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Above-Measuring frequencies with the General Redio Primary Standard 01 Frequency. 

Below - Engineering tests on a high_voltage, 60-cycle Schering Bridge. 
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T o develop t he Lype of product manufactured by the. Genera l n adio 

Company requires a large slllff of engineers, each a specialist in one 

or morc phases of the work in voh·cd. One of the {u nctions or this stnff 

is to assist the customer in t.he selection of instruments in order that 
the (.'o rrcct equipment may be purchased with a mjuillll1111 cxpcnciitu rt', 

There has always been an intimHlc contact be tween our engineers 

:mrl customers. The technical IlntllI"C !'tnd the manifold uses or 0 111' 

product make the mniutcOlUlCC of th is contact esscllti:d , For this 

reaSOIl, the General Rad io Company ma intains no sn les age ncies in 

1llr United Slnles, but distrihutes: its products directly to the COIiSUllic r 

on a net. no discount. basis. 
In order that customers ou tside the United Sta tes mny rcc:e ivc 

equi vnlent tcchnical sen ·icc, excl usive agencies hm·e been aPl')()inted 

in lUll Ill' foreign countries. ench capablc of gi vi ng lech nicn l illformnlion 

rega rding Genera.l n adio prodllr ts. In all nJ;lttc r~ regnrrling Gencrlll 

lladio appa ratus the customer should comnllUl iClltc wilh lhe ag(' llt 

from whom lhis cHt alog wa~ received. Prices li .~ tl!d in lhe ciltnlog lire 

for domes tic usc on ly. Costs in foreign countr ies, where import duly 

a nd freight Illust be added. can be ohtai ned from the agc llls ill those 

countries. 

GENERAL RA DIO COMPANY 
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STROBOSCOPES 

THE STI10DOSCO.PE is a dev ice which I>cnn its a moving object to be viewed intermitten tly 
and thus produces the optical effect of slowing down or slopping motion. It, for example, 
an electric fan revolving at HWO rpm is viewed under a light which flashes 1200 times per 
minute, the fan will a pparently be standing st.iU. A slight decrease in Lhe flashing rate will 
make the fan appear La revolve slowly in the direction of its ncLutl.l rotation, and a n increase 
will produce a simiit'lr Illotion in the reverse direction. 

Stroboscopes with Jllcch:\Ilically operated shutters for interrupting vision have been in 
usc for UlallY years but arc subject to the limitations of slow speed and insufficient illumina­
tion. General Hadio Stroboscopes use the fl ashing lump principle ns developed by l'rofessor 
Harold E . Edgerton and .M:'-. Kenneth Germesll auSCIl of the Massachusetts ]nstitute of 
T(.'(!hnology. Brilliant light Bashes nre produced by a lamp filled with rare ga$CS, and the 
speed of the flash is controlled by an oscillator or:t motor-driven contaetor. Flasbing speeds 
up to 14,000 per minute, fo r visual investigation, en n be obtained by t his method and llP 
to 120.000 per lllinute for high-speed photography. 

When mechanisms operati ng at high specds are viewed by stroboscopic light, ill slow 
motion, all irregularities of the motion prescnt in the original motion arc made visible, thus 
making it possible to observc high-speed mechanisms under actual operating conditions. 

When the speed of Onsh coi ncides with the speed of rotntion, and motion is apl)tlrently 
slopped, the stroboscope bcmmes an excellent means of measuring speed, and for this 
purpose the dial which controls the Bashing rille can be cali brated directly in rpm. Speed 
measurement by the stroboscopic mcthod absorbs no power from the mechanism under 
measurement. 

TYPE 631-B STROBOTAC' 

USES: The Strobotae is used for measllring 
the SIX,>eci of rotating, reciprocating, or 
vibmting mechanisms, and fo r observing 
thei r operat.ion in slow motion. In the design 
anu testing of rnacJlines and Illgh-speed 
mechnnisms, the Strobot:te is invaluable. 
The operation of motors, fans, pulleys, gears 
and cams can be examined in slow motion. 

Speed measurements for ovcrload and. under­
load tests can be made. It is ideally ~uited 
for rapidly adjusting the speeds of It number 
of machines inlcnded to operate at tbe same 
speed, as, for instance, lcxtile spindlcs. In 
production testing, it provides a means of 
rnpidly aligning mechanisms which operate 
under close tolerances. It is approvcd for 
use in checking the calibration of air(!raft 
tachometers. 

DESCRIPTION: The Strobotnc is a small, 
portable stroboS<.'OllC calibrated to read speed 
directly in revolutions per minute. The light 
source is a Strobotron neon lamp mounted 
ill a parabolic reflector. The frequency of a 
vacuum-tube relaxation osciUa tor determiues 
the flashing speed, which cnu be adjusted. 
by means of a direct-reading dial, to any 
valuc between 600 rpm and H ,400 rpm. If 
desired, the fl ashing sllCed can be controlled 
by a ll external contactor or by the n·c linc 
frequency. 

The accuracy of tJle scale is one per cent 
when sta.ndardized in terms of a frequcllcy­
controlled a-c power line. 

The Strobotroll is designed to give an 
extremely short fl ash (between 5 and 10 
microseconds), and hence sharp images are 
obtained even at speeds up to several times 
the scale values. 

Speeds outside the scale range of the in­
strument can be measured by using multiples 
of the flashing speed. The upper limit is not 
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STROBOSCOPES· 

sharply defined, bu t, in general, speeds up to 
about 100,000 rpm can be measured. Speeds 
below (l00 rp m ellll also be measured, but the 
usc of the Strobotae for t his range is not 
recommended, because of dif6cul tics calJ .~ed 
by Hie lack of persistence of vision. 

FEATUR ES; _F~t speed II1c:t.SmclllcIIt, thc 
Stroootac has onc outstanding advantage 
over olher types of tachometers: lI O contact 
with the mechanism under measurement is 
requircd, and hence no powe r is absorbed. 

T he Strobol;lC is portable, (:ompact, and 

light in weight. Because of t his, it can be 
used in pla.ces iuaccessible to larger instru­
ments. T he speed scale is 01.1 a drtun-typc 
dial, casily rcad whcn the insirumenl is held 
in t he posi tion of norlUlllusc. High accuracy 
:'ndll widespeed rnllge arc rurthe l·adva.ntages 
for gencra l speed measurcment. 

When a larger area is to be ill umi nated, 0 1' 

sufficient light for photography is required, 
the Stl'ObOll'lC cau be used to OOllt rol the 
flai>hillg spec(] of the T\'l'~: 648·:\ Slrobolux 
described 011 page 'l. 

'lI~g. Ii. s. 1'''1. om..,.,. 

SPECIFICATIONS 

Rlng 'l: T he flmJament:d ran/ol:c of nashing ~Ileed is frmll 
GOO to 14,.UlU per minute. T he s~d is re-lul diredly 
fl'(lm a dilll tnlibrated in rpm. By U!;;ug llIu ltil)lcsof the 
nru;hiug 51''':1.'<.1, lhe range of nH.:aSli remellt can be e~­
leruleJ lip to abolLt 100,000 rpm and, oy rnullll)le images. 
spc .. '<.Is somewhat bclow 000 rpm can bc lueMurcd. 
Accur~cy : ± I % of the dinl readiug llbo\"c 000 <1"'1 
when the Strobotae is st:tl1dQrdi~ed in tcrm.'! of n froe­
(luency-(:<mtrol1ed l)Ower line. Conlrol~ for this stum]· 
ardiZ:ltion adjust ment lire provided. 
Pow'lr Supply: 115 \"ol ts, 60 cycles. Priccs for O]l·erlltion 

1'yJl~ 

631_8 
631·P1 

l'A1'J<:NT NOTICE. 
I· R~p·I~ ~~~~n·t · Sb~b~·k~~ 

See N<>t~ 1$, page v. 

from lines of other vr.lwges lind frequencies will be 
'Iuoled on request. 
Power Inpul; 25 wntts. 
V~cuum Tubes: One ' ,'\, \.1'; O;} I_ I-'I StroOQlron. one ox.;­
t,rpe :tntl Olle 6~7·lype are required. A oomplele ~d of 
tubcs is furuish.x.l wilh the instrument. 
Mounting: Aluminum .. 'liSe with earryiug hllndle. Cord 
lind plug for oonnectiOIl to the power line are included. 

Dimensions; 7Y:;! x 8M x 9% inchcs, OYer-all . 
Net Welsht: 10 l)Ounds. 

. . . . .. . I 
1ll<.\I'O 

Sf"_"~A. 

J'riu 

$95.00 
5.00 

T Yl'E 031·8 Strobotac and TnE 04S-,\ Stroboscope with connecting cables. 
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STROBOSCOP E S 

TYPE 648-A STROBOLUX 
phenomenu up Lo 100 fm mes pCI' second ; 
single fl ash pltotographs of lim ited arcas arc 
p()~siblc, as /11'(: Ill ulliple images Oil u. single 
fi lm. 

DESCRIPTION; TYI'.E 0-18-:\ Slrobolux con­
sists of a power supply and lamp, capable of 
producing bl'illin nl lighl fln~hcs at speeds up 
to GOOO pcr mi nute. The flashi ng source is 
a TYI'I~ {lj l -ll Slrobolac and consequently 
C'1Il be cou t l'olled by (1) the selr-contained 
o~cilla lor i ll the SlrohoUtc, (!!) the a-e line, 
(3) an external co ntador (T n'l': 549-C), or 
(4) an ('Xlenlal osd llalol' such :J~ ' l' Y I'~ 71 H- B . 

T he lllmp, filled wi t h a rru'e gns, furnishes 
about one hundred limes ns much light as 
I.hal of the SlroOolac. 

USES: The TnE {l-lS-A Slroool ux extends 
t.he u.~cflLl l1 e.!;s of lhe SLrobot:tc to applicn­
t.iolls ['cqtliring considerably morc light than 
t.he St.robOlron haul> is cllj)ablc of supplyi ng. 
Specifically, it. .c;hould be llsed where large r 
:l rcas :lre to Ix: illumina ted Or where pho­
lograpily is required. 

T he cnti l'C assem bly is housed in a. Illctal 
cahi nct wi t h the lamp and il s V-i nch re fl ector 
011 one side. The lamp is I'eillovtt blc and is 
f urnisheu with a 10-£00t extellsioll ell ble. 

FEATURES: The comhination of t he T nl'; 
63 1-13 Sll'Obotac and T YI'E {l48-A Slrobolux 
bas all l ite ati nmtages of t he Slrobolac itself 
plus the fea lure of high illuminalion, suffi­
cicn t for pbologl'aphic usc. No appreciable 
d UlJlicn lioll of fac ilities is involved, so l ha t 
lhe purchase of t he 'l'Yl't> 648·A S t robol ux is 
an economicn l solut ion to ])l'OhJc nls req uiring 
grc!llcr ill um inalion lhan is provided by the 
Stl'Obolac. 

I n pltolognlphy, it <:,UI be used with u 
l."Onliulious-film Cameril (T YPt~ 651-A.£ ) to 
provide a slow-mot ion record of high-speed 

SPEC IFICATIO NS 

Vacuum Tube: One bZ:l, Sll]IPlieol. Ra"se: Up to 100 f1flBhu ]Jer se~"(}!HJ (GOOO per minute). 
Siugle f1ashell for Ilhologruphy call !lliIQ be ohtlliued. 

Accuracy: The U(,.'(Utiu:y is that or the SOurce (.~JUttOJ)jIlI!' 
the fla.shing speed. See specificntions fot Tnt: (i$l-B 
Slrooolac, pnge 2. 

Power Supply: ll~ \'olts, GO cycles. 

Power Input: 250 ,,·alts, maximum. 

Mo unting: T he colllplctc II!isembly is housed in n sheet 
metal casco T he Ia.mp :mtl iu 9-inch refk'<.:tor ure 
Illolmteti 011 one side. the power sUPIlly 011 lhe oll ,cr. 
C:,bles fot OOllileetion to the l)Ower Jille nnd to the 
Strohotac are supplied. 

"B-A I 
rA'f£~.'T ro.·OTICE. s.:c l\olc 15. PI4:~ ' .• 

4 

Dimensions: 13 )I': 1178 x IS}i inches, over-all. 
Net Weisht: 2;j pounds. 

. . . . . . . . . . . . . . . . . . . . . . . . . I 

1'In~ 

ST!lOBOSCOP E 
STOPS nlOTiON 

'l'),cse·two pidure.~ 
werll t:.kcll wilh II 
TYI'~; Gol8-A Strobo' 
Inx. Bolh are ~ingic 
fllIsh pictures of tloe 
suwke p.~tletns llsed 
10 1'I udy "i .. currcnls. 
1'1'e pi(:llltel,t the left 
shows a fnn bilide. 
that at thc right nil 
orgnu pipe. Neither 
of these pLotogruphs 
ha~ been reloudlcd. 

C(IIle Word Price 

$1 75.00 
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The power stroboscope supplies the same 
light intensity per Bash as does TYl'E 648-.'\ 
Slroboiux, bu t is cllpablc or operating at 
much h igher Hashing speeds. The power 
lJllpply requirements arc correspo ndingly 
greater. It is used where very high flasbillg 
speeds a rc requ ired , whether for vi~lIal work • 
or for taking high-speed motion pictures. 

In conjunction with the C).ASS 651-.'\-1\.£ 
CUlllcra Asse mbly, motion pictures CUll be 
laken III a maximum speed of 2000 per 
second, pCl'IlIitling the cxaminatiOIl of the 
lIIot ion of mechan ical systems not previously 
observable by nny method . Specifications 
a lld pl'ices \\' i1! glndly be sent on request. 

The photogi'll I)!! III t he left shows II. '!'YPE O'l1-11 Power 
Slrooo!K'Ope II n,1 II Cr. .. !!!! GSl-:\.-M Camera As~mbl y. 
set up tor tnking high.5peed motion pictures or !I. 

stitclling m.achine. 

TYPE 715-A DIRECT-CURRENT AMPLIFIER 

USES: The TYPE 7 1 5~A Direct-Current 
Amplifier is designed primarily for lise with 
the Esterline-Angus 5-milliampcre recorder. 
This combiuation of amplifier and recorder 
is capable of accurately recording small d~e 
\Tolt.ngcs and currents. I n addition to its 
obvious usc as a recording d-e millilllJlIneter 
01· mil!i vollilletcr, it has a numbe r of appli* 
cations i,n process control nnd laborntory 
mensurements. lt call be arranged t.o operate 
from photo-clectric and photronic cells, rre­
quency meters, oxide rectifiers, rcsistance 
tilermometers, sound~level meters, and other 
instruments which respond to physiclll 
stimuli. 

DESCRIPTIO N; The am plifier is an a-e oper­
ated instrument, highly stable, and opera ting 
over a wide range of input voltages from 0. 1 
volt to 1.0 volt. Means are provided ror 
select ing input resistnn<.'Cs betwccn 100 ohms 
and 10 megohms. 

The circuit employs one type 6F6-G und 
two type 6J7~G tubes for the amplifiers in a 
degenerative circuit arrangement giving high 
s tability of ealibr:lt ion. A bridge~type bal. 
ancing network using a voltage regulator 
tube provides for balanci ng out tile steady 
plale Cllrrent in the meter, so thaLLhc meter 
iudieates current change. Both fine and 

6 

conrse zero adjustments arc providcd for 
setting the meter for normnl zero. A specia l 
circuit l.l.rr1lngement is used to obtain freedom 
from changes in a·c supply voltage, resulti ng 
in changes in plate voltage. 

In the design of a dircet~current ampl ifier 
the Illost criticlli point is the tempera ture of 
the cathode of the first amplifier. Very 
effective means have been provided fol' over­
coming allY vuriations in temperature of tJl is 
c<lth ode. A regulating t ransformer and a fih~­
ment ballust lump arc employed. This system 
maintains the heater voltage COllstllnL for 
line volLage chnnges from 100 to 130 volts. 

FEATURES; I)articular care has bccn taken 
in the design and construction of thi s new 
instrument to combine, with high gain and 
simplicity of operation, stability of ealibra­
liM ..... ith freedom from effects of llmhienl 
temperature and line \'oltnge \";)riations­
features which ror so long prevcnted the 
development of the d~e amplifier as a (''DIU­

mercia.1 instrument. 
Operation from the a-c power line, (.'on ~ 

venien t size. and mounting. together with n 
wide range or input vol lage and resistan<.'C 
combinations, make th is am plifier :t con­
ve nient, as well as reliable, adjunct Lo the 
graphic recorde r. 
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D-C AMPLIFIER· 

'1'TI'11 715·t\ E Direct·Current Amplifier. 
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SPEClFlCA TlONS 
Ran,e: T he instrument is pco\ided wi th four calibrated 
ranges, $Clccted by means of •• witch, giving S milli· 
Iltllperell linear output in the recorder circuit of 1000 
ohnu. fOt input voltagu of 0. 1, 0.2,0.5, and 1.0 \'olt 
applied Ilt the iliPu t te rminab ,,·ith either polurity. Tilt: 
gai n j~ best expressed M Il trlln!l(."On(\u\:tance; the malli· 
mum \'alue i8 60,000 mieromhos. 
Accuracy, As a calibrated voltmeter, the accuracy Qf 
calibration is approximately 1 %. t his acc::uraey Ixing 
maintained over considel'llble peri0d5 Qf time. 
Inp ut Ci'cuil: Means are pro\<kled for selecting anyone 
of a num~ of input resinancet, so that the ins t rument 
not only hu In adjustable input resistance, hu t (211 

5er\'e as a calibrated millivoltmeter or microammeter. 
The input resis tances range in powers of 10 from 100 
ohms to 10 megohm! . Short'ein :uit and open-cireuit 
po!i tion! are abo supplied on the ~eleetor !witeh. 

«'or tho"e I';rlications where relath'e values only are 
of interut an where the \'oltage Iwailah]e exceeds 
1 \'011, one of the s"'itch position! conned:.!l the input to 
a \'ariable gaill ('Qulrol, so that tbe \'Oltage applied to 
the first .rid can be adjust.ed to an~' desired \·alue. 111e 
input re~utaocc for this position ", 150,000 ohTIU ap­
proximately. 
Output: 'I'he O\ltput eireuit is duigned to o]ll! rate a 
.'j.milliampere meter mo!wted on thc panel nnd an 
external meter or device such a.s t he Esterline·Angus 
(;.millialll llCre rcoorUer, and is Ilro\'idcd ,,·ith a manUltily T,,. 

715· AE 
715. AM 

In E, telline.An!luS u,~ ..... . 
III walnut ubin~t ... ........ . 

PATENT NO·n CE. See Not. \, pap~. 

adjl.l!W comperuating resi$tance. The compensating 
re:listance is adjusted to .Uo,,' for the resistance of the 
e:rternnl de\'ice, so tllat the instrument al .... yl OI"Orks 
into II normal l'C!!istItDl:e of 1000 ohms. Although the 
instrument fu nctionl perfectly wilen operating into 
resistances frorn 0 10 2000 ohms, its Clllibrlliion i~ 
II ffected slighlly if the tolnl irnlleda!1CC dcviates rna· 
terially from the l ooo-ol1ln vaJuc. 

Pow~r Supply, The instrument d intended for opern· 
lion din:ctly frorn 105-125 or 216-!50 \'olts, 60-cycJe 
m.,ins. Other \'oltages or other frequcncies CIIn be sup· 
plied on special order only. 

Power Input, The I)()"'er drawn rrom the 6(H:ycle mains 
ill apprQ,d matdy 95 wntt ... No batteries <I' auy kind a <c 
employed. 
Vacuum Tube,: T he t ubes furnished with the instru· 
ment are: two type aJ7·G, one OF6·G, one 6X(;·G, one 
VR90, one -IA I. 
Mountin9: T he amplifier is mounted in III cast metal 
C1l5e identical with that U5ed on the Esterline·Angus 
recorder, or in walnut cabinet, as desired. 
Dim~nsion" 'I'1'r1'l71(;·A.M, (height) uU x (width) 9 II 
(Iellgth) 8J.i inehe~, o\"cr-aU; 1'yn; 715·t\I-;, (height) 
1(; x (width) 8.!1 x (length) 8M inchC-"l. over-all. 

Net W~i9ht! With F..steriino-AngUll eMe, 26M pound~; 
with w~lnut ealliuet. !l3 pounds. 

Code 1I'000d Price 

A~HI& 

,\1..0" 

1250.00 
225.00 

7 
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TYPE 759·A SOUND·LEVEL METER 
USES: The '! 'YPf; 750-;\ Sound-Level l\:(c tcr 
is suitable for all l.nx:s of commercial and 
indtlslrinl noise measurement. M:lllufac­
l nrers of mnchincry and appliances usc it for 
meas uring product noise both in the research 
laboratory fllld in productioll. 8011lld trans­
mission a nd absorption and t.he a<""OHslica l 
properties of materials can (tho be mCllslU'cd 
willI it. It mccl.$ equally well the require­
ments for noise measurement in sun'cys of 
the psychologiclIl and pllysiological effects of 
noi;;c. 

For the industrial plant, it provides a 
meaus of measuring product 1I0ise, selli ng 
liP noille sta ndards, u(.'ccpting or rejecting 
products on the bllsis of noise tests, find, 
una.!!y, :umlyzing llnd correcting trouble in 
the rejected units. 

In this last IISC, as in many olbers, n fre­
quenc), :lI1alysis of the noise is usually valu­
uble. }'or t.his purpose, the TYI'p. 760-A Sound 
Annlyzer (sec pnge 10) bas been designcd. 

In conjullct.ion wit.h a vibmLion pickup, 
lhe sound-level metcr can be used to study 
vibration in machines and structures. Loca-

8 

lion, magnit.nde, and nutul'(~ of the vi hralinll 
call be determined as a (ir$;t step to\\':l rd its 
reduction or elimination. 

DESCRIPTION: TYI'~' 75{l-A Sound-Level 
I\{eler is all nccurate, port.able . low prl t..'ed 
meler for reading, in terms of a s tnmlard 
rdercuce level, tile sound level at. its micro­
phone. 

