII(!rgy is in the I"l ue portion of the \'i~ iJ,l c 
Jlpect rllll1, a .lccidcd OIdvHulag:c in pholoJ,'TflplIY. 

T ubes : One FG-17 thyralron :md two UX-IlRJ 
r£:<:liticr lubes are supplied witl , t.he ins trument. 

I' owe r S u pply : I lf, \'ol ts, 50- 60 cycles. 

clibinel havi ng n dcladlable cover in wllie lL I.he lamp. 
lIlolor-dril'C I1 t:ol1ltu:Lor, anll cablcs llIay be s tore.L 

Dime n s io n !>: (J..enl{l.h) 2~1 x (widtll ) i~ x {hciglll} 
lGYz inches, over-:, II , wi ll. t'Ovcr closct.l. Dimen~ions 

of II1IIIp housing, (hcigh t) 12 x (tl iamcter) .~ incilC9, 

Net Weigh t : 5G pounds, including lamp Imt not 
Ihe Tn'~; MI)- I'! Synchrol1ol1s. :\ lot'lr Coutacior. 

Power Consuillp rion : 0.'15 kw., nlaximuillo 

1\·f oUllling: T ltL' power supply is IlouSt;d in II IIlct :II 

T!l11C- Corle Wonl Pr i('e 

· 548- A I .... ....... I M.\ GI C I 
~ ln d,,,I~< lalnl' 'I.;ucml,)s. IhllIl ront"CICtr Ct, , ynd.r"u ... uj·",,, ' Ot 
,,,,, t:oclur '''''~t l>c I),J "n',J 1i<lpruutd)'. 

TUBE REPLA CEMENTS 
'I'll fI(, 1J,~~cril)l it)" ellll,' 11'11"/ I~ ,icr. 

550-P I Lamp 

I 
~1 ,\.I011 

I FG - 17 TII~·r:. ' rOil 

TYPE 621-A EDGERTON POWER STROBOSCOPE 

Where ill tlminn.lion grc~~tcr than Cflll be 
ohtained wi th Lhe T YPE :148-A E dgc('lo tl 
Stroboscope is rcquired, wc C:ln build 
larger models like the onc shown in the 
accompanying photograph. Wi th il n 
fa ir-sized room can be litcl'n lly Hooded 
with stroboscopic light. The large r un its 
a rc pru·ticulal'ly desimblc when high-speed 
moLion picLurcs are to be lakcn with a. 
conside rable ficld of vicw. 

Since each of the large units is buil l lo 
order, modifications in COllstl'll ction can 
be made to sui t the user's requirements. 
Specific performance data will gla.d ly be 
sent on request. A sta tement of the pro* 
posed opera ting condilions should be 
incl uded, 

:; .. ,- " 
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CONT ACTORS FOR USE WITH EDGERTON STROBOSCOPE 
Two (.'OIlH llulll lof- lype contactors are availahle for controlling the flashing mte of 

an Edgerton Stroboscope. One is a moto r-dri\'cn device ll:lvin j:l' the flashing ra.le 
adjustable ove r :\ wide range. The olher is for p l'c~~ing :tga inst Lhe end of a sha.fl, 
tachometer-Cashion. I t llI:lkcs one flash fo r cvcl'y I'evolulion of the shaft. 

TYPE 549-8 SYNCHRONOUS-MOTOR CONT ACTOR 

THE ;a9-U Srllcbrouous- .\ lolor CUlllndor 

This unit. when d"ivcl1 from a 1 15-vol t 
(;Q.cycle linc, is capable of fias il iug (t il 

l~dge l'loll . troboscope ,"Il :Illy rate be­
tween :')00 :.lnJ 3000 fl:'lshes per minute. 
T he cOll taclor is drive l.! hy a ll I SDO-r.p. lll . 
sc lf-sllu'ling synchronous Illolor. Flashi ng 
r;l.le adj llslmelll is made by turni ng the 
knurled handle which changes t hc ra tio 
of t he rriclion-dri\'c mccha.ni sm. A c:lli­
br~t lcd scale I,ri ves the flashing rnte in 
lIashes per minule, P hase can be ndjustcd 
iwJcpcndc nlly :l.llhe conLac lo r head. 

J.t shou ld be rcmcmber('d that t.he con­
t.uclorCfl ll be used fo[' speed mCaSll ['cmcnts 
as high as :30,000 r.p.m. rr onc fl ash occurs 
fe)\' c\tcry sec;ond l ui'll of Lhe observed 
phenomenon, the cll'ecLive I'ange becomes 
1000 lo 6000 I·.p. m.; if one flash OCCIII'S for 
C\'cry thi rd Lurn , Lh c d l'ccLiyc mngc 
becomes MOO to 9000 r.p.tn .: e tc. 

By removi ng t be contilctOI' hend and 
subs titUling a rubber dr iving tip which is 
supplied. a hand conlaclor equiv:licnt La 
TYl' ~ M9-P2 is obtained . 

SPECIFICATIONS 

lta n ~c o f Flashin g Ratc: 500 to 3000 Ras.hes per 
minute. The (.'onlltctor may be used (or ohscr\'ing 
tl ml Illeasllring SI>cc<ls up to at ICllsl SO,OOO r.p.lll. 
A Ctllibrl\t~ scale (500 to 3000 r.p.m.) is provided. 

Cords: Connecting cords are (urnisL<,'t1. 

Conl"rols: One knob (or ndjnsling speed a nd the 
lIlo \':lblc cc>nt llctor head fur :uljustillg the ph:J.~ . 

549-8 I .................... \ 

Meh is provi(leJ with a locki ng nrrangclllcnl lo 
hold it firml~' in tlle desired I>osition. 

F req u e n cy Sta bili ty: Determined by stability of 
the GO·cycle supply maiDS. 

Dlmc n sions : (Length) 9M ~ (width) oM' :or. (height ) 
4~ inchc.~, over-all. 

Net We igh t : 10% pounds. 

(.'()(Ic Wf)rd PriN; 



  

TYPE 549-P2 HAND CONTACTOR 

This is the uncalibrated head of the 
TYPE 54!) ~n Synchronous-l\1otor Con­
tnctor previously described. It is fitted 
wilh a. rubber tip so tha t it can be dri ven 
from Ule counter center of a rotating shaft 
as shown in the accompanying illustration. 
Phtlse may be varied by rotating the .ld­
justable head. A clamp (or mOllnting the 
con~lctor in the cover of a 'l'y I' F. 548-/\ 
Edgerton St roboscope is fU[·llisllcd . 

Tv.>£ 5·I!)·P1! Hand Coui llclor 

SPEClflCA nONS 

Di m en s ions ; (l.ecgt b) 7 x (din met('r) Sy.( inches, Cord : Clnnectiug (:oni is ruruis llcd . 
over-nil. Nct Weight : 2% IlOunds. 

l' 'P' 

I ......... ....... . 1 
emlc "'()fI/ !'ricc 

TYPE 559-A NOISE METER 

Tl lis ins l rllTllCllt is nil inexpensive meler 
intended to meet the demand Iorn simple 
device for making com mercial noise 
menslIl"cmcnts.lt ean be used successfully 
for urban noise-level surveysor toa.sce rta.i n 
the amonnt of audible disturbRU<!C caused 
by machinery, and Lhe e ffectiveness of 
efforts t.o eliminate noise can be judged. 
Conversely, the efTectiveness of noise-

p.·oducing devices can be (pHln tila livcly 
determined. Sin(:e tbe freq uency ehar<lc­
te ri sticof the noise meler c1o~c1y approxi­
mates lIml of thc hmlliUl car, the observed 
mete r readings are directly proporlional 
lo the {tural stimulus of the noise being: 
lllensul·cd. 

The noise meler consis ts cssenLially of 
a ruggeddyualllic-pickup Iini t, 11 frequcllcy-

5 
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weighting network to provide a. frequency 
response similar to that of the human ear, 
aUenuntors, an amplifier, and a meter to 
indicate the noise level. The instrument 
is calibrated dirccUy in decibels (I have the 
average threshold of hea ring at 1000 
cycles. To convert the scnle to another 

rdcrence level it is only Ileees.sary to add 
or sublract a constnnl number of decibels 
to any obsen-ed reading of the meter . 

The instrument is sensi tive enough to 
show a deflect ion at a pill drop, and its 
range extends to sound intensi ti es suffi­
ciently great to cause pain. 

SPECIFICATIONS 

Sound I. c'·cl Rang/!: C;llibrnte<! in decibel. from 
+ 30 db hI + 14(; db a l:.(we the nvcrnge threshold of 
lu':aring a t \000 cycles. This t'Orre~Jlonds to a rIIrlgc 
of +i3 db to + 139 (Ib aOOve n reference level of 
I millibar at 1000 cycles. ami tb n mnge of + $7 db 
to + l.S3 db nbo\'e n reference Ic\·eI of 1O-11i watls 
per squarc, cent imeter. 

Frequency C haracte ris tic: The over-:Ill fre­
qucncy cill\ract.erist ie is s imilnr to the response of 
the h Ulllnll crtr. 

Pickup Unit: A dynamic noise-pickup unit similar 
in cotlJjlruction to the Wlual permnnent-magnet 
tlynamie speaker, and of ruggc..'d collstruclion, is 
built w to the end of t he cnbinct. 

Circuit: A stnble high-gHiulIerccn.grid amplifier is 
employed . A removable plug iu a OOO-olim input 
cirCllit allows IiIh:riI of \'uriou.~ churneterist ics to bl': 
inserted, a nd permits UII~ usc of Btl external micro­
phone in place of the noise-piekuJ) uflit supplied. 
..\. stcp-hy-step aUenUAtor is provided in addition to 
II. fi:l:ed T-IlBcI attenuatar which is connectcd into tile 
circuit fo r the measuremcnt of high noi.!;c levels. 

TYl14 

. I 

The altcnwdo~ pr~de tile amplifier, reducing 
overi<md attn errors due to possible nll/J-linenrity. 

Tubes: One 92·lyJIC and one 33-type, supplicd 
with the inst rument. 

Meters: A "ouble.runge voltmeter (or meAsnring 
filnment and plate voltAges is provided iu addition 
to the ooise-iJlllicating meter which is a d'Arsoo\'al 
IIIO"emcut willi (:oJlPcr·oxide rectifier, c/Llibrnlcd in 
decibels. 

Power Supply : Two No.6 dry cells, three 45-volt 
Burgess ~o. 5308 or equivalcnt. and one 7.5-'·0It 
Durgcs.~ No. 55400requi\'alenl batteries arc required . 
SP..1CC for these batteries is provided in the mounting 
cn5e, but Imllcries are nol indudcd in prke of thc 
instrument. 

Mountin~: The noise nl1'!ler is built inlo an oak 
cttbinct :lnd provided with n hClwy lenther carrying 
sLrar)· 

Dimensions: (Width) 16J,.i x (height) II x (dept h) 
l !i!.Y.i incht"!J, o\'c r·/ill . 

Net Wci~ht: 33 I Kl Ul\tI ~, IvitJlout b:lU erics: 47¥.! 
pounds with batterics. 

Code Word Price 

MITt;n 
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GENERAL INFORMATION ON PRECISION RESISTORS 
General Radio precision resistors are 

buill up a round several types of units 
which have been developed in the course 
of the comp:-wy's twenty years of experi ­
ence in this 6eld. These uuit.'t have no 
cO llsic.lerablc change in resistance over 
ordiulLry temperature rauges. and the 
ctllibralion changes only slowly with lime. 

Perma nence of original cal.ibrated values 
is :lssured by the usc of low-temperature­
coc ({jcient materia ls and c<lreful aging in 
order to relieve strains set up in winding. 
Winding forms arc designed for perma­
nence so as to resist nny deformation wh ich 
WQuid imj)ose stresses in the windings. 

Permalleneeof calibration with time and 
temperature is not sufficient, however, for 
resisto rs which are La be used at high fre­
quencies. The General Radio Company 
has designed uniLs which are to a large 
degree free from rcuctmlce effecLs, and 
whose resistance is independent of fre­
quency between wide limits. All of these 
units may be u:;co Lhroughout the wide 
frequency mnge from 0 to 50 kc with­
Ollt regllrd to frequency effec ts, and those 
of smaller resistance valucs arc free from 
serious errors well into the rad io-frequency 
region. 

CODlplete specifica tions covering the 
more COlllmon valucs of the different 
windings are given in the description of 
lhe TYPE 602 D ccade-Resistnnce Dox 
(page 9) . The desi rable results come from 
lhe appropri;ttc use of the three ty pes of 
winding described ll crewith . 

(a) A yrton-Perry ,Method. (Used on 
low-resistance precision cards.) On a thin 
bakelite strip n single ",-jre is wound, 
leaving a space between turns equal to 
the diameter of the wire. A second y,,-j re is 

A:rrton-Perry Mictl-Cttrtl 
These nrc t he 1\\'0 principal lypes of conslructiull 
u:$C(1 in huilding Generll l Ib ,dio precision resisturs 

wOllud in thespace betweeo turns, in paral­
le l with lhe first wire but in the opposit.e 
direction, so llwt unils wound hy this 
method are nea rly non-inducli\Tc. Unl ike 
the usual non-induclive bifil~lr winding, 
the distributed capacil.'l.nce is also vcry 
small bCt.'allse adjacent wires arc a l IIcIII"Iy 
the same potentinl. 

(b) Mica-Card Method. (Uscd on high­
resislflllce precision cards.) 'rhe wire is 
closely wound in a single layer on a thin 
mica form, lin: c uds of wh ich are reinforced 
by copper terminal strips. T he small wire 
and the thin form give units made by thill 
mcthod an exccptionally low phase angle 
at high frequencies. :Modificat ions of this 
design are used successfully on the attenu­
ation networks used in our standlu·d-signal 
generntors at frequencies as high as 2:; 
megilcycles. 

(c) Bijilar AI, thod. (Used ollly 0 11 0.1 -
ohm precision steps.) This method of 
winding consists of n shorl length of 
ribbon bcnt sharply back upon ilself. 

The comple ted ca rds are assembled in 
bridges, voltage dividers, and attenuation 
networks, as well as on decade switches 
mounted in boxes of several din i com­
binations. 

OTHER RESISTORS 
Where precision-winding methods arc 

not required, the General R adio Company 
makes usc of modificat ions which , beclllise 
they do no t involve such carefu l handl ing, 

are less expens ive. Wbere accuracy and 
stability of calibration demand precision 
resistors, however, precision resislors are 
always used. 



  

RESISTORS 

TYPE 602 DECADE-RESISTANCE BOX 

A convenient assembly of re­
sistance can.ls with switches in a 
single unit is a laborato ry staple. 
Such boxes arc in constant usc 
in circui ts wbere a wide range of 
resistance values is required. They 
arc used as laboratory standards, 
bridge arms, and loads. All 
General Hildio boxes arC equa lly 
usefu l 011 direct or alternating 
currenl tlnd IlHlilltain tltcir use­
fulness for many applicaliol1s 
into Hie high radio freque.ncies . 

The meLhods of assembly of the 
individual uniLs into a resistance 
box are of as muc.h importance as 
the characteristics of the units 
themselves, for the unit charac­
teristics ma.y be greatly affected 
by the mounting. 

The TYPE 602 Decade-Resist­
a llCC Box has been designed to 

provide a convenien t assembly of resist­
:lTlec units, to protect the units and 
switching contacts, and to avoid aller­
ation of the characteristics of the indi­
\'iduaJ un its. 

Two-, thrce-, four-, a nd five-dial decade 
assemhlies arc provided. Each decade has 
cleven con tact s tuds and tcn resistance 
units so that dials overlap. A detent as­
sists in setting squarely on the coutacLs. 

Mcchn.llicnl and electrical protection of 
the units is provided by the shielded 
walnut box and aluminum panel which 
completely enclo$e both uni ts and switch 
contacts. 

(~uadrupl e-lear switch blades running 
over large contacts insure a low and con­
stant contact resistance. The arrangement 
of cards and wiring is such as to keep at a 
minimum the added resistance and react­
auce which are unavoidable in assembling 
units into a box. 

These resistors are ~ldj us ted to have 
their specified ,rnlnes at their owu lenni­
nals and not at the terminals of Lhe box. 

A 3·dial ' I\'p ~: 602: ))cendc-Hcsislam.:e 
Box. Boxes having i, 4, llnl[ 5 Jill!.!! 

nre also available 

The resis bUice lllc:lsured at the box 
terminals will, Ulerefore, be high by the 
switch contact aud wiriug resislltOce. 
which amOllnts to a.bout 0.002 ohm per 
diaL This method of adjustment has been 
adopted primarily hecause no metJlOd in 
which tJle switcb resistance is absorbed in 
some aile unit of a decade CIUl give lhe 
correct value of the total resistance for aU 
settings of the va.rioll s decades. There are 
also many types of measurement (voltage 
d ividcr measurements, for example) in 
which thc diffe l'cncc in two ~c ltin gs of a 
resistance box is significant. This differ­
ence is given correctly only when lhe 
imlividual resis to rs have bcen adjusted 
independently of switch resistance. The 
wiring also adds It. snwll inductance. about 
0.1 microhenry per decade . 

When the boxes are used on altcrnating 
currents, particularly as t he frequency is 
raised. the box wiring a.nd the switch ca­
pacitances affect the va.lue of re.si st.'lnce 
between the box terminals by adding to 
the frC(luency effect in the ca rds them-

9 



  

10 

\~ 
T,rpic.1] inte-mlll cousl.rm:lion Or;l 
'!'l·PE (JOil DI'Clld ..,·HClI i.s t1JIlI.'C nox 

selvcs. These cl fccLs vary with freq uency 
and are genera.!l y greater for the brgcr 
dia ls. They do !'Jo t appea r at audio fre­
quencies but do afreet resis tance va lues at 
carrier and radio freq uencies. I 

Generally speaking. the 1-, 10-, and 100-
ohm dials arc most sa tisfactory ~lt higb 
f fCC( ucncies. 

When the boxes arc used in tuned 
circuits, only changes in resistance due Lo 
skjn efrect and. in some high-resistance 
cards, to efl'eclive capacitnncc need be 
considered. \Vhen the boxesarcused asdrop 
wires, the react:lIlce of wiring and cards a t 
high freCJ uencies will affect the apparent 
impcdnncc of the hox. D ata on these 
cffecL<.; wi ll be foulld in the spcciricatiolls 
under " J'rcq UCllcy Chll r:l c:lel'isti cs. " 

SPECIFICA TlONS 

Type of Winding : T Ile 1I01l-rt1tClil'c prt.'Cision re­
SLstou, described on p.'lge S, arc used: ll i61ar type 
on the O. I-olun units; Ayrtoll-Pcrryon 1-, 10-, amI 
IOO·ohm tlccndcs; and the unifilar mien l~'pe 011 lhe 
1000- and 1O,OOO-ohm tle<:utles. 

Accuracy o f Adju s tment : All cnrds are ;l tI­

juslw to within 0.1 % oi Ule stllle<1 value bet 1\"O. .. 'C1l 
card lerminal~, except the )-ohm cnrds which arl' 

adjusted to ~' ithin O.!M% am) the O.I-ohm cmlls 
which nrc adjusted to within 1 %. Where necessary , 
add 0.002 ohw for each dial to alh)ll' ror contnct a nd 
lI'i ring resisl.'\uce. 

Freque n cy Chunlc(erist ics: 'L'lu.:~;re is no serious 
frequcllcy error below 50 kc. At higllC:r frequencies 
the error results hom changes in resistance ;lIlIll.he 
dYed of the reactltlll'e in the Ql rd.s. Itnd from tJle 
inductance of the box wiring (nOOnt O.l l'h per dial). 

Table 1I !ish increase in resistance for si ngle 
dec:u.lcs liS error in percenlllgc of the slll ted vu luc 
of resistance u It fll l1ction of tlu: frequency. 

Tltble 111 lists change in iU.lpedltnce for sin1:le 
decades as erro r in percentage of tile stated "a lue 
of rcsis t;lIIce as a fu nct ion of the frc(lucncy. 

Maxi nlU III Curren t : The UJl ltCI' limit of tcmpe rn­
ture rise is 40 de1:"ed C. Vrllue5 of l'urrenl (or 20 
\Icgrce.~ C, tlnd ·10 degrCC!l C .. r i.~es folio\\'. 

'r.~IJ I •• : I 
Current for T e mpe rlltufc Rise 

of 200 C. and .100 C. 

!!O~ c. we. 
/J cel/jle n ile IUsc 

O. I·ollm lItel)$ , Li a 
1 -o hm steps GOO mit • 

10 ·ollm stcps 110 lila 2:iO mil. 

100 ·o llm steps ('0 ma 80 mn 

1000 -ohm stepll I.'. lila 'l!1 lila 
10,000 -oh m slepli a wa 7 11111. 

Swit c h es: Quad rupl e-feal, phos llh o r -bron ze 
switches bear on conlucl st1Lds Va-inch in diameter . 
Switch brushes nre bent so liS not to bo Ill ngent to 
the arc of lrtl,\'el. thus avoiding cutting. A CItro-type 
tlelcnt ill provided. T llcrc are ele"en <:o nlMet points 
(0 to 10 inclusive) .. 

T AIILE:: II 

Percentage t-; rror in ne~istatl ce 

for .\hxiIllUIll Setting of Each Decade as " Function of FrC(llIency 

I)Wlde Frequellcy in kc 

50 100 '00 .'.iOO LOUU 20UO !iOOO 

O. I-ohm steps 0 0. 1% 0.2% l.~% , % - -
1 -ohm llteps 0 0 0. 1% 0.3 % I % 4 % -

10 -ohm steps 0 0 0 0. 1% 0.5 % • % 11 % 
100 -ohm steps 0 0 0 0.1% O.S% 0 .. 8 % ·1% 

1000 -ohm s leJl~ 0 - 0.1 % - 0 .. '1% - s % - 11 % - -
10,000 -ohm steps - 1% - 5 % - - - - -



  

'fABLE 111 

Chnnge ill impcdallce (as a perccnl.t!.ge of nominal rcsistall(.'(: ) 
for l\(nximnlU Setti ng of Each Decade as 3 Function of Frequency 

FreqlltrlcJI in !'c 

50 100 200 500 I UIIO 2000 5000 

. , 0.2 % 0.7% • % -, 0.1 % 0.2 % 1 % 5 % - - -
, 0 0 0. 1% 0.2% • % - -, 0 0 0 0. 1% 0.3% 1% 5% 

O.I-ollm step 
I -011111 stcp 

10 -ohm ste p 
100 -01, III stcl) 

100U -ohlll steplI " - 0.1% - IU,% -. % -0 % - -
10,000 -olnu !ll~pll -, % - 10 % 

Temperatu re Coefficient: 'I'l l<: lCUlIll' raLu re \'0-

dli{'icnt is less thon ±O.OO2% per rlcgrt.'e C. cxt.'CJll 
Ull the 10,ooO-oilm c.a rds wllcrc it is +0.0 13% per 
degree C.:'It room temJlerature. 

Termi nals: J uek-top billliing posts set on Gelleral 
Itadil) s tlludnrd ;i-iudl spacing for resi.~tlll\ce (.'011-
IIcctious;. There i.~ an cxtra I>OS! at the corncr or the 
panel for t.'OlI llccl ioIlS to the sllield. 

Mounting: A copper-liuefl \\':'Ilu1Il cabinet. witb 

TYlle Rui.tlal1ce 

602-0 11 o hms , to('31, in steps o f 
602-E 110 ohms, tolal, in steps o f 
601-F 111 obms, toea l, In seeps o f 
602-G J 110 ohms, eoea l, In seeps o f 
602-K 1111 obms, toeal, in seeps o f 
602-J 11,110 ohms , toeal, In steps of 
602-N 11,111 o hms, tota l, In steps of 
602-i\'1 111 ,110 ohms, total, In steps o f 

- - - - -

a luminum j..lfll1el. complctely ellcloses s~'ilchcs tlnd 
n.>sislall('t lIuits. The pallel fiui51, is black cr:l ckle 
lacquer. 

Dime.ns ions: Panel length dCI>CTltis on the number 
of dials (see price list). being 77.; (ur !'l-dial. 1 0~ ror 
3-dinl. 13 for 4-dilll. and 15% inche! for 5-diul ho.~es. 
Panel width. 5 inches. Over-all height, 5 inciles, 

Net Weighe: 53i for 2-dial. "X for 3·lIi31, 5 lur 
4-<.1ift l, :'Ind 67{ pounds for 5-dinl hoxes. 

No of Diul$ CCHle Word Price 

0.1 o hm , DECO\' 

I ohm • O£CU\' 

0 .1 ohm S D£LTA 

1 ohm 3 DIGIT 

O. l obm , DEt't K 

ohm • DEBIT 

0 .1 o h m , DF.~ION 

I ohm 5 DE~IIT 

602-L 111,100 o hms, toea l, In s teps o f 10 ohms , IU:CAr 

DECADE-RESISTOR ASSEMBLIES 

like tliose useu in thc 'l'Yl'E 602 Dccadc-Resisblncc l~oxcs . 
Sec the description of UIC TYPE 510 Dccade-Resistance Unit, 

page 130. 

INDIVIDUAL PRECISION RESISTORS 

PI'ccisioll l'esishulcc cards, moun led and sCl1led in Illoulded 
bakelite cases. See the description of the TYPE 500 Resistor, 

page 129. 
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TYPE 670 COMPENSATED DECADE RESISTOR 

The TYPE 1)70 Cumpclls::tleu Decade 
Hcsislor consists of a dccatle·rcsislnncc 
box h;wi ng (''O Ulplclc\y nOll-reactive re­
sis tance increments. 

\Yh ile lhe 1'Vl'£ 602 Decade-R esistance 
Boxes have such low iC;lctancc as Lo be 
serviceable for many applications, even 
at. I'adi o frequcllc;ics, it. is I'ecognizcd that 
no type of rcsis La nce box cnn be llIade 
entirely non-rcnclive. In methods of 
mCl.Isurcmcn t requir ing a va.riable nOIl­
rCllcli\"c res istance, a pure resistance incre­
ment is sought fathe r Limn :l. pure rc­
sistnn(.~ . that is, a . residual cons tant. 

inductance tan be taken (:IU"C of t hrough 
a 1}I'c1 iminal'Y halance. 

The 'j'Vl'f': G70 Rcsistoni were dCRigncd 

to Lake ndvnn t..l.gc of this fac t. A doubl<' 
cnrd system is used . the switching ,tr­
rangemelli. being such I ha.t :l. coppe r coil 
of proper mag ni l ude to keep the indue­
l:ult.'C constant is ~ubs Lituted when !l 

l'cs i~tanee coil is switched O~l t of ci rcui t. 
rn l h is way the I'csis tant.:c l;,111 be chungcu 
withou t producillg tlfly cha ngc in circui t 
induc l.ulc...'C. 

1L will be observed from Lhe dat.a tables 
tho.!. a relativcly high residual inductance 
is produced by this melhodof construclion . 
This faelor docs not. however, detr:.\el 
from Hie v:Llue of the resis lor since lhe 
boxes will be used either in snbs titutiol1 
mc Lilods , where the prel imint'lry halttHce 
of Lhe circuit willlnke care of the residual 
ind uctancc, or in brid ge cireu.i ts ,,,,here the 
residual induct....'UICC c..'11l be balanced by a 
compensn ling inuuclance ill Ule opposite 
bridge arm. 

The vil.lue of these boxes is, perhaps, 
best demonstrated by the fact.lhat it. was 
this development ",hidl made possible the 
T YPE 516-C R adio-Frequency I3riuge ;.lIld 
t he TYPE 667-.'\ Inductance Dridge. bOlh 
of which are describcd e1SCW h Cl'C in this 
ca lalog, and neither of which would be 
possible without lhe usc of pure res;"l­

~UICC incrc lllcnls in the bridgc arms. 

SPECIFICATIONS 

T y pe of Willdin g: The 10-01 1111 IlIId l-ohm stell!; 
nrc Ayrlnn-l'crry-wouml tcsi ~L'llll:e ctLrds as tIc­
sc:rilH!11 on j).'ge S. The o. l-ohlll steps nre bifilar units. 
Thc Ilccadcs :aTe oompclUUleti uy l'Opper coils alld a 
suhstilution switching arrallg<:-Ulcnl which hoe!, tllc 
00:>: indnelnncc ooustaul ut 1111 sett ings. 

The construction of thc (.'Olllinuously-alljuslllblc 
(!olTIpcnsale<l slide wire is iIlulItml ed on JXlgC 131. 

Accuracy of Adjustment : Uesislonceincrclllcll l.$ 
fire I:orrecl to wi thin 0. 1 % (or the 10-ohm canis, 
0.25% lor the 1-011111 c.'1 rdll, and I % for the 0.1-011111 
demde steps and tile I-ohm slide wire. 

Maximum Current : 'fIle II I)pcr li!!lit of tempera­
ture rise is 40 degrees C. Vfl lllcs of currell t for 2u 
de(.'rees C. 1ll1d 40 rICbfJ'CCS C. rises follow. 

TABL£ 1 

Current for Tcmpo.:r.lturc Hi!le 
of 200 C. an,) 400 C. 

00· C. 
DtcaJe I{i!C 

n. l-ollIlI steps flOO ma. 
I -011111 steps 300 UHI 

I. -ohm sleps 90 Ul4 

.Wo C. 
Ri!1' 

1.5 !L 

500 m:1 
I (iO Ula 



  

-W~N-'I/VIII>/'--Jvw-w--w..Ilf-iI/lN--'W'-'II>'W'-IRESISTORS 

Swl tches: QU :'l d ruplc· 
le.I(, phospllor-bro u:tc 
switches bear on con tad 
stuJs %-inch ill dinmeter. 
Switch brushu nrc bent. so 
ftS not to he tangent to the 
nrc of travel , tbus avoiding 
cu tting. A cam-type detent 
is provided. There nre 
cle\'cll <:(lIIt'nct poi-nb (0 to 
10 inclusi'·e). 

Frequency Characteris­
tics: Tllcre is 110 seriou!i 

rrequeuey error below 50 Interior "iew or the T\"I ' ~: 070-P COml.K!lIsa lcll DCClltic I{e.sistor 
kc. At hiuher fn.'lILlCncies 
lin:. errors utc those sllOwn in Table 11. Tile oolllpensulioll is good al r rt<lucncics ns high as ,; rucgncy(· les. 

'i'MIlX 11 
I)crcentngc error ill n esislance for Maximum Selling of I:';ncll De(-Iule us :t Ftlnction of FrC((lI(,IlC')" 

Decade Fcql ' t:!lil~'c , /ell , 

I ~ 
100 ' 00 :iOU lono 200(1 5000 

O. I-() llm s teps 0.1 % O.~% 1.5% 5 % - -
I -(jIlin step!! 0 0. 1% 0.3% I % 4% -

10 --olull steps 0 0 0. 1% 0.5 % 2% 11 % 

Telllpcrnrure Coefficient : Less lIlIIn ± 0.OO2% 
per degrec C. eXl."CI)t on 1O.000-olull cards whcre it 
is + 0.0 13% per degree C, 

l)auds in copper-lincd walnut cnbincts. 

Dimensions : I'ancl, ( length) IS x (wi:llh) :) illclLcs. 
Cllhinct (I\eighl) ;) iuches, over-a ll. 

MOun thtll : The dials are Illounl ed on aluminllm Net Wei~ht: ,~ pounds (a ll types). 

Type 

"670-IlW 
670-l1' 

'670-FW 

Ilc.t ixiflflCt: 

o co 11 ohms, tota l , with slide wire 
o to 111 ohms. tota l , In steps of 0.1 ohm 
o to 111 ohms, tota l, with slide wire 

7.fJ ra Cod, 
Rr.s;.,i(ll1ct: i ltfillCillllt;1l 'I' nrll 

0.050 ohm 
0.045 ohm 
0.085 nlLlIl 

O. 70 ~h AD tl 1l) 

1.05 ~h .-\Dl' iSS 
1.05 ,..1. A DOW!" 

" ,ice 

'!luill 10 order only lind nOI ~articd in Jt Of'.lo:. Norm,,[ d,' li"el'}', two .. ·."'k .•. 

SINGLE COMPENSATED DECADES 

Pure resistance increment.s. total inductnn(:c constant. Sec 
description TY ,,~~ 068 Compensated Decad.e-Hesistaucc Unit, 

pfige lSI. 

SINGLE COMPENSATED SLIDE WIRES 

Continuously adjustable with 1- or O.I-ohm tolal resistance. 
See description TYPE 669 Compensulcd Slide-Wire Resistor, 

page 131. 

13 



  

RESI STO RS -WW-i\IW'-'W''--'I/;IVV'-J>M''-J\fI{'-JV'IVV'--'WV'-''W'-

14 

TYPE 646-A LOGARITHMIC RESISTOR 

This is it resistance box of a new type 
froUl which <\ large Humber of known 
\'alues of rcsislnnce Lelwccn 0 and 100. 1 
megohms arc ll"nilablc. Obl:.linaLle v:llues 
are distributed in approximately loga­
rillllnic steps over this ra.ngc. so tllut the 
unit cnn be IIsed to replace a number of 
decade-resistnnce boxes. A decade resistor 
gives n large number of values in :l narrow 
range; the T YPE a·lO-l\ Logarit.hmic R e­
sis tor gives ft:!wer ":'Liues disl.l'ihuled oyer 
a tremendously wide range. 

There arc Ilulubcrlcss laboratory u:;cs 
(o r the T\'J>E 646-A Logarithmic Itc­
sistor. It C;:ln be lIseJ in measuring circuits 
where a wide range of resistance va lues 
lUust be ('Overed, nnd whe l'c, though each 
value used mllst be accllrately known. 
using, for example, 5000 ohms instead of 
6000 ohms would enusc no trouble. It C:ln 

be IIsed for :t test lot"l.d ill transfOl'mer 
measuremen ls, and , because the switches 
are brought o liL to terminals, it ca.n be 
used as a logar ith mic \,ol t,tlge di vide r. 

SPECl f lCA nONS 

R"I1~e: 0 to 100.1 mf:gohrfs in approximatcl~' 
!o~:arithmic slep,. 

ACCUIacy of Adjustmcnt: Jndi,·iuua.1 resistors 
lue nuju,too as follows: 

Betwt.~n 0. 1 kn nnd 2: kn . 0.1%: between.') kn 
li nt! 0.1 i\IU, 0.~5% ; i ~I n to 100 M O. 5%. 

Type of Winding : The C()n~lnldion of the units 
below tire 20,000'011111 point is ~inli lar to theslnndard 
resistan«-Cllfd construction d~scribed on page 8. 
Uelwe<'n the 20,000-011111 /llld the I-megohm steps 
J ItC wire-wound unils ate us~l. 

Frequ en cy Charactcr istic : The impcllancc for 
allernating currents of IIny frequency i, gh'en ap­
pmxinL1l lcly by considering a cnp:aeitanl'C of 20 ~.uf 
with :.l power fuelot of 0.05 to be in Plu-ullel willi 
the uset! portion o( the " Megohms" lIia!. Second 
order corrections mny be mode (or a 2 .u.uf Ctlpnci-

llincc between the higli-Tesi:;t:a nce termioal of the 
"Megohms" din! nnd groun d. For resista nce uses 
lhe unused portion of lhe "Megohms" dial should 
I>c short-eircuited. 
Maxl.mum Current: In<lividunl resistors between 
0.1 kn and 0.5 kn will safcly cnrry 701113. Between 
I kn nod I illn cach resistor will dissipnte I watl. 
llesistors grenter th:," 1 1\1 n will dis;;ipnte 2 walls. 
Terminals : Separnle binding posl. nre brought 
out from eneh switch and from one ent! of each b'l"OUP 
of resislorli. :\ stl>nrnte binding post for U.e !h ielJ 
is also provided. 
Mounlin~: :\ copper.lined cabinet with an 31u­
mili um pancl completely elicluSCll hoth sw ilchl's :aoll 
resistors. Tile pnucl fini sh is blrlck cracldc lacquer. 
Dimens ions: (Lcngili ) 7~! x (c iertl.) 5 x (height) 
5 illehc.!J. 
Net Weight': 3,!1.f pounds. 

Cod~ Word Price 

1········ · ···· •.. . ... . . . ......... 1 A WAitE 



  

A TTENUATION BOXES 

TYPES 249, 329-J, and 429-H A TTENUA TION BOXES 

Tn>F. 4.'!9-n 

Bala nced-I-I- and T·scction predsiull nllClllmt iol1 networks nrc IlllHle in S lyp(~iI 

Genera l Radio mallUrflclurcs precis ion 
allenuuLion networks under three ty pe 
numbers; distinguished by Lhe ty pe of 
sec lion (1' or balanced-H ) and by the 
swi tch ing mechan ism . TVP E: '249 h:I S key 
switches. TYPES 829·.' and ·~29-H . rotary 
switches. The latter style is usually pre­
ferred. ill though Illany enginee rs nlllkc 
the c1nim tbat t he key switch is ra s ter to 
operate. 

An alLcnuation network is <t combina­
tion of resis tance clements 50 arr:lIIgcd 
that it introduces fl defin ite ami known 
amount o f power loss when put into it 

circuit between certain spccifi eJ values of 
exlernal output and input impedance. 
T hese three factors compleLely specify its 
ped ormnnce at all frequcncies fo r wh ich 
the effects of reactance in the resis tors and 
spu rious admill.ulces between them can 
be considered negligible. 

These ne tworks, when cons tructed wiul 
II switch ing mechanism for chRnging the 
amounl ot nltenuation , a re called " alten­
uation boxes; ' and have lo ng becn ill COUl ­

mOil use throughout the communication 
engineering industries for mak ing :tll kinds 
of transmiss ion-efficiency find power-level 
measure ments. Their value is now becom­
ing well known in olher fi elds as acces­
sories of the vacuum-lube ampli fier a nd 
voltrue ter. They permil the Ulje of subs ti ­
tution methods wrueh eliminate the need 

for <,a li b ratcd low-range- indi<,atill g ins t ru ­
menls. d imcult things to ohlflill for audio­
and <,arricr-h'eque llcy work , 

In o nc sense lhe~ .. a rC sinlii:.\r in usc to 
the shull ts und Illu lti plie rs lI sed with ga l­
vanometers, ammeters, alld \'oltulc Lel's . 
except that, whe reas the ol'dilll\ l',)' ,-;huuts 
a nd lIlu lti plicrs chall /-Cc the Vfdues of total 
resis tfl ll('C prcsented to L1l c circuit and to 
the mctcr. t lte iltt e ll1mtion boxes present a 
consta nt resistance or 600 OItIll S~ iude­
pcndcllt of se tt ing, in bo th <.iil'ections to n 
600-0111'11 c i!'c lIit into whidl they lire in­
serted . This means thaL ill aCCUI" lte 
lIIellsurelllcll t.s t he elLa Ilges nCCes.<;a.l'y ill 
Lhe ind icat ing device to cover wide ranges 
CiHlIlo t react on the apl)H ra.lus under tes t, 
Or rather, inasmuch ns the a.ltenuat.ion box 
is itself accura tely enlibmtecl , all sellings 
lllay be read direc tly t herefrom a.t a 
selected ;u·hi lr:trj' defl ection of t he incli­
cMo r. The calihra tion a nd non-linea.r ity 
errors of t he indica.ting sysLem arc Lhereby 

el iminated. 
The ne two rks arc. howcvel" nonnally 

treated as non-rc','1ctive iu ,tificial trans­
mission li nes o f viniable atte nuation 
C011stant a nd nrC useu e ither to vary the 
loss in a 600-ohm ci rcuit for purposes 
other than to cJmnge :l. meter scnle. or to 
be the va riable s tanci'l.l'd ill substitu t.ion 
methods of meaSU1'emcnt of attenuation 
in real lines, 

15 
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eALAN ce:O-H S~C:T ION T-S~C:TION 

Ilalaueetl-U-section networks are used when iwpeda llCC9 must be mlltclled in both directions and balanced to 
ground. T-type sections m"int nin constant impedance in both directions, bUl they are not b"l"need to ground 

SPECIFICATIONS 

Attenuation Ra nce : DuxC! IUl\' ing 11 maximum 
attenuation Nlnge of .5.5 db or ItO db lire listed in 
the price list. 'l' rpES 329-J and 429-8 are each com­
posed of t wo seetions in lICries, OM of 50 db tota l 
atlenulltion in steps of .5 db, lind the other Qr .5 db, 
lohtl, in IIteps of 0.5 db. Hemovable external links 
make eillJer section sepu rately available. 

TyPES 240-H IInd-T each ha \'e eight series sections 
wi tlJ a tlenuations of I, i, 3, " , 10, iO, SO, and 40 db, 
respedi,·ely. 

T y pe o f Section: T-seclion and balanceJ-U-sec­
lion models are available. Doth present a cousla.ul 
impedunce in ho th directions, bllt the balanced-II 
should be wed where both sidu of the circuit mu~t 

be balanced to ground. 

T ype o f Windincs: All resistorll are of the pred­
sion type described on page S: Ayrlon-Perry for tbe 
low-resistance clements a nd mica carlls for the 
high-resistAnce elements. 

Terminal Impedance: Boxes Lo operate bet.ween 
600-01101 impedances are listed. Boxes for oluer im­
pedance Vll luel\ can be made 0 11 special order. 

T he nn llles, image impedance, ch.lnlctcrislic 
impcJuDce, itcrntivc impedance, alld surge imped­
ancc, whieh nrc encountered in the literature, nrc 
all equivalellt ror the nllelluation boxes here listed . 
If the wrong \'alue or Lerminal impedance is \Ised a l 

either or hollt ends or the network , lhe cnliurnliOIl 
will be in error. The Ilmount or this error can he 
computed, as demonstrated in Shell, TrmulfliMioll 
Nelworkll and lVau FilterJl, Chapter IV, pp. 100- 121. 

Accuracy o f Adjustment: Each individ ual re­
sistor is adjulIled to within 0.i.5 % or its correct va lue, 
so tbat the entire bux is accurate Lo withi n 0.5% at 
rr~uendes up to at least 50 ke. 

Switchin~: 'frPE 240 11M 8 key switcbes to COII­
trol the S network sections. 

Tn>~';S S'lO-J and .J20-H have mult iple-blade 
swit ches and n posilh·c detent which centers Illc 
switch blades ou tbe contnct poin t.s nt each step. 

Mounting: Trpl::8 2'~9-ll anrl 249-T a re mounted 
in copper-l ined wlI. lnut cauillets, witb aluminum 
panels fioislieti in blnek crackle lacquer. 

The TTPE Si9 and T YPE .J'l9 BOXell hAve waln ut 
cabinets witl.i eOlVaved bakelite panel,. 

Dimensions: 1'rl'6 2-J9; Panel, ( length) 16 .I 

(width) 5U in . Cabinet. (depUI) 5M in., over-all. 

T YPE 3~!): Panel. ( length) 1 6~ .1 ( width) 10~ 
inches. Cabinet , (dept h) G inches, oyer-all. 

T YPE 429: Pand, (leugth) 14 x (width) 7 inches. 
Cllhiu('.I, (depth) 7 ind lcs, over-all. 

Net Weight : T\'I'~; i49, 7Y8 pounds; '['l'PE S29, Ii 
pounds; TYPE 4'i9, S pounds. approximll.tely. 

T.1" Alleltuutioll n unge Imp«iIHiu Ty~ of Srcfioll Code Word Price 

2i9-H 110 db in steps o f 1.0 db (lOO oh ms Ilallloced- H l\):T WOIiKnOI) 
249-T 110 db in steps o f 1.0 db GOO olnn s '1' XET WQIIKTQP 

329-J 55 db In s t e ps o f 0.5 db 000 Db ms Ualnneed- l1 TEX"(ITQHI'IG 

429-H 55 db in steps of 0 .5 db 000 oh ms T ADUlT 



  

A TTENUATION BOXES 

TYPE 529 A TTENUA TION BOX 
AUDIBI LITY METER 

3 

2 4 
L-SECT ION 

Thl: Tn'.: ,')211 Att(,lIl1ntion Uu~ iii Ullille (Ill :111 t ... t~'I)C :;cctioll 
whidl Illniutnins (:onstanl iml>eJance 1\1 the I- x lcnuin:ds 

Relative audibility is l.'o mmoniy IIlC,lS­
ured by rcduci_ng the rece i\'ed sigllal until 
it can be b'l.reiy beard. The amount of re­
duction required to reach this "threshold " 
nl1 ue is taken as a IllC<lSlI l'C of the relative 
audibility of the signal. A shunt, cali ­
brated fO l' n.llcll uation when lIsed be tween 

specified impedallces, and which will not 
affect jnput circuit conditions as it is 
varied, is required. T he rr'fI>E 52!) At­
tenuation Box wi ll meet these rccluire­
mCll ls, and is c.liibraled in decibels, the 
now genera lly accepted unit or relative 
audihi li ty. 

SPECIFICATIONS 
Range! GO d b in steps of 5! db. 

Type of Section: Availnhle in the lAype sectioll 
which nmintains constan t impedance in OIlC dirf.oetiolL 
only, 

Type of Windinil: Random wiudi ng Oll bnkelite: 
('Srus. 

Accuracy of Adj us tment : Vnlues of rt."Si~hllu..'C 

:Ire ;uJjuSlt.'tI IO wit hin ± O.!!5 % . 

Freq u ency Charac teris tic: An accuracy of ±2% 
iii U1nilll:lincd up to ft h'(!clu(!ncy of 10 kc. 

l\ l ounf l n ~ : i\ loullted ill hillld·rubbcd wnlnlll cabi · 
lIet wilh engraved bakelite panel. 

Dimensions : Panel, (leogth) fI::< (width) 8 ilici lt'.JI. 

Cabi net. (depth) " inches. over-all. 

Net Wei~ht : i % pounds. 

Type of 
7'lIJl~ Altemwlion ROlJge r"'IJefianct Secliol4 Code iVord Price 

529-A 60 db in s teps of :2 db 600ouw.! L AO UJ.T 

529-8 60 db in steps of:2 db OOOOohws L A.n 'IX 

TYPE 529-P1 60-DB ATTENUATOR 
This is a convenient L-lype pad (or 

ex tend ing tbe ttlllge of :t. 'j'ypt:: :j 29-13 

Attclllmtion Box by 60 d b. The compo­
nent resistors arc mounted in :t. slIIall 

bukelite case, with plugs which fit. the 
at.tenuation-box input terminals, and with 
jiu.: k-top bindiug pOr\ts se t. on ~-inch 
spacing for thc input ci rcuit. connections. 

Type II' eiyht Code Word Price 

529-Pl 6UOO Oh1U~ "CC t:SSQART 

17 
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TYPE 654.A DECADE VOLTAGE DIVIDER 

This is It precision-ty pe dc('adc \'01 Lugt' 

divide-I' which wi ll supply CX:l(,t \ '()ILagc 

ratios he tween O.t/O l Hnd 1.000 in s teps of 
0.001 . 'fi le inte rnal inpu t impedance of 
the ins t ru lllent remains ('ons1;1Ill at 10.000 

ohms for all settings of the decade diu Is. 
This in~tl'lllncnl Illay he thought of as 

a pair of TYPE 602 Decade-Resistance 
Boxes connected in se ries and mnlJipulaLed 
so that as l'csistUIlCC is taken out of one 
hox it is added to the other to maintai n 
the total se ries I'e~ is l ll nce cons lnnL This 
is acco lllpliiilhcd fOl' eItel, dial Lhrou ~li. tlte 
LI se o f two Tn'[~ .5 10 D ecade-Resis tance 
Uni ts operated from lhe control knob by 
lllea ns of I.t cha in d r ive. 

Performance specifi cations a re idcntic!:li 
in every respec t with those for t he T YPE 
002 D ccndc-Resistaucc llox('s Iwc \' iously 
giycn o n pages 10 ;) l1 d 11 . 

SPEClflCA TIONS 

Ral1Rc: Volt:tge rnlioiJ of 0.00 1 10 1.000 ill sleps of 
0.001 CAn he obtai ned by sell ing up tile fl<:.~ired 

ruult ou the three s\\' ilches, 

Type 

654-A l\I,uOU 011 111 .'1 

D imcns io n s : Panel. (Ien",rth) 1:3 x (width) 7 inclies. 
CulJillct. (~Ieplh) GM iuclles. o\'er-nll, 

Net Wci~hf : SU pounds. 

COile Word I',ice 

TYPE 125 PHANTOM·ANTENNA RESISTOR 

The '1' )' 1'£ 12:j Phantom-A ntenua Re­
sis tor is useful for tes ls on radio trans-
mitters where it is desired Lo replace the 
:lIl tcnna hy a 10(:;11 circuit whose cons t.ants 
a rc more casily determined , By this means 
inlet'(erencc wiLh olher s ta t ions is pre­
venled. This jnslrument js also useful 
about lhe laboralory where a reasonably 
accura.le resistor of high current-carrying 
capacity is rC<lllired. 

'.' 

~ 
0 , 
" , 

•• ,,''''' .. " ••• 'I """ ~ 
. l •. ~.::::::« 

o~ .. ~ , , , , 
~ , ~ ~ 

~ 

SPEClf lCA TIONS 

Maximum Ilowe r Dissipation: 400 walts. total, 
for 'I" ' I·t; 12;",;-1\; 900 wntb, Lollil. for T vpt-: 1'?5-G. 

Accuracy of Adjustmen t : 0.5 %. 

N o. 1)/ Rtli.1/allu C,nrCIJI 

'l'Y/l1J Sediollil per Sectioll ptJr $tctiull 

125-A , .~ ohnu , . 
125-G • 'i ohms 15. 

Tempennure Coefficient: r~ss limn ± 0.002% 
l)Cr d('g:I'(~ C. 

l'o l ountinlt: Hihbou-wOllnd on asbestos·boa rd ca rds 
llclt! vertically ltclwecil bllkelite. end plat ts. 

Ntl Code 
1)i JlltuJlliolf il IVeighl Word Price 

7U xv li: ".!4' i II , :iH lb. IIAVEN 

10~ x 7% x 5M ill . 7~ lb. REUEL 



  

If.-J'v\lL--J1N1N-Jo.AN'--'l/II'--'ww'-RES I ST 0 RS 

TYPE 525 RESISTOR 

This is a precisioll-type resislor capable 
of dissipating a lnrgc ;1.moulll of power. 
II is intended fo r usc in to 'Ling Lhe output 
power of radio transmillers in dummy­
antenna se rvice lind (or lISC ill general 
111boratory work whe re <~ resis lOl' or fai rly 
high precision lIlust dissipale a large 
:llllount or power. The 'J'l.' I'E ;;.'2:.; Ilc ... is tor 
consists of a mica. cu rti wound with I'C­

sistance Wil'C, clamped between two alu­
Illinum castings, and iusubled from them 
by lwo thin sheets of Illica, I.he whole unil 
heing supported 0 11 porcelai n insulators. 
The aluminum cft.Sli ngs arc hea.vi ly rihhcd 
Lo give:t large radiating slII' face. 

This unit is conservatively raled at 50 
walts, although it considerably grealer 
"1l10unt of power can be dissipilLcd for 
lo ng periods, wi thou t damnge, jf a large 

' lempcl'attlre rise can be t.olcrilled. 

SPECIFICA liONS 

Power Rating: All units will Jissipa1c 50 wntlli 
for n 100" C. rise iulcmpcrn lure nlld 100 waUs for II 

ISO" C. rise. 

Maxim um C urren t : Values or l.'1lrrent Cor n 
100° C. ri.~e io tempcrature are gh'clI ill llH~ price list. 

Accuracy: All units Me Illljustcd to be witllin 
D. I% of UJ(: rated "Rlues specified in the pril.'C list. 

Temperature Coefficient: Less tkln ±O.OO!! % 
l)Cr degree C. {or temperatures below 100" C. 

Freq u ency Ch~,racteri stic : GooJ rodio-fre­
quency dll~NlctcristiCi. See Ihe AI)ril-i\Iny. 1!)!l:3. 

f;zpuim e.llttr for eun·cs. The resistance of tile 
IO-oil rn si:f.e is withiu 20% of mit:d \'Idue fit r. ~ J e. 

S hieldin g : The aluminum c3stings I:/l n he Ilse;1 as 
ftll electrosta tic sllicllJ.Qoth rcsistor tcrminals bei ng 
iJ1Sllialcd from lhelil. 

T cnnin a ls: Jack-top binding posts 1I10\lllteli 011 
isulanlite wnsbcn 011 stnndnrd Gencm! n nllio SPlIC­
iug or % inch. 

1\·f oun ting: Il cliislors nre wound unifilarly on mica 
RIIIJ c1nllll)CII hclween two pit'CCs or U1icli ami two 
IH~A\' ily ribi.JcJ II 111minUlll castings. the ",I!Ole unit 
hdng sUPIIor1 c11 on port'C1:dll iusulators. 

Dimensions: ( Length ) 4 x ( wiJth) 4 x ( height) 
2,l4 indies. 

Nct We.igh t: 1.!4' pounds. 

Cllrrell!. 
Type U(Jli,'n 1lctJ 100" C. It ite Code H'(ml P r ict 

525-C 
525·0 
525·F 
525·1-1 
525·L 

4 ohms S. li a (:A'II.\L 

10 ohm's 2.' • CABIN 

40 ohms 1.1 " C ABOH 

100 ohms 0.7 a CA IH'/Y 

600 ohms O.Ot) u. CA U.:T 

VOLUME CONTROLS 

General Radio \'olume ('.'onlrols Cl rc described 111 lhe Parts 
section; TYPE 653, puge 132, TYPE ;;:j.Q, pftge 133, and 

'f'n>E G4Q-D, p<tgc 13·k 
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TYPE 526 MOUNTED RHEOSTAT-POTENTIOMETER 

The '!'YPI:: ,;26 )lounled Hhcosl;lt­
Potentiometer is sUPI)li cd fo r measure­
meuts where a. ca librflled I·heosl:\l-potcn­
I.iometcr i.s suflkien lly accurate. The total 
I'csistanc'c is :L djus led tQ with in 2Yz per 
cent of thcraled "lillie, IInd ;\ direct-reading 
se,.le will. a c,l libraliollllccur'ale to with ill 
:j per cent is provided. 

T1H~ resistance unit uses Cl four-finger 
l.'Ou lact-arm cons lructiOIl which avcrflges 
oUllhe ,'aria lions of the individunl finger 
contact resistances and so gi,'cs fl iiUlooth 
and linear I'csisl;\II cc-rotaLion curve lIpOIl 
whi<:h selli ngs may be casily repeated. 

A mounted resisto r of this type is 
recommended ror power-rac' tol' measure­
menU; wilh tlte TYPE GQ5-A Rridge. 
described 0 11 page 85 of thi s cata log, or 
for the va ri able standard in approximat e 
mCil$ure.n)euts of rcsistance values by 
briuge methods. 

On order, any Gcneral Had io sLanu:lrd 
t llree·hole mounl.ing rhcost!tt-polenti­
omeler, including tapered models. Illfl y be 
ob tai ned mounted in this man ner lI i' ing 
l.he TYPE SI8· A Dinl l)lnLe d.escribed on 
pitge no for t he senlc. Calibra.liolls arc 
cxlr;t; prices will be supplied on reques t 

SPECIFICA liONS 

Windini!: Tile winding i~ It c:.refu lly ndjuslc(1 
T n'.: ·l71 ·A Rheostat-Potentiometer (,;ce ~tge 137). 

Accuracy: 'fhe lotal rcsistnnct hn s bei:1I :t,ljusted 
t () within Q.5% ot the r:t led \'lIlue in lhe price list. 
The ClI liLr:1l iOIl is (\(:<:urate to wit hill 5% of full !l<:flle. 

/I.'l ounting: Dra\\'Il-sleel cnses witll lmnl·rubhcr 
pllllel for protcction of unit nlld f()f cOllvenience in 
"' iring into cspcrimenlnl circuit.ll. 1'loe c;. lIC. .lIIIY Ilc 
nS(!ll8.S All cledroslnl.ie shield. 

T e rminals: Two ]>nirs or jaek-top hiluliug posts, 

T!lpe I?UilftllllCl 

526-0 0- 100 ohms 
526-A 0- 1000 ohms 
526-B 0- 10 .000 ohms 
526-C 0- 100,000 ohms 

one tor inpul an,l ODC loron !pnt. onslan\lard Gener:!.! 
nadio spacing or M indl, arc provided. 

Dial Plate : Each unit ha! 1\ 3·i llch pholo+cngra \'cd 
dial plnte wilh 50 Jh'ision5 :lIId is cali bra led dircell~' 
in ohms, 

Fin ish: Black cr~·slallinc l:tcquer. 

Dimensions: ( Oiamclrr) 4H :JC (hf' ig lo t) 4h 
inches, o\·eNdl. 

Net Wci~ht : 1.\.1 pounds, 

MaJ!. Current Cl)(le W ard Price 

330 rna .;T II.~H 

IO ·~ rna ~;Vo\l)F. 

33,0 111:\ l;VF.ST 

lOA ma l :\'OKE 

RHEOSTAT-POTENTIOMETERS 

j,'rol 0.75 ohm lo 200,000 ohms maximum resisbtnee, 
5 waUs to Q50 wnL~s maximum power rating, See descri l>tions, 

pngeJol 135 to 139. 
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TYPE 222-F and TYPE ·222-L PRECISION CONDENSERS 

T n.>!:: j 2\! Precision Condensers have. the worm -type micrometer drive Oltc.fll tcd by t he knob 
a L the right. T he lUain seRle <l lld micrometer drive nTe observed t hrough lhe two wiudows in 

t he panel 

'Ibis condenser is for use ill measure· 
menls where tile very highest order of 
calibration stability, precision of setting, 
a nd electrical performance arc essential. 
Yet it is rugged enough £01' gcncral labora­
lory work by students. It is used as a 
reference standtu"d or capncita ncc in 
bridge circuits and as the c;,libralcd 
vlll"iahle in oscillators, wavc llIc lcrs, ,lod 
heterody ne-frequency mete rs,l etc. 

The losses are low and constant wi th 
selling. and calibrations can be relied on 
rol' long periods of time. Any selling ca n, 
with care, be du plicatcd lo within one 
parl in 10,000. 

Low a nd constanl losses a re seclI rcd by 
using as Li ttle supporting diclec tric as pos­
sible (consist ent wi th mechan ical rigidi l)') 
<llld by plaei11g it in a weak and unvary ing 
fie ld whose in tensity is independent of 
rotor position. This featu re is especia lly 
importan t when the condenscr is to be 
used fo r determin ing dielectri c loss by the 
bridge-substi tution mcLhod.2 

For npplications where the need for 
extremely 10"· losses is acute, Jlr·cci.sion 
condensers Ciln now be furllishcd with 

, See p:lgcoA 4' . nll SO lor 60me e ...... ..,,,relO 
I s.... the di.eu" ion of ro".I~n ... r J<KM"S in th~ Apll<" ndix. 

fused-qua rt?' suppor ts instead of lhe 
isolanLite supports ordinarily used. The 
figul·e of meri t (RwC2) is thereby improved 
lo onc lwenty-fi fth or the isolalilite value. 

The excellent precision of setting is 
made possible by the micrometer-type 
dri ve. The worm is lapped into place and 
held <tgainst lhe wheel by a spring, a 
me thod used in precision di viding engines 
fo r reducing backlash. 

Slandll rd calibra li.ons for TYJ>E8 222-F 
and 222-L P recision Condensers gh ·e the 
cap,lcitance to the nearest micl'Omic,·o­
farad . but impl"ovcmen t..'1 enablc li S to 
supply on order a cali bra tion accuraLe r or 
Lolnl or di frerence cRpaci ta n.ces to 0.1 Illl f 
or 0. 1 pcr cent. whichever is ht rger . T h is 
finc cali bration fi nd correction consider 
lI le effec t of eccentricity in Ule worm-chive 
IllCdUUU SIU a nd appear in the price list as 
lhe " Worm-Correction Calibra tion ." 

A T YPE 222 Precision Condenser will 
hold its ca li bra t ion over long periods of 
timc to better than 1 part in 1500. The 
plates <lrc of tbick aluminum l widely sepa­
rated by accuralely turned (not cast) 
spacers. They arc elamped on the stator 



 

117 

:ONDENSERS 

bUlilled to the 
ror calibration 
no time ill the 
-ration changed 
icrofarad. Per~ 
:h order is not 

s give the morc 
alions. 

(In the clmrL to 

t gi l·jng the CRI'IlCi­
to the IICil resL U. l 
011 SIK!Ciai order. 
cl iOIl Calibration" 

~ mounted on all 
ck cf:\cklc lllcque:r 
el. 

nel and 8 (.·'Opper 
!clive elcctro~tutic 
,he shiclJ. 

nre pro\·jdcd. The 
II is broughl out 
e rotor terUlinnl is 
leI. 

[)tlenscr i ~ not iu­
)ul it ctln he safdy 

is slIppliet.l witb A 
I lock :tntl cnrrying: 

D.l1 x (width) au 
:hc$. over-all. Stor­
iO)( (lteight) Jli!% 

monnted condenser 
1Sf: MIlII C1I. libralion 

23 



 

CONDENSERS IHHHHHHHHHHHHHHHHf-

24 

TYPE 222-M PRECISION CONDENSER 
(See iUlIsf,ration. page f2) 

The internal oolls lruclions of 11.11 preeision.lypc 
oon(\<:'IlSl!rs show the same excellenl quality of 

workmllllship 

This condenser has been designed to 
provide adin .. >(;t- readillg, adjustable stand­
ard of capaci tance for lise in the substitu­
t ion measuremen t of capaci tance. 

In this method, which is ideal for small 
values of capacitance, thccalibralcd stand­
:ud is connected in para.llel with the un­
known. Two balances aTe requi red, the 
unknown capacitance being given by llie 
difference between t lte values of the st and­
ard when the unknown is connected and 
when it is di!3conncclcd. 

The TYPE 222-1\'( P recision Condenser 

is arranged so that the capacitance d iffer­
ence may be read directly fl'om the ell­
grayed scale, t hus elimina ting t.he usc of n 
calibration chart and the computation of 
the unknown capacitance by subtraction. 
Zero scale reading corresponds to nearly 
maximum capacitance (about 1200 micro­
microfarads), the first bridge balance 
being taken with this setting. The scale 
reading for the second balance may ex tend 
to ll. maximum difference-capacitance of 
] 000 micromicrofarads, corresponding to 
an actual capacitance of about 200 micro­
microfarads. 

The micrometer drum is divided in to 
]00 divisions, each corresponding to a 
change in capacitance of ] micromicro­
farad. T en turns of the drum cover the 
range (1000 micromicrofarads). 

The mechanical const ruction of the 
COndCll !lCr is similar to that of the T YPE 

2il2 Precision Condenser, descri bed OIl the 
preceding page. The differences consist in 
the lise of a 25: 1 worlll, a reduced number 
of platcs. and Illcans fo r the adjustment 
(in our labora tory) of two of these plates 
to give the desired calibration. 

The following specifications lis t lhe 
deta ils in which TYPE 222,..l\{ differs from 
the TYPES 222-F and 222-L P l'ccision Con­
densers described on the preceding page. 

SPECIFICATIONS 

Capacihl n cc Hauge: Total dmnge in capacitance 
1000 J.1/-1fi e:l. paeitance Ilt zero scale reuding (mal:i­
wum cllpacitttnce) Ilhout 1200 J.1/-1f. Ule eud value 
being given will. each instruUlcnt. 

Drive: 'j'cn turns of thc worm cover ti le entire range 
of the condenser. about I·U O. rlacklnsh is Ic..!ls than 
Y2 of one division. For olher d rive detnils consult 

the preceding oe5cription of T \'PF'..8 222-F and 
U!l-I .. 

Calibra tion : Each of the 100 divisions on U.e 
micrometer drum corresponds to I j.1;J. Each coo­
denser is ind ividually Il(ijusled in Ollr lll.hornlory 80 
t hat all values of incremental cnpacilance arl' accu· 
rate to withi n 1 iJ"f. 

C(lpnclJ. (lIIce Di~lcclric 

1'!lPe Change Sup·porl~ Cod~ Word Pr·ic~ 

222·M 1000 J.lJ.I f Isola n tite CO UIl.'\ 

222.MQ 1000 ).l).lf Quartz COBRAQUAT1. 

Wonn- Correc tio n Ca libration Data (or above Condensers wO'I ~Y 
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TYPE 246 VARIABLE AIR CONDENSER 

The TYI'E 240 Coruicllscr is like lile TI'PE ~i! I~recision Cootlcnser, but it Ims 11 0 wi(.!rometer drh'e 

This condenser is (or use in measuri ng 
and experimental ci rcuiL'i l'cquiring a high­
grade un it in which exlreme precision of 
seHill!; and accuracy of ca libration a re nol 
req uired : as the "balancing condenser" in 
the subst itution meUlOd of capacitallce 
measurement, for example. 

Electrically it is idenLical with the 1'1'I'E 

222 P recision. Condenser. II cannot be 
sct with as greal precision, but once se t il 
should hold a selting almost as well. 

The fol lowing de ta iled specifications 
show the points in wh icll th is condenser 
di fre.'s from TYPES 222· L" and 222-L. 

SPECIFICATIONS 
Capacitan ce Range : Thr~ sizes, 1500 1'1-'1, 3000 
I'I-'f, and 5000 ppf, arc carried in st()Ck. 

Drh'e : A spur-geM slow-mot.ion drive baving II. 

mtio of 10: I is an auxilinry control fo r the large 
knob il.lI!illiullllounteu 011 t he wlur l>hufl. 

Ca li brat ion ! No c.1.lihrnl ion is supplied with this 
condenser, bUl Illllounted calibrat ion curve ;u:eurale 
to within 0.5 % of lull·scale or 8 mounted calibration 
table for II points. accumlc to 0.5 % of rull·scnle. 
can be prepnred to order. Sec Hie price lis t. 

TVpe 

°246·L 
°246·M 
°246· P 

iJ! uzimul/j 

1500 J.lJA f 55 J.I.,.J 
3000 fJ.Jlf 70 I-Ip.! 
5000 JAJA f 72 I-IJJi 

Mounted Co.liilra.liOIl Curve .. . 

l\ .. l axi Olu m Vo l rajle: T YPE 24G·tand ')'\'1'£ q4G-~ 1 

nrc conservatively rated ;tl SOO \'otts, peak; Tn't; 
2--1G· P, 500 "olts, peak. 

S ro rage Case : No storage case is supplied. 

Dim ensio ns : Pnnel. 7M :( 7~ incbes. Cabi llet, 
( height) for T\'I'g 2·iG· L. S~ inches; for Tn'):S 

24G·i\f and 2·~ G· P, 11 % inches, over·all. 

Net Wci~h t: 'J'\'I'E 2·1G· L, 1 Ui pouods; TYI'.:~ 
'l oiG·!'!! a nti 2,\(,·1', 15 pounds. 

Code Word 

C£n.Ul 

C UA09 

CIIARY 

COR n : 

Price 

Mounted ll ·poill l Cnlibrlltion Tab le . .. . , ... , .. CJTAItT 

25 
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TYPE 539 VARIABLE AIR CONDENSER 
(CABINET -MOUNTED MODELS) 

The stll tor s tnck iu It Tnf: 5:111 CoudenSer is s lt!)l)(Jrlcd uy two bluck~ of lrcJlteo is()lllllli le 

This condense l' is (01' usc in Iaboritlory 
measuremenls where the design rcGJlc· 
mcnls of TrPf; 22'2 find T\' I'E 246 Con­
densers afC noL rC(luireu. I t has lower 
lo~scs than eililcl' o f ollr oLlieI' lahoratol'Y­
type condensers, bUl the losses (RwC~) do 
not remain so ncarly conslanlwilh se lling. 
nor is the s labi lilY of cnlilm\Lion quite so 
good. POI' a grea t Ill[WY pUl'poses tb is is 
no drawback, :lI1d olle ca n profit by lhe 
lower p ri l.'C. 

Three brass rods, ex tensions of which 
se rve :\5 mounting pillllrs. rigidly suppol'L 
tile two end plates all each of which is a 
block of isollllllite cllrl'ying lhe lwo rods 
Lo which the s ta tO r is :ILlttchcd. This 
melhod iusurcs low losscs a nd facilitates 
lhe usc of special plate sh:lpes, like those 

in tJle 'i'YPE5!J!)-T (s tra ight-line (l·cQ uency. 
2700 nngle of rOltt l ion) Condensc r Rud the 
(Jnes lIsed as tuning eonLrols in the General 
Rad io TYPI~ G13:D and Tn>E 7 1 ~-A Beat­
Frequency Osci ll ators. 

The Tn'~: 539 Condenser is supplied 
either UlllUolillted or mount.ed in <l cab· 
inet tint! wi th stra ight-line-capacitance 
Or s traight-line-frequency plntcs. Tlte 
straight-line- freq ll ency model eR n al so be 
supplied with a. rotOr thal is insulated 
from the end plates and grou nd. 

The following specifications describe 
the pr incipal refllUl'cs of the cahinel­
moulll.ed models. }1'O\' a description of the 
IInlllol llll.cd models wilh s tt·n igh t-l ine. 
\\'a \'(~ lenglh. straigh t -linc-f req ll c l1 cy. and 
logft ri t hmic-rrcq ltcncy pl:lt.cs,sec page 14'2 . 

SPEClflCA nONS 

Cllp:lclta llce R~ln~e : T llrct cnpacitnnce ranges 
:ue R\,:libble in stock. 

Rotor Plate Sh :lpe: Semicirculur rotor plul.cs 
giving' n lincar cnpacil:lllce \'nrintion with selling 
lire used on nil :l 1lI~lds delK:r ibe(1 here: Tn)E~ 

.'i3!l·A. 539- B. and 5S9-C. 

lsolantite Support:s: Two Imrs of isolautite. 

trcnted to I>te\'ent :lusorplion of moist nrc. support 
the stntor ussembly. 

Low LO!lscs: HwC'2 i., n.ppro).: irnR leiy 0.09 x 10- 12 

tmscll on meusuremcnls al 1000 cycle5. See the 
Aj)j>cndix for fI. d iscussion of RwCZ till n. figure of 
merit. rOt vRriable !lit COllllcnsers. 

Ori"e : All three <'.tl.b inel Illoclcl ll im \·c 11 100·lli\' ision . 
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TYPE 503-li' (friction drive) Vial aUached to the 
rolor shaH. 

Calibration : The maximum anu minimum va lues 
of C'.lpllcilani.:e accurntc to within 0.5 % of full -sc;'\lc 
art engraved on lIlt !Iameplnte of each mounted 
model. If desirefl, II clilibration accumte to wi thin 
0.5% of rull-scu1c can be supplieJ for the cleven 
to-divis ion points including 0 a nd IliO divisions. An 
e:flra charge (see price: li5L) is made for UIl! work. 

Mountilli!: TYPES 539'1\ , 5S9- B, alltl 53!)·C are 
fllOunte<i in n polished walnut cabinet 011 lUI alumi­
num panclli nisbccl in blnck crackle lacquer. 

Shielding,: The aluminum panel ami (J. ("'OPI)(,f 
lining in the enbinct urc an effective cleclrostn lic 
shield for nil moun led models. The fotor is grouuded 
to this shield. 

Termina ls: T wo binding posts are provided on all 
cabinet Illodels, The stntor (high potelllialtcrminnl) 
is broll!lht out l ilrough nn isolnotile bushinG, nnd 

the rolor lCfm inn l is in eOli lud with Ule grounded 
panel. 

Ma xim u m Vollag,c; 'I'HI:c: S:~9-:\ is conSCr\'ali"cly 
ralt..'tllll 11 00 "ulls, fWak: T,'r£ S3!)- D, tit 800 \"oll.~, 
peak; Tn'£ 539-C, III 550 "olts, rlCak , 

Dimensions: Por ti ll moun led models: Pnnel. G}!i ... 
(l.!1 inches. Cabinel. ( height) S% inches, over-nil. 

Net Weig,h t : !\lollnteJ models weigh nppfOxi­
uilll. ·ly Gy! IwulLIls, 

.\'11 It! i //111 ('/'lm,.;I"""r ('~fc. 

'I'!II,r .1/ ,1.1;;"111,,, .If ill; '111111/ Word 

"S39-A 500/.l/.l f 50/l}Af ,\S!:i !I.. " 

~ 539- B 1000 /.lJl. f 55 Jl~f M>i"~T 

~539-c.: 2000/.l /.l f GU J.ll-'r Asn;H 

II-point Ca libration T ahlc , cu,\nT 
)Innntcd C.LliltmtiOIl Cun'c CUIIV}) 

" rir f! 

"'Cnlihrations .upp]iw oul)' '""htll vrdered, Ii"" CV"'r~'''".J 
eotte word~, "II8AYCIl AIiT ... !lJ:lr.rt " .... T. Q. A&TIW..: " .. tlT. 

TYPE 539-P INCREMENTAL-PITCH CONDENSER 
Hepeated frequency changes a t any 

poi nl on lhe scale of 100 cycles or lcss 
in the oUlput of a TYPE 6l3-R BeRl­
b'rC(IUcuCY Oscillalor arC gi veil by lhe 
Ilddilion of a '1'1'1'£ 530-P lncl'clllcntn l­
Pilch Condense r, The scale of the COII­

denser is calibratctl wilh the oscillator 
wilh which it is Lo be used in one hu mh'ed 
div isions of exact single-cycle increlllcnl~, 

A " Returned Apparatus Tag" tJmtlllay 
be secured on appl ica tion Illuslaccolllpany 
the oscillato r when iL is returned fo r lhe 

add ition or u. Trl'fo; 53f) -P Inc remental­
P itcll Condenser, 

SPECIFIC A TI ONS 
Condenser : Sallie (:ollslrnc;ticlII, rOrlt1, :uul dimen­
sions ;18 T\'I'~; 539 \ ':.riablc Air COllilcliSer.'\ li$lerl 
aoo,·t:, IlIus lral(:(1 right <:enter, 1)llitC ~1. 
Calibration : 0 to 100 e,wles, rrcqucucy incrCII5(:. 

539-P I In cr c:m e n ta l-PiICh I 
Conde n ser , . , . _ 

Code 
Wrlflf I',i"., 

AtWIT I 

TYPE 247-G VARIABLE AIR CONDENSER 
(MO UNTED MODEL) 

This is an inexpensive condenscr with 
d number of featurcs. especially lhe 
direct-readi ng calibrated scale, that make 
it \'cry popular in the Ittbomlory develop­
ment of expet'imcnl:tl npparatus, The 
plates are or brass. Eaeh sLack is solde red 
together La form a rugged unit of low 
resistance, and the usc or a vcry sllla ll 
amount of properly pLa<-ed high-grade 
hard rubber keeps dow n Ule losses, 

An unmounted model with an illuSlnl,­
lion showing the internal conslr'ucLion is 
listed on page 145. 
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SPECIFICATIONS 

H.a n)te : so lip t to 500 J'p r. 

Plate Shape: Struight-line Cllp:H:ilum.:e. 

l.ow Losses: IlwCz is nppNxinllllely O.OS x 10- 1'. 

~'h",:inlum Voltage: 500 \·01t5. IlCllk . 

Drh'c: The d ri\'C is nf Ihe piuion-g('ur I)'JIC willi a 
rtducLiun rat io of G: I. 

Gal ihr:uion : 'I' ll(' \lia l has n tlirccl-renwnJ:: f..,:Ll i-

S I)III;III)/ ('(IJIllei/alice 

.1'(Il'i"'1I1n. 

bration, as show o in t ile ill ustration, accurate to 
wi lhin 4%. 

j\ l oullti n g: The IllIrd-ruuber tover of the dmwll-
51,eel case supports t.he condenser and two binding­
l"IOs t tcrlll inals. T o mounl on 1\ ba..o;ebo:lr(l, drill 
suitable hol('5 in the boUoHI IIf the l:1lliC. 

Dimens ion s: !':lnc1, (Ilia meier) .~ Y2 indIes; t-ase, 
(height ) 4}:f inches, O\·cf-:lI1. 
Net We ilth r : T y"t: i -l7-G, 2M 1)()llIIds. 

Price 

247-G 500 J.lJ.l. f SO lo'J.'f (,OL IC 

TYPE 509 STANDARD CONDENSER 

TYI)E 509 'lancinrd Conciense rs arc 
I:om p/lcl fixed labol'aLory s l.:lIld al'<J..; o f 
capacillulce r:l ngirlg in value rrom 0.001 
1"0 1 microfarad . The usc o f t hese COII­
densers in conjllllctiou with il T n'E 222-L 
or TYPE 2Q'l-M Pr'ccision Condense r' 
ex tends the ,'auge of precision IUCMurc­

me nL by a, (lil'cel subst itution method we ll 
into the large cnp,tcilance v:ti lles. The 
error ill a composite capacitance slandan] 
so formed is less than 0.1 per cent or 1 
microruicrofarad. whichever is Ule grcl.lLcr. 

Large fixcd-capac it"l ncc s tandards wiLl . 
a i.. diel ectric arc p rohihitive ill cos t 
llnd arc inconvenient ill the weight and 
size necessitated by the mechanical re­
quiremenls of rigidity, T he usc of solid di­
electrics, although reducing l he bul k 
pe r microfarad. leads to a long.pe riod in· 
s tabilily in the value of capacita nce and to 

vurili l ions tha t nrc fUllctions of te mpera· 
ture, pressure. and humid ity. 

E:lCh TYrE 50!) St"indard Comiellser 
cOllsis ts of two '('YI'g 50:; Condenser Uu; ls 
which haye been put thl'ough an addi · 
tiona I aging process. The s tnh ility of the 
nni ts aflc r the repealed llf,ri ng cycles is 
be tte r t han lite accuracy of the final 
calibl·;tt;oll , 0.1 pCI' ce llI. Adjustment of 
one unit brings the total eapa.citam:e Lo 
within 0.25 pe r I.'enl of lhe engraved v:.llue 
withou t d ist.urbing thc section respoll· 
sible ror the larger proportion oC the 
cap<1 eil:U1cc. 

The final v:.tlue of the !illi shed condenser 
is lUe;'I.<iw·ed with an error of less t han 0. 1 
pC I' cent or 1 micromicrof:.lrad, whichevc r 
is t he larger, and is ente red with Lhe d<l le 
on a c.tlib ralion ce rtifica.te supplied wilh 
ench condense r. 

These c...'omlellsc rs arc mounted in ca~t 
al uminulU cases whieh act as shields. The 
I.(~ rmi nals are jack-lop b inding posts (a ile 
of which is mouuLed dircclly on the case). 
Auxi lia ry T Y PE 214·P Plugs fit d irectly 
into Lhc jack tops of t he te rminals im· 
lIlcdi~lte ly below. Whell plugged in in lhis 
way lhe capacil:mce values ure added by 
being placed in parallel, and the cases arc 
all conoeeled together, U1US reducing to a 
minimum the p roximi Ly effecls between 
condensers. 
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SPECIFICA liONS 

Capacitance: Ten \'alues of capnci ltlnce between 
0.001 jl.f nod 1.0 /oJ! urc a\'lIi1nblc in slock. 

Acc uracy of Adjustment : Each (:omICliscr is 
carefully adjustl.>{i to within 0.25 % of t be nominal 
ca p:lt'ilnll~ "lIlue engraved on the case. 

Accuracy of Calibration: After cnd! L'()ndClIser 

has ~n aged , adjusted, and mounte!l, ils Cfl. p~l cilall(;e 
is measurC(i us carefully as po5sible. a millie va lue of 
capacitance, acturate to within 0.1 %, is cntCfCtI 011 

a ct'rtificntc of calibrat ion which is packet\ with cadi 
unit. 

Stability: Over reasonable periods of lime (e.g. 1 
year) each condenser enn be c:cpected to maintain 
il5 calibrated vallie 10 wjUlill 0. 1%. 

Tempe r atur e Coeff icient: ApproximaLely 
+ 0.01 % per degree C. 