The sound-level meler consists of a non­
directional microphone, an ampliGer, a cali­
hrated nUcnua tol', and lln imlieatiug Illei.er. 
] l is b:\ltery-operated and (.'oll1plctci), scJr­
rontained. 

Th is sound-level mete r complies with all 
the tcnl.at i\·c st.andards for sound-level 
meters spc."Cificd by the American SL'lndards 
Association. the AmeriCll1l Institute of Elec­
t rica! Engineers. and the Acollsticul Society 
of America. 

FEATURES: E ase of opcration was a primal'," 
cousidCI'ation in tlte design of Lhis mcter. or 
equnl importnnce were slIlall !;ize :lIld ligh t 
weight. so that the meter is e:lsily port:lble. 
OLher fea turcs arc: 
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SOUND-LEVEL METE R' 

I. J\ lion-di rectional crystal microphone Wllich responds sn lisfactoriiy o\'cr 11 wide muge 
of rrc~lllcncics, including the high freq uencies which make up ';hissing" sounds. 

2. Unusual sensitivity extending to 2.j. decibels nbove Ii zero referencc level of lo-t6 walls 
per square <:cnlimctcr. 

:1. Tllfec separate weighting Ilclworks for ndjusling the frequency responsc characlcrislics. 
consisti ng of a low level netwo rk, a high levclnclwork, and a network givi ng n substan tially 
lIal o\'cr-aU response. 

4. Ko rheostats or other ba.t.tcry adjustments. 
5. SPCCilli tube suspe nsio n. providing a freedom from microphonic noises. 
6, No inductance coils or lransformers whatsoever arc usc(1 in lhe instrument, thlls 

eliminating error d ue to magnetic pickup. 
7. Linear decibe.i scale. 

SPECIFICATIONS 

Sound-Level Range: Calibrated ill dedbel$ from + 'l.~ 
Ill> to + 130 db nl.>O'·e a rcreren~'t Ic"c1 of 10' 16 ,,·aI1.Jl 
I'cr S(llIllrt ('!(! ntimetcr. 
fntquency Charleleristics: T he (rellUerlcy chrlrHdcrist ie 
of the IIQlmd·lc'·el meter is ndju.'ltnble to folio,," three 
,lifTerent Cllr'·o. The tirst Ind 8eCOmJ of lh~e IIrt. 
rC!lpe.cth·cl~·. the 40 Ind 70 db equII·kmdne:u c<mtouN 
in nl.'<-"r<lnn~-e with the lentath'e . Ia ndarel propOSed by 
t.lle American Staudard!! As~illion. T he third fre­
(IIICIH;'." resPOIlJ'e ehlrlcleri,tie gh-es a lubshUltially 
el:lunl 1'tJl I)OI I3e to aU freqllencie.' within the range of the 
;nstrum,,-nt. This dlRraderist;e i. used when measuring 
('XII'crne)y high ""lIUt! level! or ,vhe n using the iustw· 
JIlenl with TYI'!: 1GO·A Soulld AIII, I)'ler. 
Mielophone: The non_directional piezo-electrie micro­
pho ne 1I\011llis directly on .. toldin, bracket on tl'e 101' 
of Ihe in~tn\Jnent and follh down out of the WR)' when 
1I0t in lI~e. It may al~1 he relnO"ed from tilt braeket 
:1011 IIlI((\ 00 a n exten.!lion (On!. 'I'he lIIicrophoue is of 
Ihe lWund cell l~·IJe. 

A tt ,n u. tO r1: ,\ IO-db-lIcNtep ntlCII UlllOr preoo1c.~ lIlc 
Ihir<l ~tRge of umpliliClltion 1II111"ro"itle" ('fliltrol of t he 
iuslrulllent 1111 10 90 db by mCIUlI of a ~i\lgle knob. I··or 
!II('Il~urcmCtlI5 of high,,-r lIClUUJ IC"eJSIIII N,lililiolJllI 'ICMJlJ 
altClluolor is l)ro"i(led. T hill IIItenulitor is djreetl~' on 
the itllmt of lhe Amplifier. Since the attenuato.,. are lit 
low le"els the IlOMibility of erronl due 10 amplifier non­
linearity is eliminated. 
CiIC;uil: The l"'lllilier con~i~l.!Iof four slagt!lof raisll\nc-e­
l'llp.,dtal'll,"C-tOUI,led alllplifil'lltioll followed by IIIl onl­
pnt stAge arranged to I.Hn tch the t$pecilll!y-<lC-'ijllleo.l 
!'('ctiri~r'lnlC meter. Thi.$ ('OlII iJillltlioll pro\'ide! II ligh 
degree of I tnLilily and minimizea ehullge in ;;ellsiti\'il~' 
t(':'lulling from "ftr;"lions ill bllller}, ,·oltoge. ,\ btl.lI~1 
lube i~ Ilrol';(lecl for 1Il0illtnining eonstallt filament 
current. 
M iller: The indicating mder Illu II !I<.'a lc whil"ll is HI'­
pr(lxinlllidy linen ill .Ic.,ihels allli whkll (.'O'·el'8 :t flIilge 

TNI'" 

of W db. thuJ pI'IlI'iding satisfacto ry an.1 1I('t.'\Irale 
interpolation hct"'eeu the ~teps of Ille ;,tlenunlor. The 
halti51ic dIaTlI(:terislia; of tILe meter ILl!Ilcl, closely thO$e 
<or the l",malL ent nnd agree with the lell tn{;"e stnncllmls 
$JI.~:ir.ed by t he Ameri<;Hn Slalldnrojs !\ s*>Cinlion. 

Telephonn : i\ jllck i~ pro,' ide.:! on the pnllcl for plugging 
in a pair of hea,1 telephones ill order lu li! tell ItJ the 
fOUOW being lIIell~ured. or for oon lloc1ing tI'e TI'I' t: 
76().i\ &lund .-\lIlIly1.er. 

Vibr. t;on P ic.kup: U .lesired. " l,iez..>-eJectri¢ ,·ilor'llioli 
pickul) may he \I!etl ill pl~('(: of the lIIi('rollholle . 

T ube l: Five IA·H.'·III, tubes ami oue I I) l·tYlIt' tobe ~re 
required. ,\ coUlplete IfC:t of t nhel! is IIIIIIIlied. 

Tripod, A trilJOd IInll extellsioll cahle (1ln be SUllpliecl 
for using the micl1)l,ll()l!e at II .Ji.itance froUi the $(lund. 
ICI'd meter. See I'ri~-e list below. 

BatlClie$; TILe b.,Uer;CI required are t,,·o lJurSes,., 1\0' 
41'.-\ (liltle G·~). or equivalent. two Hurg~ Nil. Z:\O:"i 
45'\'olt B lmtlerie!. or aluivulcnt, lind one Burges, 1\0. 
1-'18 1' !j"'olt bnltery , or equivalent. A oompllrtmenl i.~ 
provided in thecR.'IC of the 50111111·1"",,1 meter for holding 
Ill! baUeri~, IIlId l'()n n ~'t;t ion! ILre autollllltic"lIy made 
10 lhe batteries whe n lhe ('fl,'er of tI,is l'<lmpartment is 
cl.~,oo. A setol batleric~ i.!I supplied with the lIulrHmen\. 

Clse: T he meter is built iuto a shielded carrying case 
olllirplan(!-iugg.ge colllltruction, co\'creJ .... ith a durable 
billek waterproof matc.rialand equipped " 'iLh ehromjum­
plated cornel'$. diu I)!, etc. When oJ)Crnting the wund· 
lel'e l meter. the oo\'er i, <mlinarily TtIllO,·ed. An addi· 
liolll1l handle is provined Oil tlte panel or Ihe iustrument 
for wn"eniencein mOI'ing ilabout whileit i~ in opcrIIl ioll. 

Dimension,; T he o,·tr·all Jimensioll3 are npeO~inl'Ltely 
(height) 11 M x (leu8th) 13}i ;t (wid ll l) 9~ inehe;,. 

Net Weight: 23M poumis, " 'ill, b.'1t\eries: 17!-i pO\lI)lI$, 
without hatleries. 

759-A ........... . ........................ . SO~I.\D S195 .00 ~ 
5.40 
9.50 

Stl of rtpl . ctmtot b" tte .ltl for .bove . . ...... .... .... . . 
759.Pl I Tripod .nd E"ltn1 Jon Cable (25·1001) . 

*l'r1t"C include\! bolh tuUcs IIl1d batteries. 
!'.\'n:s·l· SOTtCI-:. s..: ;\<>1..,. I . t. , .. ~~. 

!>OIJ"O·Ctu. _.-
O .. . O,rh 

.1>1I~1I.1N 

~ 1'("OA1OR -. 

SO)I.\O.IUII.\·r 
son:l. 

/ 
MAIN "''oIPllflC~ l l>8n 

Fllllt't ion~1 athematic cli:lgrnm of 'i'H't; 7:}9_;\ Souml·(.(!I·e! )Ieter. 
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TYPE 760-A SOUND ANALYZER 

USES: The TYI'~~ 760-1\ SOIlUU Arllllyzcr 
was designed parliculilrly for analyzing mil­
chinery noises or lIoise levels caused mainly 
by c1cclricni or mechanicill equipment. The 
fact that. the selectivity cu rve widens pro­
po rtionally as the frequeucy is illcrcnscd 
makes it suitnble for measuring noises ca used 
by machines which do not run at absolutely 
(:onstant speed. The instrument is particu­
larly well udaplcd for analyzing the SOllnd 
Illode by Automobile and ai rplane molors 
and induSlri:d or household equipment. 

Although inlcnded for usc with L1le sound ­
level meter, the analyzer is not necessarily 
re.!o1.rictcd to this applicalion.ll may be used 
in conjunction with any microphone and 
amplifier (."()mbin:ltion which provides suffi­
cient out\nlt voltitgc. It is also lIseful as a 
bridgc-ba ancing indicator, sincc it Illay be 
tUllcd to thc bridgc frequency, thus elimi­
nating error!> caused by harmonics. The 
lognrithmic indicating metel' is of grcnt 
ndvnnillgc in til is application also. 

Another importnnt usc is the :tnalysis of 
vibrations hy mcnns of <l vibration pickup. 
111 this applicutionthe vibmtioll pickup may 
be coupled to thc sound-level meter in the 
coliventiOIlll.1 manner, or ma)' be used with 
any suitable nmplifier to provide the neces­
sary input voltage for lhe an:lIY1.er. 

10 

DESCRIPTION: The TYl'~.l 7GO-A Sound 
Allal~'7.er is an llccum tc, portable, low-priccd 
analyzer for measuring the relative ampli­
tudes of the component frequencies in a 
sound wave. 

II consists of a selective amplifier, oper­
ating on the degene ration princi ple and 
hnvi ng :l. const:mt percentage band widlh . 
combined with a vacuum-tube voltmeter 
hnving approximately lognrithmic character­
istics over a wide rangc. The instrument 11'IlS 
designed particularly for use with the Typt~ 
759-:\ Souncl-T.evel Meter, and this combina­
tion provides an aC(:urate and convenicnt 
mcans for measuring not only the actual 
level of sound, but also the relati ve ampli­
tudes of the (:omponcnt frequencics. 

FEATURES: I n the development of this 
analyzcr, sim pli.city /lnd convenicnce of 
operalion were considered of primary im­
portancc. The frcquency calibration is read 
directly on 11 large dial, whi cb may be rotated 
<:ontinuotlsly to covcr the cntire frequency 
rangc of the instrumentll'ith 11 minimum of 
cffort. A push-button switch operates the 
multipliers, so that it is a simple matter to 
!;Can quickly the entire frequency rlmge of 
the analyzer or to chnnge thc tuning between 
two remotc points in the range. A stabi lir.cd 



  

SOUND ANALYZER' 

ci rcuit eliminates the need of any baU.ery 
adjustments, and It neon bllilast lamp pro· 
,·ides satisfactory accuracy of the logarithmic 
voltmeter circuit, regardless of th{' (:ondilion 
of t.he lmtterics. 

A \'olumc control is included to adjll l>t the 
instrument for usc at various input levels, 
oul. when anal~' zi ng u sound, 110 lI1eter lI1ulti· 
1)1icrs or volume controls arc used !;incc the 
com plete range may be read on t.he single 
loga rithmic meter scale. 

Since the inslrlllucnl was designed as a 
companion to the T\' I '~-: 759-A Sound- I.evel 
!\lcler, small size and low weight were con­
sidered extremely ill1pol'trml, and ti le in­
strumen t is slllllller :lIld ligh ter than most of 
tile f1llaiYl',crs which have been ur.cd for I\oi~ 
work in the past. The complete in.s lrlllllc nL 
is mounted in :111 nirplanc-Iuggagc InlC or 
case matchi ng that or the sound-level lHl'tN 
in apr)('arancc. 

This photogrnph shows the TYPi: 759·A Sound-Level 
!\Icier u$(!<.[ to nleMure lIutoll1Obile llOi~. 

SPECIFICATIONS 

Frequellcy Range: Clllilorlllcel dirtctl~' in cycles rrQln '2<\ 
to 7500. Thts totlll range i ~ (,'()\'ered ill lin: oolllllk1.e 
tllrn~ of the tuning knob, the rauges on the I'/lrious 
,I;al rQtlltiou, being 2,"> to 7;;. 75 to 200, -:!50 to 750, 750 
to 2500, and 2m to 1300 cydu. A push-button 1\I·itc], 
11110,,·. immediate change of the nllli" control 10 any of 
these ra nges. 
Volt.lg, Ringe: The analyur will gke usable iuel;"'.­
tion~ on input "ollages MlI1(!:ing frQ l1I I miJlil'ol t to 10 
I'OltH, The meier len te it cllhlomted for Telldillg directly 
oompo nent too~ down to 1 % of the sound preSSllre (or 
\'ollQge) of the fundamental or loudcsl oolUllOnent. 
,h'Wruillg ly. to make fult use of this fellture, the input 
\'oltage at t be loudul comp4:met,t or fumh.l1Ieol1l1 
8110uld be 0. 1 I'olt or higher. 
B.od Wrdth: The a l'ernge scled il'i ty i9 sneh that the 
rtlatil'e attenuation l, 3 db at 1% olt the peak 10 \I·hieh 
Ihe a nAlyzer is tuned, 
Circuil: The cireuit oonsillu of II. th~tnge Illllplificr 
mode selel.'ti \'e by the 11K o r dcgcuCl'lllion, and au 
IIpprOldmntely logl.lrithmie I·tlcuum-t"he I'oltllleicr 
circuit, ... hieh al1ow, II I'II IIGe , lightly ;11 exee.,~ or ,10 
,Ieeibels. or 100 to I. to be read on the meter '~'11le, 
Meier: The indicating metcr is Clllibrated down to 1% 
of the f"rl\lnmenlal or loudest COln llOnetlt or the sount! . 
t\ decibel _Ie is abo include<l, extending to 40 decibels 
below the fuu,lameutal or loudest oomponent . 

Telephonel: ,\ jack i5 prOI·icle.:1 on the panel ror plugging 
ill a ,mir of head telepllOllei, ill onler to listen to the 
aclulIl component or the lIQund to "·hie h the iustrumcnl 
ilI tllned. This is also useful ",heu using the IIllalyzer II! 
II bridge-lonlauL't indicntor. 
T ubel: T hree I H"G and one l!'iG" tubcs an: rt4lUil'ttl. 
,\ neon regulator l ube is AIIO usttl, ,\ complete lei of 
tubcs is , upplic.:1 " 'ilh tile instrument. 
Bett .. illl1: The baU <:ries requi red lire four Hurgess Ku. 
F2HP ~-I'olt batteries, or the equil'lilent, Ind three 
IInrgtM ~-o. Z:KlN 45-1'O[t batteries, or the equil'lIlent. 
A ooIHlmrtOle:tt is prol'ided ;n the <.'I\i<C of 11.1'. IIM ly~er 
for ho Iling nil bAUeries, /11111 (Onlll"diOI1$ nre IIl1to-

T,,, 

IHl'Ilienlly mn,le to ti le bUUeriu when the ' :--"'er or this 
ooml',ulmenl is clOl;e<.1. A set or ballerie. i~ ;,Iduded ill 
the price of the ius lru,,'ent. 
C.IIII : Til .. anll lYEer i~ built i"to a shielded CIl rTy ing ease 
of a i'l)II'Ine-luggllge construction, t'O\-ered with II dun.ble 
blaL-k wllterl'roof materil'll lind ("(Iuipped with chromium. 
I)lated oorue~, ",las,.!. etc. T hi5 C1IlM: haa: been des igned 
tn ('t;Iluuine dnraloililY with light ,,-cight lind good al" 
ptamrl4:t'. When 0IICrflting the 1l1l.I.vzer, the (O\'er is 
or<l iullrily n:mOI'(l(, 1\" IIddit ionnl hnnd lc is prol'idell 
on lhe l)lIne! of the instrument for OOIlI'e" ie",-e in lnoving 
it about while it is ill ol)trn l ion. 
DimeA,jont: (Length) l :j " (width) 10 x (he ight) 11}4l 
iuehe:!, o\'er-n ll. 
NII!t WllliShl, 31 IMlun,I~, 1\'it), batterie'J: SO ])olmd,., 
w; tl,ollt haUeri.". 

• . " • 
r- ~ l:~::_, 
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A fuoctio"lIl d iagr1lm of the general IHIe of cireuit used 
in T\'I'~ 7c.o.A So'1"'\ An" I}'~ .... r . T h/l"YJlem ('()n~i>:I.s of 
110 a mplifier wilh a p!'(lpagat ion t'OIl$lant jJ. IIno a feed­
load: network with II pro]Jagation amstanl fJ ha"ing the 
frequency ehameteristic:s .sho ... ·D abol'e. The degenem· 
tion network is highly IJeleet il'e,lI l1 d a t i\.J null point the 
1I0rmai gaill of the amplifier is oLtai lle<l. At lower alld 
higher rl'ttllleneiCll, dl'genera l ion occurs, lind the gnill 

of Ihe amplifier is greAtly Tellueed. 

CfIIle Word 

760·A I ............ .. 
SII!t of rlllpllCemlllnl b.111II.11II1 fOI .bove . 
I',\TEST 1\OTIC£. ~ 1\ot. I, pqc~. 

. . . , . , , . , . . , . . , , I 
. . . . . . . . . . . . . . . . . . . . A'l'T.\I1 

"n "'IADII" T 

$260.00 
' .00 
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VARIACS 

VARIAC' 
USES: The VA HTAC is ;t TiCW lype of n-c 
voltllge control.lls applicat.ions to industrial 
control and to cxpcrilllcnlni problems in 
the labornlory arc literally numberless. 
Wherever a-c voltage must be adjusted. 
and, by means of VO\ta b"C, other qUllntities 
such as speed, hellt, light, e tc .• Ulcrc j" 11 \L>;C 

for the VAJUA C. T;\,pical npplicntions are 
motor speed control, hea t control a ll e lectric 
furnnt'eS and laboratory heaters, illumination 
control in small lhcnters, pholograpbic 
studios, and darkrooms, output voltage 
control Oil transrormcr-rcclificr systems, and 
,ooltagc cOlltro\ for electrical testing, cltli­
h!'lllioll , IIlld measurement. 

DESCRIPTION: The VAU lAe is an IIUtO­

transformer supplying an output voltage 
continuously adjustable between zero :Iud 
full line ,-oitagc or above. 

It consists of a si ngle layer of <:OPllC r wire 
wound 011 a toroi(.i:IlIY·l'haped iron core. 
!lotntioll of a dial causes the winding to he 

traversed by it moving contact, which "lllp ... 
off" any desired portion of thc total voltage 
across the winding. Since at least one turn 
of the winding is covered by the contncl nt 
all tillles, tl continuous adj ustment of voltllge 
is obtained. The voltnge between turns is 
Uct.WCCIi 0.2 ' tlHI 0,9 \'oits. The contact i" a 
cllrbon brush designed to limit the currellt in 
the short-circuited turn so that. no undue 
heating results . 

FEATURES: The advII lllages of the VA 1 ~ lA C 
o,'er rheosLn L<; unci other types of volt.age 
control devices nrc high efficiency, smooth 
control. and good voltage regulation, Be· 
cause t.he output voltllge is essentially inde­
pendent or load, 11 lillcar variation of volt.age 
is obtu incc:l. l\lost. models furni sh outpul 
voltages above line voltut.'C, mnking it pos­
sible to com pensate for linder-voltage lines. 

Another important feature is small size. 
VAJUA CS arc smallcr than a llY other "olt· 
;Igc control of equivnlent power rating. 

GENERAL SPEClFIC ..... TlONS 

~\I (I( I~18 rllnging rrom 170 ..... lI l l8 to ~ kilowntl~ lire 
listed I)n thc following pnges, Sp~_~ 'ifk"tio"s, "ull'ss 
otherwi5c stilted, lire for 50--to-GO (·ydc 5('T"i...'C. 

RATED CURRENT CII" be tlrnwn rrom the YAHJAC 
at a ny ,lilll po.<itioll. It is lilni tl~1 by ht:lll loss in the 
wiudi!!g. 

MAXIMUM CURR ENT ("UII be(lra",n at low \"011-
I','TEXT I'UTlCE. S<e 1'«" 11, ""~ v. 
'U4 U. S. I·~t. 011. 

age.'! or a t voltllge!l nell' the input voltage. It i5limill'oI 
1.> ... lI.OlSSl'$ i" tlte l"rlKJU 1,,.,,.1.. 

LOAD RATING i$ ll1axim"m 01ltp1lt current mul ti · 
plied by illl,ut \-oltll!:t, 1\ ,",'lilAC ('::In IUIII.!lt, at nn.\' 
low~r reHiug. II 1000d which drnwi at iupul I'Oltnge n 
<'tlrreu! 110 gr<:alr.r 11m" the "mll~imu1l1 (."tlrTC"t." 

NO_LOAD LOSS is meluure.l ll t 60 cydes. 

TYPE 200-8 VARIAC 

12 

SPECIFICATIONS 

Load Ra l;ng: 170 \'11. 

Rated Currcnl: I II , 

M".imum Cgrrtnt: 1.5 II. 

Input Volhgr: II ;; v. 

Output Voluge: (H la \' or 0- 13a \'. 

No·Lo.d Lon: 3 w8t~. 

Di.l: The oilt l read. ~Iiroctl.v in 0,,11>111 \'o!tnge ,.·;th an 
IIC1':l1r:1Cy of ~% " ' hclI lhe inl>lll \"otlnge hlls It.!! rIIte" 
,·alue. 

Ttrmineb: Thrt'fl,[ed tl'rIllinnl stud~ .,.ill, nul~ and 
soldering lug;o nre pro\'ided. 

Mountin9: ~;il hcr tllble mounting or bll.t:k-or-Ilntll:l 
mounting ('tit" be U!led. 

Dimensions: For ba.oe and naOUI,ti llg .lillll'll!)iou • . 5ee 
sketeh on plige 15, Q"cr-1I1l height is -I inche. for lab!1! 
mOllnting. Whcli Illlnd mounting is used. till! oCJlth 
behind [lOliel il !l1~ inclles. 

Ntt Weight: $U pound ... 

T,,,, CoJe WOf"d I'r;~ 

200·8 I I B,\1.8.\ $10.00 
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VARIACS 

TYPE 90·8 VARIAC 

'I'n>t: 90-13 " ariac provides several output 
\"ollagcs. It con!iists uf a TYr'~J QOO-U Variac 
controlling the inpu t to It slcp-tluwu trans­
former. 

SPECIFICATIONS 
Load Reling, 110 va, total. Input Voltage: Iii; \'011..11. 

O utput Voltage . nd Current: 
Oulp." I'nllug<: 1111/,,1 Currt,,1 JI ,ui",u", 

0- 185 " 
0-7." " 
£1--2.9 " 

I , 
411 .. 1.5 II 

., :i 

·1 a 
Two 7.4'1'<>11 win.Hngs IIn.1 {WI> 2,9"'0)1 \\";ndiug$ lin: 

pt(Pl'j,Jc.t. 
N o-Loid Lou: 8 wnlL~. 
Di" l: The dial j, t hnt ,)f T n-}; 200-8 \ 'ariae lind rcuds 
.Iiredly the output \,o ltu/:u al lhe 0- 135 1'01\ tcrUlinu ls. 
Termina l ~: Four lle i. of low"'o!tage terminnls ,ICC 

pr'H'iJed. T he 0- to IS5-\,olt output is ll,-uil"htc !II (\ 
lilandllrd VluS receptacle. A (j·foot line ~ml nnd ping 
a rc supplied. 
Mountin,: Sheet metal t'1l$!!. 

DimtnsiOnl: 7U x '" x 6~ ;nd,<!S. 
Nt t Wtight: 8~ pounds. 

T!lI!e ( 'ode 11"0,,1 J'rin 
~~-~---, ~~~-

90.8 \. I' IH'T $19.00 

TYPE 200·C and TYPE 200·CH VARIACS 

SPECIFICATIONS 

Loud 1 "/wl 
7)11'" {{Mi"v r 'lIllulI~ 1It1led 

2oo·CM \ 8GO ,'. 11':; " " 200·CU I 
2oo·CMH 31:10 ,'a ~o ,. " 2oo·CUH I 115,· 0 .511 

Diel: T he dilll read!! direct ly ill oll t"ut \'oll.:1ge wilh on 
IIccumcy or i% wllcn the input \·oltllg .. hru; its .,.ted 
1·"luc. 

T trminels: T n>t: iOO·eM lIud T n ... : !i!OO·C:\J II ore 
furnished l:on11'lele with IlUlldllUCllt <:ord lind plug for 
~'(jll I!lWtioll to the linc, au o~--ot'r switch, and II st.u"l"rd 
1'1111; rt{'e»tlldc tllr the output c:il"<!uit. T YPE 200·CU 
"lid 1'\'1',: WI)·CUl I h"ve lllrclldetl tcrmill.lll shlds with 
nuts and SQldering lugs. 

Mounting: Tn-,; 200·C:\1 lind Tn'E 'lOO·Ci\UI al"<! 
Ulouuted in Cll!'l';S ns shown in t he photQgrnl)h. 'I'yrr. 
'lOO·CU :.",1 Tn'.: 2oo·CCII liTe ~lIllpli~'t1 willOut cuse 
lind CtlII I..., lI~ed for cillie. taMc or huck-<.lf·punel 
mounting. 

Dimtnsions: For h,,~c Hllrl UlO!Ulling , 1;Ulel ~ i,," s . ~~'C 
~\.:ctch Oil III'gc Iii. 1)\·cr·,,11 I,cil;ht. 5M inches; depth 
behi",[ I"""tl. . I }~ illdll~. 

T,p< Cod~ Word 1',;« 

200·CM 8.\1.)U" $17.50 
2OO·CU 8"N U t 14.50 
200·CMH .... ,KN 21.50 
2oo.CUH .... nut: 18.50 

Cll rrt"'/ Oll/JIIII I\ 'o-- {,oad 
JI IIJ';lIIl1m r '01/(111(1 I~ 

7.3 " 11- 1:,1.; v 10 ,,"lItt~ 

~.a ~ H70,' 10 walls 
.e.3 " 0- 1/70,' 10 wlltts 

Nt t W~i9h t! TTI'E 2OO·C.\I and T n-E 'lOO·C:\l H, 10 
11Q llnds; TYPE i200·C U MIt! T\'r.: >!(H)·CU B, !lllQlIlIIl~. 
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VARIACS 

TYPE 100 VARIAC 

SPECIFICATIONS 
Type . lOO-K 100- 1. 
l oad Rating .. 2 kva ~ ha 
Primary Voltage . II ;'; \' i!lO \', 115 v 
R.ted Current . 15 II II., " " 
Muimum Current. 17,5 II 011.9 a 
Output Voltag • . {J-I I(i \' 0-230 \' 
No-Load Lou .... 'to wll t li l!fi walts 

~il.' : A. fix.,l dilll fJlate u(,llring ]00 dh'isiollJl it JlNwitleol. 
on,heatmg I~r <:'Cll t of mlls illmm output vottllge . 
TIl.min.h: T hreaded terrninnl .lulls with nuU and 
soltieting IUb", 
Mount;1I9 ' TallIe or bll(!k..or·lmucl mounting . 
pimll.nsion~: Sec sketch 011 page 15 fot base.lIlHt mount. 
!lIg dUnenSIOlls. Ol'er-all height fo t table mounting. 1% 
Inches; depth behind pauel, 5~ inehes. 
Net Weisht: ']'yPf: 100· K, 2~ poumt~ "'TI'I: 100- 1.. 
2SU 1~lInd •. 

TYJlt. 

l 00-K 
l00·L I 

Cod~ Word 

III-:AlJY 

Bf' .... nD 
$40.00 

40.00 

TYPE 70 AND TYPE 80 VARIAC TRANSFORMERS 
USES, Variac Transformers are intended ror 
usc where only small voltage variations nre 
desired . One important usc for the -R a nd -C 
models is voltnge correction on under-voltnge 
or over-vollage li nes. For thi s purpose, they 
ean be built into low-power npparntus, par­
ticularly transformer-recti6er systems such 
us arc used on radio transmitters. 

Spe<'ial units fo r many other applications 
cu n be built to order. 
DESCRIPTION: Vari:IC T ransformers nrc 

the control knob drives the contacts aloug 
the cntire length of the windings. 

The windings beneath the top layer of 
each coil arc conventional tr;lllsCormer coils 
and CllIl be used {or II number of specin l 
purposes. 

}'ive stock models lire avai lable nlld can 
be supplied ei the r IlLounted or unmounted. 
.i\{ollnled units a )"e tho$C with the leHer 1\.1 
in the type number. 

buiJt 011 rectangular cores with windings in FEA lURES: Very precise adjustments of 
several layers au the two legs of the core. voltllgc are possible with the Variac Tra ns­
The top layers of wire lire cxposeo to two former because a small range of voltage is 
slidin~ ca rbon contacts, These contacts arc sprend over a 320 0 rot:\lion of the din1. The 
directly <."Onllcl'lcd, elimina t ing flexible lends. ll"Ollllibliily of spcciul models makes possible 
By mean s of a sled tape, a 3200 rotll tion of individual designs for sl>ccific purposes. 

SPEClFlCA nONS 
TN,. !.inti J'olll Ohlpwl I"ol/s A·o-'-oo{/ TAlI, ,If!ai",uJ1i (Ju"~NI 

70·A Il :j 0- 10 ,; w , . 
70·B IOO- li:; 115 '"' •• 

'" 100- 1'15 •• 
80·A 11 5 0- 10 l Ow ... 
80·B 00-''''' 11 5 lOw 7.;5 a 

"' 90- 130 7.S .. 
80·( ~OO-240 ". lOw 7.S a ." 200-240 7.S 11. 

Load R,tin, : T he raling oJ" V,rinc T ransformcnr is 
expressed differeully fl'()UI the rating of VariaCl lind 
other trtt.n.dormer:t. A et:m,",~ntkonl\ l tnLllsformer il 
mted by the outj!ul po.rer 1I"flilable. A Variac Trans· 
forlller is ra ted by the roriotio" in output l101\·er which 
can be ohtnined by turning t he ('Qulrol knob. T hill 
t'lJriab/e power is 50 walls for the ' I' n't: 70 core lind 
i liO watts for the ' ''rl't: 80 core. 
Monntin,: Unth mounted and unmounted models lUi 
available. Mounted models ate enclosed in dra"·u aleel 

14 

eases sud nrc equipped with OS-(WI' switch, 6·fO()t 
line '-'Qrd aud plug. and plug rect:ptacle for lhe output 
circuit. 
TeHnlnal" 'l'hrclUleti letminal ~tt>ds with .oMet ing lug •. 

DimenlionS! '1 ... ·1, 1> ; 0. (length) -l~ x (,,"i,ltb) 3Ve x 
(lleigli l) ,~ inches; 1'r1'1: SO, (length) 11M x (width) 
-l~ x (heiKht) 5~ iuches, o"tr-all. 
N et Wei,ht: 'I'YPE 70, -l X I)()uuds; 'I'UJi: SO, ISU 
pound,. 
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VARIACS • 

TYJlf COtk Wonl Priu 

70· A. UmnounleJ .. . . . _ ...... .. . ........ .. BAi:lIN $10.00 
70-AM Mounted .. . .. pu t!. 14.50 
70-B Unmounted •. ........... ~MO 10.00 
70-BM Moulltcd .... .... -... ," l"Oll~K 14.50 

80-A Unmounted . .... DATOS 15.00 
SO-AM l\Io\lIlted ....... TAIIS Y 20.50 
80-B UUlllounled . .. .......... "M 'M' 'I' 15 .00 
BO·8M Mounted . .. 'l'FATV 20.50 
80·( UnmOllllted •.... IIAnox 15.00 
SO·eM M"uu~1. _ ...... T Wt; It 20.50 

SPECIAL VARIAC TRANSFORMERS 
Only len models of Variac T ransformers 

lire cnrried in stock. Other models arc huilt 
to individual customer's speciJic.'llioll :;l , 

Por good efficiency the design limitations 
on the special transformers arc 10 nmpcl'cs 
ami a maximum \,oitllge "urill.lion of so volts 
for the TYI'~ 70 Core iUld 20 mnpcrcs Ilnd GO 
volLs m rialiOIl for the TYPE 80 Core, prO· 
vided lhc product of voltage variation Hnd 
(·,ItTcnl docs lIol cx(:ccd l ile \'(\riable POII'CI' 

Mounting dilJ1Cllsio.tls (or 
Tn'EljIOO, i OO-C. and WlO-U 

\'arill.C3. 

rating for the (:ore. (Sec JlI'C{!eding page. ) 
Within tl.Lcse liulits spccial trallsformers can 
be supplied promptly and economically. 

I'rices tor special de.<; igns arc as follows : 

Qualil i lll 

1 , 
10 .. 
2;; 
hO 

100 

$37.00 
17.00 
14.50 
13.25 
12.75 
11 .00 
10.00 

'I'II~ 80 

$44.50 
24.50 
20.00 
18.25 
17.75 
16.00 
15.00 

l ",r(;. __ u ""'. O'Ull ,OITe; 1iO<,~1 ..0.. DA .. l 
n.oo" /'0" IO- Jl r " . ....s. nllNK ro~ _12 r. ....... , 
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VARIACS 

MULTIPLE OPERATION OF VARIACS 

Variaes CUll oe O'lUlgccl rOt oJ)Cl'atioll of $Cveral unils 
from a si llgle sharl. '\Vi l-h these multiple llsscmblics, several 
ci rcuits CUll be controUcd by Ollt dial and II le cfrt.'(:t iw load 
I';lling is correspondingly increased. '1'0 lI\'oid cireu l;)!i ]]g cur· 
rents, h OWCVC I", Variac wi ndings should 110l be con nected ill 

parallel. 

III lhrcc-pllase drcll i L~, tll'O- and thrc(··gang \ 'ariaC" as­
:'IJrnblics can he used ill cxa(:liy lI le same manner LlIllI single 
\ 'ari:tcs arc used in singlc-ph:l.se ('il'cuits. T he most com­
mon methods of COlltlc(; tion arc the lI'yc and 0PCIHld ta. :\ 
closcd-della con nection may be uscful fOl' (:cr t ,lin l:nlCl; of 
1I"000k. Charadcrisli<:s of II',\'C and opl:lI-<lc lta a:.;sc lIlbli(:s of 
V[II·iacs arc gi\'cn ill the table below. Prices arc as follows: 

'l'Vlle DuuiJiaol! Code W<>rd Prict. 

100·KG2 )!·gnng 101)·K 1!.:.\~lnl.U':UU S85.OO 
lOO-KG3 3-gung 100_1\: m; .. \Mnl.' .... T\' 130.00 
l00-LG2 ~-ga.ng 100- 1. nt:.\UllG.\i\D I! 85.00 
loo· LG3 :J-gnug 100- 1. "t:AU(XUi\Tl" 130.00 
200_CUG2 '! gnng 'lOO-CU Il.\ ,,£110 .\1'.: Illl 36.50 
200-CUG3 3-gang 200-CU 11.\1< .: I.G .\1'.:Tl" 56.00 
200-CUHG2 ~K'"lg 20u-CUII UAO tJ . :O.\1'.:OU 44.50 
200·CUHG3 :1-g"lIg WO-CUII JI,,(l tJ.:GA~·rr 68.00 

I.illt. C"rre,,' 
I"p"/ 

S-I'}wHfI A I Jfll.l:;~111111 
,. oiluye 
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o!;i.:; 
1170 
'000 
::\500 

'1:30 
700 

!iooO -3GCO 
6000 

1000 
GOOO 

AI I "p"t 
l 'I)//IIIIt. 

500 
151.10 
ISOU 
3500 

'000 
100<) 
OI'OJ> 

""" """ (;OUO 

,"0<) 
GOOO 

UII/tll .11 ".eim"m I .. ;"t. l 'oillllJ( 

0 .5 , ., 
15 

0.5 
1.5 , ., , 
" 

1.5 
7 

11 5.VOLT CIRCUITS 

2.5 O- '!70 115 
7.5 0- 13:, 1 1<; , 0- 1130 115 

17.5 0- 115 11 5 

230.VOLT CIRCUITS 

2.5 0-.';00 lNO 
'l.5 O- 1!70 <2:}0 
7.5 0- 51:30 2!W 

" 0-'" .-, , 0- 230 '" 15 0~30 230 

440-VOLT CIRCUITS 

'.5 
S 

o-uO 
0- '"'0 

·,·\0 
·HO 

At the len ,Ire ~hown wye and 
o)Jen-deltll t'Onlle<:tiou.s for gangt'ti 
\ "lriaC1l. The <lia{(rtlnJ ~llt)ws t he 
V:.tiac (:()1!llrtte..1 U(,.'TOSS lhe full 
I'hllseor line I'oltage. Byt"Onnect ing 
[\ tnpflCol jlortion of the winding to 
the Hue or n ph<l;;c, ob\'iQusl~' QIlI-
1)llt \'oltagC$ gll'llter titan iupnt 

"oltoge cun be ohtained. 

Type f/r 
j 'II,if/r , lue",bl.1J 

WO-CU II C!! 
200-CUC<? 
100-LC2 
100·l\G2 

200-CU HG:\ 
2oo-CU l rG~ 
SlOO-CliG3 
100 .. J.G ~1 

lOO-1.G2 
10Q... KG$ 

'200-CU IIC3 
IOO-LG3 

f;ircuil 

OpcU-(j('ll" 
Opcn..-ldb 
0pcll .. ddtll 
Ojwu-(!ellll 

\\'~'e 
Opcll .. dc!ln 

W.ve 
'Y~'e 

Oll'en .. deltn 
Wye 

\\'.1'1' 
"'.I'e 
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TYPE 602 DECADE-RESISTANCE BOX 

USES; Ac<.:uralc rcsistuucc boxes nrc ex· 
trcmcly va Illable wilerever electrical measure­
ments ure made. Such boxes arc l:onslantiy 
used ill ci rcuits wbere a wide range of rc­
sistllllC.-e values is required or wilcre varia.ble 
dummy gcncI".J. tor and load resistullccs are 
needed. TIle accuracy of Typ~~ 602 Decade­
ResistnnccBoxcsalsol>crulits them to be used 
as Inboratory standards and as ratio arms fo r 
direet- und ulternnLing-currellt bridges. 

DESCRIPTION, The TrPE G02 Decade­
Resisln llCC Box is an assembly of two or 
more '1"nE 510 Decade-Resistance Units in 
a single cabinet. Mcch:mic..'l! and electricnl 
prolcction of lhe uuits is provided by the 
shielded walnut. cabinCl(l nd alumillum pauel, 
which completely enclose botb the resistance 
units lind switch contacts. The rcsistance 
clements hnve 110 electrical connect ion to the 
shield. which is brought out La It scpar-alc 
terminnl connected to the pancl. 

TWQ-. lhree-. four •• and 6 ve-dial decade 
assemblies are avnilable. Each decade has 
eleven contact studs and ten resista nce units, 
so that the dials overlap. A positi ve dc tent 
mcchanism assists in setting squarely 011 the 
contncts :lnd so permits adjustmellLs to be 
made wiLllout looking at the dials. 

FE ATURES: The switch rcsista ll{.'(! of all the 
T~"N~ 602 D ecnde-Resistance Boxes has been 
kept at about 0.002 ohm per decade by 
careful mechanical design. This fact is very 
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important in a pplications where it is desired 
to keep the zero resista nce of 1I box as low 
as possible. 

The individUil1 resistors in the 'l'~"PE 60i 
Dccade·Resista nce Boxes a rc adjusted Lo 
havc their st>ccifi ed values a t their own 
terminals nll( not at the terminals of the 
box. Tllis method of adjustment has been 
adopted primarily because no method in 
which the switch resist.'Ulce is absorbed in 
some one unit of a dec:lde can give the 
correct vnlne of the total resistance for all 
settings of the various decades. 

There nre also many types of meaSU1'C­
ment, such ItS voltage-di vider und substitu­
tion measurements. in which the difference 
betwccn two setti ngs of a resistance box is 
the important valne. Thi s difference is given 
correctly only when the individual resistors 
have been adjusted independently of switch 
resistance. 

All General R adio resista nce boxes are 
designed for both direct- ami a lternating­
current applications and their uscfulliess for 
many applications extends well into the 
mdio-frcquency range. Inasmuch as mangn· 
uin wire is used in all boxes except in the 
highcst decades or the '1'1'1'10:.'" 602-l\f and 
602-L, no difficu lty is encountered in direct­
current measurements !.>ceause or thermal 
emf's (see discussion undcr 'l'n'1:"l510 Decade­
Hcsistancc Units). The lower decades a rc the 
most satisfactory at hi gh frequencies. but 
there is no serious frequency error in any of 



  

tile units below 50 kilocycles. :Frcquency 
dwrae;teristics fot the individual decades are 
given under the l'YN; 5 IO Decade-Resist/wce 
Uni ts 0 11 pagc 21. Whcn scveral decade~ arc 
assc mbled in :l si ngle box, the box wiri ng 
and cnpilcitance to shield of the indi"idu,ll 
decade!; will, of course, afrect the freq uency 
characteristic, cspcciaUy nt t he higher fre· 
quellcies. 

T ile maximum allowable current for ench 

RESISTORS' 

decade, based on a 40" Centigrade lelilpcm­
ture rise, is engraved just above each decade 
switch knob. T his information is therefore 
always before the student or laboratory 
worker and so elimina tes gucsses as to how 
much cmreut can be carried by :l gi .... en 
decade. 

The temperature cocffi cicut of I'csist.am::c 
for all the boxes is less thMl ± 0.0012 pe r cen t. 
per degree Centigrade at wom Lcmpcralu refi. 

Ii' 
m 
Z 
m 
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SPECIFICATIONS o 

o 
o 

Type of Winding: &:e $I>e<·ifkalions (or 'I'YI't~ 510 
Decade-nesi~lallce Units. I"'ge 20. 
Accu.oey of Adjustm~nt: .-\ 11 clmls are adju~tcd within 
0.1 % of the stated ,"ulue bet "·cen t<lrd terminals. except 
the l-ohm ('Ilr<is ",hith are adjusted wilhin O. '.!,i% nnd 
lhe O.I-ohrn ('8rd!l whit.:h fl.r,; lu.lju~t(l<1 wilhin 1%. 
Z ero Resist. ... ce: The :fero re!ts ltlnec of the variolls 
!JOXe5 variilS ,,·itb the numher of diab as (ollows: 

No. oj Dillis Ztro nUiil(l~Cll 

2 O.O()·I- O.OOG oh lll 
!I O.OO(l- O.OOll ohm 
4 0.008-<).012 ohm 
5 0.010· 0.015 ohm 

Temp~r"to.lte CoeHici~nt: l.clis than ±0.00't% Ix-r 
tlejrree Cent igrade at room tempern tures. 
Frtqu~ncy Charact~t i stjcs: TLere is no serious fre<juenc.,· 
error below 50 I.e. Al higher frequcllcie!l the error re~lIll!I 
from skin eff(l<;t and the erred. of the n:actall£:<! in the 
cards. and from the inductanceo( the Lox wiring which 
i.$IlOOut 0.1 rnic-.rolienry per dial. 