Powe r Factor: The !K)wer fa ctor of al! si1.es lislet! 
i51css than 0.05 % . 

Maximum Voltage: See price list. This rating 
means thllt the condenser will withsllluu sufely the 

M(l. ximllm 

IH: voltage Ivhose pcnk clillal.., tbe given mting lip 
to t he given fre(llIcncy. Abo .... e tlmt frequency, the 
allowable "oHuge uecreuses inversely wilh the squa re 
root of the frequeucy bee-mISe of the power los~. 

Mounting: Two sizes of cast uluminum eases a rc 
used, clepcndill J; upon t he physi('al dimellsiolls of the 
conllen:rer stacie The prke list shows the tYI)(: of 
ease USCll. 

Termina ls : Two jack-top binding posts sp.'1ccd % 
of nn inch apnrt are mounted on t he ca.-.e. One 
lerminul is grounded, Ulld t i,e o1l1er one is insutnted 
by means of an isolant ite bushing. 

Dimensions: SmitH C:t5C. (length) {V! indl~ l[ 

(width) 2M inch~ x (height ) 1% in cl!(~5, {I,'er-n ll. 
L.1Tge case, (lengUI) G inche§ x (wid lh) ;1% inche! 1: 

(height) 2}'$ inches, over-nil. 

Net Weillbt : Qne find one-hilif pounds for "II 
condellsers mounted in small cases; 2).1 POUIlUs to 
3),.1" poullds for a ll ~'OIl{lellSc.rllI1l0Ulllc{1 ill large eltses . 

7'/I1)r ("!par ;ftll!C6 Vol/a!l e F uqllrrrrl/ {'of/I: Ward {-'ricc 

509-F 
509-G 
509- K 
509-L 
509-l\I 

509-R 
509-T 
509- U 
509-X 
509-Y 

0.001 j.l f 1200 v Uo kc Sma.1I GOOIJCONBO\' 

GOOIJCO:-; H lIe; 

GOOOCONl;,\ 1' 

QOOOCO :-;UOG 

ooonco~~: y~: 

0.002 j.l f 700 v G4U kc 
0.005 }.I f 700 " 260 kc 
0.01 
0.02 

0.05 
0. 1 
0.2 
0.5 
1.0 

"' 700 " 

"' i Oa ,. 

"' 700 v 

"' 700 v 

"' ioa v 

"' 500 v 

"' 500 \' 

I SO kc 
G5 kc 

GO kc 
SO kc 
16 kc 
12 kc 
G kc 

Large GOOnCO:-;I'IG 

COO I)CONRon 

GOOl.lCO:O<SIS 

GQOllCO NSl/M 

coo nCONT" " 

MICA CONDENSERS 

Handy, plug-in mounting, fixed capacities, 0.0001 .u( to O.5.uf, 
accun\cy 1% or 10 .u.uf. See description TYPE i30:3 Condenser, 

page 148. 

UNMOUNTED VARIABLE AIR CONDENSERS 

ranging from 15 J,!}.l£ to 2000 j.l}.l £ maximum eapacilanee and 
from 500 to 3500 volts, peak voltage rating, wiiJ be found on 

pages 142 to 146. 
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TYPE 219 DECADE CONDENSER 

The Tn~: SWI l)eciHle Condenser ClUi he supplied ill ,? and 3-clinlllizes 

This decade condenser consist.s of two 
or three TYPE 380 Decade-Condenser 
Units mounted on a panel in a cabineL fot 
convenience in the In.boralory. Each OIl C 

is direct reading in ctlptlcilllll CC. They ,Lrc 

usc(ul as ca pacitance standards where 
work of ordinary commercial accuracy is 
being done. 

1;'01" individual TYPE 380 Decade-Con­
densel' Ull iLs. refer to page 147. 

SPEClflCA liONS 

Capacitance : T hree dec:.dc oombinalion$ M e 

Il\'ni lable in slock as shown in lhe pri~ list. 

CalihnH ion: :.\bkinS allowtl lU:e for a zero l'uJlaci­
hlllce of 30 p,., r for l in! l'Omple lc hox. the Uoxcs are 
/lc<:urnle to within 1% for the 0.01 j.lr und O.OOl l'- f 
s teps ami to wit hin 2% f{ll' ! he 0.1 ~r sICI)S. 

Maximum Vol tage: SOO volls, I>ca k. :\l frc­
qucncies higher t h!tn 1000 kc, 100 kc, ilnd I kc for 
t ile 0 to O.OlO-j.tr,1I to O. IO-J.l r, lIud 0 to 1.0.j.tf decades, 
rcsl>ccli\'cly, l he 111 l'x iOl U11I voltage permissible for 
con tinuous dllty decreases inversely "" ith lhe square 
root or tile frequcney. 

Power Factor: Il",C. tile lK)wcr rador. is (I.OM. 

'r'l pc Cfl1)(1eilallce 

219-F 1.10 J.lf total, in steps of 0.01 
219-G 1,11 0 J.l f tot:,l. in Steps o f 0.00 1 
219-J 0.110 J.l f tota l. in steps of 0 .001 

0.001, :ulIl 0.010 for lhe 0 to O.OIO-JoI f, 0 to O. IO·S'I. 
and UII:: 0 to I.O-S'f decad~, rcspccth'dy, When all 
the $wilchcs arc a l 1-cro, the lK)wcr fu etor is O.O,S, 

l\'loullting,: Units are assembled on an engraved 
b:lkdile ]lll.uel and mounted in II polished wII.lnul 
C(lbinel. 

Dimensions : Panel widt h. 5 inches. Height or 
cabinet. including knob. 6 inches, over·all. Pancl 
length : lor TyPES 1l19-F and 5!:1!)-J, 9~ inches: for 
TYPE i J!)·G. Ill%, inches. 

et W e ight: For TYPES 9:19-)" lind 1!19-J, 5J4 
pauorls: lor Tn' t: 210·G. 8 pounds, 

NI) tlf /)ia/$ emit Word Pri~. 

, CO\' tm , ORiEn , 
CRO :'-Y 



 

TYPE 106 
STANDARD INDUCTANCE 
This fixed standard is acclIrnlcly ad­

justed at 1000 cycles. T.ow <lnd nearly 
constant resistance ,Lt Rudio frequencies 
is insured by the usc of stranded wire 
having the separale stmnds insuhlled 
from each other. 

Interaction between Lhe field of all 

induclOl' and extcl'nai fields is prac ti­
cally eli minated by the use of nn aslaLic 
form of 'winding in which the fields of 
t.wo coil sections neutra lize each other 
in regions external to the case. This 
construction is used iu 'l'n'E 106 
Standard Inductances to make their 
,'allies independent of surrOlUldings. 
COllycrsely. disturbing vol tages induced 
by an external field will praclicIll1y 
cancel out in the two hakes DC the coil. 

Coils are (orm wound. bound with 
tape. and impregnated wiLh W<l X. Thcl'c 
is no metal in the eoncentmted field or 
lhe coi l. 

SPECIFICA TlONS 
Induc tance Calibration: The 0.1 mil si·/.e is 
IId justed to within 0.2:%: all olher siy.(;s II rc ud­
justed to within 0.1% or their Inbc1eu vu lues at 
1000 cycles. 

Resistance: Ile:sislance at 1000 e;vcles ill tile 
Mme as the d-c resi~hmcet the valuc of which. 
measured at roow tempemturc, is entered on It 

certificate moun ted 011 the bottOlll or 1I11~ cnbiuel. 
Set price list ror approxi mate values. 

Maximum Current: See price list. 

Mounting: All unils a rc assembled in wulnul 
cabinets with bakelite pAnels. 
Dimensions: Pa.nel,5;..s x aJi inches. Cnbinet. 
(height) S,l.1 inches, o\'cr-all, except TYI'}: 106·1\1 
which is 5% inches, over-nil. 

Ne t Weight: Approximately 2% pounds, ex· 
cept TypE IOG-!\ I wllicll is 5 l)Ounda. 

T op illuslndion: 
TYPE 106 Standard Inductance 

Boltom iIIustrtltion: 
T VVE 107 Variable luduclQr 
(dtlcribtd 011 the Re:%t page) 

T ,II1Joe Indltctance trill/ilta/lcil Jl a.rilllll/ll C'lffellt ClX/lJ Word f)rirll 

106-L 0.1 mil 0.18n 3.5 a 11":\ER 

106-G 1 mh 1.80 n 1.0 Il. INERT 

106-J 10 mh 12.2 0 O.:j Il. mATE 

106-K 100 mh 85.S 0 2.';0 mn IS LET 

106-M henry 54.'i 0 150 ma ISSUE 
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TYPE 107 VARIABLE INDUCTOR 
(Illustrated on page 91) 

This inductor is now supplied with the 
inductance calibration engraved on the 
dial. It provides a high-grade variable 
laboratory inductor. Permanence, low 
high-frequency resistance, an increased 
rouge, and an unusually high current­
carrying capacity have been obtained by 
a recent redesign. 

Separate terminals arc brought out for 
rotor and st..'l.tor so that they may be con­
nected in series or in parallel as a scH­
inductor, or used separately as a mutunl 
inductor. The inductances of rotor and 
slrt.lor have been carefully equalized to 
eliminate losses from circulating currents 
when the parallel connection is used. 

SPECIFICATIONS 
Inductance Range : Five sizes are available in 
stock l'Overing a lolal range of approxiwalely 1.3 ~I 
10 500 mb uy thc use of both the scries and parallel 
C()nllcclions. The price list. shows noroinnl maximum 
\'lIlues for the series connection and minimum values 
for the parallel connection in each Sil.e. Actual values 
will be gre.."\ter than the nomina.l maximum and less 
than the nominal minimum, respectively. 

A range of approximatc.iy 10 to I is covered with 
either connection alone. The inductance with the 
p~lrallcl connection is onc-quarter Ulat for U,c serie" 

connection to within 1 %. 
Calibration: The indllcl'nnce for the series con­
ned ion, accurate to within 1 % at WOO cycles, is 
engmve<i on the di:l l. 

Resistance : D-e resistance [or the series connection 
of each ullit at room temperature is engraved on its 
nameplate. Approximate values are given in the 
price list. D-c resistance of rotor and stator arc 
approximately equal. 

Low Losses: The excellent high.[requency char­
ncteristics of UILs inductor lU"e beat expr~etl by it.. 
ratio of reactance to resistance (or Q) at a given 
frequency. 

l lldllctallce 

Reprcsentatiye values for the series connection 
afC givcn in the table. next paragraph. 

Natural Frequency: See thc loUowing table. 

-' 
107-J 
107·K 
107-L 
107·M 
107-N 

Ma.:c:imum 
1 d ta c II UC IIC 

O.Os mh 

0.' mb , mh 
'0 mb 

500 mh 

Q If " 
110 4.00 kc 
140 iOO kc 

12' 60 kc 

" 20 kc 
.0 7 kc 

Natural 
F rcqucIIC!1 

5000 kc 
1500 kc 
500 kc 
150 kc 

SO kc 

Marlmum Current : The muimum a llowable 
current for a dissipation or 15 watLt and tClllperalure 
rise of "'00 C. (series connection) iscngraveJ on each 
nameplate. See price list for a list of valuell. 

Drive: All sizes have a 100·di\'illion, .·inch. TYPE 
70s·F (friction drive) Dinl dircctly connectcrl to the 
rotor shalt. 

Mountln~ : All units are mounted on bakelite 
panels and enclosed in walnut cubinet!. 

Dlmen.dons: PAnel, 6~ x 6}4 indJcs. C:lbinet, 

(height) aN inches. over-aU. 

Net Weight: 5 pounds, all ranges. 

D·C ilfa.:c:imum Cod, 
7'y~ Maximllm Minimum Rui"tance Current Word Price 

107-J 
107-K 
I07-L 
I07-M 
I07-N 

0,05 mh 0.0015 mh O.17n S., a HAREM 
0.5 
5 

50 
500 

mh 0.015 mh 0.7 n 4.0 a Il.ARPY 

mb 0.18 mh 4 n 1.7 a DARRY 

mb 1.$ mh 40 n .60 a nOTEI. 

mb " mh 6<0 n .14 a DOVER 

VARIOMETER, INDUCTORS, 

and shielded or unshielded induclor (orms, Cor transmit­
ting and receiving, all plug-in mounting, See descriptions. 

pages 164 to 166, 
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CLASS C-21 -H STANDARD-FREOUENCY ASSEMBLY 
(SERIES 690) 

The Class C-21-H Standard-Frequency 
Assembly is a complete and highl y precise 
pr imary standard of frequency. I t is Rlso 
a crystal-controlled clock of high precision. 
1\1:orc than gS units Ila\'e been installed 
aud are now operating in all parts of the 
world in industrial orga ldzalions. research 
laboratories, observatories. and frequency 
monitoring stalions. iHnny of t.hem arc 
IIsed as natiolla l standards of frequency 
by communications adlllini sLl'ations in 
Norlu American, EUI'opcan, and Asia t ic 
countries. 

The asscIJlbly is pro\'ided with a mc:ms 
of measuring its output frequencies in 
terms of staudard lime without rdcrcll(:e 

to !my other standard of freque ncy. Har­
monic series based on fundamentals or 1. 
10, nnd 50 kilocycles are avuilahle at its 
output terminals to fm'n ish stltlld:trJ fre~ 
quencies over the c ut-i,'c comlllunicauon­
frequency spectrum, VrOUl i t can also hc 
ob taincd onc-second pu lses and s tnndard 
time. T ile accuracy of all output frc~ 

q uencies is betler limn ± 5 parls ill ten 
mill ion over periods of !:ic\'cntl moulhs, 
Each o f the oul.put freque llcies is knowll 
with the samc accuracy, 

The assembly is furnished wilh either of 
two types of power supply . U line fai lure 
is rare, or if certo.inty of continuous timing 
is not demanded. lhe TYPE GOG~A j>ower 
Supply opel'ates the asscmbly sa tisfacto­
rily. The TYI'E G05-A Bl.tttery Charging 
Equipment furnishes filament and plate 
power to operate lhc complete assembly 
and mai_utains u full charge on floating 
bntLeries which will supply cmergency 
power, The price of the non ling blLUel'y 
assembly does not include the batter ies, 

On the opposite pilge is shown a photo­
graph of the a-c operated assembly, It 
differs only slightly iu appearance Crom 
the floating-batlery ,\.sselllbly. The cap­
tions describe Ule fu nction of each group 
oC instruments in the assembly_ 

Complete dehlilcd descriptions of the 
n.ppamtu$ and the opera.tion and uses of 
(t. Class C-~ll-H Slanda rd-J;' I'cqucllcy As­
semhly appear in the General Radio 
Company's B ulletin 10, "Frequency 
~1:easureJUcJ1ts at Radio Frequeneics." 
Copies of thi s manu.11 of fl'cqueney meas­
urement and monitoring technique may 
be had wilhout charge upon application 
to the company, 

SPECIFICA nONS 
F req u en cy Ran~e: The [\\"Ililnblc output.s MC 

se<.'Onfls pulse;!, stantlard lime, ami lIt1md:trtl rrc­
quendcs at harmonic iulervllis betwccn I kilocycle 
lind 90 megacycles. 

Accuracy : T he nt:curacy obtuin:lble arlcr installa­
tion nnd adjustment ill a short aging period is orten 
better Ullln one or two paris ill 10 million. Frequency 
slnbil ity or the S<UIlC high ortlcr ron be expe<:led. 
The equipment is conservatively g1lM81l1L'Ccl for a n 
a.locurtlcyoF ± 5 parts in 10 million. 

Power Supp ly : Either oue of two types of e«uip­
mcntnre suppli<.-d, rlcpending upon the tYl'cof power 
supply to be used. One system OI)Crotes uircetly from 
tIlC 11 5-\'0It, GO-cycle, fa-C lille; t he other system 
operates on slorllgc batteries trickle charged from 
rectifiers. The pUlVer input is approximately 225 
walls with heater circuiu in opera tion. 

Mounting: The en lire installation with t he CXt~en-

tion of balterics is mountcd on a s.ingle J9-ineh relK)" 
ruck. All iulerwn neeting wiring is by means of a 
rulty formed cubic equipped "' it !. l)luh'!i whid\ fit 
jacks built into each unit. 

D imensions: (Ilcight) G931 x (width) 20 x (depth) 
2 .. iuchc.';, over-all. 

Net Weigh t : 370M pounds for floating-ballery 
assembly. 35'l~ I)()nnds for completely n-£: operatetl 
IISlIClHbly, rday rack indudetl. 

AuemLly For opcration from 

CodfJ 
"'Iml 

flonting bl!.lleriell . . .. LYm e 

Anembly tor complete a-c 
opera t ion .............. . L A \ . En 

P,ire 
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Typ~ 693-A Syncro-Clock and Amplifiers 
This unit consists of nn input :llllplificr. a 1000-

cycle s.vnc:hrollous-lIIolor -dri,·cn clock, nnd (In 
uutput ,I islri bution amplifier. The clock senemtes 
one-secoud pulses alld com pares dock tjulC with 
nu.lin time sigllnls 10 within 0.01 sc(:ond. 

A stnrting motor ol)(:.rlllc,1 0)' iI push hutlon from 
the (oo·cycle line IJrings th~ clock motor up to 
syne!tronous SI)(.'(."1. 

Type 692-A Multiv ibrators 
'I'll'(, of these units nre lI5ellllil frC(IUcllcy divitl"r!l 

to reduct the 50.kiloc.\'l·1,- cry"t;d frequeucy to 1000 
c~'dl:S fllr .Iriving the limin)! unit . Tiley uliOli genera te 
harmolli(' scrics IIr 11)00 l,yt'I,-!! HIHI IU kiloc,\'cles: 11 
thinl IIlli! CI.'I1('raLI~S :'iO-kiloc,vdc IUlrIlI!lnic .. , !\ II of 
Iht'~I' fr"I IIII'twics nrc cntird.I' corllroll(!d hy Ule 
frC(lllcn~.I· \If thf' I.'ry.~l(ll nSf'ilbtor. T he mull i­
I';h r:llor.~ urc (Icsigncd to he e).;trclud.\" st:lole in 
oll('mt;lm aruil)Ol'iti\"c in COllt rol, in onlt·t to minimize 
synrro-dOf'k inlerTlrptiou.il. 

Blank Panel and Terminal Strip 
111:1111: r allels are provid('11 ;11 order In fill oul tire 

tAck SpM ... ·. Th(' t.ermill!lJ strip makes I\l'niJable III I lie 
fron t or the rack ull lIrc output frequcncies of the 
l\ss\:lIlhl.I·. 

Type 690-8 Piezo-Electric Oscillator, 
Type 676-A Quartz Bar, and 

Type 691-8 Te mperature-Contro l Unit 
:\ new oscillalor circuit, dcsignet l to opernlc tllC 

quartz bar al or n~ry nellr ib r~nanl frequeucy 
improvesllic os(:illntor rreejilcllCY sln bility. 

The tCHrllCfature of the (IrwrtT. brtr is heM 10 
\\'il hin nnrrow limits I • .\' merlllS of a lwo-stngelempcr­
IIUrC'N)Ulrol hox. Tile inllcr box houses l ile 40· 
kilocycle quart.z h:lr lIlId kccps its tempcraturc 
\\' ithin 11.0 1" <';, The .)ul('r box t!Outa;ns the other 
oscilbl.or circuit dCIll('ul!l nnd controls 111f:ir 1 eUl per­
!lllIre 10 lI"il.llili 0.1 " t:. 

The frequency is IHlj uslnble over n narrow range. 

Type 694-8 Control Pan.! 
This p.1 11cl contai ns tJle n~s.~ary controls fur lhc 

M"~'S t:r1 QSCiJlnlor and t tie t CIllI>crnlurecollt rolsyslelli . 
Lamps Wlliell ligM wuell UIC relays are closed gil'c 
It l'iSUIlI du'<;k of henler ol>eralion. 

Power Supply 
'I'hl.' pOwer supply CfJlli l)ment rur lIle ItssClJlbly is 

lIIounted ttt the bltsc 1){ lile rn.ck. I~ i thcr of two I.vpcs 
cnn he .'Il1p!)lied. 

T)'1le 695-1\ C h arJ,ti n g I ~qllipme l.l t (used for 
Ilo:l.ting·lmt tcry opernlion ). T he rectifier$., filt ers, (lnJ 
controls for Iricklc·dmrgin~ Ihe tilament- illhl plute­
\"oh(rgt!-supply bntteries arc mount cd in this unit. 
It contnins !l. G·"oll fi.:cIHier for 1il:'l.IlIcIIIs nnd /I 

'!OO·\,oll rcdiflcr for tbe !)!:tlt·s. This unit is IIs(!(1 wit II 
bll tlerics where t he grea test IIOJlSibic frwlolll from 
sen'LtC'lllains interruption is IJesired. 

Type 696-A Power Supply (used for l.:oll1plel<: 
,loC operat ion, liS illustrnto:.'(I). T ile rec:lificrs, filters , 
Itnd cont rols for oht:rining suitnble II-C I'oltages for 
111c tube filnmcn\s nuu s.ui l:rble rcclified (lilt! filtered 
plnte 1'01l:rges nre mounted in this unit. The unit 
being smaller l ilan lhc THE O!)5-;\ Cllarging Equil)­
ment, n bl!l.uk pauel is furtlishc,1 lo complete the 
iUSCmhlr ;n the rtu:k. This Ilnit is employed whcre 

lIlc iufrc(jl/('lIl servicc interruption is nol scriou~ 
enough lo w:Jrrant Ule instllllntion of bnttt!ri('s. 
Wlren operatcd with lire Tn'~ G!)G·A Power Supply. 
11 0 ha tteries or uny kind ate retl";red. 
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INTERPOLATION AND AUXILIARY EQUIPMENT 
FOR USE WITH 

CLASS C-21-H STANDARD-FREQUENCY ASSEMBLY 

This inte l'polution fin d nuxili :\ry equ ip­
I1Icul lIsed in conjunction wilh n Cl.ass 
C-~n-H Standard.Prc(lucncy Assembly 
lIlakes possible the di rect Jwccisioll mClls­
Urement of an y 1':1.d io frequency up to 
25,000 kc. F or frequencies above 25,000 
kc measurements can be made with 
:tlmost equal euse hy uti lizing heterody ne 
methods. 

The Class C-21 -H S1.1lldanl-Frequency 
Assembly supp lies reference standards of 
f.'cqucncy a t lO-kc intervals between 100 
kc and 5000 kc, as well as standard fre­
quencies whicll In c harmonics of 1 kc in 
lhe audio range. All of these rrequencies 
arc accura te to within five parts in ten 
mi llion. 

The I nte rpola.tion and Auxiiiul'Y Equip­
ment shown on the opposite page measures 
unknown frequencies by a process of 
findi ng the difference be tween the un­
known frequency and the n eares t stand­
:lrd-frequency harmonic, and then meas­
uring thi s difference by a zero-ben,t method 
with a calibl'3 led oscillator. 

l"requcncies which differ fl'om the 
stu ndnrd harmonics by only a few cycles 
cun be measured with the accuracy of the 
standard itself, the measuremen ts of other 

frequencies a rc s ubject to two slighterrors. 
tha t in the final interpolu.t ion, ± 2 cycles, 
and that r rom inaccurate ze ro-bea t settings 
of not more than one cycle for each such 
selling. 

Where the unknown signals are to he 
picked up from distant transmitters, 
suitable receivers arc requi red, but for 
measurements on local oscillators or 
t ransmi tters no addition al equ ipment is 
necessary. 

The equ ipment is composed of the 
followi ng illd ividuul instruments which 
arc descl'ibcd on the pages indicated . 

I- T YPE 616-n H ete l'Ody ne 
F l'eq uency j)ietel' 

I- T YPE 617-B Interpolation 
Oscillator . .... 

l- 'l'Yl>t: 619-C Heterodyne 
Delector 

l- 'l'Y1'E 612-B Coupling: P a l leI 

I- T YPE 6l4-A Seleclive Am­
plifier (Optional) 

T Y PE 4S0-P m ank 
(Not Snpplied 
Ordered) 

P<Luels 
Unless 

1- TYPE 480-A n eb y R nck 

P age 50 

Page 48 
Page 37 

P age 48 

l'agc 37 

Page 160 

SPECIFICA TlO NS 

T e rmina ls : All instruments a re IiUcrl with multi­
poi nt protected plug connectors on Ule renr of t he 
uni ts. A complete inler-con necling cable is furnished. 

Powcr Supply : \10- 1\5 volts, 50- 60 cyd es. Olher 
volt ages or other frC(IUencies on spedal order only. 

l\'foun t ing: The complcte assemhly mounts on II 

sta ndart l 19-inch. T n'f: '~ SO-A , relay rack . 

Dimensions: (Height ) G9Ys x (width) 20 x (depth) 
18 inches, O\'cr-all. With the T YPE 614-A Selectivc 
Amplifier the rack bas (j Tack units, or 10)1 inches, 
of empty rnck ~PBOO that will take other equipment. 
Without t he T H E GI-i-A Selective Ampl ifie r t he 
empty ruck spnt'C is II TlICk units. or 19 X inches 
in lleight . 

Net Weight : i05X' Jlounds with TYPE Ol.,, -A Selec· 
tive l\mplifier; 167M pounds without 'l'yP& 61 4-A 
Selective Amplifier. 

I uterpolation and Au:tiliary Equipmcnt 
for use wiUI Class C-.2 I-H Slandard­
Frequency Assembly, with TYPE 6 14-A 
Sclectivc Amplifie r . . .. .. 

Blank l 'lI llcl Lo completely fill r:tck 

ToluJ . . . . 

Interpolal i()(J uud Auxiliary E(IUipmcnl., 
as aoo\'e, withoul TY PE 614-A Sclcdivc 
Amplifier . . . . . . . 

Blank Panel to COOlI)ielt:ly fill rack 

Total . . . . . . . 
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Type 616·8 Heterodyne Frequency Meter 
This unit is R combination of calibrntcd oscillator, 

detector, I!.IIJ audio amplifier. The o~ci lla lor Ims n 
\,ollagc-s tabilize<1 circuit, nnd is temperature COIl­

trolled in order to preserve tile clIlibrnlion . 
As tile oscillator-frequencf is varied, :u1(liQ­

frCtllLcncy bea(.~ with the standard-frequency Imr­
mon;<:$: o r with unknown frequencies arc hem..!. 
Tilts<: frCCIUCIl(:i<:s may be scpar:tled tJ.nd idcntifif:41 
wilh thcuid or lhe Cl.11ihration chart of t i le oscillator. 
The fuudtllllClllnl or Otic of the harmonics of the 
osdllntor is sello 7.ero beal with the UllknowlI signal 
bl' menns of a local re(;eivcr. find thcre1lflcr til l,: 
f';lId:lIll1'llt:ti is used in [)\11(:c of tJu~ dis tant signal 
during the rest of lhe frequency Illcusurement. 

Type 617·8 Interpola tion Oscillator 
:\ 0--5000 cycle, ilircCl-re:lding, s traight- line-frc­

qU(, II~·.\· lic:lle beul-fre<luenc,Y osci llator, tll is unit 
UlcUSlires hy a 7.ero-hCnlulc\JloJ frequ encies wil li iu 
its rnnge lo un IIccuraey of ±2 cycles. The nudio­
frequcncy beal hdweellthe unknown signaln ud on(: 
of Ibe sl:mdurd-freqilcilcy hltrmon ics »lwll.l'lI f1lll s 
I'l'ithin tile range of this unit, for the standnrd 
harmonics nrc spa(:cd at lO-ke interwlls throughout 
Ihe mdio.frequcncy spect rulIl, ami hcnce arc never 
morc LImn 5000 t,Yclc:s from rile unknown frequcncy 
or onc or its sub-harmonics. 

Type 619·( Heterodyne Detector 
This unit., II tuncd n:gcllcralive detcctor, combines 

Ihe: sla ndurd and unknown frC<jllcncies, furnishing 
froUl Hie combinalion 1111 lIudio-frequcnc~'-oul l ,ul 
~ i gn:d of bel wccn 0 and 5000 cycles which is then 
fed 10 UIC Tn-I> GI7- U Interpolation Oscilla !.l)r, 
abovc, for mt'usurelll{'nt. 

Type 612-B Coupling Panel 
'fhis unit is tile {'Clilrill ('()nl roi p~Jllcl of the 

lIu.l.-i liury CCluiplJICIlt. TIIt~ switc.he.s l}CrlllLt the inler· 
l'Qlllicclions necess.1ry for 11 {.'(lmpictt frc<!ucncy 
measurement. 

Type 614.A Selective Amplifier 
For l'entrnl instnllntiOlls to supply mally lrtborn· 

lori('s, tile llclcctivc am plifier provides exact e"ell­
kilocycll.! frequencies between I kc Rlu ] JO kc for 
liming, testing, ulld culihmtio!l purposes. All frc­
QUCIIl'ics lite Iwcum le to within ;i parl~ in JO million 
when tl,e amplifier is excited frolll u Chus C·2 !-I:1 
Slfindard-l-'reql1ellcy Assembly. 

Type 480-P Blank P.nels 
I'nncls to lI:lUlch apparatus fini;;h find t.o fill ill 

{'mply I"d('k space may be had in heights of filly 
wholc number or l %,-il1cl1 rack units. Prit.-es on oppo­
~ile p:lge arc for n single panel to 611 vacant SpliCC. 

Type 480 Rel.y Rack 
This iii the stamlllrd telephone relny rack fo r 

I!I-iudl pnnelli and will lak(: upp:irillu>I of a ll other 
man ufacturers laid out in nc<.:ordnncc wi lh till.! 
1l1elhod oul]jneU on jlftgc lGO of Ulis cal:llog. 

Cable Assembly 
'fhe price of the Au.\iliary nnd Interpola tion 

Equipment includes;l colllp!cleUiul ti·c()UnetlOr CIl.ble 
IlSSCmbly wllich CQUUCCls ttll units to the coupling 
p'!nel (Inti I>rovidcs rora!! nC('essary inl.erconnections. 
l'he multi-plug connections nnd tile nsscmbl)' of the 
equipmcnt 011 n rack pcrwil e;I.~r accessibililY from 
frollLllml rear. 

COIll I>lcte InL(:rpola tioli nnd Au.~ilifJry Equip· 
111(- lI t for usc wilh n CI .... SS C-!i!: I -H Sl.a ndard· 

Frequency Assembly 
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CLASS C·10 STANDARD· FREQUENCY ASSEMBLY (SERIES 690) 

SECONDARY FREOUENCY STAN DARD 
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A good secondary s tandard of frequency 
is satisfactory 1'0 1' m:l.I1'y II SC5 where the 
rclinbi lity tlnd extreme precision of a pri ­
mary sllllldnni :ll'c notabsolutcly essenlial. 
It c all be equipped wiLh one QI' mO l'C 

tlllll t ivibl':llol's Lo y ield :"l wiele I'angc of 
h~Lrlll onic frequencies. Ilnd the ['cliahil i l:y 
of iU; frequency C:'Ul be or fairly high order, 
cspccin..lJy if the st:l.Ild:u·d is checked nt 
rrequent in lcl' n ti s nga insl the s tandard­
frequency Ll'anslllissions of the C"ll iLed 
Sblcs Bll.rean of Standards or some o Uler 

accurate source. 
The Cluss C-l0 Stallda rd·Frequency 

Assembly cOllsi!) ls of Cl lcmpemLure­
COl ] trolled piczo-eleclric oscillator alH.! one 
llIulti vibmto r, Ordinarily . the assembly is 
supplied with a 50-kc or lOO-kc crys tnl 
oscillator which controls l\. lO-kc Illulli ­
vibratoz' at its fifth or t.enth ha rmonic, 

Unless the lOO-kc ha rmonics are de­
siz'cd fOl' some par ticular purpose, it is 
l'ccomll1cndcd that the a ssembly bc pur­
chased wilh the Tn>E 676-A 50-kc Ba,r 
bcca.lI se of the greater :tusolute tlccuracy 
and stabili ty of the s landan.1 so formed , 

In ~I(ldition Lo tbe harmonics of teu 
kilocycles obtainable from the mult i­
vibrator, ha rmonics of the crystal fre­
quency arc produced by a barmonic 
amplifier in the crys tal oscilla tor unit. 

This stulldal'd is particu larly recom­
mended for lbe needs or the sUlall college 
IaboratOl'y .Uld of communication com­
panies furnishing a limited class of se rvice, 
When used in conjunction with either a 
T YPE 615-A or a T YPE 610-"13 H ete rodyne­
Frequency 1\1cter, measurements to beller 
than 0.01 % ca ll be mtlde on transm itte rs 
a nd o n received signals from below 100 kc 
to 30,000 kc, 

The change from the Class C-21-H 
Standard -Frequency Assembly is a.ccom­
plished by dropping the t iming unit, two 
nlult.iv ibl'ntors, and onc s tage o[ tcmpera.­
Lure coutroi rrom the piezo¥electric oscil­
lalor of that assenlbly. The C lass C-I O 
Assembly can at any t ime be converted 
to a pl'ilmll'Y (requency s tandard by the 
addition of a TYPE 692-,-\ l-kc :Multi ­
vibrator und :t TYPE 693-A Timing U ni t.. 
These cJmngcs enable an absolute de­
termiuation of the frequency to be madc 
in terms of mcan solar lime ta ken from 
the rfld io lime signa ls b roadcast by the 
U nited Stales Nttvn.l Observatory in 
\ V;lsbington. 

A complete (l-C opcmted power-supply 
uni t is included in the cz'yst.al oscillator, 
and liti s is capilule or supply ing filament 
and plate power to a nHLx ill1l1lll of thz'ee 
TYPE 092-A. ~1u l t i v i bnttors, 

The nssembly consists of: 

TYPE 6i5-L Piezo-Elec lric Oscill ator 
TYI>E 692-A MulliviiJrator (1 0 kc) 
'1' YPE 676-A Quartz 13:u' (;';0 kc) 01' 

TYPE 476-A Quartz Bar {l OO kc) with 
TYPE 476-Pl Mouutjng 
T YPE 4S0-U Reby Rack 
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SPECIFICATIO NS 

Frequency Range: With 10-kc Ululti\'ibratot, I he 
1IS5elllbly supplies useful Illlndtlrd·frtquency Imt­
moni~ or 10 kc bctWetll 10 kc tln(j 4000 kc. 

Accuracy: ±20 pmlllJ>er mi llion. 

Smhil lry : ± 5 pn rls pe r million. 

T u bes: The necessary lube. are supplied. 

Power Supply:115· \,oll, OO-c~·cJe. n-c line. Tile 
power (."(msuTllpt ion is 1-'5 waUs with hellier C' ircllil5 
in operation. 

Mountinj,\: Uoth \lIlib arc 1Il0Wlte(\ on stundard 
J!)·indl rel(ly-rru:-k p:lIId.'l, finished in bl:u;k crackle 
b C<llIcr .. ~ickd·platCtI brass ~llIs l {'O"crs an: iucl\l(ICII. 

Dimens ions: Panels, (width) l!J x (heighl) 22~.{ 

inches. Behi nd P:lllcJ.s, (I lepth) lO%, inclles . n.1ck. 
(1 11~igh t ) '~I x (wid lh) 510 x (licilth) 15 inches. T heN: 
tire 2'1 inches, or lll'ch'c 1 ~;Hl1ch units, of eOlllt,r 
mck .~pacc_ 

Nc r Wci€,ht: 100 pounds. 

Code Word Prict 

C- I O 
C- IO 

Wilh 
Witl. 

!i{)-~I~ <!u~rl~ bu r ... .. ......•. . ..•. , . . . 1 
IOO· k e <!u •• r (z bar ." ..... _ . . ,." •....•. 

t; I't)(; 1I 

t; I'OOt: 

TYPE 618-A HARMONIC OSCILLATOR 

The T YPE: 618-,A H armonic OscillaLor 
cOllsists of a 50-kc oscill rllo r, whose h·c­
quclley is adjustaule over a narrow range. 
!llld <\ muili,-ihraLor opera I ing al II fU llda­
IIlcnLa l frequency of e ither 10 kt or 50 kc, 
selccl.ion of the frequcncy heing made h~' 

IIlcans of a switch , I t is intended for llsC 
ill conjunct ion wi lh st.andard-fn.:~quc l1 cy 

radio trallsmissions t.o produce a series of 
sl.:tndal'd-£rcql.lcucy harlllonics w hcn OIlC 
of iLo; output frcqut.'lIcics is sel to zcro 
bea.t with the slilndard frcq ue ncy. 

It is :.lIso usefu l as ;t d C" icc for mcasuring 
frC(lucnc'Y dc,-iatio ll wllell the frequenc;.' 
unde r measurement tics within 100 cyd <.·s 
o f a 10-kc harruoni. ·. 

SPECIFIC A TIONS 

Range: Although rlesigned rOr Uk in tllC bro.'ldcnst 
botuLi (SiiO- 1500 kc), il COl li be used at rrequellc ics 
~tween 10 ke IlUG 10,000 kc. ;t fl proxim;lIcI)'. 

Accu racy: Since lhe harmouic oscillator is PUr-cl.I' 
l\ ('()J\\'crs iOII del'it:e, the accuracy obtaill1lhle with it 
is eucnti l\Uy llml of the stnndl\ rd fre<lucney in 
oonjuncl.ioll with wlliell it is used. T he (1'(;(IUClU':Y 
drift after l;I preliminllr.,· wnrming-up lM!rio"! is 
negligible. 

T u bes: The necessary tubes nre suppl ied, 

Power Supply : 11 5 volts. 50- 60 r..rdcs, 

Powcr Input' : ~5 walls, 

Mounting: This instrument is IlI'Hil;tble for citl.cr 

rllck mounting (T\'N: filS-AH ) or mou nted in II 
walnul c:'Ibinel (T"I'~: fi lS-A ni ) . The panel i~ 

engraved " '1' \'1'); (jIS-A" ami i~ fi nished in Gcncrol 
HJulio stnndnrd blat:k (:rackl!: I!t L'( lul~ r ill bolh modl·ls. 
'l'n'E (j IS-A lt IlaS :1 ,lust L'O\,cr reillovablc from thc 
rcar. 

Di m e n s iOIl S: I'lwel. (Iengl I. ) 19): (hcigl.t) -; illcht'S; 
behind pancl, (depth) !J,!1 inches. 

Ne t Wcig,ht : 20 pounds. 
Code 

618- AM IC11binct i\'l od cl , ·11i"ACt.: I 
bl8-A R Relay-Hack Mod el SIltOL. 
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V ISUAL.TYPE FREOUENCY M ONITOR FOR 
RA DIO BROA DCA STING STATIONS 
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This monitol' was designed for use i_1l 

C'onjllTlction wiLh bro:ldcast tra nsmiLters 
ope ra Ling within i1. 50-eyrie freq1leucy 

tolera nce where gove rnment rcgl lint ioll s 

rC(luirc fl visual illdicnl ion of the d('\' inlion 
of til e trallSllliltc r frcq llclIC',)' from ils 
flssigncd channe l. lL has been npprovc d by 
the Federal ('ommllnicnLiolls Commission 
(.'\ PPl'oval f\o. 1452) and the Canadian 
Hadio Bro:ldcll~ ting COlll llliss ion a nd is 
used in Ileilrly two hundred .s l.:llions ill 
the Uni led SLales and foreign countries. 

The frequellc.y indicator is a large meter 
which shows the f.'equency deviation froIll 
the assigned chlwl1ci directly in cycles pCI' 
~ccond, high or low. T he mete l· sea.le is of 

lhe zero-center type, gradunted in l O-cp.s 
steps from - 100 eps to + 100 cps, and 
which, bcc.:all se of its la rge size, is easily 
read from acrOss l he operating room. 
T erminal!) at lhe rcar allow an additional 
remote devialion indicalor to be eon­
nec led t.o the ins lrument . 

The frequency sland;lid used in the 
monitor is a Tn'E 575-E Piezo-~leclr ic 

Oscillator (see p<lge 46) whose frcq ~IC llty 
differs from that of t he assigned cha nllel 
by 1000 cycles . Voltages fl·om lhis oscil­
lator and from the 1.lII mod-ulaled master 
oscill a tor of the lransmitter arc appli ed 
to a TY1'E 581-13 Prequeney-Devia lioll 
:i\1cte r which rends zero when the bC>ll 
tone between the two frequencies is 1000 
cycles . Devi ~Lliolls from the 1000-cycie 
beal lone are indicated on Lhe meler ;I S 

cycles off dlannel fo r t he tra llsmi u.er. :\ 
jack is provided on the pa nel to Ji stell La 
lhe WOO-cycle tone by a loudspeake r or 
head telephones, thus providing a n aura l 
check on the operat ion of t he mo nil or. 

T he moni tor is ent.ircly :t-e opcr;'llcu . 
Filament and plate pOWC I· for the crysUd 
oscillator is obtained from lhe powe r 
supply included i Illhe frequency-dev ia tio n 
mete r. The nct:essary c~lbl e for inter­
connectio ll s is supplied, :'I S are ;tll yacuum 
tubes. A small p ick-up coil or condenser 
a nd a line to an unmodillated stage of t.he 
trHllsmi t ter a re all the auxiliary apparatus 
that is requi red. 

SPECI FICA TIONS 

Rat1 !,lc : Dired rcatling, ± 100 cycles. 

Acc uracy: The absolute rl«umcy of tile I)iew­
d eclric osci1!ntor is gllar:lIlt eeu to wit llin =0.002% 
(20 c.l'cles at 1000 kc). T he freque ncy·devia tion 
meter is lICC\lr(\te to ± ;i cycles below ~o cycles 
deviation lind to ± 10 cycles bctween:;O cycles and 
100 cycles ueviation. i\ lenns nrc provided for ad­
justing llic indication of t ile s,ystelil It> agree wi tit 
IIlca~ llrClllcnLo; malic by frcqucllcy-mt> uiloring 

sta tious. 

Power Supply: The monit,or operates from n 11.5-
\"olt, 60-cy<:le. n-c line. T he input power is l 'lO watls. 

Dimension s : (WiJlh) 19 x (lid,::l11) i4-Y2 x (deplh 
beh ind panel ) I I inches, ewer-aJl. 

Net Weigh t: 84 pou nds. 
Codl! 

lJescriplion Word p.,ice 

Broadcast Frequency Mon itor IDE\·on 
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TYPE 475-A FREQUENCY MONITOR 
FOR POLICE BROADCASTING AND OTHER SERVICES 

TransmiLLc rs operating above 1500 kc 
!lrc Ilot subject 1.0 sud] narrow frcquelley 
tolera nces as lhose operatin g ill t he broad­
cas t-frequency bund. CO llsequc lL lly , mOll i· 
torillg c(luiplllcnl employing a ll audible 
bC:ll·tonc method of rrcqucm:y-difrc rcnce 
indication i ~ quite salis facto]'y. The T\,PI~ 

475·A I" reque uey 1\'£onilo]' luts been 
designed for th is sen 'ice. 

This monitor is a completely n-c oper­
ated instrument with automatic qlIRl'tz 

plate temperature control. The unit con­
tai ns a voltage-stabilized piczo-elcc tric 
oscillator, n de tec tor, :m a udio- frequency 
Ilmplifier, and the ;l.-C power l; upply and 
healer regu In ling cl re ll i ls, all m Oil ntcd 
behind a single panel. 

\"litbin lile temperaLure.con t rolled box 
is a termin~tl plate e:m'y ing two sels of 
jacks for Lwo T YPE 376-J Or -K Qua rtz 
Plates. A eontrol on the front of the panel 
seletls eiLher of Ule plates desired, so tha.t 
a single TYPE 475-A Frequency Monitor 
can mOllitor the transmitter al terna tely 
and withoutdclayoneiLher of twochalluels. 

The audio-frequency nmpli6er is re­
sista nce coupled to the deLec lo l' in orde r 
to prese rve the low-frequency response for 
sat.isfactory performance at very low beat­
fre(I Uencies. The inlernal output imped­
llnCe of the ampiiGer is either 20,000 
ohms to match a high-impedance telepllone 
head set, or, by a change of cOllllections, 

4000 oh ms to malch n magnetic loud­
speaker. WiLL very moderate coupling to 
U1e l r;msmilter , t.he output is suffic ient La 
gin a s t rong s ignal in e ithe r the telephones 
or t he IOlldspeaker. Th rough ;\ llluit.i-poil1l 
connector al the I'e.lr, the /l-e power supply 
of the mOllitor \Yi ll pro\'ide both (jInmenl 
nud plate voltages for assoc iated appa.ra­
tus, slich as amplifiers o r de\' i:ttlon 
indicators. 

The presence of an audible tone in lhe 
reproduce r indicates lhat the transmitter 
is off freque ncy. Holding this beat to a 
low value hy adjlls tmc ll Lor Lhe t ransmilter 
oscillator frequency fu lfills the presenl 
requircmellts of lhe F edera l Communictl­
lions Commiss ion for olher th,\O broad­
cast services. 

SPECI FI CATiO NS 

Ra nge: The monitor is designed for use where 
(requency deviations nre within the :l.udihle be.'\ t 
mnge. It is furn ished fo r frequencics up to '1000 
kilocycles. 

Accu racy: 'file frequency of the piezo-dectric 
oscillnlor is gua.rantecd to be within ± 0.002% (20 
IXIrLs per million) of its nominal v[llue when used 
with n TyP£ S76·J Quartz Plate ~ nd within 0.0025 % 
with :t Tn'£ Si6-K Qllflrlz l )late. 

OlUlri Z Plate: ~ot supplied. 

Tubes: The ne<:essary tu\)es are supplied. 

Power Supply: T he power sUI>ply operates from:l 

11;,-voll , GO.cyde, n-c line. T he power input is I i.':' 
wnUs wiUI he,l ter circuit in operntiou. 

1\1 0 \111 t in~ : Standard t!1-inch rcllly-rack mounting, 
dust ('O\·c.-r supplie<1. C:)n he supplied in c.-ahinet on 
!<pccililorder. 

Dimensions: (Length) 19 :I; (hcig-ht) 17Yz x 
(depth) 12 inches, ovc.-r-all. 

Net Wci ~h t: OS pounds. 

T./nJI! Cl)dr Word Price 

475 · A 1 ... ... . . . ... . . 1 !>IQOli l, I 
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TYPE 376 QUARTZ PLATES 

The.~e are piezo-electric Cjunrlz crystals 
for operation with General Uadia pie~o­
electric oscilla.lof5 as stll ndunls of fre­
quency in laboratory mensurements and 
in frequency monitoring installations. 
Since lhe high order of frequency stability 
required in such services is not compatible 
with h_igh power output from the oscilla.­
tor. the frequencies of all plates are guar­
:lIILced Cor opernlion only at a low power 
level. 

Ty I'E 37H (~H'lrt7. Plntes flrc not sold for 
direct frequeucy ("onlrol of radio lrans­
mitters. 

The frequencies of THE 376-1-1. TYPE 
376-J, and TYPE 370-K UfC :uljustcd very 
closely to 1 he ordered r rC<1 ueney. and UUf.)' 
IIrc gua ra nteed to be accurate La wiUlio :t 

very few parts in a million. They arc 
recommended for monitoring rndio trans· 
mitters and as laboratory frequency 
standlHds. T YPE 376·H and '!'YI'E 376·K 
ure su itable (or usc in monitors for com­
mercial radio telegraph channels. For 
monitoring a brondcl:ts l (requency a higher 
accuracy is req ui red. and the TYPE 376-J 
Quartz Plate is intended for this service. 

TYPE 376-C lIlld TYPE 376-.0 Quartz 
Plates IIrc not adjusted so closely to the 
ordered freq ueocy, and for lhal reason 
they require less grinding nud are lower 
in price. They are recommended for use 
ill laboratories requiring an acclirnte 
standard, the frequency of wh ich doe.~ not 

need lo have a dcfinile pl'cassigned va lue. 
These plates operate at room telllpera~ 
ture. 

All pla.Les are manufacturcd from high 
gradc. piczo-elcct ric quartz, free (rom 
twinning, The plates are cut by modern 
opticll i mHJlufactnriug methods, und the 
purallelism of the surfaces and their ori· 
entations WiUl rcspect to the crystallo­
graphic axes arc held to extremely s lll<lll 
tolcrances. 

'1'he GCllerul Uadio Compitny's guar· 
antee of accuracy or ndjustnient of frc­
quency becomes void when oLher types or 
holders or oscillators arc U!;cd, or oLller 
temperature r:lnges arc tolerated. lhilll 
lllO~C named in the accompanying detailed 
spccifi<:ation~. Th is policy insures a knowlI 
rcliabil il-y of pcrrorman(.'C and permils :I 

mllch close r accura.cy guaranl cc Umn 
would oUlcrwisc be possible. 

The TYI'J:: 376 Quartz r late holdc r SlIp­

plied is designed lo mainlt\in the grcillesl 
stabi lity or the oscillatOl' frequ ency. The 
holder is of the ait'-gap Iype with :l sealed 
eleclrode-spa.cing adj1lslment, .11l isolaut­
itc basc, and htl.'; fl(''ClInltcly plane aud 
paral lel electrodes. ' I'he (Itmrtz plate is held 
securely so that ch~ll1ges in ori entation or 
Illcehnniculja l'S wi ll uo lshift the frequenc'\'. 

T wo TYPE 274-P Plugs set on st:.lIldard 
X~inch .';pacing give plug.in mounting in 
Gcneral IbcLio osci lhllor!; or telllperature­
control boxes. 
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SPECIFICA nONS 

Frequency Ran~c: All I)h .. tc~ (except Tvpy. 
S70·.I) Ctl. U be made for nny rrC(IUCnC~' in the range 
betw~n 100 ko and 4000 kc. 

l yrE S70·J is supplied ouly fo r rrequencies wllidl 
are mult iples of I kc. 

Accuracy of Adjus tntcnt: The frequency of t he 
plate is Itdjusletl until it di ffe~ ill our luboratory 
from the orderoo freque ncy by nil nruounl less tlmn 
lbe dlDouut given in the columll Ileaded " Ad justed 
Withiu" in lhe table. 

Accuracy of Calibmtion : After the rrt.-'(IUeney 
of UIl! pili Ie hn..s been ll. dju~lcd 11.11 described in the 
pfeet.>thng paragruph, the freq ucncy is accura tely 
lJleAsllred in te rms or s tllndunl rrefluencies from Ii 

General Radio Class C-2 1-n Standard-Freq uency 
Assembly. nnd the result of this measurement is 
entered in the calibralion cer tificate. 

Certified Accuracy: Th~ certificnte mentioned i.n 
thcl'te(.'ediug p:l rtlgraph alsos ln te~ t Ile li lUils to wilh­
in whid l t he freq uetlc~' is gURranteed to be, as sped· 
rlt<! in the thi rd column of lhe tlLhle, ti,e olle headed 
"!\Ia:dmUIIl Devintion (row Certified l~requell cy .' · 

This column give., the OlRximulIl deviation of t he 
I.'fys tnl frOIl) O,e cerlifietl frC(IUency, AS me:tSured by 
us, when Ule plate nnd oscillator are operated wiUliu 
the temperature nnd other operat ing limits specified 
by us. 

Frequency Tolerance: T o fi nd the amount by 
wllieh the actunl frequeucy of the plate may differ 
from lhe rrc(IUency ordered, add the figures in the 
secoud nnd Ulird columns ( "Adjustcd With in" nud 
" Maximum Oevill tion' ·). For exuJUple, if 8. l'n'E 
S7G.O Quartz I~late is ordered, t he user Clln rcl~' on 
ill! frequency's being wi thin 0.1 3% of t he freq uency 
whieh he specified when ordering li nd within 0.1% 

of lIle rrCt"lutllcy entered In lhe cert ifiCllte of 
Cl. librn tioll. 

Oscillator: Ctllllrllry to tllc comlllon lUSumpt ion . 
t he ffCflueney Ilnd the frl."(juency stnbility of n piew­
elel;trie freclucncy shuuJaru depenlluIKlIl t he Ilcsign 
nnd COlllllructioll of tbe oscillator. Hence. t be per" 
formance of nil Ge.neral Hadio (Iullrlz plat~ is 
s lK.ocific,1 in II gi\'cn type or oscillator. 

'l'not; 376-C nnd T\"PE $76-0 ti re CRlibraled in an.1 
are inlended for (I ~e willi l'icrcc circuit oscillators 
(sim illl r to '1 ''r' I '~: '275 or T YI'E SiS Pielo-Electrie 
Oscillnlors) wll idl hllve uo I)Tovis ioli for tempera ture 
cont rol of the quurtr. pb tc. ThellC instru ments arc 
110 longer held in slock. 

T rl'p. :mi·1l is ordio:l rily calibrn ted in t he oscil· 
Ifllor and lcmpcmture-o:mlrvl Imll: ill wll ich i t i, 
intended to be used , which shoul.1 be or General 
Il:II lio 1113 nu[3cLure. 

Tn'.: 3i(j·J :11111 Tn.: S76-K Quarh: Plates are 
sold fot use only in T" pJ:: 575-0 , Tnt: 575-E, tl r 
TYI' I': G75-H Pie1.o-- l~lectr ic O~cilla lo rs or in the 'l'YI' t; 
475-1\ Fre/luclle)' Monitor. Th('sc oscilil, lorll use. a uew 
type (If circuit in whicu the crysta l operates nearer 
its rcsonnnt fn.'lw cncy ti1:m in t Ile t.'On\'Clllion:l1 tyre 
or piezo-ekdric o9Cillator. 

Mountln~: The crysl:tl holder consists of au 
isol:mtite bl\se carryi ug nn a luminum cap wit ll a 
mc.1.ns for adjus t ing, locking, nil!! scal ing t he fl ir gap. 
a is Inacticnlly dust proof :lnd ill fi tted wi th plugs for 
use in Genera l Hadio piezo-elcclI'ic oscillnlors. 

Dimensions: nase, (width) 2%" x «(\cl)l h) 2 J: 

( beight) 114 inches, over-nil. 

Net WeiChf: 10 ounces . 

.II tu;illlil m 

IJeeiutio ,. from Code 
TYJI' Adjlldrd W i/hi" Crrfijicd Frtlf ll!;ltCII T e. /IIpu lI/lirr. IVo rl{ Pricil 

' 376-C 
'376- 0 
' 376-1-1 
' 376·J 

' 376· K 

5% of frequency ordered 
0.03 % of frequ en cy ordered 
0.001 % of frequency ordered 
0.0001 % or 1 cycle of freq uency 

ordered, whichever is smaller 
0.0005% or 5 cycles of frequency 

0.1 % 
0.1 % 
0.001)% 

0,002 % 

IS"- SI2"C. LA I' t: l, 

t SO-32"C, 1."11\'" 

,;oo±O.25"C. 1.t: \· .~ I. 

.jO"±O. I°C, " 0,\1' & 

ordered, whi chc\'cr is smaller 0.002 % ,;oo±O. loC. ".vOtl L 
CrediL a llowllnce for returned Trp~ :370 Qutlrtlt I' lntcs, Serial Xu. 2000 

anll hi81u~ r ............... . ...... .......................... .. . 

' Before ordering quartz phll'es , rea d carefull y the Itilo\'e s pceHicutions. Our Enginecriug Sales 
Department will be gla d t o ma ke s uggest ions rega rding t he tYI)e of qua rt z I)lll ie required for. 
spt.CiI1e purpose. 
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TYPE 747·A TEMPERA TURE·(ONTROL BOX 

This ilLslrUll lC ll t is d(~!) igncd for lise ill 

controlling the tempera.lure of q uart z 
phles in orclN 10 fL"s urC ('() IlShlllt ftc­
qUl'ncy. 

A le rminal plate carr.vi ng two sets of 
jacks for Tn'l:; 976 Qua rtz Plates is pro­
vided will.in the te mpe rature.cont rolled 
sp.U .. 'C. Tue operation of n switch from the 
fronl of the panel cO llnceLoi ei Lhe r pair of 
jacks to the exte rnal connectiolls, thus 
allowing quartz plntes for two separate 
f,'cqucncies to remain at. Uleir operating 
lcmperalures and rC;"ldy for immediate usc. 
Interleaved healers a nd dis tributing and 
insulating layers formed of aluminum and 
balsa wood. respectively, form the walls of 
the temperature-controlled space. They 
mainLnin the air temperatu re of thequ.lr tz· 
plnLe chambe r constantta within ± 0.1 ° C. 
for external temperatu re v:triatioliS of 
± 10° C, (± 29° I",), 

A thermometer. graduated in 0.5° C. 
divisions from 40° to GO° C., is mounted 
behind a slot in l he panel and is illullli · 
uated by the heut--control indica. ting l:lllli>. 
This lhermometer jnclical.es the::lir tClllpcr­
ature of the inner space. 

The tJlermostat is of the fixcd mcreu ry 
type lwd is normally supplied ror opera· 
tion at 50° C. Thermostats for opera tion 
at other tempera tures thnt a re called for 

hy lite IURlluiactlLrer of l he quartz plute 
uscd can be supplied when ordered. 

This ins trum ent can be supplied 
mounted in a cabinet or on a standard 
19· inch relay-rat:k panel. When supplied 
for I·cia,.),-rack mOllu ti ng. space is available 
at Lhe right. of the tcnlpcruture-control 
boX' for tJIe constrllCLion of oscillator 
circui ts or for othcr associa ted circuit ele­
ments. The leads from UIC quartz plate 
are brought Ollt at. the right-h:md side of 
the box, making it cOIl\'cnienl to nUneh 
lcads to other circuits and at the sa.me 
Lime reducing thc lcng Lh of lends necessary. 

Thc power supply is a 115-volt line. 
ei Ul cr ac or dc. A plug und co rd for 
connccting the inst ru lllcntlo thc 11 5-volt 
line are provided. 

SPECIFICA TIONS 

Accura cy of Tempe rature Control ; T he unit. 
wi ll oontr()1 the tempemture of Ole inner .space to 
wjllLin ± O.I " C. for changes ill room temperature of 
± IGo C. (2UO P.). ' VlLere the c rys tal isulJCralCll at a 
1)O\\'er level so I .. igh that it generates heat. the 
tempemlurc cun be held to within the ,rime limit!; 
if Ole heat b'tmcraled by the crystal remains C'OIISlall\ . 

Operating, Temper:lture : Normally 50" C., but 
other tempuatures call be supplit.-o on special 
order. 

Type IJtl('. ripl i r)YI 

r-.·Iounring: Two types of mOLlnting cn n be Slip' 
1)lied. n walnnt C:lbinet or LI stund:ml ]9· ineh relay. 
rack ]lanel. Sec price list below. 

Dimen sions : 'THE 747-A~I , ("'iJth) ISM :t 

( ILeight) 11 % x (depth) ISM inches. 
Typf.: 7-'7.AH. (widlh) 19 l (height) IOH l 

(dcptll) 12% inches. 

. let Wei!1ht : TYPE i-'7· A1\1. SIU pounds; Tnt: 
7n-AH. 29 pounus. 

Code Word 

741- AM 
741~AR 1 

Cu bine t Mounting · ····· · · ······ · ··· ·1 
Reluy-Rack Moun t inl! ... . . . .. . . . .. . 

nUllts 

HAT H &: 



 

TYPE 676-A QUARTZ BAR AND MOUNTING 

This quartz UHr is inte nded {Ol" use in 
standard-freque ncy assembl ies. I t is SIIP­

plied as s tan<hinl equipment willi t he 
Class C-21-11 Assembly, :Ind its usc is 
oplional in the Class (;-10 Assembly whell 
a 50-kc cl'yslal or gr<mt. stabil ity is 
required. 

The mounting has been designed to 
have a minimum of efl'ecl on tLe {reqllcncy 
of the bar. E lectrodes nrc deposited di ­
rectlyon Lhe quartz, t hus eliminating Lhe 
effect of air gups. names are provided 1,0 

elimina.te lhe effects of high-frequency 
sound energy radiated from the ends of 
the bar, IUa,killg the frequency practically 
independent of changes in .:~tlllosphcric 

pressure. The b;U' is ze ro-angle cut, and il 
"ibn ... les along its lo ugcsL dimension in 
n direction nOI'01:.li to the electric tlxis. 

SPECIFICA nONS 

Frc(lucncy: 50 kc. 

Accuracy : i s parts in 10 million, wilen useJ i.u n 
CIIlM (;..2 1· 11 StnnJlln l-Prcqllcocy Asscmbly. 

Mounting: This bar can be mounted in either n 
Class C· IO or II Cl:.ss C·'l l-I.! Standard-Frequency 
Asscmblyor in II Tl·pt:(;7li· l, Pi(:zo-Electric Oscillator. 

Dimensions: ( l .cllgill ) :1J.{ x (width) 3M x (1Icig!Jt) 
:J~ iIlChcs., ol'cNl. lI . 

Net Wei~ht : l J;8 I)()ullds. 

Type C(Hfe Wonl Pr ice 

TYPE 476-A QUARTZ BAR 

This is a l OO·kc bar to which all of tlte 
descriptive illfoflualion given above ror 
the Tyl'£ 676·1\ Quart? nar and l\IolinLing 
applies, except that iL is mounled ill t\ 

plug·ty pe case similar Lo the ones in whicb 
' (.\'PE 376 Quart? Plat.es are lIlouliled. 

A 'j\' PE 476·Pl Ad:apler. which also 
mounts the iuductance coil and luning 
condense.·s, is required when a 'l'Y1'E 476·A 
Qllartz Har is to be moun ted in a Class 
C·10 or in a e lMS C-2l -l{ Standard· 
Prequency Assembly . 

SPECIFICA nONS 

Fre(I Uency: 100 kc. 

Mounti n il: TYPE 476·A, plug·type case. 

Dimensions: TYPE 476.A, (IenyLh) 2: x (width) 2 x 
(height) l J(o inches, over-Illl exclusive or plugs, 

Tvpt DtJcr iplioll 

Tn'.; ·170-PI , (length) 3M x (wiJili ) 3M x (hciKht) 
:3 inches, O\'cr-all. 

Net Weight : '1'Yr'E 476-;\, .5 ounces; TYI'E 470.PI, 
14 ounces. 

Code Word Price 

[
lOO-k C Quartz Uar ... , . . ,." . , .. " " . 
Adapter ..... ". ,.,. __ . ... .. . . • . , . .. . ["00'" I 

AIMl'TOnCOp 
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TYPE 575-E PIEZO-ELECTRIC OSCILLATOR 

This instrument is :l lcmpcntlurc­
coull'ol lCtl pi C1;o-cicctric oscillalor {it:­
signed for lise ill a moni tor or u la bo ralory 
secondary slandiLrd of high precisioll . 

Through lhe lise of a new type of osci llator 
circuit the effect on frequency of varying 
the operaLiIlg' voltages and changing lubcs 
is g rea.Lly rcdu(:cd o\'er previoliS designs. 
The diffic ulty of atljusling the osci llator 
circuit clements LodupliCt'lle lhc condiliom 
under which t he (lu'1rl z piate witS cali· 
brated is c1irniu:llcd . because the proper 
operating point corrcspond$ Lo a minimum 
val LIe of pirtle current. 

TnI': :li6-J 0 1' '.L'Y PE 37G·J( Quartz 
Plates arC "C(;Ollllllcndcd for use in this 
i'ISlru luell t. 

SPECIFICA TiONS 

Fr C<llIc n cy Ranltc: ;;0 kc lo ·WtlO kc. 

Accur:tcy: Tlla l of I h.-; 'r \, I)~: ~1 7(j Qunrt:-: l'lulc IIsc. l. 

Fretluency Stabilit y: i: ;; p:lrb per million 
(0.0005 %) wiLh T not; 310-J or · 1:( Quartz PI:l.le. 

Tubes: X{''(,'Ch"ry Luhcs arc supplied. 

Power $ u pply: j~ilalllclll: Ii \'oll:il, H a, : IC or ,Ie. 
Pb tc: IS5 vults, 10 mil, ,I t:. I lenl: t I I; volts. ac or dc. 

Moullting: St:lndard I!)·inch relflY fnck. 

Dimens Ions: Pfl uel, (width) HI x (heiglll) 1OJ.i 
inchl.'s. Behind pa nel, (depth) 10 inclles. 

Net Weight: SO I>ounds. 

Code Ward PTic~ 

575·£ 1 ........... . .. 1 .\OF. I'T I 

TYPE 675-H PIEZO-ELECTRIC OSCILLATOR 
This oscilla tor uses the same easily 

ad jus ted circuit of the TYI'c 575·£ Piezo· 
E lectric Oscill nlor and has i ll add it ion two 
separate a mplifiers and a self·cont:tincd 
a-c power supply. One amplifier operating 
at lhe runchuneu tu\ frequency supplies a 
fundamcnllli oUlput {or mon itoring' pur· 
poses, ,Ind u separa.te harmon.ie-generating 
amplifier fUl'llishes many rreque neies used 
in labol<ltory work. The oscillator uses 
THE 376-J or TYPE 376-K Quar tz P lates. 

The a·e power supply will provide fil ­
ament mal plate power (or auxiliary 
a pparatus. 

SPECIFICA l iONS 

frequency Range: 100 kc to 4000 ke. 

Accuracy : See spe-cifications ror THE :370·J or 
TYPE 970·1{ QUfl r tz PI:lte. 

Frequency Stubilit y: t .) p;lr t.~ ill one 1I1illioll . 

Tubes: Xct:cssllry tul)(·s ;-In: su pplied. 

Power Input: 125 wallS with henters operating. 

Power Supply: 115 volts, 50- GO cycles. 

), 'I ountin~: Sln ndan l (!)·iucb relay rack. 

Dimensions: I)flnel, (widlh) 19 x (height) 17J.i 
indies. Behi nd p:tnel, (depth) IOU indies. 

Net Wei~h t : 05 pounds. 

T!Jpe Code Word Priu 

675-H I ... .. .... . .. . 1 .\\'o wn I 



 

GGGGGGGGGGGG PIElO.ELECTRIC OSCILLATORS 

TYPE 67S·L PIEZO·ELECTRIC OSCILLATOR 
Alt hough simi lar in nppc:u'nncc Lo 

Tn£ 67:;·H Piczo-Elcctric Oscillator this 
instruillent is in tended fo r usc at fre­
quencies between .50 kc a nd 100 kc. The 
osci llator circuit is designed spc('i fica l1 y 
for usc al these £rc(lucudes, using TYP1:: 
"76·:\ and TYPE 676-A Quarlz Bars (see 
page 45). T wo output amplifiers, one 
dcliYcring fundamental oUlput and t he 
other produciug harmonics. arc provided. 
The osciJl rLtor is completely a-c operated 
and mounts 011 a 19-inch relay rack. 

SPECIFICA TlONS 

Freq uen cy Ran~e: 50 kc to 100 kc. 

Accuracy: ±20 pm!s in onc million (0.002 %). 
Means nre providell (or adjusting the frequency to 
agree wit h IIlCltSUrCUlClils ngains l a prilMry stantln nl 

or standn ru· frl.-qucllcy rlulio lransmi.;;sions. 

Freq u en cy S tability: i. S p:Lrts in one millivll 
[0.0005%). 

Tubes: ' I 'h~ nC<:CSSIIry tubes are lilI PI)lie(1. 

Power Supply: 11 5 voli!!, 50-60 c~·de~. 

P ower Inpu t: )I!,j walts wilh h~;\ ters Op(·ml ing. 
i\l ountin~: Stundard 19· iu!,!L reby rack. 

Dimens io n s: Panel . (\\" idth) i!) x (hci;!ht) 17 Yz 
iucllcs. UellinJ 1);'lIIcl, (ueplll ) IO;{ in{'hc;;. 
Net W eigh t : II:.! 1}()IUlds. 

675-L 1···· ··· · .. ... . 1 .\\\·.\IT I 

TYPE 617·8 INTERPOLA liON OSCILLATOR 
This is a dirccl-rCAding Leal-frequency 

osci llalol' fo r rapidly and accuralely 
fIle;tsUI·ing lhc beu l belween n :\i ln lJdul'd 
har/nollie ;'Iud a frequency 11nder IIICasure­
ment. Oscillalors of exceptional rrcquency 
stabil ily arc used . The frequen cy conlrol 
is a stl'a.i ghl-Liue- rl'cqucncy precision COI1-

deuser, ca librated di rec tly in frcqltenC~' l 

one cycle per scale di\rision. Means are 
pro\' idcd for intl'od ucing slandard cali ­
bmli ll g rrequencies, cithe r fl'o lu a st:Uldard 
frequency assembly 0 1' some other reliable 
~uree. Stich as a 60·cyclc line. 

Il is designed for nlteru:lling-curl'cnl 
operalion and for mounting upon a sl.:tlld­
arJ l !J-inch (T YPE 480) relay rack. 

SPECIFICATIONS 
R:1n~e: 0 to 5000 cydc$ per second. 
Acc ur:lcy : ± 5 cycles per se.:()IlJ, direct reliding. 
Scale t'Qrrection table i.i furnislloo, by m~ns of 

which lin nccuracy of ± ) eycle per sec:<lncl l.Ua,\· be 
ob~incd. 

Tubes: The necessary t ubes urc supplied . 
Power Supply: 115 volts, 50-60 cycles. 
Power Input : 30 walls. 

Mountini!: StlllLdard 19-inch relay rack. 

Dimen sions: Panel, (length) 19 x (height) 14 
inches. Ikhiotl punel, (uell th) 10M inches. 

Ne t Weigh t": 63 pO\uII I~. 

T!lF f! Code Word Pric. 

617- 8 1- .... . . ...... . 1 )lA ,'LE , 
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TYPE 619 HETERODYNE DETECTOR 

This instnltnen t cons iii ls of [I. Lu ned 
regcncl':l th-c detector a nd .\ l WQ*sLa.gc 
audio amplifie r covering ;1. freq uency 
range of f, 'om DO to 6000 kilocycles. It is 
designed fo r usc as a local re{.~c i \'c .. ill ,L 
ft·equency-mcilsuri ng sys telll to produce 

hen ts bclwcCli ~ I.;)nda rd Ilarmonic fre­
q llcllcics null frequencies under measure· 
men t. T welve plug-in coi ls cover t he nor­
mal range. Add.iliouai coils a re available 
to ex tend tile range to include all frequen. 
cies betweeu 25 ,wd 25,000 kilocycles. 
A twelve-coil n\Ck lo 1101d t bose not in 
use and ~l frequency cl.tlibraLion ilccuratr 
to within one per cen t for all coils pur­
chased wiLl I the instrument ;we included. 

The complete ulli t mOlln L<; on a standard 
relay rack and is ;Lvuilublc in cithcr ;I-e 
or Imtlcl'y-opcra ted models. 

SPECIFICATIONS 

Ran~e: no kt: Lo 6000 kc. 

Tubes: T he necel>S:'lfY tubes nrc supplicll. 

Po wer S upply: f or '1' 1'1-.; (itO-C, IIS.volts, 50- GO 
cycles, inpul2'5 \V(\It~ . I~or T YPE t)l O·D. G \'oILs ror 
Hhl.meDl Supply , OlJ to I ~tr. volls p lalesupply. 

Mounti n~ : Sta ndard HI-i nch relay rack. 

Dime ns ions: Pa nel, (It'llgth) 19 " (height) t;%' 

illc::hes. IJchi nd I).'lncl, (depth) lOX illches. 

Net We ig h t : T\,I>~; (i 19·C, 4 1 pOll llds: '1'1"1' 1:: 61 !I-I), 

:1$ [1O\J nd~, \\"ithl)ul l>:_Uerie~. 

T!I/J f Dtl!CriplitJII emle W ord P rice 

619-(: I i\ -c Ope r:u cd I ~1 "'''IS I 
619- 1) B;\lt e ry Opcr:1ted M"').:l~l 

TYPE 614-A SELECTIVE AMPLIFIER 

This instnllllcnL is parti cul;lI'ly useful 
ill conjuJlt:tion wil h Lhe Class C-21-H 
Stn.ndard-_tl·equcllcy Asscmbly where il 
is used t.O produce, select, and deli ver 
mulLiples of l ite s tanda rd l -kc outpu t o r 

the assembl v Select.ion is accompl ished 
hy a lO~point swi tch, and CO\'crs the first 
to ha rlllon icsof Lhe ilppl ied 1-k c! f req ucucy . 

. B.egeneral io n is employed to inc rcase Ille 
discri_miu a Liou ag .. "t illSl the 1.kc funda· 
mental rl'equcIlCY. The unit rnn.y be used 
wi lh o ther l -kc sources if desired . 

P;lllclmctcrs show h:\l'n.lolli c gcnera lor 

gl'id current and amplifie r ou tput voltage. 
'.I.' hc ouLput impedance of 20,000 o hms 

maleLcs lhe lelephoncs used in fl'equcILc~ 

calibmtio ns. 

SPECIFICA TIONS 

freque n cy R~\lIge : I to 10 ke indusivc, 10 [)I)inls. 

Calibr:tt ion : Adjusted nl fnctory for rcspOllSC at 
cach mulliple of l ke. Trimming :Idjusllllent!t arc 
providl."! wil l, in lhe instrumcnt, wl. jell mny be uscd 
for realigmnen l , ir necessary. 

Tubes: T he u(.'{;cS5nry lubes nrc supplied. 

Power Sup ply: 110- 120 \'olls, 50- 60 cycles. Other 
vollnges o r olher rre(llLcru.:ics on special order. 

Mounting,: Sta.ndnn l 19-illch relny rack. r and 

fi nislu::J ill bbek crackle Incqllcr. Oust ("()\'ersupplietl 

Dime ns ions : Puncl . (length) 19 x (height) S~. 
inches. BehillIl panel, (dl!l)lh) 1M inches. 

Ne t Wei!?h t: sa pounds. 

TyPf Coile Word Prju 

614-A 1 .... . ... . .... . 1 DW"- I 



 

TYPE 611 SYNCRO-CLOCK 

-----====1 
I.n a C lass C·21-B Slund t'lrd-I;'rcqucncy 

Asscm hly the :'j ' /leb ronOIlS-lllotOl"-d ri ven 
clock is the cOlln li llg device for totalizing 
llie !lumbe r of yiim:tlions of Lhe cryslld ill 
any gi\'cll Lime interval. Whell driven b~' 

a slable oscilhtlO l', this device Illfly be 
used as a source of precisely ciclcrluined 
lime intervals anti. conversely. when i l ~ 
indicaLiou is compared wi I II standa.rd lime, 
n. measure of lhe dri vi ng frequency is 
oblained . 

The TYPE 011 S.}' llcro-Clocks nrc de­
signed Lo OPCI'at.c (rolll the output circuit 
of a. low-power vacuum lube. The molo t' 
is of the intflulsc L.vpe, and since no ac'-

cclerating torque is provided in lhesysLcm, 
Lhe motor must he Lrought lip to syn­
chronousspccd. A GO-cyd c, 11 5-volt motor 
lllHler control of :l. push-blltlon switch on 
the face of lbe instrum ent is provided ror 
this purpose. C locks :HC normally supplied 
Lo keep t rue t ime on all exac tly WOO-cycle 
SOUl·CC. 

The micro-d ia l a ttachment consis ts of n 
rotary coil lact closing once a secontl, the 
instan t of contact (or phase) being ad­
justable over n range of one sccont! . It is 
utied in making ti me c:Qlllparisol1s a nd a lso 
for supply ing impulses at onc-sccolH.J 
inlcfYals. 

SPECifiCATIONS 

Freq uency: Clocks 3.re normally suppli t."(l lo keep 
true lime wilen t he frequency is cXll.ctly 1000 cycles. 

Power Consumption: Dilc 41-type or 45-type 
tube !\'uppl ies s\lfficic.n l power. 

Mounlil1~ : (Albitlet-1Il01lIlled models (fu r usc on 
the lllboratory bench) a nd p.'lucl-lIIounting modcls 

Ty JUl Dc,Ycriplioll 

lIre nVll ilable. out only the panel-mounting type 
wil li l\ micro-diul is reguln rly carried in stock. 

Dimensions: 'l'YrE GI I-C, (width) 9Ys x (depth) 
G x (heighl) G inches, 

Net Wei~h t: Tn-E Oi l -C. H IlOunds. 

Code Word Price 

' 611-A 
'bll - 8 
611 -C 

' 611-0 

Panel Mount1n~ without Micro-Dial . . 
T nble Mounti ng without !H iero-Oi:lI . 

S \ ' l\CROFORD 

8Y~CROf'ROO 

SYNCROCOOD 

8TSCROTOAD 

P~'nel Mounting with Micro-Dial .... . .... . . 
Table ~'I o\lntin~ with Mi c ro-Dial .. .... . . . . . 

'SlIill (0 oNer, !lot ~lIrri~d in .tlll:k. 
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TYPE 61 5-A HETERODYNE FREQUENCY METER 

The '!'Y PE G15·AE ele rotlyuc I''requc l1(:,)' 
Me ler is ~1Il oscillating (-ype or frequency 
meter designed for use in the measurement 
of fl'cejllcncy hy heterodyne methods. 
Although its luned cil'cuit is subject to 
slight drifts in frequency due to tempera­
lmc and ngi ng efreds, i L (':til be checked 

agaiusl a local frequency sLa lldard or 
standard-frequency radio signals (0 1' mens-
1I 1'cm cJl ls of hjgh accuracy. 

It consists of a highly stable vacuulIl­
l ube oscillatol'- tllld a dcLcclOl'. h is 
portable, operating from self-con tained 
batteries, which are not supplied . 

SPECIFICA TIONS 
Rnn j!c: 275 105000 kc. 

Acc ura cy: 0.1 % if a I:orrediun is made for the 
tlilfetclIl.:e hd,\'I,.'Cu ('lllibratinl,;" (ln~l o[)<: r(lting 
lClILperatures. 

Tubes: T he Ilcte!iS,iry t.ubes nrc. S llJlI)li~11. 

P ower Supply: ScIr-coUlaiucd ollllcl'i<:5. 

Mounrin~: P(lrl:.blc t·arryiuI,C Ct\sc. 

Dime n s ions: (Length) 1931 1> (width) S x (h<:,ighl) 
1372 il1 (;hes. ow!r-~Il l. 

l\'ct We ight : 3·} I)ouuds. 

Prier. 

615-:\ 1. ......... . .. . 1 lIU;-;LY I 

TYPE 61 6-B HETERODYNE FREQUENCY METER 
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The TYPE 61G-B H c lcr9d.Yllc Freq uency 
M e ter util izes lite same oscjl(n.liug cil'cuit 
as lhe T YPE 615-A Heterodyne li'req uency 
Meter just descr ibed. It includes a single­
stage audio-frequency amplificr as well ns 
a detector, nnd is designed for rcJa.y-rack 
mounting and complete a-c operation. 

The elements of t he osciJI :ltor circui t nrc 
temperature controlled in order to reduce 
the e ffect of changes in nmhicnt tempera­
t ure on the oscill ato r frequency. 

SPECIFICATIONS 
Freq u en cy Ran!,\e: 100 to 5000 kc, rundameutu!. 
Hnrmonics cau be used up to 30 megacycles. 

Accuracy: 0.1%, illdepclldcut of lernper:llurc. 

Tubes: T llc nCl't:s:>ary lubes are supplied. 

Power Supply : 115 volls, 50-60 eycks. 

Power Input : 130 watLs with henler circuils in 
operatiou. 

Mountin~: Standard 19-inch relay rack. 

Dim en s ions : Panel , (length) 19 x (height) H 
inches. l3ehiucl pnllel, (deplb) 10;:( inches. 

Nct Weig,h t : os pounds. 

T ype Cod.: W ord Priee 

616-B 1. .. .......... . 1 ~L\;-;Oll 1 



 

TYPE 224 PRECISION W A VEMETER 

Tnt: 22-1- L l'recision Wavemelcr 
TYPf) 22,'-A is ll imiillT in npptflr/l(H.'e hill 
requires r; induclors to (.'()vcr its ruuge 

This w.\\"cmeler is nn absor pLion-lype 
instrume nt designed for the measurement 
or rrcqucucy ami wavelength with an 
aCCLIracy of 0.25%. The £,'cquency contl'ol 

is a. prcci!Sioll wornHlr i,'c condenser, Ilia l a 
thermogah-lulOlIlclcr is IIsctl as the reso­
nance indicator . IL is ava ilahle j ll two 
ranges as lisled hc.!ow. 