For chnrac-tcrislics of the individual decadCll, 8(:e 
tabulations for T nt: 510 Decnde-Hesi5tnnoo Units, 
page !i!J. 

T hi.$ showlS the interior COIl­
slruct.ion of a 'I' nol:: (;02-J 

De<-ade-HcsisUUloo Box. 

T,,. Rl!tislaltl!~ 

602-0 11 ohms, tot.l , in steps of 
602-E 110 ohms, tot.l , in st~ps of 
602-F 111 ohms, lot.l , in st~ps of 
602·G 1110 ohms, towl, in st~ps of 
602-K 1111 ohms, tot.l , in st~ps of 
602-J 11 ,110 ohms, 10t.1 , in II~ps of 
602-N 11 ,11 1 ohms, tot.l, in st~PI of 
602.M 111,1 10 ohms, lolal , in st~PI of 

0.1 
1 
0.1 
1 
0.1 
1 
0.1 
1 

602·L 111 ,100 ohms, 101.11, in steps of 10 

ohm 
ohm 
ohm 
ohm 
ohm 
ohm 
ohm 
ohm 
ohms 

Muimum Current: ~e s]lcdficnlious for TYI'~: 510 
Decndc-Hesistlln<lC Unit.~. I"'ge 21. Values ror _100 Centi­
grade rise nrc engr.wed ou panels dire(:tly nLove swilch 
knobs. 
Switch~s: Quadrupk~leaf, !,hosphor·bronte swilche.~ 
benr on ('Oll tad studs ~ incl, in diameter. Swil<:h 
brushes are bent so fI~ not to be langellt to the arc of 
travel, lhu, :woiding cutling. A ~l1m-type .ident is 
pTO\'i<Jed. There arc eleven oontnd point.8 (0 to 10 
inclusive). 
T~'mi""k J llck-lop hinding posts set on Gell;:r:tl Ibdio 
standard ~-incb spacing for r~istnnoo connectio ns_ 
Thcre is an e~tra post nt the CQrner of lhe pnnel for 
C()unections to the shield. 
Mounting: A copper-lined walnut cubincl. with alumi­
num panel, oom\,lctely encloses ~wilches and resistance 
unih. T he pnuc (juish i~ black craclde lacquer. 
Dim~nsionl : PIiTte! length .Iepezuls on the number o( 
.lials (see pri(:clisl), being 7~ [or !i!-diztl , JO% (or S·dial. 
13 [or -1--Ililll. nIHI 15% inches for 5-dial bo~cs. Panel 
width, 5 inchcs. O'·er-allilcight, Ii ihehes. 

Nt! W~ighl: 3)1 for 2-dial, 47.1: for 3-.tial, a [or ·I-.linl, 
and au pounds (or 5-dial boxes. 

No. oJ 
Di .. h 

, , , 
3 
·1 
·1 , , 
• 

Type lilO 
Dcr: .. JN Ustd Code WOTt/ 

A.U 1)t!(.'O¥ 

It C 1J~:(;nY 

A.B. C 1IP-I.T.t 

U, C. D IIIOIT 

,\ , 13, C. I) l));n:u 

u,c. o, I: D ~:IIIT 

A.B.C. D.E I)~: )IO)<,· 

11. C, 0 , E, F 11I:~IlT 

C, 0 , g,~' O£C"y 

I'ri« 

$25.00 
25.00 
35.00 
35.00 
45.00 
50.00 
62.00 
70.00 
58.00 
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RESISTORS 

TYPE 510 DECADE·RESISTANCE UNIT 

USES: The Tnt; 510 Decade-Resistance 
Units nrc precision resistors admirahly suited 
for assemhly into either experimental or 
pNDl,lIIcnl equipment where only ;1 single 
clcc:uie is desired Of where 11 TYPE (1)2 
l><''Clldc- nesistn u<.oc Box cannol be moun ted 
IX)Jl\'cnicnl iy. 
DESCRIPTIO N: Elich decade is enclosed in 
all ulum iuullI ;;;hield. :\lId a knob and etched-

metal dia l plnte :Ire supplied. The unit is also 
llvllilnblc (:omp\cte wilh shield. blank dial 
plate. switdl stops, and knol." bUl without 
resistors. as the '.fY J> t; 510-PS Switch. 

FEATURES: Each resistor is carchl ll), ad­
justed lind a~d before being asscmbled in t.o 
tile units. The construction is such Lhnl 
frequency errors are negligible below 50 
kilocycles. Complete informntiou is given in 
thc speci fi catiolls HEldt:r " J,'!'cqllCIl(:Y Char­
{lcl.erisli cs . ., 

All resistors IIa \'c a temperaturc cocffi eicI Il 
of rcsistnll<:e of l es.~ tllan ± O.OOQ per <.-e ]] l I)CI· 
degree Celltigl·ade :It room temperatures. 
Ma ngani ]] Wil-c is used in nil decades except 
the Tn'~;S alO-F Imd 510-G. Since the tilcr­
ma l cmr's generated II I a manganin-copl)Cf 
junction nrc very smnll. no difficulties arise 
in low-voltngc di rt~cl-currCll t measurements 
whcnthcsc boxes arc used. Since the 10,000-
ohm and 100,000-0Iu11 cfltds arc not wou nd 
wi th n1ang;lnill, enre sllou!d be taken ill 1011'­
,·oltagc direct-current work to sec that 
tempcrature d iffercm:cs ure kepl. at a 
III illi III til 11. 

E;'eh resistor. willi the exception of the 
O.l-ohm steps, will dissipate approximately 
one-hnlf wnlt of power WitJl It temperature 
risc or 40° Centigrade. The allowable curren t 
fo r thi s tem pcrature r ise is cngru\·cd 011 Ihe 
din! plllte. 

SPECIFIC" liO NS 
Accur.cy of A djustment: Be..islors :lre ndjusted to be 
1l~'Curnle nl Cll rd lerlll iMI$ within the lolerlln~ giv.:n 
in Table I ou Iled I)III!~. 

Muim um ( urrent: 5.!e T:lhle I on ne.~t pube. 

Type 01 Wlndin!!: 5.!e T:l],l~ J on next ]J~.&;e. 

Freq uency (h,rl <;tcrilti<;l: 'l'nhlcs U :",,1 III li.<I .. respe<>­
tinl~', lhc Jlcrcenlage change ill resi~tance nnd impe,l­
aut'C for each dccade. "t m:axiUluUl s.:tliug. :IS It 

r!lndion of fn>(jlleney. Th_ values indk'llle thc "rror 
Ol.'Cllrriug wl'eu the .Ieea.le is uoed as a serid drcui t 
elelllelil or M n ,·oltage .Ii-·ider, respectively. For Ihe 

]ow-resi5ltuK'I;: J~n<les the errors M'C :lhnOllt en t irely due 
lo skin cfk'ct. while ill Ll,c high 're5islan(.'C d~adcs lhe 
shunl Cltlllldlll ll<:C 1:111,"c.~ '!lOSt. of t.he error. When tll('~e 
d~ndC5 are sll1lulcd IICr06S a tUlled circuit wl ,,)te the 
rellctllllL'il i$ tnnetl 0111. lht re" 'niuiug error is only Ilmt 
OW;"!! to skin elre~1.. T hllt is. lhe parallel rclIislll1ltt of 
lhe hillhcr·resi~tlln.'C deen\k'll ehau!!cs by oll ly n fraction 
or tl .e amount tlml is indkl1led in lhe t llbld ru; t he series 
resi~ lnnce error. 'J'hi$ f;ld i! l>Ilrticulnrly illiporl:ini with 
rerercn~"e to the T n-I< .!HO-G which has IOO,OOO-ohm 
~tep~. At maximum selling lhis unil hilS II - 1% eh:U1g.: 
i,\ ~cries rea:iil~ n~'C .. l 1 kilocycle, uut it, JI.IIr;>,UeI reo 
sislunoo ii chnnged by 01lly - 1% al 10 kilocycles. 

T hese pictures show some of t.i,e conslrud.ioll ill .ietails of T rl'r. .5 LO Decade-lIl:Sistllnoo linil$. (1,efl ) 'I'be 
rC!lish'I1~'C clements of the T rrr. 510-:\; (ulllty) Detai1~ ur contad :uulliwiteh ml:ehanisuls: (right) The re­

sislance clemeutli lur Trill: ;HO-C. 
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'I'''ULE I 

.1/ =imm., ('/lTrt/ll 
ill aziml"'l Pmt:t:r 

per Rui610r 

:'10-.\ 0.1 !! ±1.0o/~ Hilllnr I " loU II 
5\0·S I 0 :1::0.25 0 Ayrton-I'trry "" mil SOO nm 
;;lO-t: 10 n ±O. I6} :\ yrton-Pcrr,v 110 IlIII ~O mil 
!'JO· I) 100 " ±O. l % AYl'lon-l'err,r 51'> nm " IIlIl 

510-E 1000 " Unifilar Oil l'oIi"o 10 rna '!~l lila 
;'10-10' 10.000 " 

±O. I~ :1::0. ] (1: 
:1::0. ] % 

iJll irilRr on ]'. Iien , rna 7 ",,. 
:'IO- G 100,000 " S,}Q<)I I.S rn" 2". mil 

() 1"('111 ~ 

O. I-oiJm ~tells 
t-ohm steps 

10-011111 s\('ps 
](Jo(k)ilm . teps 

1000-ohm slel)S 
10,OOO-(lilm steps 

Duade 

0.1-011111 ~tej" 
I-(>hm ste]l5 

IO-ohm stepa 
l00-ohm steps 

IOOO-ohm .stcp.1 
IO,OOO-olu)l stcps 

TABLe II 
Percentage ClulllJ,:e in ll e!1i~tan('e 

For Mnximum ScUilig of Each Decade 118 II "'uuctioll of Fre<lucru;y 

F rtf/III'lIeu "I < 
Oil 100 200 500 1000 

0 0.1 % O.'l% 1.5~ , % 
0 0 0.1 % o, ~ I % 
0 0 0 0. 1"0 0.562 0 0 0 O.I~ O.3YV 
0 - 0,1% - 0.5% -3 'io - 11 % 

-2,$% - 1'1 % - - -

TABU : II [ 
Change in I mpednru..'t! (a~ II percenta!;e of lIomin,,1 rt'.$istl1l1t'e) 

for M.a.ximum Setting of ~ch Decade II.S 11 Fund ioll of Frcquency 

f'rtqllc e/l til Ito: " 
'" 100 .00 .'00 1000 

(I,\!% 0.7% 2 6f - -
0. 1% 0.2% 1 i9 I> ~ -
0 0 0.1 % 0.':;) , % 
0 0 0 O. I ~ O,~% 0 - 0 1;:: - 0.5% -, , -0 % -. % - 10 0 - - -

"WOO 

-• % • % 
0.8% 
-
-

""'" -
-
-
1% 
-
-

~lP C W,.. 

0.2.:; w;,tl 
0.(; "' .. u 
0.0 W/lit 

0.' "'IIU 
tl . .i ... ,.Il 
0 . .. ; "'lIH 
0.0 wall 

5000 

--
11 % 
470 
--

0000 

-
-
-
5% --

Dimensions, See sketch; ~ I,"ft .tinmetet' is h ind, . Switches: Qua,lru]lle-leaf. phosphOl"bronltc li,,·itcl,es 
hear on conlnet .tutlll '" incll in (tinmeter. Switch 
btw;hes are ~nl $0 u not to be 11I1Ig<':lIt to the arc or 
lral'cl, tlt"s /I\'oiding CUlling. ,\ <.1\m-t..\'I1-'Il dcteut i.'I 
I,,·ol,idl-....t. T here are c1el'en ~· • .mtnel poin18 (0 to 10 
inclusive). T he swi teh re$lslancc is between 11.002 IIlId 
0.00::1 ohm. 

Net Weight, 'J'rrE 510 ('"illl, 11 O'UlL'eS; 'I'\"1-'E $ 10-1':;4, 
9~ ounCC.'l. 

Tempe •• tl.l' e Coefficient: T he tempemtul'c: oocfllcient 
of resistan~"C ill len tlum ±0.002% per degree Cellti!;f;lde 
al room temperntures. 
Resist.nce Wile: ~h)lgnnill is used 011 nil t l,e .. mailer 
deca(les. The 10.000-011111 1;tIrd~ are woulllI "'ltlt a 
eollliJin(ltioll of i\it:hrome Ilm! Ollinax, which giVe\! II 
nea rly ~eto temperature (:()efficient. t\d\"llllcc ",ire is 
IIsed on the IOO,OOO-ohm nnits. 

Telmin~ls: &lltlering lugs art:) pro,·j,led . 

Mounting: Elich d~~,Je ill l:Gnt]Jlele with dill! plate a ut! 
knnh and call I.e mounted on an~' IIlInd toet "'eell M ;1I(:h 
111111 ~ inch ill t hieklle:J;$. 

'f'.I/PC To/a! Per Sl~p 

510-A 1 " 0 .1 
510·8 10 11 1 
510·C 100 n ,. 
510·0 1000 !I 100 
510-E 10,000 !I 1000 
510. F 100,000 n 10,000 
510·G 1,000,000 n 100,000 
5l0·P) Switch .... ......... ........... 

[1": 
I 
I 
I 
I 
I , 

2 Mt9. holes 111-8 DriJi 
c'sink for 10-32 F.H.M.5. 

" I 

(j)-/ III ,'';, 
~" 1\' ~3!i'-J LL-_____ -L 

I--'~ 

('ode Word !'riCtl 

II m."T t: $8.50 

" ELllt; " 8.50 
n t: l,t:oy 8.50 
n Y.I.DOW 8.50 
11 ELECt' 12.00 
11 t;t.\"AS 14.00 
!! 1l:!<'"T1>1I )0.00 

.:sl'or 5.00 
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RESISTORS 

TYPE 670 COMPENSATED DECADE RESISTOR 

USES: The T Yf' f; 670 CompenslItcd Decade 
Ucsist.ors I1re in te nded for use in n-c illl­
pcdtlnee mensurements. where l1on-rcndi,'c 
increments of resista nce arc desired. This 
type of decade is practicnlly an essential for 
radio-frequency bridge mcnsnrcmcnts, li nd 
has mude possible the development of TvI'E 
516-C Radio-.Prcqucncy Dridge. It is equally 
useful in tUlled-circuit .<;ubslilution methods 
of measurement . I n \.he T\'I'~; OG7-A 111-
ductance Dridge, fo r the pre<:ise measure­
ment. of iudud'lnce at Ilud io frequencies, this 
decade resistor is also necessary. 

DESCRIPTION: The THE 670 n o:c:es are as­
:;cmblics of T n'I, 668 Compc nslllN\ Decade­
Hcsistancc U ni ts lind 1'1'1'" 66!) Compensated 
SliJ e-\Virc R esistors. 

The decadc-resistance units usc a double 
card system, liS shown on next page, und 
the switch is so Ilrr:lDb'Cd that :1 copper coil 
is substituted when a resistance coil is 
switched out. of circuit. The inductance of 
l.he copper coil is cqn.ll to t.ht:: illduct.. .. l1Ice 
of t.hc rcsistall(:c coil but. its rcsistmlCC is Yery 
small . Conscquent ly . as the position of the 
switch is changed. the inductance of t he 
dccnde is kept. co nstant and on ly the rc­
sisluncc is varicd . 

A completely shielded cabi net is provided 
with the shield brought to II lj('paratc lcrmilla l 
fo r indepe ndent {.'Onnedioll . 

FEATURES: Tile grcalc:lt adwlIllo gc of the 
'1'Yl'E 670 CompenS:ltcd Decade Hesislor is 
that iLoJ illductnnce is {.'OlIsLant witLi n 0.0;) 
microhenry regardless of the re:listance set­
ling of the box. Furthermore, the total in­
ductance of the box is blLt OIlC microhenry 
and so litt1c difficulty is cncolLntered in 
ba lancing out th is amount in preliminary 
adjusllllcnl~. 

T wo of the boxes have continuously. 
adjustable compensated slide wires thus 
alJowing extra fine adjustment of resistanec. 
a feature espeeiolly useful in bridges whe re 
accurate balance is desired. 

H igh accuracy ltnd low temperature co­
effi cicill of res.istnnce arc maintained ill the 
T Yf't; 670 Doxes. The current r:ltings for all 
decades, based on a 40° Centigrade t.cmpera­
ture risc, are engraved on the panel. 

SPECIFICATIONS 

Type of Wind ing : TIle 10-oh," and l-ohm slefl'! al'C Zero Reli1t.nC.e: The uro ruulanee or the .Wl'ercol 
:\yrton-I' elT)" resi~tAnce cards. ,,'hile Ihe O. I-ohro step' boxes i~ given below. 
are bim!!. ribOOI1 units. T he conslruct.ion or the s)j.le 
wires is ShOWD on the next page. 

,\ 11 dtc:ades are eompo::ll$l ted by copper coils 11$ ~l.o\\"n 

ill the dilogram on the next PJlge. 

Acc.ur.cy of Adju1tme nt: n esi$\ II Ul-t incrcment~ are 
oorrco::t " 'i\hin 0.1 % for tile 10-ohm steps. O.'l.i % tor 
the l-ollm sl ep~. 111'1,1 1% ro. Ihe O.I-ohll"l slcp:s. T he 
l -ohm Hud O. I-ohm slide wire.l ore correct wilhil1 1% 
ADd !t% of full-scalo '·alue, respectively. 

22 

fiiO-JjW 

G70-F 
G70-1·'\\" 

O.035-O.G.N ohm 
O.Q:lO-O.o.;.Q <lhm 
0.070-0.000 ohm 

Y.rro 11l(/o";:/llIIce 

0.70 mirrohenry 
1.05 microhcnry 
1.0" l1IiCf(lhenry 

Induct.nce: The ~ro inductance of the boxes ill give" 
in the lable a.lxl\"e. T his \falue remains ('Onstanl re-
111rdlC$ll or m;is tance !leUing witl,;" 0 05 ulicroilcnry. 
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RESISTORS· 

Interior of TYPE (J70-F CompCDSllted Decade Uesislor. 

Muimum CUtu:nt, See speeitkntionl) for T nI': 668 
Compen~ted D«1lde-llesistllnee Unit and 'l'Tr£ 069 
Compcnsaleo:i Slide-Wire Resistor on pages !l.l Illltl 25. 
Values for "00 Centigrade rise are engraved on the 
panels directly above the I,,-itch knob. 

Frequency (h'l.el"istie" The frequency charttcteri$tics 
of the TYPE 670 Compensaltd Decade HesistOl' .~ 
similar 10 those of the TYPE 66S and TYPE 669 Unill 
which are used in tl,e OO'l:e'!I . IIowc\·cr. the bo:t III-iring 
• ml cabinet shield alTect these characteristics S(lI1le\\'hat. 

Temper.lule Coefficient: 1.eM tban ±O.OOt% per degree 
Centigmde at room temperatures. 

Switchtl: Double-leaf. phospbor-bron%c switches bear 

T,,,, Rt~i.l(mc~ 

"670_BW 01011.1 ohms, 10t.I, with slide wire 

ou contact studs U iuch in ditlmeler. Switch brushes 
are bent 8() II! not to be lIIngCll1 to the arc of trove!, 
thus «"oiding cutting. A cam-type detent u llrovided, 
There are eleven oolltact points (0 to 10 inclush-e). 

Tcrminlls: Stnndn nl M·inch . Plteing is u.5C(1 on the 
t(mllinal. , A grouml ~t (:onn~te.1 to shield and panel 
is abo pro\·ided. 

Mountln,: The dials art: mounted on aluminum panel.! 
ill coppe .... li.ned "'ainul cabinets . 

Dimensions: Pantl, (length) IS ,; (width) .:i incites. 
Cnbintt, (htight) 5 inehu over-lIl1. 

Net WC;9ht:,'j pounds (11 11 types). 

Til" U"il6 Uud Cod, Word PM 

GG8-A, ·n ~ GGI}· 1l ... mUl) 560.00 
670·F Ot0111 ohms, tot.I , in sleps of 0.1 ohm GG8-A. -8, -C ... nyu 45 ,00 

"670_FW Ot0111 ohms, 10t.I, with slide wire 
'PAT HST NOTICE. ~ S Ole 17. p&g<l ", 

Thm two diagrams show tbe COD5tructiOlJ of T HY, 008 
wmpeDsaltd Decade·Resistance Units nlld 'j','PJ: GOD 
ComlltUsRted Slide· Wire Hesistor, 
The CQm lltUDted decade resistance is sbown at the 
rill'ht, OPI)()S ite ends of the switch blade make contact 
wLth retistan«.: 01' inductance windings. I'e$pective1y, 
A. a raistance step if! added to the circuit. a rom­
pensating illductalloo step is ,removed uti vice \'ersn. 
The ("OlIslruclion of the compensated slide wire is shown 
below. A .. the slider is moved ;1I0Dg. a length or ("Opper 
lI'ire is subsliluted for all equh'alent length of UULnganin 
"ire nnd vK-e vena, 

, 
, 

, 

, ~T10" 
lI<RU" ... 

GGS-B, ·C ~ GGD·A ... lIOWS 55 ,00 
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RESISTORS 

TYPE 668 COMPENSATED DECADE-RESISTANCE UNIT 

USES: T he T YPE 6GB Compellsated Dceadc­
Jlesistnncc Unil is the basic un it (or the 
1'YI'E 670 Boxes and CRn be buill in loexpcri­
mc ntul or pcrmllllcnl C(luipmcnt. ]~or precise 
im pedancc mCflSurCllIcnts a t radio freque ncies 
uud many UlcaSllI'cmcu ts t~t audio frequencies 
the 1'1" ,t; 668 Units arc indispcnsublc liS 

bridb"C cicmcnL ... 