SPECIFICATIONS 

F requency Range : Tllis wavemctc r ill mnde: in 
lwo sizes: TVl,t) 22·l-A, (.'overi ng frolO "'2!)0 I.e to 
li.5 kc (70 to 24,000 meters); nnd T n'l; 22..J. -L, from 
20,000 kc to 500 1.1.' ( 15 to GOO meters), 

Condenser : The wavemetcr uses a precision oon­
denser simila r to T VPf; iii. I t has scmicirculllf 
plates giving It lincllr variation in tttp:lcilnllCc wilh 
sea. le reading. 

Ca li b ration: Each inductor is cnlibraled al a 
number of point. from 4 Cln!! C !l·U Standard· 
Frequency l\.ssembly_ The calibrat ion for eal;h in­
ductor is plo tted on II chart which rela tes both 
frequency 1111.1 wavelength to scale rel'l(iing. The 
w:n·elcngth calibration is obl:1ined from the fre­
quency cnlibtntion by the use of !!l!l.82 meters per 
second ItS n con\·ersioo factor. 

The Cal)(leitttnce calihrll liOIl for the l'Oll ticuscr 
similar to tlml SU Pl)lied with the Tv".; 2:22: Precis ion 
Condenser (see pllge ~3) is furnished . 

Accu racy : T ile t rccl llt'lley calibration IIlAy be relied 
UI}OII to within 0.'l5 % of tile true (n:cprcncy for OIlC 
year from lhe d:1lc of J'lurc1l<1se. 

'rhe C:lIKlcitao<.-e. Clil ibra lion is 1lC'Cllrlltc to within 
1 JlPf. 

Resonance Indica tion : A lill!TIllognlvanomcler 
is used liS R resonn nce indil'!L tor. Hcttclion methods 
c,," also be IISl'!! without aJlcring the guaranteed 
nccurllCY o f the caJih rution. 

Moun tinl!: A WOOllen storage cnsc, fitter.! with 
lock fl nd carrying hand lc, is furnished. This has cow­
pttrllllcu ts for holiling tile condcllser, inductors, nnd 
c.,libration ckrrts. 

Dimensions : Carrring cru;e, (Ieuglh) 20 x (width ) 
12 J( (depth) 11 inches, ovcr-nll. 

Net 'Veigh t: \ \'a vC lI1c ler :md aC(;essorie~ 2:1 pounds : 
.I2}i pounds, casc included. 

Equicalent 
T ype Frequency Hauge lVocdength R ,",{}t! Cod .. Word Pri« 

224-A 4290- 12.5 kc 70- 24.000 IIldcr ~ W A(U;: I! 

224-1.. 20.000- 500 kc 15-GOO llleters lI KDt~lt 
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TYPE 624-A PRECISION WA VEMETER 

This ins trulIle nt i ~ ;'l hi gli-rreq uellcy 
W:lvclllc lcr intended for use limier se rvice 
c.:onditions where the g rea test accuracy 
ubtaiuable with commercial tUJlcci-circuit 
w;lVl'mClcrs is [·cq l1ired. I t cove rs Ule 
['Hnf!C f ,'om 2;; ,UUO to :JG70 kilocycles ( l IZ 

10 ,')~~ meters). 
Set.tings a rc made by the incrcmclll.t1 

capacitance method whidJ alJows se lLings 
Lo he made witb lligh precision . Operation 
of a " push button" lhr'ows in 01' Oll t of 
circuit a small condense r in para llel with 
lhe main lU ll ing condenser. The main 
condenser is adjus ted unLii opera lion of 
Llle pu:-; h bu LLoll ca uses 11 0 change in the 

deflect.ion of the thermogalvOLllollicler. 
Wi lh lh is IUeLllod. a precision or se lling 
o r t he orde r uf one part i ll 20,000 can be 
oblu iued. 

The I.:umlellser is or lhe p r(~cisio ll WO]'II\ ­

dr ive lype and ha,~ plales shaped to giyc 
<t slraigll l-linc-fl'cquc ll{'Y v;ll'iat io n. 

A lhcn noruelcr is moullled on the p<1I1d 
lo indicatc lhe lClnpcra lurc of the W;tVC;­

mc le r when used. D:lla a rc prov ided for 
corrccting the calihration 1'01' lhe en'eel of 
tCll.lpcnlt.ure changes. 

The guaranleed aCCl.lr,tt:!,Y is 0.1 pC I' celtt 
fo r a per iod of one year (rom date of 
pl]1'(:hasc. 

SPECIFICATIONS 

Rnn~e : 5070 kc - 25.000 ke. 

Accuracy: 0.1 % if tetllpemlure eorrcdioll is m:tde. 

1\'1 oun ting: A wooden storage casc, filted will t lo.-:k 
nn,l CArrying hnndle, is furnis hed. This llns compurl. 

menls For hU]lling lhe 1.·"()I!f[cllscr. iwluc\ors, lind 
calibr:Jlioll cllarl s. 
Dimensions: Carrying ense, (IcngUt) 20 x (wid th ) 
I!? x (depth) 11 inches, over-all. 
Net We ig h t: :3G IKllllUls, indlltling carrying e'iSe. 

!:"lJ llitafe"t 
f)cscriptiQ /I Pn'qIlClle!l UIlIIge W//DI'Ie-tglli RUllye CoJr Worll l' rice 

*624 -A WlH'emCter ..... . 25.000- 5670 kc I 1.2- 53 meters .....G ..... TE 

~Iollnted Cli. pncitanec CalibrMiou CUT\'c cunn: 
t 624-P7 Extension Inductor 5670-4270 kc I 53- 70 meters 
t 624. P8 E~te.nsiOIl Indu c tor 4270- 3200 kc 70-9·' meters ALJ •. ~ Y 

tC~l'lIciI3n~~ ClIlil.omtion ~"I'J)licd otll~' ..... 1,<:11 ord\:re<I. Ii..: OOm l)(lUn<! 00.1 ...... ord: A ... 'TU;OIl.'"t:. 

tWjl,·en>elcr will. which iuductonr. an: I" 00 u$C:<1 mml be suppli~ with order :lO th31 tRlib,"tiOll ("all 00 tlla,le. 
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TYPE 419-A RECTIFIER-TYPE W A VEMETER 

The TYPE 'l19-A Rectifier-Type \\Iave_ 
meter is a tuned-circuit inslrlUllCnl for 
general use in experimental work in the 
short-wave band between 1 and 15mctcrs. 
Provision is made ror indicating resonance 

by means or a sclf-cont.\incd vacuum-luhe 
recti6cr which m:ly be used in conjunction 
wilh either its micro-ammeter or a pair of 
telephone receivers. Anyone of the nu­
merous reaction methods may be lIsed. 

SPECIFICATIONS 

Frequency Range: sao Me to 20 Me or 1 meter 
to I.'i meter! by using the rour plug-ill induo;lors 
supplied with lue instrument. 

Calibration: Each inductor is individulllly cali­
brute<! will. the greatest poMiblc ateuracy lit Je\'cral 
poinla in terms or tbe Cencrlll Rftdjo Ccmpany's 
primary standard Ilr rrequency. Eacl. one is supplied 
wilh an inuivi(luaily mounted calihrotion curve whieh 
relates ronucnser sc.a.le divisions lind fre<luency ill 
megaeycles per second. 

Accuracy: The construction nnd calibration or this 
wl\\'emeter are such Lhtlt mellSurement!!. if eMdully 
made, enn be relied upon to withiu I % of ULe ill' 
dicated frequency. 

Tuhe: The neeess.uy tube is supplied. 

Power Supply: Filament current tor the tube is 
taken from 1\ I .S·Yolt. No. G dry cdl, mount ing 
space for which is contained in the bollom of the 
cahinet. It is not !!lIpplied with the instrument. 

M o untlnC: :\11 equipment is carried O D an "Iumi· 
lIum panel finished in blnek eroekle lacquer, wllidl 
in tUrn is mounted on n polished walnut cabinet. 
The boltom holds the four inductors 111111 tlleir 
c1mrts. 

Dimensions: P:ulcl, (hcigh l.) 10.14 x (widUI) 7%1 
inches. Case, (height) 7.14 inches. o"er·nll. 

Net Weiith t: 7U pou nds with tube bul will,ollt 
bntlery. 

TYPtJ frcqlll:llc!J R tlllgll 
EqllifJulC1! t 

W l1rclcIIgih Ilrll'gc C(II{e II' (1TI1 Price 

300- 20 Me 1- 15 meters CATEII 
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TYPE 574 WAVEMETER 

This direct-rending, tuned-circuit w.we­
meter is well adapled Cor gcncrn l purpose 
work in commercial, experimental, and 
cduca Lion:t l lahor3lories. It is unusually 
compact, Rnd its wide frequency r:.tngc 
and direct-reading fea lure mflkc it usefu l 
for determining quick ly the frequencies of 
transmitters, receivers, and osci lla tors. 

Its precision IS adequa lc for most rou ­
tine frequency measurements. Even in 
high-precision work the Limc-w:JsLing a nd 
bo thersome proccssofloca linganunknowIl 
frequency 0 11 a pt'ccision wavemct.cr Call 
often be s implified by 61'st dctc rminil.l g 
the app t'oximale frequency wilh the TYPE 
5i.f. Wavcmctcr. 

SPECIFICATIONS 

Frequency Rang:e: IGO kc lo 70,000 kc ( 1800 
meters to 4.3 meteu). by using lile Ii ,'(: IJ1ul::"-in 
inductors SIII)pl icd will. ti le instrument. 

Accuracy: T he corutruclion and c,'llihrntion of tltis 
wa \'cOieter Ilrc sudl thaI, if ca refully lIIadc. measure­
ments can be relied 1IpOl1 to within 1 % of the indi­
cate!1 r rCf)uency , 

Calibration: £ :1<:11 inductor is imli\'idual1~' c:l1i­
bralcd at five points in terlllS of the General 1I:14 lio 
Company'!! primar.\' /l IMldtlr<1 of rre(J1I1~ ncy, (I ud 
intcrm(:(l ill tc points nrc SC(:l1 reu by intcrpohttion. 
The sClI lc!i t 11t:~msd\'CS lIre en.b'"l"a\·cd on the inductors, 
thus Wltkillg the ins trulllent dir<.'Cl reud ing. Coil A 
and Coil n are engr:I\"~1 in units of mC:;:tc~'dcs per 
second, otl lcrs in kilocycles per setalHI. 

Condenser: A spCf"iltl T1"I'~: 3:H \":.rinhle ;\ ir 
Cowlcnser mod ilietllJY a reduction gear is usc.1 10 
sprcud I he calibrat ion .'Ieille over :lppro.~inlHtcl.r :i.~.)o . 

This fllcilitates pr<.>(:ise sett ings, The oontlcnscr is 
drh'cn by n slol\'-motioll kllob geare<1 10 thc 0011· 
dCliscr shaft. 

1\-lountlng: The loontlc lIscr is mOlllllerl 0 11 n btlkc­
lite panel Allached to the polishcd walnut cnse, li t 

onc e.nd or ",hid, is lhc stortlge. oompmtmeot fot 
spare in!luclors wlliell nre held in plal'C. by n SI)ting 
damp. 

Dimensions! ( Length) n x ( wi.l th) 5 x ( Ileight) 
5~ indIes, o\·cr-Illl. 

Net Weight: -t.% pou IlJ~. 

Eqlll',lCIlellt 
T,," 

574 

f' r eqllt llCV ,c'"o,c"c'=-----'�~r""c"='c'"c,cl=/,=R=,="","'~--"-CO,,c','-'''c'.o'=,,=--_ ___ ~Pc'c;,=,=--__ 
1(,6-70.000 kt' 1$100-·1.3 mcters; 

GENERAL PURPOSE W A VEMETER 

rO!' !'ollnd-thc-Iabora lory lise , FllIshlighl..ln tl b resonance 
inti icator. Sec the description of T YPE 3.;8 W:.lyemcler, 

page lfjQ, 



 

.:9 C9C9C9C9C9C9C9C9C9C9C9C9C9 AUDIO FREQUENCY METER 

TYPE 434-8 AUDIO FREOUENCY METER 

The Tn .. : 4:J4-B Audio Frequency 
"Jeter was developed to ]H"o\"ide tI mean!; 
for measurin g. wilh all a('CUracy of 0.5 per 
(;Cut, audio frcqucucies ill the nLnge from 
20 to 20,000 cycles. II makes lISC of the 
\riel! bridge, which contains oil ly resist­
ances ami capacital1ces. This el itllina tes 
the lll~lg ll c lic pickup which exi sls in .1 11 
frequency l1Ie lersconluiuing :;e lf- or'lUutual 

inductance. 
The mele r is dirc('l I'cadillg with an 

extremely long scale. The meter ims t hree 
freque ncy ranges difl'criug by n"11;05 of 
10:1, ohlaincd by \'llrying the conde nse rs 
by ralios o f 10:1. Thus Lhe same sCfilc is 
u.sed for a ll tht'ce I'r'cquC'lwy ranges with 
decimal multiplying' flldo]'s. The dilrc renl 
fl'C<luencies arc distriuuted a long tlte sca le 
logarithmically, i .e., equal rr~queney ratios 
occupy eqllaJ sca le lel11{tIl5. This nlnkes 
the fractional tlCCUl'flCY constant Ove r t.he 

CHl i l'c sca le. This very dcsir:.tule feature is 
nbt:lincd by ;1 sui lable sl.aping of tlte 
luper-cd rcsis tors which al'c t ILe variab le 
uuils in th e metcr. The inductors used in 
ollieI' types or r" cljue llcy metcrs 01l1ll0t he 
s haped to yield ,lilY desiret! frequency 
di sl" ibu lioll. 

The l'esisL:t_nce balauce or t he bridge is 
approximately mnintaincd for all scale 
set lings. Exacl balnm:c is tII<lCle by IllCallS 

of a suilable potentiometer. The se lling 
of lhe rrcqllcnc,rdial is not cha ngcd by lack 
of resis tance bahlll~, bUl merely dulled. 

The null det~lor is usually a pair or 
Itigll.resistnnce ilead tclepllollcs. They are 
sufficiently sensitive to enable the dial to 
he sel to 0.5 pcr cenl wit h e yoll s in pu t to 
the bl'idge within the frC<Jucney mnge 300-
3000 cycles. if the waveform is pure. The 
di:lill1:ty be .sello 0.1 per cent by nppiying 
:I higher \'oltnge lo the briuge or by using: 
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an 811lplifier such as the TYPE 514-A 
Amplifier belween the bridge and tllC 

telephones. Wben the harmonic content of 
lhe supply is large. n low-pass 61ter, such 
as TYPE 330 Filler Sections. or a tuned 
circuit may be used (or frequencies less 

than the natural [requency of lhe tele­
phones (about 900 cycles). The TYPE 
4B8-DIVI Alternating Current , 701lmeler, 
preceded by the TYI'E 514-A Amplifier 
and it 'j ' YPE 330 Filler Section, may also 
be used as a. null detector. 

SPECIFICATIONS 

Frequency R,UlgC: 20-20,000 cycles in three 
runges by means of a selcetor switch. 20-200 cydclI. 
\!OO- !i!OOO eycle!l. 1l000-iO,OOO cycles. 

C •• lIbration : Euch instrument is individually culi­
brntcd with morc thnn sufficient accuracy in terms 
of Ule General Radio Compauy's primary sl:ullJard 
or frequency. -Each dial is Ulen indi,·idunllyengro"ed. 

Accuracy: 'flie null poin t is narrow enough so 
that. with sufficient SUPI)!Y \'oilAgc or sufficic-nL 
:\mpl ifie~ tion on Ule null detector Ilnd with a fair!;r 
pure wa\'eform. the dilll mlty be set to 0.1%. Tile 
('s librntion 011 the d inl may be relied upon to\\'i1l.in 
0.5 % at Ill! positions. 

Drive : The G-ineh dilll turns t hrough au Bngle Qf 
3200 wi] ieh gives n scnle length of about 17 iudle!! 
(or each 10 10 1 fre<"lueucy runge. The whole sClle 
length is -4. f<.-et 2U inches. The ditl l has a slow-lIlotion 
drive. 

Impedances : I nput, 3-10 kilohms; output, )- 4 
kilohlll!!. the smaller ,·[tlues corresponding to tile 
higher frequeucie. •. 

Input Voltage: 110 ,·olb. mnsimum. 

Accessories: A null detector will be required to 
opcmte the instrument. This may be heud telephones 
such as the Western Electric T ype I OOi·C or an 
lunplificr-meter combil:l8tion Buch ItS a Tn.: 314·:\ 
AllIpli(ier and a TYPE 4SS·0M AlterolLting Current 
Voltmeter or a TYPE 626·:\ Thermionic Voltmeter, 
used in conjunction with TTP£ 350 Filter Sections_ 
Even with head telephones an arnpli6er and filter 
secLions may prove useful. 

Controls: Frequency dial, range sclcctor switch, 
rC$istnnce balance knob. 

~·I ounting : Aluminum plmel. M inch Lhick. 
finishc<l in b lack crackle InC(IUer, mounled in copper· 
lined walnuL cabinet. 

Dimensions: (Length) 12 s (width) au x (height) 
ax· inches. over-all. 

Net Weight : JSM pounds. 

Type Frequency Ra nge 

434·n I 20-20,000 cycles I 

Cod, 
W(ml 

CQl.on 

Priu 

FREOUENCY METER-MONITOR 

ror Lh e amateur, heterodyne type, hatteries self-conta ined. 
See the description TYPE S3S-A Frequency l\1clcr-l\1onitor. 
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TYPE 713-A BEAT-FREOUENCY OSCILLATOR 

The uscfu lness of audio-frcl1l1cncy oscil­
lators pl'ev iolis ly commercially :lxail:Lblc 
has been seriollsly limited hy low power 
output which has necessitated the use of 
:llllplifi ers. 

In the TYJ>£ 71 3-:\ Beal-Frequency 
Oscillator t.he power output. has been 
increased to two walls, fi. gain of twenty 
limes over U] C highest power output 
previously aYiLilable in ;1, continuollsly 
adjustab le ftudio-f rcq uency oscilln.tor 
man ufactured by th is COlllP~lIIy. Th is OUt.­

pul, with 130 volts on opeu circuit, is slim· 
cicnt for testing lUallY types of equipment 
and for Illodulating present types of 
s tandard-signal generators withou t nd­
ditionai ampli6cnlioll . This large increase 
in output power accompanies a marked 
improvement in wlwdorlll over the T YPE 
51S-B Bent-Frequency Oscilbtor wh ich 
this inst rument replaces. 

In general de!iign t he TYPE 71S-A Bcnt-

Frequcney Oscilhlor is an allel"llaling­
clIITenl-opCrfllCd oscillator operating on 
tlte. hcnl principle in which the. outpu t 
resulls from the be.tl be lween two high­
frequeJicy oscillatol'''. one or which is fixed . 
the olher continuously adjusta.ble. A fre­
queucy range of 10 Lo 16,000 cycles is 
covered. The dial carries au accurale. 
individunlly cngrayed c~ll ibration. The 
cn.libration lIlay be checked by means of a 
seH-contained, calibrated tuned reed. 

The dis tinguishing characte l'istic of a 
beat-frequency oscillatot' is its ability to 
coyer cont inuously a wide fl'cquenc;.· 
rangc witb one control a nd , at the same 
timc. Lo Illaintain app rox imately consl:m t 
output. 13y means of sllch a circuil. the 
en t ire :ludio-frequency r:wge may be 
covered by the roLal ion of a single dial. 
T his fcntul'c rcnders the bcul-rrequency 
lype o( osci l\a.to r uscful for the rap id study 
of illl types of equipment. 



 

The main dial is supplemented by an 
incrcmental condenser. cn.librated ovcr a 
range of - 50 to + 50 cycles, which facili· 
tates accurate setting of frequency. It is 
:1.150 of value iu obtaining small pitch 
\'a l'iatioll s. as arc (requently required in 
physiological and psychological studies. 

The design of the instrument. is such 
that the w.nveform aJld power output are 

ample for practically all experimental 
uses. When it is used in accordance with 
lhe operating instructions, the reliability 
of tile frequency calibration is excellent. 
Doth oscillators opera te ncar 160 kilo­
cycles, and the circuits arc adjusted so 
that the difference frequency may be 
reduced to 1 cycle without t.heir "pulling 
into slep" with each other, 

SPECIFICATIONS 

Frequency Ranl1e: AltJlough calibrated betwun 
10 cycles and 16,000 cycles only, it will deli\'er power 
ol'er a slighlly wider rllnge. 

Frequency ContTol : The main control dinl is en­
gravetl at leflst at ever~' oIH ..... IlIlJldn.-d.cycte interval, 
the total .!K'ale length being approximately 18 inchu. 
There is :1.11 additional au:\:i lia ry control covering a 
btl nd 50 cycles wide on eithcr sitte of the frequency 
determined by the setting of Ule main dial. 'I'M. is 
useful ror making resonance CUf\'es, measuring pitch 
increments. and the like. 

Frequen cy Calibration: A tuned JOO-c~'cle reed 
is provided to supply II checking point. In operation, 
the mnln tuning conlrol is set to 100 cycles, a nd 1\ 

J:ero'ndjusling condenser is adjusted un til the mei!· 
lator frC(IUen cy and tllC reed frequency arc in Ilgrt.'e· 
menl, ns sllowll by maximum defle<:lioll of UIC reed. 
TIle rccd Ildjustment is correct to within 1 cyele. 

Each instrument is iudh,jdulltly (;nlibrated, IIll1l 
the !i1nin tunill~·contl'()l (linl is then eUj.,"fuveJ. 

Tile lluxiliary dial is marked wit.h 0 111'. di"'isi()11 for 
e .. 'ery l .eycle interva l. 

The calibration can be relied upon to witllin 2% 
arter the oscillator has becn ad just.ed to the reed 
frequency at the lOO-cyele point, within one year 
from the dale of purchase. 

Frequency Stabillty : Great care in dc~ ign hM 
been taken to pro .. oidc adc(luate thermal inaulation 
lind ventilation, thereby prActically eliminating 
frequency drifts from this calise. 

Thc frequency mny drift 5 to 10 cyclcs in lhe first 
t1l'O houn from beating, but it is negligible there.· 
alter in tilt: absence of a marked wange ill room 
tempera.ture.. A 15-\,0It cha.nge in supply "oltage 
causes less than 1 cycle ~hiH ill output fl't!queney. 
U the accuracy of tile work juslifiessuch a precaution, 
lhe o.~cillator Illay at any time be c1tceked ngninst 
the tuned reed. 

Output: Mnximum opcll-<:ireuit voltllge is 130 
I'olls, approximlLtely; maximum power output is 
about !i! WllttS. The output (:(lntrol is a 30,OOO-ohm 
tapered voltage divider, Olllput voltllge is 111ensurell 
h," a linear·scale vacuum·lube voltmeter. 

Fnr any resisti\'e lo~ul the output voltage "'aries 
by less l.luln 0,5 db (5%) hclwcen SO allil 10.00U 
cyclcs; lcl'.~ lIlan lA db (15%) IJctWt!e1l 10 :lnd 
10,000 eyclcs. 

"la "eform: At fT(:<tucncies: ahove 100 cycles, iQt:il 
uarmnniccontent is less th'lll 1 % of tllC funilamcntal 
Illuplitude. At 10 cycles, harmouics are Ie!s tlmn 5% 
(iIiLroJU(.octi by the iron·core output lrtInsformer). 

Dy throwing a switch on the pltnel, the outPllt 
voltage is reJuced to 1/ 10 of its normal vlllue. 
:lntl the IUlrmollic conl.ent is brought down to less 
than 1% o"e.r tile entire Nlllge of the instrument. 
l)ower,suPllly ripple is aPl'ro:t.:imatdy 0.1 % 00 full 
OlltPUt; 1% \"'hen the output voltage lias ()een 

reduced by 10:1. 
A means of checkillg tile performance or the oscil· 

lator is proviJed 50 that improper load condition" 
which would increase the harmonic content, call be 
dcteded. 

Power Suppl)' : l00- HW volb, -10- 60 cycles, lie, 
The power conslllllption is lloout 85 walts. 

Mounting.: /\ 11 apparatus is mounted on the en· 
graved panel which is Buislied in black era.ckle 
lacquer. The panel is mounted in II. huvy oak ense 
with brass carrying handles and lock. It may he 
bolted to the wall, hinges allowing the cabinet to 
swing Ollt for replacing tllbes. etc. 

Tubes: The DC(.'C.,WIry tubes, S t.ype 41,3 type (iCC, 
2 type 2AS, lIlIIl 1 type 80, are supplied. 

Accessories: 7-(oot connecting cord is supplied. 

Dimensions: Panel, ( width) 19 x (height) 2-1.14' 
inches. Over· all cabinet si1.e, incl uding handles, 
(width) iO>i x (height) i5:1: (depth) II inches. 

Screw holes in t.he panel Rre Ule standard spacing 
lor mounting the instrument in a TYPE 480 (stand. 
ard 19· inch) Relay Rack. 

Net Wei~ht: Si pounds. 

Code fl'urd Pr j,.,. 

713-1\ 1. .. ..... ..... . 1 J.>J-:nUI I 
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TYPE 61 3-B BEAT-FREOUENCY OSCILLATOR 

This is :t baltcry~operalcd instrument 
which possesses the desirnblc features of 
good waveform, frequency stability, and 
open scale which characterize the TYl'E 
713-A Beat-Frequency Oscillator previ­
ously described. 

This oscillator is adjusted Lo the ca li­
brated conditions by se lling Lo resonance 
\",i l b a onc-hundrcd-cyclc lUlled reed. The 
dinl of eHch in ~lruJlle nL is im.liviciunlly 
calilmlled and engraved. 

'fhe Trl'I:: ()l!1·B Oscillator has bccn 

found especia lly vn luable in physiologiclt! 
;lJld psychological research at audio fre­
quencies. A useful accessory to the oscil­
Ialor in this appHc:ltion is the 'J'YS'E 539-P 
IncrclOcnlal-Pitch Condenser (see Jl:'lge 

27). This condenser is calib rated in single­
cycle frequency increments t\lal can be 
used to \';\ry Lhe output rrequency re­
pcntedly over allY range of less than 100 
cycles abo\'c the main dial selling. 

The outpullws becil cardully fillered 
to e liminale spmious high rrequencies. 

SPECIFICA TlONS 

Frequency Ran~e: Calibra ted between 10 cycles 
and 11,500 cycles, it will actually c.lcliver power 
al frequencies s lightly lower and ll .ighcr, res~c­

lively, thun these. 

Frequency Ca librat ion: A referelH,:e calibrllliOlI 
is secured by selling thc mll;n lUning (:ontrol to thc 
LOO'cycie graduntion, marked "la:EI>," and thclI 
adjusting UIC compensating condenkr until lhe 
calibrated t\lnw reed vibm tes III maximum 
aml)iiluJe. 

Each instrument is individually calibrated in 
terms of U.e General nadio Company's standard or 
frequency, and t he di:1i or the main tuning control is 
theo engraved. The dial is 6 inch\!! in diameter a nd 
has a sprcad or 2700 so that thc scale is spread out 
over almost 14 inches. 

For one year from the dnle of purcl!lllIe, the <.:uli_ 
bration ca ll be relied UI)()n to within 2% after the 
oscillator has been checked III the l.ero·bcat IwillL 

Frequency Stability : The radio-frequency os· 
cillntors arc stable. Dod under uniform teWltCrature 
conditions the beal (requency will stay witbin a rell' 
cyclcs O\'cr a period of several hours. Changes in 
Rmbicnt temperature will cause slight. changes in 
frecluency beellll5e of the temperature coefficient of 
the tuned cireuits. Wilen II. drift ill frequency is 
ohsen ·h.I. it can be corrected hy readjusting tor 
n1lLl-imum aml>litllde ot thc tuned reed. 

Output: The open-circuit output voltAge d~s not 
deplU't from a 13·\,0It average by more than 20% 
over llle elltire rrequency range. 

I nternal Output Impedance: 5000 ohms. 

Wa\'eform: On ol>en circuit the total harmonic 
content is less tl.an i % of t he fundamental above 
100 cycles. With a 5000-obm load it is less than 5% 
uhove 100 cyde.~; bdow 100 cycles it increases 
rapidly as the frequency is reuul'Cu, reaciling 10% 
nt 20 cycles. 



 

Con tro ls: In addition to the main tuning control 
and the auxiliary control for adjusting to the 100-
e~·c1e rdereuce frequency. there are tl lC output 
voltage divider and the fil ament aUfl til ned-reed 
O~-oFF switches. 

\\ feters: A filament voltmeter alill a detector pla te­
current meter Bre moun ted on t hc panel. 

Tubes: Three 330-type nnd one 331-lype ( n e A or 
cfjuiva!cnt) lubes are tC<luired nnd tire supplier! II!'! 

initial equipment. 

TermhmIs: T wo binding post., on the panel are 
pro"idcJ lor making connections to tllc oscilla tor. 

Power Supply: Space for mounling three 45-volt 
"laIc batteries Rnd two No.6 dry cells for filament 
supply is providC(1 inside the cabinet. 

iVlountillg: The inslrument is ruounlc(1 On 811 

aluminum pnnel fi nisheJ in black crackle 11I(."<lucr 
nnd contai ned in n polished walnut CIlbiud with 
carrying handlcs. 

Dimensions : Panel, ( wid th) 19 x (height ) SJi 
inches. Cabinet, (width) 22)( (height) 12U x (depIlJ) 
9 inches. over-all. 

Net Weight: SSU pOllmb lI' ithoul uatteries. 

Type Code Word. 

613-B ::>AYA L 

TYPE 377-8 LOW-FREOUENCY OSCILLATOR 

In t he communication laboratory a 
general purpose oscilla.tor is an cx'tremely 
useful instrument. An oscillator for general 

use must mee t more rigid speci.fi c~ltions 

than any other type because of the wide 
range of uses to which it is put. Thc'j'Yl'f; 
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377-D Low.FrcQucncy Oscillalor is de­
signed to meet lhe demllnd Cor an instru­
ment of lh is sort. Its Cretluency range 
ex tends frolll the low audio to low radio 
frequencies. Fre(IUency stability and low 
harmonic con lent are other imporLant 
characteristics. Among its uscs arc bridge 
measurements of :tll kinds. studies of lhe 
response curves of Lransformers and loud­
speakers, the study of filter character­
istics, and the study of cable and other 

dielectric behavior. Since the frequency 
goes to 70 kilocycles. power level and 
attenuation me.'lsurements on lines and 
networks can be made a t carrier as well 
as audio frequencies. 

This type of oscillator is useCul in 
general scient.ific work as well as in the 
more specialized problems of electrical 
communication and is recommendcd (or 
general lise III college and industrial 
laboratories. 

SPEC IFICATIONS 

Frequency Rani?,e: Any frequency between 25 
cycles aod 70,000 cycles cau be obtained. The mnge 
co.n be extended downward to 10 eycl~ for a smAil 
ndditional charge. 

Power Ou tpu t: 50 milliwatls with one amplifier 
tube; 100 milliwatts with two amplifier tubcs. 1l is 
adjustable by meal)sor a voitagediviuer. Thcinlernal 
output impedance with the voltage dividcr sel for 
maximum output is appro:lO imately 2000 ohms with 
1\\·0 nmplifier tuhes and :1500 ohms with one 
nmillificr luhe. 

Wa\'cform : The maximum harUlonic l>()htent is 
about 3% of fundamental Amplitude. Most of it is 
introduced by the amplifier. 

This may be reduced to about I % for loads of 
8000 ohms or more by reducing the signnl level 
npplied to the amplifier. The meUlOd of doing this 
involves changing ('Ou l>iing resistors !lud is dc.~crilJcd 
in the instructions acrotnl)anying the i.n!llrulIlcnt. 

Callbratlon: A calibmtion for sO points. accmate 
to within 1 %. is made in tcrms o{ the General Radio 
primary standard of frequency {or each instrument. 
The corresponding settings of the condensers and 
the inductor switches arc eutered on two charts. One 
is mounted inside the back l>()vcr, thc other in an 
aluminum chart holder. 

Frequ en cy StabJlity: ella.ngcs in lubcs nlldoper. 
atiog voltages have a minor ef(ecL ou the frc(tuency, 
a change of 25% in plate voltage, for e .. ~ample, pro­
ducing about 0.1 % change in frequt:ney. Changing 
tul>es causes about the snme omounl of shift. This ill 

Ul.IUsually !;:ood performanl-e for a flOwer osdl];\tor 
of so wi(le a frequency range. 

Con trols: All controls arc located on the panel. 
They nrc: inductor selec:lor lIwitches. l'Ondenser 
switdlcs. Yariable condenser. fee,l·baek :I!ijusl.lllent. 
output power allj llsl.mcnt. nod tilnment rhcosult. 

~'I eters: l',-Ieters are PrQ\'idcll for rending oscillator 
grid cllrrent as no index to correet feed-hack ndjllst. 
ment, filament nnd plate vollage, and oscillator nnd 
Dml}liner plalc cu rrent . 

~'I oun t ing,: All parts are mounl.ell on nn engraved 
bakelite panel in It beavy oak c ... .'!c lI;th carrying 
Ilandles and :t cover. The case mlly be boltcd to the 
wall, Ilingcs allowing the cn binet to swinK out for 
rCI)lncing luhcs, etc. 

Termhl:lls: All bnttery :lI1d output terminals li re 
inside t ile cuse. which hll:l holes in its side tor the 
connecting wires. 

Tubes : Two or three 112-A-type (n CA or C(tlli\'a­
lent) tubes are used, one 8S an oscillator and either 
ODe or two as amplifiers. Tubes are supplied with I.he 
instrumeut as initial cqllipruent. 

Power Supply : 135 volts. 10 illM (plate) :lI1d 0 
volts, 0.75 II ( Iilnment) nre requirl.'d to operate g 
tubes in addition to the grid-binsing bat tery mounted 
inside the ease. Only Lhe lutter is included in lhe 
price of the instrument. 

Dimensions: Cnhinet with cover, (willlh) 1!)}'8 x 
(heigh t) 18 x (depth) IO~ inches. over-all. 

Net WeiCh t: 55 pounds. 

CO(ie Word Pric~ 

Altcrution to cxtenn rnngt: dowll wllrll 1.0 to cycles 
O~l.:(;A 

t:XTIIA 

• Use the compound code word O~IEG'\F.XTn .\ wlten ordering all osdllal(lr wilh the alteml.ion. 
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TYPE 50B-A OSCILLATOR 

This is :m alternating-current operated 
instrumen t of medium power, yielding 10 
frequencies separated by apl)toxima Lely 
equal percenlage intcn'als Lo co,'er Ule 
more commonly used portion of the audio 
range. It is intended fot use in bridge 
measurements and in measurements on 
electrical communication appn rntus and 
sys tems wllere it is ncceSSitry that meas­
urements be made at a number of eliA'crent 
frequell cies. 

The O.5-wull power delive l'cd hy tJlC 
T YPE 50S-A Oscill:ito l' is :1. dis tinc t ad· 
"milage ill increasing the sensiti vity of 
bridge mcasurclliculs. since it is consider­
ably in excess of lll,it :l.v;lilable r.'om the 

small c11.'Ct.ro-u1(x:h:lnical type of o:sc.i llaI OI" 
often used . 

This osci llalor is enlirely alternating­
Cu rrenl opel'aled. a.s in t.his way the power 
required is obla ined al a minimum ex­
pense, and the ueecssily of mainlain­
ing :.1. 1l cxLernnJ power-supply syst.em is 
a voided. 

Do Lh frequency s tability .1.od ont.pu t. 
wavcfo l'm are good for an oscilla tor de­
live"ing this power output. There is no 
dil'eel current in lhe oUlput circuit, 

It is normally supplicd mounted in a 
cabinet. but a model adapted for moun t­
ing in a standard IO-inch relay rack is 
available. 

SPECIFICATiONS 

Frequency Rnog,e: The 10 frecilleneics IIvlliI-

8ble I\re 200, 300, ",00, 6()O, 800, 1000, 1600, 2000, 
3000, and 4000 cycics. Selection ill Ullu.le by u single 
IO-point switch. Frccluencics betwoon lLelie "<llue'S 
can be secured by We use of an extt':rnnl condenser 
which enn be plugged into t he jack terminals on the 
panel nt t he left. For frequencies !Jctll'tcn 250 cydes 
and 4000 cycles a T\'py' 'l19-G Decalle Condenscr 
I\' ith II. ' r1'PE 3:Mi·Z Variable Air Condenser is 
suilable. Between 200 cycles a lld 250 cyclcs rao 
additiollal 0.5 p.f l..'tIndcnscr is rl..'(luirctl. Tllcse oon­
(Ieuser!! arc nol sup[llicd lI'i th the instruUlent. 

Frequency Stability: ,\ oy frequency of t his os· 
cillator can be relied upon to remuin conshml to 

wi thin I % over a period of !CI'er:11 hours in spite of 
changes io load or line voltage, 

Wa veform: On open cireuit. t he total barmonic 
t.-ontenl of tbe output W8\'e is less thaD 8% of the 
rundnmenhl.l ramplil1,dc. T his increases ali the load 
irupcd:tm;c ill redlll..ocd. approaching a nlaxillluill of 
11 % when the outl)ut terminals are shor t-ci r~uited. 

Tllc maximum open-circ\lit hum voltufic across the 
lerminals is 0.5 I'olt. 

Frequcncy C:l llbr;uion: E:ncl. inillrulilcul is 
n{ljnsled in our laborator~' to within 5 % of the 
frC<lucncies engraved on the p;ulel. 

Output : Approximlltely 0.5 watt into a IO{HI of 
2000 oLms. This maximunl po"'er output v:\ril!.!J 
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i>ctweell approximately 0.3 wntt nod 0.8 watt liS tile 
frequency i.! changed. A high-ilnpcdllnce voltage 
divider lor adjusting the power output is included 

Int e rm\1 Output Impedance: tOOO a illns at 
maximum output. 

Connols: An O:-;-Of'Y switch lor the power supply 
is the only control except. for the frt'(luency selector 
and the \·O t .v~n: \'olttlge divider. 

Tubes : One 245-tn>e tube and one 280-type fecti­
fier tube (HCA or equin,dcnt) lire SUPIJlied. 

Power Supply: 100 to 120-\'011 . 50 to GO-cyclc liuc. 
The (lOwer (lmin is about '~O walls. 

Termhmls: The t~rlllinars for t"' lIucctiug lhe out­
put and ror aUaching uu external condenser (liCC 
"Frequency Bunge") arc llIounted on lite panel . 

Mounting: All appnratU5 is mounted on a metal 
, llell sc<:urell to the aluminum front panel. The cir-

Cabi nN Mounting 

ellit is entirely enclosed in tL metallic shield to pre­
\'ent pickup to a.ssociatc<1 apparatus. As normally 
supplied.. the shielded oscillator unit is mounted in 
a hand-rubbetl walnut cabinel. This is known Il.!I 

Typ., 50S-AM. 
When II. w ode1 mounted in a standard 19-inch 

rclay rack is required. the unit. CtLn he removed from 
tile enbinet aDd pro\'ided with pllnel extension plates 
to secure the stAndard width. An oscillator so motli· 
fi ed is known AS 1'T ... : 50S-AU. 

Accessories: 7-root oonncelillg cord is supplied. 

Dimensions: [<'or TYn 50S-AM : Panel. (width ) 
1.'1 x (height) 8U inches. Cabinet. ( width) 18 x 
( Leight) 10 lC (depth) 12M inches. o\·er-all. 

For TYPE .50B·AH: ( Widlh) HI x ( height) s~ x 
(depth behind panel) 10 inches, over-aU. 

Ne[ Weigbt: 38 pounds for TYI'~ 50S-AM and 
soU pounds for TYPE 50S-AR. 

Cnd, Word PricI 

50S-AM 
508-An For Relay-Rack MOlln t inll 

ARRO W 

111180:-; 

TYPE 213 AUDIO OSCILLATOR 

Tbe TYPE 213 Audio Oscillator is a 
battery-opera led, electro-mechanical os­
ciUalor ill which the frequency is stabili zed 
by a luning fork. Tt is intended fo r de-

livering small amounts of power in bridge 
measurements and telephone line tests. 
The 400-cycle model when used with a 
TYPE 530 nand-Pass Filter is recommend­
ed for use in broadcas ting s tations where a 
test signal of good waveform is re<lwred 
for measuring modulation percentage, d_is­
tortion fac tor, and speech-amplifier gain. 

Because of its reliability lh is oscillator 
has been used in police radio systems and 
ai rplane be:tcon transmiUers to furnish a 
test s iguctl. 

The frequency is determined by the 
frc(juency of l he tuning rark which drives 
n microphone button. The advantages of 
Ut is osci llator arc simplicity, reliable oper­
Ruan, and rugged construction. 

SPECIFICA nONS 

Frequency: Two models. one operating a t 1000 
eycles I!.nd Due at ",00 cycles, are carried in stock. but 
spech!.1 instru ments can be constructed lor nny J 00-
cycle lllu itiple between ·~ OO cycles a nd !.SOO cycles. 
Designs are o n rile; prices on request. 

Frequ ency Stability: The maximum change in 
frequency with load is aboul 0.1 %. This a.nd varia­
tions inlrolluted by temperature Arc entirely negli­
gible (or practically all purposes (or which this 
oscillator i!llikely to be used. 



 

Calibra lion: The IIctual [rt.'quency will be leu thaD 
the rated value by aboul 0.5 % bcCIlUiIC of the load· 
ing of the fork by the mic.rophone bulton. 

Output: A maximum of 50 milli\\'atts ('AD be 
obtained. 

Interna.l Output Impedance: The power out· 
put is delivered through a transformer-Iilter. Three 
t. .. p.s are provided permilting the usc of loads from 
olO to 10,000 ohms. 

Waveform: The harmonic (."(lntent varies with the 
100Id impedance. Willi normal rcsisti\'c louds it will 
vary fro m about 3% to S%. 

T ubes: This is a n eleclro-mcclllLll ical osciUlitor and 
rC<luires no tubes of any kind. 

Ty p$ 

*2 13-8 
£2J3·C 

FrtqllellCY 

1000 cycles 
400 cycles 

Power Supply: Normally obtained from 8 6"'olt, 
doe sourcc I Uch as a storage battery or dry cells. 
Drain appf'OxilU.'ltely 125 ma. 

Terminals: Two binding posts for the power 
supply lind four binding posts tor lbc output cir­
cuit are mounted on the pancL 

Mountlnc: AU parts are mounted on a bakelite 
panel in a polished walnut cabinet. 

Dimensions : Panel. (width) 6}1 x (length) 4M 
inches. Tlleover·a!l height of the instrument del)CIHls 
upon tile frequenc.y, being [; i nchc.~ (or frequencies 
between 1000 and 1500 cycles and GY8' inches be-­
tween 4000 and 900 cycles. 

Net W eiCht: Approximately 5J1 Jloulld~. 

Code Word 

ANGEL 

AMOSE 

Price 

' Spedfy frequency !Ill ... ell .. type Dumber ... hen ordcrillll" I'nea lot other I,eqlleno:io:s orill ~ supplied on teqll<:sL 

TYPE 484-A MODULATED OSCILLATOR 

This is a porl~ .. ble, gcncml-rmrpose. 
radio-frequency oscillalor covering the 
wide range of freque ncies so often required 
for lhe labora.tory. II is modulated und 
s unicicn tl y well shie lded lo permil of 
its usc in radio·(requcll(:Y bridge-circu it 

mcaSlIrcmenbs where the expcnse of a 
perfectly shielded s tand:lI"(.l·sign~L1 gener­
ator is ucilher necessary nor justifiable. 

As a mallcr of fael, this oscillator was 
designed with lhe particular requiremen ls 
of the '1')' 1'£ 516-C Rldio-Frcquency 
Bridge in mind. 

A s Lr.l igh t- I i nc-frcq uency CO il d e n se r 

drive n by 11 p recision dial is used for 

tuning. AU inductors arc plug-i ll ;18 is t.he 

modulatin g oscillator uni t. Space is pro· 

v ided inside the cabinet for bnLLerics. 
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SPECIFICA liONS 

Frequency Range: 10 kc to 40 Me by means of 
ten plug-in induclors. In addition, two baucl-sprc:ll] 
induclor!! arc availnbll!. Induclors nrc not included 
in t ile price of UIC instru ment ami lOusl he ordcrcl\ 
scp.1rl1teiy. See Tn.; 4S-l·[l lnductors helo\\', 

Calibration: Cnlibrntions l rc not iucillllc.l. On 
sJlccild o rder, howen-f. n (.'n librntion ClJr\'C :'l:curn lc 
to willlLn I % can be supplied for nny imiuclor. (Sec 
pri(:e list.) Lu]uctors must be talibrut.ed in the oscil­
Intor with which lheyarc to be u!\Cd. 

Volhl&e Output : For frequencies in the brQ.·u l­
ctlsl band nnd below, the IIlllximlll ll oulput 1:'1 2.0 
volts. At higher frequencies the vohlll,'e progressively 
decre-nses until at the highest frequencies it is ap­
pro:c:inmtely 0.2 volt. Ovcr the range of one coillhe 
ou lput vollag.:: vnries by a ml io or approximately 
1.5 to 1. 

1\lodul;lt ion : Llllcfl1nl lOOO-cydc \'/lc\lum-lube 
I)seilbtor. prO\'illing lIPllr(/xinHtle1y 30,% modu­
!alion. PT(lvision ill m(lIle (or modulati ng al other 
r rcqllenci{'~ b~' either plugsing in nnothcr modllln -

lion-O$(illnlor unit in pilu:e of the 1000'cycle unit or 
IJy l'OnnccLillg :'I SCpMutc oscillntor in the (;i rC\lil. 
Tubes: Two SO·type tubell, ~upplictl ",ilh tllC 

in li lrumenl. 

Batteries: Two No. (l (I ry cclls nnd th ree 45·,,\)/1 
Burgess No. 5S08 bnth:riel'i. or e(luh'ulent, nre 
lIcl"ClWl ry. These are not incltuled in the price of the 
instrument. Spm.'e (or ballerics iJi provided in the 
e".lbinel.. 
Mountinlt: The oscillator iJl nSJIcmble(\ on a bhld: 
cruckle-finish aluminum panel find 1II0unle(1 in a 
shidcled ",:!lnut cabinet. A drnwer i.~ provided (or 
the inductors not in usc. 
Dimensions! (Lenglll) IS x(dcpth) 14Y2 x (Ile ight) 
12% inches. 
Net Wei~ht: 32Y2 pounds. ",ilholll bnllcries; 
4G,!,1 poumls ,,·jlh bnUt:rics. 

TUp< I'riu 

484-A CIIE.'iT 

TYPE 484-P INDUCTORS 
SPECIFICA liONS 

Dimens ions: TYPE 4&'-1'1 to T"PE 48'~·PI4, 

(length) 3 x (di:'llllet.er) S~ inches, over-all. TyPF. 
"M·pill, (length) 2M x (willlh) 2Ys x (h ... i~hl) 
i;~ inches, induding plugs. 

Typr. 

-"84-PI 
-484-P2 
·484-P3 
+484-P4 

• .. 84-P5 
·484-1~8 

~484-P9 

"'4S4-PIO 
-<1M-Pi t 
·484-P12 
· 484-PI3 
"'''84-PI4 

484_P2.1 

Frtqllency R(lltge Ntl Wei,ht CtMe Word Price 

25 Mc to 40 l\'Ic 6 ounces MODOSCDlItIJ 

9.4 Me to 25 Me 6 ounces )lODOSCDESK 

3.55 Me to 9.4 l',l c 9 Oll nCClI ~lonoso.·onD 

1500 kc to 3550 kc R ounces ~IODOSCOIRL 

500 kc to 1500 kc 10 ounces ~rOOOSC(;OAT 

160 kc to 500 kc 7 J4 ounces ) IOI)OSCAU)lt' 

60 kc to 160 kc o OUllL'eS MOUOSCAL1..1' 

27 kc to 60 kc 0>11 ounl'eS MODOSCE1'nE 

160 k c to 270 kc 9 ounces ~IOD08CIIYMS 

100 kc ± 2 kc 9 ounces 1I0DOSClUL" 

15 kc to 27 kc i ouncr.s UOl)OSC1TCli 

10 kc to 15 kc 7 OUllces UOIIOSCONLl' 

400.CycJc Modut:ldng Unit S% pOllnd,; MO I'OSCVA I.M 

Frequency Calibratio n (per I nductor) ClJnv~; 

100o-CYCLE BRIDGE SOURCE 

Vibrating-reed type, carbon-button drive from 4 .. 5 volts. See 
the desGl'iplion of lhe TYPE 572-B Micl'ophone Hummer, 

page 152. 



 

TYPE 514-A AMPLIFIER 

As methods for making e\cc Lri c:li mc;.\s· 
urCllleuts at various frequencies increase 
in accuracy, there has ari sen a lIcUlund fo r 
an ampli.fier somewhat d ifferent i ll pcr­
formance from those generally available. 
For work in councclioll with precisiou 
mcnslIl'cmcnts, such an amplifier must be 
capable of openlLing on signals of ex­
tremely low intensity n.nd should cover 
a wide range of frequencies witi1 fairly 
uniform efficiency . I t will he ct!cogll.i zeu 
that these operating characlel~istics arc 
essential where an amplifier is to be used 
in determining the uull point ill bridge 
measurements ;.llld in similar work. It is 
also neeessary that tile amplification he 
stable in order that the amplifier may 
be lIsed Cor compa rison melhods. These 
same requirements must also be met when 
the amplifier is to be used witb photo· 
electric cells and wi th microphones, 

The TYPE 514-A Amplifier, designed to 
mee t tbese operating requirements, em­
ploys a three-stage rcsis tance-capacitance­
coupled <:ircu it operated entirely by dry 
batteries. The input im pedance may be 
varied to meet external c ircuit conditions 

aud may have va lues sufficicntly l1igh Lo 
permit Lll e !llllplifiel' to be used for obser­
nltions of vohage across high imped­
a.m.-es . The outpul is designed to work 
into load impedances of 20,000 ohms. It 
is, lhc.,crore. suitable for use wilh head­
phoncs or with a copper-oxidc-rcc tifier 
vol tmeter. Wlten used wiLh the latter 
instl'ument it fUllctions admirab ly as 
a high-impedall ce high-sensitivity volt­
meter. By means of a ,'olume con t rol 
having a numbered scale, it is possible Lo 
adjust lhe scnsitivity to some prcdeter­
mined calibration. 

A multi-contact plug receptacle is 
moun led in sucb a way that exterl13J cir­
cuits, such as condenser lrllrtsmiLlers. 
photo~clcclric cell s, and similar devices, 
together with tbeir llssociated ftmp liry ing 
lubcs. may be connected to the amplifier 
by menns of a. single cable. Where such 
au.xiLiary equipment is used. the entire 
power supply may be obt.'tined frow lhc 
batteries associated wilh the TYPE 514-A 
Amplifier through cOllnections to lhe 
lUulti·eontact receptacle by me.'lIlS of a 
TYPE 514-Pl 7-Contact Plug Unit. 
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SPECIFICA l iONS 

Frequency Ra nce : The gain of this amplifier 
is practiQllly constant over the !requeney band 
between 50 CyciH and 50 kc nlUlOugh the actual 
upper limits Rre det~millcd to Ii large extent by the 
tube aud vnl llC or lond fel:l istance used, More specifi c 
data are available on request. 

Amplifica tion: With a t S()"' lype t ube and an 
cdermtl lond of iO,OOO ohms the voltage amplifieR' 
ti(1II is in excns of tOO to 1. With a 23J.type tube 
and an ext6n1l1 load of 5000 ohms the volt."bre 
amplification is in excess of 50 to 1. Amplification is 
adjustable by mean! of a potentiomcLer in the grid 
circuit a f the second tube. 

Internal Output Circuit: With a 2.'lO-lypc tube 
12 volts may be obtained across an external load of 
20,000 ohms. With a 2S1-type lube 15 \'oils may be 
obtained ac1'QS3 aD e:r:lernal load of 5000 ohD.l8. 

I npu t Impedance : One megohm. I nLercl.mngcablc 
coupling units may be used to give other values tL'I 

required. Complete informlttion is given in the 
instruction book aecompanying tbe irutru ment. 

T ubes: Tbree 2SO-type tuhcs. or two iSO-type and 
one 291-lype tubes, are required. Tube! nre 
included in the price of the ampliflcr. 

Power Supply: Two l.5-volt No.6 dry cells, three 
45-volt block bntteries, and olle 4,(j-volt or ont 

Typ~ De#eriplion 

22.5-"0It block baltery with lap at 4.5 volt's are 
required Cor filament-. plat~. and grid-circuit sup· 
plies, r~tivcly. The filament-current drain is 180 
fila at 2 volts; 250 rna a t i volts, illhe 25 1-type tube 
is used. Tile: lotal plate current is iI." rna at 19.~ 
volts; or SA 1110.. if the 2S1-lYlle tube is u~ed. 

Bllltcrie& nre not included in the price of thc 
amplifier. 

Mounting,: The apparatus is mounted on It me..,.1 
shelf secured to an aluminum front pnnel antI iii 
entirely enclosed in a metal shield to prevent pickup 
Cram associated apparatus. 

The unit may be furnished mounted in a ,valnul 
cabinet having space for bnlteries (TTP~: S I4.A~1 ) 

or it co.n be suppliecl fitted with pru:acl t!l>:lensioru for 
mounting in a standnrd 19·incb (TYPE 480) rela)' 
rack. 'fhe rack-mounting model is known as TVPE 

614-AH. 

Dimensions: Panel si'1.e, (width) Ii x ( h~ight) 7 
inches. Cabinet si.:t;c for TYPESH. AM. (widlh) 15 x 
(height) 8M It ( deptb) l!l~ inches. over-ail. Size (or 
TYI'& H i-AR. (width) 19 x (height) 7 :l (depth) 6 
inches, ovcr-all . 

Net Wel~ht : TYl'E SI4--AM. 15~ pounds: 'fl'P!: 
S 14-An. 1 0~ poun,ls. The nC(.'CSSft r), bntleries 
weigh approxiDlntely 14~ pounds. 

Code Word Price 

514-AM 
514-AH 
514-Pl 

Cabinet Mountin~ .......... . . . ... . . . "f!OUfI 

"nllOI\ 

""RAY 

For Relay-Rack Mounting . .. . 
?-Contact Plug, Unit .... . . .......... . 

TYPE 714-A AMPLIFIER 
The TYPE 714-A Amplifier is a high­

gain, wide-range. a·e operated amplifier 
designed mainly for use with ca thode-ray 
oi;cillographs. \Vith its WiC T YPE 635-B 

and TYPE 687-:\ Cathode-HlIY Oscillo­
graph deflection sensi tj vi lies become ns 
great as one-hundred inches pc r \'olt, 
wi thout distort ion. 

SPECIFICA liONS 

Ga in ; 80 tIb muximonl. adjustable continuously 
belween iO dlJ nntI 80 lib. 

Frequency Characteristic: I)own 5 db from lint 
portion nt 5 cydes and at 50 kc, 

Output Voltug,e: 140 volts, mnximum peak ( IOO 
volts rillS on sinusoidal wave). 
Load Impedance: 100.000 ohms ()T grealer (one 
terminal grounded). 

Mounting : Supplied with wooden ends which mny 
IJe remO\'ed for n:lay-raek Uloulltjllg. 

Tubes: 'f1l.·O 6C6-t'\' I>C, one S9·lyfX!. (In(1 onc SO-lype 
lubes arc supplied us inilinl eCluipment. 

Accessories S u pplied : Set of lubcs, 7·toot power 
cor!l, and sp:tre pilot light. 

Ointen s ion s : (Length) 19 x (Ilepth) 10M 1 

(height) 7 inches, over-ti ll. 
Input Resistance : Over I megohm (one terminal Nee Weight: 40 ~uuli s. 
grounded). 

Power Supply: Opcrnles from 110-120 "olt , 40- 60 
cycle. a·c mains. 

Power Consumption: is walls. 

Type Code WUrI[ Pric, 

-714-A I AUItAl. 

":o.lot""IliI"ble until :1.1 ,,), 151. Iii'". 
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TYPE 650-A IMPEDANCE BRIDGE 

:\ bridge capable of IllcasuriJlg re· 
sis lau(!c, inductance, llIld cllpacit1.lIlCe over 
wide I':lngcs and which is always set up 
ilUU ready for opemlioll is :l vahwblc 
adju nct in Ill flny laborato l'ics . 

The T 1."l'E 650·A I mpcd:mcc Bridge is 
enti rely !leli-(.'ontaincd, incl uding stanuard 
and Lone source, nnd is direct reading over 
wide t:.lllges of d-c resis tance. [l-C resislanc.-c 
llL 1000 cycles. cllpaciLance tilld di ssipation 

rllc lor ( ~ ) al 1000 cycles, und inductance 

and energy fac lor (Q) at 1000 cycles. 
R esults ;He rcuJ cli rect ly from dia ls 

llaving approximately logal'ithmic sca les. 
The position of the decimal point .lUd 
lhe electrical uni t in tenns o r wlt.icL the 
measu rement is mil de a rc i ndic<I leu by the 
positions of two se leclor switches. 

R esistances ,\re llIeasured in terms of a 
standard resis tcu:u:.'C ann, reacta nces a rc 
Illeasured in tenus of a lUica condenser 
standard, simila r in tonstruction to Lhe 

TYI'E50;; Condcmiers. 'n,ca('"'ClIr:.tc,)' of (;;11i­
b l'uLioll of the dia l on wllicJ .. illductance, 
resistance, :LIId c:lptlci (;:l!Ice are read is 
I p CI' CC lIl. This diot! n:my be set wi th a 
precision of 0.2 per cent . The O\'cl'-:111 
accU I'aey of I'esu lls is 1 pCI' cen t for c:tpac­
itnnee and resis luute, 2 pCI' ccnt for 
inductnnc.'C. The smallcst measurable 
<Iu unlilies are 1 milliohm, 1 miel'olu icro­
fo.r::l d, Rod l microhenry. Power is supplied 
(I'om four No. 6 d l'y cel1s which opel'ftle [ I 

lOOO-cycle hummer for :l-C measureme nts. 
The bridge may ulso be used wi th all 
exlernal generator of a ny audio rrequency, 

'rue pa rticular va lue of lhis bridge lies 
in its complete avai labi lity <l.ud the speed 
wi th which it can obla in such iufortuatioll 
as lhe inductance and power factor of 
coils. t hc nHlge or luning condcnsc rs, t hc 
capacity fi nd power faclo r of fi ltcl' eon­
densel's, nnd s imilar iufo n n;Llioll which is 
oftell suddenly required in lhe coul'se or 
othc l' work. 



 

Thc simplicity of opcration of th is 
bridge can best bc judged from an in­
spection of the panel. The power supply 
ror the self-containcd tonc sourcc is in the 
compfll"tmcut at the rCfll" of t.he i'lop ing 
pancl. Tbe actual balancing is done on 
Lwo dials. In impednncc measurements 
thc ma in dial a.t lhe ri ght baianl.'Cs ror 
rc:\clnIlCc, and one or lhe lhree smaller 
dia ls nt the left b!t1ances for resis tance. 
In I'csis tnllce measurements only the Ilmin 
dial rcquires :ldjustmenllo ohtnin br idge 
\jn lnIlCc. The two knobs at Lhe top extend 
lhe I'anges of Ule balancing dial s by the 
decimnl multiplying fadol's indicated on 
the cJlgr:l" cd sectors. Tire bridge dials are 
dired reading, and thc ba\;lllcc is indica ted 
hy telephones for thc lOOO-cycle meilsurc­
ru cnti;. A gah'auome tc r fo\' doc balances i,,, 
in(·lrrdctl on the pallel. 

,~ ,.­
• -­,,'11 " "'1 

SPECIFICATiO NS 

Rnn~c: Tile ranges of the: illslrumcnlllregiven in Ole 
[olloll'ing tll.blc. Tile lIuwcril'nl valut!.!I nrc the rend­
ings of the calibra led dials multiplied by the sellings 
of tile (le('a~le seleclor switches, 

Iruiltul!CC 

CIIp<,cila/l ce 

( mlile/ullce 

D i88ipfll ioll Fw:lnr (Z) 
f ; ,u;rUII PadM (~ orO) 

I miliiolull 
I microm it'fo­

(;'Irad 
1 Illi<.-rol,cnry 

.OO~ 

." 

M rl.r;imll m 

I megohm 
IU~ micro-

Tamds 
100 hcu r,l's 
1 

1000 

Accuracy: The large direcl-relhlin g Ilinl ("01'Crs 111'0 
rleel\dcs, the lIIai ll decade being sprcnli out over 12 
inches (thrtt-<I uarlc.rs or the dia l), It mny be ~t to 
O,~%. 

Aeeumcy of readings for resislancc alltl ctllmei­
lnuce is I % for the intermediate multiplier decndcs; 
for induehuK~. 2%. The aecurncy r,dls off in lhe 
lOwer range5 bet':llIse of the extrelllely smull \'nlues 

to Uc measured . Jt decrease~ to 5% (or very l;'Irse 
vnlues of ~istnnce and elipacil:III(.'C. 11UlI to 10% 
Cor Inrge \'ni lies of inductnnce. 

A« uracy of rendi ng for llis.~ ipal ion (actor or for 
energ~' fa clor in tenlls of ils rccipro<::ll il t!it her 20% 
or 0,005, wlliehe\'er is the I:.rger, 

650-A I. . . .. ... •.. . ... .. 1 

The (rC<luency of Ule microphone hU lUmer ill: 1000 
cycles 10 wilhin ± 5%, 

t:xtel'nal Generator: l'ru\'isioll has been mnde 
for using MI e:t"tcrnnl gcner:l tor, nlUlough ils capat i­
tauce to grollnd llIay i n lrodul.~ some error. Subject 
to this limitntion. thc frequency illll.\' be vflried over 
n wide range from II fClv cycles to 10 kc. The reading 
of the mni n dinl is imicpcnucl.lt of frequency, wllile 
111e rendingll of UIC e llergy III11l d i s.~i pation rnetor 
d ials 11111St he 111ultiplicli by or divided by the gell­
em tor rrequellcy in kilocycles to give tlu:~ corr!;'cl 
\·fllues. Provision is mnde for Ildlling C); tcrnal reo 
sislau(.'(: if it is n~S5ary to in{'fCase the ir f:lugcs . 

i'ower Supply: r our No, G Ilry cells for tile do(.' 
measurements lIud for d ri \' ing the microphone 
1IIIIlllllcr nre required. :11111 space for them is pro\'ided 
in lI le enbi nel. Balteries a re lIot sllpplit!u with the 
instrn ment. A Iligher do,' \'oll.'tge IlIny be eonnecterl 
to the bridge for hi:; ll -res istnnce measurements. 

Mounlin~ : HInck crackle-finish al uminum p:lncl 
mount.erl in It 511ieirlell wnillut C:lbinet. 

Dimensions: ( Witllh) I ~ ;( ( lleillh) 20 x (height ) 
Rl1 incites. o\'er-all. 

Net Wel~ht: ~~ poumls without bnllcrie!l: SO~ 
pounds wi lli b:IUcric$, 

COlle Word p rice 
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TYPE 516-C RADIO-FREOUENCY BRIDGE 

While b ridge methods 11 :\ vc been !'tand­
ard pracLic.-e (or di rec t-cu rrent and aud io­
freq l.lc llcy mcaslITcmcl lLs, bridge circuits 
suitable (or lISC at high frequencies have 
not been uy::ti lable. Deyond a vaguely 
de ll ned limit of about!.iO kc, voll-tullluctCI' 
and resonant mcUlods have y ielded some­
wila l'1mbigllol ls resul ts, and t here h.tS been 
a need of somc morc sa tisfactory meas ure­
ment menn)) at these frequencies. 

The Gene ral R adio Company has d i­
rected its efTol'ls Lo litis problem for a 
number of yenr!;. The principa l problems 
hase involved Lhc cl imi_nalion of spurious 
impedances existing between bridge ele­
ments :md between clemen ts li nd grouud. 
as well as lhose inherenl in lhe elements 
t.hemselves. These sources of c rror ha ve 

becn rellloved onc by Olle, lhc pro<:es~ 

involving the gradual imprO\'cmcnt of 
technique, the disco\'ery and lhe (' Iimi ­
nation of Illnny soun;cs of er ror, and lhe 
compcnsl1lion of allier SOll l'CCS whkh 
('onld nol he entirely eliminntetl. 

This work has produced :t commercial 
type of impedance bridge which ex le nds 
the ft\ lIl iLiar and recognized bridge method 
of impedance menSlI rCll'lCnllo ft'equcncies 
as li igL as :; .M·c. This cons titutes, we 
believc, a major accomplishment in t.he 
dcnlopment or me:L'\uring methods. 

Perhaps the most important single de­
vc\opment in connection wit.h the bridge 
is that of the constan t-inductance decade 
resisto r. This dcvic:c permits {..'Ompensation 
of the residual inductance in the resistance 
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arm by means of a constant inductance in 
an opposite arm, ami results in a resislnnce 
arm which can be changed in balancing 
the bridge wi thout introducing any change 
in the inductance or capacitlt ncc reiRtion. 

The 'J 'Y l'E 516.C Bridgcisoirect reading 
up to 110 ohms and 1150 JAP-f. F or the 
measurement of inductance or of higher 
vnlues of capacitance, a small fixed con­
denser lIl ny be placed in series with Ule 
unknowlI . When Ole resislance of l he 
unknown is above 111 ohms 1\. parallel 
condenser or :t combino.Lion of series or 
I')arallcl uni ts call be selected to produce 
a balance. Wbjle in neither of Ulese cases 
is lhe bridge direct. reading, lhe necessary 
ca lculat ions nrc nol difficult. The substitu­
lion method for capaci ta nce a nd resist ance 
mell.surcments is recommended where 
precise resul ls are desired . When t.he 
bridge is used as ll. d irect-reading in~tru­

menlo some necuracy is sacrificed. Thc 
ove r-all accuracy obtn inablc is, howcver. 
extremely good in the runge wlterc t he 
bridge is direct rending. Even at fre­
quencic& in tIle ,..jcini l.yot 5 Me. t he di red­
reading accuracy is about 5 per cenl. At 
broadcllst frecluellcics it i~ about 1 percent. 

A pa rticularly important applicat ion of 
tbe bridge is in tlle measurement of an­
tenna cha racteristics. The bridge method 
has several ad vant:ages over resistance-sub­
sti tution or rcsistance-\'ariation mcthods. 
These include low power requirements 
with 'l generul simplicity oC lhe apparn tu ~ 

and procedure. Other lypes or measurc­
ment convcniently made with the brid~c 
include frequency characteristics of radio­
frequency coi ls and chokes, and inductance 
and power-factor measurements ou all 
classes of impedance at high frequencies. 

The fl<.!C Uracy. wide range. and case of 
operatioll of the T YPE 5 1 6~C R ad io­
F requency Bridge make il lhe most satis­
factory device a ,·a.ilable (or rll.d io- fre­
queney impedance measurement. I l should 
be emphasized. however. that the bridge 
rec}uircs nu appreciation of lhe h Ul(la· 
mClltnl problems illyolved in high-rre­
quency llIenSuremellt on the 11:t l' t of the 
user if erroneous results arc not to he 
obtained. in the kmds of those posscssju ~ 
experience in Ole technique of high­
CrefJ ucncy measurements, it will fi ll a long 
recogn ized need and will give t.lependablc 
and accura te results. 

SPECIFICA nONS 
Capacitance Ranae : Mnin di li l, 40 /oI/oir -11 50 /oI/oI r j 

vernier dial. ± 0.1 ~~r - 10 J.I./oif. Tbe rnnge c.,n be 
I.'xtendcd indefini tely by using f1 series condenser. 

R~!listance Range: 0. 1 ohm 10 III olnos. Tile 
range enn be extended indefinitely by using tI. 

known conc.lenser in parli lle! with the un known. 

Power-Factor Ra nge : 0.005% to ~% nt 1 Me. 

Frequency Ranlte: SOO kc to 5000 kc with out­
pill lrnnsrormer furnished. With suitnule output 
tmllllrormer ( informu lion on request). range ca n be 
extended down Lo include audio frequencies. 

Accuracy: As a direct-rcMliug uri<lge. 1 % Ill ! ~:t c. 

With direct substi tution methoc.ls. greater IIccuracy 
can Ix! obtained. 

Accessories Recommended: The bridge is sup­
plied "'i th loo-ohm ra tio a rDl5 alld the.5 Me to 5 Me 
output tr:\llsrormer for the Soo-ke to SOOO·kc uand . 

Type 

I .. ...... . . . .. ..... . .. 1 

A suitnble radio-frequency generat or an(1 dele('tor 
nre re<'IIl ired . The T \"PE 484-A Modu lated Oscillator 
(!iCe p.,ge M) is .II uggcsletl. As a lletector, a radiG 
receiver covering the dcsiretl range. or a T YPE 619-C 
or TYrf: GID-O lIe terodYlIc Detector. may be used 
(St.'C Ilage 48 or n ulld in 10). 

Condensers : If measuremenls oulsi<le the d irect­
reading range of the bridge are to ue made. plug.in 
fi xed condensers Me required. 'fyPtj 50S Condensers 
are recommended. A 5Ct of four or lhese with CII)lllci­
tunccs of tOO j.lJ.lf. 200 /oI}.'f,600 ,..,..f. and 1000 ~~f. 

resl)(:ct. i,·c!,\', i ~ Mth.'(!ua le for most p u rpo$Cs. (Sec 
pnl:C 11S.) 

Dimensions : (LcngUI) IS x ( widt h) 12 x (height) 
S inches, over-all . 

Ne t Weight : 21~ pounds. 

Code Word Price 

n ,\TC Ii 

73 



 

BRIDGES-<I)-<l;>-<J>-<II>-<:l)-<~l>-<l>--<L>---<I>---<r:>--<l>--<l) 

74 

TYPE 421-A REACTANCE METER 

Tn the General R Utlio TYPE 421-A R e­
actance Meter is presented fI. l11 Cthod for 
measuring c:irclIil elCI.ll<:uts nl radio f l'c­

qncncics rapidly and accuralely . The 
fundtllncutnl desigll W:l.S worked out by 
the H azelti ne Corporation, and the in­
s lrument is m:\llu(ncl.urcd uncleI' their 
paLent s. 

T wo important :ldvnnlagc.~ are pre­
sented in the mCaStln!lncnt of coils ,Uld 
condensers. It is poss,il>ie to check lheul 
at the frequency of use. The check is 
extremely rapid and, because no power­
factor h;l laTlce is required , needs only :~ 
capa(' ilnncc lUlling adjustment. 

The reacl:ance meler consists essentially 
of two radio-frcqucuC'y osci llators. Tn 
opera ting the instrument bOlh are set lo 
tLe frequency al which l ite measuremcnl 
is to hc mnde, :Ulrl the unknown reactance 
is connected across the lUlling circuit of 
one oscillator. This oscillator is then 
reluned to ze ro beal with the first oscil­
lator by Illeans of a variable condense r. 
The condenser dittl carries a micromicro­
({II'ad calibnttion. The read ing of the d ial, 
if negat h'e, cor respollcis directly to the 
capacitance of the unit connected to the 
inslrument. 1£ tile reading is positive, an 
inductance is indicated. 

J n the matching of coils and checking of 
inductors agai nst an acceptance standard 
it is not necessary to conver t the read.ing 

of the capacitance dial into inductance 
unit.s. \Vhen thi s information is requ ired , 
it CRn be obtained by a simple formula. 

The rangc of the instrullIent in fre­
quency and reaculIlcc is adequate for 
recei\'er-testing requirements. The direct­
reading dial on the instrulll ent provides a 
range of 40 ll1ic l·o micro rar:ld .~. F or mcas­
III'ing ifnge rcac tances HII additional con­
denser i:; provided which has a. total 
enpacil:'LUce of 2000 microillierofarads. 
R eaeln ll c::es as high as 500 micromicro­
fa.cads can be rend on the dial of litis COll ­

denser under most condi t ions. Extremely 
large capacitances or small induct::lIlces 
can be measurcd by placing them in se ries 
with largc r rcnclances. 

T wo coils, plugged in dircetly through 
tile top of lhe cabinet, a re required for 
each frequency mnge. Coi ls arc supplied 
to cover inte rmediate, broadcast, and 
high-frequency ranges. Calibrations are 
furnished for all coi ls,l.lnd important fre­
quencies in the broadcast band a re spotted 
directly on the frequency dial 

A visual beat indicator o f lhe oxide­
rcclific.· type is included on UIC panel , as 
arc telephone outpu t posts and jack. 

Each of t he oscillalors is provided wi lh 
a separate pcnlooc amplifier, thus electri­
ca lly isohtting the osci ll ator c ircui ts, mini ­
mil-ing any tendency of the I;wo oscill a tol's 
to pull into step as l.e ro beaLis tlppro:lcbed. 
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Oscillator and amplifier tubes and coils 
are individuaUy shielded. The circuit has 
been designed so that the operation is 

unifo rm over !L wide range of frequencies, 
nnd the readings of Ule instrument .1fe 
independent of ol'dilulry line fluctuations. 

SPECIFICATIONS 

Capacitance Range: Dire<:l reading 0 to 40 
micro:Uicrofarads: wiLh (:nlibrlltion chart , approxi· 
mately 0 to 500 Illicro mi<:rofaraus. This range can 
be extended by wenns of nn externul precision 
ronJcnser, if desired. 

Inducta n ce Range: l 11uuclll llce range depends 
upon frequency. It cao be calculated for any fre­
quency from tbe fQrDluln L = 1jw2t:..C where t:.C 
is the capacitance runge and where w is 211'" t imes tbe 
frequency of D.\CRllurement. 

Freq uency Range : Ii!) to 800 ki locyclcs, 550 to 
4000 kilocyclcs. These ranges are covered with thr/Xl 
sets of coils which are supplied. 

Accu racy: On direct-reading scale 0.2 micromicro­
furails, on 500-micromicrofarad sca le 1.5 micro­
microfarads. 

T ype 

Calibrations Supplied: A c.,pacily calibration 
ta.ble and Cllrve are supplied for the 2000-micro-. 
microfnrad condenser. I;'requeney calibra tions good 
to 0.5% ure supplied for each set of coils. 

Power Su pply : The instrument is tlcsigned for 
operation from 50- to 60-cycle, 115-volt alternating­
current lines. Il d raws uoout 80 walts. 

Tubes: Four 56-type, two 57-type, lind onl! SO-type 
tlibeS tl rc supplied wilh the instrument. 

l\'!ountinf!t: This instrument is assembled on a 
bluck crnckle-nnish aluminum panel nnd mounted 
ill II suiclilcd WAlnu t cnbinct. 

Dimensions: Cabinet . (length ) 27Jt2 x (depth ) 
14. x (height) 11)4 inc:bes. 

Net ' Veig,ht : 74%' pounds, including lubes, charts , 
coils, Rnd connecting cord. 

Oode W(lr(i Priee 

421 -t\ I .... . . . . . ... . . . .... . . . . . 1 

TYPE 544-A MEGOHM METER 

Convenient portable instruments have 
not pre .... iously been available fo r the 
di rect measurement of high resistances. 
The equipment av;tilable ha.'S involved 
either a. sensilive delector in lhe form of 
n wnU galvnnometer, Or :\ high impressed 
voltage taken from a hand-cranked gener­
ator. The application of vacuulU-lube 
methods to this problem has resu lted in fi 

materially simpli fied device. The TYPE: 
544-A :Megohm ~1etcr consisls of ;l re­
sistance bridge having a vacuum-lube 
voltme ter as lhc null detector. 

The sensit ivity is sufficient so that the 
indicating nH~ ter may be a poinler-type 
galvanometer. The bridge is balanced by 
means of a logarithmically tapered rheo­
slat calibrated directly in megohms over 
two decades from 0. 1 megohm to 10 
megohms. The larger decade from 1 
megohm to 10 megobms covers three­
quarters of the dial, or 5%, inches, and 

provides approximately constant fr(lC­
tional aceu.racy of reading. l"ive multi­
plying factors (0.1, 1, 10, 100, and 1000) 
arc proyided by n. swilch which varies the 
resistances in two arms of the bridge in 
decimal steps. The complete runge of the 
bridge is six: decades fr01l1 0.0 1 megohm to 
10,000 megohms, with a total scale length 
of H· inches. 

TlUs range of l'esistuuee covers most of 
the high ('csistnnces met with in practice. 
All grid leaks and coupli ng resistors for 
vaeuum tubes may be measured. The 
immla.tion resistance of all low-voltage 
electrical appara.tus, such as motors, 
transformers, and healing devices; of suf­
ficiently long leugUls of high-voltage 
cables; of paper condensers ; and of slabs 
of most insulators may be determined. 
The extremcly long scale allows the effects 
of temperature and humid ity on insulating 
materials to be studied. 
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SPECI FICATIONS 

n n n ge : 10,000 n to 10,000 1\10 covered by a dial 
and 5-position w ulti plier switel •. HesistaJl (:cs up to 
100,000 11In can be meallured by simple. illl lircd 
method!. 

Accurac)' : To wilhin 3% between 10.000 n :alld 
tOO Mn nnd to wilhin 5% between 100 !\In alltl 
10,000 MO. 

Dia l : Tile 2·clecnde ciial is indi vidually engrnvcd 
with nn tl ilproximnlcly 10gnriUlIuic senle. thus giving 
the M nle I>recision of setting over the entire rllub'C. 

Null I ndica tor: Dalance is indicuted or Ill r: 
Ztro·(.'cutcr galvunollleltr on lilt pnne\. 

Tu lJes: One 3i·lype. supplied 
with the instrument 

£:ctra n eoul' Voltll~ea: Thc illcb'Ohm ludcr tJlJoCr · 

lites to best ndvllnllige 011 rC!lislors lIeross which 
tllCrc are neither ll,-C 1I0r d·c voiLage drops. The 
cITedI' of constu nt amplitude a-e voltages up to 
about 10 \·olu., rill S, ami fiteady d-c \'oltagcs up to 
about 0.5 'loll C3n be III10w(: .. 1 for, but erratic vollab'C 
\'ariations and voltages greater than those men­
tioned above render the instrument inoperati\'c. 

POwer Supply (B.t1teries): Filom~llt. two No.6 
dry cells. Plot~. two 45-\'olt. block batteries. Burgess 
:\0, 5908 or e.quivalent Space for mounting nil 
batteries is proyitlcd inside tile cabinet. Connections 
nrc made by a 7-Wong plug and (.'oded cable supplietl. 
Batteries nre not sUllpl ie<1 wilh thc instrument. 

Type 

5"4-A 
SH·Pt 

Ducrip/iMi 

M e~ohm Meter ....... 1 

Powe r.Supply Uni t ... . 

I)ower Supply (60-cyc1e ;Ie) : 
A Tn'" 5H-1" Power-Supply Ullit 

llinl fils lhc lIllUcr,\' compnrlmcnl can 
be or~IC"(:11 separately h, .su pply l>oth plate 

nnd m:unent p<lwcr rrOIll II 1 15-\'olt line. T he 0 111.' 

82.-l.ype hll>e. one 874-I)'p<: tube. unu the linc l'Of.) 

fCl'luired are SlIl)plic(1. /'OlQt:f CO'/$llmptfQ'I. II l10ul 
·u WltitS. Dimt:II3ioll" 7;:( x 7% l( 5J1 iuches. 
Nelll'eigltt. 97.( pounds. (St.-e price list below.) 

Mounting: i\IOllntcd ill shieltk'tl oak cabinet. 