DESCRIPTION: The T\' p g GGS COIllj:X: l1snlc(1 
D ecadc-Resistn u(.«! Unit. is equipped wilh a 
r/ouhle set. of switch contacts, by mellns of 
Wllich a (.-oppcr windiug is cxehallb'Cd, step by 
slep, for the resistance cards, thus keepi ng 
t.he to t.al ind uctl1.lll.:C (.'ollslant rcgardlcits of 
r'csistnllCC setti ng. (Sec di agra m under T YI'I:: 
(}70 Oil p:lgc 2~.) 

T he units :'Ire mOllnted wilh :'111 dchcd­
meta l dial plate, knob, a nd stops, but with 
no shield. 

FEATURES: The TYI' ~: 608 Com pensated 
D CClldc-Hcsisla licc U n its are i\(.'curalciy ad­
juste<1 rcsist:UlC(!:C; with 11 low tCIIlI)Craturc 
(."QCflicieulof resis tllltCC. 

Sinr..-c it is impossible to build a rcSiSt:H1CC 
\\·ilh 110 induclnncc. the next l)Cst condition 
i$ a ull it wi th II low bu t constnn t induclHIlCC. 
Accordingly, the T Y'PtJ GGS Units havc been 
bu ilt to h llVC but a few tenths of a micro­
henry illd llctuncc a nd t llis val ue remai ns 
constant to witilinO.05 microhenry regardless 
of rcsisttl.IICC setti ng, 

Carefu l construction Iws made it possible 
to keep the freque ncy errors sll1ll 11 a nd so IlII 
un its nrc w;cfu l up to sc\'cral megacydcs. 

SPECIFICATIONS 

Type of W illdin,: The 10-obID and l-ollm car.l~ are 
A~'rlon· J>err.l" wound, .... hile the O.l-ol,m ~lell$ Are bifil.r 
ribbon. Compensated windings .re lJ.'iC(1 on . 11 de(';,ulC5 
to mniutnin constnnt inductunte. (See diogrolD on {llige .. ,) 
Switch: A douhle-leJlf. IlhO$plJOr-bronze ~wit(:h bears on 
contact .tuds }4 inch in dlOmeter. Switch brll~l\ell UN! 
bent to as not to be tangent to the lire of trove!. thus 
avoiding cutting. i\ ('llItI·type detent is JII'O\'ided nnll 
tl,('~ lire ele\'cn contnct !loint.:! (0 to ]0 iuclIl5i\"1~). 

Maxi".11". ( ll tlen t: T ho following table t(i\,d the allo\\'­
IIhle current for the difT('renl unils. T he vnlues of 
('urrent for" 40· Co.:ntigrllJe tcml>erHture ri!l('. base<,l on 
onlHluurlcr watt dissipation IICr resistor lire ell~nl\'ed 
011 tl,e di.1 plate. 

TMlLE I 

'l'Y/1e 
Currell ' for 
00" C. Riu 

CUff"" for 
~o· C. Ili~ 

GOS-A 1.0 a 1.6 n 
_B 300m. ;;00 lUll 

G6~C 100 ma 100 ma 

ACCUI8CY of Adjultme nt , Uesistuuce inCrclI\cnlol nre 
cor~t within 1% for Lhe O. I-ohm sleps, 0.i5% for the 
l-ohm >IIcl).II, and 0. 1% for the lO-ohm steps. 

Zeto Rel illince, T he UfO re!listaut'e of the different 
units is ,h'en in 1'11ble I I. 
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7'/lJIe 

{illS-A 
008· B 
6GS-C 

TAU LI~ IJ 

lao RuidallC(! 

O.OOHlOIO ohm 
0.015- 0.025 ohm 
O.QIO-o.<RO ohm 

0.15 microhen r.I' 
0.30 microhcnry 
0.50 !J)jerohenry 

Induetlnc;e, The inductance of the differellt unitil is 
gi\'e ll in the tlIble nbo'~. '1',1l in<luc13uee remn;n~ 
t,,"stllllt regardless of n:sisUln~'C ktting wi thin 0.0$ 
microlLenry. 

T emperatule (oefficlent: T he temperature roeHieient. of 
resistnnce is lCili tlml\ ±O.OO~% per degree CenligrAde 
ut room tempel'llture!l. 

F",:quenc:y (h".c:te rlilics: The rrll(lUeDcy characteristics 
of '1..,.1'.: 0G8 Compensated Deeade-Hesistanee Onits are 
!irnilRf to tbose or T rl'J; 5]0 De<'Bde-Helist:,nce Units, 
Jlage 20. BOOl lise 1000ilm C' .. rd~ nre the largest used, 
the dTeds of shunt c:lpneit,mee are entirely negl igible, 
ami lhe clmnge iu resistance with frll(lUen~' resulL. 
Almost entirel~' from ~kiu elfa..1.. 

Although skin elfed. produces II I_ iti\'e elTect on the 
total resilstance, the skin effect in the compensating 
winding i$ greater tlUUI that in tile l'C!ii~tante curtis. 
Aceonlingly there i~ a !let negntivc change in resistante 
inere.nents. That is, the i.l<:rerncnt in resist,mce between 
one switch point and the ne~t higher one will be Je.,~ at 
Iligh freqllcncieJ; thnn ut low. This '"negati"eijkin cfled.'· 
At nne megncycle. is about-O.g% for the units dec,,,le 
nnd nQput - 0.0% for the tens decark. 
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Tt ,min.I$: Sol,iering lug~ are provided. 
Mountin,: InterciUlTIgcab!tl (ex('"ellt ror ~"'il<:h !t op~) 
wilh Tv!'.: ,,10 (~page !\!I.).\ ~'()mbin" t iOIl dial plate 
and dri lling template is rUnli~hcd . 

Dimtn$ionl: Diameter, S"", iDches~ ,:!epth btbind ]lUnel. 
::s ;ncheco. over·all; shMt diameter. Yt inc:b. 
N et Wti,ht: 10 OlUl~. 

'/'ype Tol(11 I'a Step COlle U'I)rt/ l'ri« 

668-A 1 f! 0.1 II ": .uu.1': $10.00 
668.8 10 ~l 1.0 II (1AII.\' 12 .50 
668-C 100 n 10.0 11 (;A I.()I' 12.50 

TYPE 669 COMPENSATED SLIDE-WIRE RESISTOR 

USES: T he THE 669 Compensated S lide­
Wire Jlesistor is designed for lise in bridge 
and o ther circuits. reqllirillg constunt­
inJlIdlll,l<"'e resistors, whe re it is desired to 
st:cure a closer adjustment of resistance than 
is possible with a 'l'Yl>E 668 Compcnslltcd 
Decudc-Resistunce Unit. It is also used in 
TYI'~~ U70-UW and Tn',,; 670-FW COIll­
pensated-Decade R esistor.>. 

DESCRIPTION: Three pilrullel wires. t wo or 
(;o pper imd onc of ma ngauiu, a rc mo un ted 
0 11 the ci reu mJercncc of a bakeli te d isc. The 
two (:opper wires a re connected a l one end 
and a shorl-circuiting arm connect. .. one 
(:QPper wire and the OIiHlganin wi re, a s shown 
in the diagra.m all page ~3. As lhe arlll ro­
tutes, t he resi.stnncc is changed but l ite 
indud:w t:c of the unit is ullcha nged. 

FEATURES: The T YPE 669 Compensated 
Slide- Wire Hcsisto r is a <!ontinlJo llsiy nd­
justablc reJ;istor and is vcry usctu l in obtil iu­
illg It precise baJan<..'C in bridge circuits. Its 

iJ1(iuctnm.'C is low fmd remai ns (;onst a.ut wiLlI­
in 0.005 miCl'Ohcnry. rega.rdless of setting. 

SPECIFICA nONS 

T ypt of Windin,: See dillgnllil ou page '-!3. 

Accuracy or Calibration: E:lI;J. ,mit is litled with n ,lial 
ill Ji\'idulIlI,I' clIgrn\'c<l III !.!-.l points gi\'ing the incre­
mell tnl slide-wire rcgistnncc witl,;11 1% of rull-kalc 
mille ru r tl,e l -ohm ol\iu and 5% or full·sen le "nlne ror 
tire O. I-ollln units. 

Ztro Rtsi514nct; The ~ero r\!$ i~h(llL~ of t ilt: Tn'!: OO!)·A 
i¥ 0.0-1 to 0.06 oh m while that of the '1'\'1' 1: GliO_1t i¥ 
0.015 10 O.WO ohm. 

Mnimum Currtnt and Power: T he rollo""in~ hlhle gh'cs 
the ""lues or allowlIble currcnt ror the two uniU: 

669-.\ 
tlCD-1t 

M (lnllllllPt Ourrenl 

for ro" C. Rin lor .we C. /l in 

1.6 a 
';.0 a 

For a ·~O· Centigrade rise 11 nlax;mulU or 't.;) \\':, tl..ll 

I lIcrCnltllllll 
Utllulmrce 

669_A 
669-R 

1.15 ohms 
0.115 ohm 

will be , Iwil'!llcd loy cach nnit. T he value or current 
ror th i~ r i$e is engml'ed on t he dial. 
Induc\tnct: T he iu\luctllnoo of botl, slidc wil"C:!l is 0. 15 
n,ir:rol'CIl.Y. 'I'h i~ w.Jue remuins (.'Ou.i\ :llIt within O.OO,!; 
1I, i<.;rohcnry rCJlurdlcs.~ or the sctliug. 
Tlrmp".lurc Coefficient: Less than *O.OO~O/. poe. 
.Icgree Ccutigrl,de at MOttl tcrupemtures. 
Frcqutncy Ch.r.ctt,i,tic$: Shwlt C>lllaci tanoo elT(.ocl..t are 
IltlgligiUle. nll ,l the largl'Sl errors ntedue to skin elJeet. 
\\' hichJ)roduces lIll error on t he ;ncrcmeut.1 N:sistl!.n~ 
of -~ro lit MO kilocycles Illld - -l% at 1 u'egae>'cle. 
T trmillal$: Soldering Ingt are pro,·ided. 
MOl/n tin9: Illterellangcable ",itb Typl,' 668, eIoopt ror 
the use of dial alltl i lo",-mouon Uri,·e. A dial indiCA tor 
is 811]lJllietl. 
DimtntionJ: Ditirneter,!lM inches; depth bebind panel. 
:J inche!l. o'·er-:!.Il. 
Net Wti,hl: 8 ounces. 

Code W ord 

$17.50 
22.50 
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RESISTORS 

TYPE 249 A TTENUA TION BOX 
USES: 'fhe 'j \'I'£ fBI) Attenuation Dox is 
uscful in powcr-lc\'cl measurements, trans­
mission-effi ciency tests, and in gain or loss 
IHCaSUI'Cl11cnls on lranstOl"mcrs, fit lers, 0 mpli­
fiers, nnd simiillf equipment. It is nlso used 
us a power-level control in circuits not 
equipped wit.h oluer "oluUle controls. 
DESCRIPTION: T he 'l'l'PE 249 Attelluation 
Dox is a constant impednnce atten uatar 
wl.ich con tains a grOll I) of resistance clements 
so arranged tha l definite and known amounts 
of power loss call be introd uced by operatin g 

the key switches. when the OOX is 1I.~ccl 
Uctween specified "alues of input. and output 
impedunces. The total nltenuation is givcn 
by adding t he decibel values cngr:lvcd by 
c:lch of the keys. 

FEATURES: T he oulslanding rClilurcs of tbjs 
box nrc its wide range and high accuracy_ It 
cn n Ix: used on freq uencies ns high as fifty 
kilocycles wilhout introd uci ng UIlY ilPp rc­
ciable error. Both the T·t.ypc section amI 
lhe balanced-IT sect ion arc :lvailnble_ 

SPECIFIC ATIONS 
Attenultio n Ringe: 110 decibels in gleps of 1.0 decibel. 
Boxes with other attenuation mugu ClIO be mllde on 
s. pecialorder-. 
Terminll Imped.nu: 500 Oh1ll8. J30.~e5 for other imped· 
aneel elln be made on !1)CCilll order. 
Ac;c; ufuy: Each indil-idual resistor is atlju5led within 
O,t>% of its t"Orrect value. At frequcnde;; bdow 50 ke 
the maximuill error iu nUeuliHion is 0_2 db. 
Type 01 Section: Both the T-SC(:tIDU !Iud IJalllnced-H-
5e<.1ioll models lite 1I'-lI.illlble. Both l~-pe'I Ilresent • 
eonstllnt imlleUnUt"C in both diN:ctiollS, l>ut the 11111. 
IIneed·1I slroul\! be used where both s ides <rf the drcui t 
mUl!t be 1JA1ancet.lto ground. 
TY!)11 of Winding : :\ yrton· l'erry windings Me Ul!ed for 
the low·rCllistance clcmenl.ol, ,,·bile unifilnr wintlings Oil 
thin mica cards lite used for the higIJ-resislllnce lIuil.ol. 
Muimum Voltagll: The maximu1I1 lJoCrmissible '·ol111ge 
varies !I01I1ewhot ,,·itlr tire nttenulilion, but the power­
bandJillg ('al)lcity of lire I..roxes will not he ex(-ee.:le<l. 
for any setting. if the ,·oltage applied to the iUJlut of tJIC 
Tn'E !H9-T is kept below \!5 yoll.ol anti that applied to 
the T\'J'l: !H9-li below 3t> \-olts. 
Swikhes, ~ight lo,,--capllcity key . .. ·itdle5 control the 
eisht attenuation sections. 

M o unting , T ire wlit! ~re mounted iu 3lricldetl walnut 
('Rl;incL'l with aluminum panels. The l~lIIe! and shield 
are oonnectt'tlto the terminal Itllllked G. 

Tt/min.ls: JUtk·top hinding POll l.ol with ~!. in ch ,pa.cing. 

Dimension" Panel. ( leng th) 10 II: (width) aU inehe.~. 
Cal;i~t. (de llth) aU inc hes, Q,·cr-all. 

Net Wllight, 7}i ]lound~ . 

3 0, 

2 4 
T-SECTION 

'f!}!"". oj 
n .. ugt Im pt'daru:e ileetion Code Word Pri« 
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249·H 
249·T 

t 10 til> in ~leps uf 1.0 tiL 500 OhUlS 
IIOdbiuslep, of 1.0db 500 ohms 

Bala nced·11 St."TWOIlKIiOU $120.00 
T St;TWOIlKTQ P 100.00 
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RESISTORS 

TYPE 329-J A TTENUA TION BOX 

USES: The '1'n>t; 329-J All('lltialion Box is 
used where l; rHnll steps in nttcnuntion arc 
desi red. 

DESCRI PTIO N; T his attenuation box is made 
in two scct.ioll s which can be used scparntcly 
or in tandem, Each section is nrrangcd SO 

tha l the nLLClluatioll is incrensed from zero 
by tuming n ltu'gc knob. A pOl!l ilivc dctcll t 
mecha nism is used which centers the lII ulli­
pIc-blade s;wilch at cilch s tep. When the two 
sections nrc used ill tandem, the lohtlllltCII-

ualiou iii given by the sum of the readings or 
the individual sections. 
FEA lURES: The T H E 32!l-J Attelluation 
n ox is m:ldc of balau(.-ed·l r sections (I ud has 
scpamtc ground terminals on the panel. The 
two allClluation sections may be uscd ei ther 
separately or together, since separate lenni­
Ilals arc pro\·jdcd . Good accuracy ancl fre­
que ncy characterislics, togclber with l he 
(:on \'Cl1ieIlCC of hn ving small stcps of uttCIlU<l­
LioD, make lhis box a useful adjunct to every 
(:olllllluniClltions laboratory. 

SPEctFICA l iONS 

Att,nl,l.lion R.n9': '1'wo sections IIrc ,11100, olle having 
II MUge of .5 deci~b in IteJlli of 0 . .5 dec:i~1 and thc otil('r 
hnving a range of Ml decibels in steps of .5 deciLeI •. 
liy mean, of rcwo\'uule link., eith('r .!edion is mnde 

IICIJarat<'iyamilaL.l e. 

Tt,minal lmpeciance : 600 "hillS. Bt)~C! ror olh('r impc,l­
ances can be mllde 011 $I'('.,ial ord('r. 
Accu/ecy: Each indivioJu!\1 resistOl' i.'I a,ljllllted within 
0 . .5% of its correct \'a lue. At frequencies below 50 kilo­
('~'des the maximum error iiJ O.!l decibel. 
T yp. of Seeliol'!: The '1''1'1'1; 3'!!)·.1 lL!IelI IJlllal1~"e(I·H 
scct.iolls which prc!sell t a ('()"~tun l impedance in bolh 
directions. Both ~ides of the circuit m"~t bc bnlnn ~'Cd 
to ground whcu this l.,·,le box is u~(!<;,1. 'I'-liec;lion boxes 
can be a" l)plied on .pecial order. 
Typ. of Windin,: t\~'rton- Pcrry winding_ on l;akelitc 
("r<l§ are u..oed for t.lle low-resist ance elements. while 
unifilar \\'in di"g~ UIL thin mien Cllrtl.~ a..,: uscd for the 
I.igh-rcsislanco: uui Ls. 
Mflt imu", VOIU9': T he maximum nllo",uble \'ol illge 
""riC!! slightl~' with lhe nUeuualion. bill the [lOwer­
h~nd1ing Cll.pacit~· of the sections ,,·ill nol l>c ex~-eeded 
for IIny scui llg. if 110 more I.han ·15 "olt", lire II I)plled to 
the iuput of either section. 
Switehes: )I ultiple.blade switci,es fire used with n 

T.'IJJe 

I)().!;ith·c t!ett'!nt ",hiel, cen t cr~ l he blnde nt cllch Ilt'!p. 
Mounlin,: t\ ",alnul ~binet ilJlLI'<:d wilh an cIIgr:i\'ed 
bakelite pnnel. 
T'lmin"I$: .Jack-t(J1' binding po~t.s with ~-inch spa cing. 
&!,J<<r:. te lerminal~ for cad, st:\:t ion lind t heir grounds 
nrc provi(k'{l. 
Dimensions: I'Buel, (length) 16a l< (..-idU,) IOU inches. 
Cahinet, (IICI)lh) G inches, o\'l':r-all. 
Ntl Wei9h1: l'l 1101111<1$. 

3 

2 4 
BALANCED-H S ECTION 

ClJlle Word 1'r;« 

329-) 5.5 db in steps of 0 . .$ dh 500 ohms. lIatanctd-ii "55.00 
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RESISTORS 

TYPE 449-A ADJUSTABLE A TTENUA TOR 

USES: The TYl'~: 449-1\ Adjustable ALlen­
untor has been designed liS a (:oll\'cnicnt aud 
compact uuillo be used ill broadcast sI)Cech 
circuits, mOlion-picture rccordillg chulwels. 
or any other IlUuio-rrequency circuit where 
dcfiuilciy knowu amounts of attenuation urc 
to be easily inserted and t'('nlovcd. It al so 
is userul as an isolation !letwo,'k or a lapel' 
pml for changing impedance levels either up 
or down. 
DESCRIPTION: Three 1<~ \cer-kcy switches 
control six scpamte balftllccd-U networks. 
The aelion of the first two keys inserts from 

o 1.0 ()O dccihciM ltltcnualion ill IO-decibei 
steps. The tilird key operates :tn impedance­
tapering network, which lapers the impedance 
from 500 to 250 ohms aud inserts 10 decibels 
atteIHltItion, in one position, and tapers from 
500 to 50 ohms :md inserts 20 decibels attell­
uation in another position. The middle posi­
tion of this key inserts 110 attenuation and 
nllows the box Lo work from lind into 500 
ohms . 

The keys ;\ltd pads tlre housed ill a small 
Clist aluminum ease together with standllrd 
input and output jack.':! . . 1\Ivuutiug holes Me 

provided Oil the base for use where the 
;\ttenU3tor is to be permanently attached 
to other equipment. 

FEATURES, The salient features oE the 
TYPE 449-A Adjustable Attelluator arc 
eonveniencc. compactness. and accuracy. 
Furthermore. this unit Cll.n be used as a taper 
pad where changes in impedance le"eI5 arc 
desired. Two pairs of jacks arc provided 011 

both input and output so that parallel (,"011-

nections can be easily made. Either end of 
the attenuator can be used us the input. Com­
plete shielding is afforded byaellst-aluminum 
case. The unit will dissipate up to 1.5 watts 
at the nominal input impedance and can be 
used without error on frequencies up tv 
20,000 cycles. 

SPECIFICA nONS 

Att.nu.tion R1n'JII!' Whell ope.ntiug between 500-ohm 
i lll ~lnll<_~, the range is 0 to 00 .leoeibf!1.!I ill lo...leoeibf!1 
!tep~. When operating I.Ictween 'l50-A IIl1 500-ohUi iUl]>cd­
ance>t, the rauge IS 10 to 70 decibels. while h(:lween 50 
Bud 500 ohms it is 20 to SO uecibds, also in lo.dedbel 
~teP'l. 

T II!lminl l ImplI!denct: T he iUJ].)edalH .. -e is 500 ohms in one 
uirei:tioll. ane! either 50, I!.~O, Ilf 500 uhms in tile other 
dirt'Ctioll . Either end way be useu 8$ the inpuL 
Accul.cy: Ene!. imii"Illual ~i..tor is adjll$ted "-ithi,, 
1% of it rorrttl \'a lue. t'or rrequencie. be]",,· 20 kilo­
eycll'S, the grentnl IH)SiIible error ill atlemml ion i~ O.'l 
dedbel. 
Type of Stction: :\ bal1lnt~- 1I sectiolJ i, 115cd . The 
center oolluectiull is not grollnJed" but l,ro\·uioD is made 
ror iM)uuding it to tile ~ if the user ~ desircl_ 
TYPII! of Windin'J: All cards are unima. wound Oil 
bakelite. 
Muimum POWII!I: 'I'll" lInit will safely di$5ipate a nLui· 
ilium of 1.5 watu al the nominal input ilLl l>edaacc. 
Swit<;h.u: TI,r.,.· W~lern Elect r; .. le,·c. -k"y ."itd,.,. n..., 
used to control the sepa rate "Ueuuating netwo~k~. 
Tii!rmin.15: TwO ~itl of jRcks, pllratld comwd.erl nml 
designed to take the stamlnrd Western Electric TYI't; 
~ I-A Plugs. are vrovided al both inputllnd OIIt].)IIL 

M ountin'J' The unit is mounted ill " cast-Il lumiuum 
~"Il&e. I\n al uminum panel li usal. 
Dimtnlions: Punel, (length) 77.( x (width) 3Ys in,·hu 
Case, (depth) 5~ inchc.'J. o\·cr-Ilil. 
Nt! W.i'Jht: ·IU Jlo\U"k 

_A,,_ 
" , , 

: I , I , 
I , 

, I r..::.;" 
I I , , , , '. • 

--.. 
Wiring dillgrnnl Qf lhe fir~t 5wil.::h of 'l'n'E ·II!'1-A 
A'ljustable Attenuato •. CUUUect iollll for t he other 

,witche;lllre ident iclt l. 

Code Word I'r;c~ 

449·A 570.00 
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RESISTORS 

TYPE 646-A LOGARITHMIC RESISTOR 

USES: The T YPE MG-A l .ognrithmic R esistor 
ili lI scd in measuring circu its where a wide 
r;lIlgc of resistance values must be coverer! 
and where, though each value II -"cd mllst be 
llcctlratciy known, using, fo r c:m rnple, 5000 
ohms illstead of 6000 ohms would causc no 
trouble. "It call be tlsed as a test load in 
tranSfOrlDCr Or amplifier measurements where 
the logarithmic arr:Lngemcnl of lhe resistance 
values makes it quite ensy to coyer quickly 
a wide range of impedances. Becausc of the 
convenien t terminal arrangement it is also 

possible to lISC lLtis box as It loga rithmi t 
voltage di vider. 
DESCRIPTION: Two decade switches arc 
used, the onc with rcsislnnCf! values from 0. 1 
to 100 ki lohms and the other with valucs 
from 0. 1 to 100 megohms. Both switches Ute 
brought out to panel terminals. 
FEATURES: The main features of this unit 
are its wide range in lI pproximately IOSll­
ritltmic steps, its 1..'Olllpllctness, and accuraCy. 
T lte box is completely shicldcd,lUld :1 separate 
lermiU;"l1 is provided for grou lld . 

SPECIFICATIONS 

R,nge: 0 to 100.1 megohmll iu nl'pro.~imn t e1.\· losn. 
ritlunic steps. 
Accul'cy 01 A d jultment: Individua l resi~ lor$ arc 
IIdjusted a.1 follows: 

lletweenO. l kllllml2 kP.. 0.1 %; Uet..-~n.) kll nnd 
1.0 )IP.. O.~5%; 2 M fl to 20 Mn. r.%: 50 ~III and 
100 ~lfI. 10%. 
Type 0/ Winding: T he I..'ollstrnction of the uni t!! belo"l\' 

Mn 

rup< 
646-A 1 100.1 me go hmt, 101,1 ... 

lhe 20,OOO·fI point is sirnilrtr to General n ndio .tandart! 
re~istftlloo-cnrJ COllstruclion, Bet..-ccn the 20.000·11 Hilt! 

the I-MOsIe!',. wire-"'ound 1Luils arc ltliCll: nIKl"c 
I i\H1, the units are of ti ,e mtlatl ited type. 
F'«Iuency Ch.,.cte.istict: The impedance for alternat­
ing currenls of an~' frequency is g;"en approximately 
by oonsid~ing n capacitan~ of 20 JlJlf wllh 1\ IKlwer 
factor of 0.05 to be in parallel "I\'ith the used portion of 
the "mcgolulJ,' .lial. $eoolld order I..~)f~tioll~ may be 
Il\ll,!e for It 2 Jll' f tnpaeitnncc Ilet"'CCll the high.,esistltn«: 
termill!!.1 of the "megohms" dial !!.nd ground. For resi,t­
a lice uses the unu~ed portion of the "megohms" dial 
should be sllort-d.reuited. 
Muim um Cunent: Individual resistou bet.\\·tc':11 0. 1 kp. 
aod u.5 kn will safely carry 70 mao l}etween I kO and 
I i\I a each resistor wi!! ,]issilmte ] "'!tU. H~islon 
gre;lter tlullI I .i\1O will dillil ipute jl walls. 
MUlmum Vol tage: 500 voltl. 
Te.m in.b: J ack-top binding posts "'ith ~-i.lldllpacing. 
M ountin9: .-1. collper·l ined ,,-abinet with an aluminum 
pilnel completely elldO!es I,oth swite:hes lind resistor~. 
T he panel finish i~ blllck crnclde lacquer. 
Dimentions: ( Length) 7N x <,Ie])lh)!j x (height) 5 inches. 
N tt Weight: 3}{ pounds, 

Price 

AWAKE $50.00 
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• RESISTORS 

o TYPE 654-A DECADE VOLTAGE DIVIDER 
o 
o 

-' 
<I: 

'" III 

Z 
III 

I!l 

USES: Tile Tn"1 6,5-1-.1\ D ecade Voltage 
Di\'ider will supply exact mlta!:'C ratios 
between 0.001 and 1.000 in steps of O.OO l , 
;Ind so is uscfu l on the input of (lJllplifiers flTHi 
si milar higil-illll)Cdall(:c circuits for reducing 
the input voltage by fL defini tely kno\\"Jj ratio 
which call be \"rlried in '"cry small steps. 

DESCRIPTION: This i 115l1'lUI1(:lIl i8CflUiYlIlf'nl 
to a p:l.ir of T YPE 602 Dcc:ldc-Ucsist:tncc 
lloxcscollncclcd in ~rics a nd so rn:Ulipulnlcd 
that as resi!'lLan(.'c is lnkCII out of QIlC box it 
is added to t he olher to mllintnin the tol:)\ 

rcsistllnc..'C constant at 10,000 ohms T hi s 
nction is ac(..'ompiished through lhe use of 
l\\"o 'j'n'E 510 D ccadc-Uesislnllcc Uni ts 
operated £,'om cach control knob by means 
of a chn in drive. 
FEA lURES: T he TYNJ 654-1\ Decade Vol tage 
Dividcr covers a very wide rnub'C of vol tage 
ratios. I t is possible to obtain 1000 different 
ratios from 0.001 to l.000. and each OTle if> 
known with ext'Cllcllt accuracy. The input 
resistancc remains <:omtant regardless of 
dinl sellings. and so reaction on the input 
voltage is eliminated. 

SPECIFICATIONS 

R.ngR: Yo[tllgc rotios from O.ooJ to 1.000 in steN hf 
0.001 call be obtll ined by .'II!tting "I' the desind "alue 
Oil the thrt'e switct.es. 
A ccur.cy: Each individ'ml resistor i. Adjusted "'itliin 
(). l~. 10 tile error in "oltage Mltio iii never /oI~ler than 
(}~Ye. 

f n:quency Ch.racte, iJti(5, IJ the e.~lcrnal clIl)"C"iIIlIl<;e 

T L-o 
OUT : 

I 
IN 

.I. 
I 

I'd/age 1I0lio 

654·A I 0.001 to 1.000 ill step!! of 0.001 

30 

",hieh i~ pla~d IlCros., the outPlit terminal$ is Ie.<~ Il1nn 
'lO ~~f. the frequency error is lelS than 0.1 % for nil 
freqllCllc:les below 10.000 cycles. 
Input Impedance: TII\1 input impedance i! n COlilltnnt 
mistllllCe of 10.000 ohm. regardlcu of the ratio setting. 
'111i.! "lIlne is engraved on the pIIneJ. 
O utput Impedanu: T he "ollng\1 div;([fr is nL'Cllrllle 
only ,,·hen the oll\ lmt in11)e(I:UK-e i5 eJSeutilllly inlinite. 
Maximum VOI~9':: The mu.~imuU\ nllowabl\1 input 
I'ol tllge for II ·.10" Ccntigrlltle temperllture risc is 1130 
,'OIl'!. This mlue i, engrrtl'ed 011 t.he panel. 
Tempe"tUre Coefficient: The temperatu re I"Oellkiellt 
of the re~is tor5 ;~ leu lInin ±O.OO~% per dei;re<I' Cell i i­
grlllie lit normal room temperntures. 
T. rmin.h: J ack-top bindillg posts RI'1! provided nnd 
slnmlll r,1 ~-il1ch ~padng is used. T he shield i~ (.·(HI­
nedc'! to one terminlll of both input IIII<! Ollllllll whieh 
i~ marked G. 
Mo untin9: The d<--rndcs nre uU)lllllen on nn al um;",,, ,, 
\lIlne! wIdth is end08ed in Il shielded w~lnllt cabinet. 
Dimensioni: »anel. (lenllh) 13 x ("'klth) 1 inches. 
CRhinet. (depth) .~U ino: res. ol·t'!'-all. 
Net Wei9ht: Ski' 1)I)lmd.'l. 

Code iJ'nrd l>ri~ 

AlIACII: $85.00 



  

RESISTORS 

TYPE 526 MOUNTED RHEOSTAT-POTENTIOMETER 

USES: A calibrated slide-wi re resistor is an 
extremel y IIscfullabornlory accessory. TYl'E 
526 Mounted Rheostat-Potentiometer is 
su fficiently accurnlc for use in mally bridge 
IIICasu rlo!lllcnts a nd is recommended (or use 
tiS the powc l'· fadol" (;onll"ol in T n 'E 025-A 
Bridge. 

Jt. is a cOllveuient resistor to use in de­
te rmini ng rcsis lfLflCC val lics in experimental 
circuits. 

DESCRIPTION: A slnndnrd Tn); 47 1 R heo­
sta t-Potentiometer is moun ted in II steel case 
lind flll"lli shed wilh a cali bmtcd d in! plate 
and standard lCl'Ininn is. T he l'csisln ncc unit 
uses a four-finge r contact a rm which gi ves 
smooth and nccumlc \'arialion of resista nce. 

FEATURES: This rheosta t is calihra ted di­
rectly in resistlulI.:C with an accu racy of 5 per 
cent. It is much smaller in size th:lI1 a decude 
resist.anee box of cq u:! 1 I'CSi:ol<l l1(:e. Consc· 
quently, whe re accu rncy permits, il is lIllLeh 
more cOII\'(:nicnl to usc. '1'l'I'1i: ;j\!6- H ;\ lolll1ted Hheostat·Potentiomeler. 

SPECIFICATIONS 

P(wel \'ic,,' of '1'\,1>5: ,;'26-C, showing dinl nnd 
oonnection~. 

TIJ~ Renf/lInce 

526·0 0- 100 ohms 
526·A 0- 1000 ohms 
526·8 0- 10,000 ohm, 
526·C 0·100,000 ohmt 

Rengt: The ranges li~lcd in the table belo\1'lIrcstocked. 
Other rnuges ("IUl he 1l1ll.\le to .~ I)C(;ial onl..:r. 

Winding : T he winrlilll( is II. ('artfully Iltijust..:d Tnt: 
,171·A Hheosult- J>otentiomeler. 

Ac:c:uf.C:Y: T he totlllrcsi.stall('1! hll.5 been fldjllstc,1 " .. ithin 
:1:2,5% of the rated value. T he Clllioflltioll is n~'(;urnte: 
within :1:5% of rullllCnle, 

Mulmum CUflen!: T he: mu~imum nllo\\'"hle currc:nl fOf 

the ,liffereut nuils i~ u.blllnte.! Vtlow. T his vnlue i, nlllO 
engrn I,CtI on the dinl plnle. 

Mounting: Dra\\'n-t;teel ('IUIC:!I will, bard-rubber panel 
for llroledion of ullit Illul for ~",n\'enienl'e ill " 'iring in to 
CXIJ>erimeutal circuits, The ca.<e II1ItY he used ~ an 
electrostatic Jlhiclt!, 

T ermin.I.: T wo pairs of judI-top uinding post!;, cme for 
input and one for ontput., 011 51l1u,lurtl %,-inch 81mcing, 
ort provided. 
Oi. 1 Platt; Each unit llll! " :1-iuc1! llhoto·engral'erl ,1i,,1 
plnte "'ilh 51) dh'isious anJ i'I calibrnted rliredly in 
ohms. 
Fin ish; il iad: cfystaUine Illcquer. 

Oimtnsions: (DiaOlet~r) .}.<j x (1Iei8ht) ,1% inc·hts, o"er­
.. n. 
Net Wlli'3ht: 1% pounds, 

Jf lIZ. ('1"'''''/ Code WON/ Pric~ 

330 mn t:Tln: ,! S8,50 
110 ma £\\ \ot: 8.50 
3$ tlll\ f.\'F.ST 8 ,50 
11 rna ';\'0"': 8.50 
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• RES ISTORS 

o TYPE 663 RESISTOR 
U 
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Photogr.'lph of Tnt; GG.~ llesis torJ. ' l'11e disassembled units SilO '" tile method or coDstruction. 

USES: The Tn>R {iUS Resistor is designed 1.0 
have un acCurately knowJI impedance at high 
frequencies. II is I>!trticula.riy useful as a 
:ltundnrd rc~i s:lor for the N::;Ii3limcc-vllrialion 
method of impcdllnce measurement at radio 
frequencies ftntiasncircuitciemcnt in bridges 
and similar equipment. It is also uscfuilis a 
terminating resistor for matching radio­
frequency trammission lines and, generally, 
llS a low-resistance sllllldard in high-frequency 
appticutions where small residual reactance, 
accurately known resistancc, lind moderate 
power-handling capacily are required. 

DESCRIPTIO N: A slrnighl piece of res.islance 
wire is soldered to two flat metal pi ales 
which lire mounted close tOJ;,'Cther on n strip 
of insulating material. A thio piece of mien 
insulates the wire frOIll the plates. except a t 
the soldered ends. '1'I1i5 nsscmbly is ri gidly 
damped together with n top pieee of insu· 
lilting materiaL The flat metal pla tes extend 
on either side to form slotted lerlUintlls. 

FEATURES: A resistor for bigh · freqllcncy usc 
should havc an impedance which vilries ll S 

little as possible witll rre(ll1cm:y and which 
is as nenrly rc.:istivc in nature as possible. 
These requirements demand tl ml skill effect 
be kept at a minimul11 and llHl.l resicltwl in· 
dl1etul1ce and capacitance be made very 
smull. 

The stra ight-wire resistor appro.'1eiles this 
illeal more closely limn nll;\' other ty pe 
through the lISC of short pieces or fine wire . 
111 lhe (."() I\vculional forni, howevel" two dis· 
advanta ges occur. First. the finc wire IIns 
relati\"el~' high series inductallC(' c!oll1parcd to 
its 51111nt capucilnncc. nnd low.resistalwC 
units (;ouseql1cnliy tend to have rciatiw' l.v 
high indw.:li,'c rcn('tunccs, Second . the fine 
wire ellllllot dissi pate any appreciable powe r 
without ovcrheating, 
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'fhe design of the THE 663 llcsistor o\"(:r· 
comcs these disadvantages, The straight wi re 
is clamped down upon the fiat metal fins :Ind. 
AS n result. the inductance is; dccrcas;cd OV('r 

the Crec space value by virtuc of the shielding 
effect of the current flow in the plates. Dr 
this same construction tbe power dissipation 
is greatly increased because t he heat is car· 
ried away from the wire by the tenninaI6n~. 

The equivalent circuit for the 'I'1' I'1': 603 
Rc~ i s tor, when Jllounted approximately one 
ineh above a metal panc1, is gi\'cn on l')Ugc 
33. Values oC the residual inductancc, L. for 
the different units are tabulated in the 
specificatio11s. 

Rcsidual inductli11CC and cap:u.:ilanee causc 
two effects. First, they cause the resislruJ(:c 
compo nent to vary with Cre(lucncy ami. 
sc(."()nd, they ereate a residual reactive eom· 
ponent. H the resistnl1ee, ft, is I:lrb'e com· 

pared to~, whcre ], is tile effective series 

rcsistll11ce and C the effective sllUlit capaci. 
lance, the resistive component dCCrClISC1< 

- lill_ .' -
'0' 

I . , 
.. I~ll • ., , 

,. 
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H:t tio of elfedil"(~ resi5tll ll~ lQ <i~ l'C!Oi~ta l1 ce u It 

rum:tiQII rn frequency. 
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BallO of Cllu,v;l!eut setl':S rcacUJIH.'C to d-c reslst;l1IC<: 

~s (I fun(;tion of frequency. 

with fn:qucllcYj if the rcsistnnc:e is small 

cOlllplu-cd to V~ the resistance incrcnscs 

wil h f!'Cqucllc,y up to a peak beyond wh idl 
it decreases. For "'.lltles ()f R large compared 

with W. the rClIcl:1J1CC iii capacitive; for 

values of n less lImn~, the reactance is 

inductive IIp to the rcsislilllce peak. It is 

desirable to maintai n V5 of the same order 

of magn it.ude as the rc;;;isluut:e in order Lo 

RESISTORS· 

minilllize both resislilllCC chanl.'C n!lel readi ve 
cOinpollcnt. T he oonsLnlCtioll of the T YPE 
GuS Hesi stor, \dlieh givc.~ low ind uctance at 
the cxpcuse of increased capacitance. fulfi ll s 
this eouditioll. 

The accompanying CILI'VCS ill ustrate t.he 
hch:tviol' of T yp.E GG3 He.~i.sl.ors as a function 
of fl'Cql!Cllcy when mounted on u. pair of 
Tn>~: 138-VD Binding Posts wi th one end 
gl'Ouudcd to a Va-inch mct:ll pand upon 
wh ich t he biuding posts are assembled wi th 
Tn'E 274-Y l\'[oullting P lates. With this 
setup. the effective shunt capacitance c.'On­
sists of the sum of ( 1) thc direct capacitance 
of the resistor, (2) the capacitance to ground 
of oue mounting lug, (3) thc direct capaci­
l;ulI.;c bet We<!1l binding posts, and (4) tile 
capacitance of one binding post to ground." 
The tot:ll capacitance in this case is approxi­
mately 6.5 fJ.j.lf !lue! the conditions Me there­
fore more sevcre limn would exist ir a low­
capacit.ance mounting were used. 

I t will be seen Ihnt the reaclltlLCe is large 
compared 1.0 the resistnncc for low values of 
resistance and high frequencies. In llIos t ap­
plications, this is not important betltuSe the 
reactancc can be tuned out. 

~ II. 1'. t· jdoJ. ''OJ..,.,1 Ca I'Ro.';I""c.< . ".1 I ~ ~l ••• u"' wc:nl." 
G~Ror,,1 Ib.lj" f.dp<ri"'<u1tf. Vol. \' 111. ~(). ~. IN'", $: 1'''''. 19:1~. 
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SPECIFICA TIONS 

Resistanee V.lues: Stllll<!lIrU units arc available in the 
rollowing resistances: 1.2, ii. 10,20, 50. and 100 ohllls. 

Aeeur"cy: All units are 1l\ljIL~tcd within 1%. 

Residu. 1 P"r'meters: The following tnble gives I,pproxi­
mate values (or L for tbe different nnitll: 

/lcsia/ull t;tI L 
(,'"rr(/II for 
·W C. /lite 

1 ohm 0.0065 p.h 1.,~ a 
2 ohm! O.OIS JOh 1.0 a 
ii Ohlll5 0.01:' JOb O.ii It 

10 ohms O.O!W JOI, 0.35 a 
20 ohm' 0.052 ,lilt 0.2 Il. 

50 ohm, 0.054 .. h 0.1 a 
100 ohnu 0.059 ... h 0.06 a 

Skin Effect: l 'or 1111 un its the skin clrcet i!i less than 1% 
for frequeocies belo\\' 50 tIIegneydes. 

Temperature Coefficient: ,\ t normal room lempo:ratllre 
the lemj»ern lllre codIiciellt is less than ±0.OO2% per 
degree Cell tigrnde. 

M~.imum Po wer and Current: T he IIUownble IJoQwer 
diuipntion {or a 40° Centigrade tetllpcrnture rise \'arics 
slightly wilh res istllnce, bt ing 2 watts {or the l-ohm 
unit and 0.4 waU for the loo-olun unit. T he rated 

663-A 
663-8 
663-( 
663-D 
663-E 
663·F 
663 ·G 

1 ohm 
2 ohm1 
5 ohms 

10 ohms 
20 ohms 
50 ohms 

100 ohm1 

currellt for this tel1ll>c:ra ture rise for lhe ,Ii/fen:nl units 
is givcn in the table. 
Terminals: The flat melallll"t(lS to which the resist(lHte 
wire is utt;rc1JCti aJ'{l use.:! as terminals, and ILrc both 
slotlt.~1 ;Hiu drilled fo r convenicnte ill mounting. 
Dimen1ions: ( Length) 214 x (wiolli) I%, inches. O"cr-all 
height. % inch. 
Net Weight: 2 OWI(.'e$. 

o 1::::""1 ' 
I O_75}JPf IO_75JlJ-l{ 

~ ~ 

E'llIi\'al,J<]t drcuit or TYr'l! GH3 Itcsis tor . 