Dimen s ion s : Cabinet with cover closed, ( wiJLlI) 
8J1 x ( lengtJi) 'NM x (height) 8 inches. over-nil. 

Net Weight : IsM pounds without bllllerics Of 

TYPE 544-1'1 l'owcr-SUPI)ly U'1it; 26M poumis with 
baLLcrics: 115 poulld! wi th 'l' nol'l 54-1-1'1 Power­
Supply Unit. 

C:~/~ Word 

AI.OOF 

Io. 1.OOFAI'ACK 

Jl,;c~ 
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TYPE 293-A UNIVERSAL BRIDGE 

The TYPE fl.93-A Universal Bridge is 
designed to present a. fundamental circuit 
which roay be connected to produce n wide 
variety of standa.rddired- and alterna ting­
current bridges. The instrument consists 
of tluee resistance a.rms and a terminal 
board by I.ueans of wh ich the va rious cir­
cui ts Can be set up wi th plugs and jacks. 
The bridge arrangement permits the meas­
urement of inductance, capacitance, and 
resistance over a wide frequency range 
(0- 50,000 cycles). It can also be set up as 
a frequency meter. The inst ru ment bas, 
therefore, a much wider general usduluess 

.in a college or measurement laboratory 
than the lIsual form of permanently con­
nected bridge circuit. 

The resistance arms of the bridge con­
sist oC two simila r arms, each having a 
totlll resistance of 11 ,110 ohms in four 
decade dials (1, 10, 100, and 1000 ohms), 
and a. third arm ha.ving resistances of 1, 
10,100,1000, a,nd 10,000 ohms. 

'fhc bridge clemcn~ arc shown dia­
grammatically in the accompanying draw­
ing, which ill ustrates the points in the 
circui ts where terminals are located. The 
bridge circuit is shown connected (or the 
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Schenlalic diagram or II. T YI'!': 21l3-A Uuivcrsa] 
Bridge set up for measuring rcsislruH.'e 

standard Wheatstone bridge. The dotted 
lines are connections made by means of 
tlte plug connectors on the terminal board. 

The plugs arc amUlgcd in two groups, 
eacL group terminating elements of onc 
side of the bridge. The plug arrangement 
permits the connection of additional ele­
ments in series with any of the bridge 
arms. The input and output (power and 
null detector) circuits can be brought out 
directly or through transformers (or which 
plug-in jacks are provided . 

When used Cor resistance measureruenLs 
no additional standard is required, the 
S arm of tbe bridge being used as a stand­
ard . For inductancealld capacitnnce meas­
urements, an external standard is required. 
The bridge does noL include a null detector 
or power supply . 

SPECIFICATIONS 

UridJte Arms: The A and B Arms each consist or 
four decade resistors covering a range of 1 011111 to 
11 ,110 ohms in 1-011111 steps. The S u.rw is a mistor 
wilh 1,,10-,100',1000-, and 10,OOO-ohm scclionli. 
The characteristics nrc lIimilu.r to those of thc TTPF. 
(l02 Decade-Resistll.nce Bo)l;. 

Accuracy: All resill tors are adjusted to within 0. 1 % 
or the speci6ed value CJ:ccpL the l -ohm units which 
are adjusted to within 0.2.5% . 

The absolute accurllCY of measurement, of course, 
wiU depend upon the accurncy or tbe sWndard. 

Fr equency Ranitc : The bridge ClID be used at 
nil rrccluencies from tlirectcurrenl up to 50,000 cycles. 
Shie lding : The enhiuet is copper lined, aod t he A, 
B, and S arms are ahielded Crom each other. 'fhe 
panel is shielded over the A and 11 arms. 

ACcessories: To facili tate mnking the connections 
required by this flexihle bridge. there are suppJiCtI 
with each instrument ] 0 double pIUI;S. 2 double 
shiel41etl (.'()Il11cetor cords, nnl! 2 single (.'()nls. 

For Buggeslioll.5 as to the choitc or su.i table 
Slumlords, BO Urt"eS or power, and null indicators, 
consult the section on bridge a(:ecssorics. page 87. 
Sh ielded inpul and outllUt transformers and Tnt: 
2D:J-!':S Slide-Wire Hesislors a re described below. 

Dimensions: Pa nel, ( width) l ~}i x (depth) IOYs 
i n eh~s. Cabinet.. (height) 8Vs inches. over·a ll. 

Net Weight : 21.!1 pounds. 

TlIpe COf/e fV."iI Pr il":e 

293-A I·· ·· ···.... ... .J UACON I 

TYPE 293-P ACCESSORIES 
In using the T YPE 295-A Bridge for RI­

lernaling-currenL measurements, shielded 
input nnd oULput Lrnusrormers are desir­
able. The rollowing t ransformers are avail­
able and a rc satisfactory for measurements 
in the audio-frequency range. Both trans­
formers can be used wiLh either coil as 
iJlpuL or output. 

When the impedance under measure-

TJI"18 l lldllclatict Frequellcy 
Type /talio High Side Ratl f}t 

293-Pl "1.1 •. , h J ' 0- 5000 ,yd" 
293-P2 (t.~.5:1 . 2 . .5 ~I 50-5000 cycles 

menL is low, iL is desirable Lo eX Lend Lhe 
range of the bridge arms downwa rd. This 
may be done by the use or one or Lwo 
THE 293-P3 Slide-Wire ll.csisLol"s, :.l 

shielded resistor ealibmted direcLly and 
ha.v ing a range of 0- 1.3 ohm. The slide­
wire calibration is accurate Lo 0.02 ohm at 
any setting. The unit is arranged for plug 
mounting on the bridge terminal board. 

Cirellil 1 mpedullct Nd Code 
/Jigh Sid, Low Side Weight Word P,ice 

I '700 ~ 1 ,oon i lb. BAnGE 

(t5,OOO O 4000 n i lb. U.U ' JlY 

293~P3 Slide-Wire ReSistor, o - I.::l n ... ..... ............. ..... 8 oz. IJAGOY 



 

TYPE 667-A INDUCTANCE BRIDGE 

The w ohlcm of t.h e accurate measure· 
menL of sillall illductors of low Q, stich 
as a l'e used in increasing numbers ill 
modern radio ('cccivers, has not been 
, atisfactoriiy met by the standard types 
of bridge circuits which ha\'c been a va il­
able. 

Their mcasurcmclIl, when made on lhe 
usual type of IJridgc, is subject to three 
sources of error: The sliding 7,£1'0 balance 
occurring when two illtluctors having 
energy factors (Q) between 0.1 and 10 are 
compurcu. lhe i.nduclnll ce variation of IUlY 
decade resist or a ltered ill ei ther arm, and 
lhe energy factor of Lhe resistance iu any 
bridge an n because of capaci tance in 
parnJlei with it. 

AU inducla nce bridges have heen suh­
ject La one or more of these error .. , but 
they han been negligible in measuremcnts 
of largc inductances of rcbtively small 
resistancc. Wben dealing with small coils 
of low Q. however I they may cause errors 

of $cveral per ce nL in Lhe measured l·csllll. 
In thc usual inductance bridge tJle 

b<lhlllces for rcsisL<lnce and induct:tlJec nrc 
not independent. The final bnlance poi nt. 
lhcrd orc, is not unique a nd C'Ul be 
recogni zcd only :uLer comparing a sue· 
cession of balances, i .e., 3. sliding zero 
balancc is cncountered. 1 n the TYPE 661-:\ 
Bridge thjs difHculty is eliminated by 
placing a ,small variable inductor in series 
with the unknown inductance, thus 
allowing all induclance ull ln_flce which is 
enlirely i_udcJlcndcnt of the resistance 
balance. 

/\. Il ew design of decut!e resistor has 
becn found to eliminate the effect of 
rell.ctance changes cfrected in the course 
of obtaining the resistance balance of lhe 
bridge. ] n Lite TYPE 670 Compensated 
Decade Resistor (dcsc ribed elsewbere in 
tuis catalog) inductance cOUlpells..1.lion is 
provided so lhalthe resislance incremenl 
belween diaJ sclLillgs is non·reaclive. The 
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residual inductallcc of the decade is 
allowed for by n small change in the 
standard inductor. The result is a. bridge 
timt has independenl balance ror re· 

sisUUlcc and induct.u.llce. is capable of 
measuring inductance nnd rcsistance of 
inductors as slllall as 0.1 microhenry, and 
which is direct rcacling. 

SPECI FICATIO NS 

Ran~e : Ind uctances from 1 microhenry to 1 henry. 
This induelnn(-e may be nSllOCinted with a value of 
Q as low as 0.00. 

Accura.cy of Measurement: Indudant:es can be 
lUCU5ur~d with nil nccurncy of 0.2% or 0. 1 micro­
IIctlty, whichever is the larger. :For mensurernents 
with the multiplier sct at "x 1000," the accuracy 
is 0.4% . 

Frequency Range: The frequency range utends 
frum GO cycles to 10,000 cycles WLCJl proper power 
source and null detector are used. 

Ratio Arms: One ratio arm l"Ollsists or "' values: 
I oluo , 10 OhTll.~ , 100 Ohllll!, or 1000 ohms. The other 
arm is a cont inuously ndjus!able decade resistor of 
1111 ohms. The self-contained inductan~ stundard 
isn I-millihenry toroit! wound on nn iliolnutite form. 
The resistance standn rd is a CQmpcnsatcd decnde 
re5i~lan<:e wi lh a range of 0 to III 0111115. 

Type 

Accu racy of Standards: Rcsist.o.Dl'C stamlards 
fU:eUJ"nte to 0.05% nbo\'~ 10 ohms, 0. 1% Oil the 
l-ohm stcps. O.~5% on the O.l -ohm steps. 'fhe 
inductanl'4! standard is adjusted to 0.1%. 

Shieldlnl1: 'fhe cabinet is completel)' shielded nnd 
the bridge a rms n.re shielded from each other. The 
input Dnd output trallsformcra nte completely 
shielded. 

Accessories Requlred : I'o\\'er supply-General 
nadia TYPE 213 O$eillntor recommcnded: amplifler 
-Gelleral Radio TYPE 514-.-\ recommended; Lead· 
pilones. 

Mounting: The iwtrulUclit is lupplied iu co.billtl 
mounting oilly. 

Dimensions: (Lengt h) 17M J: (widt.h) 16 I 

(height) 9~ inchC-'l. 

Net Weight : SO% pounds. 

Code Word Price 

'661-.' I ......... . ..... . ...... 1 
-Nul m .... ilftblo! unl,l Jun.- I. H~". 

TYPE 216 CAPACITY BRIDGE 

The prccise measul'emeuto( small va.lues 
of capaci tance and power factor requires 
a bridge circuit that is carefully and thor~ 
oughly shieldcd. The TYPE 216 Capacity 
Bridge is suited tor precision measure~ 
Olellts of this type at audio frequencies, 

T his bridgc is an cqual.arm shielded 
bridge designed primarily for the measure~ 
ment of smnll capaci tances over a rangc 
of audio frequen cies frolll 200 to 10,000 
cycles. The ratio arllls arc 5000 ohms each. 
A third resistance variable up to 11,110 
ohms by l·ohm steps may be connected 
into ei ther of the other lwo arms, thus 
providing tile resistance adjustment nec­
essary for a com pI etc balance. 

This bridge is not self-contained, in the 
sense that the powcr source, null indica~ 
tor, and standards of capacitrmce must 
be provided and connected externally. 

The ratio arms are made equal within 
0.05 per cent. Errors from capaci tances 
to ground of thc various arms of the 
bridge. the power source. and the null 
indicator are minimized by the symmetry 
of the bridge and by the use of shielded 
input and output transformers which are 
themselves symmetrical with respect to 
their cores and shields, thus making Ulcm 
astatic to external fie lds . These lrans· 
£ormcrs are completely shielded from the 
rest of the bridge, as is also the added re· 
sistance. Such precautions enable capaci· 
tances placed in adjacent arms to be com· 
pared with a maximum error or o.~ per 
cent or one micromicrofarad, whichc\'cr is 
the larger. 

Using a substitution method in which 
two capacitances are used alternately in 
the same arm of the bridge. so lhat errors 
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Tn'~1 216 Cll pn city Bridge 

in the adjustment of the ratio arms and 
those from ground capacitances do not 
enter directly, the two capacitances mny 
be compared with an erro r of 0.05 per 
cent or 0.05 micromicrofarad , whichever is 
the larger. Wit h a power source of 100 
volts at a frequency of 1 kilocycle and 
using a 2-stngc amplifie r and telephones as 
a nu ll indica tor, the cnpacitance balance 

can be adjusted to one part in a million . 
The equivalent series resist.'uK'e of n 

condenser may be deterutiJlCd wilh this 
bridge, using a substitu tion method and a 
TYPE 222-1'1 P recision Condenser as the 
standard capacitance. Expressing this re­
sistance as the power factor of the con­
denser, its error is about 2 per cent or 
0.0000,), wh ichever is the larger. 

SPECIFICATIONS 

Ratio Arms: 5000 ohw.., :'I atidit ionaJ resistors of 
5,50, and 500 obms, :tllow the mtio of Ulesc nrms to 
differ from unity by 0.1 . I, and 10%. 

Stand a rd Resis tor : 4-J ccllcie resistll ncc 1- I 1,110 
OiJ UlS. \ltLriablc by '·ohm s leJll!. Clln be connected 
io eithef arm by meaus of switch mounted on side 
of callinct. 

Accuracy of Adj ustm en t : 0.1%. Hntio arms 
are cCluni to 0.05 %. 

Type of Wlnd in~: Unifihr fOf ralio nflllS. " )'Tlon­
I'erry for standard resistance, whidl 11IIl! ehnrac­
teris t ics identical with thos~ given for '1'1'1' .: GOi! 
DCWRdc- Hcsistnncc Do:<:cs ( PI'ge 9 ). 

Tr~'nsfornl eTS: Tnput: shielded. astatic, ralio I to 
i.;), step'up, working between 1600 aud 10,000 ohms. 
Output : shielderl, I\Statie, rntio 2.8 to I, s tep-dowlI. 
working betwCCll 200.000 nnd 25,000 obms. 

Tllpe 

Range: Cllpaci tnnce 1 ~~r til 10 ~f . I~rtq lleney , 200 
to 10,000 cycles l>et sc<,'ond . 

S h ieldulg: Copper lining io cabinet, separate com­
I)artmcnts for tnlllsfofmefs, ratio :trms. 1\l1d slandarll 
resistance. 

Mou n t ing: Resistance! mounted on ba kelile ali t.! 
enclosed in a ha nd-rubllec.! walnut cabinet with 
hinged cover. All terminnls mounled on h.ud rubber 
inserts in s ides of cnbinet. All eXI>oscd metal p:l.tts 

(except eontaet Cnces) nickel plated. 

Accessories Hequ ircd : Pllwer S<lUrCC, null indi­
cator, stllUllanl1i or CIll-'Hcihlll l"C, a.nd blll:mci ng 
condenser. Sec list of bridge alX'CSSorics ( page 87). 

Dimensio n s: Top. 1-1-" 15 inches : ,1<: I)th. 7 illcilu. 

Net" Weight: 19M IX)ullds. 

Code Word Price 

216 I. .... .......... ........... 1 CI VIC 
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TYPE 561-C VACUUM-TUBE BRIDGE 

Pand \';cw of 11 Tl'I,t; 1i(; I-C Vacu lIUl-Tuhe Bridge witb a 57-type tube in posilion for mCllsurclllent 

An important grollp of mCl.lsltrClllcnts 

ordill;uiiy laken hy means of bridge 
methods is tlw.l of the dynamic character­
istics of \,:lCUUll1 Luoes . These parameters, 
ampli6cation constant, mu tual conduc­
tance. and plate resislance, change under 
the influence of electrode potentials, and 
the manner in which these changes take 

place determines the usefulness of the 
tube for many applications. A knowledge 
of the behavior of these parameters is of 
parlicuinl" importance in the case of the 
new multiple-clement lubes where aulo­
malic ,-ollimc control, silent tu ning, and 
simi lar dc\·iccs depend for their effective­
ness on tube characteristics. Both the 



 

tube and set manufacturers require a 
simple and accurate means oJ obtaining 
da ta as to these characlerislics. 

The procedure in making measurement.s 
is simple and straightforward, and is 
exactly the same (or the three coefficients: 
amplification Cactor, plate resistance, and 
transconductance. A tluee·position swilcli 
is turned to whichever quantity is desired, 
multiplier switches are set a t the appro· 
priate value for the tube being tested, and 
balance is obtained by adjusting a three· 
decade attenuator and a variable con· 
denser. At balance the decades read 
directly, to three significant figures, the 
quantity being measured. 

The three main tube pammeters are 
measured independently, i.e., nonc of 
lhe balances depends in any wayan any 
oUlcr so t.hat indepcndent crogs checks 
can be obtained (rom the circuit equa· 
tions. 

Negative values of the tube coefficients 
may be measured as readily as positive 
val lies, except in regions where dynntron 
oscillations cannot be prevented. 

The bridge embodies new measuring 

circuits and a more satisfactory method 
of balancing out the effecls of the tube 
inter·eleetrodc capacitances than has 
heretofore been available. Not only is the 
accuracy of Ule measurement thereby 
considera.bly iwpro\'1ed, but aU three of 
the usual p:ualleters may be measured 
independentJy over a much wider range. 
E'or instance, the mutual conductance of 
n tube having a high value or grid lo plate 
capacilullce can be measured without.illY 
error from this capacitance. 

The measuring circuits and the tube· 
control circui ts may be separated by 
opening link connectors on the top of the 
panel. This not only facilitates the testing 
of tubes associated with other control 
apparatus, but also makes it possible by 
changing the cross connections in a. very 
simple manner to measure grid·circuit 
parameters, or parameters referred to any 
pair of electrodes. 

The tube circuits have large enough 
current~c<lr1'ying capacity Rnd sufficicnt 
insulat.ion so that low·power tr.J.oslllitting 
tubes llUlY be tested In addilion to 
receiv ing tubes. 

SPEClflCA liONS 
Hall!te: Amplifical;ion ractor (~); 0.001 to to,OOO. 

Dynumic intern!!l plate resisllm('C (rp); 50 ohms 
to 20 mcgohms. 

;\.Iutual conJuctan<:e ('fII); 0.02 1020,000 micro· 
mhos (volts pcr micro-nmpere). 

Under proper conditions. the above ranges C/l.n be 
c:..;cceded. Tile various parameters call (llso be 
measured with rcsrK:cl to various elements, snch us 
screen grids, etc. Negative. all wcll all positive. values 
can be meAlJured. 

Ran~e of Tubes Covered: All standard (our-, 
five·, six·, and seven-prong receiving lubes can be 
mcasured 011 this instrument without the use of 
fl(l:L plcrs, c:\;t'Cpt that fivc-, si:\;·, or seven·prong 
tubes not huviug scpar:lte heaters rC<luire the lise of 
a single Tn£ 50 I-PI UnivCfsal Adnpler furnished 
with the bridge. A switeh is provilleti for switching 
the coni rol·grid connection from lhe base to tllC Clip. 

The Universnl Adnph:r supplied l)Crtuils t he 
testing of tubes with 1l0n·stnlltlnrd bUSe (:(mllccl ion~, 
while debased or UOlllouutt'li LUhcs arc coullected 
directly to the pnnel binding posts: for tcst mcasure· 
mellls. 

The tube circuits hnve large enough current· 

carrying capacity IIml sufficicnt insu lation so Lhnt 
l()w-power trnnsmitling tubes way be tested ill 
nddition to receiving tubes. MlLxiwuw aUowahle 
piate eurrcnt is 1.~0 milliamperes and maximum 
plate voltage is 1500 volts. 

Filament Supply Circuits : A d()uble-range 
rectifier-type a lternating·current and direct·current 
filament voltmeter and a source of alternating. 
current heater power are contained in the instru~ 
ment. No cxternal fihuncnt connections need be 
mnde for alternating·current tubes. unless voltage 
greater than 8 volts ()r eurrent greatcr than 3.5 
amperes is required. The filament rhcostat Cor dirccL· 
currcnt filament supply has a capacity of 750 
williawJlcrcs. 

When mellSuring allcrnuling·currenl henlcJ tuues. 
the bridge requires oouncction to a source of 115-
volt. 60<ycle alternating currcnt. 

Electrode Volta~e Supply: Batteries or suitable 
power supplics are necessary Cor providing the 
vuriollS volt..l.8es required by the tube under test. 

Power Supply : A sourooof 1000 cycles is required. 
The T~'"PE 21:1-8 Audio Oscillator is suitable for this 
I)Url>OSC. 
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Null Indicator: A suitllble lIull iUllielllor is 
required. The TYrE 5 1 ·~-A Awplifier used i.o (''Oll­
jUllction with n sensitive pair of telephones is 
rccommentled for this purpose. 

Constr uc tional Features: The lower IUlif of Ule 
front 1):lIlei or tIle inslrument- contains tbe special 
bridge circuit usc,1 in m~asllring the IXICffieicnts. 
The uPI>c.r Jl!\lf of the Pflrlei contains tube sockel:!. 
alternating-current filalllent SUPI)ly. fi lament voll­
lucter. rheostllts. tCTmin:tls (o r various \'01\:lgC5. and 
terminnls for dire<:t COllneeljoll of an cderllal tube 

to the bridge c;n;:Llil. Tbi! arrange1l1cnt Jlrovides the 
greatest f1cxibil ity (or general use. 

Mounting: Tbe instrument is moulllcd on R black 
crackle lacquered aluminum panel and is (tirnisbeJ 
ill Il polished \\'ulnut cabinet. A lelilherclte dust 
CO\'er is supplied to (,'()\'c t the instrument when not 
in \lse. 

Dimensions : ( 1.ength ) 18% inches J.: ( \\' idth ) 1:; ;:( 
inches )I; (height) It inches. 

Net Weight: 45 Imunds. 

Cerie rv erd Price 

BEIGE 

TYPE 229 GALVANOMETER SHUNT 

This galvanometer shunt is of the 
AYI·ton-Matber "Universa l" type, which 
provides an amount of shunting (ra.tio of 
gn lva nolUeter cur rent a.t any se tling to 

that at maximum setting) which is inde­
pendent of the resistance of the ga lva­
nometer. For other re;,lsons, however, the 
shunt must be matched to the ga l,,:. ­
llometer. The tota l resistance of the shunt 
must be large compared to that of the 
ga lvanometer, so that ilie sensitivity of 
the ga lva nometer is not appreciably re­
duced when the shun t is connected and 
set at uuity. This total shun t resistance 

should be approximately the external 
ct'itical damping resist:lI1ce of lhe galva­
nometer. l\1ost galvanometers arc so de­
signed that both these conditions may be 
fu lfilled. Tbis instrument can also be uscd 
;lS a vollage divide.I'. 

SPECIFICA nONS 

'I'ot:\1 Resismll ce: See priee list. 

Shu n t R:\tios: 0.000; 0.001 : 0.0 J ; 0.1; 1.0. 

Accuracy of Adj ustment: 0.1 %. 
Type of Winding: Unifilar, mnnganin wire ror a ll 
resistances except the 9000-()hm unit or TYI'E '!29-1-1 
which is wound with nichrome \'I·ire. 

Temperature Coefficient : The temperature: 
c<lefiieient is I~.<;s t h:ln ± 0.0020/., per {I"grcc C. exccpt 
on the nichromc wirt:: cud wl".: re il is + 0.0 13% pr:r 
degree C. at room leml)l'T:l tur£'_ 

Type Uttit/a1lce 

Switch: TVJ>& 202, 5-poioI5. 

Fi nish: Hl"sistnnce.s and terminals mounted an 
bakelite panel nnd enclosed in hand-rubbed wa!nut 
Cllbinet. All exposed metlll parts (except eonl:u:t 
faces) nickel plated. 

Dimensions: Pauel, SYz x 5!1 inches; depth. S~ 
inches. 

Ne t Weiitht: 1 [>auntl. 

Code Word Price 

229-L 1000 ohms ................. ~ .. .. . 
·1 

(;A \ ' OT 

229-1-1 10,000 oh ms ..... _ .. .... ....... .. .. . . GI A NT 



 

<l>---<l>---<1>--<D-<1>-<D>--<J:rlHHI>--<:.l>-<J>-BR I D G ES 

TYPE 625-A BRIDGE 

This instrument consists of a skeleton 
hridge circuit, of whjch onc :\rill conta ins 
a 10,000-011111 direcl-reading iogariliunic 
rheostat. and the olher three arms ure 
brought out to pairs of terminals on the 
panel, ma king provision fot plugging in 
standard :md unknown units to obtain 
a variety of circuits. A IOOO-cycle a-c 
voltage source is contained ill the bridge. 
\\'IICI! assc ulblcd will i the prope r slautiards 
this '-'ridge substanLially dupli cates the 
Tn'~; 650-:\ Impedance Bridge in per­
(OtlllaTlcc. 

SPECIFICA TlONS 

Ibn&c: With the recommended tl.cce550ries Ute! 
rangell nrc : for resistance, I milliohm to I megohm ; 
ror clllI:tcitnnce, I micromicror:mld 10 100 micro­
r;\Tads: (or in~!uc tanec, I microhcury to 100 henrys. 

Accu racy : T he m:e lJraey of rCS\ llts delle lllis UI)(Jn 
lhe type I)f sll~lIll ards IIsed . With the acceSllori(,lJ 
re(,'Ommelided. an Ilceuracy of 2% for mcaSllremcnb 
of resi.stnIlCC, illduclall(.:e. and capacitance call be 
obtained. The accur:lcy of the (.'ODI])(lnent parts of 
the bridge itself is 1%. 'rhe (rC<luCnCy of t he micm­
phone hummer is 1000 cycles to within ± 5% . 

Accessories Recommended: III addition to hea,1 
telephones for a-c mcnsuremenls nnt! a :tero-c~:nter. 
\!OO-~a. full-senle galvanometer for d -c measuI'C­
ments. plircha5C of the following Ullils is re(''O III ­
rnelll\c,1 if 1 he fll!! range is 10 he covered. Owills iofl 
of some items is possible if narrower ranges (Ire 
S:llisfncto ry. 

Rui,lorl 
1- '1'1.' 1'1; 500-1\ 1 n 
I- TYI'& 500·)) 10 n 
I- Tn'v. 500-0 100 n 
I- TYPE 500-H 1000 P. 
~-l'TpE 500../ 10.000 n 

1- 'I'ypE 620-U Mounted 
Hhco!Sta t nnd Putcn t[­
ometer requireu for 
Dissipation anu Energy 
Fllctor ) Jell5u rements. 

COlldel/ IUI 

I - Tnt: 505-1-'0.001"f 
1- '1'\'1'£505-1. 0.01,,( 
1- T\' PE 0'25-1'1 1-,,( 

Condellscr 

\Adju~led 10 ..- ill.in :t'l%. 
)i,,,~nsion.: !i ~ " 1 " 

s .!i inch ... , over.~II. Net 
\\'~il:!ol : 4 0""",", ) 

Power Supply: Two 4yz-volt blltterie~ ( DurgC!l.!l 
Xo. 2370, E'·ere.'luy ;\0. 711 . or equivll ient) for the 
u-e lIle/\lIIIrI:mcnts. anll fur driving tile microphone 

'J'y pt 

625 -A 
fl25-P I 

lJe6CTipiion 

Bridge . .. ..... . . . 
I-,uf Conde nser 

, I 

hummer, lIre required, fl.lld space for them is ]lro­
\'ided ill the c:-nbinet. Batteries Il re Dot supplied \\,iUI 
tlll: instrument. I\ n externnl n-c \'oltage source Imv­
iug uny frequency li p to 5000 cycles IllIlY be 1\3C11. 

Mountins,t: This instrument is assembled on n 
blat;!': craclde-li nish aluminum panel Rnd mounted in 
:1 shiddcll wnlnut cabinet. A drawer in the lower 
part of the cabinel prov ides SI)aec for storing the 
st lHlu/mlll suggested. 

Dimension s : ( Width ) !)" (depth) 13 " (height) 
7 inches, over-fil l. 

Net Weight : !) j)Ounds witllout halleries; II 

j)OlIllIls with balleriC!. 

I)1;A C II 

IIAIZr. 

Price 
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TYPE 610-A RATIO-ARM BOX 
A ra t io-arm box is a suitable nucleus 

a rollud which to design any bridge circuit. 
I t contains a pair of ratio arms giving 
ratios fl"om 0.001 to 1000 in twelve steps. 
The swi tches as well <IS the indi vidual pre­
t ision resistance cards used in the m.lio­
a rm box arc simi la r to those employed in 
the 'l"lrpE 602 Dccmle-Resistancc Box. 
(S(~C desc ri pl.ion 0 11 pages 8 and 0.) 

SPECIFICA TIO NS 

Resistances : Elt(:h arm, I, S. 10, 30, 100, :mo, 
1000 ohms. 

T YIIC of W indi,lg: Ayrlon- Pcrrr. lIl(lngan in wire. 

Accu r:1Cy : C(ltrcr. t at box (crnl ill(lls to wilhin O.2;j % 
f(l r l-oh l11 and 0.1 % fo r oll,er units, respecti \'e1y. 

Switc h es : 1'Yl'F. .... IO-P 1, 7-poi nl. E nclosed conl.lels. 

Mount ing: witches 1Illd terminnls mOlmled on 

T!lpe 

I ............... . .. .... . 1 

block cmcklc-filli5h aluminum pand 1mll enclosed in 
a shielded wnl nul c;ahincl. 

Terminals : Jack-top bindi ng posts witu scparate 
grounlilermiua i. 

Dimension s : ( f.cnglh) 7;{,; (width ) 5 lr (height ) 
5.14 inches. ovcr.:dl. 

Net Wci~ht: 3% pOll nds. 

C(Ji/c W(}Til I'rice 

IIA Ii III 

TYPE 578-A SHIELDED TRANSFORMER 
This is an fl udio-frc<j ue ncy bridge trolns­

former ha ving two shields, o lle around 
cadj winding. The shields :l 1'C sepll ra ted 
hy an ail' ga p. 

The primary and sccondlll'Y windings 
IHlVC less t han 0.3 Ilf.l. l' direct inler­
ca.p<lcitalltc a nd he nce will i::;oia lc a bridge 
f rom chnnges of c1eclroslfJ. Lic po tential in 
lhe generator circu_iL Al the sam e lime 
the correct counec liou of the shields places 
less tha l1 15 IJ./.I f across ei ther the un known 

01' t he st:mda rd arlll of lhe bridge ill 

exchange fo l' the !ftrgcgcnera.tor- lo-grou m! 
cflpacil.:'Hlcc that Il ol'l.nn!ly exists. A third 
shield , su rrounding lhe core, eifeclivel,Y 
grounds eilch of Lhe core lumiuiltiolls. 

The wide freque ncy ntuge .. llId Lil t 

fael lhal the SfllHe tnl.l1srorJller Inay Ix: 
llsed in c i LlI(~r <Lil"cction adapt lhis tmns­
former to the requirements of a large pro­
POl' t jOll of bridge measurements a t a udio 
frcquencics. 

SPECIFICATIONS 

Ratio: T Ile lrnnsforwer has a turns r;ltio of 4: 1. 
It m(l ~' be used in dther dirl)ction. 

Frl!(lucncy "nd Tmpcdancc Ih11lg,c : Within Gob 
hcl\\'~n 50 nnd lO,OOO cyeles whcn working betwcen 
low ami Jligh impeJum.'Cs or 50 to 5000 ohms an d 
1000 10 100,000 ohms respectively. 

Cap:tcltance: 'I'he direcL cn p;l(:itllnce bet.ween 
pri lllary fi nd secondary wi ndi ngs is Ies.'i l ila!! 0.3 ~J,J-r: 
thal between the primary 1In(1 S('oondary shields is 
le~s thall SO J,J-J,J-f. 

!i0 10 10,000 cycles 

S hield ing,: BuelL lI'iluliug is scpa.m lclr shic1<lc\l . 
and the core is scp.'lraLe~1 {roUl lhe winding h,\' II 
lhi rd shield. 

l\'l o unling,: T he tra nsrormer iii Ulounlct l in n 
• l\Iodc1 B CilSC (s(:c page 156). T he lc:nds arc bro\IShl 

Ollt to G screw terminals, each wi lldiug shield beinJ; 
bmughL out separately. 

Dimensions: &.-e ti imeusi(lllf.:,i tinl\\' inS, page 15i. 
Model n Cilse. 

Net Weig h t: 2M pOUl!!l;;. 

rode Word I'tice 

TAlIt.E 



 

BRIDGE ACCESSORIES 

BRIDGE ACCESSORIES 

All bridges require (or thei r operation a 
power source, a null iudica.tor, and com­
parison standards. Other accessories are 
transformers for matdung the impedances 
of the power source and llull indicator 
to the bridge. amplifiers. fillers, V{agller 

ground, ga lvanometer shunt, and separate 
ratio arms. These accessories are listed 
in this section with a brief discussion of 
their relative merits and a reference 
to the section where they are fully de· 
scribed. 

POWER SOURCES 

The ' I 'y}>~; 21S Audio O.icillul,orl! nrc sftlisfnclory 
IlS siul,:lc-frc(lllcIlCY power sources. Tilt!), lIlay be 
obtain(!11 (or ally IOO-cycle multiple in the range 
frOnl 400 to 1500 cycles. 'l1u! TYPE 572·B ~Iicro· 

pllolle Hummer has n smaller power oulput. n higher 
Imfwonie contcnt, a nd is less stuLle in fn.-quency. 
It is, however, !lllti.'lfactory for routine bridge 
111\!:lsurcmcnts and is usee! in t he '1'1"1'.; 6.50-'\ 
lrnllwnnce Bridge anrllhe Tn'E 625-A .Bridge, 

The l'TI'tl S77-Jj Low-Frequency Oscillator is 
sn lisftlctory lIS n \'!i.ri:lhlc-frc(llIcncy power :t4)urcc. 

l lUtrument 

TYPE 21S-B Audio Oscillator . . .. ' . ............ •. 
TYPE 2IS·C Audio Oscillator . .......... ... . ...•. 
TnoE 572- U Micropbone Hummer . . ............. . 
TTPE S77·n Low-}'requency Oscillator ........ . .. . 

TnE 60S-A Oscillator ....... • .. . , . .. . .. . ...... . 

l'Y .. E 71:1·:\ Dcat.Frequ/!Dey Oscillator .... . . .... . . 
'rnE Ols·B D/!at.l?requency O.sc.illntor ........... . 

Tn'.; 61S- n Renl-Frequcncy Oscillnlor hll ll a SInIl]] 
power oll l.l)IIt all,1 i.l! not so stable in fre<llleney, but 
its dial i5 direcl-rcading in frequency. The Tn!:: 
71 3-A lknl.Yn.-quc.ncy Oscillalor will be found 
especially colI\'enicnt because of its large power 
outpul, IIIItI Jx:.causc it is opeNLted directly frow the 
115-\'011 60-cydc. a·c mains. Where tile frC(llIellc~' 

OOCS not need to be continuously afijllstllhlc, the use 
of IJle TVf'E 508·A Oscillator is suggested. It has 
good wltveform, O.5·watt output, :\1\(1 is altr.rn:lt ing­
curl'Cll t ol)Cro.lcd. 

FrequMCY 

1000 cycles 
400 cycles 

1000 cycles 
25-70,000 cycles 

(
200, 800, <& 00, 600, 800, 1000, 
1000,2000, SOOO and 40000 cyctes 

10- 10,000 cycles 
10- 11,600 cycle! 

"' "' 152 
Gl 

5$ 
Gil 

Price 

STANDARDS AND BA LANCING REACTANCES 

'flte 'fYI'E GOi Oemde--Resistnncc Iklxes, THE 

525 Rcsistors, Ty ... ; 500 Hcsistors, T\"1'E 100 
Standard Inductances, Tyl'.: !N2 P recision Con· 
denscrs, 'I'YN: 50:i Conclenscrs, ontl TnE 509 

Standard Condenscrs lILay be used as prilllllr.l' 
stundurds. The other reactallces listed below lJIay 
be calibrAted in terms of these lllatltbnls or IIsl'l lllli 

balancil1g reaclnnces In sl1b~li lulion mcthod~. 

l1Utrume1!/ 

TrPE GO! Decade-Resistance BOI ., ..... . ..•.. • ....•..•.. , .. 
TYPE .500 Resistor .. ... .. ... . ....... . . . ..... .. .. . •..•..... . 
T YPE S2S Resistors ... . .. .. ...................•. •..•.. •. ' ,. 
TYPE 106 Standard Inductances .... ... ... ..... . . .... .. " ... . 
TTPE 107 Variable Ioducto,.. . ... , ... . ...•• . .• ... .• ... ... .•. . 
TYPE 219 Decade Cond/!o5eNl . . .• .. . . . ... . . .•.... • ... . .... . . 
'1'1'1'£ i22 Precision Condensers . . . . . . .. . . • • . . • • • . . •. . . .. . . .. 
TYPE 246 Condenser.! . .. . " . . " ... . . . .. , • . .•.. . . •.. . • , ..•.. . 
'l'r ... : !l05 Condenser:'! . . . .. . ..... , . ... . . . ......•. . .... .• ..•. .. 
'I'n.: !.IOD Standard COllclcn~u . .......•....... . ... ... . , .... 

Price 
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NULL INDICATORS 

Head telephones are the most satisractory Dull 
indicators. both because or their great sensitivity 
Rnd because or the ubilily or the human ear to dis­
criminntebetwecn a tundamenlnllone, ita harmonics. 
nnd noise. They arc highly selective, with n resonant 
frequency around I kc. This prevents their use 
below ~0()-400 cycles. T he '.rTF!: G2G-A Thermionic 
Voltmeter may be used over the whole mnge of audio 
frequencies tor up to perhnps 1500 kc. but is mudl 
leu scns..i li\'c lhnn other nlll! ddeclofjJ and is nol 
sc.ledivc. The TYI' !:: 6SG-A WI\\'C ADalyzeJ' is fin 
extremely selective Rnd 5CulIilh'c null detector {or 
constant-trequency Rudio signrols. 

J ,ulrumenL 

Western Rlecltie Head Telephones ( W. E. T ype 
Number lOOi-C) ........•............. ____ .. 

TypE 6i6-A Vacuum-Tube Volt meter ... ...... .. . 
TYPE 636--". 'W. l'e AnllIY7A!r . . 
TYPE 483-C Output Meter _ .. . 
Trill: 614·AM Amplifier .. . . 

Os:ide-rectifier \'oltmeters mllY be used lUI null 
detectors over the entire audio-frequency range. 
The TYPt: 4SS-C ( iO,OOO ohm) Output Meter is 
particularly rccommended . 

An amplifier is generally needed to increase the 
sensilil'ity when using any form of visual null 
indiea lor, and the usc of nn amplifier is advised for 
I)r~ise measurements el'en when wing telephones. 
The Tng SH-Ai\! .. \mplifier has been designed for 
this purpose. ft gi \ll!s 11 .'rensitivily with thl! Ttr£ 
483-C Oulpllt Meter UIKL is about equivalent 
to that oblaiuablc willi telephones without an 
uUlplifier. 

Rallge 

iOO eycles- 10,000 eycles 
10 cycles- 1600 ke 
it) eycles- 16,000 cycles 
10 cydes- 10,000 cycles 
:;0 cycles- 50,000 cycles 

Page Price 

\\ 8 

\OR 
\,\ 
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TRANSFORMERS AND FILTER SECTIONS 

The TYPE 578-A Shielded 'l'nl.nsforwer nnd Ole 
'fyl'!> GOO-A Vnrinbk .. Uatio Transformer nrc spe­
cially Jcsigoed for matching the power source lind 
null detector to II bridge. The TnE IGG Telephone 
TnlDsformer is a less expensive variable-ratio trans­
rormer of nnrrower mnge in bolh ralio and freq uenc)'. 
The TY1'-e 585-1.t. TrnnJ\rormer is a unily-ratio trons­
rormer designed primnrily lIS It line-isolating lMIM­
former, but is suitable ror use with mally bridgeS. 

TnI': 330 Filler Seetion.lDay be connecled between 
tile bridge and null detector to lupprea" harmonics 
and groUlld noise. The combination oC high- and 
low-pau s«tions of suitable cut-cfJ frequenciu 
provides a band-pass fi lter. 'rhe Tnc li3" Band­
Pass Filter is a single unit for mtering in eitber tile 
generator or the null indicator. Il it made Cor 400· 
cycle and for 100()...eycle operation. 

Page Price 

'I'nt: S7S-A Sbielded Transformer .. .... _ ... .. ... .. . .. . 86 
TYPE 166 Telepbone Transrormer . . ....... . . .. . ....... . \5. 
TYPE 666-A Variable-Untio Transformer . ..... , .......•...... 158 
TYPE 585·R Transformer . .............. .......... . ... . ISS 
TTPE 3S0 Filter Section ..... .. ..... . .. ........... . .. . II. 

l Ui 

WAGNER GROUNDS 

Since a Waguer ground or lhe resistance type is 
lIlerely R fixed resistance with Il variable tap, t he 
'('yPES 471, 314, S71, i14, no, and SOl Potenti­
ometers may be used ll! Wftgner grounds. With 

slight Kltemtioru Tl'PES 3S4-Z or SS5-Z Condensers, 
having balanced sections, become satisrnetory 
Wagner groullds or the capaeitance type. 

I rulrumell l Puye Pri« 

'I'Vl't,:!; 471-A auJ SI4-A Rheostat- Potell tiometers ... . ... ... . \37 

TVPES 3"71 and 214-:\ Jlheoslnt-Polenliomclcrs ... ..... ,., .. . lS. 
' I'yP£lI 410-A and SO l -A Rheostat-Potentiometers . . . .. .• , .. \ .. 
']',' P£S SS4·Z sud SS5-Z VsriBhle-Air Condensers . .. ... . _ ..•.... J·H 
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TYPE 603-A STANDARD-SIGNAL GENERATOR 

A source of ncclI l':llcly known :1.111.1 
modula ted nld io·!rcqucll cy vol L~lge is 
required in Illany lypes of radio researeh 
work . Suell a vollage source should dclivel' 
a vol tage conlinuously adjustable over an 
extremely wide range from a minimulll of 
less Lh,Hl 1 micl'o\·oll. I t ~hou l d aha 
provide a continllous indication of the 
adjustment. Lo llie standu l'd output level 
and should h:wc a. mjnimum num ber of 
ope rat.ions necessary fOl' changes in the 
rrequcucy ra nge. The THE 603-A Signal 
Ge UCl'tltoJ'. with its precisio n atten ua to!" 
~Lnd iLs single plug-in coil per range, is 
presented as a suitable gCllcrallahoratory 
ins ll'ulllcnL for Lhese I'cquil'clllcn ls. Tl will 
be fo und valuable both in the rndio re­
ceiver dcvelopment labora tol'Y. in flcld­
s trcnglll measurcmcnts, and in oLher 
general inves tign. tions atradio frequencies. 

This ins trument may be used over [\. 
frequency range extending from 100 kilo­
cycles to 25 megacycles. Over this range 
it<; performance is well with in the li mits 
of accuracy which we have become ac­
customed to expect from standa rd-sigll:ll 
generators in tbe broadcast -frequency 
range. It is capable of modulation up to 

00 per eent at broadcast and higher fre­
quencics. In ternal modu lation at 400 cyc1es 
is providcd, and provision is made for 
eXLernal modula tion as welL 

The T YPE 603-A. Standard-Signal Gen­
era lor is used for the usual fidelity, sen­
siti vity, and selectivity tests au receivers 
throughout the very wide frequency range 
for which it is adapted. It is also sui table 
for field-strength measurements througll­
out th is wide range. since it is sellli­
portable :md can easily be transferred in 
all automobile. 

This sLandard -signal generator has a 
number of interesting design featu res. 
T he shield ha.s been so modi fied withoul 
inc.rease of leakage that it is not necessary 
to remove any screws in order to change 
coils. I mmediate 'lCCesS to the coil com­
partment is ob lained by raising the tid on 
the cabinet. Space for the extension coils 
is also providcd inside of thc cabinct. 
Leakage arotmd the lid i.'i avoided by a 
refrigerator-door type of construction in 
the shielding. 

An advanced ladder-type of allenualor 
and shield has bcen evolved. The usual 
resista.nce type of attenualor has beeIl 



 

used with a modified construction as made 
necessary by the lUuch higher frequencies 
involved. The attenuatar is enclosed in a 
sectionalized shield which makes possible 
very brgc attenuations cven I~ t frequ encies 
of 25 megacycles without serious errors . 

The control s are shown on the front of 
the panel. Those at the right govern the 
radio-frequency circuit, those a t t he left 
the modulalion circuit. The carrier fre­
quency is controlled by a large dial with 
slow-motion adjustment. This dial carries 
an accurately engraved scale of 600 divi­
sions, spread around 2700 of its circulll­
ference. 'fhe use of this dial in conjunction 
with a coil spread of approximately 2 to I 
in frequency makes possible a direct use 
of the main frequency scale for use in 
selectivity and band·width determination. 
'aLibralioll cha.rts are provided, and they 

are of such size as to be read to the same 
accuracy as the dial scale. 

Two additional convenience features 
will be noled on this dial: The magnifying 
glass over tbe main index greatly assists 
in setting nnd read ing the scale. The 

SIGNAL GENERA TORS 

secondary index, together with the space 
on the dial rim for extra scales, permits 
calibration of the instrument at special 
points to suit the user's requirement.s. 

The carrier.£requeney output voltage is 
controlled by the three adjustments in 
lhe lower right section of the panel. The 
carrier ampljtude is adjusted, by means 
of the middle control, to a reference line 
on t he right·ha.nd meter. Maintaining 
this adjustment constant, the output is 
adjusted by Dleans of the slide wire labeled 
MICIWVOT.TS and the multiplier. Continu­
ous varia.tion from one volt to 72 micro· 
volt is provided. The output is taken off 
from Ule shielded plug terminals in the 
lower right edge of the cabinet. 

The modlliation·control system isshown 
a t the left. The meter indicates the ruodu· 
lalion voltage and is set by means of lite 
modulation amplitude control to a refer­
ence line. Sctting the per cent modulation 
dial then gives the desired modula.tion 
percentage. External modulation may be 
connected at the terminals indicated and 
controlled in the same mauner. 

SPECIFICATIONS 

C~\Ttier-Frequency Ran&e: Inductors are avail­
able for a Tange of 100 kc to i5,OOO kc. 

Modulation: An internnl removable modulator 
provides n frequency of 400 cycles. Units ror other 
rrequencieli cau be provided . Modulation charac­
teristics change somewhat over the wide operuting 
rllDge of the instru ment. Modulation up Lo !)O% 

may be obtained under most <Xlnditions of operntion 
without exceeding 10% harmonics. P rovision is made 
for external modulation. T he input impeda.n(.-eat the 
externa l modulation terminals is approximately 
50000hms. a nd a power of about 60 williwalts will 
modulate t he instr.ument to 90 % throughout its 
TIl nge. TheT rl'E713-A (a-c opcrated) l3cul-Frequency 
OS<'ilIalor ()f the T Yr'E S77-B Low-Frequency Oscil­
lator arc sui table SQ Ut(.'CS of moJuiation voltage. One. 
s tage of amplification, using it power tube, is recluired 
fo r high modulation l)Cr~l\tftges from the lal.lr.r 
oscillator. Low modulations aTe measured by means 
of 1\ voltmeter ill lIle Hudio-fre'lueney drcuit. High 
modultltion percentages nre rend on the O\l tput 
meter, usi ng t.he c.h:mge in carrier IUilplitllde as 11 

mellsure (IF 1U0duintion Pt:Tl'Cll tllgC. The :H~ lI rtlC)' of 
this mC/ISUrelucnt is ± 10% for modulation fre-

quencies less tha n 1.5% of t.he Clirricr frequency. 

Frequency Calibration: Calibration curves are 
available, accurate to 0.6%. Tile dial spread and 
chart interval are such that frequency intervals for 
select.ivity curves lIIay be read directly from the 
main dial which is provided with a magnifying glass. 
r 0 tbe brondcast "lOge intervals of !lOO cycles Ulay 
be sct. The dial has (100 divisions. 

Output System : The input CUTrcnllo thenllenua­
t()r is nl ijllsted to a st,w dard value, using a reference 
line on the radio-frequency current meter. A non· 
reactive rheostat is used for this adjlls tment . T he 
attenuator consists of a slide wire at the input end 
followed by n str.p-by-step divid~r. This arrll llg.::­
mcnl permits the use of a sturdy slide--wire con­
struction. The output is continuously adjustable, 
T ile output. impeda nce is 10 ohms up to the 10,000-
microvol t setting, 37.5 ohms at 10,000, alltl ~O 

ohms lit the 100,OOO-micro\'0It setting. 

Output-Volta~e Range: The output voltage is 
continuously adjustable h om 0.5 mierO\'olt to 1 vol t , 
ucepl 011 tl U! r - l (.vil, where the usable rllngc is 
f rom 1 microl'olt lo 0.5 volt. 
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Ou tput Voltagc Accu racy : At broadcast and 
lower frequencies the error is that LD\'ol"ed in meter 
calibration and ad;u~tment of the cArdS. Th is aggre-. 
g/l.leJ S% at 1 microvolt output. There is DO fre­
<!'IC:ncy error at these frequencies. At 10 megacycles 
Lhe error at 1 microvolt becomes 10% aDd at 15 
lucgncycles it js 12. %. At i 6 megacycles it is 40 % . 

Frequen cy Mod u lat ion : Frequency modulation 
is a function of frequency and of the inductor used. 
In the broadcast band it will not exceed 200 cycle., 
tota l swing a t any point B.Dd is leu t han 50 cycles at 
the standard test freq ueueies tor 30 % moc!.ulo.t ion . 
If tilt 'lYrE 603-1'1 1 Inductor is used freq uency 
modulAti on will be noout 500 cycles at 1500 kc. 

Stray lo"iclds: T here is no delccl.nblc stray fi eld at 
II distance of .5 inches from the instrument. even a.l 
25 Me. 

Constru ction Features : T he radio-frequency 
o$Ciltntor is isolated in a shieJacd compartment . T he 
attenuator is divided into several sections. sh ielded 
rrom each other. 

A refr igerator-door type of shielding has been 
I\'orkcd ali t for the shielding about the lid which 
makes a tight shield wi thout !\Crews. Coils can be 
changed by simply Iirt iug the CQ\·cr. 

f rtqllorcy fl ange 

Accessories: T be insuument is supplied witb 
calibrated TYPE 603-P5 and TTPE 60s-PO Inductors 
covering t he broadcast band. with a Tvr'E 4018·n 
and TYI'.: ·U 8-C U ummy Anlcnrrn, wit h lhe nct."Cs­
SilTy tubes, but wilhoul lHlllcricli. 

Termina ls : Tbe output vol tage i.s brought out 
through a shielded plug a nd test lead. Terminw 
are: aha provided on the pII nel for the externa l 
modulation source. 

T u bes : Two tubes (one 2SO-type lind one !lSI-type 
of stnndard characteristics) nre requift.,<1 a nd nTe 
included in the price of Ure instrument. 

Power Supply : Four 45-volt blocks for plate 
bnttery find 3 volts for filame nt nte requ ired. Space 
i~ provided in the cabinel ror h 'o O-inch dry cells 
anu four -is-volt bleda of t he nurgeS! 5808 size. 
Balteries are not included in the price. 

!\'Ioun tin g, : Tire iO!ILrument is enclosc<l ill II com­
pletely shielded wllhurt cabinet I\'itb blnck IrlCfJ ller 
nlumillurn pll nel. 

Dimensions : Cabinet. (height) 12U l (depth) 
II ~ x (length) 20 ind ies, over-all. 

Ne t We ig h t : G5 pO Ulll !S, without I ml l cr i ('~ . 

Output R flllge COile W ord Price 

100 kc-25 ,OOO kc 0.5 m icrovolts to 1 volt &lt ACT 

' I'ri~ incl"tb ~ etl librmt~ iuoudflo .. lfIor bMad~lUt ba"d (4tO \:e to 1Il00 k~), 

TYPE 603-P INDUCTORS 
These are inlcnded for lise wi th the 

T YI'l:: 603·A S tauda,rd-Signn l Generator. 
We particula.rly recommend that, if cali­
bra ted inductors arc required, they be 
ordered with the standard-signal genera-

7'y~ Freqllency Ra nge 

°603· P l 15-25 Me 
*603-P2 10- 15 Me 
+603·P3 4 .4-10 Me 
*tJ03-P4 1.9-4.4 }.·Ic 
°603_P 5 850- 19000 k c 
+603-P6 420-850 ke 
+j)003-P 7 210-420 ke 
+6{tJ· P8 100- 210 ke 
+603-Pl1 550- 1500 k c 

Frequ en cy Calib r ation (per I nductor) 

tor with which they are to be used . The 
TYI'E GOS-P Inducto rs are stocked with· 
out calibrat.ion , but a. calibration curve 
can be made to order. The calibration is 
accurate to plus or minus 0.5 per cent. 

Code W ord Price 

810PARTA ST 

8 I GPA.RTBIB 

8 1GPARTDOT 

BIGPARTCAT 

81GPARTCVP 

81GPARTDOG 

SI QPA.1I.TE TE 

SI GPARYFLT 

BI QI'ARTQAS 

CURVE 
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TYPE 601-A 5T ANDARD-5IGNAL GENERATOR 

This instrument is designed to provide 
11 generator of raeijo frequencies (or lise in 
the frequency range from 100 kilocycles to 
6000 kilocycles, to be easily portable, a nd 
to deli ver either a modulated or ullmodu­
lilted signa l ha.ving an ampl itude adjust­
able from one to 150.000 microvolts. 

Since it is often dcsirtlblc Lo cover two 
frequency bands in one instrument with­
out Ulc lime delay lwd incollvenience 
usually involved in changing inductors. 
Ule TYPE 601-A Standard-Signal Genera­
tor is provided with inlernal mountings 
(or two inductors and a convenient switch 
(or tralls£erring from one to the olher. 
Any two inductor combinations may be 
used; (or example, t be inlenncdiaLe­
frequency and broadcast bands (150- 200 
kilocycles and 550- 1500 kilocycles) , or 
the broadcast and ai rcraft ba nds (550-
1500 kilocycles and 1<100- 4000 kilocycles) , 
All inductors are mounlcd on plug bases 
and are easily rewovnble if other com­
binalions arc requi red. 

The inductors are toroida l in Corm, 
which reduces their extern:.,1 field to a 
negligible amount, and the whole unit is 
carefully sldelded so that it may be used 
to test the most scnsitive unshielded 
recelvers. 

The l'n'E 601-A Standard-SignlLl Gen­
erator may be used Cor makiug accurate 
sensitivity tests on all types of receivers, 
either regenerative or non-regenera ti ve. 
operating within its frequency range. I t 
may be used for lining and adjustment 
tes ts (or superheterodyne inte.rmediate­
frequency amplifiers. Because of its rela­
tively low price, simplicity of opera tioll, 
and ruggedness, it is quite suitable for 
production testing work o( radio receivers. 
The particula r value of the TYPE 601-A 
Standard-Signal Generator is for portable 
work. such as the periodical testing of 
receivers a lready installed on police cars, 
ships, airplanes. and other places where 
receivers are apt to get severe usage which 
may gradually put themouto! adjustment. 
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SPECI FICATIONS 
Carrier-Frequ ency Ra nCe: 100 kc 10 6000 kc 
covered by the use of the six TYPE SOI-P lnduclotll. 

Modu la t ion : 1\ 0 inlcrfll\l ·HIO-cyc!t WIClIIlm-tube 
osdlllllor of good w:Lvcforrn. adjusled 10 give 90% 
modulation, is pro,·idcd. Circuit may be adjusted 
for.50 % Illodul /ltion 011 special order at no ndditiollnl 
charge. Extt'fllal liloduialion SQUn.'CS ClLDnot be used. 

O u tpu t Sys te m : Input to the nUcnuntor is fend 
by \'acuum-lube voltmeter wh ich is calibrated at 
I:wo points to pro\' itle a Olultiplying factor of l or 1.5 
for the attenuatar readins. T he attenuatar, which 
hils a rC-'istive ladder structure, is calibrated directly 
in microvolts. The resistance units aN! wound on 
very small , thin, mica CArds and have essentially no 
reactance. The internal resistance (}f the output 
circuit ill constant at 10ollms, except at the 10M, 
110M, Ilnd 100M poinls, where it is 110, 40, and 200 
ohm3, rC3pecl ivdy. 

T he attenuator is tapped ncar thc high-potcntial 
end for a separate "high ou tput" terminal b rough! 
out 00 the panel above t he attenuator control knob. 

Tn., 001-.'\ is not recommended for f.ield-slrcllgth 
Ule:l~llremcnls . 

Ou t pu t Vol tage Ra n ge: The a ltenuator is cnli­
brnlcd in l he following steps whicil t'Orresponoto a 
DIeter setting of 1 : 0-1-2-.5-1 0-20-50-100-200-500-
I i\I-2M-sM- IOM-20M. 

T he voltmeter multiplying factor of 1.5 makes 
Il\'l. ilnblc microvolt read i llg~ betwetn these l}(Iints 
from 1.5 to SO,OOO microvolts. The " high outpul" 
tap gives an outJlut of 100,000 or 150,000 micro­
volts depentl ing upon tile voltmeter reading. The 
output of the a tleouator wuen set at zero is never 
115 large as one-tenlb of the ont'-micrO\'olt oulput. 

Ou tpu t Voltage Accuracy : For outputs bdow 
to mi<:ro\'o!ls Llle calilmdion is good within 10% 
frum 100 kc to 1.$00 ke, 20% from 1500 kc to 0000 ke, 

Type f' rt Q.u cncy Ral/ge Oulput Ra?lge 

hetwccn adj;tc:eut atteuuator n. l ios. For 01111)\115 
above 10 microvolts the corrf!Sponding figur~ IIrc 
j% lind 10%. When DO tubes hn'·e bccn changed the 
ill~lrUlDCIll will re l>cat readings to wiUlill 1 %. 

F r equ ency Modu la tio n: Varicswilll Uleinductor 
ILnd frequeuey adjustment. It is less at freq uencies 
aho,-e 1500 ke. For 30% modulation it is alwa.ys less 
tUM 0.03% at more than hnlf scale on tuning con­
denser; nt highest frequency on any inductor not 
more than 0. 1 %. For 50 % modulation, figures IHe 
proporlionally higher. 

Ter mina ls: The attenuator output and the " high 
output" terminals are jacks located belliml lhe 
panel to which connections a re made by means of II 
shielded plug and test leAd. 

Tu bes: Three 230-l)'pe lllbC5, induded in tllC pril:t 
of the inst rument, (Ire supplied. 

Powe r Supply: From d ry batteries placed inside 
shielded cabinet. For plate, block balteries. 45 and 
07.5 volts, !l mao For filament. two No.6 dry cells, 
ISO mao Only a 4.5-yolt C bllUery is supplied. 

Accessories : A shielded plug and test. lead, but no 
dummy antenna, are furniahed as regular equipment. 
A TyP£ u s..D orTYFE 4I18-C Dum my Antenna must 
be ordc.rCil separately_ 

Mounting: Aluminum Jlllnel, J.i inch. finishe{1 in 
black crackle lacquer, mounted in natural-finish o.1k 
cabinet. willI fille-ply veneer hinged oak cover Rnd 
carrying handles. Panel is slightly recessed into the 
cabinet. fo r protection_ 

Dime n sion s: Panel, (width) 15 x (height) 12 
inellC3. Oiler-nil, (width) 16 x (height) 13.J..1 x (dr-plll) 
12).-2 inches. 

Net Weig h t : 50M pounds with batteries, 40 pounds 
~'ilbout baUeries. 

Cod~ W o,d P rice 

160-6000 ke 1- 150,000 m icrovol ts r. .... _ .. .. _ ..... .. _ .. 1 JURon 

TYPE 601 -P INDUCTORS 
Type FrequellclI R flllfj e 

·bOl-PI 2500- 6000 kc 
°601_Pl 1400-4000 kc 
· bOI-P3 550- 1500 k c 
*601 -P4 200- 550 k c 

°t601- P5 ISO- 200 k c 
*"601- PO 100- 200 kc 

Frequ en cy Call brltt ion , at'Cural:X :I: 1% (per Joduclor) __ .. . 

Code Word 

STA"lnOTol' 
STANDlcurB 
STANSlGnU)f 
STANSI<lSUN 
ATAN81(;lUS 
aTAN8tOO.A.S 
CURVE 

Price 

.FrcqncDCY ca.libr"I;oD •• "ppli.,.j only when or.tered. When ordering ca!ibrRted ind"el "r~ by lelegm"h, " .. ..-ompollnd rode ... ".,1$, 
•. ,., nASIU(lTOI'ot:\JIIVt:, etc. 

t lb ... ~ 6ntl ~I!I"'t ~KpRci"'nrc in ""I .... I" . p;tKU o"llh~ ("KliblKlion 1",(Jug l. Ihe .slll"'.hdeNldyne intc'D1eoJ;nte-frt:fl"en~)· range. 



 

., SIGNAL GENERATORS 

TYPE 604·8 TEST·SIGNAL GENERA TOR 

Tile development of rccelnng equip­
ment for usc in the higher frequency unnds 
has: resulted in the need for a suitable 
source of les t vol tage at Lhe very high 
frequencies. 

The gene ral cousidcr:lt ions sUl'roumling 
work aL these frequencies suggested Uml 
1111 instnll.Hcnl of high pl"ccision would 1I0t. 
be jus tified because of the control ling 
effect of lend impeda nces and sim.ililr 
factors. It was decided, therefore, to 
design a rugged instrume nt of high reli­
llbility which would give reproducible 
results but nol necessarily possess a high 
ILbsolulc accuracy , and which would have 
n low cost. 

TIle 'J'YP E 60·~-B Test-Signal Gcncr:tlor 
WfiS designed wit..h these considerations in 
mind. It operates al frequencies £rom 3 
llIeg~lcycies (lOO lue lcrs) lo 100 mega· 
~ycles (3 me ters) . 

The unit consists of the clements wh ich 
have become familiar in lhis type of 
apparatus : a modulaled radio-fre(luency 
oscillator, :\ meter for reading the \'oitage 
impressed on the aUenuator, and an at· 
tcnualor, in this instance composed of 
capacitance elements. 

Self-modula tion at 400 cycles is »ro· 
vided for, as well as exlemal modulat ion. 
Provision is made for an unusually high 
modulation band (200 kc) , which makes 
this signal geneflltor Il suitable source for 

examination of receive rs intended for 
operat ioll in televi sion sys tems. 

The capacitance attCJlu:.ttor was se­
leeLed hecaulSe of its sm:lll frequency error 
and simplici ty of constme Lion. It is huilt 
in two sections, lhe firs t of which reduccs 
the voltage frolll 10 volle. to 1 volt for the 
rod antenna . The second section dcli ve,·s 
an output volL:lge :ldjusLable be tween :; 
mjcrovolts and 10,000 microvol ts which 
is a va ilable at the usual pancl·outpu t 
shielded jack tcrruiu:.lJ. The rod an tenHa 
is sectionali zcd into such lenglhs as to 
produce Geld st rengths in the rfttio of 1, 
10, ancl 100. The total a n tcllull length is 
l :j inches. 

The T n 'E 60-1--13 Test -Signal Gencm tor 
is thoroughly shielded, and the s tray fiel d 
is insufficient to affect the accuracy of ilny 
measurement on a reeeivcr whose sensiti\·· 
ity lies within the output vol tage range 
of tllC ins trument. 

Within the audio-freq uency range lhe 
per<..-entage modulation is set by the grid­
curren t miero·ammetcr. At bighe r modu· 
lating frequcncies the voltagc applied to 
the external llloduia.tion terminals is to he 
sello a value to be taken from a calibra· 
lion chart fu rnjshed with the ins trument. 
The normal modu lation perccnto.'1.ge is 30 
per cent. Input impeJance of the exlertlal 
modulation terminals is about 5000 ohms 
al a udio frequencies. 
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SPECIFICATIONS 

Ca rrier-Frequ ency Range: 3 ~ l c to 100 !\Ie, 
covered with 13 plug.in iUoIII;lor5 supplied with the 
instrument. Specinl imluclors can be built to order 
for frequencies n.s low as $00 kc. rrir.e.~ on uqucst. 
Output: Capacilancc-t,\"l>e attenuata! fu rnishes 
continuously Ildjustahlc vollnge from 5 to 10,000 
micro\'olts. A fod Iwlcnlla in tbrce seelions provides 
field strengths ill the r:, lio of I , 10, nnd 100. The 
iupul to lIle Dulelllll\ is constnnt at 1 voll. 

Accuracy Of Output Voltag,e: T he accuracy of 
tbe \'oltnge nl the nnlCIln:l termiunl up to fre­
quencies of 10 megacycles is ;t 5%; up to frequencies 
of SO megacycles, ± 20%. The IH:cumey of the \'011· 
age at the OUTI'UT lcrmiual up to 10 megncyclu is 
.t 10%; up to, SO mcgnc,rclc" ± 30% : aoo\'e SO i\ lc, 

no brief statement as to the \'ultnge accumcy "'ould 
be useful, since the error introduced by connecting 
Any 1e..'I.U to tue output of the generntor is mucJi 
greater thnn ll.al inherent in the in5lrument. ilsclf. 

M od ulation: The illtc.rn;ll mo, lnlllling oscillator 

is adjustw to 400 cycles (:t 5%). Exterual ruotlula­
tion circuit p.uses frequencies lip to !i!00 kc. Input 
impedance, 5000 ohms. VollAge requil'Ctl, npproxi­
matdy 6 \'olls fur 30% modulation, 

ACCessories: A shielded connecting cable and IS 
inductors " .. ith storage rack are provided, as "'ell 
nM lin antellna which is in three sectiou,. 

Tubes: Two 31-type tubes IU''C supplied_ 

I'o wer Supply: Two 1'0. 6 dry eells /lud four 45-
volt Burgess No. 5308 lmtteric, Or equiwllenl. 
I1ntteries 8 re not suppliw with the in,truffient. 

]\1 ount inc: T he ullit is mounted on a bl/lck crackle 
uluminum Ilanel nnd pl::u . .'ed in a shiclded walnut 
ca binet. SpRce has been provided inside the cabinet 
ror batteries and induelor storage rack. 

Dimensions: (W;,It.1I) IS~1 J: (heigill) !) x (depth) 
1631 inches. 

Net Weight: 42 l)(lunds. wilhollt blllLeries : 57~ 
1}()ILUds, wilL batteries. 

Type C'nde Word PriCt 

;~~~~~~ncy c::lib~~~;~'~ ( ;~; 'I ~J',:e't~~)::: : ::: :: ::: I DE';S& 
. F...,qunl~Y ~aJihtaliOni &uppliftl oaJy .. hen ,pcri r.u.Il,· ardered .. ith lhe inSlru"'"'tlt, U", code .. ord OI:!<ueUUR .. bon 1M tatirt 
oM'l or IS iDJlI~lor' il 10 I.e ..,.Jib'Dle,l. 

TYPE 418 DUMMY ANTENNA 

T YPE 

"IS-C 

Tn'..: ·1I8·D 

Tests on radio receivers wiLh the stand· 
a.rd-signal generator require the use of a 
dummy antenna connected between the 
genera to r and the receiver under test. 
Tue two dummy antennas listed herc 
are made in accorda.nce with U1C specifi ­
cations of the Institu te of R:ldio Engi­
ueers. 

TYPE 41 8·D is for work in the broadcas t 
runge (550 ke Lo 1500 ke) . The eiTecli\'c 
height is taken as 4 meters. TYPE 4IS-C 
is designed for work above 1500 kc. 

SPECIFICA nONS 

Resis tance : Tl·J'E "IS-B, 15 ohms; Tl,'~; ·U S-C, 
390 ohms, lapped at SG2,5 and !l80 OIIlI1S, T hese 
vnlues give lhe lipedficd circuit impt.'tianee of '25 
ohms and ,~OO ohlUs when useJ with Gener;ll Ilfllliu 
Sla udnrd !;ignp.i gCl1cr{\tor~, 

R eac tan ce: Tn>.: "tS-B, 'itO J'h iIlJucl:m(!e, !l00 
J'JJr ctl pacilllnce; l "'I"I'E 418-C, Ilone. 

MountinC : Hoth IYIK:S nre wounteJ in mouldc(l 
hakel ite cases willi jack terminals to lake ' I'n't: 
!i!14-)1 Plugs, See illust ration. 

Dimensions: TTPE 418-8, (length)!i!~ lr: (widtll) 
1% :l (beiglll) 2 inches. over-all. 

T YI'&418-C. ( Iengtll) S~ x (widlb) 1M J: (height) 
U i ncb~. ovcr·alJ. 

Nct Welltht: 1)·"t: 'US-D, 4- ou nt-es; Tnt: ,US-C, 
I! ounces, 

Type 

4IS-B 
4lS-C 

Cooe Word Price 
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CA THODE - RAY OSCILLOGRAPHS 

Mnny developments in ca lhode-rny 
lubes Ilnd associated equ ipment in recent 
years have resulted in making this instru­
Illent gene rally available for all types of 
osci llography, Tubes of grea tl y increased 
li fe arc available allow cost. and accessory 
equipment has been greaUY simpliIied. 

The ca lhode-ray type of oscillograph is 
characteri7.ed by a higb input impedance 
and wide frequency range. The observed 
trace is formed by di l'cctinS an electron 
stream against a screen which becomes 
il,lmincscenl under electron bombardment. 
The s tream call be deflected from its 
course either by an cicctrostnlic or by an 
c1cclromagnctic field. and in Il practical 
oscillograph provision is made for (Hleb 
dcf:lccl ion in horizontal and vertica l di­
rections. Under combined fic1Js the beam 
wi ll trace an irregular pattern which will 
indicatc the rehttive fie ld strengths. 

The moving element, i.e., the eleclron 
bellm, is of slUall mass a nd ColO , therefore, 
be made Lo follow very rapid variaLions. 
The upper frequency limit of the oscil­
lograph is, in fact, determincd by such 
factors as length or leads external to the 
lube ralher than by any inherent Limila.­
lions of the tube ilself. Moreover, because 
of the vc ry small amounl of power re­
quired for the deflection of Ule beam , a 
high input impedance may be obtained. 
The electrosta tic deflection type of cath­
ode-ray oscillograph (all General Radio 
models are of this type) may be connected 
across practically any electrical circuit 
wilhout a lteri ng its impedance. Previously 

existing current and voltage relationships 
are not disturbed, and heoce each is shown 
on the screen in its normal state. 

Several types of luminescent screens 
have been developed, and two are com­
Illonly used. These d ifTer in the persis tence 
of the patte rn after the beam has passed 
ami in actinic qua lity . Tubes having low 
persistence and a color characteristic best 
adapted for photography are normally 
suppl ied with General Radio electron 
osci llographs. These tubes nre suitable for 
the photography of rapid transients with 
a moving-film camera. When specified, a. 
type of lube having longer persistence or 
pallern, suitable where identical patterns 
al·e repeated, can be supplied. 

The effect of screen persistence is shown 
in the photographs at the bottom of the 
pnge. The relative photographic bri lli ance 
of the two types of screen is illustrated in 
the specifications for caeh oscillograph. 

Where it is desired to study the time­
ampl ilude charolctcristic of a variable 
field \vith the cathode-ray tube, a con­
venient means of producing a time di s­
placement or time axis is required. This 
tlpparalus has either been developed in a 
separale portable form or has been in­
corporated inlo the oscillograph. Each 
oscillograph contains the nccessa.ry fila­
ment and high-potential power sources . 

The following sections describe several 
types of cathode-ray oscillograph equip­
ment which have been planned to offer 
wide differences in npparntus to meet 
,·;;trying req lli rernenl~ . 

FAST-SCREEN versus SLOW-SCREEN TUBES 

,.."""",..,.." 

.; .; "" '" "" ,,; .., ., 

Spread-out lra«-.s h om 11 GO-cycle volt.'\ge oUlnined by swinging the camera on a. I)jvol. f'nst-sc:rccn 
tube 011 the lell, slow-~creen lube on the rigut. Note the absent."e of blur in the rasl-scr~n Irnl"e 



 

TYPE 687-A ELECTRON OSCILLOGRAPH 
AND BEDELL SWEEP CIRCUIT 

The TYPE 687-1\ )~lec lro n Oscillograph 
is designed to presc uL in a sirnpic, portable, 
;:tud inexpensive forlU aU of the clemen ts 
required for using Lhe caUlode-r:lY lube;"\s 
an oscillograph. The unit includes tt power 
supply providing for all voltage require­
menls as well ns a sweep eil'cuit which 
furni sbes a Sftw-LooLh dcAecLing voltage. 

This inslrument will be found to meet 
the great majority of requirements for a 
general-purpose oscillograph. It call be 
used in the examination of all types of 
waveform . In tills application the sweep 
circui t is connected to the horizontal 
plates and performs the function of the 
revolving mirror in the mechanical type 
of oscillograph. The equipment is as con­
\'euieut to use as a voltmeter. It requires 
only cOllnection to the line and to the 
source of voltage which is being examined. 

Tbis General R.adio caUlOde-ray oscil­
lograph has two particular advantages. 
The internal sweep circu.it is of the self­
synchronizing type, that is, it will lock in 
step with a recurrent waveform of any 
audio frequency. The s teady screen pat­
tern so ob l::lined is invaluable in careful 
visual study, measurement, and photog­
raphy of complex waveforms with simple 
camera equipment. 

The short, di l'eel leads from the de­
flecting-pla te CIlP terminals to the panel 
remove lhe norm[d frequency limitations 
and make the oscillograph ideal for meas­
uremenls up to 130 megacycles (2,3 
meters). These :icees:sible panel terminals 
pe rmit the operation of either or both pairs 
of plates balancedor un.billanced to ground , 

As a radio-frequency voltmeter the de­
flection sensiti vity is cons tant over the 
same wide f.'cqucncy mnge, making the 
oscillograph ideally suited for mod ulatiolL 
measurcmcnts . n the li nettr sweep ci rcui t 
is used, a con tinuolls check upon modula­
tion is provided, s ince a. single glance at 
the modulation-envelope pattern will 
show whether or not over-modulation is 
ttl-king place, With the modulating voltage 
applied to the horizontal plates. the 
fatuiliar tmpczoidal modulation patte rns 
are obtained on which accurate measure­
ments may be made for steady stale 
conditions. 

The power supply is designed to provide 
all necessary volulges {Ol' the cathode-ray 
tube \",·hic.h is provided as initial equ.ip­
ment. Mechanically, the equipment is 
assembled in a carry ing case of convenient 
dimensions with a handle, making it easily 
portable. 
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SPECIFICA liONS 

Tu be: AllluUc ~pccil'icatiolls arc I he ll1anUl3ctur(:ts ' 
latest publisilt!u dll.tn. 

SPOt lnten s ity: 1\ so-cl\l1ed rusl-screen lube 
(1'vrr: GS7-P~) will be furnisilcil ulliess olberwise 
sPt.,(!jfj(:J. Til ;!! lnJe of scr« n is reromm ..... nd .. >d for 
Ilho1ogl1'lpliy Hlltl is CS5Cnlilli wilen rn l)id lransients 
arc in\'ol\'~. The figures below sllOw lhe re!l\Ii\'c 
Illlologrtl[Ihic orilliallf')' of lhe two tYj)eS. Length of 
IrlH~e, St\ .. ~p fre(juency, abullcr sp~ , ri nd emulsion 
31"(: identical for each tra(.'C. 

(/~ (J IG f/ II f/8 f/J.G (/ 4.5 

tens I\ perlure 

M:u;iru u lll Spo t S peed: WiU, T rN:GSi- l'l , 0100 
int:ll(;~ per 5('C:OUUi with Tn'l: (JS7- 1 " ~, Hi,iiUO inches 
pe r $Ct:ont!.· 

Screen Di~mClcr : ;; indlcs. 

\'olra~e Sensitivi ty: 75 volts per incll (n "!rlical), 
~O \'olls pe t inch (1Iori1':olll.II). 

Type 

687-A I 

IlIlpcd :1 I1 CC o r Deflec ting P la tes: Cnpacit:ulce 
is npproximaldy i .'i luicromicrofnrn\ls between tie­
flecliou terminnls (measured at the instrument 
panel). 

Frcclu ency C h a racteri s ti c: The circuit.t of lile 
Jdledius plates show no frequency effects helow 
ISO megacycles. 

Power Supply: All volta~'C.!llh.'(...:ssary UTe obtuil.leu 
from the self-contained power supply_ Tbese a~ 
Allode Voltage, 1500 volts: Foculi"9 A node Vol/uge, 
o to ·lOO \'olts, Jlositive: On'd, 0 10 - 40 volls; flelll" 
VoIt(l!]e, 2.5 \'oll!!; {Jellicr Currelll, 't. 1 amperes. 'fhe 
1lower su pply operates frOlll !lIe 11 5-\,oll, 50-GO 
cycle, a-c line. It draws 50 walls \\'1Hm the sweep 
circuit ill operating auf! 20 watts when the sweep 
circllit is not opcraLiug. 

Termin:lIs: J ack-lop binding posts, mounted on 
the (>tInd or the oscillograph as shown in the 
illustra tion. 

Tubes Required : The following lubes are requiretl 
:'lluJ lIre supplied as injtiuJ equipment: one SO-type, 
one 8SS-ty pc, one 5S-t:ype, one GCIH:'rn l Badio 'I' Vl'~' 
143·1), and one Cenernl Badio TYl'E 687· P:l. 

Sweep e ire l! it: SeJf.contninlXl l)cdc11 Sweep Circuit 
range: :10 to 3000 sweeps per seoond, permitting 
oi>sen'lltion of frequen<:iel up to 21,000 cycles. 
Sweep is stnhililed, requiring 11 control voltage of [, 
to 100 volts r.m.S. I mpednllce of the contl'()l circuit 
ill :!.oout 200,000 ohms. 

Moun ling : 1' lIe instrument is mounted ill II walnut 
cuse with Cll rry ing hnndle. There is I\n opeuins for 
the lube screell at one end of the cnse. The conlrol 
pallel is si tunted :l.t the side. 

Dim en s ion s : (Length) l!)Ys II: (I\·jdth) 8X II: 

(beight) 17M inches, over·nll. 

Ke t Weight : :J7.!4' pounds. 

Cooe Word Prir:t 

CKlsr 

°Tllue nlue'S.re UI~~iIllUb' ... orhble IP\lt .~ed. 5 rOt Vtriehro,,"l fiI"" 011 ti,~ "'lUi. "r .. t"·IMllh.:tiCl\t "(,,,.Iure 111.0 Ba u ,",itb 
th~ '~b Rt iDli" ile di)la ,u.-" 'rota Ihe ~n.. l'he "ul~iu,u'n .,-.1 S' for any other nl'<:rture f Ir..' ""II a .ml,". t,etll'CUI lent!h 01 
LrA~ OD K'~CD and OD the CAIIIN'" plaLeI jJ: 

687- Pl 
(187-P2 
143- 0 

REPLACEMENT TUBES 

Dt,criptioll 

Slow·Scree n Tube 
!:'nst-Scrcc o Tube 
Beclifier Tuhe 

Ctx(e Word 

.\ CCES$OI)O ' · 

ACC .:.ssOCAT 

L'AI1lY 

Price 



 

.~~wI\~tI-"... ELECTRON OSCILLOGRAPHS 

TYPE 635-B ELECTRON OSCILLOGRAPH 

' ('he 1'YJ>E 635-13 Electroll Oscillognlpll 
is presented in an effort to reduce the 
cathode-ray oscillog .. ~q)h to its lowest 
terms in simplicity or operation and price. 
Like tlte TYI' '': 687-A Elcct.ron Oseillo­
grapL .lIld Bedell Sweep Circuit, the 
ins Lrument is a complete porlable unit. 
but it does not include a sweep circuit. 