Code Word I'rl« 

1',\:-:1(: $5.00 
I'MITY 5.00 
I',n -n 5.00 
f'1!.f)AI. 5.00 
1'f.~.\L 5.00 
P!:::-:l'>Y 5.00 
n ."M'\ · 5.00 
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o TYPE 500 RESISTOR 
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USES: The TYr~~ 500 Hcsistors :trC particlI­
larl y recommended fl.S rcsis tllllcC standards 
for usc in impcdam:c bridges, They arc also 
.... aluable flS sc(.'OIIJttry standards for labora­
lory usc. The phis-type lcnniuuls make I.hCUI 
convenient for te rminating impedances for 
attenuatioll boxes, lilies, and simila r circui ts 
tl.l1(1 as cil'cuil elcmeuls in eitber cXI>crimcnlal 
or permanent equipment 
DESCRIPTION: This resistor isan accuratcly­
IIdjuslcd rcsistiUlcc card. scaled in u bakelite 

casco Both SCrcw-lYI>C a nd plug-type lcnni-
11(115 nrc provided. 

FEATURES: 111 the TnE 500 Hesistors both 
conveuicncc :lIId UCCllrHCr a rC com billed . 'fhe 
te rminal arrangement allows ei ther pcrllllt­
nent or temporary coullcclio liS to he made in 
t.he simplest possi ble manner, 1.ow t.empe ra­
ture coeffi cient. and excellent. Jligh-freque ney 
characteristics make these resistors suitable 
fo l' a wide variety or Ilpplicfit.ious, 

SPECiFiC .... liONS 

Reti$l.nCIiI: r\'ine stallthmt values, as 1::\I)ulatc<\ below, 
nre ~l(,l(:ked. Otller vtlluCli can toe built to ~J1.,cial order. 
Accl,l •• cy of Adjustment: 1::neh resistor is luljl1sted 
within 0.1% of itll stilted value III Ihe terll1iwl1s of the 
unit. elC<.tl,t t he I-<:>l.u n IIllit lI·hieh i~ adjusted within 
O.\t5o/o-
F.equency (h.,.deri,liC1: The error is ICll! tllllll 0.1 % 
below (jQ "C, At higher freqllel1ciCli errau result from 
5kin efftct nnd the effect of n-adam.'e in the resistor. 
The tables on l>age it represent aC('l1l1ftdy the pel'form­
ILll e(! of the I-ohm t.hrough (iOU-nlllll I,tl lues. }'or the 
higher I'n illes, t ile errors are lIIuo:h leiS than those 
tabula ted, bc<.'lIu.o;e of l he relatil'ely negligible . llUnl 
eaptlci tallce of till twillted resi~tor. 

M'ltiml,lm Powel tnd CUllenl: All unil~ will dissipate 
one W!lU ror a temperature rise or -1-00 Centigrade. Th", 
""llIe of e~l1t ror thi5 rise i~ g;"en ;n the table heIO\,' 
lind i! engruved on ell1;1I unit. 
Tempe •• llllliI CoeKidelll: At normlll room telllll'erlliurl!, 
th", telllllCl'lIlllre eoellieient is less than ± O,Q(ti% IItT 
'Iegree CenligrJl.lle. 
Type of Winding : For reiisla n ~'t!lI of le.~~ thlln 200 ohms 
Ayrton- l'eJT,\' \\'il1ding~ lire USCti: for loigher "slue.! of 
resUltance tbe wimling is "nifilnr on mit'll ftlrds. 
T elmin.l" fluth terminal sere"'! ami plugs nrc sUl>plied, 

T ". If . I uu alice IlZlIltlllll 

5OO-A 1 n 1.01\ 

!11It1 both t·un loe I1 sed. 1~1Ie1. terminnl stlld i., rL'e("J~d 
II~ n jnck to nCl."OIIIII1Q(lnle .. plug, Standnrti ~-ine1. 
Sp"ring is 1L'IC<1. 
Mounlin,: l;;'u:h resi.<tor is w"led in n ('lUiC of hlack 
moulded lmkelite will. 1111 iml>regullting wax. ']'w,) 
mountiug hole'! arc l)ro,·i,Icc.1. 
Dimensions; ( t e ngth) :l~ x (",idth) , ,, ind.es. Over-all 
l,eight, exdl1$i\'e of plug$, I inch, 

Nit! Weight: i OIIll<.'eS. 

c Ilrrell 

2 MTG. HOLES 
NO.IS D~ILL IN CASE 

I 
ff-i?f T 

Nt_J~Ll 
itE[11 

2, -:.j 

, M Cod fJ' d I ' ,,~ 

urS TSTllllCO S2.00 
5OO-B 10 n 310 mn nr:SISTl)t:SJ( ' .00 
500-( 50 {l 1<10 mil Rt:SIS'TFOIIIJ ' .00 
500_D 100 0 100 mil IU~'SIIIT I'IIOO ' .00 
500_E 200 n 70 UIJl rn:SII!;T\'l I!!L ' .00 
500_F 500 u <15 m1\ Tn.:slSTGO,\.T 2.00 
500·G 600 n 

I 
<lO 1111\ Rt:81STIlOOU ' .00 

500-H 1000 n SO It", 1<1"..8IS1'JI'I' ,II:;-

I ' .00 
500-J 10,OOO !! 10 IlHl UI".sll1n' I~" 2.00 
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RESISTORS 

TYPE 525 RESISTOR 

USES: This JJrccisioll~lypc ['csistol' is iutcnded 
1' S fL dUlllmY-:1.nlcllIlit in mcasUl'ing the out­
put power of radio lransmillc l"s, lUl U for lise 
in gCllcml laboratory work requiring a rc­
::;jslOt' or both high precision and high power­
h;tndling ca pacity . 

DESCRIPTION: The T YPE 55?:; Hcsislor COIl­
sil>ts of a mica card wound with rc"is[al\ (;(; 
\\' ire. wh ich is clamped l..ICbrcen tll'O alumi­
lIlUll c[lsli ugs and imm\;I Li~d from tbem by 
tll'O thin mica sbcets. The a lullIinum Cilstings 
a]"c hea"i]y ribbed to gi,'c a Luge I'adi;lti ng 
su rrllCC, lllld the whole unit. is supporlcu Oil 
ltc~lv'y po]"<.'Clain insulalOl'S. 

FEATURES: Ti le ollt>: l:lndillg fcalmes of 
these units arC their high power mti ng and 
luX;Ut'ate calibmt ioll. 

SPECIFICATIONS 

Resist.nee: Standllnl stock JUo,jds are It\'niluble with 
t.he l'C$;stnn{'C vnluc~ tabulllted belo\\'. au""" \',Llues Itln~' 
he Ilod on s p<:<:ial or<ier. 

Photograph of T I'rt; 5.\!.;-1) nesistor with upper eustiug 
Trlllo'·cd. showing rons tru<:lio ti of the fcs;;;tonee c"ril. 

Accufacy of Adjustment: All r(-s i~tors . exccpt the 
·I-nllll' unit, ""c wljustcd within 0.1% o( the r:lled vRlue 
:It tloe tcrminllis uf the lIuil. The ·I-oh m tt:Sistor is 
adjust<Jd within 0.il5%, 
Frequency Characteristics: TIo<J {rell''';''''''Y c!':lnu;t<Jr­
isti(~ of lhese resistors li re in gene",,1 ~i nlHllr to tho;;e 
of 1' '1'1' . ; 510 Vttad<J· Hcsistllnce Hults. U<JSi~tors of 
tOO (.Ihm. .. lind lo<Jlow will i!lcn'ase in r()$iSll\l100 with 
frequency aru] tl,e incres $C is great.er whcn the ~hic!t! 
is ~,(>lInected to one ~idc o( the re-i~~tQr lhlll1 when it is 
1I0lltillg. The 1;00-011111 unit ~hows 1111 illCTease in resist­
nncc 111 frequellt·iell up to $evem[ me!(at~·(Ck'S whell tl,e 
~I,icld is flontiug. but wilh the shiel,] grounded to one 
side of the ",iuding. the resistam;e de<:rellscs wjth fre­
quency lind ncver risd abo,'c its nominal ,"alue. 
Power .nd Current Rating: ,\ ]] siv.Cll will d~iSipnte 50 
watts (OT n WLIll'eTnluTe d~e v[ WO° CClIligrnde. For a 
tCOl[X'Tnture ri se of 1600 Celltigrnde. 0 mnxirnllUL of 100 
wntts c"" he lli$'l il fateli. 

Vlllut!::I of current for the 100° Ccntigrade! ri~c ill 
lewI)CT:ltllrc are g;'·cll ,II the table below. 
Temp~fahlle Coefficient; For lemper"lures beluw 100" 
Centigr;l(lc the tCUlIlCrlllure ,-"oeffieienl i~ II!:IS than 
±O.OO~% per dcgrt.'C Centlgru,le. 
T efminals: Jaek-t'll! hinding po.;t.s m(Hlnwd 011 isolnutite 
washcrs lire pro\"iIJcd. Stllnrlll rd ~.jnch s]Jucillg is wed. 
Shieldin g; The l,lumilium C;lstings can he used lI$ Ill, 
dcclro~tlLtie .~ hicld. bOlli, r(:o;istor tcrminals being insu­
lilted fro Ul tl'e'" . 
Mounting: Hesistor.; nrc w01ll1d ullifilnrly on wi.:a nnd 
dUIIL))!!'] betwccn two piece!! o( '11;"'3 lIllIl two hell\'il)' 
rihbcd alulIJinum cMtinJ,">', the whole unit being sup­
I)·orted on )JOrt-elain ilL~uJl1lors. 

DimensiOM: ( Length) " x (width) " x (height) I!% ind,cs. 
Net Weight! t.!1 po unds. 

C"uCI,I. 
Tup' llui&/(wCl: I OOQ C. RiIM f'(//f~ Wor(i Price 

525·C 4 ohms ~.f. , C.\ U.IL $8.00 
525-0 10 ohms ~.~ " CA Ul." 8.00 
52S-F 40 ohms 1.1 , 1;/l IiO U B.OO 
52S_H 100 ohms 0.7 " C;.\(JUl' 8.00 
S25·L 600 ohms 0.09 n C.~Dl.'T ' .00 
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RESISTORS 

TYPE 642-0 VOLUME CONTROL 

USES; This high-impedancc volu me control 
is intended for usc liS a gain control ill t.he 
grid circuit of a vacuu m lube. It can also be 
u!;(!d Il !! a multipl ier for a vac uulll-Lube 
voltmeter. 

DESCRIPTION: The TYI'E G42-D Volume 
Control is a potentiometer-type vol tage 
di vider made up of wire-wouud rcsistam;e 
units. A four-len! phosphor bronze switch 

is used. to red uce wea r and noise. A positive 
dctcut is normally provided but thi s may be 
easily removed. 

FEATURES: The lligh impcd:U1(''C of t his 
control allows it to be used ill vacuu m lube 
circuits where low-imped'\llcc controls would 
be impracticnl. Its noiseless con trol, coveri ng 
tl wide rllnge of atlClluation , allows it to be 
used in even vcry low-level circui ts. 

SPECIFICATIONS 

Ring" The . Inndard unit 11M II. mnse of o.llentUltion 
fl'Olli Q to SO decibels in :l-d~ibel sleft!!. Olher rauges 
cau.be maJe to $llCCial order. 
Accuracy, AlI l'e!!!islorsare adjusted wit hill ± J %or ll,eir 
corfe(' t \,>llue . .-\CI,.'()rdiugly, the atteulllL t ion ilIlL~'(:umt(: 
.... ithin ±O.2 decibel. 
Frequency Ch.r"teListic, If the e)l;\(:rlllLi CIL]l/Lci tUllec of 
t "I", ILnrl "iring "'llieh i~ 111need 1L<:roM the out/lut is Ie.v 
than iO Ji~. M it u8U"Uy is, the rrequcncy error will be 
1eS! than 0.1 decibel at 1111 rrequcncies below 10,000 
cycles. 
lop ... t ImpEdtncc, The input impedance is iOO,OOOollllll. 
resistive. 
Output Impedtnec, The unit is intendecl to .... ork into 
11 11 ~utially inGnite impedance. such IU the grid of a 
vacuum tube. 
T ypc of Windin" Wire''''ollllt! resistors lire used. 
M uimum CUI'cnt, Although Ilormnlly USed in circuiu 
dr!Lwing no ellrrent, .. currcllt of 4- mn will !Lot clL use R 
temperature risc sufficient to nfJect the rnlW a ~-c.llrlW.\·. 

Switch, T hc switch /lrm is (..-Dnstructoo of four-Icaf pho~­
phor broule, which pl'Ol'ides for long wenr nn.! e:((-(!)I­
tioonll)' low contnct noise. Tile cam-type detent call be 
easily rem(woo if $ulQOth s .... iteh action is requiroo . 

.'1II~NuolioN 

T ... Per Step 

6-42·0 30 db 3 db 
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Mountin" This unit i. similar in construction to the 
1y l'}; tHO DIX'1\1Ic-Itesistlince Uni~. 
T elmina]" Three golderill,ll Itltf~ lirc Iltnecd lit ttw. «lid Qf 
t he unit ror mnking ooulleetlous, and the .'Ihic!d has 1.1 

8L1lHtI opening for (.-Dnnecting wires . 
OJ.,en,ion,, Sbicld diameter, 3J1G indlcg; depth behind 
JllLDCI, Sl1& inchcg. 
N.t W.i!lht, 10 o""~. 

~1 r---:> , 
I --+--
I I ~!-",j, 
Lt~VV'~~~ } 

'r':'-;,y 
I ' 

~_-"-_-<>-__ -l-____ ) 
2 4 

VOL TACE DIVIDER 

CoJ~ Word Priu 

200,000 n t:XALT S!5.oo 



  

RESISTORS 

TYPE 653 VOLUME CONTROL 

USES: Tlw TYPE 65$ Volume Controls arc 
intended for usc ilS microphone mixers and 
master gain controls in broadcast.ins and 
recording st.udios. 

DESCRIPTION: T he iudividual resistors arc 
Kound on cylindrical spools which arc parl 
of the bakel ite moulding which holds tile 
beryll ium-copper sw itch contacts. A thrce­
bladed bcrylli um-coppt; r contact a rm wipes 
these contacts :'It all angle, thus helping to 
eliminate wear lwd lIoise . One sect ion of the 

a luminum shield is used to cover the winding . 
T he other sect ion covers t ile contacts ane.! is 
easily removed for cicHning and lubrication 
of the <:ontacts. 

FEATURES: The TYI'E 653 Volume Control 
is a small, compact, and convenient unit that 
gives smooth and noiseless control even when 
used in vcry low-lc\'cl circui t s. Thc attenua­
tion is lincn!' with dial sctti ng,and thc imped­
ance remains prncticalJy CODstant in bolh 
directions throughou llhe attenuat.ion range. 

SPECIFICATIONS 

Attenl.l~tion R~n!e: T he :Itlenuation between contncts 
is 1.5 decibels, but, since t ile swit~h aTm bridge..~ two 
contacts in p~.>;sing from one to :mother. the atlen u:l tion 
actually changes in fr actionu! dC(:ih~! st(."ps from 0 to 'M 
d~cibcl~. Th~te is an initial insertion loss of 6 decibels. 
Aho\'e 45 decihels the attenuation incre3ses rapidly to 
"inlinity" (about 120 dl:<:ibels with tbe usual l~l)e of 
1nj~er-wir;"g). 

Terfrlin~ llfrlped~nce: '>;0-. <100·, 2,jO·. and 500'Qhm units 
arc stochd but I)thenl aUl be built to special ordcr. T he 
impedance is practically COU$tanl in both direct ious. 
Type or Section: A 1II.(IJer· t.YllC nctwork is employed. 

Frequency Characteristics: Vari;lti(>us in a ttenuat ion 
with fre<lllcncy a.rc Ius than t dcdbo::l (Ill 10 i!O.()OO 
cycles. 
Mn imum Power: All mlits will dissirmte II maximum of 
1.5 watt .• at t.he nominal termil1nI impe/lance. 

Shielding: ,,\ two-~~ction aluminum (.·~)\'er is provided. 
One sediQIl i~ removahle a,,(1 gi H~.!' aCCt:S1i to the eon· 

653·MA 
653-MB 
653.MD 
653·MC 

lm pedallce 

50 n 
200 !l 
250 n 
500 Q 

tacts for clenning: the other acts lIS 11 du.-;t CQver and 
shielll for the windings. 
Switch, A :I-hlatled berylli um.coppcr switch makes firm 
contact wilh beryllium·copper contact points. 
Dial Plate: A dial pillte calibrated dircctl~' in dedbelll 
also sen'u as n drilling templatc. 
Knob: Tn>.: fi3i·K, with ellgrllycr! white arrow. A 
button is pl'()\'ided Oil the ddrt of the knob for con­
"cnicn<:e whcn the conlrol is used in dimly-lighted 
monitoring boot hs. 
Terminals, Pin~ for making soJdcre<1 connect ions nre 
provided. 
Mounting: The unit is flrrangerl for panel mounting b~' 
means of two 8cre"'$ ,,·hich IIfC 8upplied. It llIa.l· he 
mounted on I>lUlcls Ill' tl) % inch in thickne . .,s. Holes are 
slllIccd 1M inches apart. 
Dimensions: M'axirnum o,·cT·all radiu.~ . I%, inche~. 
i\ laxil!1l11ll depth lw:himi panel, 2% iucl,,:~ .. ~. Shield 
diameter. ~U irwhes. 
Net Weight: 13 OUIl(."CS. 

COlle Word 

C[>U~[P 

CO.\CII 
CARAT 

COAST 

Pr;c~ 

$12 .. 50 
, 2.50 
, 2.50 
, 2 .. 50 
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RESISTORS 

RHEOSTA T-POTENTIOMETERS 
(Voltl!le Oi ... idlEn) 

USES: Vtlril'lblc resistors and potentiometers 
arc uscful in fll'!!'Cmbling experimenta l t'quip­
Illcnt where lube voltages and circuit cle­
menU; nrc to be varied IIntii the 6nn1 design 
is obtai ned. ] n slandard equipment such as 
oscillators, bridges. lest equipment, and 
industrial instruments, many manuracturers 
find General Badio rheostats extremely use­
ful as fi lament- and plate-supply controls, 
outpu t potentiometers. bridge arnll;, and as 
parts of almost. a ny instrument where vari­
able resistances nrc needed . Ganged units 
can be used where simultaneous conlrol is 
desired. Units with special resistlllice ,·alues 
or toleranccs cnn be made to order. ] 1,\ 
addition to the ordinary Iincar models, 
tapered units of both the straight and 
logarithmic type can be made to s.'l.tisfy 
partieulllr requirements. 

GENERAL DESCRIPTION: The r('sistnllce 
wire is \\'ound on IL -"trip of insulatillg material 
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TYPE 533 

TYPE 301 

I • 2 "'ITG. HOLES 
. 11 NO 25 DRILL mr

-·· 
.1&IL 

l!io....."1 

TYPE 410 

such as bakelite, whic.h is then bent around 
and fa stened to the moulded bakelite sup­
porting form. All units are so constructed 
that the shaft may extend through ei ther or 
both ends of the rheostnt. Terminals lIucl 
mounting holes arc provided Oil :lIl modcls. 

FEATURES: A larb'!! vllriety of models is 
available with powcr fil lings from 3 to 250 
walts and muximum-resistance ranges from 
0.75 ohm to 200.000 ohms. Three termina ls 
are provided , so lhut all models can be 
used either as rheostats or us potentiometers. 

All but the la rgest and sma llest model s 
arc interchanb"Cnble on tile swndard lhrcc­
hole mounting. und cvery type except one. 
the Tl'PE 410, CU ll be cOJlvcrtcd for top­
of-table mounting. The units tire normally 
furnishcd ready for p:mci mounting and 
I he COllver!'ion is accomplished by only a 
few moment.;; ' work with a screw driver. 

SPECIFICATIONS 

Accuftcy: .-\ 11 types are ,,"ound t o an accuracy of 
± IO%. 

T ermln.ls: Screw terminals with soltlering lug$ are pro­
\'itled on nil llIodds except ' J'yl'f; .)33 and Tnt; 3.'13. 
wbieh are [lirnis~1 wi th jack-top bindins post.!). 

Dimensions: O\"er-II II size anti nlouuting .Iimcn.sions ~re 
,110""1 all the accoIDpAn~' ing sketches. 

TYPES 214, 314,371 , 471 ,333, 154 

r,,, A(fncht.,) B(lnchel) 

~ I ·I-:\ 3Y.i' lif 
3 14-.. \ 3M 1% 
371-:\ '" . J.< 
.171-:\ S' ." 
33:I-.t\ ·1 ';j 
154-:\ 3M 1 ~1 
IM-U 3Y.i' !l~ 
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RESISTORS 

TYPE 371 RHEOSTAT-POTENTIOMETER 

At! of the T YPE 371 U hcostat.l>otcn li­
ometcrs Illl\'e u single-bl ade contact arm 
which wipes the edge of the II·juding. 

angle, ulcreasing WitJl clockwise rotation of 
the knob in a panel-mounted unit. It is also 
possible to obtain oLher tapers, such as 
logarilh mic, tlml. OtJICI' val ues of total resisl­
am:c on specia l order. 

SPECIFICA nONS 

M'~im\Jm Resistence: Kine st.x::k models nrc listed in 
the tal,le I,c!o\\", IJuib with t.otal resistnllt"CS from I ohm 
to 100,000 ollm.'1 (:"u he wound to ~Jle<:ial order. 

Power Rating: 20 w"U.s C)(cept for the T \"1'f: :J7 I-T 
II'hid, i'I S wntts. 

Rot.)tion An 'lIe: ::SO:l~ (appro);.). No on- position. 

Shll(t; Steel, }i-inch di~Ulelcr. Knob: TrPE G:.I7-G. 

Mountin9: St(llht"rt! ~I-hote; m:tehine 8(:reW5. nuts. lIud 
h"mplJllc furllishc,l. (5<:e I.~ ge 38,) 

Net Weight: (j Oll ni'e.~ . 

,\foxilll''''' J/,/,dmuIII 
Iic"i,,/ol1r:6 C""enl 

371 -A , " ·L'jll 

371-A 5 "- 2.01\ 
371-A 1000 \1 J.lO mil 
371-A 2500 II " mil 
371 .A 5000 !! GO rna 
371-A 10,000 n 4.'> nil! 