The smalle l' illslrulIlcnl makes lISC of a 
$-incll lube. Tube mounting and power­
supply unit ;:we combined iu OliC case. 
Access Lo Lhe lube limy be ob tai_ned by 
removing (ollr thumb screws. Terminals 
for the deflecting plates arc brought out 
to the panel , ;\s is a focllsing control. The 
anode yo!lage remains fixed at 1000 volts. 

SPECIFICATIONS 

Tube: All lube specificlltiOIlS nrc the manufacturers' 
latest puulished data, 

Spot (ntenslty: A so-c:llk-d ftlSl-screclI lube 
(TYI'}: 635-I)g) will be furnished unless otherwise 
specilied. 'fhi s type of ScreeD is recommendell for 
pliOlogTilphy Rud is essential when rapid Ir:lIIsicnu 
Me invoked. The figures ( right) sllOw the relntive 
photogrnphic brilliancy of the two types. Length of 
trnce, swcep frequency. shutler speed, and cUlulsion 
are identical for eacb lra~. 

Voltage Sen sitivity: Appro,;imlltely 75 \'olts per 
inch for hori1.ontal dcOccting plates nnd 100 volt! 
per inch for the vertical !ldlecliog plates. 

Frequen cy Clmracteris ti cs: llCCIl\ISC the ICIl!1! 

from lhe deflecting \lIlLles are not brought out 
separately hul nrc brought out t'ogetilcr through 
the bnse of the tube, inter-nction helwcell tllCliC 

circu it!i results a t high radio fre(IUencies, clIusing illJ 

error in IltOl>liluJe ond phase. The Actual resonant 
frequeDey of ciUter deflecting plRt e !.'ircuit. is in the 
ncigbborhooc.l of "$ megncyelelli. 

1'1"1'£ 63~-Pi Slow-Screen lube 

f/2'! fliG fi ll rls f/a. fi flu 
Leos Aperture 
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Mazimum Spot Speed: With TyP£ 6St>.l'fl, 4100 
inchcs per second; with Tnt: ass-ps, 11,000 inches 
per second.· 

Screen Dlameter :!J inches. 

nlpply, maximum of ~.5 \'oILs or fl.2 amperes, ac. 
AdjusU:d by weaDS of II. rheostat inside the cabinet. 
Supplied complete with OS--oJ'y switch and 7-foot 
IIttachment (:onl. 

Impedance of Deflecting Plates: Cap:.tf.!itnncc. 
is :J,'j "pf Lo -105 ""r between panel terminnls. 

Terminals: Jack.toll binding I1OStS, mounted on 
ti le panel of lhe oscillograph as shown in the 
illustration, 

Power Consumption: OW watts. Tubes Supplied : One Generlll Radio typE 143-D 
ILlid one Gene.r;!.) R:\\lio Tn'£ 635· 1'3. 

Power Supply: All o f UIC \'olt llgcs neecssary Ice 
obtnin«l from the self-contllineO power .supply 
operating from llic 11:'i-\'olt, 40·GO cycle. a-c line. 
AI/od, I'allage, fix(.·d lit 1000 vults. FocUllill9 Voltago, 
adjustable betwl.'t!1I 0 and SOO vOl\5 ei ther pollil ivc 
or neguth'c by rcvcrIling eonn(.'C lioll.o;. Catl!ode.lleuler 

l'Ilounting : The instrument is mounted in a walnut 
C35e ""ilb carrying band Ie. There is au opening tor 
the tube screen at one end or the case. The control 
pnncl is situated at the side. 

Type 

Dimensions: (Height) l::1.!--i x (willlh) lG x (depth) 
oU i llche~ , o \·er-all. 

Net Weigh t: 19M pounds, including lubes. 

Cnrle Word Price 

1 . .. . .... .1 ct:1'1D 

""rte values n", IILu;mUCII wOfbhk , pot I~I, S 101" \'erich.ollH! fill ... on lhe louiJ 01 • bypol bo!lical lpoe, tUro /I I/) and with 
the ~ al infillil" t.lill.n(C I,oln the kll$. Tho: IIlIlI;OlUltl ~ Ii' lor any otber a~I""'/I'" "nd .. ,atio" brtW«1I J~"lIth " I 
trl<'e on Krt-ttl Ind oD the alfOera ",ai, i., 

635·P2 
635·P3 
143·1) 

REPLACEMENT TUBES 

Dtscripiioll 

Slow·ScreeD Tube 
Fpst-Screen Tuhc 
Hcdifier Tube 

Code W ord 

COUtS 

CO llin' 

YA lnY 

OSCILLOGRAPH AMPLIFIER (TYPI'; 7H-A) 
See plge 68 lor specificalions 

IN many a.pplications it is fou nd desirnhle Lo 
inc rease the voltage unde r observlltion beJore 
applying it to the d eflectiug pla tes of a n 
electron oscillograph, The amplifier used for 
this purpose must be of high iuput impedance 
a nd excellent frequency charllcteristic if the 
ad vantages of the electron type of oscillograph 
a re not to be sacrificed. 

The TYPE 714-A Amplifier has been designed for usc with 
the TypE.s 687-A :md 685-B E lectron OscilJogmphs. 

-SCIUJititiity of combillation, 100 inclles p e r volt 
- Ronge. 5 cycles to 50 kilocycles 



 

TYPE 655-A BEDELL SWEEP CIRCUIT 

Osci llographic equipment which does 
not have :t built-in sweep ci rcuit will 
lIsually require a.n externl'tI sweep circuit 
:l~ oUt accessory for Illany lypes of work. 
The sweep circuit performs the ruOClion 
of spreading ou t lhe patLern resulting 
from a. periodic voltage on one pair of 
plates (which would appear as a stmight 
line wcrc t.he sweep circuit not used). This 
is lhc function performed by lhe rC\Toiving 
mirror in mechanical types of oscillograph. 

In the design of the TYPE 655-A I3cdcll 
Sweep Circuit, simplicity and low COst 
ha \tc been the paramount considerations, 
,Yet. a n instrument h ilS resulted which 
includes all Lhe necessary adjustments for 
a flexible, gcncml-purposc sweep circuiL. 

The length of sweep has been Ill ade 
fixed :lnd is adapted to a 3-incll osci llo­
grapL tube. The only adjustable clement 
ill the sweep circuit is frequency. which 
may be adjusted for the examination of 
waveforms of fundamental frequencies as 
high as 21,000 cycles. 

Vro vision is made for controlling the 
sweep frequency by means of a control 
vol lage iulroduced r rom the vol t..'lge source 
being examined. This results inn stabi li1.ed 
pattern even when the observed voltage 
is shifti ng somewhat in frequeuey . This 
feature is of grea.l ,"nIne since it fac ililales 
the visual examin:llion of wlweforms IUUJ 

also permits the pholognlphy of I'cpealiug 
cycles wilh ordinary cameras . 

SPECIFICATIONS 

Sweep Frequency: The sweep frequency may be 
p(ljusled over a rnnge of sO to 5000 cycles. permilling 
ubSCf"ation of frequencies up to 21 ,000 cydcs. 
t ower sweep frequencies elln he oblainC(1 by use of 
an e:l':terJl AI condenser. 

Swecp Voltage; The s\\"eep voll:lJ;c is fiXL.J nt 
140 '·olts. 

Frequcncy Stabilization ; The s\\"C(:p frequl'!lll'!Y 
call be stabilired at the frequency of the "ollage 
Ix!ing studied b~' t he introduction of a slaLili7.ing 
potential of 5 to 100 volts on the bindinJ; posts 
marked "(,;O!'lTIIOL." 

Con trob; A single. control is provide<1 for the sweep 
frc(lueney. This is supplemente<1 by a two·position 
mulliplier swi tch. 

Tubes: Dllc each of 1\'I'£S 885, 58, lind 80 T ulx;s 
nrc re(luircU. The i n iti~ll equipment of tubes if 

supplied with the instrument and is includCiI in lhe 
price. 

Powcr Su pply; Thl! BOOeH Sw~p Circuit is de­
signed for Ol>eratioll from 110- to 12{)..,·01l, 50- to 
60-eycle supply. Il draws about 25 wptts. 

Acccssories; A 7-foot connector cord IUIII IJilot 
lump are provided. 

Moun Ung: The iuslrument is mounted ilia. "'alllil l 
L"Ubincl with hlack crackle-linish p.'I.nel. 

DimensioIUl : (Length) 1'!}1 x (Ileight) 8M lC 

(depth) 7~ inches. 

Net \Vel~h l: 11 pounds. 

COlic 
1"U'fH! f)clIcripliolt Word Pr ice 

655- A I Ca binet: Moundn lt I e liOOK I 
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CLASS 651 CAMERA ASSEMBLIES 

The l ligh fihll SI)O.'e< ts fll wllLeh the I1~W (''Ollliunou,·film cltlllcrn will operate n1l1kc it p05~ih lc to 
tllke c:Ll hodc-my OlIcillogmms or high.freqw."Ilcy 1r.,\lUicn ls. T he photOg'frl P!. /lllUn's lhe CI .... SS 
051-:\-£ Camcm i\s.!!cmhty find n '1'1'1' .; 6H7-1\ Electron OS(-i1Iogt;lph fi nd Ik"'dell SWctll) Circuil 

The two lypes of asscmhly lis ted will mee l llIo.-;l of Lhe ILsual ;IJlplicatjons . The 
A- I': group is designed (0 1' medium speechi, whi le the :\-1\1 a .. ';scmbly offe rs a cnmera 
I'lu ilab le for (:xll'emcly high film speeds. lnt cn::hnngcalJlc molo rs provide wide speed 

rll nges, and a 1I1llllhc J' of cOllll llcrci :d lenses may I;e fitted lo mee t inHcxible ('ondil iolls 

without dcpnrting from the s landard camera design. 
The section 1,lctldco "Special Camera Asscmblics" lis l$ individu;'tilini ts ,u ld indicates 

the possible vuriations in design the better to mcet particular requirements. 
The many appl ications of high-speed photography to industrinl research have 

prompted the manufacture of a new conlinuous-film camer:l !lased on the designs of 
Professor Harold E. Edgerton of the Massachuse tts Institute of T echnology. Originally 
designed to photograph I·apid mcch:u liclli acti ons by Ule light Crom a n Edgerton Strobo­
scope for subsequent projccliol1 at normal speed to gi\Oe the effect of slol\' lIlolioll , the 
camera is also ideal for I·ecordi ng high-speed t ransients wilh a cathode-my osd Uogt·aph. 

The General Radio cnmer<\ difTers from conventionru motion- picture cn.merlls in its 
lack of a shutter and iutcnnittenl film feed and in its ability to dri ve a t speeds as 
high as 85 miles per hour (2000 frames per second) without d:lIlHlge to tJU! film . Careful 
attention to the dynamical design of all moving par ts .b:LS made this possihle. Scp:l.ra te 
molors nre lIsed Lo dri\'c t he film and the la ke-up reel on which the exposed film is 
wou nd. P ro\'ision has heen made for opera tion nt d ifferent film speeds over a wide 
ra.nge so that the new camel'a can bc made to fill almos t every l'esearch need for a 
rno\, jl1g~ fi lm camern. 



 

CLASS 651-A-E CAMERA ASSEMBLY 

This assembly is rcc:.'ommcnded for low. 
and medium-speed work. It is Ihe one 
thal would ordinarily be u!:icd for making 
records wilh II cathode-my oscillograph. 
but it can also be used for mediuuH.peed 
strohoscopic pholography. Renders in­
teresled ill the tall.c!' usc should, however, 
submit theil' rcquil'cments Lo the General 
Radio Compa ny for suggestions before 
coming to n. fi li al decision . 

The iUuslr,llion on tills page shows the 
T YI't: 651-A High-Speed Camera of lhe 
C LASS 651-A-E Camera Asse.mbl.y, ill us­
lrated au lhe opposite page. with its side 
removed to show Lhe internal design. The 
manner in which the camera is focused 
and in which the film is threaded is shown 
hy I he illustration. T he large ccntrnl 
driving sprocket ,tlld the ho1Lo l1l lake-up 
reel ;lre each dri ven by sepa ratc motors. 
The type of main-sprocket drive deter­
mines the assembly class letter to which 
t he camera, belongs. The camera is focllsed 
hy yiewing the image throu gh the focusiug 

Interior Yi-.:w or 111(: lIigll·Speecl U llncra 

eyepiece wilen the two nperlurcs in the 
driving sprocket nrc :.dignccl as showl l. 
The im;lgc (orms 011 a small piece of 
tra nslucent 61t .. inse rted in the gute. 

SPEClFJ(ATIONS 

Film : AllY Sli -lu m film ur palH·r \\' illl SIIIlHlul'd 
perrornlions t-nn be run, Daylight. hIding ;,ut! 
unln", ling wilh negligible was te. Cup.'\cily or r<-·ds, 
100 fee t. 

FUm-Speed Range: When the motorS are oper· 
aled at lhe voltages mentioned in " Power Snpply" 
below, film sltCed~ hetween 3 fret l}Cr st'(.'()nd And 35 
feet I'Cr 5(.'C'Ond nre obta inahle. 

Lens System s : An !IV;, ·\7-mm l e n ~ from the 
nell lind Howell "Eyemo" seric~ is slIppl;I.'4 1 in Hn 

luljustable mounting thal perlllit~ foclls ing for 
dislu ncts bclwccli S 8ml 'i0 indll~lI , The imllJ.;c for 
focusing is oluervcd dirL'Ctiy 0 11 L1le equi\'8lcn t or 8 
ground glass in the "lane of thc film, 

' I'he lens is suffidcnLly "ftlSt" to permit lhe n>eord­
iug of lnu:es frOIll a T\'I'~; GS7-:\ gJeciroli O~cillo· 

grll pll uu super.scu!!ilh·e panellromatie flltn at II 

Clan Description 

speed of :15 feet pt;!r srcowl, when the calio of to lnl 
lengLiJ Idoug the tr:'L'C 1,(1 lengLlI of film is leSS" lh[ln 
5 to I (also see note 011 spot speed, page 1(0). 

Drh'c System: The film-I lrj ve S[Jro<:kel is d riven 
througb a redud ng gear by a unh'erSllI (8.t;! or doC) 
molor. The lake-up reel 011 which the exposed fillII 

is wounrl is (Iri\'en by It 'e<.'Ont! universal molor. 

Power Supply: The wil le range of flIm SIM:eds is 
obttli lled by 8pplying "ottllgell between 50 ,'oits nml 
230 "olts to both the driving !lnd lake-ulI motors , 
Whe ll 115-,'0It or 'iSO-yolt 50- to GO.cycle seT\'iec is 
In-a iluUlc. yoltAb'C L'(Introl o,'cr thc entire rll.ngc can 
be obta ined hy using n \ 'arioe. When d-e sen 'ice 
only ill a\'nilnblc , n rhoo$lulmUSl be use<1. 

Dimension s: (Length) 1I~ x (widtl,) liM s 
(heighl) 16M inches, o\·er-all. 

Net Weight: S~ poullds. 

Pric~ 

Camera Assembly .. ' . , . , , , ... . . 1 OI :o.":ER 
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CLASS 6S1 ·A·M CAMERA ASSEMBLY 

The Class 651·A·M Cumera Assembly 
is designed p.trticulnrly for super-high­
speed s troboscopic photography where 
t.he mill is laler lobcprinlcdand projcclcd 
[or study or demonstration purposes. A l 
mnximmu film speed this equ ipment gives 
"slow-motion" resul ts in I he l'alio of about 
U10 La I when compmcd with the original 
action. 

Inasmuch us the (!llmern. is of the 
shu tterless conLinuous-fihu I.ype, fin inle r­
miltent flashing light source is required 
to produce the individual exposures. 
Because of the speeds illvolved, ;l TYPE 
621-A EdgcrloH Power Stroboscope, il-

lustrated 0 11 page S, is recolHmended [or 
the source of illumina tion. 

Where high-speed films nrc t.o be pro­
jected La give slow-motion :lotion, pro­
vision rOf a(.'(;urateiy framing the separale 
exposures is required. A com mut.ator is 
provided ror this purpose. Mounted 011 

t.he shaft of the main fillll -d rive sprockel. 
it is conucctcd to the st roboscope circuit 
and provides the impulse which sets ofr 
t.he Hash Cor cnch exposure. The exposures 
are thus accurately spaced ou the film, 
:U1d the film may be projected. without 
jumping or the image, Ilsing standa rd 
projection cquipnlcnl. 

SPECIFICATIONS 

Film : Any S.'i·nlill fi l11l or pllper lI'ilh slllndnrtl 
pcrforulion~ C~lIl be run. Oa.l"li"lll londing Iwd 

unlooJins with negligible w:'Is le ; flO lI":tslc if film 
hns pupcr leade~. Capacity of reels, 100 feet. 

FUm Speed: Using the U-iucll Ultlsking gole nnd 
the commutator supplied with tbe assembly. H!OO 
st.andard-si,.e framu per se<:'Ond arc: oposed. Thi.~ 
corresponds to n linear s~ for the fi lm of about 
75 h:'ClI~r sccolIIl . 1'he. spt"ed is n):ed by the motor 
speed nnd can only he c1ll1 l1gcd hy IIsing (I different 
pulley-drive ralio. Other pullcys !Lrc ava ilable, but 
li re not included in tbe Ilsselllhl~' des(:ribed here. 

Len s System : An jlll . .'i, ·~7·l1l m lens frolU tbe 
Dell lIml Howell " f;yemo" series is supplied ill :an 
n,lj lls lnble mounting tlmt permits focus ing ftlr 
clist:IllCCs bet\\'cen 8 a nd i!O inches. The image for 
fllclI ~ing is observed dirtctly ou the eq uivalent of a 
ground glllSs in the plnne of tbe fil m. 

' l'llis assembly has bl.-en uset.l to take plu.lt.ographs 
lit. t he rate of l iOO per SC<!Ond, using II Tl'PE Gil-:\. 
&Igcrlon " ower Stroboscol)e. for illumination. The 
IIIMing object. !;liould be sml\lI and bright; largcr 
olJjccls rec illi re even more powerful st roboscopes, ill­
fOfUmlioll (:Qllccrn illg Ivllich is obtnillable on request. 



 

DrI,·c System: The dri\'C IJlotor is tI. 115-\'011, 
3GOO f.p.Ill., GO-c.\·cle, 3-phllsc. induction motor tlml 
drh'CS the sprocket lilrouglt;1 1-10-1 bell drive. Till! 
take-up motor is :t 115-\'0It univerSl!.llIIotor. 

Power Supply: In order to secure rnl)iu uc.'(.'Clera­
lion of Ihe film, boLlI wolors should bc Ol~~m t etl 

rrom n 220-\'0It, 60-f'Ycic, s.phase supply. Changes 
in camera film speed a.n: secured by n cimngc of 
IlII ltey ratio: see "Fi lm Sl)(.~!." 

Comm u ta tor : It Iligh.speed stroooSt.'()pic moli,lII 
piclurc~ nrc takcn for lillh~uCIl I projection, the 
struboseope. II1llsl fJnsh nt Ule insltl.n t tin IIl1c)(poscd 
frame of film come~ into position. '1'Ili5 ill nu;onl· 
1)lishcd by lue:1n5 of a COnlmuta tor on Ule shuft of 
I he IlrivillS" sprocke.l. T he commutl.ltor supplied is for 
full-size. U-iudl frames:.see "Muking Gates." 

Gfrl'" /)elCriptioll 

Milsking Gates: The masking gate determincs the 
nlllount of film exposed f(lr each "stroboscope" ll:ash. 
Tllree arc Il\'ailable: ;{-inch fo r a full -size Illotion 
picture rrame. ~inch, and X-inch. 

If pictures taken arc lor iouh'idual analysis an.1 
not for projection, cx:tct synchronism bctwetn fillII 
and Hush need not bc u~u.rately lIIailiLaineu. ny 
using the ~.inch masking gate and a Bashing rJ.te 
adjusted to nIJ r,ro~iwatcly 2-\00 flushes IJer sc<.'o nd, 
thenumberof e.'{posures perseeolld cau be effectively 
doubled at the expcnse of narrowing the fi eld of 
view. By using the Vi-inch gate, in n similar nIllOner. 
lhc Cl(Jlo9t1Te mte can be t riple.!. 

Dimensions: C:uuera, (length) I I}$ x (width) 
O,k! x (height) IG~ inches, over-nil; bfl llC. (length ) 
18 x (width) l5 x (heighl) 1.J.1 ill che~. oycr-all. 

Net Weii\ht,: GO pound!. 

Colie Word Price 

Camern Assembly .... ......... . 1 IIIRG I:: 

· C"' .. ist~ 01 .·lUl1~'" (indudinl: tAke-up m()tor). d,iving 1I .... tm. base. «IIUt,,"t .o.tor. and Icn~:os o..K'fit..<i. 

SPECIAL CAMERA ASSEMBLIES 

The following paragr:tphs lisl some of 
tlte optional accessories which are ;woil­
ahle. Thcy may be used wilh the Tl'l't: 
(j51-.'\ High-Speed Camera to build up 
Camel·n. as . .,emblics for particular rC<juirc-

ments differing from the two assemblies 
previously described. All equivalent or 
suhsti tute accessories Ilrc interchangeable 
wilh each other and with those originally 
furnished with t.he camera. 

SPECifiCATIONS 

FUm: Camer:t!f using J(l-Jtlm iJL~ \ e!td of 55-mOl 
film (lr \J:lil"r ('fin he !llIPIJtir..t. Thr. slIIaller hci~!Jt of 
the st.'l.ndnrd 16-mm fmllle is sometimes an ,ul­
\·ll.nlnge for slNhoiK'Opic photob'Tapliy fit erlrcmcly 
high spee~.Is. 

Len s: LenSt!'s llS fas t liS f / 1.5 I1ml wilh foc.'l. llengt hl! 
IJctwccn 47 111m and 6 inchC!f (lelephoto) Me obtnin­
ahle to fit the stnnd.llrU mounting. When used with 
ciUIf::r a s lJ'ing- or Ii conventional mo\·ing-L'OiI.type 
oscillograph, DO lens 3t 311 is needed. 

Drive : There pre IDlmy posiJible comhin!ltiQns of 
driving lllotors wilL bell or gear drivell L1lat make 
il possible to obtain film speeds anywhere between 
~{ inch per 5eCQnd and 75 or more feel per S\.'COnd. 
For !lOme applic.'l.tions, no dri\'iug motor is required, 
the take-up motor supplied with the camera being 
used to pull the film through. 

Cluonographic Work: Many neceleration HUll 
slJcc<1 studies cnn be made when a timing reoord is 
photographed dirLocUy on the film, or when :1 
synchronous-motor drive is used. Optical units for It. 

photogrnphed time l\:l:i5 1II01i ll t di rectly 1111 lIu~ 

caroerfl and are aVlIi lllblc for either GO- or 1000-cycle 
t~act's. 

Some inrlex to thc cost of the di fferen t elClllclILs in 
1\ spedal :tssculhly CliO he obtained frolll the follow­
iTlg list Qf oolUponeuts of the C ...... s:J 65 1-:\.-E anti 
C .,AS.o; 651-:\-)[ Camera Assemblics prC\'iouily 
d~ril)(..J: 

'!'Y"t; 651-A lligh-SI>t..'Cd Camer.\ with 
I.:tkc-lIp motor ... .. ... ... ... ... .. . 

Bell and Uowell " £yemo" Lens, 1/2.5. 
"71l11l1 .. ..... . . . . ...•....... . .... 

Gear-dri\'e motor /llI wetl wiU. CL.~SS 
65 1·:\·£ .. . _ .. ..•..•........... . .. 

Belt-drive motor ami base as used with 
CI.A.'S$ 651-:\-)1. ..... __ .......... . 

Commutator used with CLASS 651-A-M 

It you hn\'e a prohlem that General Rm lio cnmerll 
equipltlent IIlighl help to soh-e , slu le .\'OUr require­
ments Ilnd 1l.1low us to suggesl nn nSSCllluly tltat will 
mc.'(:t them. P lease give nil pertinenl information. 
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TYPE 636-A WAVE ANALYZER 

The 'J'Y1'E G!36-A Wave Analyze.' is :l 

superheterodyne "~lCUI I Il1 -tubc voltmeter 
with a "cry sharply tUlled inlcnllcdiat.c­
rrequeue), amplifier which l1111kcs usc of 
two quartz-crys tal fil t.e rs. The range of 
ailcrnHt.ing-clIl'l'cnl volt.ages liHll mit,)' be 
Illcasmccl wilh the iln;:llyzer is fl'om 200 
microvolts to 200 volls. 

Fllndionalty. the iuslnul1cnL consists 
of two pal'ls. The first is a voltmeter of 
adjus tahlc sens itivi ty which responds to 
a single frequency only, and tlte second 
is 11 mC;lllS of plac ing thi s single frcqllcucy 
OIL :lny point in th e fludio-l'l'cquc ncy 
speclrullI Lhat is desired. 

\YilL t he T iTE 636-A Wave AnaiY1.er 
n eomv1ex wJ.tvcfonn lIlay be exploretl by 
adjus ting LllC voltmeter 10 respond to aU 
audio 1'l'cqllclIcics in Sllcc(' ssion :.11Lt! ob~ 

serviug lhe voltage of each pmticular 
frequeucy tJlat is Jl/'cseut ill tLe wave. 

The operation of the ded (;c to obta.in 

this information is exlrcfllc l'y simple. It 
consists of rotating t he I:u·gc dial , which 
contr ols the response frequeJl(;Y of the 
voll.met.c l·, slowly through its range, and 
ohserving each ddlcclioll of the voltmeter 
which occurs . 

The most serious problem in the design 
of this t,),pe of instrument is Lo secu re 3. 

sufficiently sharp 6ltering acLion so thaL 
the voltmeter will respond ouly to a very 
narrow band or rrequellcies. This has been 
accomplished in Lhe 'l'YPE 63G~A Wave 
Analyzer by the use of :-~ Lwo-sla.ge me· 
chanica l filLer usiug (luarLz bars tuned to 
50 kc. The use of the fixed-frequency 
meclla nicul fil ter results in 3.\·oidance of 
the circui t complicnlions of variable­
frc<1ucney filters and in a g t·eal inc rease in 
61l.cl" selectivity. I n ordt~ r to Yary Lhe 
I·espouse frequ ency of the analyze r whi le 
making usc of :\ fixed·frequ e ncy fille r a 
hclel·odyne method is used. The ad-



 

justnblc elcment in lhe sys tcm is the 
frequency of tbe hetcrodyning oscillutor 
which is conLrollecl by the huge dial. 

The output of t be loca.1 oscillator and 
the wIlole of the complex waveform to be 
examined arc fed to 3. balanced modulator 
where their combinat ion produces boUI 
the sum and difference rrequencies, or side 
bflnds, in the outpu t. The original of t he 
<:o mplex wa\'eform is no t. passed by the 
modulat.or inlennedial.e·fl·cquellcy output 
t ransformer, and the local oscillato r 
carrier frequcncy is suppressed in the 
output because of the lwo-lube b~t1 ft llced 
modulator employed. 

The 50-kilocycle campanell t of t he 
upper side banel, propol' liolHll to Lhe 
volLage of LiLilL frequeucy Lo which the 
main dial is seL present in the original 
wa\'e, is selected :.md HlllpliEed by the 
inlermedinle stages. The adjustllble gain 
(:onlrol or the ilmplifier gi ves tbe lUallY 

values listed below for filII -scale defleclions 
of the outpul meter. The st..1.ndards for the 
voltage and frequency calibration are self­
contained wiUlin the instrument. 

The input impedance of the analyzer is 
normally 100,000 ohms. Unde r these COll­

ditions UU~ multiplier range is such as to 
produce full -scale readings on the meter 
from 0.001 voll to 2 volts. An external 
10-Ulegohm multiplier is supplied which 
nlters this range to from 0.1 volt to 200 
volts. Sinee the meter can be used at 
one-tenth full scale, the total voltage 
nwge of lhe instrument is 0.2 milli volt 
Lo 2:00 \'01 ts. 

The a nalyzer is not only useful for the 
measurement of harmonic distortion, but 
also for the s tudy of induced voltages in a 
complex waveform. Examples of lhis type 
of work include hum measurements in 
radio-re(.'(!ivcr outpu ts and induction 
studies on telephone lines. 

SPECIFICA TIONS 

}o' requency Hanl!e : 20 to 16,000 cycles. 

Selectivity: Extreme selectivity perm its discrimi­
nli l ion of voll u.ges d ilJering hy 0111)' n few cycles. The 
responsc is down 6 db ti t 2 cycles, ",0 d b at so cyele." 
nnd 00 db nt 90 eydes froUl Ule pcak. The selectivi ty 
is constant UlJ't)ughout tile opera l ing frequency 
range. 

Vol rage Rnnge: 0.2 millivolt tu 200 voJts. Tile meter 
ill conjunction willi its multiplier has u full·~cn lc 

r:lIl\:e uf 0.001, 0.00l!, 0.005, 0.01 0, 0.02:0, O.OJO, 0. 1, 
0.2,0.5, t , and 2 volts. AD external 100 to 1 muUj­
pli.: r is 1I1'(J\'ided to increasc Ihe inpul impedance 
IIl1d 10 exlend UIC range to 200 \·olts. nllll~;e with 
lIIultiplier, 0.0'l voll 10 200 \'oill. 

Vo ltnlte Accuracy: Withill 5% Ull a ll rallgCII ex­
cept on the I· m\' anti 2·w\' «(ull.&eule) scUings or 
I II(~ multiplier switch where llic IU:curacy is wilhin 
10%. Spurious yoltag6 from hi;h~r order mOllu­
Ialioll p roducts introduced by the deledor nrc 
~upprCSSCtI by a t lea.s t 70 db. 

Input Impedance: 100,000 ohms; 10 megohms 
wilh li le cdernul multiplier. The 100 10 1 e:( lernal 
multiplier is wcll shicldCiI and h ll~ such a high input 

TV" 

636-:\ I . . ............ 1 

impedance that the anlll.vzer may be t.'OlI lJecleti al­
Ulost lilJYlvhere in It circui t without using series con· 
ueusers 01' biking lilly olher precautions Ilsulllly 
lleet:sSotuy wilh harmonic analywni. 

Accuracy of Calibration : Tho:: frequeucy SClllc of 
tile muin luning oonlrol is indil'iuually eliGraveu 
nnd i ~ uJlpro:ciw!llely logflrit.hmic over its full spread 
of ulmust IS inches. F or onc yell r from the da le or 
purcha~, lhe t'alibmtiull ClUJ be relicd upon 10 within 
2% when lhi: nilltlyzer hilS lIeen enreflilly sct Lo zero. 

Tubes Required : Three 41·tYIK', lwo is-type, nn,1 
one S7-type tUbe5, supplied wit h the indrumenl. 

Powe r Supply: The tilulUenl sU llply is ohtllinc.1 
frol ll n 6' \'olt 5torage baUery by ffit!lUIS of cable 
provillcd. The pinte supply is oblnined from thrCi: 
'15'\'011 E\'erea(ly No. S7i b:.ueries or e<Juivnlent, 
space for which i5 provided in the lower compar t· 
meul of Ule insl rument. Batteries 4re not included 
in the price or the inslruwclIl. 

Dimensions: (Ut:igh l) 27M).: (width) ~ I ).: (.Icptl ,) 
1'l.!.1! inches, o\·er-all. 

Ne t W eight: (lS}I.l !'mllll.ls. 

Cod(,; Wor./ Pru;t! 

Allon: 
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TYPE 457-8 MODULATION METER 

P roper operation of :'\. broadcast trail s· 
miLter requires mOI'C knowledge about the 
performance of t he modulation system 
than l he operating engineer has been able 
to oblain readily . Measurements of the 
percentage of modulation and tbe adjust­
ment of the tra.nsmitter for the maximum 
:uuouut of lIllclistortecl modulation have 
been difficult, involving as they have a 
well-developed, experimental technique 
and relatively complex equipment. The 
ad\'ant..'\ges of a simple nod accurate 
modull.llion meter will be appa rent to 
every broadcast engineer. 

The TYI'E 457-B Modulation ]'1cter is a 
di rect-reading instrument for the accurate 
measurcmcn t of percentage modulation. 
rL has a number of important uses. De­
terminations can be made wh ile a program 
is in progress so tbat it may be used by 
the monitoring operator to indicate when 
the maximum allowable percentage modu· 
Jution is being exceeded. Tills wodula· 
tion meter is no more difficult to opera.lc 
than a power.Jc\,el indicator. 

The IlHtximum allowable percentllge of 
modulation Cor any given adjustment or 
t he transmi tter can be determined by in· 
(!I'easing the a udio-rrequency input YOltl1gC 
unti l furlh er increases no longer pro· 
c1ucc proportional increases in percentage 

modula tion. Greater values or percentage 
modulation indicate tha.t the tr:l-IlS111illcr 
is being overloaded with distortion result· 
ing. Since the percentage modulation eall 
be measured on the negative peaks oC t il e 
ll udio.frequency wave as well as on the 
positive peaks. lack or symmetry ill the 
modulation or shirts in the average vtliue 
of the carrier volt:.'lge during Olodulation 
can be detected and steps taken to correct 
the maladjustment. 

About 75 volts of modulated carrier 
voltage may cOllveniently be introduced 
into the modulation meter rrom a pickup 
inductor coupled to the output c ircuit of 
the transmitter. The power required to 
operate it (approximately 0.5 watt) is 
negligible even in low·power transmit· 
t ers. 

The lnstrurncll t consist s essen tial1y of a 
Linear rectifier ror obtaining a wave idenli­
cal in {orlll with the envelope of the modu­
lated radio-frequency wave a.nd a mel.l.ns, 
including a vacuum-tube peak voltmeter. 
for examining the maximum and mi nimum 
va lues of t.he rectified wave. The circuit is 
arranged so that, arter a preliminary ad· 
juslment of the radio- frequency voltage 
applied to the rectifier, percentage modll · 
la tion for either positive or negat.i ve peaks 
is given d irectly by a d illl reading. 



 

SPECIFICA nONS 

,\ ccuracy: In ordinnr.YlIsc lite error i~ leM lIlIm 5% 
ill moe,lullttion at nUtlio frequencies up lo aooul 3000 
cycles. The inherent errOr of the instrumeul i~ (:on­
sidcr:lhly less lhno this, anti, if su/lic ien l can: is uscII 
ill sel.li ng it up lint! ill taking observntions, lhe error 
[IIay Uc reduced Lo below ~% in mot.l ulntioll . . For 
exalllple, when l he modulntion meter reads 75% 
lIlot\uiutioll , the true value will be between 73 % a nd 
n %. 

The aceurncy is grcntcr at higll mod1l11ltion per­
centages tlmn at low, allli is greater nllow mex]u la­
tion frequencies lIllin at high. 

Ra nge: The above "al ues of Rccu racy Ulny be 
C-X llcclcd for Cttrricf frequ encies in the range beh,-ccn 
120 kc lu"l 40 Me (2500 meters to 7.5 meters, 
npproximatdy). 

Tubes: T wo UY-2il7 tubes aTC supplied wilh the 
instrument. 

Power S upply : T wo Uurgess No. 5:)08 bloek 
batteries or equh'nlent OO-voll battery Ilrc required 
lo deliver about i m;l. A battery compartmcnt is 
providcJ inside the cubinet. Filament-benter power 
is supplic(] fmlll the 115-volt. 50-GO cycle. :I -<,: line. 

Terminals: A receptacle for plum,olng ill the 11 5-
vol t supply is provi( lcd on the rigllt-hand side of the 
cabinet. BlLttery (.'() tlneelious lIrc mnde to Oe;-.;ible 

Typt DClcriplio ll 

Ca binet jI,·lounting, . ... . . 

lends. On Ibe fron t panel and un terminal plates at 
the back, dupl icate p:lirs of binding posts are pro· 
\' ided for l he rnd io-frctlucney inJiu l :l nd [ .) f tlJ(~ 
output of the lineilr recl ifier. so tlmt it can he usc,] 
wil.h other an:dyzing equi,I lllcnt if Ilesire.l. 

S hielding: A sll ield of llickel·plHled br:ts.~ protects 
the circuit from !lImy eleclric fields. 

Mouilling: :\IJ parts nre mounted 011 an alu minum 
I.mnel finishct] in black entckle IalXlller. The in­
s trument eun be supplied mounted in a I>otished 
waluul cahinet or with panel c;-.; Iensions suil:lbte for 
mounting it ill a staudor(] 10-iuch (T YPE 4S0) reillY 
rack. 

The cabinet-mounting model is known n.s 'J'YP ~; 

457-Ui\I ; the rack-mounting model is known as 
'l'nE 457- BR. 

Accessories: The iuslrument jsslippl icJ \I'itl~ lu!'t!.S 
and a 7· foo1 cOllnc(:ling ct"lni lm l without battery or 
pickup iUliuclor. 

Dimensions: I'anel size. ( Icngl h) 15 x ( iJeight ) 
7 inches. Cubind si7.1; for '!'1' PE -l57-B:\1. ( lengtiJ ) 
18.!1;-.; (bcighl) 8}:1 x (depth) I O~ inches. over-all, 
including uun.l1es. PHne! size ror Tnt: "H·Hlt 
( length) 19 lI' (height) 7 x (depth) 10 inches. over-H It. 

Ne r Weight : 25 pounds ror Tn!: 4:j7- Ui\ I: It! 
l)Ouud~ ror T YPE -'51-Un . 

Code Word 

457-0M 
451-BR Relay-Ra ck Moun t ing, ..... . . 

. . . . . . . I 

... . " 

M.-I. :SOE 

MANG Y 

NOW! 
% MODULATION 

% HARMONIC DISTORTION 

- DR NOISE AND /·1 UM LEVEL 
All n rcg il'c ll d irec tl y Oil lhc panel 
Ilh:: l crs of the C t.ASS 730-A Trans­
llIi!Csion Monitoring ASSClil bl y, 

- lJ igh-sp eed mclcr $ 

- AIl.Lom llLic (}I;tlr · lIu.u/" III UlJ1I II /l1r III 

Code W QrJ: EXll. 1> 

11ull.: lill 38 1. :\ Oil n ::(11I ",,1 
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TYPE 536-A DISTORTION-FACTOR METER 

Most of the melhods of mcasming har­
monic dis tortion that have been employed 
either hu \'e been laborious or have ill ­
\"olved elaborate eq ui pment. The 'j'YPl-; 

536-A Distortion-Factor Meter has been 
developed Lo enable d is tortion measure­
ments to be made accu ra tely :lIld rapid ly. 
This instr ument has :l ru rther importan t 
nJ ":llllage over earlier npparn tus in that 
its input im pedance is very high. It may, 
therefore, be connected almost anywhere 
without causing appreciable disturbance 
of the circuit under test. 

J n order that tbese cuds In ight be 
achieved, two imporhUlt si mplifica tions of 
t he problem have been made a t the out­
set. Ouly II single rundament_'ll frequency 
is empio.yell, ;"tnd Oldy t he LotH I harmonic 
d istortiuu is mcasured. 

'fhc first of these limitations is not 
scrious because hnrmo nic production is 
essen tially :'LIl amplitudc phenomenon. 
Frequency usunlly enters in to the problem 
only secondarily. For th is reason a study 
at a single frequency of thc IHl.rlllouic 
p roduction in 1\ given piccc of apparatus 
undcr various operating cond itions yields 
va luable inforlllation. 

The measurement of total harn.lOu;!' 
contellt is for most purposes p referable 
to Lhe measurement of t he scvcl'nl COUl ­

poncn ts scparately. We obtain in th is 
way a single quantity as a mcasure of 
t he impurity of the voltagc source. The 
" Distortion Factor" measured by the 
instrument is 

D 
-';'~E"':--;+-l",'-l +-:-CE":'+'---.-. 

E, 
Th is is thc ratio to the fundamental of the 
effective valuc of the combi ned harmonics, 
This quantity is an exccllcllt measure of 
UJC objectionableness of lhe distortion 
present in the transmission of speech or 
music. For example, a second ha rmonic 
of 5 per cent with a t hird harmonic of 
5 per cent is scell to give a smaller dis­
tortion factor t ha n a single harmonic or 
] 0 per cent, and is correspondingly less 
objectiollablc. 

The present general use of the peutooe 
output t ube Ilutkes a dependable IUcau::; 

of studying lhe outpu t capabilities of 
a n amplifier especially desirable. Output 
measurements withou t some indication 
oJ the dis lortion present are of doubtful 



 

significance. The use of the TYPE 536-A 
Distortion-Factor l\'1eter in conjunction 
with the TYPE 483 Output Meter in 
making these measuremcnts gives truly 
rel iable datn for t he compari son of various 
types of amplifiers. 

If a suitable linear rectifier is availab le 
ror demodulnlioll , the TYI'E :;86-.'\ Dis­
tortion-Pactar Meter prov ides a means of 
measuring the impurity of the modulated 
outpu t of a radio-telephone transmitter. 
Sueh a high-quality linea r rectifier is COIl­

tained in the TYPE 457-B :Modulation 
Meter, and terminals lu'e provided fo r 
connection t o tbe distortion-factor meler. 

T be principal elements of the instru­
ment are an excellent high-pass filter 
and a calibrated resisl:.lIlce network by 
meaus of which the filter output is com­
pared with the inpu t voltage. A d ial is 

rotated until the same indication is 
obtained for two posilions of a switch. 
The dis tortio n factor is then given directly 
by the dial reading. Two ranges are pro­
vided giving 3 per cent and SO per cent, 
respectively, ilt the max im um dial selling. 
The cha racteristics or the filter nrc such 
that tile fundamcntal is attenuatcd nbout 
75 decibels more than the h'\rlllon ics. 
Power-supply bum voltages n.re li kewise 
suppressed. All harmonics up to the 
fifteenth are tnlllsmiltcd equally within 
0.4 decibel. The .filter is so designed thnt 
uo appreciable harmonic distortion is 
produced by the inductors, even when 
large input voltages nre lLpplied. A re­
sistance pad is provided :theltd of the 
filter so that the enlibration is not altered 
by the impedance out of which the in­
stru ment works. 

SPECIFICA TlONS 

Range and Sensitivity: Willj the recommended 
R\I:\;iliary C<juipment. 10 volts across the input ter­
minals make! possible the meusurement of distor tion 
fnclors as I()was 0.02 %. If larger distort.ion fa ctors 
arc to be measured. the input voltage mlly be Toone,,1 
in the same proportion. Similarly. if larger input 
\·oltagts are I\\·o.ilable. proportionately smaller 
distortion factors mil)' be mea3urOO. 

For special uses. the rnnge aod seosili\' ity may be 
very greatly extemlecl by employing more ampljfiea­
liou. If desired. two TTl'!:: .5 14-A Ampl ifiers !lilly be 
used iu tandem for spedtll work . 

Frequency Range : 380-420 cycles. 

Input Impedance: About 175,000 ohms. 

Accuracy: Wbell the TypE 4SS-U!'i1 Alternating­
CUrreDt GalvUDomcter is used liS illdictltor, the 
error is Icss than 5% for distortion factors as low as 
0.00.5. U net1!SSllry. greater accuracy can be obtai l1~ 1 

by substituting tln instrument of the Ulermcx:ouple 
type, liS th is indkate!i more II L'C ura tely the efrective 
v/Llue of a composite ,·oltage. Inasmuch as the 
UlcrmoC\)uple instrument is less sensitive. more 
sluggish, and bas n mucb smaller o\'erload cnpllcily. 
the TYl'E 4ss.HM Alternating-Current GIII\,I1-
nomeler is usually to be preferred. 

Type 

536-A I .. ···.·.··· ········ ·····.·· . 

Auxiliar y Equipment: Tile (lislorlion-fuetor 
!IIeter mllst be lISed wilh II. suitable amplifier tlDd 
indicli ling instrument. The TYl'E 51,1-A Amplifier 
and Typ~, 488-HM Alternating·Current Galvo­
nomeler II rc rCL'Omlllended for gelleral use. The 
alllJl l ifi~ mUllI ha ve tl fill t c1I11Ttleteristic. varinble 
gain. RUt! au input impedance greater thon half a 
megohm. The indienting instrument should be 
sensitive tlntl htl\'e a S(lliare- Iuw chtlraet.cri~tic in 
order to indicate thc effcd;"c valuc of the t:ombinetl 
harmouics. 

Where a 400.cycle vullage is applied to the ap­
I)Urulus under test. it must IIsua lly be filtered to 
obtnin suffi cient purity, T he extent to whieh this is 
necessary depend3. of course, on the Illagnitudes or 
the distortion fa.ctors to be measured. 

One or more Tn'.: SSO-A or Typ.~ SSO·C I"i1ter 
Sections may be elllployed if cxtreule purity is not 
required. :\ speciul band-pass (ilter T\-PE .5S0-A tlnd 
Tn!:: 5SO-C hilS been de\'eloped for use with the 
T\"PE .5SG-A Distortion-Factor Meter. This filter is 
tlesr.ribed on Ule next !lnge. 

Dimensions: Panel, ( length) 1'1 x ( height) 7 inches. 
Cabinet, (length) 14}1 x (height) 8X l\' (dcpth) IS!X 
inches, over-all. 

Net Weight : SO pounds. 

Code JVord Pritt 

. . . . . . . . . 1 OllAt'T 
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TYPE 530 BAND-PASS FILTER 

This fille r is designed lJl'illlariiy for use 
wilh the TYPE .j~36-A Dislortion-Faclor 
i\ lcLcr Lo purify the yo!tage applied to 
npparnlus under test. II is useful in any 
olher cases where nn extremely pllre '~OO­
c!.\o'cJe \'o!lagc is desired. The use of one of 
these filters reduces the harmonic contenL 
Ly :tlleasl50 decibels. They may be used 
with ,t fUlldulllcJltai frequency of from 
375 Lo 425 cycles. Sufll cicnt attenuation is 
provided at the low-freq uel.lcy eutl Lo 
remove ;tny power-supply hUIli vol lage 

which may be presenl. The two type,:; 
differ only in characteristic impedance. 
These fil lers a rc not c:lrried in stock hilt 
arc suppli ed on order. 

l.n;ts much as the type of !.iller section 
employed is unbalanced Lo ground, this 
band-pass fi lter lllay not be used ill 
balalt(:cd~eircllit inputs to thc appal'atus 
umler tesl. For bnlanced-Iine inputs the 
use of :l Tn·£ 58;;-R Tr<ll\sfo rtnCI'. de­
scribed on page 158, betweell the fil le r 
scct.iou ouc! thc npparatus input is recom­
mended. This transformer is dcsigllc(1 (or 
the intercollllec tion of balanced and 
ullbalaneed lines and will nol introduce 
h;mnonics into n ·~OO-cyde lest signal of 
lUodel'atc amplitude. 

A :lOO-cycle, Vtlellll m lube, a-c Opera led 
oscillator wilh nil output waveform of 
puri ty eq ual to thnt obtained from other 
sources through a TnE 530 B.'uu,I-Puss 
Fil ter is l\ (:OlllpOllcnt pnrt of the CI.ASS 
730-A 'i'r:lIlsmission Monitoring Asscmbly 
mentioned on page 111. This 400-cyd e 
T\'1'E 731 -:\ Oscillator is separately 
tlvilihlblc in r:lc.k-mollllling form. 

SPECIFICA TIONS 

· 
· 
· 
· 
· 
· ~ 

- 1\ 

'. -
Type 

I ~ 
V 

- -
I mptJotIC'e 

600 ohms 
6000 ohms 

'Hulll 10 orde t--Aut u.rrifo.l in .Iock. 

- -

Attenuati on Characteristic: &:c ;u:c_'()rnp:ln ~· ins 

cun'c. A pcuk of ma:l:imUIU allcnuntiOIl i~ set for 
r~jeclioll {)r Ihc. 800-('~'c-1(' $CC."OJ)tl h:mllouie. 

Imped:IIl(:C: Designs arc 011 file for a filter or 
GOO·ohm clwnlcleristic illllx:dn ncc for line use nnd 
for a GOOO-oIIIll filler for lise, willi n blocking (.'on­
IleJlSU, directly 011 lhe oulpul of 1m oscillator or lin 
amplifier stng<:. Fillers ordered fOT 01 her impednll('e$ 
nTC obtain(lhlc al a. sli"hl increntre in cost. 

1\., o un fin~: F;ll('u ure mounted in stnndn rd d rnwn 
sleel, wax-filled 1\lodd D CliseS. 

Dimens ions: ClI!lC (witHh) sH x (height) 5M 1-

(tlcptla) 5M inches, o\·er·rdl. See .. Iso dililensioned 
drawi ng, pnge 15i. 

Nct Wel~ht: $, 1)(lUmls, 

J'au Balld Code lJ'ord 

:H5- li5 cycles 
!':I75-4is (:.relet 

VOCAl. 

I-'UHIU 



 

TYPE 534 BAND-PASS FILTER 

This filler contains in a. single unit nil 
en ti re band-pass filler. 

This filler is designed primarily for usc 
in connection with bridge measurements 
in order to suppress harmonics a nd also 
a.ny hum which may be present in t he 
generator. It may be used either in the 
generator output or in the detector inpu t. 

The transmission chnrncteris tic is simi­
Jar to that of a simple resonant circui t, 
except that it offers appreciably higher 
d iscrimination Lo frequencies ou tside the 
lrfUlsm lllecl region. The minimum trans­
mission loss is approximately 3 decibels. 
Discrimination agai nst the second l1<lr­
mouicis norma lly 33 decibels. l;or the 400-
cycle filter the discrimination against low-

I't'cquency hUllI is in excess of 16 decibel.s. 
for lhe IOOO-cyd e filter it is in excess or 
2:') t1ecibels. 

SPECIFICA liONS 

At tcnuat.ion Characteristic: See l\ (.1.;OIll I)Ullying 
eun·e. 

Impedance: The filte rs lisled l\re designed on the 
basis of generator and lond impcdnn~s of 2000 ohms. 
Formulae li re available for compu t ing filters for 
other impedances. 

T ype P"quency 

·534-A 400 cycles I· ........ 
534-B 1000 cycles . . 

It should be noted tiutt the d is<::rillliua tiou of the 
filler nnd its maximmll transmission Iloint nrc cle­
I>c[ulenl upon the terminl\1 impedao<:cs. At the 
secflnd hrlTlllonic. for c~nlllple. t he d iscriminaLion is 
iuerClLsed 12 db when working between four times 
normal lerminal impedances. and decreased U dh 
whe.J.l workill~ bel ll'cen one-quarter norma l terminal 
impedances. Discrimination against JOII'-frequency 
hum Illay vary as much uS 2'2 dh tiS tliegcncralor :L nd 
lond impedances a rc varied lJel"·ccn [()ur Limes till! 
Il()lliinnl vulue and one-Ctunrter the uomiual va lue. 
Over L1Lis snme rnuge the minimum nllcnunliou 
l)Oiut Ulay va ry afJpro~imatcly 10% ill frequency 
ond 5 db in a t tenuation. 

Calibrarion: Pillers nrc ncijllSh.'(i by selecling 
condensers of the series resonant circuil so that the 
minimum altenuation point is wiUlin 1% nf the 
value cngraved on tbe lIo nel. 

Mou n ring: 'l'he fi lter is IIUll(.:hCfI to 1\ bakeli te 
pauel and enclosed in n walnUl cllbiuel. 

Dimensions: ( Length) 7M x (lI" i d tll ).~ ~ ( Ileigh l ) 
:)}i inches. over-nil. 

Net Weight : .J.llolJllds. 

Codt Word P rice 

..... .... . I E XC~~1. 

....... ... ..... . t;:'O;HT 
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TYPE 330 FILTER SECTION 

This series of simple high-pass and 
low-pass filter sections includes high-pas~ 
T-ty pe filter sections and the low-pass 
r.-type sections. These indi vidual sections. 
including a laminated iron-core inductor 
and two condensers. arc bui ll into shielded 
metal cans. Any number of simi lar or 
different sections may, of course, be joined 
in series to produce a mul t i-seclion filter. 
The accompanying curves give an idea 
of their transmission characteristics. The 
important influence of the lenninaling 
impedance on sharpness of cut-ofT , shown 

in the righ t-hand figure. should be noted. 
A group of filters with convenient values 

of impedance and cut-off frequency is 
listed below. The Genera l Radio Company 
specializes in equipment of this sort, anrl 
similar sccLions h:Lving any uesired electri­
cal constanL., Illay be obtained 0 11 special 
order. The theoretical cut-o£f frequency, 
!Q' and the iterative impedance should 
be specified when ordering such special 
sections. Low-pass and high-pass sections 
may be combined to make band-pass a.nd 
band-elimination filters. 

SPECIFICA TiONS 
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!\'Iounting: All lI.rc moulllecl in Molle! C t1U es, 

dimensions for which ure gi\'en a ll I)!\(''e 1;;7. 

1'V'Pt: J, l m.pctla ' ICO!' 

330-A 500 cycles 600 ohms 
330-C 500 cycles 6000 ohms 
330-E 1000 cycles 600 ohms 
330-G 1000 cycles 6000 ohms 
330-J 2000 cycles 600 ohms 
330-1. 2000 cycles 6000 ohms 

330-8 500 cycles 1100 ohms 
330-D 500 cycles 6000 ohms 
330-F 1000 cycles 1100 ohms 
330·H 1000 cycles 6100 ohms 
330-K 2000 cycles 600 ohms 
330-M 2000 cycles 6000 ohms 

LO .. • ..... S S 

' 00 
rD·, 

... ~~ ... {>. 
- - . 

".-0 :"" _"'XI". -

, U 
f! , 

-• tI 
, 1 
, . • 
.. , . 

-" , , ., ~ "00 ~. "00 o 

Net Weight : i\pproximntel.y :.1 78 pounds for all 
si:r.cs. 

CodO!' Word Price 

Low Pass FlI.l' t: RO OAT 

Low Pass n l.T ER8F10E 

Low Pass F I I.T F.RTOAD 

Low Pass F il/r EII8 !OS 

Low Pass Fll/n: IUl~:AI) 

I.ow Pass F II.TE RDELL 

High Pass ~'lLTEnGIRL 

High Pass YII.TER.S E AT 

lU~h Pass FILTER~ruS Ii 

High Pass FlLT E HPll'E 

Hiab Pass YrJ.T£llF'QOT 

H.ig,h Pass FII .TERWALK 
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TYPE 626-A VACUUM-TUBE VOLTMETER 

The wide applicability of the thermionic 
lype of .1Itcruatiug·current voltmeter in· 
traduccd the need for such nil instrument 
designed to be opcml.cd wholly from the 
60-cycle. 11 5-yoll. :\-c mains. 

The TYPE 626-A Vol lmclcr is a direct­
I'ca<i iug, L"Ouvcnlcnl, moderately p)'ccisc 

instrument of lhecompensnLcd, depressed­
zero type. The filam ents of the tubes used 
nre run nt subnormal voltages so that 
their normal life is considerably increased. 
A rugged d'ArsOflV tl l type of meter huving 
:t full-scule deflection of 300 micrOfltnperes 
is the indicating device. 

The design of the ('ireu;ls and the type 
of tubes used result in a minimum wnnder­
ing of the zero poin t from aging, the chief 
sou rce of error being fluctuations in the 
line voltage (see below). A rheostat is pro· 
vided on the panel for .tdjusting the in· 
strument so that all values of lin.e voltage 
between 100 and 120 volts may be used. 
Sudden erratic changes ill line voltage are 
not in ge neral detrimental , owing to the 
Jnrge thermal capacity of the caLhode of 
the thermionic Lube. 

SPECIFICA TiONS 

Range: 0 II) 3 volts. root·mcan-S(luare. 

Input Imped im ce: 10 megohms. No external 
llirect-clltrclIl path is requirefl. 

Power Supply: Altcrutlting current. SO-GO Cy<:\es. 
100-120 \'olls. The instru ment drAWS a current of 
flJlllroxim:ltcly O.IS :\mperes frolll the po wer lIuJlJl ly. 
A pilot hUIIJl uml "u~·o ... ·" switch are mountcd on 
the p:lIlcl. 

Tubes: One 227-t."J)C for the thermionic voltmcter. 
one 171-tYIIC for the rectifier uuit. and one 874. t.ype 
bAllAst tube ro r stabilizing lhe plate voltAge Are 
required. These are supplied with the instrumcnt. 
I n thc event. of fAilure of the volbuclcr tube. the 
in~lrument should be re lll rn(!( l lo us for recnlibralion. 

Ca libration ! Each instrument is individually cali­
hrHlc(1 ant.! is AccurAte to wilhiu 1 % of full-scale 
\':du<:. 

Li ne· Voltage Error: 1\ drop of one "011 in the 
power supply wi ll reduce the reading of lhe meter 
n1 nlly gi\'lm l)Oin t on the SCA le by 0.015 voIla (0.5 % 
of full-scnle). This error is lineRT. The mder ill at!­
justed for different values of line \'oltage by a control 
rht'Osln t "" hich restores the needle to uro. 

7'ype 

.'rcquency Error: Below 1500 kc. tbis error is 
negligible. At 3000 ke. the (requeney error is It'M 
lhan i % . nndAI -1000 ke. it is leu than 4 % . 

Wa\'cfo r m Err or: The instrument is calibrated in 
terms of r-m-s \·nlues of a pure sinusoidal WRve. 
The deflect ion is IlrOllOrtion:lIIO the r-m-s vRlue of 
Ihe positi\'e hair wn\'l~ (the scn le is cnlibmtcd for 
I he full wtl\·e). Wa veform error from exld hnrmOlli<:s . 
which t.!o not affect the symmetry of the wllveform. 
is, therefore. negligible, while appreciable error will 
result from the IlTest:IlCC of any even hMlllonic 
content. This error mny be almost wholly corrected 
by rewtsing the lends to the meter and nveraging 
I he two readings obtAi ned. 

Ground: It is desirAble 10 ground the low potential 
input terminal. 

AccessorieS: A ~e\·cn·f()Ot a lt llchmcul (:ord and tile 
Ulree lUbes a re supplied with the instrument. 

MountlnC: AluminulU pand, JlOlilihed walnul ca!l!. 

OlmensiQ ns: ( Length) I l ,!l.t:..-(widl h) 8.J..-1:c ( height) 
8~{ iuches. over-all. 

Net Well1ht: 15 M l1OU1ll15. 

Code Word 

626-:\ 0- 3 vol ts, r .m .S. 1 .... . ...... . ........ .. . . 1 ETllle 
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TYPE 583-A OUTPUT POWER METER 
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This unusual instrument reads dil'celly 
the amount of audio-frequency power lhal 
any given source is capable of delivering. 
It can be considered to be fL ll adjustable 
load impedance across which is connected 
:.~ voillllcl<:r tha t is calibrated directly ill 
w;~tls lost in U1C load. Adjustments are 
provided for au impedauce runge from !l.5 
to 20,000 ohms and for a power mnge from 
0.1 to 5000 milliwaLls. In addition to the 
power scale (milliwalts) on the meter, 
there is also :1IL auxiliary scale giving the 
power level in decibels for a refe rence 
level of 1 mill iwat t. 

:iVIany uses for sllch flll inslrument arc 
possible. For instance: 

(a) The power that an a udio-rrequency 
generator will deli ver to a load or a given 

" . 
~' ""'""~ ":.!' 

-. 

impeda nce call be round immediately 
withou t calcu la.tion. 

(b) The effect of power delivered as 
influenced by load impedance can be 
measured. 

(c) An important ~\pplication is in the 
tesLing of mdio l·eccivcl's. The meler will 
serve fol' t he standard selectivity, sensi­
t ivity, baud-wid th , .uHl fideli ty lests. The 
auxiliary decibel scale is fol' t.hi s usc. 

(d) The characteri stic impedance of 
telephone lines, phonograph pickups, 
vacuum-tube osci lla tol's, etc., can be 
determined by adjustment of the imped­
ance of the power meter unti l n. maximum 
rending: is obtained. \'Vhen this oeems, the 
impedance of the mete l' is set to tJIC im­
pedance of the source under mcnSlll·cmcnt. 

SPECIFICA TIOI,IS 

Powe r Ra nge: 0.1 to 5000 milliwntts. 

Me ter: Clilibrlitc<l from I to 50 willi w~l tt.5 with 
auxiliary scale rcn.ding from 0 dlJ to 17 db with I 
milliwatt fl.! rcference le\'el. 

Multiplier: ~ l u1t iplies meter power scale by 
fadors of 0. 1, 1.0, 10, and 100. Also adds -10, O. 
+ 10, and + 20 db to RllliJiary decibcl scalc. 

Frequency Characteristic: Accuracy varies with 
freq uency and impedance setting. Maximu m error 
in rull·scnle power reading does not exceed 0.3 db 

583-A 

betwccn 150 tlDd 2.'100 cyclcs. nor uoes it ex(:ecd 1.5 
rib at itO nnd 10,000 cycles. T he 'n'cragc error is 
O.S db at so and 5000 cycles; and 0.6 dlJ al 20 and 
10,000 cycles. 

Maximum error in impeuam.'(! Jocs not cxt:cc.l 7 % 
bctwcen 150 and SO OQ cycles. oor does i t c)(cccI150% 
at 20 tInd 10,000 cycles. The avernge error is S% al 
30 and 5000 cycles; nnd 20 % al 20 and 10,000 cycles. 

Size: ( Length) 10 x (width) 7 1 (height) 6 in('he~ . 

o\'cr-all. 

Net Weight: 8M pounds. 

Code W ord Pric~ 

, -I AlHl tn; 

119 



 

120 

TYPE 586 POWER-LEVEL INDICA TOR 

The irllpor ta llce of llIaiutain ing a care­
ful dJcck upon the signal amplitude nL 
\';t riOlls Jloints in voice- lransmission cir­
cuils is well recognized h.y acoll stic engi­
uee rs. Too low n. level means in te rference 
from background noises; loo high :1. level 
means o\'Crioading of '-l.I'llplifiers ilnd rc­
prodm;crs. and lhe inlroducl iull or cross­
talk in to nearby channels. 

The TYPE 5SG 1'0w<: I'-1.<:\'cl Indi<::tlOI' 
h:ts many ad "lt lltagcs for work of Ulis 
kind . J l is pOl'lahle, com pad . rugged. 

::\,ccllmtc, low in price, a nd requires no 
batteries or ]'cplaccmcnts. 

The moving clement, slighUy damped 
Lo prcvcn l ;J ny un d ue o\,c rl lll'oW ou sudden 
Stll'ges, is particularly rugged, and it will 
with sland hard US;\ gc e ither fo J' monitor­
ing or ror gcne ra l tesling sen ·ice. Au 
auj us l<l ble ] .-Lype it Lle ll uaLOI' is i use-fled 

be tween lhc inpullcrmi nals und Lhe indi ­
caLing vol t meler. It ncls as ;1 IUtliliplier 
white Ilw in laini ng OOlls l;lIll Ute inpu t 
resistance of the lJower-lcvcl indicator. 

SPEClflCA nO NS 

Powcr-Lc",:!ll.fl ngc: See price list. .\11 raLings are 

for n uro le~'cl of 0 l1I illiwntls in n 50ll-ohrn line. 

l n ter nal In put Im ped :Hlcc: :;000 uhms resisl­
nl1(:e. T here is . t ]Iererore. no llistur t ioll or apprC(,illhle 
power loss int roducc,] into the line. 

F reQ u c n cy C h:lraCfcristic: Thl!n: i~ 110 :lppre­
c iaule e rror for fre(IIH!llI:ics II]' 1.0 10,000 tyc1e~. 

Scale Reading: For TYI' F. SSO-A ulld Tn'f: !586- 0 . 
l'.(! fO I(' \'CI II I mid·seale. Tile meLer i .~ graduated in 
2·dh st('ps bel wt.'e ll - 10 ,Ib and + G db. The mulli­
plier is adjll$tnble in 2·db sleps. 

For 'I'Yl' .: 5S(;-Ci\1 tIIlII T\' r E SSa-GIl: - 10 db 
len ·] ()(.'(,1u/"S at mid-scnle. l\lulti])lier 1:O\'Crs runge 

from - J 0 db t.O + 30 db in 2-Jb s tcllS. 

In d ic'Hi n g, Elem ent: Copper-oxidc·redi ficr volt­
meter c:,l ihl":lled to read I)()WCr lc\'cl iu J ecibek 

ACCuracy: .\ ver:lge (~rrur i~ frolll 0. 1 rib to 0.'2 db, 

Ty1' '' 1>()Icer-Lt"Cel U(l"flC 

an cntirely negligible amounL Near the - JO db 
nmrk tho: rl':uling may be us mudl ns 0.5 (lh luI\'. 

Co rrection Ch n r t: Supplied fo r use wl .. :u the 
met er is ('onllcded across impedances other tlllm 
,,00 011l1ls . 

i\'l o unti n g: T\'P ~: 586-A lind '1"\'1' .: SSG·eM nrc 
1ll0UIIl(:l l on II Imkc1ite pa.nd in II flolishccl wlI.llIn L 
clibinel, 'IYI'I} 586-0 and T\' I'E sSG-eR life intendcJ 
for uHlllntins on:l slambrd i!l-ineh, T YPE 480, relay 
rliCk. 

Dime nsio n s : For Tn'l:; 586·'\ lind 'frl' .: 5S(l·Ci\I; 
(1e..ngUI) 10 x (heigllt ) !) x (.Icpthi 5 inclu:!I, o~·er-n ll. 

l~o r T HE 580- 13 nud T n >!:; 5S0-CIl; (ICllglh) HI :t 

(height) .')Yt :If: (b.."lc:k of paud depth) 3M inches, 
over-all. " uoel tJlicknclls, Yt indl. 

Nct Weigh t : syg pounds {or cubinel Ul O<.lds , .~ 

pounds (or rll.ck-molilltjllS models. 

M"'Il >lti>l~ CodlJ W<ud PriCIJ 

586-A - 10 db to + 36db Cabinot ?''I odel IIAIHT 

586-8 - to db to + 36 db Relay-Rack Model nAN OY 

586~CM - 20 d b to + 36 db Cabine t i\'lode l !lONE Y 

586-C R - 20 db to + 36 d b Relay~Rack Model UONon 

586~ Pl Meter on ly (or Types 586~A a nd 586-0 1'0 Wl..t:V(;OAT 

586~P4 Me ter on ly ror T ypes 58b-eM a nd 586-CR POWI, .:V~ IIO£ 



 

TYPE 483 OUTPUT METER 

This is lhe consl:ml-impedancc voll-
me ter cmpioyillg a copper-o;.:idc-rcclificr 
ind ica tor tha l was inlrodu('cd by the 
GCHcwi lladio Company about five years 
,lgO for measuring l he pcr(onnancc of 
radio receivers. It is, (If cour!;C, useful 
whcrC"cr aud io-frequency voltnges are to 
be measured. 

TllI'ce impedancc v;dues h tl\"C been 
selected It S UTe ones most general ly needed. 
Pl1rl.icular nlLcnlion is directed to the 
Tnl~ 483-C Output Meter which 11.15 :t 

"oltslge r:lugeof 0-200 ,'oils :lud nn intern:11 
impcdlUlce of 20,000 ohms . 

SPECIFICA TiONS 

Voltage Runge: 200 "oIL~ (2-voll mc:t ers wil l. 
ll1ullil>licrll or 2, 5, 10,20,50, a nd 100). 

Impedance C haracteristic: With U)(! multiplier 
set nt',\"' the imJX.oda uce of the instrument is t llftt 
of t ile reetilicr :md meter only nud hence "Mic8 
~OIllCWlllll with appl ied ,,·oltnge. Tbe illlpcfl:UlL'C of 
tile SOOO-oh m instrument increases npproxiulII leiy 
50% and tJlUl of the 20,OOO·olml in~t.nl111cllt Iq)­
proximnldy 90% for 0.5 "oll npl)1ie<l. With iJlerease 
ill lIlullip lier setting the impedrmce approaches It 

lJUre resisla nc.-e of lI Ie rated value. The OIultiplie r 
resis tors ArC tllljll.!lted to within ± !!%. 

Acc uracy of Calibration : Boolllsc or the dm r· 
ucterist i{'S of the selr-(.xmlninctl reclifier. the m.::t crs 
:Ifc! 9ubjc<>t. to errors other than tlmt of the J·c Illctf'T 
movcllIent. 

With lim l11ulli l)li£'r nt. \lnil~' , tlle ·1000-011111 !LIHI 
SOOO-(l!.m instruments nrc R(.'CUrate to willI in 0. 1 
\'ol t (5 %) lit rrequendes helow 2000 eyclC.'l wlll:11 
uscd :11 room temperntun:s in the ncighborhooJ of 
~O· C. T ile ueAecl ions Oil Ihis \JI\lIlultillli e<.1 stILle 
decr£'nse. by npl)roxi mnlcly 0.6% for crt(:h lOOO-cyclc 
increase in frccl'lcncy up to 30 ,000 cycles, 

With A mul tipl ier selling or two Ule error in 
Tnulii l)li('1ltion. because of the impedance varia tion 
of the rect ifier with applied "o ltllge, is a. m:t:l'iIlHl1ll . 
' flic 4000- nnd 8000-oh lll metcrs will be wi thin 5% 
111111 10% nnd the 20.000-01111) meter with in 3% Hlltl 

V olt<lgc 
T!llIC I mpedancc Range 

L 

0% for ~-\'oh :11111 1- \'011 inp uts, r<:s l>ccli\'cly, Tllis 
nd\\'ork error is 'l.;:ro on tile uPIICr Illird of tile S1..'tlle 
uno dc<;rcniil(:s rapidly for the ~ IIlH ll tldlcctionS :lS ti le 
1111111 ipli(! f sl· lting i ~ ilwrC:lscll, 

T he rrC(llI enC~' ami tCIIlI:tcn1.lure errms Oil lIle 
'20,000-011 111 illslrumellt :tre I.:ons idernuly hlrj;l:r thltll 
1l10$l.: for the -Iooo·olun lUlU 8OO0-Qluu Iwits. Q" er 
extreme range5 of tellll>Cnltl1rc amI r r(.'(tllel1l'~· t ht! 
,:rro r nlll~' I)c lIS J.:rt~ut as !,!,j% , 

Sc~,le Le n grh : 2~ incues. 

Mou ntin g, : The (.'O ppcr.oxide-rect ifier voltmeler 
lind lhe mu ltiplier switch are mounled 0 11 II bakelite 
panel whiell, in turn. is 1I10llnl.I)(I iu II polished 
walnut case, 

Dimensions: ( Length ) !I If ( wi/llI l) -IU x ( height) 

-I" illciles, over-all. 

Net Weigh r : s: pounds. 

I~OlCcr fo r 
PO'I.I;Cr Ii alf-Scuic Cocie 
Range Deflection "'(I,d Pricc 

483-A 4000 ohms 0- 200 volts 0- 10 watts 0.25 row ,\ \ ',\ 8T 

483-8 8000 0b ms tl-200 volts 0- 5 warts 0. 125 mw ,\ \'"l:IiT 

483-C 20,000 ohm s 0- 200 vol ts 0- 2 wa tts 0 .05 mw '\\'010 
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TYPE 546-A MICROVOLTER 

The IHCtlsul'clllcnl of small ;1-(; ,"oltagcs 
presents 11 prohlem of SOUle difficulty in 
consequence of the absen(:c of instruments 
of sufficient ~nsilidly for dirccl mcagllloc· 
mcrlts. This hns resul ted in the :tdop lion of 
a substitution method with which we arc 
morc familiar ill dirccl-clIITcnl IllCfI-su n"'· 
IJIcuLs. A YOllitge of sunlcicnl magn itude 
to be IllCflSlIl'c li accllrnlcly 011 :wllilaLlc 
ilLslrurllc nts is impressed IIpon an accurate 
cal ibra.lcd resistance network which can 
then be adjusted to \'ar~' the output 
yoltagc La equality wilh th e unkllown for 
which it has been substituted. 

In the T YPE 546-A ~lil.'rovol lcr nil in­
st rumcll l has heen dl'signcJ illcol'poraling 
these clements in a rOml suitable for usc 
over the audio-frequency range. 

Tile uttenllntor, which is the essenl ial 
clemeut of the design, consists of a see­
tionaJized ne twork of (:onstant output 
impedance. The outpu t ratio is controlled 
by switches for hU'ge s teps nnd by a COIl­

tinuously ad j listable dial for small steps. 
The laUer cons isl~ of a ~lide-wire co,'eri ng 
a. range of two dec:,u les nnd hnsing 'UJ 

exponentinl scale . 

The ills lnlluent is completed by a volt ­
mete r on which the input "ollage is 
mcasu red and a coupling transformer at 
tile input end, 

Although lhc Lmllsformer Ims been de­
signed to havc a rea.'-io nably Oat cha nlcler­
is lie for audio frequencies. il is evident, 
since il precedes lhc \·oltmeler. lhat trallS­
former losses do lIol euler into the meas­
urements in allY way. For com~enicnce 

the switching arrilltgemenl provides for 
maintaining constnllt the impedance of 
the a ttcuuator as seen from the ge nerator 
side. This is not essential from the s tand· 
poinl of voltage computations, but it is 
convenient in avoiding the necessity of 
rcodjusting the input power lIS the al­
tenualion is altered . 

This new unit has mOlly rtpplicatiolls 
in measurements im'olving low voltages. 
It is useful £or convenient ly adjus ting the 
outpu t of vacu ulll-tube oscillators or other 
sources of alterlUlting current. Used with 
the TYPE 483 Output Meters or a T YPE 
583· A Output Power Meter it prov ides 
all the equipment necessary ror mensurin!l 
gain characteristics. 



 

SPECIFICA liONS 

Output VoJta~e Range: l"rolll 1 vall 10 ) micN­
\'olt for n "reference volttlge" of 2 volts. 

Accuracy: For output vollage ralios the error is 
tess thnn 2% Hho\'c IOO-microvolt setlings. Theerrot 
illllomewhal greater for s lllaller output voitnges. In 
IIhsotulc IIIcosurcmcnls the charllctcristics of !lIe 
coppct-oxidc volLmclcr must be <:O llsidcred. For 
output \'oltugcs yrcntcr than 100 microvolts the 
error i~ l r.s~ \JiMI 10%. 12.5 % or 1i% at 1000,5000, 
Uf 10,000 cycles, rcspectively. 

Power Source: An audio-frequency source having 
an OUll'lL! (:outrei Ilnd capable of maintaining ap­
proximately 9 \'olls across iOOO ohllls is rC(1I1ircd. 
'1'111': use of other thun the 2· \'olt standard refcrCIJt'c 

level produ«s l)toportiol1:1i UC\'ialions in OlltpUt. 

Tllpe 

. . . . . . . . . . . .. I 

Inpu t Transformer: Tbe lraDSrOrruer is dcsigne{1 
to have a reasonably flat characteristic over the 
lluJio.rn.:quCllcy range, but, since it prctooes lIle 
voltmeter, ils losses do Ilul enler into tbe measure­
ments. 

Output Im pedance: The interual output ill!­
peJam:e or 200 OII01S must be taken in to Rl"COun l 
when supplying voltage to 10w-imJledance loads. 

Mounting: Tlu:. instrumcnt is mounted on :111 

aluminum panel in u silicldcll wu lnul t."uhinet. 

Dimen sion s: ( Length) 10 x (width) 7U)( ( heigh t) 
6Ys inches, o'·er-a ll. 

Net Weight: S% pounds. 

Code Word Price 

TYPE 488-DM ALTERNATING-CURRENT METER 
OXIDE-RECTIFIER TYPE 

These insll'luoelil s arc designed for t hc 
tueasurcmeul of allc rn::llil lg-cuITcnt ,·olt­
:'lges at freq uencies frolU 10 to ~lO ,O{)O 

cycles pcr second. Thc indicating element 
consists of foUl" small copper-oxidc units 
arranged in Ule form of a bridge for 
obtaining full-wn.ve rectification. The 
altc .-nating-eurrent voltage applied lo lhe 
input terminals of th is type of struclure 
rcsu lts in a. dircct elltTcnt through it 

d 'Arsonval galvanomet.e r pt·opor liollnl to 
lhe root·mean·squarc value of the al tc r­
WI Li ng vol tag-c. 

A change of imped;.lI1Ce wiLh applied 
vol tage is a characteristic of all {.'Opper­
oxide reclifiers, and heuce it is desirable 
t.hat. some me,lns be provided for llla.il1· 

tainillg the input illlpedance to Lhis type 
of instl"llinenL fit 1\ (:onstn nt valuc. The 
proper choice or resis l;lll(:es exlerlllli to t he 
indicali ng element will pt·o\" ide il S.-lUS­
faelory means ror medillg' this problem. 

SPECIFICA liONS 

VoJta~e Range: 0 lo 2 WIlls. 

Impedance: 20,000 vhll)s. 

Impedance Character istic: Sallie WI for Tn'E 
483-C Output Meter. See page 121. 

Accuracy of Calibration: Rdcr us :Ibovc. 

Typ~ RanglJ 

Length of Scale: 2J1 inches. 

Mounting: Supplied mounted as illustr;atcd. 

Dimens ions: (l .ength) 5h'i x (lI" idll1) Sl~~ x 
(height) 2% inches, o\·er·all. 

Net Weight: 16 ounccs. 

{'ode U'rml Price 

0-2 ,·olts. r .m.S . 20,000 ohms 

123 



 

METERS-0----j8--0----C)---0--0--<:;)--0-----()---G), -----0-----0-

124 

TYPE 488-HM ALTERNATING-CURRENT GALVANOMETER 
SQUARE-LAW TYPE 

The usual rectifier-lype voltmeter has a 
nca rly linear characteristic and is subjecl 
to some waveform crror. fly carefu lly re­
designing the rectifier circuit it has been 
practical toeliminatc thi s deCect. The T Y PE 

488-FIi\'f Alternating-Current Galvanome­
ter was developed for usc wi th lhe 
TYPE 536-A Distortion-Factor ·Meler Lo 
replace the less rugged thermocouple in ­
strument usually employed for such work. 
Since it is used for a comp:ltison inslru-
ment, DO ca lihmtion is required. 

SPECIFICATIONS 

Range: 0 to appr()l:illlat~ ly GOO milli'-oltl; fulllictlie. 
Resi!lta n ce: Approx imnldy 700 ohms. 

Scale: T he !l.S-ioch scnle is dividc<1 inlo fifly cqunl 
divisiolls marked 0-100. 

Calibration: T he meter is adjusted so that full­
R'lde rle fl ecl ion is ltpproximatc.iy 600 HIilli\·olh. 

Wnveform Error: The approo.ch to a square-law 
characteristic is sufficiently close so that even when 
two equal voltages of diffe rent frequencies lire sinllll­
tnneously applied , Ule wn\'eform error is less than 
3%. This meMS that the effective value of the 
oomposite voltage causing 1\ certain deflection will 
he within S% of the single frC<lucncy voltage caustnt-: 
tile same de!k'euOD. 

T!I'P~ 

Frequency C haracteristic: The meler will giH: 
the same deflection to within 2% for alternating­
cutrellt vollttgCll up to 2000 cycles, to witbin 5 % up 
105000 cycles, and within 10% "I) to 10,000 c~·c1es . 

Adj u s tment: A screw is pro\·ide<llInder t.he gluS! 
(nce for making lhc lI;ero lldjustment. The glass m(l ~' 

be removed by nnscrewing the oo .... el. 

lVlounting.: T he meter is supplied monn Led in a 
moulded bakd itc CitS(: wilh 5lol)iog (wul. 

Dimen sions: i\ lollnt ing, (length) -5 J.i! x ( \\' iJth) 
~PK6 x (hcigJ,t) 'lJ.i inches: Il1l'lcr, (,liamct('r) ~Y:! x 
(depth) 2M im:hcs , over-all. 

Net Weillht: \6 ounces. 

488·HM 0- 600 millh'olt s, sq ua re law . . . . . . • .• • .. 1 Ol.i Il~I ET llt; A[) 

THERMOCOUPLES, RECTIFIERS, 

(ox ide type). A-c measuremenls with d-c inslnunenls. 
Bakelite cases for plug-in mounting. See descriptions, 

pages 149, 150. 

DIRECT-CURRENT METER 

500 J-lH. fu.11 scale. mounts thermocouples and recti.fiers. 
See descri ption, TYPE 5SS-AM Direct-Current Melel', 

page 1.')1. 



 

TYPE 672-A POWER SUPPLY 

The THE 07fl-A Power-Supply LmiL is 
designed for genernl laboratory lise. It 
deliver:;; d-e power up to 45 wutls at 150 
rna and 300 voll~ , with n. no-load volhlge 
of over 400 volls. An additional rectifier 
ci rcuit supplies 2 ma de nt 100 vol ts. 
Two separale :l-C supplies arc also pl'O­

\'idcd ot t 6.3 and 2.5 volls, from which a 
to tal of 45 walts may be tCl ken. 

The unit is primarily designed for 
yacuum-tubc circuits but will be found 
useful in 01 her capacities. The high­
\'oltagc input is controlled by a V:lI'inc 
(ndjuslable aUlo-lrnnsforntcr) with n 

control on the panel so that coutinuous 
"ariation of the d-e output voltage (0 lo 
over 400 volts) is possible. Meters on tbe 
panel indicate lhe output voilagc and 
current. The low.voltagc de is convcnienL 
us a grid supply, all(ll~ gruulIl.! l!OIl IlCdiu lI 

e;Jn be lIsed on any of t hc <i·e supply 
te rminals. A citlibrnted pot.entiome te r 
mountcd on tJtC panel controls lite low. 
voltnge supply. 

ExC!eUent regulatioll at ally ou tput 
setting is assured by Lhe Variac control 
and a carefully designed filter, which also 
mSllrcs a very low residual hulU voltage. 

SPECIFICATIONS 

O \ltpU[ Range: 
£rigll Vo/tog(:: I ~O mil. at SOO volt.5, de. No lORd 

voltage. over 400 \'oUs, de. 
I.ow V oliag!: ! rna al 100 volh de . 
.'~ -C Vait!!!}!: 2.5 I1ml 6.3 volts, giving:\ total or 

45 watts. 

Meiers: The high-vollagc supply outlml is indi­
cated by an ammeter nnd n voltmeter mounted on 

lhe panel 

Regulation: The regulation of the high-\'oh:lge 
supply corrcsPQlIl!s to an internal out put resistance 
of 700 ohms for d irect current. The lOOO.cycle 
intern,,1 output impednnceof the high-\'olluge sUllpiy 
is equiwllenllo S.9 IJ.{ ill series witll 1. 13 obms. 'l'llnt 
of the low-voltage supply is C<luivulcnt to 2. 12,<1f in 

series with 0.82 ohm. 

Supply: The power-supply unit will operate from 
II 105- 19:0 \'ol t , 50-00 cycle. a~ line. 

672-A 

Power Con s umption : With the a-c and d-c 
supplies opcrnung at full lood, the I)()wcr (."()Il-

8UllllltioD from the IllRins is about 175 wnUs. Under 
these conditions the loss in tile power·supply unit 
is about 85 watts, including reet ilier eat hode power. 

Hum Voltage: At full·load currcnt the hum 
voltage of the high·yoltage supply is less than 0.1 % 
for all voltages ahoye 150 volts. r or IO\\'cr vol tages 
the per (;ellt is slightly higher. 

At full-load currellt the bum voll.age of lhe low­
voltagc.supply illleS!; thau 0.1% for :1.11 voltages. l:Or 
II load current of 1 ma , t he hum decreases to 0.03%. 

Tubes: One .<l5Z5-IYPCHlld ("me 80-t~'pe lire supplied. 

Mounting: Tile ins trument is suitable for either 
table or relnY"nlck mounting. 

DimensionS: (Length) 1931 :t (depth) ll }i x 
(heigllt) 7% iuches, over·lllI. Panel Ifl x 7 i llclll'.~. 

Net Wei~ht : -II f}Ound s. 

Price 
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TYPE 673-A POWER SUPPLY 

This is a power·supply unit for general 
luboratory lise. II has n d-e open-circuit 
\'oltagc of over 2000 volts and delive rs 
150 rna nt l ."JOO volts. P rovision is also 
made fo r supplying a m:L';ilUum of 6.5 
;unpel'cs ttl 10 yolls IlC with a 5-volt 
cen ter tap. 

Severnl di l> lingu islliug features make 
the TYPE 6i3-A Power-Supply un it a ve ry 
hnndy piece of appamlus ahoullhc Iaho­
rntory. :\ knob ou the punel gives a con­
tinuous conlrol of the high voltage, wh ich 
is indi<:aled by a meter on lhe panel. T he 
output current is also indicrtlcd by a panel 

meter. Consequently, besides using the 
uuit as a supply for, say, two 852--lype 
lubes, it can be operated as acontinllously­
\·a.riablc-yoltage doc supply (from below 
50 La ovcr 2000 yolts). Transrormer CO Il­

lrol in t.h e h igh-voltage inpul and careful 
design o f l he fi ller hn\'(: produced. good 
regulation and low hum vollage . T he 

power-supply unil is eq\lipped with a time 
switch so tlmt the a-e supply is on abou t 
SO seconds befo re Ule doc sup ply begi ns to 
operate. An auxilinry switch , for the sake 
of convenience and safely, is sUJlplied to 
control l h e h igh volt...'lge separately. 

SPECIFICATIONS 

Ou tpu t Ra n!,\e: The power supply ~'iII deli\'cr 
tlited current III) to 150 mil (It 1500 'lolls. The open· 
circuit voltage is ovcr !WOO volts. 

Tllc power supply nlso gives 0.5 amperes at 10 
volts nc. The 10·volt supply is c:cutcr-tnppr.d nt 
5 volu. 

l\ l e ter8: The d-c: \'oltage lIOU the loarl current nrc 
inuicated by mders mountet.l 00 the panel. A p.'\Ilel 
knob controls the input to the re<:tificrs, 

Regu la ti on : The internal ou tPII!. resislall t'e or the 
power-supply unit corresp()nd~ to «bout 1100 ohms 
ror load cllrrents or 50-150 11111 . For lower lo..,rI 
currents the internal output re;!is tnnce incrcll>W$ to 
about !!O,OOO ohms at no lo:ul. T he lOOO-cyde 
internal oullwt impe(l;tl1(.'C is c<luiYnlen t to 1. 1 j.4L 

S upply: The power-supply unit wi1J operate from 

{t73-A J. .. ....... .. ..... .. .. .. . 

II. 105-120 volt, 50-60 cycle line. A luitable power 
coni is supplied with the instMlmenL 

Power Consumpt ion: With the D 'C and d-e 
supplies opernl.ing at rull lond, the power con­
sumption from the mains is about 980 walill . 'Unrlcr 
lhese contlitioll5 the loss in the power-Jullply unit 
i~ about 90 watts includinG redifi er ('ati.()(lc power. 

Hum Voltage: At rull-loau currellt tile hum 
voltage is less than 3 volls or 0.2% of full-loat! 
\,oHlIge. For lower load eurr(~ J\ts, tbc huUl rlccre.~sc.'l. 

Tu bes : Two 866-lype rectifiers €If'(! SIII)jlliefl. 

Moun t ing : The instrument is suillthle for table 
or relny-rack mounting. 

Dime ns ion s: (Length) 19M I \depth ) ll~ I 

(height) 9 inches. o\·er·all. P:LIlcl, 19 1 8X ;n<:hes. 

Net Weigh t: 73 !JOUnlt •. 

Cmle II"nrrf Pric, 

.\ COS T 
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PARTS AND ACCESSORIES 

D ESIGN cngilU.'crs and c.xperimentalists in 
the radio, elcctricul. and allied industrial 

fields will find in lil is section a ,-aricly of 
unusu ol nccessories that arc obtainable lIO­

wllcre else. 
Sincc HH3 General Radio has manu£uctured 

lahoratory Ctlui)JDlent. fre<lucncy-mcasuring 
equipment. and compOllcllts for the Navy, 
Army, Coast Guard. ami other Gonlllllicnt 
services: and for oonlnlerciai alHl broadcAst 

compauit-s, cduca.liollul inst itutions, labora­
tories, and other manufucturers. A reputation 
has been acquirct.l for bui lding instnnncn ts of 
ruggedness. Ilrc<:ision. lmd dependability . 

T he parts and accessor ies which th is section 
will introduce to many new customers have 
all bccu designed for use in ollr own eqll ipmellL 
They measure tip in every way to the quality 
stantlu rds on which our cx(..'Cl lent reputation 
is based, 

Thlt following list summarizes the contents of this section 

RESISTANCE DEVICES RACKS AND PANELS 
Resistors Page H!9 Uelay Racks llugc 160 

Decade.1tesislllnce Ullits 130 Un i\'ersal Rack 101 

Compcnsated Decade·Resistance Un it Panels 161. 162 

Units 131 
Compensated Slide· \Vire Hesistors '191 INDUCTORS 
, 'olume Controls 182-134 Plug.in T ruiuctors HH 
Rhcosta t· Polen tiometers 135-189 Transmitting I nductors 165 
Center.Tap Hcsistanee Units 13. Inductor J?orms 165, HiG 

VARIACS 
"ariolllcler 166 

Adju stable A uto· transformcrs 140 DIALS 
Precision Dials 1U7 

CONDENSERS Frictioll.brivc Dials )(lS, liO 

Variabl e Air Condenscrs 142- 146 P lain Dio.ls lOS. liO 

Decadc·Condcnser Unils 147 
Fi~e<l Mica Condensers lol8 KNOBS I (if) 

METERS AND ACCESSORIES PANEL ACCESSORIES 

O~i{le Rcclifier 119 Dilll Plates \j'O 

Vacuu m Thermocouples I.iO Switches 170 

Direct,Current Gah-anolUcter 151 Switch Contacts 1 il 

ninding Posts I i I 

AUDIO OSCILLATORS 
INSULATORS 

Microphone Q um mer 1"0 ,. 
Jack-Top I nsulators 1-· , " 

WAVEMETERS Stand·Off Insulators 1-· ' " 

Ausorl>lion 'Yavclllcler 152 SOCKETS 
lJctcrooyne " '(l\"cmcter 158 For aU f(..-cciving tuhcs 17S 

AUDIO TRANSFORMERS PLUGS AND JACKS 
Input and Inlerslage Transforwers 154 T..argc and small, si ngle- and 
Output Transformers ISO double-plug units 174 

1m pe<la Tlce·l\:(ntching Transf orillers 158 Mounting Ba.sc.~ 17:) 



 

TYPE 500 RESISTOR 

resistor. ,s ince it. hus both sCrew. 
I.rpc ami plug-type termin als. 
Ullits lIIay he stacked ill series by 
wilking use of a 'l'YI'£ 27'l-SB 
Sllorl-Circuit Plug. The termi nals 
arc :;cl on slilllduni %- inch 
sPIlC"ing. 

Both scrc\\'·l.rpe and plus-jock h:rrninal.!i li re SU I)piied with 
'J'n'F. 600 Hcsislors 

Tl'I'E: 500 Resistors arc partic­
ularlv recommended ror lise as 
resistance stancllll'ds in plug-in 
lype imJ)e<lulIce bridges. They arc 
also useful ill test equipment (e.g., 
ns tcrmiuuling impedallces in 

T hi:; is a precisioll-lypc resishlllcc card . the 
Ct IlHiI in quality of the ones u5(.'(1 iu Tn'!; 510 
Dccatle-Ul.'sistal 'ce -t;nil.5 a mi in Gct.cral H;u lio 
decodc-resistance boxes:. tllouutcd in a Illou ltlcd 
h:tkclile case. 1l is 5uit;tblc for usc in either 
c.xperimental or permanentl .... llsscmbk·d t..>{lu ip­
mCllt requiring a singit"! accurately alljuslcd 

lrillismissiOIl linc measurements) . 
Tllcir excel lent high-r.rcqucucy c1ulraclcristics 
make thelll usdul in recei vers nlill low-power 
lransmiLlers when stable performance is of 
primary imporlance. 

Nine values of resistance arc normally 
f:llrried ill stock. i)ut others can be buill to 
order. Quotaliulis all request. 

SPECIFICATIONS 

Accuracy o f Adjustment; Each resistor is 
Rdjusted to will.iin 0.1% of its stated vnlue at tile 
termimds of the unit. except the l-oh m unit wLich 
is adjwIled to wit hin 0.2;; %. 

Maximum C urrent: All units will dissip.!lte a 
maximum power of t watt, current corresponding to 
which is gh'cn in the price li:lt. 

Frequen cy Characteristic: T he error is less tlllUI 

0. 1 % belo\\' 50 ke. At bigher fre<l uCncit"S errors 
result frOIl\ ~kiu effe<;:l and the clTect of rc.:tII:lum:e 
in the resistor. TI.c lablell 011 pnges 10 nnd 11 
represent nC(:u rntcl~· the pcriormal1c(! uf the l-ohm 
through 600-ohm v!t lues. For the IJiJ;her "nlues, the 
error! Ilrc mud. less thun Ihose tubulale<l becll LLi;C 

of tile reluth'ely negligible shunt t'.tp(lcitJ'lI~ of nn 
isolated resistor. 

Temper!l.turc Coefficient; f .('.H tha n 0.002% pcr 
dcgrt-e C. cx(:1!pl on thc IO.OOO-ohm eliNls where it 
is + 0.01:) % per uegtee C. at rOl)m t.cLL1 ptrJllure. 

T ype of Wlndln~: Aynon-Perry when resistance 
ill ies.s thAn 1000 ohms: 100(1 ohms and over, unifilar 
willding 0 11 micn cal'(ls. 

Term innls : Hoth terminal screws nlill plugs arc 
5UI)plied, LInd either can be used. Each termioalstud 
is recessed tiS a jack to at'(.'oolmOOule 1\ plu£. 

1\ ' l ount1n~ : EAch resistor is sellied in a case of 
browu moulded bakelite with 0.0 impregnating wax 
thnt prolects the unit from moistul'(!. Two mounting 
holes AI'(! pro\' idcd (see drawing). 

Dimensio ns ; See accompanying drawing. OH!r-ali 
Ileight. neillsi,'c of plugs. I ilLcil. 

Ne t Wel~ht; 2 ullnces. 

T ype Iltsillul!ce Maximum Cll rrelll Code Word I' rice 

500-A I f! 1.0 a 11J::81ST81Rn 

500-B Io n SIO rna HP,sISTDESK 

500-C 50 0 1""0 ma Hf: SI8TFOHU 

500-0 loo n 100 rna HP.SI8TFliOG 

500-£ 200n 70 rna Rf:iIlSTGIRt, 

500-F 500n 45 rna K f:~IISTGO"'T 

500-G 600 f! 40 rna 1I.~iL IST(JOUIi 

500-H looo n SO nlll ttf:SIST IIY .... S 

500-J 10,000 Q 10 mit fU:SISTMII.!\ 
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TYPE 510 DECADE-RESISTANCE UNIT 

One or more . slamlard without tile unavoiJablc lead A.oJ 
precision dec- wir ing incilJ(.1.ance alld COIlSL'<IUCll t errors at. 
adt:' re sis to rs high t.rcqucDcies of t ile cxlcJ'IInJ decade-box 
arc frequent ly construclioD. 
required fo r ilt- Each resistor is carefu lly adjllstexl and aged, 
tegral assembly the construction l>cing such thal the,l'c is no 
into apparatus serious error at freq uencies as high as ,;0 kc.* 
ollc rating at Quadruple-Ienf switches funning over large 
low. vok-e. car- con tacts insu re a low and constant contact 
riel'. or radio resistance. Operation is equally satisfactory in 
rrcqllcncics,and d-e circuits. 
in which it is Each decade is cudosed in an aluminum 

not cOll vcnicnt to incorporate a complete Tnt; shield, and A. knob WHI an e tched -metal dial 
(;O~ Decade-Resistance nox. The individual plate are s upplied. The unit is also amilable, 
IIlIits described herewith lire available {or such complete as ill ustwtcd with shield, shield 
IISC, and. when pcrruaucnll~' inslalll..-.:I , gi\'e cover, blank dial pinle. ancl switch stops, but 
the sam e 1..'OIl\·en iellcc or a \'uriablc. shielded without resistors. as the TnE ,'HO-PI Switch. 

SPECIFICA liONS 

Accuracy of Adjustmen t : All resistors !Lre ad­
just~ to within 0.1% of the stated value between 
f.llrd tenninllls, C);C(':pt I he l-ohm find O.l-ollm carns, 
\\'hich !Ire adjusted to within 0.25% and 1% , re­
spective.ly. Wl,crc nc(,'(',ssnry. add O'{IOIl ohm rOt 
cach dc<:ade to nllolV for c<Jnlllct rC5islance. 

M a:dmum Curren t : Muiruum allowable tem­
perature rise is 40·C. The cllr~nt. for a iO°C. rise 
arc npproximatciy O.G of those for a 40·C. rise : 
value! of ('urrcnt for each of the above coDdilions 
for each of the decades arc shown in the table nt 
the fool of the pnge. 

Frequen cy Characteris t ic: '1'1, (' freque.lh.::y error 
is less thnn 0.1 % bt-Iow 50 kc. At higher frequencies 
errors N'sult from skin efft.oct awl the d Icet of re­
acta.nce iu the. resistors. · 

Tem peranJre Coefficien t : i .('!5 111:111 O.OO!l% per 
dcgrr.e C. excepl 011 10,000-<>11111 (;nr(15 where it is 
+ 0.013% per degree C. nl room lempcmturt'. 

T y pe o r Winding: Oiflla r type on O. I-ohro, 

T!lpe 

51O·A 
510-B 
510-C 
5 10-0 
510-E 
510-F 

• Sn pa",. 10. II . 

Tolo/ 

In 
Io n 

lOOn 
10000 

10,0000 
100,OOO n 

Switc h 

Per Step 

1).1 n 
n 

10 n 
100 n 

1000 n 
tO,OOO n 

,- ------T , ' , , , , , , , , , , 
" 

, 
" 

____ .J.. 

f--- 3.1'='-

;: 

= !III.-
~

2 MTG. HOLES 
N080RlLL 

C'SINK FOR 
10·32 FHMS 

t~~,:J 
Ayrton-Perry OD 1-, 10-, aDd l00-0hm, and the 
unifilar mica type OD 1000- aDd IO,()()()-()bm cards. 

Switch : Quadrupl~lear, phosphor-bronze blades. 
canted to provideD non-cutt ing, wiping contnct, bear 
(In %-inch studs. A cam-type detent is providert. 
There arc 11 contacts. 

Mounting: Adaptable to !lny panel behl'cen 7.f 
nnd ~ inch. See sketch. 

Dimensions: See sketcb. Shnrt diameter, % 
inch. 

Net 'Veight : TYPE 510 ullit>!, 11 ounces: T YPE 
SIO·Pl, {l~ ounccs. 

Price 

• 1.5 • E I.ATt~ 

(100 run • .:: I.I))!" 

170 ma i50 rna . :1.1::(: Y 

60 rna 80 rna ELBOW 

!lima " m. ELECT 
501/\ 7 m. EI,\'Al'o' 

.. ...... 1'::0;\' 0 7' 
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TYPE 668 COMPENSATED DECADE-RESISTANCE UNIT 

Allhough t.lle indutlnncc of 'l'YN: ;j 10 
n ecnde.Hcsistance Units has been reduced to 
a "ery slIIall value. it is slill iarge cllolIgh to in_ 
troduce errors in precise capacitullcc measure­
ments at rndio fr c(lUClicies and incluctan(:e 
IIICa$u remCllts nt nudio frC<luc ncics. It is im­
possible to build nil ideal. inductance.free re­
sistor. nnd the next best. th ing is n unit in 
wh ich lilt· inductance is kept constant. 

T he '!'YPE 668 Com pensated Decade-ltc­
sil'i tancc Unit is equi pP<x1 with n double set of 
switch contacts, by means of which n (."Opper 
windiug is exciwngcd , step by step , for the 
resistive tu rns ill order to hocl} the total in­
ductance indcl>cndcnl of the resistance selling. 
The tota l illdllclunce of each unit is given in 

the price list. 
The metbotl 

or mounting is 
identical with 
tha t o r th e 
'1'\'1'£ 510 D ec­
ade - Resis tance 
Un it. exccpt 
that DO alumi­
num shield is 
provided. The 
three t ypcs of 
this unit. whcll lIloUlllCtl togd ller or com· 
hined with 'J'YI'ES 609-A or .R as n resistam:e 
box. are available as the 'I'1'1 'E (l70 Compen­
sated Decade H(.'Sistor.-

-Udailed intOTl""l ion 011 Tt'(IU~t. 

SPECIFICA nONS 

Type of W lndlnj} : S;lIue os for TYPE 510 Units. 

Swi tch: A J ouble switch. ilimilar in (:onstruction 
to the single switch USl,'<l witb TYPE tllO, i! used. 
i\'!asi nlum Current: lId aximum "l lo"'nhle tern­
lM!rature rise i! .w0 C. tor which the maximum 
currents nrc 1.6 ft, 0.5 n. lind O. IG a. tor the 0. 1-. 1-, 
and 1000hw sleps. respedively. The currenU for a 
20° risc are approxiw.n.tety O.G of these vllllle5. 
Accura cy of Adj ustnlent : For O.I-ohm s teps, 
1%: tor l-ohm sleps, 0.25% ; for 10-ohm ~tC!ls. 
U. I%. Where n&'C~ry. alld t.lJe value. of " Zero 
HesislullCf!" givcn in the price. list. Indllctnnce I..'()n­
da.nt to withiu 0.05 /o< h. 
Fr equency C h a rac t eristlc: Apl)roximJl. tely the 
S.1111e liS for '!'Y I'E 510. 

l\.'l o untinit : :\ combinatio ll dilllllin te nnd drilling 
template are furni.~hecl. Jnterchangetlble (except 
for stops) with T YPE 610. II.v. 

Di.n,cns lons: Dirulleter, 5J.i inches: dell '-!, I>t-hinrl 
panel. S inchcs, o\'eNtll : shftft Jin nlctcr, % inch. 

Net Wei~h t: 10 ounces. 

ntli8la l!C~ Total Code 
Type Tolul SleJU Zero I. Word l' rice 

66S·A 1 11 0. 10 O.OO;">!! O.I!i~h GABU:I 
668-B IO n 1.0 p. O.O'lon 0.3 ~ l.J G.\I LY 
668·C lOO n 10.0 n 0.0150 0.5 Jlh G.\ I.01' 

TYPE 669 COMPENSATED SLIDE-WIRE RESISTOR 

'l'l.Jis IInit is n 
s lide wire, com­
pensated for indue­
t an ce, for use 
where it is desired 
to seeure D closer 
adjustment of re­
sistance than is 
poss ibl e with a 

Tn'E 668 Compensated Decade·Resistnnce 
Unit.-

.. " dampti ..... cof Ih" ron51M1d;o ..... 1 detail, i$ a,·.il.ble OD 
uqll~l. 

SPECifiCATIONS 
Maximum Current: For l -ohm unit. 1.6 n; for 
O. t-ohm unit, 5 Il.. 

Accu racy of Ca li bration: Each unit is fitted 

with n dial iuui\'iuuRily cllgrlwed Ilt 11 points. giving 
Ule slide-wire. ll!lIistnllC!e to within I % for the l-ohm 
and 5% for the O.I-ohm unilli. Where Ileccssary. 
add the value or "Zero Rcsist.o.nce" given in the 
price list. Inductance consta.nt to within 0.005 III!. 

Mountln~: IntercJlIlIlgenble wilh Tnf; ;"> 10, cxcept 
ror the usc of dial and slow·wotion drh·c. A dial 
indicator ill supplied. 

Dimensions: Diamete.r, 3)4 inches; dcpth behind 
pa.nel, 8 inches. over-aU. 

Net W eiCht : 8 ouoce~ . 

Ruiltfltll:e 1'olal Code 
Type Max. Zao L Word Price 

669-A 1 I n 1 0.0",5 0 1 0. 15/0< 11 IG'\.\I1·"" 1 
669-R 0.1 n O.Oion 0.15 /o< h O AZEL 
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TYPE 653 V O LUME CONTROL 

This \'olume (:olllrol is (UI ideal mixer-circu it 
unit where the lIoise. levei restric tions arc 
cspccia ll)' SC\'crc. i\ fullY arc in usc in broad· 
casting and recording s tudios wllere low cost 
and t rouble-rree operation make them lhe idenl 
solution to lhe speech-input control problem. 

or particular imporlau<:c is tbe extremely 
low noise Ic\'cl. e"clI when the unit is used in 
:1 micropi1ollc mixer circui l wiUlo~l l pre­
amplification tI.S is usuoJly the cast in dyuamic­
and veloci ty. type installations. There is ollly 

onc sliding eQutnel (r<:tiucing by huH the 
inherent conlac t !!oisi.: over thal ill double­
(.'outnel cOlllrol.~) . and t ltis one ('(Intact has 
bcen made l>rnClicnll.\· nQisl' less I hrough till? 

correct choice or materia ls. Tht' impedance 
remains pracLically l"OI1StUUt iu hoth dirt'Ctions 
throughout the alt CIl(Jatioli runge. 

Auother feature, roullt! only in a volume 
control of this trpe. is the ability to "ellde out" 
completely without disLurbing llSSociated 
chan nels. 

SPECIFICA liONS 

Atte nuati on n:ln~e: 0 db to eamplete cut-off. 
Attcountion is linear \\;itll llilll setting ilnd nd· 
;ustnbl~ froUl 0 to 'i !.i db in steps of about ~ db. 
(Attenuation between contacts ig 1.!.i db, but the 
switch bridges two coulnd.s in passing from oue lei 
the other.) Above 'i:i db. the rnle of attenUiltion 
increases rapidly to "infinity" (nbout 120 db witll 
the \lsulil tYI"i(! of mixer wiring), There is nn initi:,! 
insertion lol'.~ of (j dh. 

T y pe of Sec t ion : J\ ladder-lype lIetwork is em­
ployed . Has a(h'alltage of only one sliding cont:ld 
while maintnining e!<.~cntililly ('(Instant impedaoce. 

T ype o f W ind ing: Resist.ors nTe wound on cylin­
drical spools whicl, are part of tile bakelite moulding. 

T ermi n:lI Imped a n ce: 50-. 200-. nud 500-<>ilm 
unit& are c~rried in stock, bul olilers cau be built to 
oroer al II slight additional cost. 

S hield in g: An aluminum ('O\'er ill a protection 
agttillst dust and nets as 1111 electrostatic shield. 

Swi tch : A S-hlttded phosphor-uronze s"' itf"h nlnke.~ 
finn contact with bron%c IIUO~' cont::lct I)()inl.~ . 

T erm ina ls: Screw teTluiliols are pro\,idetI. 

Dia l Plate: A dial plate calibratell tlircctly i/l 
deeibel~ also 5cn'C5 11 5 II drilling teOlpllllc in mount­
ing \'olurue l'Ontrol. 
Knob : 'fYl'E C37-K, wit ll cogrn\'e<l wh ite nrrow. 

l\1 oun t"in~: The unil is arrnllged for {mud mount­
ing by means of two iCTews I\'hicll arc liUPI)lied. T he 
volume control may be mounted on !)anels up to hi 
incll in thiekne55. I loles orc SIIOt"e(1 1 J.4 inches aparl. 

Dimens ion s : l\ lnximum 0\'1:1'811 radius. 1!1 inc1l1~fI . 
!\Iaximum depth bellinll "unel. i % indIes. ShielJ 
diameter. iM jllt·IIC$. 

Ne t \Ve i~ht : IS 01l1l(~. 

T y pe I mpefiulI/;e CO//tl lVard /'r ictl 

653- l\IA 50 n CI.IJ)L r 

653- M II 200 fJ COACH 

653- M C 500 {l eOAIiT 
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TYPE 552 VOLUME CONTROL 

Tn.: i; :):!· 11 H 

Th is wlit has becu designed primarily as a 
master gain control in high-grade broadcast 
trnnsill issioll. soulLu-rceordi.llg and projection. 
a nd public-address systems. Where ti le very 
finest cquiplUeut is l)(:il1g' iuslallcd. its lISC is 
a lso recOllllllended in mixer circuilS. Because 
of its accu racy. excellent rrcqllcllc~' c hurncLcr-
15tic, a nd compactness. it will be fOllud useful 
in measuring' circuits where lhe expense of our 
high-prC'Cisioli a ttenuation IIctll'orks is not 
juslificli. 

'fhe design of the individUllt resistors makes 
a very rigid IlH!<:hall ical cons truct ion. The 
whole assemhly is buil t to wiLhstand the most 
severe sen'icc r("(luircments. 

No slide-wire contacts arc used: the actiou 
is cntirely step by step, T his increases Ute 
reliabili ty of the unit. at t hc samc Limc making 
exact du pl icutiou of attenualion settings ens il)' 
possible, The step-b)'·stcp conta cts IISOO in 
this " ohmlc control olso Ilnn~ a slightly lower 
noise level than the bcs t or slid ing con tact. 
Con tacts have heen ruu for 200.000 opera.tion,; 
without showing siglls of appreciable wear, 

SPECIFICA nONS 
Ran*e: One range, 0 dh l030 lib. in stcps of 1,5 tlb 
is c;lt~i .. 'tl in s.tock, bllt SIX't!i .. 1 rallges cun be buill to 
order. 
T y pe of Section: T-ScctiOil 1111,1 balnuecd- U­
sediou models are n\'ailablc, 
T y pe o r Winding: Unifilar winding Oil ltakc!ilc 
s. lrips liS shoWIl ill UIC 9.('compa llyillg illllstrat ion . 
Terminal impedance: Unit:'! for II'orking in 200-
() llIn and 500-()lulI circuits nrc curried in stock, bllt 
() lhers ca n he built to order, 
ACCUr;lCY: All rcsiSlOrs (Ire i1djllstc(I IO wit hin 't%. 
11'IIICh makes lite error ill allcnuntiOIl Ics.~ than I db 
at nil settings lip to 20 kc, 

Switc h: A multiple blnde swil(>h is lI !>etl. 

MOU THing; 'fl.e cnlire IIlIi t is SlIpptwtcd (In :. 
S(I\I;l.re nluminum slib !laud th:l t can be mounted 011 
II ptl llc1 by menns of lLe sa me four !IInclline screws 
thul. hold the etchcd-mtllli dia l plales, 

Terminals: A termiUllI st riplilOunlc,1 wit h soMer­
ing lugs is mounled behind the suI, pune!, 

Dimensions: Suu panel . . ~ J,.;( x .~ J,.;( inch.;:s ; depth 
behind pund: :~, for T -5C<'Iioli hlollds; SM indH~8 for 
bnlnllc:c<l- [] -!jl-(:Iion models. 

Ne t Wei~h t : 2 r,olluds {or ' l'.,wction, :3 pO\JIJl ls ror 
halancell- I-I-sc<:lioli 11l ,)l: lcls, 

Type / l lIell1lolio ll 1m , it:d/JIICfJ Sectinll C()(io Word Price 

552·TB 
552-TC 
552-HB 
552- UC 

30 db in steps of 1.5 db 
30 db in steps of 1.5 db 
30 db in steps of 1.5 db 
30 db in steps of 1.5 d b 

~OO f! 
500 f! 
~OO n 
sOO fI 

T 
T 

Ilfllanccd-n 
Balllnced- ll 

"\.I ~:X' 

A \ .. \fnl 

AJ,ttUM 

AO.\I:.' 

n ()1 It Tlctworks m;ointnin cunst:mt impL ... lnrl(.:c in !'ot h , Ii f'l.,'(!t ions. bul tlu: baltlllccd- ll -sC<'1 ion is usCtI where 
the trattSlUis;;iuli (:ircllit Inust he bal:tm:cd to ground 
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TYPE 642-D VOLUME CONTROL 

This high-impedance "oitage-(liv ider unil 
is intended for use as a gain control in the in­

put ci rcuit of a 
\ ' tlC llUIll tube or 
as n mulL iplier 
for tl nlCUUlIl­

tu be \'olhllcter. 
II is COlllpact 
a II d r\lgg~lIy 
<:olls lrucled.lhe 
l.'{)utuct n ois e 
[c \,cI beillg $uffi_ 
cicutly low to 

pcrluil or its use in the lIighc.sl (luality circu its. 
With sufficient ca re in kccpiug dowu the 

stray capacitances in the wiring betwecn the 
volu me control output and the socket the 

calibration is accurale to with iu 0. 1 dIJ a t all 
frequencies up to 10,000 c.ycles. 

Only one ly pe is aqtiluble ill slock , bllt 
uui ts ]Iuving different ,-alues of iU IIX'(iullcc or 
of attenuation per s tep can be built to order. 
Designs are, in general, limited to a lotal of 
10 steps. Prices on request. 

SPECIFICATIONS 

Range: Oue range, 0 fIb to SO tlb, in steps of !l dh is 
carried in stock, but other ~i1.cS elill be built to order. 

Type of Section: Voltnge di\'idct for working in to 
a high·impedance circuit 5uch as tbe grid of II. tuOe. 

Type of Winding : Indi \'idual random-wound, 
Don-inductive resistors are used. 

Terminal Impedan ce: The input impednnce of 
the unit is 200,000 ohms when the switch side is oon­
ou ted ncross the grid-fil:nncnt drewl of a \'acuum 
lube or other esscotiully infinite-impedance load. 

Accuracy: All resistors IITC adjusted to willl in 1 %, 
which milke, ll11cnuntion ratios tux'umlc Lo wilhin 
0. 1 db. if capacit llUc:e of tnbe, SC)(:ket , and wiring 
is less than 20 ~~f, ns i" usually the case, the rati.'tl 
accuracy limit of 0.1 db holds to approximately 
10,000 cycles. 

Maxi mum Current: I\ ilhough normally IIscd in 
circuits drawing nQ current, a current of "' Illa will 
not cause a tempcrnture rise slIfti cient to affect the 
rated accuracy. 

Swi te h : Tllc switch /lrnl i.' const ruett ... 1 of fou r·leaf 
phosphor braMe, which prollilles for long wcar and 
e:o.:ccillionlllly low contact llOi~c. The cum· type de­
tent !IIay be eMily removed if smooth switch act ion 
i" rcquirecl. 

Mounting: T hi" unit is similur in construction Lo 
the Tn£ ,,10 Decade- ltesislUIlCC Units. ' ('he forln 
su pporting the resistors and the switcll ~ Illude of 
moulded bakelite, and Uli" i" attached to It JlIInel by 
the sa me two screws which Iiolel I.he etche{l-mclal 
diu I ]Illite li S in Typ.: 5\0 Dtelldc-TIesislance Units. 

Termina ls: Three soldering lug~ lire placed at the 
cnd of lhe IInit fOT making l.'Onuection ~, Rnd the 
shield hll' a ~IUR Il opening for connecting wires. 
Dlmen s ion s: Shield diameter, :H16 Inches ; dept h 
bchind panel, ~W6 inelles. 

Net Weight: 16 011111."5. 

AIlt/II/(ltio,1 Code 

Ty pe Total Step. J m~dlllrce Word I'rice 

641- 0 130 db I 3 db 1 2:00,000 !! I t: :o,;.-\LT I 

A tOllr -ch(lnllCI 
mixe r pa n e l 
assembled from 
l'Yl'J;: ass Vol· 
ume Cont ro l! 
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RHEOST A T- POTENTIOMETERS 

Tile complete linc of ad­
justable resistors described 
on the fullow iug pages is the 
Jirect ou lgro\\,t h of t he II cCl I 
for filameut-cu rrent controls 
in \'UCuulII-Lube ci rcuits. 
Other applications are found 
i ll all killds of electrical ap­
paratus where nlClllI1ll l ubcs. 
resistance hridges and t IJer lno­
cou ples arc ill\'oh '("·d. 

Units nrc a .... ailaLlc from 
stock wilh powcr-uissil)lItion 
ratings as high liS !;!50 watts 
and 1l11IX i IIIl1 Ill- res ist [wee 
ranges extending from 0.75 
ohm to ~OO,OOO oh ms. 

llttnusc of t he "straigh t 
through" shaft construction . 
tbese rheostat-potentiomders 
lIIay be gangl...od up 0 11 the 
sallle shn.rt to provide simu l· 
tanOOIlS variatiolls of many 
scparoteclcrncilts under 5i nglc 
control. COlu p licnled fEHler 
net\\'orks lIlay be built "l' by 
IIsiug fl exible eouplillgs or uy 
the suiJstitution of a si ngle 
shuft of insula ling umlcrial 
Pllssing through all of the 
(:o"lrols. 

:\11 bllt Inrgest Ulld sm:,llest 
types nrc intcrchnngcahlc 
011 the standard th ree-hole 
UloUl1tillg shown below. \ Vl!cn 
ganged, they may he set lIl' 
huck to back on either side 
of a sllect supporl. 

Strlnlln rt[ g·bole mounting Ill l: thoJ 
for rll(.'Ostnt-potcutiolUcters 

(VOLT AGE DIVIDERS) 

A S PANEL-MOUNTING MODELS 

Every Cenc.ml nudio rheostat-potentiometer is fumished ready for 
panel mOllutiug, as shown in the nl)()\'e photogrnph, bill c\·ery Inll: 
c~cc r t o n e 
(Typ.: 4 10) ('an, 
by It few mo­
ments' work 
witJ. n screw­
driver, be loon­
verted for top­
of-table monnl· 
ing as showlI 
011 the followiug 
pltgCS in photo­
graph! aC(.'Om­
pallying lhe tl~ 
tniled d('serip­
tionor each unit. 

mmm 
POTENTIOMETER RHtOSTAT 

INCREASE R - RHEOSTAT 
INCREASE 1'1 
~ 

Any potentiometer can also be used "5 a rheostat 
for either direction of rotation. There is no OF}' 

. position 
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TYPE 371 RHEOSTAT-POTENTIOMETER 

Jthcostal-polen li­
olllclcrs i ll tlais series 
have their resistors 
WOII "t! 011 a til in Hnen­
bakelite strip which 
is tl1ell 1;0l1L around 
the bakelite sUPI>orl· 
ing Corm. The con tact 
arlU is Ii single blade 
t ha t wipes the edge 
or the resistor. 

All owahl c p owe r 
dissipation is 20 wllt.lS. 

Val ues of maximum resis taJicc between I ohm 
and 50,000 ohms can be supplil,.'( l from stock, 
bUl olliers witllin the power-rating limit clln 
he built to order. 

Tn addition to the so-called " linear" units 
in which resistance is propor tional to the lingle 
throllgh which the blade has tllrned, (L un it 
having a tapcn.'(1 winding is available. III th is 
(T~'PE 871 -T) tbe resislnllcc is approximately 
proportional to the sq uare or the angle. in­
creasing with clockwise rotation of the k lloh 
in a panel-mounted unit. Other resistor shapes, 
such as logari thm ic tapers. muy bc ordered. 

SPECIFICA nONS 
Power Rating : 20 walls ; 'I\'PE S71-T, 8 watl.ll. 
Rotation An~le: 3090 (n.PI>roX.). No on' po.sition. 
Shaft: Slu l, U-i llCh diameter. 

Knob : TYPE GSi-G. 

t\ ' l ountin~: Standard 3-holc: 1Il3chillc screll'S, lillIS, 
and templ:'lte furnislll:<l. Supplied :'IS panel type, 
e:lsily OOIl\'crted for table mounting. 

Dimensions: 5<. sketch '" precedillg page: 
A-SJ1, B- i.!1 inches. 
Net Weli-h t: 6 ounces. 

M lixilllllm ,\laximlllll Code 
T,p< R,~i.tffll(c~ Cllrrcnt Wo,d Price 

37 1-A I n .., 
" RAI. I.Y 

371-A 50 ••• • IU;J,.AY 

371 -A 1000 n 14' m3 Rl-:l).\N 

371-A 2500 !l 9' m" IiE.-ET 

371 -A 5000 n 60 m, ROTO N 

371-A 10,000 n 45 "" ROWDY 

371-A HUOO n ,. lila RUL.,m 

371-A 50,000 !! 20 mil IIATl'r1 

·371-T 10.000 !! 2S !Ua SULI,Y 

"'r.""rallllod~l. 

TYPE 214-A RHEOSTAT-POTENTIOMETER 

This un it 11M the 
sallle t ype of COIl­

slruction as thc TYPE 
$7 1 R heostat -Jlolen­
tiometer desc rib e d 
abovc. exeepl thal 
the winding form is 
n a r rowe r a nd the 
p ower r atin g alLJ 

maximulu resislnllce 
values are, accordingly, smallcr. 

The resistor is wound on a linen-bakel ite 
strip and the contact mcmber is a single blntle 
that wipes lhe edge of the winding. Maximum 
power dissi pa tion is collser\'atively placed a l 
9 walls. values of current correspondi ng to 
which are given in the price list. Maximum 
resistance valucs range from 0.75 to .2500 0h ms, 
but other sizes within the powcr-ratiug limit 
can be built to order. 

Units of l his ty pe are more suitable for 
l>allery-operatcd illslallntiolls where space is a t 
a. premium o r where critical6lament poteuliuls 
Blust be mainlll.iuexi. 

SPECIFICATIONS 
Power Rating,: 9 walts, $eC current ruling !Klo •. 
Hotatlon All~le : !J ISo. No OFF' po!ition . 

Shaft: Sleel, M-in('h diltmeler. 

Knob: Tv ... : 637-G. 
Moun {lIlg, : Slllndurd S-holc; IllllclliDC scrcws, nuts, 
and lClUplnle fumished. Supplied :'IS pand type, 
easily (.'Ou\·erlcd ror lable mounl:ing. 
Dlnle.!lslons: See skel ch on prcl'C{ling vnge: 
A - sM, 8 - 1M inches. 
Net Welghl : .:i OUUttS. 

M a.r.illuHn M {.zim '4-m Cod~ 
Word P rir:~ 

214-A 0.75 n 3.5 • SIlIN1' 

214·/\ 2 11 '.1 " n U DDY 

21:1-"- 7 11 1.1 " RORAL. 

214-A 2. 11 0.07 • nAr 0 11 

214·A ;0 n -t. !l~ u'" IIAPIO 

214-A 100 11 30. m, Rn '£T 

214-A 200 n , to m. t: MPTT 

214-,\ 400 n 16. .. " HOSES 

214-A 1000 " " m. .:SACT 

214-A 2500 11 6' ma SYRU,. 



 

TYPE 471-A RHEOSTAT-POTENTIOMETER 
This rheostat-poten tiometer is OIle of two 

types lha.t Juwe cOllstructioual features wh ich 
adapt lilcm for usc in high-impedance "aC\lUlU­

luhe circuits. The requirements for this service 
a rc severe in that not only !)lust the unit iLsclf 
have a high resistance. but. be<:ausc of the low 
power levels llud amplification of all dis­
turbances by the b tcr stages. no COlltuct noise 
C;t,n be tolerated. 

I n order to IIH:cl these requi rements the high 
resistance is obtainc(1 by winding the card with 
fine wire and then protecling it externally from 
mcclw.nical damage or derangement of the 
tu rns by mc.'UlS of a sccll rcly anchored baud of 
lillcn hakelite. 

T.ow noise levels are assured tll rough the IISC 
of a contact arm bearing four separate wipi ng 
ungcrs whose avcrage contllet res istlilice is 
cssentially constant for any posit.ion of the 
knoh. T he ullit may Ix: mounted directly 0 11 a 

mct-'l l pallcl withou t 
tIle necessity of ills ulut ­
ing bushings, for tbe in­
sulated shaft rcmoves 
all possibility of short 
('ireuits as well as any 
hum that would be in_ 
troduced hy l llC opera­
tor's hand . 

The winding form 
has the Slillle diameter 
witb n sligh tly great.er 
depth Ulan that of the 
'£YI'F. 871 Rheostat-Potentiometer descr ioed 
011 the opposite page, bu t tlle allowable power 
dissipation is sma llcr occausc of the lmkelitc 
protecting str ip. Va lllcs of total resistnlLcc as 
high as :"200.000 ohllls are available. Special 
sizcs or laperC(1 models with various chamcLer­
istics can he hu ilt to order. 

SPECIFICATIONS 
Power Rating : 12 W3UlI. "fazimulII Ma ;t:imum 
Rotation Angle: 2040 (appro);.). 1\0 on' position. T!lp~ 
Shaft: nukclitc. %-iuch diarucler. 

R~!i~t(ltlre Cll rrellt 

Knob: Type 6$7-H. 471 - A lOt) n 330.0 rua 
Mountln~: Slanu«rd 3-1I0Ie; mnchine s('rew~, nuls, 471-A 1000 n 104.0 ilia 
'"U templale ru rl1i~IIC". Su pplierl " panel t.\·I)C, 471-A 10 ,000 !! 33.0 lUll 
cnsily coll\'erted for laule mount ing. 471-A 50,t)00 11 14.7 mn 
Dime ns ions : See ~kcleh on seoontl proocding page: 471-A 100.000 !l lOA mn 
A = 3H, B =2% inches. 

471 -A 200,000 11 7.3 Inn Net WeiCht: I) OU lICCS. 

TYPE 314-A RHEOSTAT-POTENTIOMETER 
Of the snmc l1lC<!hanical llnd electrical 

design as the 'j'YPf: 'lil -A Rhcostat-l1otcnti­
omelcr described nhove, t his II ni t differs from 
it ill having the shorter winding form. I t. has 
the protected rt:sislof, the bakelite shaft, and 
the i-finger contact a rlll . 

The winding rorm has t he same depth . 
diameter, and arrlmgemc.nt. of olQuuting holes 
as the'l' n ' E 21·1-A Uhcostat.rotcotiOUlcter 
described at til e boltom of t.he opposite puge. 

bUlbecause l hewinding 
is protccted. the allow­
able power dissipation 
is s mllller. R csistauees 
as high as 20.000 ohms 
a rc available fro m 
stock, nnd special sizes 
within the powcr-rat­
ing lim itcan be built to 
order. 

SPEctFICA nONS 
Power Rating: {} wat ts. Ma..r; imllm :lf flXill/lim 
Rotation Angle: 21H G (u pprox.). No O~'I-" llOsition. Type 
Shaft: Bakelite. M-ineh diameter. 

RClisi(lIIce Cllrre1!/ 

Knob : Tvi' i'; 637- H. 314·A 200 !! 165 IIln 
Mount-in!?,: Stnndnrd :i-hole: mnchiuc screws, nuu, 314·A 600 11 !)S lila 
lind templulc fllrnisllcd. Supplicil "' pnnel lyJl'C, 314-A 2000 11 S!l ~ua 
easily coll\'crled For luble mounling. 314-A 6000 n 30 mn 
Dimensions: Sceskeleh on scronll preceding pnSe: 314-A 20.000 n 16 ma A.., 37:, B = I% inches. 
Net Wei!?,ht: G ounCd. 

COM 
Word Price 

EQUIP 

t; 11"SE 

g lU~CT 

. : nODE 

.:n U l'T 

F:6KER 

Code 
W urrl Price 

~:~"Tt; 

F.xnow 
~;~J::/IoIY 

EXJ Ol' 

E~IIO I . 
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TYPE 533-A RHEOST A T-POTENTIOMETER 
This isa heavy.dut,'! uuit, which can dissipate 

2:;0 watts under continuous load. 'rhe frame is 
of moulded bakelite, and the resistance element 
is wound all an :l..Shestos-c:o \'crcrl altnniuum 
strip that serves to distribute the heal La he 
d issipatL>(1 La all portions of the clemen t for 
better rad iation. Th is unit. tlnll the one listed 
helo"'. should not be used in closed compart. 
ments or where a means of ,-entilatioll has lIot 
been providl..>t! Lo kccJl the temperature of 
associated apparatus at u rensonable valuc. 

n oth types arc equipped wilh three TYPE 
IS8·V cOli lbinntioll bindiug post and plug jacks 
set on sttlUdllrrl spacing so that tight plug.in 
connections lUa~' be made to obtain immediatelJ' 
a rheostat or ei ther di.r('<: l ioll of rola.tion for 
increased resistance. or a fix<.'tJ resistance from 
which n variable tap is to be taken. 

Scverl lllaxilllllll} resist.'Ulce values are carriell 
i ll slock bUl olilers of the Mille power rati1lg 
call be blli llto order. 

SPECIFICATIONS 
Power )(n ting : ~.;o walt.'!', lICe current rating below. 
Rotation Angle: 3050 (:I(lJlrox.). No O FP position. 

Shaft : Steet, %-inch diameter. 
Kno b : T'TPE Og7-Q. 

l\lountinl1: Table tYI>C supplied, easil.\' ('(II1\'crted 
for panel lIlounting; 5Ce ac ... ·(,unp:IIl.\·iIlH sketch. 
Machine screws, nuls, :lnd a drilling tellll)b tc arc 
furuishc.11. 
Dimensions: See 8t'l'Olnpanyiug ~keteh. 

Net WeiCht: l ;i.i 1)()IUlds. 

/tf(l:J:i.ltlllll, J/ II:tilll II 1/1 

T Y7Je R ' , C 111 C~ I ~ III/ ell litre 

533-A 1 n 15.8 a 
533-A 3 0 9. 1 :I 
533-A 10 n 5.0 It 

533-:\ 30 0 i.9 B 

533- A 100 I! 1.0 a 
533-A 300 n 0.9 a 
533-A 600 {! 0.6 (I 

Code 

W " '" 
~ O I,"R 

~OS "'H 

)1 011 ,\1, 

)oI OTTO 

)wcc;,· 
)I UMl>H" 

0'11 U!ST" 

'" 

TYPE 333-A RHEOSTAT-POTENTIOMETER 
This unit, although 

smaller, has the same 
(:onstrllctional fealures 
as the "YP!': 53S-A 
Rheostat - P otentiome­
ter described aboye. II 
hns the stand:ud a-hole 
mounting which makes 
it. interchangeable willi 
the uu ils showl! on the 
next page. 

Its power dissipatiou 
rating is 100 watts. 

SPECIFICA Tl ONS 
Power Rating,: 100 watts. 
Rotation AII~ l e: 2890 (tlflprOlt.). No O.·Y j)()sition. 

Shaft: Steel, y,. ineh diameter. 
Knob : TY'PE GS7-H. 
Mountin g: SlalUlnrd ~-hole ; muclline screws, Iluls, 
nnd template rllrnished. Slipplictl u p:mci type, 
cltsil;,' ton\'c.rlcd for tnbtc mounting. 
Dimensions: See sketch on third prccciling Jl.'Sc : 
A - -I-. 8=2% inches. 
Net Weight: 11 ounces . 

Ma xi mum Mllximllm 
TY11C /{nill/lJ.lI et; {J/lrrf1l/ 

333-A 1 n 10.0 a 
333-A 3 n 5.8 II 
333-A 10 0 3.i II 
333-A 300 I.D a 
333-A 100 0 1.0 II 
333-A 300 n O.G a 
333-A 600 n 0.4 a 

Cod, 
Word Price 

\·AI_OK 

V,\PID 

\ 'E,,"U8 

' · 'G1L 

V\ClOR 

\'II_ L .~ 

\'IP~:R 
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TYPE 301-A RHEOSTAT-POTENTIOMETER 
Rated at a maximum power 

d issipation or 5 watts, this i!> 
the swa Ucsl rhcos lat.polenli­
olUclcr we mU ll ufacLurc. Be­
cause of its compactness it is 
iden l for Giaillcu l cOlllrols 011 

smull tubes. 

SPECIFICATIONS 

Power Ratinll : ~ walls ; 3 waUs on 10,000 f.! IItll l 

20,000 P. models. 

Rotation Angle: 2(}-I° (appro". ). No OFF IKlsilion. 

Shaft: Steel, M-Lnchdianlcler. Knob : TYPE 637-:'1.. 

Mountin ~: Panel type supplied; easily converted 
for lnblc mounting. i\ lnchine screws, nuts, and 
lem plntc furui silCII. 

Dimensions: See accompanying sketch. 
Net Weight : 30ull(es. 

Ma ximum i1Iaz imllm Code 
Typ e Il llzi4/afl(;t C'lIne'tt Word 

301-A 
6 " " PALSY 

301- A . 2 n 0.7 , R£MIT 

301-A 25 n 0.5 , II ENlc:W 

301-A 200 n 175 m" H!:lWf:! 

·30 I-A 10,000 n . 7 m, CU MH ,( 

*301 -A 20,000 f! ., m, C I! U ~11I 

Price 

TYPE 410-A RHEOSTAT-POTENTIOMETER 
This is identical with 

tue 'J'ypE SO l -A Ilheostat4 
Potentiometer descri bed 
a.bove, except t ual it i.s 
cqu ippcc..l for singlc-uolc 
mounting, oftcn a COll4 

vco icot feature. This uuit 
caunot ordinarily be uscd 
on metal panels. 

SPECIFICATI ONS 

Power Rating : 5 WilttS . 

Rotation Anl1. le: i54°(lIpprox.). No On ' position. 
S haft: Sleel, 7.(-inch diameter. Knob : TYI'tl637-A. 

Mounting: Single-hole p.·mel lype only. 
Dimensions : See accompa.nying sketch. 
Ne t Weight: S ouu(.:-cs. 

lJ! axi IIlU'1/! lJ l axi"llll/m Cade 
T ype Il eli#allce Cu r"ml IJ' ord I'ria 

410-A 6 n I , SA.BOT 

410 -A 12 n 0.7 , SALON 

410-A 25 n 0.5 , ilA!."f,( 

410-A 200 n 175 m, FlATtN 

TYPE 437 and TYPE 439 CENTER-TAP RESISTANCE UNITS 

'l''(J>~: 437 TYPE 430 

These two units mOUllt directly on the 
terminals of a General nadia tu be socket. 
ofrering a means of connecllug a grid4 or 
p late-return lead to the mid-potclltial poiut 
of the filament or heater. TYPE 437 h as tltc 
adjustable mid-point. 

SPECIFICATIONS 
Resist3n ce: 60 ohw!. 

Ma ximum Cu rrent : 200 01.'1. 

Dim ensions: T Y'I'E 4Si, IN" 172 x (llli<:k.ucs~ ) 
% inches. ')'YI'E 439, 1% x l %" x ( thi<:kuesil) Ys 
inches. 

Net Wei~ht: ~ ounce. 

Type 

437 
439 

Cu l/u Tap Code W Qrd 

I AdjuStllble I l'ElUL 

Fixed PASTY 

Prit:~ 
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VARIAC 

Tnt: 100· K Tl' r l': WO-Ci\l TrN; 200-CIl 

Tbe Variac is an adjus table transformer that 
delivers :lily voltage between zero and line 
voltage wilh as Sll100tU nlhl uninterrupted 
control as that oblllinable from UII\' rheostat. 
(On one model any voltage bCl\\'ec~ zero and 
1:J5 volts tan be obtained froUl the 115-\'0Il , 
60.cycle line.) 

The applications of the Variac to inJ.uslrial 
con t rol and to experimental problems in the 
laboratory nrc literally numberless. In general, 
it ca.1l be slatt.>d thal Ule Variac is the itlcal a ·e 
voltage control device b<.'Causc of its high eill­
ciency, low heal dissipation, and. good vollage 
regulation. It has lllallY nd\'lm l ngcs over Ule 
usual rheostat or potentiometer. The ou tput 
voltage is essentially independent of load. 
Voltllges in the vicinity of zero are obtainable. 
311d it is possible to increase the voltnge and 
thus provide a mean s of compensat ing for low 
line voltage. 

This combination of qualities hRs been ob­
tained by means of design features of con­
siderable interest. The Variac in its s imples t 
forru consists of a laminated iroll core bui lt. up 
of toroidal pWl chings. A single-layer winding 
traversed by a moving blade provides both the 
t ransforUler effect and a cOlLvenient Illeans of 
voltage adjuslUlCU t. Since each lurn of the 
winding call be reached by Ule switch, a con­
tinuous adjustment of voltage is obtained. The 
transrormcrs arc dcsign(''li to have about 0. 25 
to 0.5 , 'olt between turns. A cu.rbon brush on 
the switch limits the current il.1 the short­
circuited turn so that no undue heating results. 

The followiug arc a fe w sugges ted IiSCS: 

Vol ta~e Con trol on Rectifier Systems ­
A power pack for supply ing dc to VaCuum 
tulJes with :l Variac in the primary of lhe 
supply transformer gives d.c voltage conlrol 
over the complete range \\·ith equally low 
percenlage regulnlion at all output. voltages. 

Over- and Under -Vol tage Testing - Oper­
ating lests Oil radio recei vers and olhcr socket· 
power household devices are facilitated . 

Low Line Voltage Compensation - Liue 
voltage can be restored to Itormal when, be· 
eausc of hea vy londiug or n long linc. fu ll "01-
t..'tgc cannot be oulaillcd otherwise. 

Meter Calibriltion - CILiibration, by CQUl · 

pa rison with a slan liarJ, of a-c voltmeters alld 
ammeters. 

ro.'foto r Speed Control - The Variac is a (.'011 ' 

venient Uleans of adjusting ~peed on small 
voltage-sensili ve motors like t hose used 011 

jewelers' lathes. 

Theatcr-Lighting Control - Especially IISC­

iul oll " Iitlle theater" ali(I e1rama.c1ub s tages. 

Solder in g, Iron Con trol - Economica l main· 
tenance of operating temperalure. 011e can 
heal a cold iron quickly by applying over· 
voltage. 

PhotoHood La nl !)S - Photographers lise lhe 
Vnriae to reduce brilliallcy during prdiminar~' 
ad justment» and lenglhen la1111) life. 



 

TranSronllcr T esti.nlo! - Variac control ill 
transrormer prima ry circuits eli minates thc 
third harmonic compoILcnt or output voltugc 
that is preseul wllell lIIagnetizilig curren t 1I0ws 
in Ii resistive control. 

The Variac is carried in st ock in the {h'c 
types describcd in the following specifications. 
We call , howc\·cr . build 011 order o ther sizes 
within lltc limits imposcd by u\·nilable core 
structures, Prices will bc fllrni"hcd on re<lu esL 

SPEClflCA nONS 

I..o~ld Rati ng : The \'u lue of " Lo.·ul Ilatiug" Sl~i. 
netl ill the pril'e [ist for tflcl/ IIlC)(lei is the full-\'oltage 
voll-nwl)ere ral ing of n oons t.nU!·iml)Ctlanl'e load. 
III ot her words, ' I'n'il 100-K will (.'Qulrol at. nny 
setting n ban k of InUlI>! futl'tl 2 kva at l lli vohs. 
Current : T he "Uated Current" specified in t he 
lJri c.:e list ClUJ be llr1"lwn safely It l any point ill the 
out pul-\'ollllge r:m ge, bllt nl50llle 5Clting~ this mled 
\'aluc of \oo.d currell t 1Il1l~' be cxccc<lcd. T hii' in­
creased currcnt is the " Maximum Current" givcn 
in the pri(.'C list. 

Sin(.'e t he Variac is an auto-transformer. maximum 
l os~ (which dctumines the rating) occur! at one-Ilnlt 
line voltage. In the vicinity of fu ll- line voltage, how­
ever, there is no t ransformer action, and t lte allowable 
current is limitC1.i only by heating inlhebrush, which 
permits the ")1aximmn Cu rrent" rnt ing at this 
point . 

Consequently, a V&.tiae cnn haudle, lor ally setting, 
a eoo.stnnt-impcdaoC"e load (such as a bank of Inmps) 
which draws at fuil YOlt3ge a current no greater than 
the specified "MnlCimum Currcnt." 

Calibration : Dials gi\,jng a \'oltage cal ibration 
accurate to ± '1:% when the line vol tage hn.s ib rated 
value are furnished on all but Typf}S I()O..K and 
l00-f~. TheR; tv.·o IIa\'c a 10000i\'ision dial plate 
which givCll an approxima.te calibrat ion, as the in· 
dicated percentage. of line \'Ollage. 

Knob: Typ.:s IOO-K aud 100-L Lo'\'e 11 LaUlI wLee.1 
with Il fixed d inl pla te. 

TYf'ES 200· B. 200-CM, and 200-CO have di31s 
permnnently attnehed to ·I'YI'.: 637 Knobs. 

Voltage increases willi clockwise rotation of tile 
control wheel on TYI'ES l 00-K and I ()()"L. On TYf'~ 
'too-n, 200-Cl\l, and 'too-CU voltage incren!ICS with 
counter .. c1ockwise rot."\ tion of the d i:11 when arranged 
for table mounting. 

Direction of rota lion for illcrc:lscd volLnge lIlay I>e 
reversed by a change of oollncctiollS on T y PES 200.n. 
i oo-Cl\I, !l1l{1 200.CU, bUl not Oil T1'1'EilIOO· K or 
t oo·L. 

IOO-K, - f. 2OO-CM. -CU 
VARIAC T YI'ElI 

200· 0 

Terminals: TYPE 100-K ami 'J'n'g 100-1. ha\'e 
threaded tcrluinal studs nod Ilre supplied witb sol­
duing lugs. 

TnE i OO-D has threadaltcrwintl.1 5tnU$, nub O D 

which hold soldering lugs. 

TYPE 200·C M is rutoished (.'Omplete with atlat::h­
mellt cord and plug for the input connection to the 
wilins, nil OS-ol ' l' switch, nnd a ,tandllrd plug re­
ceptacle fOt the outllul circuit. 

TnI': 200-CU is provided with soldering lugs 
placed inside the bakel ite housing. 

Mounting : All mooels are readily oon\'erted from 
the table mounting ilIustra tCtI to oock-of-pancl 
mounting. 'J'yp.,;s 1000K and I()()..L can l>e mounted 
bnck-to-b!lck ill cl'lscade for operation by a single 
shaft. See tI.(.'COwIIllnying drtl.wing for mountillg 
dimensions. 

'fTpES IOO·X, IOO·L, 200-CU, Rnd i00-8 arc 
snPl>lied without a case. 'J'l:p£ iOO-CM has a pro­
tecting case. 
Dimensions: See sketch. Over-all height: 1'nE 
l00-K, 7% ; Tyl'f: l00-L. 8; Typ.: iOO-I1, SU; nnd 
'h i'.:.!:! iOO-C M ond 200-C U, 5).1 inclle~ . 

Net W eight: '1'1'1>1: loo-b:, 20%; Tl·P.: lOO-L. 
i s%, : TvI'E iOO-B, 2M; 'I'YI'E 200·eM , 10 : Rnd 
Tnt: 200-CU. !I IKlumb. 

LOlld Primory C,uulll OlltllU t 

Type Ratill!1 Vol/IIge· llotr.tI M IIximlulI VolI llge Cod(l W ord ' ),ice 

lOO-K 2 kva U 5v 15 • 17. 0-116 \. DEA!I4Y 

100-1.. 1 kva t t 5 \' 
230 v 

8. Oa O-iSO Y OE,\ III) 

lOO-B 170 va 115 v 1 . 1.5 4 0-115 \' OA L'iA 

200-CM 850 va liS v , . 7.5 1\ O·I SO \' D.\I .M\· 

200-CU 850 va lISv , . 7 .~ a O-I SO v UAKE" 

·'0.80 c),cle. • .., on l)'. 
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TYPE 539 VARIABLE AIR CONDENSER 
(UNMOUNTED MODELS) 

Th is is n high-grade lahoratory.typc con. 
denser that is usal in UlallY laoorator ies where 
I)crmnncnliy usscmbletl experimental equip_ 
ment is beillg bui lt. II has the lowest losses of 
any General Rudio l:lborator~'.type condenser 
and these losses remain practically constant 
with setting. 

Three brass rous. extensions of which serve 
as mOllnting plUMS. rigidly S~JlPOtt the two 
clld plnlcs on each of which is a block of iso­
lantite carrying the two rods to which the 
stator is BUudled , This construction facilitates 
the lise of special piateshnpcs, like those in the 
'1'\'P~: 5S0·T (straight-line frequency, i70° 
angle of rotation) Condenser and the T YPE 
589-X wllich is used to spread outthc sealc of 
beat.frequcncy oscillators. 

This 'J'yl' t: 5Sl)·T ,\ Conuenser is of intc~t 
betatllre the cui ire rotor :lssembly (u well us 
the slalor) iii insulnted from Ihe en,] pllltes 

SPECI FICA liONS 

Capacitan ce Hange: See pri('e list. 

Plate Shape: SeUlicirculnr rotor pbtes giving linca. r 
enp!lcitnuce \'nrifl l iou wi th selliug nrc used a u 1\·p};.s 
!l3!J ... 1, 53!1-K. find r.S!)·L. 

Iwtor plfltes for 'I'1"I' t~ r.3(J.T and !i3ll-TA fire cul 
to give a lincar {rC<lltency vari!ltion wi th sdtiDg o \'e r 
250· of a possible 210· a ngle of rotation when 1\ ca­
pacitll n~ of 25 ",,,,r is ('OOIleeted in parlillci VI·ith the 
condenser. T hey are assembled. on the shalt so that 
C\)unter-cIOf'k\\'i.-!e retlltiou produ~! an increase in 
frequency. The rcsulting frequency ratio is 5:1 start­
ing from a setting corresponding to n condenser ca· 
pacilance of SS ,,~, nppml:imately. 

Tn'.; 53!)- X has n sprend~ut scale for uu: on a 
beat-frequency oscillator. When it is used in a beat­
fre<lueney oscillator hll \' ing n carrier in the vicinity 

N ominal Capacilonce 

of IG.s kc and an usoeinted lero ccnpacitanC'e 011500 
,,~, a frequency rnnge of from 0-10,0</0 cycles is 
CO\'ered by approximately IiSO° 0 0 the d ial : 0-100 
cycles is ('Overed hy 40· . 100-1000 cyeles by 50". and 
11>00-10.000 eycl~ by 1",0·. approximately, 

Suppor ts: '1'1\' 0 burs of i5QI1\ lltite. trented to pre­
\'enl nbll'Orlltion of moisture. support the stator 
assembly. 
Low Losses: UwCt is approximately 0.03 x 10- 12. 

Maximu m Voltage: T \'I'E5g!hl is conservatively 
rated nt 1100 volts. peak ; TYPE .5S9-K al 800 \'olts, 
peak; and Tn>.:s 691)- 1., ~S9-'l'. 599-TA, a nd 53!)· X 
al 550 \'oJu, peak. 
Knobs a nd Dials: None are supplied . Kote that 
till mo,lels h,n 'e :W·inch slwfl s and lIull '.]' \, ,..;s 53!).'!'. 
530.'1':\. , an,1 53U·X re:<luire:1 selile ~prcacl over 270 0

• 

instend of t Ile 1800 required Ly the ot her types. 
T erminals: Soldering Jugs Are mounted on the 
lower isolaotite support of nil except T n-fl 559-TA. 
Thc rotor connection fur this condenser is brought 
out through an isolantite bushing in the re:u- end 
plate. 

Mounting: See accompanying outline uraVl'ing. 

Dimension s: See ,,('COmpanying outline d rawing. 
Depth behind pallel (A). 5 1~K inches, over-all , 

Net We ig,ht : Approximately liM pouow. 

T,,,, Jl azimum M inimum Dnuiplion Code Word Price 

539-J 500 p.J.l. f 50 ,.",r Stra ight-line capacita nce ATLAIS 

539·K 1000 p.p. f 55,.".I Strnight-line ca p:lcitance ATOXE 

539·L 2000 J.l.J.I. f GO Jl.JI.! Straight-line ca pacitance ATT IC 

539·1' 500 p.p.f 50 JI."'! Strnight-line frequency CI.oSE 

539-TA 500 p.p. f 30 "'Jl.f Straight-line frequency, iusululeu rotor CLOTH 

539· X 900 JJp.f 50 JI.",f Special spread-ou t leale A UOE R 
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TYPE 568 VARIABLE AIR CONDENSER 

This is a coudcllser ot rugged construclion 
for use as a lUll ing elelllcut in short..wavc rc­
ceivcrs. lransmiltcrs. and WA\"cmclcrs. It is 
desib'1led tor landelll moun ting. a hollow shart 
permitti ng the use (If a sillgle long bakelite or 
metal shaft for driving several un its, The iso­
Inutile cud plates help to keep the losses at a 
millillll ll'l1 . Con tact to thcrotor is made t hrough 

3.11 cight-fingered conical beariug kept UIIJ('r 

heavy spring pressure. a nd . ill order to roouce 
resistance. each plate stack is soldered i llto all 
integra l piece before assembly. 

' l'wo si1.cs are available. one of 175-,/.Ipf with 
straigh t-line-capacitance plates ami th e other 
of ;"jO-J-lpf with slraight..lill c-frcqucllcy p lates of 
decreasing fre<lucli cy with clockwisc rolaliOl I. 

SPECIf IC A TlONS 

Plate Shape: 5h3igll l- linc cn p.acit3nce for TYPE 
508-D; approximately straight-line fre<l ueney fot 
TYPE S68-K. 

Supports: EnJ plates are of isolanli te, treated to 
prc\·cut moisture ab$orplioll. 

Low Losses: HwC2 is IIJ1Jlrox illl lltely 0.03 lI: 1O- *'. 

1\.'laxhnum Volmllc: 500 volts, peak. 

Knobs : 1\'ooe supplied. 51111ft diameter, %-inch; 
rotation 3ngle ISO" for TYPE fiGS· I). 270" for TYPE 
50g·K. 

1\Ioun t inll : See accompanying sketch. Drill ing 
lemplnte and S nat-head S(rews lire furnisLcd. 

Dimensions: See $kelch. 

Net Weillht : r.;. pound. 

Type 

568-1) 
568 ·K 

Nomillfd Capadlutlct ('(}(/Il 

Mu:timum M inimum Wurd Prict 

1175 1A1A( 1 12 iJp. f I CLO\""l: 

50 IAlA f I i JiJif CLO l1 D 

SPECIAL CONDENSERS FOR SPECIAL NEEDS 

W e are equipped to build to order condensers 
wiU. values of maximum capacitance other 
t han th ose of the stock mOOels described here. 
Non-semicircular plate shapes include those to 
gi\'e accurate straight-line-frequellcy scales or 
to give a logarithmic O\ltput-frequency scale ill 

bcntArcqueney oscillalors. The add ition or ci r_ 
cular rolor plates will produce condcusers with 
Land·spread chnracteristic.~, varia hie within u 
IixcO range, without Ule use or lrimmer or 
pndding capacitances. Shafts. shields, and in­
sulating matcrials are supplied to spt.'<!ifi cations. 
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TYPES 334 and 335-Z VARIABLE AIR CONDENSERS 

Left to riVM: Tnt; 3!H-F. 'J'TPio; ~-Z, Tnt: S3·t.-H, and TYPE SS,J,-Z 

Th is group of condensers is avai lable in a 
vlLfiety of sjzes for general experimental use. 
They have soldered brass plates and metal end 
plates which nre grounded to the rotor slack 
and to the slmft. Insu lation is of hard ruhber. 

Models r.nled in the price list at 1500 "oils, 
peak, have double the plate spacing ot those 
rated at 500 volts. peak. The former are 
iutcllded for use in power oscillators or inter­
mediate stages or medium-power t ransmitters. 

SPECIFICATIONS 

P late S h ape: ApJlroxirnntdy str:riJ:hl.line WflVe­

lcnglll, ,Iecrcusin~ w(lvc!cnglll for clockwise rotnt ivn, 
for nil excel)l 'I'YI-.: 3S5-Z which lms s trnight-line­
capncilance plates. 
Su pports: Two SIlJ:l.1I sections of first -quality liard 
rubber support the stator. 
Low Losses : RwCt is approximately 0.071: 10- 12. 

Kno bs a nd Dials: None are supplied. ShaJt di­
nmeter, Minch; rolalion :lIIgle, l SOo for 1111 si7.es. 

T ypES SS4·Z and 835·Z hIlve balanced rotors; nil 
otben, " counterweight. 
Mou n t ing.: Standard Ceneral !ladio S-I\Ole 
mounting. See accompanying ~ketcb. Drilling tern· 
plate and S Dill-bead screws are furnished. 

Four removable feet are furnished willi each of 
the high-vol tai.'e mooch. 

Maximum 
Peak 

Termina ls: See illustralion. 

Dimen sions: See aceompanying outline drawing. 
Depth (dimension A) is given in tue I)rice list. 

T y po Maxim um Mini mum VQltag, Depth ( 4) Net lI'eigM Code W ord Price 

335-Z 1150 PlAr 50 ~~r 500 v 5}:( in. i j.i lb . DOG US 

334-F 500 Illl f iO ,..,..f 500 v 3~in . 1,I.i lb. nWls 

334-N 350 Ilpf iO ,..,..f 500 v Sj.i in. 1 ~ lb. m :.s t;T 

334-K 250 Illl f 16,..,..t .500 v i% in. i ib. n .;.LOW 

334-Z 500 JlJl r S5,../.I f 1500 v 10}i in. ' % ib . BOGET 

334-R 250 p,p,f so ,..,..f UOO \' 631 in. • ib . 1llSO S 

334·'1' 100 p,p,f 15 ,..,..r 1500 v SMin. I }IS lb. HI LLY 

334· V 50 p,p,f 10,..,..r 1500 v 2%io. ~ Ib . Il Il' .~1) 
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TYPE 639-A VARIABLE AIR CONDENSER 

This condenser is of the douule­
section, high-voltage type for usc 
in power oscillators. It has '(6-inch 
aluminum cud plates, large Ilex­
agonal l ie-rods. and selr-aligning 
conical bearings. The insulation is 
of isolanti te. 

Either section of the condenser 
call he rcadily taken apart and 
one or lUorc plates slti fted fronl 
one section to the other, thereby 
adjus li ng the capacitance. as 
for optimum excitation ratio ill 
Colpitts oscillator circuits. 

SPECIFICATIONS 
Ca paci tance Range: Two sections arc provided. 
Maximum capacitance of either section is readily 
adjustable (rom i5 1-',,( to 305 JAJ.lt, or the condenser 
may be used as a single-seclion type haying a 
maximum cnpacilance of S30 ",,..C. 

rlate Shape: Semicircular fotor plates, giving 11 

linear c.'l.pacillUlcc wuiation with settiug, and re­
<Iuiring a dial with a scale sllfcau ovcr 180°. 

P late S pacing: 0.098 inch. 

Isolantite Supports: Four bars of isolanlilc. 
treated to prevent absorption of llioisture, support 
the stator assembly. 

Low Losses: RwC2 is approximately O.OS 1: 10-12. 

lIobximum Voltage: 3600 yolls, lleak. 

Dimensions : Pand spa<.'C. 4~ J: 4!{ illCiJCS, OYcr· 
nil; depth behind (XLncl, 7 incilcs; shaft length 
me. .. sured from back of p..'lnel. 1 inch. 

Knob: None supplied. Shaft diameter. ~ inch. 
rotation angle, 180°. 

Mou n ting,: Four nickel-plated hex-head bolls nnd 
t\\·o mounting brnckcts with Ill.'lchine screws tlrc 
supplied for eithcr b:lt.:k of panel or table mounting. 

Net Weiltht: S% pounds. 

Type Code Word 

639-A 

TYPE 247-F VARIABLE AIR CONDENSER 

This is an experimental-type condenser 
having soldered brass plates and hard-rubber 
end plates. 

SPECIFICA liONS 
Plate Shape: Approximately straight.line wave­
IcngUt, decreasing for c10ckwisc rotn ti()U. 

S u pports: Two plates of first-grade hard rubber 
support the nsscrubly. 

Low Losses : RwC2 i3 appro:tiwo.lely 0.08 x 10---]2. 

M.axlmum Voltage: 500 volts, peak. 

Knob: None sup­
plied. Shaft diaru­
eter, U inch ; rotll.tiou 
aogle, 180°. 

Termin als: See 
illWitration. 

Mountin ~: See 
skelch. Drilling tem­
plate and 3 flal-hcttll 
screws furnished. 

Dimensions : See sketch. Over-aU dcpth behind 
panel, 3% inches. 

Net Weight : 1~ pounds. 

Nominal Capacitance 

TY7Jt Mflzi""t»~ Min.imum 
Code 
Word 

COCO A 

Pric~ 
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TYPE 368 Y ARIABLE AIR CONDENSER 

'I'n>E :)us·t; 

This condenser is useful as a. balancing or 
vernier condenser in ,-ariolls vacuum-lube (· ir-

'/'n'£ :HiS--A 

cu ils, and many ama­
leurs Ilse it as a. luning 
condenser in rtf.:ei\'crs 
for Lbc high-frequency 
(short-wave) bands. It 
has a single> haru-ruubcr 
end plate. si ngle beariug. 
and can be used for 
si ngle-hole panel mount­

illg ali well as fo r mounting 011 a baseboard by 
means of the angle bracket. 

SPECIFI(A TION$ 

Ca pacimnce Ran~c: See price list .. 

P late Shape : Straight-line captlCilanl'e. 

Support: A single, liard-rubber cud pllltc supports 
the en ti re asscmbly. 

Low Losses: RwC2 is approximately o.oo-~ x 10- 12, 

i\'laximum \'oltalte : 500 volls, peak. 

Knob: Tl"PE OS7·A Knob sllpplied. 

l\'l ounling: Bushing ror single-hole J1fLllt:1 mounl­
ing; bracket fOf ba~chonrd lIloun ting. See sketch . 

Dimen sions : See , kelcll :ill\] price lisl. 

Nee Weight : ApproximB tely S OUlI l'f!S, a ll si"ll's. 

TWO-HOLE MOUNTING OR ONE-HOLE MOUNTING 

'><OL<S NO "O"'L~. l:32': ,",,.0'0 N'CK 

~~ 

T ype 

368-A 
368-11 
368-C 

CII'p(l~ill!,U'e 

Max. Mill . 

15 /olJ.l. f 2 ",pi 

50 J.l.J.I. f $ iJ./.lf 

100 "'/ol f ;1 iJ.iJ. f 

~x+:~ 

Dellth {Jade 
(X ) Ward Price 

L ~{G in. DULLY 

I~ ill. R URL" 

154 i n. A1.U RE 

TYPE 756-A Y ARIABLE AIR CONDENSER 

'l'h is condenser is tl. doublc-seclioll, band­
spread typc for usc in circuits where h yo band­
spread va r iable capacitancesare required. llour 
of tbe sevcn rotor plates a re complcte circles. 
Thc position of several is adjustable a long t he 
shaft to give any desired spread. 

SPECIFICATIONS 

Capacitance Rang,e: See price lisl. 
Plate Shape: Approximately straight-line fre­
quency; 1800 dial rt.'quired. 
Direction of Romtlon : Counter-dockwise for 
illcreasing frequen cy_ 

Support's: Two small seclions of first-quality hard 
ru.bber support tile st(ltor_ 
Low Losses: RwC~ is approximately 0.07 x to-Lt. 

Maximum Volta~e: 1500 volls, Jleak. 
Mounting,: Identical with T Y PE g3,~ Condensers 
described pfCviously. 
Dimensions: Same as Tn}: 33;~ Condensers de­
scribed previously. Dimension A, 5 inches. 
Net Weig,h t : i I)()ullds_ 

Gapacitallce 
PCT Sec/ion. Code 

TUp' Jfaxi-mu1n Mi'lim1111t Wo,d Price 

756-A I 225 pp' I,,, " , I MtlTAL 
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TYPE 380 DECADE· CONDENSER UNIT 

The TYPE S80 Decade-Condenser Unit is an 
assembly of indiv idual paper or mica con-

dCllscrs ali t! a selector switch a rranged so that 
anyone of 10 decade valucs may be chosen. It 
is made in th ree individual decade ser ies, each 
with 10 steps of 0.00 1 ~f, 0.01 p'r, or 0.1 p.f. 
respectively. 

T J1C excellence or these units is due, in large 
mcnsure, to care ill manufac ture and aging. All 
mica is carefully selected and units built of 
them a re mou lded in bakelite. l)aper con­
densers are thoroughly impregnated with 
mollen parallin during winding. Succeed ing 
layers of the conducting foi l make contact , 
thus a\'oi<l illl; the increase in power factor willI 
frequency which occurs when oniy the ends of 
the wind ing arc conuccted. 

SPECiFICATIONS 

Cupaci tan ee: T ll ree sizes are available with decade 
~teps of 0.001 Jlf, 0.01 ~f, and 0. 1 ~f per slCI). Sec 
tllc price list. T he desired value of capacitance is 
secured by variOHS combinations of four condensers 
huving v/lilles of 1, 2, 3, nnd 4, respectively. 

Dielec tric: Miea is llSed for t.ile two smaller sizes 
and paraffi n paper for t be largest one. 

M:lXimum Voltage: T he maximum peIIk /lI ter­
nating-<=urrent voltage sllould Dever be allowed to 
e.xceccl the rated di rect-<:urrent voltage, i.e. , sao 
volts. The losses in any condenser with tbe solid 
dieleclric are Ii function of tlie applied frequency and 
it is nece~sary to consider frequency when placing 
1I maximum voltage limit, since exressive heat can 
C/l.use temperature increases that 8re disastrolls in a 
calibrated unit. T he peak voltage may be kept at 
the 300-volt maximum for frequencies below 1000 
kc for the O .OO l -~f decade. below 100 ke fo r the 
O.OI-pi decade. and below 1 kc for the O. l -~f decade. 
Atbigher frequencies tbe "'oltage should be reduced 
in jm'crse proportion to lhe S(IUlm: root uf lhe 
frequency. 

Power F a ctor : Rr..JC. t]lt~. poto.·er jactor, is 0.002. 
0.00 1, and 0.010 for the O.OO I-Jlf, O.O I-Jlf, aod O. l -~f 
units, respectively. 

Cal.ibration : The shaft of eaeh unit is provided 
with R deleol de\'ice to wake defioite the 1105itioll 

Type Oapacitance 

380-A I.. IA f total, in steps of 0. 1 
380-8 0.10 IAf total, ill steps of 0.01 

of t ue switch fot each l'e tting. Units will be fouod to 
be ae<:urate tu witJlin 1 % for the O.OO I -~C and O.O I -~f 
decade units, and to within 2% fo r the o. I .~r 
dccade unit. 

Kno b : T n >E 202-Z supplied. 

Mounting : Individual decades nrc mounted in 
bras~ cans with a bakelite panel. Combinntions of 
dj!Clldcs, mounted losclher in lIle S.'IlIlC hox. :src 
:wRiluble as the T nt) 2 10 Decade Condeuscr. 

Dime n s io ns: l 'nnel spal'C, height. 3M indies ; 
willlh A is shown in price list. E:lch unit will exteml 
3% inches behind t iJe back fal'C of the panel on 
which it is mounted. 

Net Weight: Approximately I%: pountls. all sizCll. 

Width (A ) Oode Word Prier; 

" S% in. .-\1),\(:': 

" S%, in. "DOER 
38.-C 0.010 lAC t otal, ill steps of 0.001 ~r S}1 in. " I)I)I.E 
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TYPE 505 CONDENSER 

This is a small. 
band y, mica con­
deuser having low 
losses and excellent 
stability of calibra­
tion. ltistcmpcra­
lure compensated 
ami its price is low . 

Th e General 
Radio Company 
hns relt for sOllie 
time that there is 
need for a well­
designed conden­
ser railing in the 

All models have bot.h S(:rcw-l~llC and plng-Iype tcrmirmls. 
Lrfl. I:lrgc COISC; rigltt . Sill:!)] CllSe 

l1ualily scale uetwccn Ilccllralci,Y :uJjustctl pri­
mnry slanclarlls 011 tJl e one hllml aud the in­
expcnsive mou lded types 011 the olher. 

India mica was chosen as the dielectric 
because of its cxcelleJlt characteristics and a 
mOlluting mcUlOd was developed that makes 
capncitance practically independent of tem­
peralure and power factor of humidity. 

Ever y piece or micn is carefully inspected for 
lllcciHluical clcf<.'Cls and ot-her im perfect-iollS 
wllie!. cause large dielectr ic losscs. Ucsidllll l 
losses arc reduced by t-he lise of yellow low­
loss btt kelite fQr lhe cascs. 

T he plug-lYlle terminals permit these ( :011 ' 

densers to be slacked ill parallel lo hll ill l lI r l 

any rC(luiroo vallie of capacitance. 

SPECIFICATIONS 

Capacitance: SiU;ll are a \'nilable in stock as shown 
in the price list. (Other si"cs C:t ll be built to order, 
Ilrices 011 request.) 

Accuracy of Adjus tment : See price list. 

Temperatu re Coefficient : Less than 0.006% 
per degree C. betll'eeD 00 and 50" C. 

j\'laJ:imum Voltage: See price list. Thi~ rating 
means that the condenser will safely withstand the 
a-<: \'oltnge whose peak equah tile given ra ting up 
to lhe given fre<luen cy. Above that frequency, the 

r I, , 
~ 
~ ~ . 
r 

I , 

", . 

~". 

Equ ivalent-resislnnce-\"enlls-f requency eharnc­
t c ri~ l ic of a typical Tn'F; 505 Conllcn~cr 

allowable voltage decreases wversely witL the square 
root or the frequency \)eeause of the power loss. 

Power Factor: Less than 0.05% for frequenciell 
below i Mc, except for thc three small skes. Special 
preClLutionli are lII.keD in a!!SClIlbling nuu sealwg the 
condensers to insure against change in elLpacitanre 
or power fnctor due to varyiog moisture cooteot of 
the air, :lnd to aging. The ehart shows t.he value of 
lhe cqui\'alent series resistance in nhms tlLal would 
have to be plQCC(! ill series with It pcr(cct l'() lIdc.nscr 
to give the real power loss of 11 TYPE 505 400-""",, ( 
Condcnser. 

Terminals: Screw terminnls spae~1 M inch apart. 
Two TYPE iN-P Plugs are supplied with each COD' 

denser so thut it way be couverted to plug-terminal 
mood . 

l\'lou n t ing: l.ow-Ioss (yellow) bakelite (;Uses in two 
Si1,cs a s shown in the skelch. 'l''I"P£S 505-R. 505-T. 
50$-U. and 505- X take the large case· 

Dimensions: Sec sketch. 

Nct \Veigh t: " Olllll'Cli for small, I i ounces for large 
si7.e. 



 

AdjU!itd to Maximum Volla!}t 

T gp' c ., apaci Unell , 
'" W'fh' P O~, F , ae Qr Voll at F ago rtquctlcg 0 M' Cod II' 1 p ' nc~ 

505-A 100 p.p.! 10% 0.1 % 1200 v U Oo kc COS DENALI. T 

505-8 200 }J.}J. f 5% 0.1 % UOO v 1iOOkc COr>O£NllI:: I.L 

505- E 500 pJlf <% 0.08% 1200 v 880 kc COl' DENCOA't' 

505-F 0,001 p.f 1% 0.05% 1200 v 4·W kc CONDENonA~f 

505-G 0.002 p.f 1% 0.05% 700 v MO kc CO!" OES EYIU: 

S05- K 0.005 p.f 1% 0.05% 700 v 260 kc CONDE!\ ~'A C'J 

505-L 0.01 " 1% 0.05 % 700 v 130 kc CON DES G1RL 

505-1\'1 0.02 " 1% 0,05 % 700 v 05 kc CO:>/IlEN II . :AIJ 

°S05_R 0.05 " 1% 0.05 % 700 v 60 kc CQ S IU:NCAUI 

°505-T 0.1 " 1% 0.0.1% 700 v 30 kc CON rH:Ncnow 

"505- U 0.2 " 1% 0.05 % 700 v to kc COND I::NWIPF. 

°505_X 0.5 " 1% 0.05 % 500 v Ii kc CO:O:O E NW1LT 

TYPE 492-A OXIDE RECTIFIER 

One ki nd of jUllc tion of copper oxide has 
the properly or uni latera l conductiv ity. The 
T YPE '~9 !?-A Oxide R ectifier consists of Cour 
copper-oxide rectifi er units arranged in the 
forlll oC a bridge. thus providing futi .wll\'e 
rectification of an applied alternating voltage. 
The rectifier is useful for operating relays and 
for measuring allernating voltages by means 
of doc ins trulIlents. 

The unit is offered in its prcsCllt fo rm for 
experimenta l purposes and it mllst be reali;.:;ed 
ill this COllnection that changes in boUI scnsi­
tivity and Crequency response with output load 
and imprcssCtI voltage arc to he expected. 
Fixer! resistors can be inserted ill series or in 
shunt with the rectifi er unit to red uce these 

A Tn.: ·HI2-A Oxide RediAer Bnd a TYPE 274-RJ 
Mounting Base 

apparent variatious. Tn' E 500 Resistors are 
recomm Cllded, 

SPECI FICATIO NS 

Freq ueney ErTor: TLe reclificr may be used 
without appreciable frequency crror at frequencies 
below 5000 cycles per second. 

Tem perature Error: Tempernlurc errors of about 
5% may he c:tpccted between norwa l exlreme 
temperatures. Maximuw sensitivity is oblttined with 
A load of 5000 to 7000 ohlllS. This value should be 
used when the instrument. is ol>erating I!. reIllY. If a 
I.willialopcre meter of ·'00- or 500-oLlIlS ruist:m ce 
is used. full-scale deflection will be obtained at about 
2 valls across Ole rectifier input. 

The maximuw current output from the rL'Ctifil'!r 
should not elt'Ced 15 IlIn, nor should the illll>resscd 
voltage exceed 3 ,·olts. 

Ohviously, the a.pparent change of impedance 
with resistance can be greatly reduced by proper use 
or series and shunt r&;sis lallCC on the input side. 

Mounting: As illustrated. Plugs fit T YPE 27·'·HJ 
Mounting Base (which is nol supplied ). 

Dimensions : (Length) 2J.i :r;: (breadth) 1% J 

(depth) U inches. exclusi\'e of plllgs. 

Net Weigh t: 2 ounces. 

Type Code W ord Price 

492-"\ PLOII" 
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TYPE 493 VACUUM THERMOCOUPLE 

The vacuum thermocouple presents a con­
venient means for measuring high-frequency 
current. It consists of a junction of two dis­
si milar metals which, when healed, sels up n 
d irect voltage capable of act uating a doc 
indicating weter. 

This lype of in!lt-rumenl is a true integrat. ing 
ammeter since the doc rueter rearl ing is a 
function of the r. m. s. curreul in the healer 
circuil. For this reason a thermocouple and 
meter give r(:Su lts that arc independent of 
waveform, tl.1l0 freqllcllcycrrors Can occur only 
at frequencies so high that the stray capaci­
tances in the couple mounting become sign ifi. 
cant (beyond 520 Me). The cou ple may be 
calibrated on direct current. 

Uoth the contact type aud the separate­
heater type arc avai lable. In the contact typc 
t.he heat.er circuit. is in electrical contact. wit.h 
the couple circuit. In the separat.e-heater type 
the heating element is separated from the 
couple jUllction by a small bead of glass, Lhus 
eledrically insulating: the two circu its while 
providillg good thermal contact. 

Thc contact-type couples arc easier to build 
and COllsc(luelltly less cxpensive, and yet our 
1l1clhod of buildi ng tI !e separate-heater models 

. , 
- ~.., . -, 

"! 0'.;, :-.~, , _ ;'/ 

~; 
I , 

THe 403 Thermow uplc.s Me mounted 
in a b:.kclile case wilL plugs to fit a 

Trpt: i74-nJ Moun ling Bn.se 

has been so great.ly im proved t hat a com­
parable degree of scnsit.ivity is obtained . 
Separate-heater couples call, of cou rse, be used 
at high frequcncies with fewer precautions 
against. the effccts of stray capaeitances to 
gn:mnd. 

Thermo- junctions arc mounted in an evacu­
ated glass bul b. 'r he vacuum reduces heat 
con duction from the couple as well as the 
effect of external temperaturc vllriations. Th e 
glass bulb is surrounded by felt and mounted 
in the bakcJite con tainer shown ill the ill ustra­
tion, ready for mounting in a Tl"N: 1l74-RJ 
MOllnting Base. 

$PECIFICA TiONS 

T ype of Cou ple: The lype number "4Mr' is usCtI 
to dc~ignate all UlertllQ(.'Oup[e~ desl.:riLe<! here. 
ConlAcl-lypc titcrm()(.'()uples are indicated by means 
of a single letter which also designates the heater 
current, t.g .• '~93-A. The letter "H" is used to indi­
elIte n ~eparate-heater lype of couple, ~.g., 4093-HA. 

Couple Resistance: The rcsist:ult:e of 1111 ooup\cs 
is adjusted tl) uctWL'i!ll 10 and 12 ohms, the value 
engraved 011 each Tl:'Imel)lnte being aC(;urnte to 0. 1 
ohm of tlle actual couple resistnn~. This i .~ II signif­
iCnnt spccifienlioll since the u£cr l',UI sdt'Ct :1 meier 
of the prollCr rcsistnlll'c lind sensith'ily to give full­
sClllc licflectioll wilhout overloading the t hermo­
delUent by considering the couple to be It generator 
of internal resistance equal to the l"Oul)le rc~istnnec 
ami developing an open·cireuil \·ollll.l;e of to milli­
volts when the Ileater current is that given in the 
table on the 11ex\ page. 

Heater Resistan ce: Ifeoters are adjusted to 
witilin ± 10% of lhe values given ill the taule. The 
adual value engraved on the nameplate is gh'clf 10 
within 0.01 ohm for Tn'~:S 40:J-A, 49S-C, 49S-H .. \, 
and 493-HC; 10 wi thin 0.1 oum for TYI'f;S 4IJ3-E: nnd 
40S-liE: and to within 1 ollln fOf TYI'.1'3 493-H, 
493-K, 493-1:11'1, and 493-HK. 

Electrica l Sens itivity: The price lillt gives the 
heater current tl.:lluired to produce 10 mi i! i"olls 
acros... the couple terminals on open cifcuit. This 
"alue is held to witilill ± 10%. 

Thermal Sen sitivity : 26 wicro"olu per degree 
}'nilrcnhcil. 

O\'erload : All hell ter.!! will withstand II continuous 
overload of 50% of the current given in price list. 

Coefficient of Resistance: Couple clements, 
0.00013 per degree Fahrenheit ; ilealer 0.00000 I)CI' 
deb'n .. 'C Fallrellilt'il. 

l\I cter: TypE 588-AM Direct-Current Mcter i~ 
fecommendcu for usc wilh Ulcse wuplcs. 

Mounting: MOUllled in oakelite case, asillusl rated, 
witb plugs to 6t TYl'E 274 Mounting Bases having 
four jacks. The 'lYPE 214-UJ Mountin!: Dase is 
recommended. 

Dimen sion s: (Lcn" ... !.) 2}! x (I>reaclth) 1% x 
(dcI'UI) %' juellt'S, exclu$ive of Illugs. 

Net Weig,h t: 2 ounces. 
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CONTACT-TYPE COUPLES 

CUTrelll/o Gille 
Y ealer 10 M1'flifJOltz 

1'/Jpt Heli,/dnct Open Circuil Codt Word 

493-A 0.5 {} SOO rna F UNNY 

493-C 2 0 100 niB )' OCOIl 

493·£ 10 0 26 rna . ' OLLY 

493-H 100 0 • rna }'OIlA Y 

493-K 450 0 ·LS Ul3. P OIl U)'! 

SEPARATE-HEATER TYPE COUPLES 

Cllffe llt 10 Oiut 
Jl eater 10M illi~oft$ 

T y pe Re1/i , l a rlel! Open Circuit COile W ord 

493-l:LA 0.5 n SOO rna . :A02R 

493-I:IC 2 11 100 mil. . :DlCT 
493-HE 10 I! i5 ma ): ARLT 

493-HH 100 11 S rna .; ... s ~". 
493-HK 450 I! ;~ . 6 ma .:IlI.'" 

TYPE SSS-AM DIRECT-CURRENT METER 
'fhis is a direct-current gal V/lllomctcr having 

full -scale sensitivity of 500 microamperes and 
a resistance of 10.0 ohms (5 millivolts) which 
atlapls it for use in conjunction wit.h TypE 408 
Thermocouples. Since each thermocouple IIlll s t 

be individually calibrated. the scale is laid out 
with 50 equal divisions marked from 0 to 50, 
thus mutng easy the p reparation and readiug 
or calibration cur \'CS, Thc meter is supplie<1 
with the TypE 29S·D Meter Mounting which 
has jacks ror plugging in the thermocouple. 

Price 

Prict 

/\ Tn'.: iHIS-A:\1 Dj­
r«t, ClIrtcnt Meter 
~hol\'i n); bow n T n '£ 
40S ThcrmIX"O ul) le or 
II Tnt: 402·/\ Q ,'( idc 

Ileclifier elL II be 
plugged in 

The input terminals are set 0 11 the General 
Radio standard M-in ch spacing to take a ll 
double plugs of the 1'nt: 274 series. 

This nleter may a lso be used will. the Tyl'f': 
492-A Oxide Rectifier , described prc\'iollsly. 

SPECifiCATIONS 

Ra n ge : 0 10 .500 microamperes full scale. 
Resistance: 10 ohms, ±O.5%. 
Sca le : The 2 U -inch scale is divided inloo5O <!qUIll 
divisions mnrked 0 to !iO. 
Calibration : Full·scale dcflection is adjusted to 
within 2% of the specilied value of 500 micro­
amperes. Other points are nol calibrated, but de-

TVP' 

588-t\. M 0-500 m icroamperes 

Rcctiou is IIpproximately proportional 10 cu.rtCnl 
o\'cr the entire range. 

Adjustment : A screw is pro\'ided in Lhe glass fil ee 
for milking the ?.ero luljllsllllcnt. 

Dimens ions : (Length) !iJ.i x (width) 31% x 
(height) 2J.i inches. 
Net Weigh t: IY§ poumls. 

Cod, Word 

1 51 
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TYPE 572-8 TYPE 358 W A VEMETER 
MICROPHONE HUMMER 

This is an electro-mechanical oscillator in 
which the frequency is determined by a tuned 
rcOO. J l ill intended for lISe: as a low-power, 
aRc source ror bridge and other measurement.'! 
where extreme purity of waveform and, fre­
tltl CIiCy Slubilily orc not essential. The wave­
rorm lIlar he improved by the add ition of a 
o 5-1J.f condenser, mouilling holes for which arc 
provillcd. 

SPECIFICATIONS 

Frequ ency: 1000 eycles ± 10%. 
Out pu t: 20 milli l\'lltll, mtuimum. 
Internal Outpu t Impedance: 10 or 300 ohll1.'l. 
Power- Supply : This oscillator i3 designed to 
operate (rom a 4>fvolt bntlery, Burgess No. 2370, 
or equivalent. 

Mo unting : Supplied unmounted as illustrated. 
Dimensions: (kngth) SU x (lI'idlh) 2J1 x (heisht) 
1% inches, over-all. 
Net Weight : 9 ount~s. 

Type Code W ord Price 

. , 

~ . , 

The '1'1'1'£ :158 Wu\'emclcr is :l f..'OUlpn,ct. 
gcneral-purpose inslrll lUcut of modcrate ac­
curacy covcring n wide frequency rmlgc and 
it is particu larly well o.daptoo lo general­
purpose clH:cking work arOllnd the laboratory. 
The normal wavelcllgth rAnge of 15 to 220 
meters (20,000 kc to 13tH kc) can be cxtended 
Lo 1200 meters (!MO ke) by ordering the two 
additiona l coi ls mentioned ill the price list. 

SPECIFICATIONS 

Range : 16 to liO meten (20,000 ke to JSG-l ke). 
By ordering the two extro inducton t mentionw in 
the price list, the rllnge eRn be extended to GSO 
meters (470 kc). 

Accuracy of C~\lIbr:Hlon : 1%. Calibrated in 
wavelength. 

Condenser : 'I'YN: U7 Condenser wiUI slow-motion 
pinion-gellr drive ill drnwn-steel case. 

Inductors: Four, on bakelite forms, fitted with 
pirul to fit condenser terminals. 

Resonance Ind icator: Small flashlight bulb in 
special lOCket which closes eireui t on removal of 
bulb. 

Cnrryln~ Case : Spa~ PI"O"ided in "'ooden case for 
four inductors, eondenser, and calibration /:hart. 

Dimensions : Carrying case, (length) II3-i J: (..,;dtb) 
7 J: (height) 5U' incbu, o\·er-all. 

Net WeiCht; ";, pound!. 

frequency 
Type Ra1lge 

358 15 m to 210 m 
A,lditional inductors for 
CJ:t ending range Lo 630 m 

Code 
W ord 

UPPE II 

I'Tiel 

· Ute compoulld <Ode. word 1I •• ~tI.T .. k a .... 'elD .. I .. , wilh 
.. oVa ~a!l ~ctor. i •• aalul. 
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TYPE 535-A FREQUENCY METER-MONITOR 
This instrument 

combines a IIlemi· 
tor and a n accu­
rate heterodyne­
frequency meter 
ror use ill a ll the 
amateu r ba nds ill­
clud ing 56 Me. 
lt is calibrated at 
13 Imiuts ill the 
1i15-kc to 2000-kc 
balld, illlrulouics 
bciHg lIsl.."<1 (or tile 
Iligil cr freq uencies. 
:\ voltage-stabi lized 
electro 1\ - COll pl ed 
Col pi tts osci lla tor 
is IIslXl to insure 
the best possible 
freqllcllCY stn bility. 
The mechanica l 
construction is the 
same h igIJ quali ty 
as that used in 
General Rad io lab­

TYPt153.'} ·A Frequency i\leter-l\ lonitor 

oratory appa ratus. The v-inch precision dial allows setting to be lIlade to within 1 part ill 1500. 

SPECIFIC A nONS 
Frequen cy Ran~c: 1700 kc to 2000 kc and all 
lumllouics of t his rnngc lip to at lenst the S2nd, 
C<lui\'olcut to 54.4 Me to 69 Me, 
Calibration: Each instrument is calibrated at 13 
poin ts ug:lillst a priUlary SWlllard of frequency. 
C~jlibralions can be readily checked ot:sinst ARRL 
stllndard-frequency trarumiss.ious or aga.inst broad­
o.:asl slation.~, 

~' requency Stability: Excellent. Bulletin No. 
:1l5-ll, giving inrormalioll ill detail, will be mailed 
un requeSt. 

Condenser : Two-section, band-spread type. 

Resonance Indicaror: Phones can be plugged 
into the standard telepholle jack on t he panel. 

Dimensions: (Length) 11 x (height ) 7M x (width) 
SYz inches, over-all. 

Net Wei~ht: 11 poUl)I!Y. 

CQd~ 

TyptJ ft'rcqu c7lCY Ra719 tJ W ord Price 

535-A All nmnteur bands lIoIEIIII l" 

TYPE 560-A CRYSTAL HOLDER 

'J'vpE 560-A Crystal Holder 

'I'his is a pressure-ty pe quartz-crystal holder 
primarily designed for operation with crystals 
ill the a mateur bands. It lias a dust- anti 

moisture-proof bakelite case wi th the spring 
pressure on the top plate adjustable. All Y 
amateur cryst.al up to 1 % inches square can 
bc used. Electrodes a re of chromium-plated 
brass. tarn ish and corrosion proof. Three hlank 
hakelite retention plaLes which may be cu l to 
fi t the crystallised a rc provitit.'<i , The spacing 
hclween the two terminal plugs is Gencral 
Rad io s tandard Minch . 

Net Weight :·~ ounces. 

Ty pc Cob Word Price 

560- A A.DAFT 
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AUDIO - FREQUENCY TRANSFORMERS 
III this section is described a complete line 

of high-quality audio-frequency t ransformers. 
includiug models designed for vacuum-tube­
input. vilcuum-tube-interstage, vacuum-tube­
output. impedance-matching, and circuit­
isolation uses. 

These transformers have lap-jointed lami_ 
lUlled cores of the best grnde of sili<.ooll sled, 
the use of which rcsulLs in the unusually good 
frequency characteristics that afC obtaillru. 
By reason of tile high current that can be 
tolerated before saturation occurs, parallel 
plate feed does 1I0t have to be used uuder 
normal operating conditions. The transformers 
/lrc unaffected by mechanical shock, Drc 
shielded against electrostatic fields, and. 
because of thorough lOOO-volt insulation, they 
are proof against breahlowu under transient 
surge peaks. They may be used in permanent 
installations with the k-nowledge that they 
will retain their characteristics through years 
of use. 

To preseryc the symmetry of push-pu ll 
tapped wiudiugs so that subsequent stages 

may be truly balanced. the coi lsof the vaeuulll­
tube-intcrstage transformers are built up in 
alternate primary and balanced secondary 
layers. This construction increases the coupling 
coefficient of the transformer and decreases the 
distribu Lct.l capacitance of both windings. 
t.herefore extending the upper-freq\Jeney limit. 
without. introducing high-frequency resonance 
peaks on open circuit (illterstnge) operation. 

For use in high-fidelity circuits with un­
balan<:ed stages, the light additional loadiugs 
recommended in the tables will prcscr\'e the 
(req ueney characteristics Lo wcll within the 
limits stated. All ratings arc couservalive aUlI 
represcnt the performance that may be ex­
pected under the most unllromising eoudit ions. 

Experimenters and development engineers 
will fi nd in these transformers reliable units 
having lIegligible insertion losses when they 
are properly terminated. They mny I;e used 
withou t fear of distortion in the wany COlli­

munication. amplifier, line. bridge, balllDced, 
and unbala.nced ci rcuits encounteroo in 
cugilleering work. 

VACUUM-TUBE-INPUT AND -INTERSTAGE TRANSFORMERS 

INPUT TYPES 
Carbon microphones. pickups, aod Ulixer 

sources of from 50 ohms to 400 ohms internal 
impedance may Ix: matchcxJ to a grid through 
the use of the 'l\-P": 585-M or TypJoJ 585-M2 
TrAllsformCIs diagramed above. 

Reflcctionlc:ss line termination for lines 
between 400 and 600 ohms and coupling to 
either balanced Of unbalanced amplifiers may 
he obtained with the '!'Y J'E 54 1-G Transformer 
which is designed especially for this service. 

INTERSTAGE TYPES 
For the intcfmediate stages the 'l'y J'~: .541-J 

Trltllsformer will meet aU possible arrflllge­
rnents of either single-tube or push-pu ll con­
nections. It will work from sources ranging 
from 1000 to !;oOO ohms in impedance by using 
half the primary winding. 

Where a greater interstage voltage step-up 
is desired fOf unbalanced amplifiers at the 
expense of a narrowed frequency rauge, '!'YPES 

541-A and 585-H are recommended. 

SPECIFICATIONS 

Use: The mo.~t common useJi of the lransfoflllCI'JI 
arc slll::I"esled in thc seCOIlU column of UIC followiug 
tahlc. Valucs of soun'(! impcliunce and primary 
direct current havc been chosen ror tubes that are 
most frequcntly cncountered in practice. 
Frequency Range : The table gives the frequency 
rangc over which the voltage ratio is less than ~ db 

below its value on tJle flat portion of the character­
istic. This range bolds for operation "Out oj" n 
source having lLe illlpe<iulIcc shown in column fuee 
and into tbe grid or grids of thc succeeding stage. 
lo'or values of source impedance bct.wccn those 
tahulated, the frequency range may be found by 
direct intcrpolalion. 
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Tbe "Pri. DC" column gives the nor.mal primary 
current (or the trnnsformcr when working out of Ii 
si.ngle tube or tile permissible current unbalance 
when working ou t of tubes in push-pull. The specified 
frequency range will be obtnined willI this v81u(: or 
current. The low-frequency liruit is d ecreased by 
approximately 25% when no direct current flows. 
The effect on the frequency characterisLic of Ii 100% 
increase in "Pri. DO" is negligible at frL'q llcncics 
greater than 80 cycles. 
Turns Ratio; The ralio of turns of the whole 
primary winding to the whole secondary winding is 
gh-en in the "rl/rll4 Rutio" column (I f the table. 

Primary Windin~ : The 60-cycle inductance of 
the whole primary ns measured with the t.,bulalcd 
value of "Pd. DC" !lowing, is given in tile " L" 
COIUIUII. The maximUlll value of current that may 
()e applied lO any pnrt of the primary is stated iu 
the " / M IU," column, 

Mounting : Ench transformer is mounled in a 
standard dra\vn-Slccl, wax-filled Model n ( 'IlSC, 

illustrated on the next page, 

Dimensions : See dimensioncll drawing, l\lodcl 8 
elise. 

Net Weig,ht : All typcs, S pounds_ 

f rrqll l'flr:.I1 Rail"'; ( Domn ~ rllI )1 Primarll 
LI / MlIZ. Out of Pri . DC from To T11rll31 Code 

WI 'r NP I). u " ( I ) ( . ) ( 1 ) ( 1 ) /1 1' 011111> mn C!lt t3 cy t e8 " '" 
, 111/1. (J ) ( ) ." P,icfI 

pop Plates 20,000' 0.25% '0 10,000 150 to 
pop Grids 10.000 0,42 .,' IS,OOO 1"0 

. 
One Plate' 16,000 2.5 30 11,000 

, 
75 541-J to to ,. 

10,000 5 ,. 13,000 .5 .\ljIlOIl 

poP Grids ., , 
One Platc' 16,0005 2.5 30 11,000 75 

10,000' • " 11 ,000 .5 to 5000 8 " 12,000 55 One Grid- ------ -,- - - --
One Plnte 10. 000 • .0 8000 85 541-A to 5000 8 ' 0 12,000 to 3. 15 T.\ LI,Y 
pop Grids 3.0 --- --- -,-One Pilite 

585-11 t. ID,OOO 
One Grid 

Line or i\l ixerS 
to 400-6001 

pop Grids 
541-G 

Line or 1\"l ixerB 
to "Oo-flOO' 

One Grid~ 

Single- or 
Double-Dutton .00 585-1\"12 Microphone 2001 

to 
Single Grid 

Single-Button 
Microphone '00 

585-M to •• Single Grid 
, DIlIA are far .... hale of tapped windingt . 
I Dc far 10% unbo..la.noe ia PlI.$h-tlllU t'Onnectiao. 
I Connect 'Uio.ooon acro.u uch bAlf of ""a)ndaT),. 
• U5<.' ... hole winding:, p , or 0, ta pLaI-e ar grid. 
~ CoUIlt:<.1. 7!,ooon betw;,eo OJ and P. 
o Conlled 100,0000 ~t"'«D 0, II..IId j'. 

• 
-

-

5' 
20 

20 

". 
3U 

,. 

" 40 

.. 

.0 

7000 to 4. 15 TI PST , .. 
13,000 , 

to 8 3. .\JJt:-'M 
0.7 

13,000 

--- - - - -
7000 

, 
3 

7500 to • 80 TARRY 
13.8 

--- , 
7000 to 0,7 '00 T.\I'l Ol· 
8000 27.8 

: CauMct 100,00011 IICTO" eltch half of $Ct'Ond~fY. " 'ilhc.ut 
rcYstou response i l up t db at 11,000 cycles. 

ITa reOee! exactly $000 lO primary, t'Ollnect ili,OOOQ aero .. 
each ha lf of _nd~ry ; for $i ng:Je-grid USf, high.fl1lqucney 
limit ill then 10,000 cydu. 

• Conn .. -<t SS.OOOO l.et .... "'u OJ and P. 

SPECIAL TRANSFORMERS 
The General Radio Company has bad wide 

eXllericnce in the custom design and production 
of lransformers to meet requirements not 
covered by slock modcls. Among these types 
are tra.nsformers with extra and monitoring 
wi.ndings, transformers to operate in mixer 
circuits of unusual impedance, and to simulate 
the characteristic of the human car. Special 

t ransfo rm ers Cor the tripping of control circuits 
as weU as transformers for inclusion in recording 
seismographs and other scientific research 
instruments can also be supplied. 

Prices will be quoted on inquiry. r lcuse 
state desired frequency characteristic and the 
values of generator and load impedances 
between which the transformer is to work. 
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VACUUM-TUBE OUTPUT TRANSFORMERS 
An output transrormer may be selected frow 

the fou r showll below to couple II. vacuum lube 
to a ll but the most unusual valucs of line or 
speaker impetiances. }'or a large number of 
these special cases designs a re a lready on haud 
willI the result that these types may be 
furnished without unJuc expense or delay. 

Type 541 -( 
The Typ£ 541-C 

Transformer is avail. 
able for output uses 
where it is desired to 
couple II. push-pull, 
-woo- to 12.000-ohm 
output stage to the 
voice coils of one or 

more dynamic speakers. With wultiple loads 
the optimum impeda/lce ratio of 1300 to 1 
should govern the choice of armugcmclIl or 
secondary connections. 

'I'llis is Ule transformer rc<:ommcndcd for use 
with tubes of the roJlewing lypes: 10,31,45,46 
(Class A), 49 (Class A). 59 (elnss A). 71.A. 80 
(Class A). and 112·;\. 

Type 541 ·0 
The 1'\"1'.: Ml·D 

Tra.nsformer is a IIIU· 
"crso l output trails· 
fortner for use with 
two ~A3 tubes in B 
balanced (push - pull) 
stage, altLough use of 
generator impedances 
hetween 700 and 2000 ohms willcausenoappre­
cinble change in the frequclIcy characteristic. 

The choice of n secondary tap and the 
arrangement of the speaker connections should 
be such as to load correclly the output stagc. 
The load presented to the tubes will be t.he 
transformcr loa() multiplied by the square of 

M ODEL 0 

the tu.rns ratio of the transformer fo r the 
pa rt.icular secondary Lap IISed. In particu lar, 
the correct load for the 2.'\ 3 tulJcs varies, de­
pendiDg 011 whether fixed bias or seU-bias is 
used. The table shows Ule hest connections. 

(Self-Dio.') (fiwl Bill,) 

1.5-!I ohms 
g - $.7ohms 
S.7- 1'l ohllUJ 

L- 2 ohms 
i - ", ohms 
",- IOolims 

Type 541 .P 

TerrnillClU to Which 
[ .cad. ;, C()IlIItcfrd 

0-. 
()-4 

0-8 

l'Yl'E 5 '~ 1-1' Trans­
for mer will fecd Hoes 
of from 400 to 600 
ohms impe<illllcc from 
a push-pull stage of 
output tubes. I ts ex­
cellcnt characteristic 
allows it to be IISed 

indiscriminately to interconncct high-fidelity 
systems with no loss in the over-all frequency 
range. This transformer is also reeoUllDcnded 
for feeding any balallce<1 or IInhahlnee<i am­
plifier output into a lillc-impedanec_levclmixer 
system, or for use in the outpu t stage of a 
microphooe pre-amplifier. 

Type 541-8 
TYPE 541-3 IS a 

speaker·coupling de · 
vice making use of 
the greater efficiency 
of auto-transIormers 
to drive a magnetic 
speaker or other 4000-
to 10,000-ohm load 
from balanced or unballUlced output stages. 
Blocking condensers are included in the casc 
to keep tllc high plate potential off t.he output 
terminals and direct current 011t of thc load. 

~ 100r.L 0 

General Radio transformers are mounted in !.he three sizes of CAses shown by tlu~ SIlIU II]CS above 



 

SPECIFICA nONS 

Use : The most common use.~ of the transformers 
U TC suggested in the second (.'O/umn of lhe following 
table. Vnlues of source nnd lond impt:dnnccs !lnd 
primary direct current have heel) cho~cn for coo­
ditions tJlIIl wilimost frt.'<Juently be mel in practice. 

Freq u e n cy Ran!?,e: The table gi\'CB the frequency 
range OVCl' which the yoltage ratio is lellS thnn 2 db 
lH-.lolY its value on the Rat-top portion of tbe chamc­
lcrislic. This nmge holds for opcrnLiuu "Oul oj" a 
sour« having the imJlC(lance shown in column three 
a nd " 11,10" a load of value shown in oolumn fou r. 
"'or values of source ami lond impedances bclwccll 
those hahulfllet], the frequency rnoge IllRy be found 
by Il irecL interpolation. 

TIle "Pri. J)C" colu mn gh'cs Ule oormnl primary 
current fo r the transformer wben working out of a 
single tube or lhe permissible current unbalance 
with push' pull input circuit!. The specified (requency 
rnnge will be obtained ""ith t his value of currenl. 
' I'he low.frC(I'II!1lcy liwit il decreased by ;approxi. 
nlntcly 25% Wll Cll no direc t current Rowil. 

Turns Ratio : ' ]'he ratio of turns of the whole 
primary winding 10 the whole sC(,."OlIllnry winding is 
givcn in UlC "TilT/II Ratio" I..'o luwn ol lhe table. 

Primary Winding : The (lO~ycle inductance of 
the whole prinmry as me35ured with the hlbulntcd 
\'nlue of ·'Pri. OC" Rowi llg, is ~ i \'en ill the 
" L" column of the table. The 1113ximum vlllue of 
current thnt may be applied to any pari of the 
primary is sta led in Ihe " / M u:r.:' colomn. 

Mountln~: 1~lIch tr • .I.Osforwer is mounted in a 
stnll(lnr(] <lrn wn.slccl, wax-fi lled Model B ease except 
Tn): 541 - ]], wl,iell is lUounted in n Model C CAM!. 
Both ure illustrntcd on the opposite pnge. 

Dimensions: See t he d imensioned drRwing, Ihil 
p-1se. MOtleb I1 nnd C cases. 

Net Weight: Tn!;: .H I- II. "' pouurl.s: nil olher 
types, S IHluntis. 

I>rimary 
Olltoj iI,to I' ri. DO Frolll '1'0 TIITt" f.! Ijf (lz. Code 
(oltm,, ) (ohlll') ( "'11)1 (("!lcI(!~) (cJlrln) /latin ( It ) (1/W ) !l'M ri Pri("(! 

1'.1' PI;'I les :':15.6 
541·C to 10,000 <-15 I 30 12,000 to 'l5 ,0 TAI'.: }! 

Voil:e Coil 401)0 <-1 5 S 25 10,000 I .0 

p.p l'lntes its.v 
541·0 to ' 000 -l-163 S .0 15.000 (83.S)* " 70 '000 I - t i~ 3 '0 15,000 (47 .i )S " 

TUI.'I' 
r oil:e Coil to, I 
p. p I'lllteli 32.000 '100-000 O. IS 15 18,000 75 

to Line 20,000 ·100- 600 0.25 .. 16,000 70 
or M ixer 10.000 400-600 0.4 ,. 12,000 ·lA 65 

541 · 1) to 25 AIIIIH~ 

One~ 16,000 ·100- 600 2.5 30 16,000 I 30 
Plate to 10,000 400-1300 5.0 SO \ 6,000 " Line, ~ rixc r 5000 400- 600 S.O SO 1:1.000 2:1 1-I'. p Plates ---- --.. , 

54 1- 8 to M agnetic 10,000 '1000- 10,000 I SO 8500 to " '0 4000 4000 S ., 8000 25 TO'ISO 
SpClI.ker I 

• Usin, Up' 011 . 'illdin ••• 
o Uae .. bole .. indinJl. Po 10 plate. 

Dimensions for SUlooaro IJettcral namo lrilll510Tlner-moUDlwg C!O$e.!o 
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IMPEDANCE-MA TCHING TRANSFORMERS 
All Gcueral 

Radio t rans­
formers may 
be uSL't1 as 
impedance­
mal c tJinl,; 
transformers. 
'I'll ey wil l 
tran sf orm 
impedances in 
the squa.re of 
their tur n s 
fa Li o wh ich 
will be found 
ill the "7'llrT1J1 

Tn'r. tWG-:\ R(llw"(:olumn 
of the tables. 

They Ulay be uscJ in citllcr direction, that is. 
IlS s tep-up or s tep·down impedancc.matching 
transformers. 'fhe frequency ranges gi\'cn in 
the tahles holll for Ll lis use of the transformers 
as well , and the " J'ri. V C" limit still holtls. II 
t he "secondary" wll1(lilll,; is cOIUlel!lw to the 
SOllrce and the frcquclIcy range is to be ruai u­
taine<1. the number of aiding d_e milliampere. 
turns for tile whole transformer must not 
exceed the va lue it hus under rat<.-cl comliLiOlls. 

Type 585-R 
The 'l'n'E 585-It 

'l'rallsrorlllcr is A. higll . 
qua lity, IJllity.raLio, ci r­
cuit isolator for lise 
betwccn t ransmission 
lines of from 500 to 700 
ohms impcdance. The 
primary and se<:onrillry 
windings are lllorough l.y sllielJed from cllch 
other to minimize electrosta tic coupling willi 
the result that on ba l,ulccd lines the parallel 
component of interference energy is fi ltered 
from the sigua!. The provision of center-tapped 
windings allows interchnngeahle lise between 
ha lanccd a\ld ullhalal1eed systems IIIHI a lso for 
t heir interconnection . 

In br idge mCflSl1 rclllculs t he use of this 
lrau::;furmcr II mkt!s lln~ briJ gc balance jude­
pendent of eleclricu l or local ional changes in 
the detector circuit. assuring grclItcr accuracy 
and casc of balance. 

Type 585·( 
For lille·interconnection a lld mixer proulcms 

the 'l'\. p ~; 585-C Transformer presents thc 
faci lities of an impedance changing device with 
impedance tra1lsformation ratios of 1 to 10, 
1 to 2.1} . I to 1.56, 1 to O.M. I to O.2:i, and I 
to 0. 10. allowing the traJlsfo rmations shown in 
lill.: table to be taken in either d irect ion. The 
desired ratios are oblailled 118 show n in the 
diagrams at the foot of the oppos ite pllge. The 
termi na ls arc so arranged t hat o li ly adjacen t 
oncs need be strappe(l. 

LA80RA TORY TRA NSFORMERS 
The following two transformers are not to 

be used (Or im pedallce mutch iJlg in quality 
communication or program circuits. TLtc.y arc 
valuable in alternating·eurrent measurements 
1I0t dcpclldent on relativc rcspo nsc at widely 
separa terl frcclHencies. 

Type 666-A 
Wilerc it. is d esiroo 1.0 hu ve tbe impedance 

rulio cas ily ad justable Q"cr a wide range by 
mcallS of It plug arr:mgelllcnL at tile (!.\-pCllse 
of attenuat ion of the high and low frcquencie.s. 
tllC '1'\'1'£ GOG·A Variaulc Transfor mer is 
recolllmended. Primarily a laboratory instru· 
Illcnt. this transfo rmer is provided with jack­
tOJl binding posts to receive a Tn'E 274 rlug 
llnd has muJti.tapped windings with the in· 
c1uded turus from one end ma rkerl plainly on 
the plUiel. Any portiolls or the wiudings may 
be II s<.,d: not only is the impt.'( lanee ratio 
adjustable but lIpproximate ratios IUlly be 
ohtlliuoo tl lrough different arrallgcrncIIL". 
allowing It choice of a favorable \'a lue of 
primary illdudallce. 

Type 166 
Fur use in a-e b r idge circuits with telephone 

tlctcctors. where the frequency characteris tic 
is .subordinate to the requirement of a detector 
of the correct impedallce for maximum sellsi· 
tiv ity. t he TV I'E IGG Telephone 'l'runs ronncr 
.sho\lld be emplo;yed. 

T he various connections a rc made diteetl ~' 
to binding posts mounted on the terminal 
plate of the instrument. 
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SPECIFICATI ONS 
Usc: Tile most oommon uses of the impedltlll'c< 
llIulching transformers are suggested in the sc(.'Ond 
t .. ulumn of the following table. The associated data 
arc chosen for conditions that will most frequently 
be mel in tile suggested uses. 

Freq uency R\\ng,e: Tuc taMe gi ~'cs llu! r req ucnc~' 
range ow:r which the voltage mtio is less thnn Ii db 
udol\' it.s value 0 11 the [l llt portion of the chnracter­
istic. TiJis range holds for operation "0111 o/" a 
SOllrcc and "/1110" n load hU\' ing the impcdnntts 
shown ill oolumns liLr<.'e and four. For intermediate 
"aluc-s of source Ilud toad impedanccs the f TCCIUCIIC." 

range mny be founu by dir~t interpolation. 

Turns Rat io: The turns TlIlio of the whole pri nmry 
winding to the whole of UIC seoondary winding is 
gi\'cn ill the "TUTtiS Ratio" COllllllll of the lable. For 
the ndjus table·ratio tmnsrormer~, 'l'YI'l~ GGG·A aUtI 
I6G, lhe turns ineluded bctw«n the (np lIud one end 
are shown in lile individual diagrams at the foot of 
the opposite pHse. 

Primary Winding (FJigLer lmped:mce Winding): 
The lIominal GO.cyele inductallce of the whole pri. 

Diary is given 
in the " L" (:01· 
limn of bible. 
T he maximum 
current th:lt 
IIlay be applied 
to any pnrt of 
the windings is 
s taled ullli er 
"I Mux." 

Mo u nt in g: 
'1')' I'£55s,,·e 
and 585·1{. arc 
III 0 II n led ill 

st andnrd 
drawn ·sleel, 
wax·filled Tn~: ](j(i 
Model n ClIse8. 

f or TYI'£s GGG·A anll 166 see ilIl1slwtiolis. 

Dim ensions: For TYI'£s 585·C and iiS5·J{ sec 
dimensioned drawing, Model B elise. 'l'rPE OW·A: 
S}:t );"'.11 x [, in.; 'J'y).£ 166: 2M :t 2%" x 3M ill. 

Net W eight : TYPES [,85·C nnd 585.H, S poullds; 
'1'Yf'fl GGG.A, 3X pounds: ' ['Yi'1:: 166, 1}1 1)()Und.~. 

Frequency /lnnge ( Dow" 1l db)1 PrimClT.I' 

T 11111' ,. 
' ·<t 

Dllt of 111to Prom To 
( I ) ( I ) ( I '{ I o 1m" 1'1 1m .. C!lt' e.~ I rllr cs 

Tumsll" J.I 1 Max. Codc 
It " '/9· (0 ( ) IV " r ' "" , mil " nrll 

Line, ?llixcr 
400- t.iOO 150- 2,'>0 " 10,000 1.6 A .0 
'~OO-(jQO 41)- 60 •• ] ] ,000 (3 . ~ ) B 6 (pri.) 

585·(: t o 100-150 ]50- 250 ,. ] 1,000 (0 .13)2 C 100 .\nOD~: 

Line, "' Ii xer ]00- 150 40- 60 25 12,000 to 1 I) (~er. ) 

Litl!!, i\1 ixer -,- -- - --- ---
SOO 8UO 30 16,000 7.i 

.i85· R to ·100 .00 " 18.000 to 3 (I)ri. & .\no ~" 
Linf!. :\1 ixer 1 l'l~r . ) --- ---- - --,- ---

Briuge to 1 (pri. ) 166 D('tector 4- 50.0002 1- 8002 to no TO I'l e 
S (sec.) --- ---- - 60 ---

General Pur- l (pri.) 66h· :\ ]OO-sooot 1- 8001 to ,\1\00,": pOSe i\ l fltchio g 
10 

\,;0 
(scc.) 

I Dnl& ~/" for "' ~\ll~ 01 SII]i\ or laplX'd .. jndings. 
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TYPE 480 RELAY RACK 

This rack is intended for mounting standard 
IO-inch panels whose heights are integral 
multiples of 1M incllCS. Hacks of this type 
have been in usc in telephone plants for many 
years, and they arc fast becoming slandard in 
laboratories for 11101l11lilll,; apparatus. Two 
sizes are nvailaLle. 

AUent ion is also directed to the THE 660-A 
Rack descrillcJ 011 opposile page. 

SPECIFICA lIONS 
Cons truc tion : Sl~1 frame with welded joints. 
Uotll models Im"r: provision (or boIling them 10 the 
Hoor or tnble. but they 4CC stable enough to sland 
witbout fl\slening lor nil onlillary service. 

Drilling: Sl{lu<iard drilling for lO-inciJ relay-rack 
pnnels is elnployec.1. n oles arc t:lppeu nnd cleaned 
lor" 10- 92. p.',"d-mounting wew (T r PE 738-D). 
Accessories : 1',lud-lUoullting screws, panel-pro­
tecting wullcr.s, IInu bridlc rings for cabled wiring 
are l upplietl. 

Dim en sions : TrI'.: 4SO-A: Fr:ulIc, (height) 6!)~ x 
(width) 20 x (dellth) 3 inches, o\·cr-all . Base, (width) 
20 :'C (depth) IS inchn. Panel-mountin, spate, 63 
inches or 36 "rack uniLs," 

TYPE 4S0-1I: f rame, (height) 4<1. x (" 'idth) 20 x 
({Icplh) 1}1 inches , o\·cr-a ll . Uase, (width) 20 x 
«Icplh) 15 inches, J)anel-mounling space, 433( iDCLcs 
or 2S " rack units." 

Net Wel~ht : Tn·.,: ·~SO-A, 94 pound~, TYI'.: 480-D, 
'10 pounds. 

141: Tn>E ·~80-D ; rig"': TYPE -1.80-,\ 

Type 

Pand Spoce Code 

36 
25 I NEEDT 

NEORO 

NOTES ON LAYING OUT RELAY-RACK PANELS 

Price 

1. ~ l lIke Jlallel height n 
multiple of I ~ incilcs less ~ 
inch for clea rAnces, 

i AU .. w .l~ at f., .... d bott ..... ~I P"".!S (0' < I~",~a. ""' . ' 

'I. Doth top nnll bottQm 
edg~'S of a prol)(~rly Iliounled 
panel will. neglt.'1! li llg denr­
IInees, always fall Iialf way 
between a p:air of holes spaced 
Minch al'art on the rack. 

S. It is ~eldom necessnry to 
cut all the l.IOssib!c mounting­
!!Crew slots ill II p.1nel, but it 
ean be clone if desirW. 

4. Any p:anel laid out 10 fit 
the rack will al~o fit if the 
pRud is turnetl end-ror·cnd or 
back-ror,rront. 

TOP BARi 

'r I : r,rt-- ---r--[J' -r- --.-:.,--
" "!.! " .. • 
j -1-. ; :.:!; ' -.: ~ -::: 

-I ' I ~ _A' '- , 

t+-~ ---------- ------
'~. -t : 

RAc~~t -+-! P ..... t-lt.L5 

:L.... +.::.1 ---------------------- -
: I-IQ-,l2 I"' " cd nol ... 

N.,loe , CI'U ..... n". lDe.we" .. yC'.t'" a.1 
" upp .. _t •• n , ... "k 17t i .. d' .... 
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UNIT PANELS 

GIl G 

'Q Q 0 
• • 

• 
--• " 

• • 

• , 
d\ 

~ '. 
~ .. • • 

e.Q .. •• 
•• 

;\ n A:\scmbly of 'fl"f'F. 661 Unit Panel equipment 0 11 

a. Tn>.; 000 Hack 

Genernl B adio hns recently developed a 
series of unit pauels dt"Signed to fncilitalc the 
fnbricalion of c:qX!rimclllal and semi·perllla­
"Cllt assemblies. All parts are interchangeable. 
Layou t changes cnn be malic nt /lily time 
without disfigu ring lilt pane), and a unit is 
easily disassembled lor conversion into an 
entirely differen t instrumen t. 

The parls required lor !1 complete metal box 
a re a base. two end plates. a. dust cover. and 
n panel (with theaccc~ries accompanying ill. 
All pr incipal parts arc made of E raydo, n non­
magnetic, non-corrosive ttUoy or copper, si lver. 
aod zinc. which is stronger than lllalerials 
commonly IISed for sudl parls. One face is 
snti n finished :tlld con ted with elcar lucquei. 

'fbe draw ings all t he next page .show to scale 
the location of aU holes. Each I)Unel IHlS several 
2~-inch diameter holes symmetrically placed. 
around cach of which are three small holes fOi 

mounting the sta ndard bakelite (N avy type) 
meter case. or for fastelling mounting discs to 
t he panel. Adjac:cnLto each large pUllel hole is 
a }i-inch hole for Ule slow-motion mechanism 
of a 4-inch. '1\'"]>1-; 708 Dial. 

At both top and hottom near either end arc 
located »ui.rs of M-inch 1J0ics on 3-!-illch centers 
to fit TYI'E 274 Panel Insulators with TYI'E 
l38-VD Binding Posts for input and output 
connections. Other holes arc intended for 
single-hole-mounting pari s sud..! as rheostats. 
telephone jncks, etc. Uusllings for reeltlcing tbe 
diameter of the holes to % inch or "" inch a re 
furnished wiUI the panel. Unused holes arc 
plugged with TyPJo; GG I-P4 Snap Buttons. 

Qne pauel is furni shec.J with a 5-inch. per­
manent-magnet dy namic loudspeaker, t.he 
input impedance of which is 8000 ohms. 

1·'our types of mounting discs are u,railable. 
'!'YPF. GG1-rl llIank l\1ounting Discs nre used 
either to con~r the hu ge panel holes not in use, 
or to mount parts otuer llilln UlOse manu­
factured by General Radio. The cen ter of cach 
is pricked on the re\'crse to faci litate layout. 

The TYPE 661-P2 S-H olc I\'[ounting Discs 
have three small holes dri lled 011 a Ji-inch 
radius for mounting General Radio parts 
having t he sla.ndanJ S-holc mounting. Short 
spacers which provide clearance for the disc­
mounting screws arc fur nished. Discs can he 
mounted at 80° angles arOllnd 3GO°. 

The 'l'ypt~ 661 -I~ Adapte r Disc has a 2H ­
inch hole and is designed to mount mcLers such 
as the Wcston type 506. 

Dust co\'ers for the two sil'-cs of end plates 
are available. They fit tightly and slide on 
trom the rear so that they Illny be removed 
when the panel assemblies arc mounter! olle 
abo,'e another all a rclay rack . 

Aff prictl (wd illll~lrnlio"" Oil Irrxt two l)(l/jU 

TYPE 660-A UNIVERSAL RACK 

Th is is the rack shown in the Ctlt Oll this 
page. I t consists or two rc<:: ln.ngular steel 
frames which Dlount para llel Lo each otber. 
These frames may be screwed to the bcnch , or 
they may be fltStClled to t he bench and wall 
by the four clamps supplied with each rack. 

'1\ 'PE 661-P5 Pallel Clamps will clamp a 
panello thc rack in any desired position. Four 

of these are su pplied with each unit panel, but 
none are supplied with the rack. The rack can 
be IIsed fo r pallels of any width. 

Tbe height of the T YI'E 660-.-\ Rack is 26 ~ 
inches (firtee.n Hi-inch rack units). 

n(lc ~' Unil" Corlr Won! P,ire 

660-.\ " XI NNY 
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UNIT PANELS AND ACCESSORIES (D ... wlnU 14th Actw ol Size) 

19 X 12. INCH UNIT PANELS , 
'" 

., 
' .. 

0 0 00 Type 661.A, with .ccessories, o , 

0' 
0 

'\ ' ''''I/)", 

€> 0 S. it<l TN"', DIKrip';'" , W l . PI !BllIllk Mounting Discs , 
661·pr ·l1' I, " .. mli"'Di~ 0 •• 661-P4 Snap Butlons 

• ~ 
i pr o OOl ·P .5 Panel Clamps 

• • " I' 661-P Mounting S~acers 

~ 
6 661-PS %-incb OWl ing 
6 66l-P9 Vi el·inch Bualling 

is Mncltine IIcrews and nuts • • (for base. end"" Mnd discs) 

0 
• • • 0 

Type 661 -AX, bl.nk p.nel only, 
e. • 60 

19 x 7·INCH UNIT PANELS 
Type 661 -8, wi th .ccesso.ies, 

®0 00 • (I61.PI IBlllhk Mounting Discs 

o ' '" 0 0 0 0 • 661.Pt
I
S-UoleMounting OiSCII 

~ 
I, 661-P", Snap HulluM 

2pr. 661-Pa Panel Clamp! 
, , 661-P6 Monnting Spacers 

• 661-P8 l}W-incll Bushing , 661-N Va tl-inch BU.$lIing 

• • 0 0 17 Madline screws nou nu ls , ( ror base. ends, Anti Iliscs) ell 0 00 
Type 661-BX, bl. nk pane] only, 

Type 661-(, with .cceuoliu, 
" 

I 00 00 OO}.PI!Dlll. llk Mou nting Disc 
o 0 

0 ~ 0 ' 0 I G6l ·Pi g.Hole Mouuting Disc 

t) 
IS 661· N Snnp Huttons 

• (e) ~" 2pr. 661·P6 Panel Clamps 
G 661·1'6 :\Iounling;c:tCU's , 661-1'8 lJa· incb Eu ing 

Ii) 
. ~') , 661-P9 ~'l 6· inch Bushing 

G 0 IS Machine screws nnd nu l:! • • 0 0 

o 

Twpo 66l _Pl 
810nk MOllnl/n, D!u 

F ... u-.e u blank co~<:. Of 
"drilL )'ou . ..... n: · Cenlu 

r.ri ~k - punch,d f", c .. ,. 
:.)"ou l . 

0 0 
0 ,"0 

ACCESSORIES I ~,JA" .. I " •• 1 

Twp. 66l -P! 
l-Hol. MOllnlln, Dh c 
for s _ hole lIMIulllin l!.. 
liO" ~ p"'l on -1 ~ · i nclJ 
•• dill. . n poui ,Ie I><>­
. ition!_ 

o 

T ...... 66l · P) 
Ad"Pt •• Ollc 

t'w 'l'A .. . ioeb Qlettr$ 
( •. , .• Wetlon ;l'OS). 

( for bu e , cuds, nDd disC!'!) 
r,·inch Oynomic Sr u kcr nut! 

Clamp 

• • 

T ... ... 661_P11 
( oY .. Pla t. 

for llie ,,-i lll T nt: 177-B 
I nductor } ' Ofltl RIII.l1'Y ... 
\i7. " In'\ud.or Shield • 



 

ENDS, BASES, DUST COVERS I •••• , ... Y •• h ' " •• ISI,,' 

Type 661·K 
End- . nd B.,c-PI.t. 

Assembly 
f'or I 9 1: a-inch Panel. 

Dase p la.te can be mounted 
in any ODe of f Oll t posi tion,_ 
Machi ne screws and spac.­
ing pillars supplied. Order 
panel (,hown dotted) 1\011 
dust co\'er separately. 

Type 66t-L 
End- and Bue.PI,te 

Assembly 
I~or to x 7-ioeh Panels 

Btl:!!! phlte ca n be moun led 
in Rny one of four positions. 
Mlld.ine ,crews and spac­
ing pillars supplied. Order 
pane! (51lowo dotted) and 
that cover sep.uately. 

Type 661-R Dust Cover 
Por 12-illch l~anels 

Type 661-5 Dust Cover 
I''or 7-inch Pallclll 

Fit closely. Can be allachccl 
nnd rewovetl when panels 
are moull ted one nbove nn­
oUler on a rack. Machine 
screws for back slipplie<1. 

Type 661.P5 
Panel Clo.IfIIII 

ACCESSORIES ISh.., ,,,,.IS,,,, 

Tvpe 661 ·P" 
SnClI> BUllon 

Fila }i-io.bolu 

TV" 11 661.P6 
Mou"tl", Spocn. 

Provide c!CILl III" for 
plI.U inter'e.in, witb 
di~~.onollntinR "~'".. 

T're 661 .P7 
Oln I"dlcatar 

Fo. G. R. di,l. SUfp1i,d 
f.t'fl .. ilh e.clI di. when 
onle. lpe.ufiu Uy •• 
q\lQ~ it. 
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PLUG-IN INDUCTORS FOR UNIT PANELS 

The three basic componellis shown below, 
together with a 'l'l:PE 601-1'11 Cover Plalecan 
be assembled in three ways to ruake up lUI 

effective shielded plug-in inductor for use in 
high-frequency cxpcriUlclltnl work. The '1').'»1:: 
177-B Inductor l;'orm can be USt.>(j alone or, if 
desired. n 'IYPE 177-K Inductor Shield <:an be 
attached to wake onc integral unit. Tllen. 
when n shiclded inductor is required for use 
with Iluit-pnucl assemblies. UIC cover plate is 
nllllto·d. as shown in the phologrnpll below. T ile 
sh idd base is securel.v 10ck(;(1 to UIC shield top 
by the lhr(~e hayoncL cntcllcs. In the center is 
II l hrcnck'{l rod which cngngcs:t Lim:aded insert 
in U1C T"" E 66 1-1'J O Jack Uusc and draws the 
cover pillte firm ly lIgninsl t he panel. 

T he Tn.,; GGI.11 10 Jack llase call be usee l 
behilld the paud or moull tc<l horizontally 011 
a shelf Hsi llg short spacer .$tuJs. 

Au important lcuturc in short·wa .. ·c work is 
the excellent noise-free contact prov ided by 
tile usc of spriug-type pings and jacks. The 
eigllt sets of contacts Me adequate for the 
most elaborate circuit. Bot.h plugs and jacks 
can be removed if fewer contucts are IlcedeJ. 
Complet.e assembly instrllctious are supplied. 

Type 171-K Inductor Shield 

Aluminum. 
1-':'lStens loT\'PE 
177-8 l.lllluclor 

~ 
Porm with two 
machine screWI 

supplied. Tile 
knob. duwping 
rO<!. clc., ar~ in­
cluded together 

with (:omplcte ussewbly instructions. 
Code Word: rNOUCTKmlP 

A shielded inductor-form nssembly. mude up 
from a. TrP}J 177-0 Inductor l;Orm. II TYPI:: 177-K 
luductor Shield. lind a TYPE 661-1' 11 Cover Plnlc. 

, 

The complcle lIhirldcd indudor mOllnt!! ill thi, 
m;\lIner 011 II ullit panel. The three .springs on 
the T\'pt: 601·1' 10 Jack U:ISC lJuifle l ile iuductor 

into I'I:u.'e 

Type 171-8 
Inductor Form 

Glm be n~d alone, 
with sl.ic1rl, or with 
shield nnd (:over I>late 
for nnil-panel Illount­
inl::, See photograplls. 

Supplied ",iUr eight remo,-able pIngs (willi lock­
wMiheu 3n(1 lugs). \\"indillii form: IU iuclles (di­
:ulletu), 13{ inclJes (Iengtll ). ),Ioulded b"kelile. 

Code Word: IXDliCTBOAT 

Type 661-P1 0 
Jack Bsse 

lneludel Ol::t.t 
removable jacks 
lind lugs. UnifllLe 
locating dC"ice 
mnke.s plugl{in~ 
in coils exlrcmcl.\, 
euy. Spacer ba r!; 
fit w}il panels. 
1la5C may. if de­
sired, be luounted 
on ,helf base 

(sllort .spaCCT5 nol included). Designed for sll ieldCtI 
or unshielded Tn., 177-8 I llduc::tor Form. 

eMil Word: trnlrAS HAS.; 



 

TYPE 679 INDUCTOR 

'fllis p lug-ill inductor is wound with U-inch, 
tarnislHcsisling. nickel-plated copper tubing. 
and is externally clamped by three moisture­
proof glazecl porcelaiu bars, ribbed and holed 
for the support ami termination of external 
coupling wimli ngs. 

Copper clips with semicircular formed jaws 
and three 2;')-amperc T\'PE 074-P P lugs are 
I>rov idcd wilh each inductor. As mnny as tour 
additional plugs may be added as (Icsired. 

SPECIFICATIONS 
1'y'fM G70-A Type 07!J- /J 

Turns I' 7 nnd " 
Number of sections 1 • Inductuncc 1010'1. 2J1.II,1.5}Jil 
Clipj supplied , , 
Ouuidc diameler of coil r. r,r in. 3M in. 
Lcnglb , over-all 7U in. 7}4 in. 
Height. over-all 8}-2 in. (j~in. 
Depth, o\'er-all OM in. 4J4 in. 
Nt! WE'igill S.!-i llos. i Va Ibs. 

7'ype D~lc,iplio " Cod~ Word Price 

619-A Inductor CASAL 

679·B Inductor C ANDY 

680-J Base CANOY. 

TYPE 677 INDUCTOR FORM 

'J'hcsc coil forms nrc wadc of mOIlI(k'" porce­
lai n in two cOll\'cnicnt sizes. The eigllt nolched 
ribs pro,·ide permancnt winding spneing while 
the series ot small holes gi,·cs :ulcquate anchor­
age. Taps and scparate windings up to n total 
ot seven terminals nrc aCCOIUUlodated by a 
watched plug-in base and jack, sepa rately 
llvai laLle. 

l~or complete asscmbly two 'J'n'~: 677-1'1 
Coil Form Spacers, wilh which arc illcludl.-d 
the nccesSllry machiTlC screws . Iluls and lcnd 
washers, lI r~ required. These spa cers llIay al so 
be used to support the jack plale, 

The V-cut threads permit lise of wire size up 
to 110 .u. & S .. and extend over three inches. 

SPECIFICATIONS 
Dimcns ion s: J:.e11gUI, nil unils, 4% inches. Di· 
nmeter, Tnt; 677-U, 2),4 inclles; '1'n·.: Ui?- Y, 3Ys 
inches. Widt.h, T HE!! 678·1', 67S-J, 1M inchcs. 
Height, T VI'''' 6-71.1'1 , I inch. 
Ne t Weil1 h r: 'I\ ' I'E G77·U, JO ou nces. T n'.; 677· 1'1 
(per puir), 2 ou nces. T VT't; 077. 1', ,1 OUIU:CS. '1'1"1'.: 
677.J, 4oounecs . TVPE G77-Y, 1% IlCnmJs. 

Cod~ 

Typ~ D~,cril'tjon Word Price 

677-U Coil f'orm MI~I C 

677-Y Coil Form MISER 

677· P I Sl'l1cer (2 req'J ) MINIM 

678-P Uust! with 7 PJUg5 Mixon 

678- J Base with 7 Jacks MINNV 
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TYPE 577-U INDUCTOR FORM 

The TY PE 577·0 moulded 
bakelite inductor for m is 
avnilaulc to meet the need 
for convenien t laboratory in. 
ductors. I t is pro\'ided ..... ith 
four lugs, which may be pried 
loose if not required , and is 

drill (.'(1 for 'l'YN: Q74·P Jll ugs Ilnd a T\' PE 2H-Q 
Locating Pin wh ich arc not supplied . 

SPECIFICATIONS 
Dimensions: (Oilloleler) 3U x (height) iW' inchcs. 
l\'l ountin~ : Holes ate pro\'i,j c~1 in the web to lake 
" 'I' H E '174- [> Plugs and n IOCilling piu (notfuroished). 
Drilled to fit Tr P~ iH-CJ or 274· &J Mounting 
Ba!eS. 
Net Weight : S oun~.s. 

7'ype Code W ord [' rict 

577-U NATAL 

TYPE 520-A DIAL LOCK 

Any General Uadio dial way be firml y 
clamped ill any posit.ion by meAns of th e 
'l'n-£ !:i!.?O-A Dial Lock whicL holds the edge 
of the dial ill Ii vise-like grip, without exert­
ing appreciable force on the shalt on which 
t he dial is mouu too. T he lock docs not alter 
the dial setting aliI..! Ulay be undamped by 
loosening the knurled knob when it is de­
sired to chl'l.llge dial to a new setting. 

SPECIFICATIONS 
Dimensions: (Lengtb) 'l l[ (widt.h) 1 l[ (height) 
I J.Al inches o\'er-/I. II . Ileight aoo\'c panel , 1 incll, 

Mountlnl!: T wo No, oz.s hole.s, ~ inch npurt, nrc 
required for mounting, 
Nct We igb t: IJAl ounces. 

Code Word Price 

520-A .IJAT~ 

TYPE 269 V ARIOMETER 

Th is unit is intended 
for lise t.lS a \'ar iablc 
inductor, but it CII.nlllso 
be used to vary the 
cou pling between two 
circuits. It is readily 
mOU llted on a panel, 
and it offers II. very sat isfnclory means of 
adjust ing the total indue lnllce in :t eircu il. 

SPECIFICA liONS 

Inductance: With rotor a nd sutor oollneelctl in 
series the waximum inductance is approximately 
820 }Jhi the winimum, 100 }Jh. 
Shaft Diameter : J..:I' inch, 
Mounting : Two holes in brncket. ~ Rccompnny­
ing sketch, 
Dim ensions : See nccowlmnying sketch. (l)epth) 
,,~ inches o\'cr-all. 
Net WelCh t : 7 ounets. 

Code Word P rice 

'69 \ ' ALID 

TYPE 519-A DIAL LENS 
(See IlIU$u.lion Opposite: P.,,) 

l11is consisb or a small l(!Us with lUI ad­
justable liolder to mount O Il a panel over Ule 

dial indicator , and nlakes possible t he read ing 
or II. dial (especially t hose sbowu on tI le oppo· 
site page) to a high degree of precision . Whell 
not in use the arm ca.n be swung Ollt of t he 
way and the Jens pushed against the panel to 
minimize space cec:luirements, Wh en in II SC the 
lens is heir! ill proper posit ion by n deten t 
device. 

SPECI FICATIONS 
Dimensions: (Height above ['lionel) 2 x ("'idLb) 
l}i l( Oength or radius) 2~ inche!l , 

Focullengtb, IU inches, 
1\·1 ountml1 : Oue Ys-inch hole required for mounling. 
Net We iCht : 2 ounces, 

Ty'P~ Cod, W ord 

519-A AliAS li 
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TYPES 704 AND 706 PRECISION DIALS 

Tbese arc high-grade precision dials, wilh scales 
individuaUy engraved all an automatic self­
indexing engraving macilinc in Gne, rndi:ll, and 
accurn.lcly located lines. The dinl senle and the 
slow-motion knob roLaLe in the same direction. 

The accuracy of t.he ellgra ving and the prccisioll 
of setting obtainable justify the use of a '1'no& 
51!)-A Dial Lens. 

Dacklash has bccn eliminated ill lIu:! COllstruc­
tion of these long-scale dinls by setting lhe scale 
permanently and securely on the mail! shufl 
which Lhus IllIs its angu lar posi t ion a(;euralcl:,' 
indicated. Tbe lCllSioll of tile Criction drh'c is 
ndjuslahle La suit the lond aml lhc preference of 
t he operator. and tile position of tile r r iction dri v\! 
silllfl m:.l)' be adjusted to compcnsate Cor errors ill 
tile centering of the main shaft in the center hole 
Ity means of an t,'(.'CClltrie bushing. 

TYPE 700-C 

• 4-INCH DIAM ETER PRECISION DIALS 
Diol Friction 

.4 rc Driu Rali" 

704-C 1800 200 1:0 
704-0 2700 300 1:6 

• 6·INCH DIAMETER PRECISION DIALS 
Dial Friction 

1'YVC Arc Djpil ion' nriflt: Ilalio 

706-C 1800 300 1:8 
706-D 270" 450 1:8 

'fYI'E 704-0 

These dials are secured to their 
Shafts through the usc of two set­
screws separated by EtOO allli are 
su pplied bored to receive a 3-i­
inch shaft. For lISC with a ;(-illch 
shaft. a split collar bushing is pro­
vided whieh securely gri llS the 
shaft throughout olle inch of its 
lengUl. averting a ll possibility of 
slipping. 

Settings of tbcsc dials may con­
sistently be duplicate<lto one-filth 
of n division, allowing an accuracy 
of resetti ng. for the Tn'E 706-0. 
of belter tllan 0.05%. Parallax is 
eliminated through tile usc of all 
indicator which always remains 
flush with the surface of the dia l. 
and at the same time absorbs the 
slight eccentricities of the Ulaiu 
shaft through the flexibility of iu 
mouuting arm_ 

Only one additional hole in the 
panel is required tor mount.ing; the 
drilling template furnished enables 
it to be accuralely located. 

The dial indicator is supplied_ 

Ntl Cod, 
Wlight WnrJ 

9 ounces DADDY 

!l OUIICes DAIR" 

Nl t Code 
II' ei!lht W ord Prier 

I pound DA811Y 

1 pound DATtlbl 
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FRICTION-DRIVE AND PLAIN DIALS 
' I'he dials dc.~ibeJ 

here hnvc photo-doehed. 
nickel-silver scales and 
use lile /l uteu bakc.litc 
knob JC.5cribed on the 
opposi te page. 

Two llillmclers Are 
;I\';l113\)lc I:ilhcr "dth or 
without t he fri c ti on 
«rh'c. :\ [1 indicator !lnll 
d rillillg temilla te nre 
SUppliCll. 

All di:ds are insulated 
from the shaft. 

See p'!le 1 70 for new 
3Y4-inch dills. 

TTPt:s 70t-A nud 70i·1-' TTP£8 7l0-n and 710-G 

• 23A·INCH DIAMETER - TYPE 702 FRICTION-DRiVe DIALS 
Shfljt Oial fricl i(,"- J1ri~~ 

Type Diamcter Arc f) i ,d~io", II lIlic 

702-A Yt in. ISO" ' 00 1::3.:$ 
702-B M in. 2700 '00 1:3.3 
102-F ~ in. 180· '00 1:3.!! 
702-G % in. 270· '00 1:5.9 

• 2J;:j INCH DIAMETER TYPE 710 PLAIN DIALS ,. -
710-A J4 in. 180· ' 00 · . . . . . . . . . . . . 
710-n U in. 270· ' 00 · . .......... 
710·G Ys in . 270· 100 · . .......... 

• 4·INCH DIAMETER - TYPE 703 FRICTlON·DRIVE DIALS 
703-A M in. 180· '00 1 :5 
703- n M in. 270· 200 1:5 
703-F Ys in. 180· ' 00 1:5 
703-G H in . 270· 200 1:5 

• 4·INCH D'AMETER - TYPE 717 PLAIN D'ALS 
717- A Uln . 180· 
111-8 M in. 270' 
111-F % in. 180· 
117-C V. in. 270· 

TTPr;s 70,-A and 70, ·F 
All illu. tu tio ," H aduol.ioc 

'00 · . . . . . . . . . . . . 
200 · . . . . . . . . . . . . 
'00 .......... 
200 · . . . . . . . . . . . . 

Ntl Code 
Weight Word 

'" 07;, D I ACJC 

oJ oz. OlDOO 

oJ oz. I>IPAO 

4 01;. !)I OOD 

i )1 oz. OU.LY 

2J,4 oz. DIDiS 

!!M U'l. IJICl flT 

8 oz. OlAST 

8 oz. OlB liT 

8 oz. OIF'U S 

801.. I)I(i U ~t 

;; oz. OIAJUI 

5 oz. DI DAR 

5 oz. Ot FIT 

;; 01.. OTO AR 

TTP&8 717-8 a.nd 717-G 

Price 
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TYPE 637 FLUTED KNOBS 
The moulded bakelite knobs in this type 

series are DOW used au all new General Radio 
apparatus. They werc chosen trom among 
dozens of preliminary desiGns as lbe ones best 
suited to the requirements of measuring in­
struments. The smoothed Outed knurling 

affords a positive. cramp-Iru grip lor the most 
delicate adjustments. 

The white pointers a f C made 01 non -COII_ 

dueting material, and they can be pried ofT 
wben knobs a.louc are required. Each knob has 
two setscrews to insure permanence of seUing. 

Type 

637- A 
637- B 

Type 

Type 

637-J 
637-K 

T Y1>t 

637- P 
637-Q 

Type 

637- R 
637·S 

11j • • INCH DIAMETER-WITH POINTER 
Shaft 

Diam~ftr Ntt W tiglrt Cod~ lVor({ 

Vi inch J1 ounce NI]II L.NOUANT 

% inc h J1 ounce NUIIL.NQ DII Q Y 

1 %-INCH DIAMETER-WITH POINTER 
Shaft 

Dimllcler Nd Weight Code Word 

U in c b 
% inc h 

I ounce 
I ounce 

SURLS0 8QUH 

HURLNOBIIAT 

1 ¥a-INCH DIAMETER-WITH SKIRT 
Shoft 

Diometer Net Weight Code Word 

U inch 2 ounces NORLNOIU I ).! 

% inch 2 ounces NUltLNODItOr 

(Diameter of skirt, t~ inchu) 

i lia-INCH DIAMETER-WITH POINTER 
Sholl 

lJ iaml'ler N~t W~illh t Code Word 

U inch 3 ounces NUHI.NO IH'IO 

% inch S ounce. NUII L NO IIQOO 

2%.INCH DIAMETER- WITH SKIRT 
S haft 

Diameler Ntt Weight Code Worn 

U in ch 
% inch 

" ounccs 
"' Olln('es 

sUJU.sounAIoI 

NURLSODSU.I 

(Diametcr or Jkirt, S inches) 

TYPE 202 SWITCH KNOB 

Priu 

Price 

Priu 

Price 

This is the bakelite knob tLUl t is IIsed Oll our resistance boxes 
and deeade condensers because it enables the opera tor to estimate 
the value of a. setting by his sense of touch. T he poin t !'!r is of 
njckel.plated brass. ll is lIot insulntctl ( rom the slmfl. 

Typt 

202·Y 
202·Z 

Shufl IHmn. Net W fl'-gllt 

I % inc h I 1 oun ce 
K inch J OUll ce 

Code Word 

IS WITClIAUMY 

II IV ITCIl Du n o 

l)ricl! 

169 



 

170 

NEW 31/4· INCH DIALS 
Code 

A DCW series of fr iclion-cl rive and plain dials 
Ty7" Shajl Drir;e. Word Price 

like those shown on page 168. but 8M inches 705-A Uin. J1rictiOll OU.RK 

in diameter, is now Ilvailable . . Each has 100 705-F Ys in . Frielil)n DI F.\I. 

divisions spread over 1800. Dial insulatctl frolll 
71l-A Min . Plai n OIAPfl shaft. Indicalor nml drilling template supplied. 
712-F % ill . Pla;n 

Typo 318·A 

DIAL PLATES 
Tucse t.wo dial plates 

have photo-etched scales 
with raised nickel-silver 
graduations Oil a flat black 
background. Eacl, can be 
altached Lo the pallel wilh 
the same screws which hold 
the rheostat-potcutiometer 
with which the dial plale is 
used. 

ul)·"n 

Typo 522·A 
A S-incll diameter plate ror usc wilh II. Hi -inch 

knob, either l)(linter () r skirt, and with any rheostat­
potentiometer having standard 9-holc monnting. 
i\larked with it) divisions nruwld i!)S-. 

A i M-inch diameter plate for usc with a TYr& 
637-A Knob and a TYI'a,: 301-A or 410-A Rllcostat­
Potentiometer. Marked with it) Iii visions around 
e.5.~ o. 

Cooe IVIITd: rn:vlI. 

Typo 202 
1'uill is 8 qillldruple­

leaf pl1osphor - bronzc 
sl\' ilch which waku 
wiping oonttlct on both 
the SVl'ilch point.s and 
tbe filed bushing. It is 
intended for use witb 
TYPE I S8-B or Tnt: 
ISS-C Switch Contacts 
mounted on 1\ l %-inch 
mJius. 

Typt: 

202-A 
201- 8 

!--i to U in. 
Y.( to Ys in. 

Code Worti: 1)00101.1-

SWITCHES 

Typo 339·A and Typo 339-8 
'I'his U It. rotary, S'positiol'l .witch for all appl ication! wbcre a togGle­

switch-action "anti-cnpacity" switcb would ordinnrily be used, The entire 
throw is 180°, (rom one position throngll "off" to the t1l ird position, each 
position being marked by a Iletent devu.'C. The mO\'able switch bladu I\rc 
actuated by a moulded bakelite wonn. 

Only one mounting hole it required for a.1I panels up to *inch U.ick. 
Both <I.-pole double-throw Rnd i-pole douh!e-tl.row models are Rvai l:lble. 
The contact spring. aut be bent for switching in unu.sual circuits. 

The capacitance between twitch ele.ments it low. The .witch itself is 
insulated for all voltages up to i50 valls, nnd the con tact .. will safely break 
i amperes. 

8WITCIITO~1) 

S W1TC UGOOD 

Pria Ty pe VtlC1iplioll 

-I-Pole, Double Throw I 
i- Pole. Double Throw 

Codr. 
W ord Prier. 

PUppy I 
I'UTTT 
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SWITCH CONTACTS AND STOPS 
Switch con tacts are available made of 

nicke.l.plated brollze and nrc either wit h plane 
faces or with cupped-shaped depressions which 
act as dctent.s defi nitely to center the switch 
blade ill position. Each switch contact has a 

l' f f-A, .; ... ~ 

t !e t !e " , e 
0 , 

138-U ISS-C ISfI · D 

T.Y·IM Ducriptioll A Ii 

13S-11 P]tt. ue Swih:h Co ntact M" tlG" 
138-C Plane SwitciJ Contact ~G" ~6" 
138-0 P lan e Swilcu Contact UG" ;{G" 

13S·CO Detent S witcl. Contact :;.ff;" ~" 
I3S·PD Detent S witch COllta .... l ~" ~" 

138-0 Swit clJ S lOp %" J.i'6" 

knurled shoulder which , whell drawn ioto t he 
pallel by t ightening the nul, prevents rotation 
or the contact heat!. 

The swi tch stop is made of nickel-plated 
brass. and is without a knurled shoulder . 

--jAr ~Ar 1'1-

~ ! 
-'- fie ~ It, l!e o --C o / 

_L ~ 

13S- PO ISS-CD ISS·Q 

D i ml!n.f iolll 

C 0 C(J(ie Word Price 

' 10 drill %" mnl(. CO!'JTACTAST 

I lourill M" max. CUNTACTIl IJ O 

j 'tS drill !1" OO NTA CTCAT 

; 10 drill M" max. STAN I'A RlII UD 

r i O d rill ~" max. STAS I'AR NOT 

0· S2 st ud Ys" max. ST .\ NP A I!fl U I. 

BINDING POSTS AND ASSEMBLIES 
Parlicula.r atlention is di.recled to the three 

bindi ng posts having jack tops which lake 
plugs of the T YPE 274 series. (TYPE 13S.VD, 
'l'l'PE I$S-V with looger stud , is not illustra.ted .) 

T he bim.ling-lK>st assemblies a rc coll\'cl1ienl 
means for mounting bi nding posts on mctal 
panels. The 'I'Y'PE 73S-A is designed for mount,. 
ing. by dr ive 6t. in a bakelile pallel. 

IS8-A 1!i8-V ISS-X 73S-A 'tN - I-: 

Dimu,noll l 

T ype /Jcrcriplioll A IJ C /) Code W ord Price 

138-A Uind ing Post (bnkclitc top) un 34" min. 10-S2 %" max. STA S I' AUCU I' 

138- V Bindi ng Post (small jack tOI» %" 1H'6" mi n. 10-32 J.-c:!" max. STANrAltAST 

138- VO Binding Post (small jnck lop. 
long stud) %" 1J..ii" min. 1 0-3~ Mil mall . STA NPABF US 

138-X Iliodin g Post (la rge jack t op) .!--!l" 1!1c," min . 10-32 34" max . ItTAN I' .~ nnOl· 

274 - K !\ ssembly (with IS8-V POSh ) 2'!U" I " 6-32 34" STANI' AR BAG 

274 ~ L AssemlJly ( wit h 138·X Posts) 2~" I " G-3'l }I" ., STAS I'A llTAG 

738-A I n s e rt Terminal )4" U" max. 1 10 drill ONIPARTAPE 
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PORCELAIN INSULA TORS 
Thtsc ceramic insulators are made of high~ 

grade browll glazed porcela.in and they are 
intended for use in wiring circuits in bolb 

T !Ip t Ii ,. 
tl6Cnp 101'1 If 

260 l 'ofcciaiu lnsulat(lt 2 J,{~" 13/ " ,., 

627·A Jack-Tor l usulnlor ~%" 2.%''' 
628-A Insulntor ~%" 2%''' 
629- A LeaJ- l n Assembly 1,; " M" ., 
630-A I-T ermLual Insul ator - l Y.(" 
630-8 i-TerOliua.l Insu1:ttor a'" 7·' Hf' 
630-C 3-Termiunl Insulator 3/ 11 

" IX" 

inside and ou tside installations. Each insul;\tor 
is slIJ}piil.'{l will! woOO screws fi nd lead washers 
\\"hich wilJ preven t breakage in lllotllIting. 

IJimellsioll .• 

C /J . F 0" p ' flee 

Ys" - - - C01'1I<: 

- Gi4 ·J - - ~(AYOn 

7.(" - - - ,\U;O"L 

For wall s up to Oil thick ~n: ltcy 

Ys" lYs" - - &ouc~: 

X" - :l J-ij" - EGrn:T 
XI} - - 2X" J::JECT 
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GENERAL RADIO VACUUM-TUBE SOCKETS 
Rere is a complete liue of bigh-grade sockets 

designed particularl ,y lor use ill measuring. 
instrument assemblies both in the " bread­
board" and final model stages. Contacts are 
spring tewpered and will make fi rm connection 
with the tube prongs even aCler long periods 
ot repeated tube replacements. 

Sockels &re available with either bakelite or 
glazed isolanti tc bases. For most work bakelite 

1'Tn Hi6 TTl'E lU9 

lmscs arc preferable because of tuei r lower cost, 
but where low high-frequency losses 311d high 
surface rcsisti \' ily nre essential. isolanLile hases 
are recommended . The illustrations with the 
dimensions given ill the price list completely 
descri be each unit. 

The net weight of aU sockels is 2 ounces, 
except TY I'ES 156 and 656 which weigh 4 
ounces. 

T TI'E M7-A TYPIl: 656 TVPfJ 647-8 
Typz 657 ' I'l-PE 658 

8(Ul Bal e Code 
Type M aterial Type of Tube Diamtlu Height Word Price 

15. Ba kelite UV. UX. West. Elec. E T ube 2K6 inchCll JI~ inches SODlm 

3" Ba kelite UX- Sma U 4-pron~ l Ji' inchcl % inch I:IEOAN 

438 Ba kelite UY- Sm :lll 5-prong l Va inches Ji iu ch STOUT 

••• Bakelite Small 6-prong l» inches Ys inch NOVEL 

M7-A Ba kelite Sma ll 7-pronl1 2§-{e inches Ys inch GIPSY 

647·B Ba kelite !o.·f ed ium ?-pron g 2U6 inches y. inch aONN" 

.5. Isola ntite UV. UX. West . Eiec. E Tube 2J{, inches In~ inches SOL ID 

.57 Isoillntite UX -prong l Ys inches 1 ~i6 inch AM AZE 

..,8 Iaoiantite UY-S-pron~ l Ys inches IJil inch AllONa 

173 



 

PARTS AND ACCESSORIES ---------.. -------------""'~~~ 

174 

PLUGS AND JACKS 
The following scctiou lisls swall parts which 

t.ll e laboratory worker a nd ltlll atcllr will find 
usefu l in the COllsLrucliou of his equ ipment. 

T yp. 274-P Plug 
Basic pJug lJllil - ,\I ax . 

current,S fl. 
t! -~ inch max. 
lJ =Ys inch 
C = (}- 81,! 
D-% inch 

CIJI/IJ lI 'or(/: l!TA~ I·,\nCAT 

Typ. 274-J J" k 
Basic j11Ck unit. 

II = UG inch 
/J =~ inch I1mx. 
G' ::: YI ino::l1-'18 

(](J(l c IVflr/l: STA 1'o' )'AKTt W 

T yp. 274-E Singl. Plug 
Ail itluslr:,h.'<I, with j;U'k 

opelling in stem. 
A ... ;.rs inch 
B =% inch max. 
C =Y.I' illch- '!S 
D- U inch 

CudtJ Wllrrl: !$TA N I'M,I)O(; 

Typ. 274-U Sin gl. Plug 
Like Tn'.; 21-1-- 1-: bu t with· 

oul l!llIrlibscrcw, 
.. I =U6 inch 
II =% inch IIlIlX. 

C - 31 inch- fl.';; 
I) =Y.I inch 

('()(/r !r rmf: ST.\~I'MiGOT 

Type: 274-D Insulated 
Plug 

Similnr to TYl'~: 27·~ - 1~ bUl 
wi th Imkdil C slef!\'c. 

A - J1 iudl JI _l~ inch 
('ode IrQrd: ST.\XI'Ml): ~·E 

T yp. 274-M, -ML 
Double Plugs 

l\loulded bukdilc wilh jllcks 
ill top :md setscrews for cord 
tip~ . %' -inch sp .. 1cing. 

A = Iy,f indl I) - I %" inch 
CQ(le Word: 81'.-\:>'- I'.'\III)V I.1 

Type 274-M, 
I .Q~'- Ioss (yellow) buh.!it!!. 

{'nt/I: 1"1"(1711: 8 TASI' ,\lI Il VY 

Type 2i'4-ML, 

T yp. 274-G Doubl. 
Plu g 

Two 'I'H~; 2N - I:: Plugs 
sqlHraled by a hnkelite ~puccr. 
}:"i-illclI8pncing. A = I% ineh. 
('ode II"Clrd: STASI'ARI'IG 

All multiple plugs and jacks have the Generll.l 
R adio standard % -inch spacing betweell 
centers. 

Typ. 674-P Jumbo Plug 
Hasie jumbo-plug uuil -

\ 111:1: . Cll rrent, 25 H. 

A - ;! iueh 
fJ = % inch 
C = H incll- 32 
D - I;(6 inch 

('toile W()fd: 81'.\~ I·ldtAPf: 

Typ.674-J Jumbo J.ck 
Basic jllllllw-jack Ilni l. 

A =r.a inell 
II ""U6 in(,.l1 max. 
(, ... y.; indl-~O 

Cild.: W Qrd: S1'.\ 1'" I'.Ut.\YC 

Typ. 674-( Jumbo Plug 
With soJd,::r-mli,'t l e UJ"l in 

shank fM sweating-in. Vi-inch 
jubinJ.;. 

A = .J,4 ineh B=Minch 
{'toll.: n1ord: 81'AS I'.\II('OX 

Type 674-0 Insulated 
Jumbo Plug 

With insuln ted slJ:u lk :lIld 
soldering lug - jnek in tn ll. 

A =%" inch IJ = I!{G inch 
('ode ' ''-"rci: STA.''''.-\U,\UK 

Type 274-BL Series Plate 
Permit.'! 1..'OllIlecling Iwo 

cirell i!." ill ~cr ics wilh a t.hinl 
lm\" iug l \\"o j:Jck-tor hillliing 
1)llsts on standnrd spueing. 

..1= 1M inch 
CQ(/e Word: ST ,\XI',\US.\l! 

T yp. 274-SB 
Short-Circuit Plug 

TyPf) 274- U Plugs wilh a 
n ickel-pin ted hrass bar. 
Code Word: S1'A1S"I'AI!Z1P 



 

• ••••• n ....... n ••• lIW!IIr1!l!ll'.TT •• PLUGS AND JACKS 
,MfHt.n.~~ " ~~ 

MOUNTING BASES 
These units extend the possibilities 01 "plug in" to coils. condensers. transformers, clc. 

Type 

274- AP 
274-AJ 

274-BP 
214-8J 

274-C'p 
274-CJ 

274-El) 
274-EJ 

274- HP 
274-Hl 

274 -0 

TYPE 2H·:\P 

TYPE i7-1-AJ 

TYPE'i!74· E P 

Tnt: iN·EJ 

Ducriplioll 

i-Gnng Plug 
i-G ang Jilek 

S-Cllng Plug 
3-Gnn" J ac.:k 

4-Gnng Plug 
4-G:lng Jack 

-l-Gnng Plug 
-I- Gang Jack. 

6-Gnng Plug 
6-Gang Jack 

LI)(:llting Pin (T o insure 
corrCl"t orientution ) 

'rYl'E i74·B P 

'1''''1'.: i74· HJ 

/)i 'llellaiolll 

A H 

I'%!" U" 

'i! ~" 1/ " 

" 

llU." IU" 

See '1'1'1'£8 274-111' 

2~" 1]1" 

Tn'.; 2H·Cr 

TYPE'i!7·l-CJ 

TYPE 274-U I) 

Tnt: 'i!H-HJ 

C 

UG" 

J~" 

Jil" 

uo~1 - NJ 

lJi" 

Code Word Price 

ST.\ l\"I'ARBID 

::iTASI'AnUUM 

ST.\NPAKSUN 

8TIo"I' ... 1I8IS 

ST.\XI'Ansc)t 

STANP.\ RGfN 

Sl' ... :-: ..... H(lAB 

8TAS 1''' 111' ... 0 

5T.\1'II'.\nn.:o 

8T"~·P.~RNOT 

ST ANPAIlC.\D 
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PARTS AND ACCESSORIES 
_nnnnnu _____ u_ n u 

"~""~~"""~,. 

T yp. 274·NC Shi.ld.d Conductor 
A concentric-shielded conductor with p1UII. 

Capacilllnce: 100 1',,( Iter root 
Impeda nce: About so obtru 

COil;; Warll: 8TAN PAitZOO 

T yp. 738·M Brack.t 

C()d. W Qrd; Dou nT 

r-, loUJlt i.ng foot 
for T YPE 934 
Condenser •. 
A- i X inch 
B= 1!1 inch 
C - "'~o r Is 1/lU­

chine ruew 
D- For a 110 
machine screw 

Ty pe: 274·RJ Fo ur-Geng Jack Base: 
Por mounting thermoconples. oxide rectifiers, etc. 

A -8M inches C- U6 iocll 
H _ tY~ inches 

Ood. Word: S'fANPAnrup 

Type: 738-0 Panel Screw 
A nickel-plated brnss madline 

screw for ra~lcDing p.'mels Lo a 
relay rack:. 

A= U. inch 
IJ =I~ inch 
c= IO·Srt 
D=-% incb 

Code Word: UNII'A IITHAT 

Type 274 Pan.1 T . rminal Insulalors 

176 

TWO 

TYPE 
+ 138-

VO 

Bakelite insulators, wed ill plIirs with 
TYPE IS8· VO B inding PosL~. for mounting 
on a metal panel. 

A - 1M inches 
B= Uinch 

T,,,. 
2749VI 
274- Z 

B akt::lite 
Material 

Ulack 
Vello",' 

c- ~ incb dia.m. 
D..,.!1 inch to ~ incb 

Code P rice 
W ord (Pair ) 

1 8T'~SP'\ Il.DEI..I 
STASPAIl.1I0D 

TYPE 379 RADIO·FREQUENCY CHOKE 

Thc T n't<: 379 Hadio. 
Fr(.'(lucncy Chokes arc 
availablc in two modcls, 
onc of low induclancc lo 
carry n Ilcavy currcnl, 
alld one or high induc­
tancc to carry a lower 
currenl. III bolh , lhe 

SPECIFICA· 
TIONS 

Dimensions: 
2 x lU:I I ~ 
inches. 
Net Weight : 
2).1 O\lnces. 

M o untin g: 

capacity docs nol exceed 4 micromicrofarads. See drawing. 

b. AlflHcable Current D·C Cod, 

1'y~ dll ctallce llliennil. ContinUOII' f' reqll t llcy RORge Rt.ti,la nct Word 

379-1' 8mh 300 rna I ~O ma 1500- 1.5,000 kc I 35U JI MMI' 

379 -R 60 mh 90 ma 65 m tl ' 00- 2000 kc 140 n )EW.:I. 

Price 



 

~====================~APPENDIX 

APPENDIX 

LOSSES IN AIR CONDENSERS 

l .ow air-condenser losses arc, of (:ourse, 
desirable, but they cannol he reduced in­
definitely without sacrificing mechanical 
rigidity nnd the ability or the condenser 
La hold a caJibmlion. ]~orlunalely, practi­
cally all of the labo ratory measurements 
in which the loss or the condenser must be 
known can be arranged so that. it. is merely 
necessary to know how they cht\lIge as the 
condenser capacitance is varied. 

The higher-grade laboratory cOlldcnsers 
manufnctured by the General Radio 
Company a rc designed so t.hat Hie small 
amount of solid dielectric used is placed 
in an electric field that is unvarying with 
respect to rotor position . Hence the losses 
nre constant with setting. It is then 
possible to assume that tile condenser 
behaves as a loss-free variable condenser 
in paraliel with a fixed condenser having 
a ll the losses. This means that, when using 
one of these condensers to measure the 
loss in some other condenser. the loss in ­
troduced by the standard condenser. since 
it does not change with rolor setting, can 
be eliminated trom the measurement by 
the choice of a suitable met11od . 

This quality of having approximately 
COll!;tant losses with changes in rotor sel­
ling is possessed by all General Radio 
condensers, and this leads to our choice of 
the quantily BWC2

3 S the figure of merit 
for expressing the energy 1055 in an air 
condcnser. It turns out that IlwC'J. is con-
5t.'\nt for all values of wand C. RwC2 is 
therefore preferred to power factor RwC 
3.5 a figure of merit for the condenser. 

The equivalent series resistance It of an 
air condenser may be calculated for any 
frequency when the figure of merit RwC2 

is known. Thus for a figure of merit of 
0.06 X 10-12 the resistance of a condenser 
of 1000 I-ll-lf capacitance at a frequency of 
1000 cycles is 10 ohms. 

Normally the energy los!> in an ai r con­
denser is composed of t he energy losses in 
l he solid dielectr ic suppor ts and in the 
resi~l ant'c of the conducting materials, hIll 
the prcseucc of a ny solid dielcctric mate­
ri.i1 , such as dust, between the plates will 
increa.se the loss by a mensurable Illllount. 
" rith high voltages, the iOlliznLioll losses 
iu the air dielecLric ,HId in the gas occluded 
at the plnte surfnces ceasc Lo be negligible. 

The choice of Rw(1l as t he figure of merit i9 bnseu 
upon the following (.'Onsideralions: Any air condenser 
C II/wing an eq uivalent series resistnnee R may be 
represented by a condell!Cr Co formed of the solid 
lliclectTic circuits and support. and having all the 
losscs ROo in parallel with a lou-free condenscr C' 
(see the accompanying diagrnm). 

=:; ~ '0= F 

Ro =; ~ 
/ Fe' 

R 

(a) (b) 

By working out thc energy rclntions ill ((I) alld in 
(b) on the MSumpl.iou that nil tile losses are very 
small. it is found thal 

RoWC:-o 
w(C'+C.)' 

If the e llcrgy losses in the condenser ute CO flillanl 
wiul selting. then Co is n fixed condenser with nn 
isolanlitc or halll·rubber dielectric. depending upon 
the actual collluuclion of the condenser C. Por 
dill'erent frequcncies tllC powu factor of this solid 
t1icJecltic is essentially constant. llcnee the quantity 
RwC2 is constant for all ordinary values or wand C. 
ond is a characteristic of tbe condenser. 
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REACTANCE CHART 

1M. 

100,000 t! 

10,000: ~ 

l000~ 

lOO n 

10 0 

10 

[7 ~.~ 

f'y 1 ;~Iv=,/iXl" / XlylXly /< ~1X"x"~ 
'X' .... S< X X X X 

. 1 !" 

I, 10, 100, ", 10 ~c 100 ~ c IOOO kc. 10,(XXH, 

I "'" 10 "'" 100 "" 1000M:. IO,OOO/'/ac 100,000 fvk 1,000,000 Me 
(300 m) (lOm) (3 I'll) (30(1'11 ) (3 em) (.J 'I'll) (.OJ ~m) 

FREQUENCY 
FIG. 1 

The ;l.(.'(,"()rufXlll~·ing eh:'lrl may he used to find: 
( I) The reactance of n gi \'cn inductnnce fli n given 

r ret! ueney • 

(i ) T he reaet:lllce of a gl\'CIi cilpneilnnce :\1 II 
given frequency. 

(3) T he rcson:ml frequellcy of n 1;i"ell inducta nce 
and ctl p.1citnnl'C. 

In orner to facili tate the determinat ion of nmgni. 
tulle of t he quantities involved to two or three 
silluifiCIIDt figures tIle chart is divided into two parts. 
Pigurc 1 is the complete chart to be usecl for rough 

cllicnli, Liolls. J"igure 2, which is n single dceaclc 01 
Figure I t!IIla r,.:cd II pproximnlc1y '1 times, is to be 
1lse<1 where the ~ignificnnt two or th ree figures arc 
l u be determined. 

TO FIND REACTANCE 
l~;"tcr the chnr t~ vert ic. .. lly (rom the holt om 

(frCt'luc.ncy) and nlong the lines slnntillg UPWlI.nl to 
lhe left (jmiucl nnce) or to the .. igM (cnpiu~itnnl'e) . 

Corresponding scales (u pper or lower) must be used 
throughout. Project horizontally to tl1c left h'om lht! 
intersection :loti fead renctnnee. 

Write for Enlarged Copies 



 

"' u 
Z 

< 
~ 

u 

< 
w 

'" 

REACTANCE CHART 

Always obtain epprollim.le v.lue from Figure 1 before using f igure 2 

10 

9 

8 

7 

6 

5 

, 

3 

2 

3 4 6 7 9 10 
FREQUENCY 

FIG .2 

TO FINO RESONANT FREQUENCY 
Enler the slanting lines fot the given inductancc 

and c.'lp.'\cilance. Project downward from their inter­
section and read resonant freq'lcncy from the boUom 
~cale. Corr~sponding scalts (upper or lower) must be 
used throughout. 

Example: The .mmp[e point indicated (Figure 1) 
corresponds to n. frequency of abOllt 700 kc nnd an 
illlluclnnce of 0.5 henry, or a capacitance of 0, 1 IJ.J.lf, 
giving in either case n rCllctn nce of al)()\11 2,000,000 
uhms. The resonant (requency of II cirC\l it CQlItnining 
lhe5e values of inductnnce nnd cn pncitnnce is, of 
course, 700 kc, approximately. 

USE OF FIGURE 2 
Figure l! is used to obtain additional precision of 

fCluling but docs DoL place the deeiwnl point whkh 
must be located flOU} a prciiminary entry on Figure 1. 
Since the chart necessnrily requires two lot:ll ri llunic 
decades for iud uctance and capacitu.nce fot every 
single d~de of frequency IUld reactancc, unless lhe 
correct decalle for r. lind C is chosen , the culculnled 
vnlu('s of renctnnce nnd {requency will be in ('r ror 
by n factor or 3. 16. 

/';:I;!Hflpie: (Continued.) T he rellctunce l,.'OrTC· 

~pondillg loO.a henry or 0. 1 #!J.f is'l,2S0,OOO ohms n~ 
7H! kc. their resonant frequency. 

of These Two Charts 179 



 

APPENDIX========================== 

180 

DECIBEL CONVERSION TABLES 
IL is convenient in measurements and 

calculations on communications systems 
Lo express the ratio between any two 
amounts of electric or acoustic power in 
units on a logarithmic scale. The decibel 
(I / I0tb of the bel) on the briggsian or 
base·lO scale and Uleneperon thenapierian 
or base·e scale arc in almost universal use 
for this purpose. 

Since voltage and current are related 
to power by impedance, both the decibel 
and the neptr can be used to express 
voltage and current ratios, if care is laken 

Decibel- The number o( decibels N db 

corresponding to the ratio between two 
amounts of power PI and P2 is 

P, 
N,. - 10 log" - ( I) P, 

" 'ben two voltages El and Ez or two 
currents II and 12 operate in the same or 
equal impedances, 

E 
Ndb = 20 logul .-! (2) 

E, 
1, ) and Ndb .. 20 loglo - (3 
1, 

If EI and E2 or 1\ and 12 operate 
unequal impedances, 

E, I Z. N", = 20 log" - + 10 og,,--= 
Et Z. 

in 

k, + 10 log" - (4) 
k. 

'I Z and Ndb - 20 loglo - + 10 log,o---..! 
11 Z2 

k, + 10 log" - (5) 
k, 

where Z. and Z2 are the absolute magni. 
tudes of the corresponding impedances 
and k. and ktare the values of power (actor 
(or the impedances. Note that T able I and 
Table n can be used to evalua.te the im­
pedance and power factor terms, since 
both are similar to the expression for 
power ratio, equat ion (1). 

to account for the impedances associated 
with them. I n a similar manner the corre­
sponding acoustical quantities can be 
compared. 

Table I and Table II on the following 
pages have been prepared to facilitate 
making conversions in either direction 
between the number of decibels and the 
corresponding power, voltage, and current 
ratios. Both tables can also be used (or 
nepers and the mile of standard cable 
by applying the conversion (actors from 
the table on the opposite page. 

Nepcr -The number of nepers N_p 

corresponding to a. power ratio ~: IS 

1 1' . 
log, 

2 P! 
(6) 

E, 
For voltage ratios or current 

'Bt 

. I , k' . ra bos - wor ~Illg III 
[ , 

the salDe or equal 

impedances, 

JVIt~p - log, 
EI (7) 
£2 

and N,up 
/ , 

"" log, -
/ , 

When El and E2 or 11 and I t operate iu 
unequal impedances, 

EI 1 Zt 1 kt Nn,p - log.-+-Iog.-+- !og. - (8) 
E~ 2 Z. g 1~1 

and 
I I 1 Z. 1 kl N •• , - Iog.-+- log. -+- Iog. - (9) 
12 2 Zt 2 k2 

where ZI and Zt and k. and k2 are as in 
equations (4) and (5). 



 

=================== DECIBEL CONVERSION TABLES 

RELATIONS BETWEEN DECIBELS, NEPERS, AND MILES OF STANDARD CABLE 
Mulliply n. To Find 

decibels .. .. .. .115 1 nepers 
d<cibW .. .. .. 1.056 milet of standard cable 

mila of standard cable .o·n decibels 
milC1l of !tandnrd cable .100 De~r8 

nepers ... . ... 8.686 decibels 
nepeu ... . . . . 9.175 miles of lItandaru cable 

10 FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES 

Values outside the range of either Table 
I or Table II on the foll owing pages can 

TABLE" DECIBELS TO VOLTAGE AND 
POWER RATIOS 

Number of decibels positive ( +) : 
Subtract +20 decibels successively from 
the given number or decibels until the 
remainder falls within range of Table I . 
To find the t'Oltage TaM, multiply the 
corresponding value from the right-hand 
voltage-ratio column by 10 for each time 
you subtracted 20 db. To find the power 
1'Ot1'O. multiply the corresponding value 
rrom the right-hand power-ratio column 
by 100 for each t ime you subtracted 20 db . 

Example -Given: 49.2 db 
49.2 db - 20 db - 20 db - 9.2 db 
Voltaue 'ratio: 9.2 db ..... 

2.884 X 10 X 10 - 288.4 
Potver rat·io: 9.2 db ..... 

8.318 X 100 X 100 - 83180 

Number of decibels negative (-) : 
Add + 20 decibels successively to the 
given number or decibels until the sum 
falls within the range of Table I. For lite 
voltage ratio, divide the value from the 
left·hand voltage-ratio column by 10 for 
each time you added 20 db. For the power 
ratio, divide the value from the left·hand 
power-ratio column by 100 for each time 
y ou added 20 db. 

Example- Given: -49.2 db 
- 49.2 db + 20 db + 20 db - -9.2 db 
VoUage ratio: -9.2 db ..... 

. 3467 X 1/ 10 X 1/ 10 - .008467 
Power ratio: - 9.2 db ..... 

. 1202 X 1/ 100 X 1/ 100 - .00001202 

be readily found with the help of the 
following simple rules. 

TABLE II , VOLTAGE RATIOS 
TO DECIBELS 

For ratios smaller than those in 
table-:Multiply the given ratio by 10 
successively until the product can be 
found in the table. From the number of 
decibels thus found, subtract + 20 decibels 
for each time you multiplied by 10. 

Example- Given: Voltage ratio D- .0181 
.0131 X 10 - .131 X 10 ~ 1.31 

From Table 11, 1.81 ..... 

2.345 db - i/O db - 20 db - -37.655 db 

For ra tios greater than those in 
table - Divide the given ratio by 10 
successively until the remainder can be 
found in the table. To the number of 
decibels Ums found, add + 20 db for each 
time you divided by 10. 

Example-Given: Voltage ratio - 7U 
712 X 1/ 10 - 71.2 X 1/ 10 ~ 7.12 

From T able IT, 7.12-

17.050 db + 20 db + 20 db - 57.050 db 
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TABLE I 
GIVEN, Deci bels TO FIND, Power and {VColta9

t
e} Ratios 

urren 
TO ACCOUNT FOR THE SIGN OF THE DECIBEL 

For positive <+) va lues of the decl bel - Both 
voltage llud power ratio~ are sreater thnn unity. 
Usc ti le two right-hllild columns. 

Exa mple- Ciren: ± 9. 1 db. Fiud: 

For negath 'e (- ) "alues o f t he dcclbel - Holli 
voltage an(1 power Tlltios fife less thun unit~·. Use 
the two Idt-JI:lnd 1.:0hl mn!;. 

Power Volin!], 
/lutio Un/io 

+ 9.1 db 8.128 2.851 
- 9.1 (II> O . 1 ~30 0.3508 

- db+ - db+ 
... +- ... +-

Vo/l(l!} e PQwr. r 
db 

VolllIY' l'mN:r Voltage P Ow.llr 
db 

Vnlinge PtIII;6f 

Rflfio RlItiu Ratio R(liio Rillio R(]/io Ru/io Ratio 

1.0000 1.0000 0 1.000 1.000 .5623 '·, .3162 5.0 1.778 3.162 
.9886 .9772 .1 1.012 1.023 .5559 • .3090 '. 1 1.799 3.286 
.9772 .9550 •• I .Oig 1.047 .M9;; .S020 , .. I .SiO 8.31 1 
.9601 .9939 .S 1.0g.') 1,072 • .'5483 .295\ 5.8 t.SU 8.S88 
.9.550 .9120 •• 1.047 1.01)(1 .5S70 . 28B -Io , .. l.862 3.-1067 

.9Hl .89 18 .5 1.059 1.122 .5309 .i818 ,., 1.884 3.5·\8 

.9SSS .8710 •• 1.072 1.148 .5248 .2754- 5.6 UlO5 3.63 1 

.022(\ .85 11 .7 1.084 1.175 . .5188 .2692 '.7 1.028 3.715 

.!) l iO .831S •• 1.0~(j 1.202 .5120 .2630 '.8 1.950 !'I.SOl! 

.90 16 .8 128 ., 1.109 1.2:10 .5070 .2570 5.' 1. 912 3.890 

.8913 .7943 I., 1.122 1.259 .5012 .2512 6.0 1.995 3 .98 1 

.8810 .7762 1.1 1.135 1.288 .4955 .2U'j '.1 2.0 18 4.07-1 

.S7 10 .7M6 1. ' I. l ·l8 1.318 .4898 .2:100 ••• 2.0U 4.169 

.86 10 .7413 1.3 l. 16 1 1.S49 .48U .2~H·1- 6.3 2.065 ·t2G6 

.8.'i ll .72 ·~ '~ 1.' 1. 175 1.380 .4786 .2291 ... 2.0Sn 4.365 

.84 14 .7079 1.1. 1.180 1.413 .4732 .2239 6.' 2.113 4.4fi7 

.8$ 18 .61l18 1.6 1.202 1.445 .4677 .2 188 Ii.{i i.ISS 4.571 

.8222 .6761 1.7 1. 216 1.479 .·I U!B .2138 0.7 2.168 4.G77 

.))128 ./iG07 1.8 1. 2S0 1.5 14 .4571 .20B!) 6.8 2.188 4.786 

.8035 .(;457 1.9 I.IH5 1.549 .4519 .!lOU 0.9 2.2 13 4 . ~98 

.7943 .6310 2.0 1.259 1.585 .4467 . 1995 7.' 2.239 5.0 12 

.7852 .6166 '. 1 1.274- 1.622 .44 16 . 1{)50 7.1 2.265 5. 129 

.770i . 60126 ••• 1.;lS8 1.060 .4365 .1005 7.2 Villi !.i.;l'IS 

.76H .S8S8 '.8 1.$0$ 1.Im8 .... S I5 .186i 7.S i .3 17 .5.370 

.7580 .575 ·~ 2.4 1.818 1.1S8 .4'l06 . 1820 7. ' 2.lH '~ 5.495 

.H99 .569:3 i.r, U3S4 1.778 . .Ji 17 . 1778 7.5 j!.S71 5.6~S 

.74.1S .5495 ... 1.340 1.820 .4 169 .1738 7.6 Vl99 5.75,' 

.7S28 .• 5$70 2.7 I .S05 1.81>i A l i i . 1098 7.7 2.4i7 5.888 

.7201.4 .5248 ' .8 I .S80 1.005 .4074 . 1660 7.8 2.455 0.026 

.7161 .5120 .. , 1.890 1.950 .4027 .W2!! 7.9 2.488 6.166 

.7079 .5011 3.0 1.413 1.995 .3981 .1 585 8.' 2.51 2 6.310 

.6098 ASOS S. l I .HI) 2.042 .39S6 . 1549 8.1 !U4 1 OA57 

.0918 .4786 ••• l.445 2.089 .3890 .15 14- 8.' i.570 6.007 

.688!) .4677 S.S 1,462 2. 138 .3846 .1479 8.' i.600 6.76 1 

.6'761 .4571 8A l.470 !Usa .3802 .1445 8.' i.680 6.91S 

.60S8 .U67 3.' 1,406 2.2S9 .S758 .1413 S., 2.66 1 1.079 

.!i607 .4365 9.6 1.5 14 2.291 .37 15 .1380 8.' i.692 7.i"H 

.0581 Ai66 S.7 USI 2.34'1 .S6H .1849 8.7 2.7iS 7.418 

.04.57 .4169 '.8 1.549 i .890 .80S 1 . IS I8 8.8 i.75" 7.586 

.68SS A074 S.' 1./;07 2.0155 .SSS9 . l i88 8.9 2.786 7.76i. 

.63 10 • 3981 ••• 1.585 2.512 .3548 .1259 ••• 2.S IS 7 .943 

.lOiS? .3890 '. 1 1.608 i.570 .3508 . 12S0 '. 1 2.851 8.1iS 

. 0106 .8802 ••• 1.622 VlSO .9467 .1202 ••• i.81N 8.3 18 

.0095 .S7U ••• 1.641 i.OOi .:H2S .1 175 '.S 2.917 8.511 

.6026 .9691 H 1.660 2.754 .93SS . 11 48 0.4 2.051 8.7 10 

.5957 .954S .., 1.679 2.818 .8S50 . llii .. , 2.9S5 fI.D 1 3 

.588S .8467 .. , L 69S !US·1 .8S11 . 1096 9.' S.020 9.120 

.5Si l .89S8 '.7 l.7l8 2.951 .3278 . 1072 '.7 8.055 1l.::l83 

.5754 .381 1 '.8 1.788 8.020 .3236 . 1047 9.8 3.090 9.550 

.5689 .32S6 ••• 1.758 3.090 . 5 199 . 1023 ••• 8. 126 9.772 



 

Vol/uye 
Uulio 

.3162 

.:wto 

.30UO 

.3055 

.3020 

.2:985 

.295 1 

.ill l 7 

.i8S4 

.2851 

.2818 

.2786 

.27:H 

.2723 

.2692 

.'l661 

.2050 

.2600 

.2510 

.250~ 1 

.2511 

.24AS 

.U55 

.2·Ji7 

.2Sf)!) 

.257 1 

.2S44 
,2317 
.21W I 
.2205 

.2239 

.22 13 

. 211~S 
.2 10S 
.2 ISS 

.211 S 

.2089 

.20G5 

.2042 

.2018 

.1995 

.1012 

. 1950 

. 1928 

. 1905 

.18S4 

.I S02 

.1841 

. 1820 

. 1799 

.1778 

.11.58 

.1188 

. 1718 

. 1698 

.1670 

.106\1 

. 16401 

. 1622 

. 100S 

DB TO POWER AND VOLTAGE RATIOS 

TABLE I (continued) 

- db+ .. .. 
Power 

db 
Vol/ayc 

Ral'io Uolio 

.1000 10.0 3 .162 

.09772 10.1 3.199 

.09550 10.2 !U3G 

.09333 10.3 8.273 

.09120 10 .... :1.:311 

.089 13 10.5 3.350 

.087 10 10.0 :USS 

.085 11 10.7 SAiS 

.083 18 10.8 SA07 

.OS128 IO.!) S.508 

.07943 11.0 3.548 

.07762 11.\ 3.580 

.07586 11 .2 3.mU 
,OH15 11.3 3.07:1 
.07244 11.4 3.7 15 

.0707!} 11.5 S.75R 

.06!US 11.6 g.80!! 

.06761 11.7 3.846 

.06G07 11.1:1 S.fI!lO 

.06-157 11.0 3.9:10 

.06310 12.0 3 .981 

.06166 12. 1 4.027 

.06026 I!Vl 4.07·l 

.05888 12.3 4.12 1 

.057.:a UtA '1. IOtl 

.05023 12 . .5 4.i17 

.05495 12.0 4.260 

.05370 12.7 4.515 

.05248 12.S 4.365 

.05 129 12.9 4.41 6 

.050 12 13.0 4A67 

.04808 15. 1 -l .li I 0 

.04780 15.2 4.57 1 

.0"077 IS.S 1 .024 

.04571 ISA 4.677 

.O·H 07 13.5 ·~ .792 

.0,1365 18.6 4.7S0 

.04266 IS.7 " .SU 

.04109 IS.8 ".SUS 

.04074 15.9 4.955 

P OIl)er 
/(o.lio 

10.000 
10.2:S 
10.47 
IO.7i 
10.96 

11 .22 
liAS 
11.75 
12.02 
12.30 

12.59 
li. AS 
IS.18 
13,49 
13.80 

14 .13 
14 .45 
14 .79 
15 .14 
\5.49 

15.85 
16.22 
16.60 
16.tlS 
17.38 

17.78 
18.20 
18.6!! 
19.05 
19.50 

19.95 
20.42 
20.89 
2 1.S8 
2 1.88 

22.S0 
i2.!)! 
23. H 
25.99 
24.55 

VoItagc 
Ratio 

. 1585 

.1507 

.1549 

.1531 

.15 H 

.1496 

.1479 

. 1462 

. 1 '~45 

. 1420 

.1413 

. 189G 

. IS80 

. ISOS 

.I S .... 9 

. ISS4 

.15 18 

.130S 

.1288 

. 1274 

.1259 

.1245 

.12aO 

.1210 

.120S! 

. 11 89 

.1175 

.1161 

.11:'S 

. 11 :J5 

. 1122 

. 1109 

.1096 

. 10S4-

. 1072 

.tOli9 

. 1047 

. 1035 

.102S 

.1012 

- db+ .... 
Power 

db 
Voll{u}c 

Ratio Ratio 

.02512 16.0 6.310 

.02455 10.1 6.88S 

.02399 16.2 6.457 

.0S!S '~ 4 16.S 6.5S1 

.02291 10.·' 0.607 

.02239 10 . .5 6.asS 

.021 88 10.0 0.70 1 

.021:18 16.7 6. I:IS9 
,0!!089 10.8 0.9 18 
.02042 10.9 0.99S 

.01995 17.0 7.079 

.0 1950 17.1 7. 16 1 

.0 1905 17.S! 7.2U 

.0 1802 17.8 7.328 

.01820 17.4 7.4 IS 

.0 1778 17.5 7.499 

.01738 17.0 7.!i86 

.0 1698 17.7 7.014 

.0 1060 17.8 7.702 

.01022 17.9 7,852 

.01585 18.0 7 .943 

.tJ 1549 18. 1 8.0S5 

.0151 4 18.2 S. liS 

.O B7!) 18.8 a. iii 

.0 1U5 18.4 8.5 18 

.0141S 18.5 8 .414 

.0 1S80 18.6 8.5 11 

.01549 18.7 8.010 

.01S18 18.8 8.7 10 

.0 1288 18.9 8.8 11 

.01259 19.0 8.913 

.0 1250 19. 1 9.0 16 

.0 IiOS! 19.5! 9.120 

.0 11 75 19.5 9.22:6 

.01148 19.4 9.533 

.OHU 19.5 9.441 

.0 1096 19.6 9.550 

.0 1072 19.7 9.001 

.0 10·" 19.8 9.772 

.0 1025 19. 9 0.886 

P OtcU 
/l atin 

39.81 
40.14 
41.69 
.... 2.66 
.... 8.05 

44 .67 
'is.71 
46.77 
'17.8G 
" 8.98 

50.12 
51.29 
52.48 
53.70 
54.0!i 

50.2S 
57.54 
58.88 
00.26 
(j 1.06 

63.10 
64.51 
00.07 
67.01 
69. 18 

70.79 
72.·'" 
14. IS 
75.86 
17.62: 

19.43 
BU!S 
88. 18 
85.11 
87. 10 

89. 1S 
91.20 
93.SS 
95.50 
97.72 

.03981 14.0 5 .012 25.12 .1000 .01000 20 .0 10 .000 100.00 

.08890 14.1 5.070 25.70 

.0SSOi H .i {i. 129 20.50 

.0871 5 14.S ".188 26.92 

.03631 14.4 5.2'48 27.54 

.OS548 14.5 5.S09 28. 18 JI ollag, 

.084067 14.0 .5.S70 28.84 Rfi/io 

.03888 14 .7 {i.4S8 20.51 

.038 11 14.8 {i. 41)5 50.20 3.162 X 10- 1 

.08256 l UI 5.li59 80.90 10- ' 

.03162 15.0 5 .623 31.62 

.OS090 15.1 .5.689 S2.S0 

S. I Oi-X IO- t 
10'" 

.0SOiO 15.2 5.754 SS. 11 

.02951 15.S 5.821 85.88 

.02884 U,4 .5.888 S·t 6; 
S.1 02X 10-1 

10-1 
S. 102 X IO-4 

.028 18 15 . .5 .5.957 55.48 

.02i54 15.0 0.Oi6 80.S1 

.02692 16.7 0.095 87. 15 

10-4 
S. 16S!XIO-s 

.02630 15.8 0. 166 88.02 

.Oi570 15.0 6.237 88.90 10- 5 

-db+ .... 
POlocr 

db 
Vollagc 

Ralio Ratio 

10- 1 10 3.161 
10'" '0 10 
10-' '0 S. 16iXIO 
10- 4 '0 10' 

IIr' '0 S. 1 62XI0~ 
10- ' 60 10' 
IO-T 70 S. 102 X IO' 
10- 1 SO 10' 
10-< 90 S.16i X I04 

10- 10 100 10' 

To find decibel values outside the range of thjs table, see page 181 

Powcr 
Ratio 

10 
10' 
10' 
10' 

10' 
to' 
10' 
10' 
JO' 

1010 

183 



 

APPENDIX ======================= 

VollU!} ll 
/la/io 

l.0 
1.1 

1.' 
1.3 
1.4 

1.5 
1.(j 

1.7 
1.8 I., 
2.0 
' .1 
••• 
' .S .. , 
' .5 
••• i.; 
'.8 
' .0 

3.0 
•. 1 
S .• 

••• •. 4 

S., 
•. 6 
•. 7 
•. 8 .. , 
'.0 
' .1 
4.2 
' .S ... 
' .5 
4.6 
4.7 
'.8 
4 .. 9 

5.0 
5. 1 
5.' 
5.' 
5.' 

5.5 
5 .• 
5.7 
5.8 
5.0 

184 

TABLE II 
GIVEN: {Voltase } Ratio TO FIND: Decibel. 

Current 
POWER RATIOS 

To find the number of decibels 
corrcspondin& to 3 given power 
r3tio -A5lJume the given power ratio 
to be & vol tage ratio and 6nd the 
corrC5polluing nu mber of decibels frOID 
the table. The desired result is exactl:-

. 00 .0 1 .0' .03 

.000 .086 .172 .257 

.828 ,DOli .!l84 1.062 
I..:iS·l 1.656 1.727 1.708 
2.1!1il 2.345 V Bl 2A77 
!t9'lS i.OS", !J.O.(.G S. 10i 

3.522 3.580 3.637 3 .69-' 
4 .08'2 4. 137 4.HIO 4.244 
4.609 4.G60 -J.7 11 4.761 
.5.1 05 5. 154 5.20 1 .... 249 
5.575 6.621 5.060 5.711 

6.021 6.064 6 .1 07 6. 150 
0.444 6.480 6.5!7 0.568 
6.848 6.888 6.927 6.966 
7.235 7.in 7.8 10 7 .S47 
7.604 7.640 7.676 7.7lS! 

7.959 7.093 8.0i 8 8.06S! 
8. i99 8.SSS 8.366 8 .399 
8.627 8 .059 8.691 s.ns 
8.943 8.974 0.00:; 9.086 
9.i48 9.278 0.S08 !l.SS7 

9.542 9.571 9.600 9.629 
9.827 9.855 0.883 9.911 

10. IOS 10. 130 10.157 10. 184 
10.3iO 10.397 10.423 10.449 
10.630 10.655 10. 681 10.700 

10.881 10.000 10.98 1 10.955 
11.126 11.150 11 . 174 11 . 198 
II .S601 11 .387 11 .411 IU84 
11 . .596 11.618 11.641 11 .664 
11.821 11.844 11.806 11 .888 

12.041 12.063 12.085 12 .106 
12.256 l i.i77 12.298 l i.319 
12.465 12.486 12.506 l i .527 
12.069 li.690 12 .710 li.780 
12 .869 12.881l l i.D08 l i .028 

IS.064 13.084 13. 103 13. 122 
1$. i55 13.274 13.i9S IS.512 
1 ~.442 13.400 13.479 13.497 
IS. Gi5 IS.643 13.661 IS.679 
IS.804 IS.822 13.839 IS.857 

13 .979 13.997 14 .014 14 .031 
14 .15 1 14.168 14 . 185 1'4.202 
14.520 14 .337 14.35S 14.S70 
14"86 1'," .502 14 .5 18 14.535 
14 .648 IU10·1 14.680 14.696 

14.807 14.82S 14.889 14.855 
14.064 14.979 14 .995 15.010 
15.117 16. 133 15. 148 IS. 16S 
15. 269 15. i 8-1 15.298 15.313 
I 1'i .4 17 15.482 15.446 15.461 

one-hair of the nu mber of decibels t hus 
found . 

EIample-Gi~en: a power rntio of 3Al . 
Find: 3.11 in the table: 

S.n _ IO.GSS db X 31 - .~.31!8 db 

.0' .05 .0 • .07 .OS 

.341 .424 .506 .588 .668 
I . I :J!; l.UI 1.289 1.504 lASS 
1.8G8 1.938 2.007 2.076 2.144 
2.542 i .607 2.67 1 2.734 2.798 
3. 167 S.U7 3.287 3.346 3Ai05 

3.750 3.807 3.862 3.018 3.073 
4.297 4.350 4.402 4.4.54 4 .600 
4.811 4.861 4.910 4.959 5 .008 
5. 296 5.343 5.890 5 AS7 5A8S 
5.756 5.801 5.845 5.889 5.93S 

6.193 6.235 6.277 6 .319 6.361 
0.008 6.649 6.689 6.729 6.769 
7.008 7.044 7.082 7. liI 7.1 59 
7.884 7.421 7A58 7.4095 7.58! 
7.748 7.783 7 .!ll9 1.854 7.889 

8.097 8.13 1 8. 165 8. 190 S.232 
8.4S2 8.465 8.4098 8.5S0 8.56S 
8.755 8.7S1 8.S1S 8.S50 8.881 
!l.066 9.097 D.H7 9.1 58 !J. 188 
!J.S67 9.390 9.426 9A55 9.484 

9 .657 9.686 9.714 9 .743 9.771 
9.939 9.966 9.994 10.021 10.049 

10.211 10.iS8 10.264 10.291 10.317 
10.475 10.50 1 10.527 10.56S 10.578 
10.7S1 10.756 10.782 10.807 10.882 

10.980 11 .005 11 .029 11.05S 11.078 
11 .22'2 II .201 6 11.270 IUDS 11.817 
11 .457 11 .48 1 11.504 11.527 11.550 
11 .687 1l.709 II. 732 11.754- 11.777 
11.910 11 .9S2 11.954 11.976 11.998 

12.128 12. 149 12 .171 12.192 12.213 
12.840 12.36 1 li .382 l i.40$ 12.424 
12.547 12.568 12.588 12.GOIl 12.629 
12.750 12 .770 12.790 12.810 12.829 
li .9"'8 12 .067 12.987 13.006 15.026 

13. 141 13. 160 I S. 179 IS. 198 13.217 
13.330 13.S49 18.8G8 18.380 13A05 
13.5 16 13.53·1 13.552 13.570 18.589 
13.697 1S.715 18.738 13.75 1 13.768 
13.875 IS.81li 13.910 IS.on 13.945 

14 .049 14 .066 14.083 14 .100 14 . 117 
14.219 14.236 14.258 14.i70 14.287 
14.887 14.403 14.4iO 14A8G 14.4li3 
14.55 1 14.567 14.583 B .S99 14.61(1 
1".71i 14.72.8 14.744 14.760 14.776 

14.870 14.886 14.902 14.917 14.933 
15.026 15.041 15.056 16.072 15.087 
15. 178 15. 193 15.208 15.224 IS.iSO 
15.328 15.1H S 15.558 15.373 15.888 
15.476 15.400 15.505 15.5 19 15.1534 

.00 

.749 
1.5 11 
V1l2 
2.860 
3.464-

4.028 
4.658 
5.057 
5.520 
5.977 

6.403 
6.809 
7.197 
7.568 
7 .9U 

8. i66 
8.595 
8.912 
lUI8 
0 .613 

9.799 
10.076 
10.S44 
10.604 
10.867 

II.I0i 
11.341 
11.57S 
11.799 
12.019 

12.234 
12.444 
12.049 
12.849 
IS.045 

13.236 
IS.4iS 
18.607 
13.786 
IS.902 

14.134 
14.803 
14.469 
14.6S2-
14.791 

14.0-18 
15. 102 
15.254 
15.-102 
15.649 



 

==================~VOLTAGE RATIOS TO DB 

TABLE II (eontinued) 

I'ollage 
.00 .01 .0' .03 .0' .05 .06 .07 .08 .00 

RaliQ 

6.0 15.563 15.577 15.592 15.606 15.621 15.635 15.649 15.664 15.678 15.692 
0.1 15.707 15.7!!: 1 15.735 IS.NO 15 . 70S 15.778 15.792 15.806 Hi.820 15.834 

6.' 15.848 l!i .865! U .S70 \5.890 Jr.,OM 15.!}1S 15, 931 15.9015 U .OsO 15.97.1 .. , 15.987 \6.001 I O.O I·l 16.028 16.0012 10.055 16.069 16.058 1(1.096 16.110 

••• \ O. l !H 16.137 16.15 1 HU G4 16.178 IO. lIB 10.205 16.218 16.232 16.245 

6.5 16.258 16.!!:7'i I O . !!:S.~ 16.298 16.312 16.325 16.338 16.S51 10.365 16.378 
6.0 16.30) 1(1.'104 16. 417 16.430 16.0143 16.456 16.469 16.483 10.496 IG.509 

6.7 16.521 16.584 16 .• H7 16.560 16.573 16.586 16.599 IO.O t<l 16.6i5 16.037 
6.8 10.650 16.663 16.676 16.688 16.701 10.7 14 16.726 16.739 16.752 16.764 
6.9 16.777 16.790 16.802 10.815 16.827 16.840 16.S52 16.865 HI.877 16.890 

7.0 16.902 16.914 16.927 16.939 16.951 16.964 16.976 16.988 17.001 17.013 
7. 1 17.()25 17.037 17.050 17.062 17.014 17.086 17.0118 17. ltO 17.122 17. 1:'15 

7.' 17.147 17 .159 17.171 17.1 83 17.1 95 17.207 17.219 17.231 17.2·l j 17.255 

7.' 17.206 17.278 17.290 17.::102 17.514 17.526 17.538 17.349 17.S61 11.873 
7A 17.385 17.306 17.408 17.420 17,431 17,443 17,455 17.466 17,418 17,490 

7.!j 17.501 17.518 17.524 17.536 17.547 17.559 17.570 17.582 17.593 17.605 

7.' 17.616 17.628 17.689 17.650 17.662 17.673 17.685 17.696 11.707 17.7 19 
7.7 17.780 17.741 17.752 17.764 17.775 17.786 17.797 11.808 17.820 17.88 1 
7 .• 17.842 17.853 17.86<1. 17.875 17.886 17.897 17.908 li.!H9 17.!l81 17 .942 

7.' 17.953 17.964 17 .975 17.!l85 17.996 18.007 18.018 18.029 18.04-0 18.051 

8.0 18.062 18.073 18.083 18.094 18.105 18.116 18 .1 27 18.137 18. 148 18.159 
8. 1 18. 170 18.180 18.191 18. 202 18.212 18.223 18. 284 18.244 18.255 18.266 

8.' 18.276 18.2S7 1 a. i!17 18.S08 18.819 18.329 18.340 I S.800 18.86 1 IS. 371 

8.' 18.382 18.392 180402 180413 180423 180434 IS. 444 18.455 18.4-65 18,475 

8.4 18.486 18.4-06 18.506 18. 517 1S . .527 1S.5S7 18.5 47 18.5;j8 IIU68 18.578 

••• 18.588 18.599 18.609 18.619 IS.6i9 18.639 18.64-9 18.660 18.670 18.0S0 

'.6 18.690 18.700 18.710 18.720 18.730 18.740 18.750 18.760 18.770 18.780 

'.7 18.790 18.800 18.810 18.820 18.830 18.8-1-0 18.850 18.S00 18.870 18.880 

••• HI.SOO 18.000 18.909 18,9 10 18.929 18.9S0 18.049 18.958 18.068 18.978 
8 .• IR. OS8 IS.!lOS 19.007 10.017 19.027 10.086 19.0-1-0 19.056 10.066 19.075 

' .0 19.085 19.094 19.104 19.114 19.123 19.133 19.143 19.152 19.162 19.171 
9.1 19. 18 1 19.190 19.200 19.209 19.219 19.228 19.28S 19.i47 19.257 1!I.266 
!U 10.276 HUS5 10 .29~ HI.304 19.315 19.528 10.SS2 10.842 l !UIS I 19.560 , .. 19.870 10.379 19.588 19.398 19.407 19,410 10.UG 10.485 19,444 19.4.S3 
O . I~ 10.403 19.472 10.48 1 tOA90 19.499 10.509 10.5 18 19.527 1!1.53G 1lJ.5,l5 

0.5 I!U54 19.5M I!I.57S 19.582 19.591 10.600 HI.OOD 19.618 19.627 10.650 
0 .• 10.6-15 10.654 10.664 19.673 19.082 10.091 19.700 19 ,709 19. 71 8 19.726 

'.7 19.755 19.744- 10.753 19.76rt 19.771 19.780 19.780 19.798 19.807 19.5 16 

0.' 19.825 19.888 19.842 19.85 1 19.560 10.869 10.8'78 19.886 10.805 I {).oo"' 
' .0 19.0 13 19.92 1 19.030 19.0!J0 10.948 19.956 19.965 19.074 19.988 10.991 

VoU(J~e 
0 1 • 8 , • 6 7 8 9 Ralio 

10 20.000 20.828 21.584 22 .279 22.923 23.522 24.082 24 .609 25.105 25 .575 
. 0 2(1.02 1 26.4-1-4 26.8018 27.235 27 .60 -1- 27.959 28.299 28.627 28.9·l 3 29.248 
80 20 .• H2 29.827 90.108 30.370 80.680 30.881 31.121J 31.364 31 .596 3 1.82 1 

'" 32.041 32.256 32.465 32.669 82.869 89.004 9S.255 33.442 33.025 33.11001-

50 53.979 34.15 1 94.820 3-1-.4 RO 34,.648 8 4- .807 34-.964 35. 11 7 35.2611 35.417 
00 35.56S 35.707 55.848 35.087 S6. 1i4- 36.258 36.391 36.521 30.650 36.771 
70 36.902 37.025 37.147 37.266 5i .!JS5 37.501 37.010 3; .730 37.842 37.953 
80 38 .062 38.1 70 38.276 3S.382 38,486 38.li88 3S. I}!}0 38.790 38.S90 58.988 
90 39.085 39.18 1 3!U76 39.370 99.468 59.M4 99.645 30.735 S9,825 30.913 

100 40.000 - - - - - - - -

To find ra t ios ou tsid e the ran2e of this table, see page 181 
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INDEX BY TYPE NUMBER 

INDEX BY TYPE NUMBER 
TY1IC Item p(lye Type /lellt Pagc-

100 Varinc . 1->0 419~A Rectifier-Type \Vu\'clIl clf'r 5:1 
lOG Standard Intillctnl lCC ~31 4!l1-A Reactance :M cler H 
'IU7 Variahle I nuuctor :J!!. 4:l9-H AltclUlll t ion Dox . 15 
10 • ., l'honLonH\ lllcJl u:l. Rcsi;; l.or 18 'I!H-B Audio l·'rC<lucllcy :;\fcler 55 
138 Binding Posts 171 '~37 Center-Tap Resista nce Unit 139 
1:38 Switch Contucts and Stops . iiI ·~38 Sockcl . J 7':3 
143·1) Ht.'Ctific r 1'II\.1C 100, 1O.'! ·139 Center-Tap n csis t:lI1c;c Unit I :J!I 
J,i(l Socket . l iS ·H 'I Socket. 17:; 
\(i{i Telephone Transformer . 158 45'i-B Mod ulution Meter 11 0 

17'7 fndllcl.or AsscllIhl,v liB 471-A n I Le<)sta.l-J~olc l ll iom cler I :li 
200 Vurinc. 140 -I-75-A Frcqllcl)cy .Monitor .>i 

202 Switch 170 4i6-A Quart?: 1l1.Ir ,~:; 

202 Switch Knob 160 480 Heiny Rack ](;0 

213 Audio Oscillator 64 ->83 Output Metcr I;;?! 

:l 14· :\ H Ilcosta l-ll otcn t iomel N 1$6 ·~ S ,t -A Modulated Oscilllll.or G!i 
I1 IG Ca.pacity llridge . 80 is '~-]) Inductors . (:6 
2 19 Decade Condcusc.r 30 4-S8-lJM Alternating-Cu rrent ilfdcr 12:1 
Q2,~ Prl;.'C isioll Condenser . 22, 24- '~8S· lL\lAI tc.r na ting -CurrenlG a I v u nOll Icter 124 
2.Q4 "Precision \,"a vcll lct\!r :j 1 't!JQ·A Oxidc Recti fier I,W 

2'29 Gulvunometer Shunt. g, M)3 Vacu um'l'IU!rlHOco1Iple..'I 1:10 

~·W V:lrillble Air Condenser . 1f5 !ion Resistor I '?9 
'!.n-F \":triahlc. Air Condenser . 145 505 CoudclIscr 148 
'Ui-(i Vnrinble Air Cortdclls\!r . 0 " . , 50S-A Oscillator . (;:3 
24!l Atten uat.ion 1I0x • 1; 509 Standard Condenscr . .8 
lWO I'orcelain Insulator 1"0 , . 510 Decade-Resistunce Uuil I:lO 

Q69 Variometer 1(;0 5 1 ·~-A A mplificr fi7 

2H Plugs uud Jaeks IN 5 1G-C Radio-Frcquenc:.· nridgt~ "0 

'" 
2H Moun t ing TInses . l i5 5W-A Dial Lell$ . 166 
~74 P:'l11cl Terminal [l1 su lators liG 520-A Dilll Lock \{j(i 

'!H-NC Shielded COll(11Lctor JiG 521l-A Dilll Plate 1711 

2tlS-A Universal Bridge 77 5°· ", llesislor '" Q!)3-P Accessor ies 78 5.'~6 Mounted Rheostat-Potentiometer .20 
30"l-A II heostn t-Pot CII t ion 1cter 139 5Q9 AttenuatiolL Box . 17 
3H-A It heosta t -Polen LiOllleter 137 529-1'1 60-D U A tlenuator 17 
318-A Dial Plate ]iO 530 Band-Pass Filter . IJ.l 

3.'l9-J Atten uation Dox . 15 5S3-A Rheostat -Potentiometer ISS 
330 Pilter Section 116 5:H BUl1d.l'ass Filler . 115 

333-A Rheostat-Potentiometer 138 535-A F rcquency i\·rcter-Monitor )53 

334 Variable Air Condcnser . 144 5S6-A Distortion-}'aclor Meler 11 'l 

3:35-2 Variable Air COlldclLser l 'H 539 Variable Air Condenser . IlG. 14'l 

330 Switch 170 539-[' Incremental-Pitch Condcnscr 0 " -, 
340 Socket. 173 541 Alldio-Frequency 
S58 Wll.vcmeler 152 Transfo rmer l :H, ISO 

368 , . ariable A ir Condenser . 146 M'~-A Mcgohm ?i:ft1'!er 7ti 

371 Rheostat-Potentiometer 136 544-1'1 )lower_Supply UlI i! 76 

376 Quartz P lates 42 ,HG-A i\1icrovoltcr 122 

377-B Low-F requency Oscillator 61 548-:\ E dgerton St roboscope 2 
379 Radio-Frequency Choke 176 .H9-D Synchronous-Motor Con tactor . " 380 Dccade-Colldcuser Unit H7 549-P2. Hand Contactor ,j 

'110-A Rheostat-Potentiometer 139 552 Volume Control 13S 
,U 8 Dummy Antenna 9. 559-A Noise Met('r ; 
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,;60·A 
56 1.C 

5ti8 
':;i'!·U 
,ji4 
575· 1:: 
577-U 
:iiS-A 
,j~ I · B 

5t13-A 
:is;; 

1111111 

Cryslal Holder 
VIU.:uum.T uhc llridgc 
\ 'ariaLlc Air COlLfleuser . 
!\fieropholLc III IIlIUlcr 
\Vu\'clIl clcr 
l'iczo- l.!:lcclric O;;cillaLor 

Puye Type 
153 65 '~ -A 

8'2 655-A 
H 3 65G 
15ft (i;i7 

54 6.;8 
·~6 060-.\ 

:j80 

588-AM 
00 1· :\' 
aO I-V 
602 
603-A 
G03-P 
nO'~ - B 

6 10-:\ 
6 11 
6 12-U 

Glll-U 
li l4--A 
GI 5 ·A 
616- 11 
617- 13 
() 18·:\ 
Iji !) 

{j',! I-A 
GQ·~ -A 

tH.i-A 
ti~6-A 

ae7-:\. 
(lI?S·A 
(j~!)-:\ 

GSO 
G3:i-n 
63:i-J'2 
035-P$ 

I lId~lct(Jr Forlll 166 
Shiclck-d T ra llsror lllcr Sf> 
FrC(IUcllc.'"-Dc\' ialioll Meter 40 
Output Power Meter I l!l 
A IItliv-Fref!uclicy 

T ralJsrvrlHer 15·1. 158 
Power-L evel Indiculor 120 
Direct-Currcnt Meter 15 1 
Standard·Sigllnl Generator . 93 
Inductors . fl4 
1)cc:tdc- Hesistallce Uox . {) 
SlflUdard-Siguul Generator . 00 
1 ndnClors , 9~ 

T cst -Signal GClLcrator 0:; 
Ua.lio-Arm Box flO 
Syncro-Clock 40 
CQuplin ,::: P a nel 37 
Beal-Freqllency Oscillalor (iO 
Selocti"e Amplifier 48 
J1 eterod~'ne Frequeltcy M etcr :iO 
J leterod;ync }' rC<ll.Icl1(,'Y Meler .50 
In terpolation Osciltu.lor . 4i 
Unrmonic Oscillator . 30 
Ueterod y ne D etector ,JS 
Edgerton Power Slrol"oscope 3 
l'n.'Cisio[] Wa\'cmeLer :H 
Bridge B:i 
\ 'aclltl lll-Tli be Voltmeter 118 
,lack-Tol) I nsulator 17'l 
t nsulator 1 7~ 
T .cad-In Assembly 
Stand-OfT Insu lator 
F.k'ttroLl Osci llogra pll 
Culilodc*Ray Tulle 
Catllodc-U uy Tuhe 

636·:\ Wayc Ann l,yzcr 

172 
172 
101 

102 
102 
108 
109 
I,J5 

IS4-
H 

l iS 
70 

10;; 
100 
13.2 

{i3i Fill ted Knous 
639-:\ Variable Air Coudenser . 
(l4~-D Volu me Control 
tHO·A Logarithmic Uesislor 
64 i Socket. 
650-A [Ulpedance Bridge 
U5 1-A-E Camera Assembl,Y 
{i51-A-lU Camera As~cmlJly 

65S Volumc Con trol 

061 
G66-A 
(j{i7-:\ 
(iUS 

G6!) 
670 
672·:\ 
673-A 
GH 
07;i- 1:I 

67:i -T. 
O'i(i· :\ 

67i 
078 
679 
680-J 

G87-A 

6B7-P I 
GB7-P~ 

G90-II 
69 1-11 
692·:\ 
09S·A 
09·I-II 
695-A 
(i!)O-A 

70' 
703 
70' 
705 
70G 
7 10 
7 1 ~ 

713-A 
714-.'\ 
71i 
730-:\ 

73S-A 
73S-D 
73S.M 
747-A 
756·A 

Item 
D i..'Cade Vol tage Div ider 
Bedell Sweep Circ uit 
Sock('t , 
Socket , 
Socket, 
Unh'crsal Hack 

Page 
I ~ 

1tl3 
17!J 
1 i:i 
Ij:J 

l61 
Unit Pallds allli Accessor ies l6'l. 1(j3 
Vnrinl)le Trunsrormcr 158 
IudllCitu lec Bridge jO 

('omp(: r1.~u l.(..J DL'Ca(lc·H (.'S is la llce 
Unil 131 

Corn pcllslIlcd Slide-' Vire Resistor I:J 1 
Compcusa hxl O(.'Cade Hes islor 1 Q 
Power SU1)pl:,' 1 ~:; 
Powcr Supply 120 
Plugs tlUd Jacks 174 
P iczo-Ek'Ctric Oscillator 46 

P iezo-E lectric Oscillato r 47 
QUarb: liar a nd M Oll n ting ·~,i 
III(luelor .Form iii;') 
P lug and Jack Bnsc I G.) 
lndnclor l U':; 
Jack Base . 105 
)':k'(:lrol l Oscillograph nn!1 BC'(lci l 

Swccp Ci rcuit !)t.l 

Cathode.U ay Tuhe 100 
Cathode. Hay Tuhe 100 
Piezo·Ekoetrlc Oscill:ttor ~J5 

Tcmpcrnturc-Control Ullit :3.:; 

~ l ulti\'ibralor 3ii 
SY IlCro-Clock and Amplifi{'rs 35 
Con trol Vanel ~15 

Cllurging Equi pmcnt $5 
P ower Supply S;j 
Frictiou- Dri ve Dial 108 
FriClion- Dri\'e Dial HiS 
Precisioll Dilll 
Friction-Drl,'c Dial 
Precision Dial 
Pluin I)ial 
Plai n Diul 

IGi 
170 
IG7 
IGS 
170 

Bea t-Frcqucl1(:,Y OS('i ll ttll)r 58 
Amplifier . GS 
Plain Oinl 168 
Transmission i\roll ilori ng As· 

scmbly III 
Insert Termi ual 171 
Panel Screw 176 
lirackct J 76 
Temperat ure-Colltrol )3ox 44 
Variable Air Condenser. 140 
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;\fljllstnble t r(wsfornlcr eVnrine) 
AlkTII:l.lillg-currenl meIer . 

g:ll\'n nometcr 
Amplifier 

QSciliogrillih 
seleetive 

Amilyzcr, wave 
Antellna, ownwy 

resistor. phantom 
Attenuation bolt . 
Audibility meter . 
Audio-frequency melt-r 

transformer 
Audio os(oillnlor. 
LI:l.lu.l'Jl:l.S!I fi l ler • , 
Bllntl -spreil ti condenser 
I,bt, qUilrl1. 
Busc, jlu.:k . 

luountillg 
lklll·frCiluency COl ltlcllscr 

osci lla tor . 
Bedell sweep (.1rcuil . 
Bindi ng posts IUlll :!S$('1l11,licii 
Ilridge nccessories . 

C31);lcity 
dec.'ule 
fr'(:<IUCIICY . 
iligh·resistll ll(:e 
impeduncc 
indlli.: I,Il Ilt'C 
rtll lio·f requcllcy 
resistance 
skeleton-type . 
lr!llldornlcr 
uni\'crsul . 
vilcuum-tube . 

Pa9~ 
, 140 

. 12 1,12$ 

· '''' 67,68 
· , .. 
~17, 48 

'OS 
.G 
' 8 

1,;, l i, l~ 

17 
55 

. 154- 159 
61-6,~, 152 

ll '~, 115 
· I 'Hl 
:X;,45 

IV"" 165, 17G 
· 175 
· 142 
58,00 

'OS 
171 
87 

'" 77 
55 

" 70 

'" · 7' 
70,77,85 

'7i,85 
7:i,86, 158 

77 
S. 

17G Cnhle, sllieltled . 
ClIi ihnltc.1 condenscr . 

inductor . 
resistor 

Camern Ilsl,cmbly 
CaplIcit.y bridge . . 
Cathodc-ray oscillOb"fnph 

tube . . 
Cenl er-I np resislalll:e unit 
Clmrl,oing equipment . 
CIIOkc , rutl io-rrequcnc.r . 
Clock, ilyll<:ro- . 

2l!, il-l, 27,'l~,SO, 147,148 
. . 31,3i 
0, 1S-20, 129 

. IO·H07 
80 

. 911,101 
, tOO, 102 

IS. 

COlllpcns..1ted decade-resisl'Il,iK"e unit 
~I«ade resislor . 
slidt. .... wire resislor . 

Comlcnser, :Iir Ilidt."CItic 
band-spre..'1d . 
i>eRt-frC<lul.'ncy 
deCtule 
lixed 
i ncrelllell 1ft I-pilch 
prceision . 
II tnndar,1 . . , 
slrll ight-li 1It. ... ( ft. .... , tl,:ucy 
lr'Lllsmitling , 
two-seelion . , , . . 

Contnctors, Edgerton strohoscope. 
Contacts, switch , 
Control panel . . 
Copper-oxide 1'(.'(:1 ilier 

\'ollmetcr 
Coupling panel. 
CrysInl holdcr . 
Decade bridge . 

188 

55 
17G 

35 49 
'131 .. 
lS ' 

2i- 'l7. 14'l- 14G 
· 14G 
· 142 

SO,147 
213, 30,1 '17, H S 

" 22,24-
28,148 

142, 143, I ·~G 
. 143- 145 
. 14<&,- 146 

4, 5 
17' 
55 

'" l.'lI , 123, 1 2-~ 

" M~ 
77 

Declldo oondcnlK'r . 
-condenser unit 
4resislnnce box 
4r(~s isluIiOO lillil 
voltagc ,Ii"i(!er , 

Dc ledor, hl!tcrOOym· . 
Dirt l, rriction-dri\'c 

lens 

'ock 
plain 
pllilcs 
JlI't.."Cision 

Dirccl4currenl meier 
Dislor l ion4fnetor met!'!r 
Dummy ItIIlC11I1lI 

1::dUcrl ul\ li lroOOS(.'t,l IIC 
~:Ie<!lron o~ei l1ogrllph 
Filltr, bund-puss . 

section 
Frc<llIcn<:y~lc",iat ioll metcr 
Frt.'ttuenc), meter , audio 

mcter, heterodrnc 
n1eter4 moll ilor 
monitor 
s tnndnrd _ 

Friction··dri\'c diul . 
(;111",ullumcler, nl t(:nlll 1ing4 ('u rr('11 t 

dire<.:l~ur1'<:nt 
shunt . . 

Gcncrnlor, s tundnrd-sigull l 
tcsl-lI.igmd 

flarwonici\nnlyu:r 
oscillator • 

Heterodyne d~tedor 
(recilleney meter 

HUllllller, lllicrophone 
Impe04nce bridge . 
I ncre'lI~nlnI4pild l (:olltl<:n~r 
Indil.-atot, powcr4 Ic,·el. 
[OJuctll ll('C bridge 

8w ndnrd 
Induclor form 

plug4 in 
vnriable 

Insert terminnl . 
'I nsulnto r, jl\ck-top. 

imnellermiulll 
slnnd-olI 

[nlerpoln lion equipment 
osci llator , 

Jnc:k base ' , 
JIII:k4top in~1I11llor 
Jacks . , 
Knob,llute<! 
Lenl.i-in II S!iCIIllily 
r.CII~, Ilial 
Lot~k, Ilini. . 
Logarithmic resi ~ tl)r 
Low4frc(!llency ollCilllllllr . 
Megohm meter 
Mcter, ulternating-(:urrclll 

audibility. 
audio frequcncy . 
d irect.-clltren t . 
distortion-factor 
r requelley..f.!c\·ia ti<)11 
heterodyne rrc.-qucllcr 
megohm 
mOl:lulll.t.ioll 
noise 

Pagt 
'0 

H7 
o 

I!{O 
' 8 

:-17. ·18 
, lOS, 170 

. 100 ". 
. lOS, 170 

' 7. 
10i 
1.'; t 
II~ 
!lli 

. 2,:1 
()() , 10 1 

, II '~, 11 5 
lHi ,. 
,; ,; 

:11,50 
, 1,;3 
",0, 41 
34,38 

, IOR,I70 
' !!4 
15' 
S. 

OO,!l3 

" 108, III, II Il 

" 91, 4S 
37,50 

' 52 
70 

" It.!O 
79 

" . 104- 100 
. 104, Hi5 

3'!, 166 
lil 
17i 
17' 
'72 

'" 37,47 
\6-1 , tWi, 175, 170 

m 
174 
,GO 
li'! 
tGO 
lG' 

" Gl 
7ii 

Iii , 12~I , 1'!4 
17 
55 

1:; I 
112 

" ~7,50 
. 75 
, 110,1 11 
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l\'leter, out put . 
ttulput poWer . 
oxide-rectifier 
reactance . 
thermocouple 

:\l icrophooc hummer 
mixing control 
t ransformer 

1\1 krovoher . 
l\;Jo.J lI lateJ oscillator 
i\.looulntion meter 
l''1onitor, rre<lucllcy 

frequency meter- . 
i\'1ounlecl r lioostnl'powul iollleter 
l\'1 ounting bnse 

trflllsfo rmer . 
;\'Iullh·ibrntor . . . . 
M utual i llducl:u li.-.,: ll lam.l:m l 
Network, uli clluntion 
Noise met t: r 
Osci lla tor, audio . 

beat·frcq11cnry 
harmonie . . 
iuterpolation . 
low-frequency . 
modulated. . 
picro·clectric . 
radio-frequency 
l uning-fork . 

O:«-itlogTaph IlUlplifier 
C8.lIIern. 
ctaUlooe-ray 
electron 

Output nlclcr 
power meter 

Oxide rectifier 
Pu nel, blank 

screw 
tcrminll l insula tor 
unit . 

l'hllll lOIU-llnl.cUlUl. resistor 
Piela-eleclric oscill:llor 
Plates, quat!.?. . 
Plug and jllck bUSI: 
!'lugs 
Potentiometer, lIIouuled 

unmoull l.ctI . . 
POwf$· levei indicator . 

meter, out pllt 
supply . . 
-supply uni t . 

J1~ision condeuser 
dial. 
wtlvemeter . 

Primary s tandnrd of {requeucy 
Quart2: bar . 

plates . 
Rack, re lay . . 
Radio-frequency bridge 

choke. . 
oseilla lor 

llatio-a rm bolt 
Reactance meter 
R ecti fi er, oxide . 

laboratory . . 
Hect iGer-type! wavemeter 
Relay rack . . . 
Resista nce box, de(.ondc 

bridge 
unit, center-lnp • 

P09' 
, I i i 
· 11 0 

I'll, 12S, IU 
74 

IS ' 
IS' 
IS' 

'" 12' 
M 

. 110, 111 
411, 41 

1.53 

'" . 175, 176 
17'-' 

" " lli, 17, l i2 
5 

O!-li4, 152 
511, (jQ 

go 
:n.~7 

6' 
65 

:J!i, 46,47 
aa,OO,Og,O.-. 

64 .. "5 
99, 101 
99,10 1 

121 
· 110 
· 140 

:S7, t Oil 
· 176 
· 17G 

. 101- IOS 
IS 

35, 40, 47 ., 
105 

'74 '0 . 135-1911 
, 120 
· 110 

:JS, IU, 126 7. 
22,i4 
· Hi7 
5 1,52 .. 
35, 45 .. 

, WO, WI ,. 
176 
\JS 
SO 
74 

14' 
.liS, l iG 

" . iliO, 101 
, . 

70,71, 85 
_ ISO 

PU9' 
Hesislance unit, eompensntl'tl "erotle 

d(!(:l\de 
· lSI 

ISO 
0, I .J. , I S~U. h!(H SI 

12 
, 1:11 

9,lil, IgO, 1:11 
lIS, 19, 1'l9 

IS,19 

H~istor. enlibruted . 
compensated decade. 
compensated slide-wire 
de<:ll(le 
lil:ed 
ilel1vy-<iu\,y 
logarith mic . . 
!JllIl ll lom-nnlellllll 
standard . . . 

I{hl'OStll t- IJOtell lio nleter 
Selective :lmplifie r 
Shielded conductor 

trausformer . 
Shull t , ga lvanome t,er 
Sigmd genera tor . 
Slide-wirl! res istor . 

l.'Omr>ensn teti 
Socke ts . . . . . 
&j unre·la\I' gnlvnnomel "r 
Stalld-ofT insu!:. tor 
Stnlltlllrd t:oudcllscr . 

-frequency assembly _ 
inductance . 
mu tual ind uetulK't! 
resistor . 
. signal generator . 

Stroboscope, J-:dgerton 
Swcep cireuil, Bedell _ 
Switcil conlnt:ls aud slOps 
Switch knob 
Switches . . 
Syuehrouous-lUolor (''O ll taclor 
Syncro-clock . _ , , 
Syncro-clo<:k lind tlIllpli licrs 
Telephoue lWllsformer 
Tempemturt..'-«Jn l rol box 

ou i! . 
'rest-siglllli geuerator 
T hermocouple, 1'lIeuum , . , 
T rll llsformcr, adjusttlblc (Vn r iuc) 

Hud io-r!l'(l ut~ lI cy 
br idge . . 
mouuting bases 
s hielded 
tele phone . 
....a riab le ' , , . . . 

T ransmission mon itoriugas.-;eml;ly 
T ransmitting conllcn.scr 

iutiuc tor 
Unit-pam:1 equipmenl. 
Uni"erStl! bridge . 

rHck . 
Vllcuuw- tubc bri1lb'C 

voltmeter 
VHri:.ble :lir condenser 

inductor _ 
t..ranslorlller 

Varine . 
Vllriometer 
Voltage (livitler, ,Iccaole 
Voltmeter, oxidc· rl.'(:lificr 

.vacuum. t.ube 
Volume control 

iudi(:1l tor 
Wal'c unalY1.er 
' Vavewcter 

prt..·cis ioll 
rect ifier-Iype 

" IS 
9, 10,120 

. ~O. 1 95- 190 
:J7,48 

176 
80 .,' 

!)O, fl:J. 95 
'8 

IS' 
173 ". 
172 

'lS,I .J.S 
:H,38 

S\ 
SO 

19, IIlfl 
!IO. 93 

',3 
10:\ 
171 \6, 
liO 

• 
'lD 
:\5 ,.-.8 ,. 
" "' 15. 

14. 
. t.H - 15!l 

78,80, US 
17.5 
80 

1.58 
158 
111 

. 143- H5 
• 16:) 

, 161- UH 
77 

\6, .. 
, \8 

. 'l*-27, 1-l2- J.lG ., 
158 
14. 
' GO 

, 18 
121, liS, 124 

· \I S 
, IS:t- I:l-l 

12. 
, 108 

.b l - M, 15'l , ' .is 
GI ,5it 

" 189 



  