371 .A 18,000 Po 3~ IllH 
371 .A 50,000 n eo ma 

" 

Code 
Wo,.d 

Il.Il.l.Y 

IIE!..H 
u.:t).\~ 

l!f; t"]'r 

IlOTOI< 

HOII' UY 

Itul,l;H 

a lTV!! 

Price 

$4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 

4.00 · 371·T 10,000 n In T YPE 371~T tile re.~ista nce is npproxi~ 
mat ely proportional to the sqtwre or the '"Tal'cf"e<1 "",,101. 

1I1~ ~IJI.L\· 

TYPE 214-A RHEOSTAT-POTENTIOMETER 

SPECIFICATIONS 

Muimum ReJi,l~nce! Tell stock morlels are I.is loo in 
the table belo\\'. Units with tollli rcs;st.-lJlce8 from O. ,~ 
oh", to 10,000 ohms can be ,,"oum! to specill l order. 

Powef Reting! (l "'litts. 

Rot~lion Angle, 3l(j~ (lI ])prox.). :\0 or.' j}O$;tion. 

Sh.ft, Steel, J.4'- illCh JiaUlctcr. Knob, 'J'vPE G31·G. 

Mounting: St-lndllrd 3·!'0Ic; 11111cliine S('rews, nuts. an,j 
teml)lllte furnished. (See page 38.) 

Net Weight: {; oun~s. 

214.A 
214.A 
214-A 
214·A 
214-A 
214·A 
214-A 
214~A 
214~A 
214-A 

Jf lu,;mllm Jlazi"",m 
Ut:~iJftflIllX ('IITTC'II 

0.75 f! ~L;j , 
2 f! 2. 1 , 
7 !! 1.1 , 

20 11 0.1;; " 
50 "- ·1'!Ii "Ill 

'00 !"I :WU Inti 

200 H '" m:. 
400 H 1;;0 ",a 

'000 !! !M "'1> 
2500 n CO ])\11. 

Code 
Word 

61!(~Y 

11I ' U])," 

HUII.II. 
IIAZOIl 
liA!'m 
U$I' ~:'I" 

}:lwrr 
nOSh" 
t:""M'T 
$1" <1.11' 

Pr ice. 

$1 .50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

The eOllst rucllon of this unit is si milar to 
that of the Typ~) 57 !. Owing to its sma ller 
si1.c, the power rating of this type is some­
\\"Imt less than that of the TYPE :371. 
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• RESISTORS 

o TYPE 471-A RHEOSTAT-POTENTIOMETER 
u 
o 

'" oc( .. 
... 
oc( .. ... 
z ... 
" 

This rLeostat-po tentiometer is suita ble for 
use in high-imped:\nc:c \'aCUUIll-tllbc circuits 
where high "alues or resistance and low noise 
level arc requi rcd. 

'J'llc high resistance is obtained by winciillg 

it externally rrom mech(lIlica l d:lInage or 
derangement of the turns by means of a 
Sl."Curcly anchored band of Iincn bakelite. 

I .ow noise levels nre assured lilrough lhe 
use of !L conlflcl arm bea ri ng four sepa rate 
wipi ng finge rs whose average contact resist­
nncc is essentially COI\~taTl l for any position 
of Lite knob. T he unit may be mounted 
dire<:lly on a nlctu\ panel without the uc(:cs­
sity of insulating bus.hings. for the bakeli te 
s!llI{t reiliovesni l possibilit.ieso! shorlcircuits . 

SPECIFICATIONS 

Meximum RCl ilt.ncc: Six stock model .. nrc available 
fU listed helow, UniU "';111 tolnl n:.'J i ~l n lOce from 50 olm" 
10 200,000 ohm~ CIIIl lie llIarie on specia l order. 
Power Rllins: II ,,·,. lts. 
Retation An,I.: 'lIH· (a l)l>l'Ox.). No on" po.!Ii l ion. 
Shaft: Ilakdite. Ji. inelo diameter. Knob: '1'\'"1" : 6:17· 11 . 
MOllntins : Stalldlll'(l :.I·hole: rnlu;hine sereW$. nut$. IUl,1 
leUlI)lnlc fllrlli~h\Jd. (See pa!;e 38.) 
Ntt Weish!: 0 ounce!. 

M(lr;mum .I/11.r;ffll/f/I rlJlfe 
1!Jpe. nuu/(lua: ( '"rmll 11'0,,1 r, ;rt. 

· 471·A 100 n 330 111ft r.QI · 11' $6.00 
471· A 1000 II 1M lila I;'II ,\~~ 6.00 
471·A 10,000 n 3.'1 ntn ' :lI r,cr 6.00 
471-A 50,000 n 15 mIl ' :I!OO.: 6.00 
471·A 100,000 II 10 m:t mnwr 6.00 
471 .A 200,000 n 1 IOn .:8100:11 6 .00 

the enrd witl l fine wi re lind til t-I) protc(·ting ·J :>oe< .... t 1o.'·e1ineh.L .• kdileprol,,<ti n ... I,il). 

TYPE 314-A RHEOSTAT-POTENTIOMETER 

T his type is or lit e; same mechan ical aud 
electrical constrllctioll as the T \'I'~; ·111-/\ 
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hut difTers from it in tlmla shortcr winding 
form is useli. 

The physical dimensions or thi s unit arc 
the same as those of the Tn' ~; 2 1 '~-A hil t 
lX:CIlIISC of t lte protecting I'Itrip the TYPE 

314·1\ 11Ils It reduced pot\'er ratil1g. 

SPECIFICATIONS 

Maximllm Re,i,\anclt: i"il'e stuck mu .. lela arc Ii;;ted 
belo\\'. Unill IHiving !olul resi ~lllnce i.K:lw(:en 'l ohms 
lind 100,000 ohms can be mll(le Gn sl)Ccirol order. 
Powe. RaUns: G WA lt.s. 
ROUotion Angle: ~ ... (appro);.). XG Gry position. 
Sh.ft: Bakelite, ~.ineh tli.meter. Knob: 'J'yPJ; G31·H. 
MOllntins: Stnndtml S·hole: m.chine screws. nuu.. 
and tempillte furnished . (See page :'IS.) 
NI!! W.isht: G ounces 

:li ru:lmlil/i. Mw:;mllll! Code 
l' ". 11 '/ C I IV I elM nnclI lI"ell , .. flu 

314·A 200 fI 110 rna f.S".ITT. $4.00 
314·A 600 !I 1001""- t;S I)OW 4.00 
314-A 2000 !! 5511111 T.SK\ll· 4.00 
314·A 6000 I? s·! na I:S' O T 4.00 
314-A 20,000 f! 17 rna r:snOL 4.00 
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RESISTORS 

TYPE 301-A RHEOSTAT-POTENTIOMETER 

Th is type j;; the smallest si7.c rheosta t 
mnn ufad urcd by GCHcrld Radio a nd is vcry 
H~cf ll l for Illally applica tions hc<;a usc or its 
(;Ompaclncs;;. It. will dissipa te fi w:llls illaxi· 
mum exccpt on the 10,000-011111 and :20,000-
ohm models which. because of Ule sltlnll 
wire !iize lI;;cd , ha.\'(' a linen-bakel ite pl'O­
lct'ti ng f: Lrip a roun d the oul~i dc of t he wind­
ing, with it cOI1>;c:qucnt red uct.ion in he: l l­
radillting c:lpa(·jty. 

SPECIFICATIONS 
M.ximum Resist.n(ll!: Six stock model.. :Ire ,,"nilplole 
A$ listed here. Unit,.! wilh to tnl rc.<;s\.'HI('e from 0 'i!S 
ohll1 Lo M,O()O olLII 's cltn be wQund on special onler. 
Powt., R,lin9: 6 lI'ults t'xrcllt for IO.OOO-oiun :lwl 
2'O,ooo-olim moctets which will di."ilwtte 3 WRtts. 

RobtioR An9le: 'i!J ~o (1II'I'ro:l:.). ~o OI'Y posit;()II, 
Sh.ft: Steel, !:J'-ineh din meter. Knob: 'l'vPt: 6.'H-_\ . 
Mountins: T"'()-hole mounting i, used; ITlIIl""hi1lc screws. 
II UU . and lemplnt(: nrc furnislie, l. (&-e pnge 3ii.) 

Type "10-.\, Type SOI·A. 

.I/I1Jim""t ,1f{/zi"llItn (,od~ 
T R 't (, 1 11" 1 /' !II~ CJfI.i: I(I!C~ "nell '" nc~ 

301-A 6 " I " 1'.\1.$1" S1 .00 
301-A 12 !! 0.7 n In:.-.nT 1.00 
301-A 25 n 0.5 II nl"~-': .:'I 1.00 
301 -A 200 !:! 11.j 11m lIt:iI\ II 1.00 

· 301-A 10,000 II 17 11m {"HRRY 1.50 
· 301-A 20,000 !l " Ill" <'111:.1111 1.50 

N et Weisht: !l uunce5. '~J[lI'I;<,J .. HI, lin< ... Io.kdile l>I"o\<-.:tillK OU;I', 

TYPE 410-A RHEOSTAT-POTENTIOMETER 

T his lY I)(' is iti{'"n l icalwilh the '[YI'£ SO l -A 
Hheostat- PolenLiometcr except that it is 
nH"l.dc for si ngle-hole l)flnei mounting only. 

Alt ho1lgh lhis fCiLLl1l'c UOCS Hot (J l"(linarily 
allow the IInit to be USl..'d 011 metal panels. it 
i.;; \'cry COIl \'cllient for IIwny :q)plieations. 

SPECIFICATIONS 

Maximum Resistanu: Fonr slO!'k mo, leI, lire ~\\"llilllhle 
u listed here. IJnillJ with tolltl rClii!lance from O.\!S 
olt m to 30,000 ohnu can he nt.a.le on special Qr,lct. 

Power Ratin" 6 ,,·att •. 
Rotation Ansle: I?,;O~ (apptOx.). Xo O.'Y po;;i l iou. 
Shaft, Steel, M""·indllliulilcl"r. Knob: '1'1'1'£ G37-,\ . 
Mountin,: Single·hole pand '..-pe only. (Sec p~gc :18.) 

Net Wl!i,ht: 30unees. 

.Ila.z:illwm .I/ ,,~im"m 
T fl ' (' YI" u.8/lInNJ urrlll/ 

410-A 6 0 I • 410·A t 2 n 0.7 /1 
410-A 25 !l 0." " 
410·A 200 !1 175 um 

Cod • 
W I "n 

~",. 
$.\1.01'1 
ij.\I,T\' 

!I.ITIS 

". ,,~ 

S1.00 
1.00 
1.00 
1.00 

TYPE 154 VOLTAGE DIVIDER 

These adjuslahle voltage c\i\-iders 11:L\'c 
l hree l'otary lli ps instead of the usual sliders. 
T lle winding of the TYPE 1 5 '~ -A is si milar in 
1.:(Hlstruct ion to the T~'PE S I4-A R ltcosl:\t· 
Potent iOIllClN, a nd the ')" '1'£ Ili .J:-D is si mil ar 
to the TYI'~: 'l7 1·A. 

Tolal .1/ IU. i1fl I"" 
T VP" I1l'ti#lflllN" C t unc" 

154-A 5000 fl ~llIa 

154-A 10,000 n 'Hma 
1 54-A 20,000 !! 11111/\ 

154.8 50,000 II t .'; lila 

154-8 loo,OOO f! to rua 
154-8 200,000 !l 7 ma 

Cod. 
Woo/ 

IJ I I' II},\ RM l ' 

lJI'·WHO.\T 
1>I1"! UC,," I'.: 

O\I' I1lEnlF. 
DlI·IO.· ... CT 
DII·100tH!. 

" . rlCC 

$6.50 
6.50 
6.50 

8.50 
8.50 
8.50 

Power Ratin,: '1',' 1'1'; I$ I-A, 6 ... nUs; T nt: IM- B, 11 
waH$. 
Mounting: Standard !J·hole. SUlllltietll1S tlLble mounting. 
Net Wei,ht: T YPE Hi I-A, Ii en.; TnE 1 5·~-H, 9 oz. 
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TYPE S33-A TYPE 333-A 

TYPE 533-A RHEOSTAT-POTENTIOMETER 
Th i ~ is a hC~I\'y.dllty unit. which {'Hil '1'lIi" unit shoul(lnol be used in closed com­

di ssipate 250 watts under COlit i!l u OUS load. paflmcn ts or where jt m Cil ll s of ventilat ion has 
The frame is of moulded bakelite, and the noL been provided to keep the temperature 
resistance clement is wound 011 au ttsbestos- of assoeia ted apparatus at <l reasonable value. 
covered nlllminu lll strip th;tt sen'cs to dis- The standll rd jack-top bindi ng posts used 
tribute the heat to be di ssipated to ;1 11 (Ill thi s type facilitate the rupid ma king of 
por-lions of the clemellL for b('Uer r:ldialioll. mnncdiollS with T YPE Sl74 Plugs. 

SPECIFICATiONS 

MlXimum Resislance: &:"1,'11 51uck U1odd~ a re listed 
"c~. [ "ib with other \'al\)e~ of lotlll resi~llInce froUl 
I OhOl lo 3;;.00 ohm~ ean he nlllde on specilll order. 
Power Rating: 2,:;0 WillIS. 
ROUolion Angle: ::IOIj ~ (lIpprox.) . ~o OF!' position. 
Shaft: Sleel. %-indl cliHrne[cr. Knob: 'J'n'E G37-Q. 

Terminals: Jll ck-top bimling posli ~re prQvilled. Stllnd­
a rd %,-inch splIcing is used . 
MOllnting: Four-hnl ~ mounling i~ UJ;('<1. '\(lIchi"e S<'re"'s, 
nuU!. and lemplate '"'' furnished . (5..oe page 38.) 

Net Weight: 1M polUHls. 

.I/ 1,,,,jn,,,,,, Jia.d "lll nI 
T 1( ' t (. I 111)(" U!~ .met ,,,,,II 

S33-A 1 n r".8 n 
533·A , " 9.1 a 
533-A 10 11 S.O a 
S33-A 30 n '2.9 II 
533-A 100 n 1.6 .. 
533_A 300 !! O.fla 
533-A 600 !! OJ; a 

TYPE 333-A RHEOSTAT-POTENTIOMETER 

Cod~ 
II' d "' 

~!Ol~'l< 

~' O;':AD 

1101tA1, 
~I OTTO 

.ll!IGGl· 
M t; )lJfr 

.II CSTY 

,,~ 

$6.00 
6.00 
6.00 
6 .00 
6.00 
6.00 
6.00 

Thi ~ type, although sll1:1Uer, has, in 
gcncml. the s~me COlls t ructirmal fent Ul'es 
as the T YPE 53l3-A. 'rite ;lilbeslos-r'ovcrc{1 

alilminum st.rip is used , and jack-top bi nding 
post.s nl"c used for l he tcrmilHlls. A :;inglc. 
blade (-ontact arm i$ IIscd. 

SPECIFICA liONS 
Muimum Resistance : Se\"(:11 ~tO(,k m("lels Ill"(: listed 
I'ere. I' "it" h""ing oth"r "alnes of tota l rt' ... iilllnce 
from l ot.", tu I '!VO ohms "au be nmde on spee iul order. 
Po wer Rating: 100 w:ttts. 
Rotation Angle: !!8!)O (~pt )t(l.-:. ). :-\0 on r ~~~ ili"n. 

Shaft: Sleel. % -indl di ~l!Ieh·r . Knob: "!" HI> (i37- H . 

le,min,1s: J~ck·lol) bi ll,lin!.: flusts 'Ire prm·ided. 5t'"1d-
81"11 %-ill<.:11 Sl~lciug i. .. u~ed . 

Mounting: S(,,,,dnril 3. h ... le: lIIo1eJline s"reW5. nnl~, :Iud 
templAle fllrnigt."d. (Sloe 1).1ge 88.) 
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NI!t Weigh t: I I Oll ll <Y.'!I . 

.I[IIzimllll"l 
l' U is! PII~' ,. IlI/C" 

333. A 1 1! 
333-A 3 !J 
333·A 10 !l 
333.A 30 !I 
333-A 100 I? 
333·A 300 n 
333·A 000 ~ 

.II I1L;II"I"1I"I 
C , urrm 

10.0 a 
;;.$ A 

:I.~ a 
1.8 a 
1.0 a 
o.~; a 
0.'1 II 

COOt 
WI ", 
' ·." ,(m 
",",'B> 
'· E:>t.:S 
"IGII. 
VWO!l 
\"n,I~\ 

, ' ,PER 

/' flU 

$4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
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AIR AND MICA 

CAPACITANCE 

STANDARDS 

• 

GENERAL·PURPDSE 

CONDENSERS WITH 

AIR , MICA , AND 

PAPER DIELECTRIC 
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• CAPACITO RS 

o LOSSES IN AIR CONDENSERS 
U 

o 
Q 

'" '" ... 
'" '" ... 
z ... 
\!) 

R L 

c G 

I':qui,-'oknl ci rcui~ ()r 1\ "uriahle nir ~"Ondcnser. 
sho"';"! resi, lu~ t imllcdnllctS. 

As 11 colltinuously adjustable standard or 
impcdill1cc the variable air condenscr np­
proachc!i very clo$Cly the idcfil circuit cle­
ment. }'or mUIJy uses at IllIdio and low radio 
rrc(IUCncics the residu;!1 components nre 
negligible nnd it is permissible to consider 
the (:ondcnscr as haying a pure, CQll staut 
capacitull(.'c. llowcvcr, tor lise in pl'cci.'lc 
measurements of impedancc, especially ill 
high radio frequencies, it is IIc(.'CSS.'lry to take 
Ilct'ounL of the slIInll residual parameters. 

In a vnrinbJc ai r (:on<icnser these rcsidunl 
impedances arc caused by: (1) losses in the 
SQlid dic1cdric material, (~) losses ill the 
metallic structure, and (5) inductnl\cc in thc 
Icads and stack supports. An eqlliv~l l e llt 
circuit representing a variable air condenser 
including tllesc residual parameters is shown 
above. 

In the diagram thc conductance, G, cor­
responds to losses in the solid dielectric p~t1ts 
of the eondenser; the rcsistanee, R, eor­
responds to losses in the metal part s of the 
condenser; and the indlldall(:c, I., corresponds 
to the mngnetie flux set up by conduction 
currents in the condeUl;er. The enpacitancc, 
C, is the static capacitnnce of the condenser. 

The parameters, n, L, and 0, nrc a ll essen­
tially cons taut as a fUll ction or dial setting 
for TYPE 72'? Precision Condensers. The di­
electric conductance, a, may be considered 
as the sum of two componCII l!;, one t he d-c 
leaknge conductance of the dielectric sup­
port s unci the other a conductitnce corre­
sponding to polariz.'1tion losses in the sup­
ports. The first of these is constant ns a 
fundiOIl of fre(llIeney; the secolld inereases 
approximately as the first power of the 
frequency. Except at very low freqllellcie!l 
(order of 5 cycles Or less) , the leu kage (.''On­
d\letullcc is negligible. 

The llletnJlie resistam.:e, H, is essentildly 
constanl as a fUll etion of frequency for low 
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frequencics and increases approximately as 
the square root of the frefluency ttl fre· 
~IHencics.l; ufficientll· high so that skin e fTect 
IS cs.-:cntl:dly (.'Oll1P ete (order or I Me). 

The iuduct.autoc. L, rema ins very do~ly 
constant as II fundion of frequency . 

The mehillic resi>l t.ancc. R, ~Uld tile di . 
electric conductance. 0, combine to cnusc n 
dissiplltivc component al)lwoximatciy eqlli,,· 
fllcnl to it rcsi.~ taIiCC 

+ G 
R. = R {w(.')2 

in ~cri('s with a perfed capaeita ncc, Qr Lo a 
('onducl.aucc 

G, - G+Jl(wC)' 

in par~llIcI with [I ])(:rfect capu<:ilanee. 

Tile residual induculJlcc, L, causes the 
cffecli'·e terminal capacilaJlcc. C., to depa rt 
from the static ca pncitlUl(:C. C, according to 
the Inw 

AI low fret"IUeneies the efTect of the residual 
parrulle lc rs. R lind L, is negligible, a nd lhe 
condenser acts like u pure elt pacilance, C, ill 
parallel with a conductance 

G~=O 

or in series with a resistancc 

G 
R. = (we)2· 

Under this coll(li t ion 

G 
- = R.w(J2 = DC = constunt 
w 

wherc D is lhe dissipation fnctor of the oon­
dem;er. The numerical '·alue of this constant 
is a convenicllt figure of mcrit to define the 
magnitude of the losses. 

At Iligh frequencies the othcr re.~ lduftl 
parameters become important. The losses in 
the metal p.'lrls or the condenser increase 
with fn::quelley until t hey arc first (:OillJlttra­
ble 1.0 alld finall y in ex<.ocss of the IQsses ill 
the dielectric parts. At high frequencies it is, 
therefore, ne<.-cssnr:.' to <'"(Insider both oom­
pOllcnts of loss.· 

"It. ~ .. l'i~l,t nnd \). n . .'lind. i., .. '\ ) tolh<>rl for ll.:t""D,i"ln~ lh. 
lIe,idu.1 lnd".t . .. .,. .0.1 lI .. i" ... .,. (If .. \·Ari.I,le Ai. Can,(~n "" 
at lI.di" ftequucies:' l ' ro<. 1.11..1::., U, f, febnoaty. IDU. 
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CAPACITORS 

TYPE 722 PRECISION CONDENSER 

USES: The T¥P~; 7~l2 Precision Condenser is 
a \'ariablc a ir (:ondcllser intended for usc as 
a s l,Hldard of enpilcitauce. 

I t is widely used in u-c bridges hOlh liS 1\ 

buill-in shwdard and as an external stnndard 
(01' s(lbstitulion measurements. 1t is also 
used as 11 tuning condensc r in oscillator:;, 
frequellcy meters, and other instruments 
where accuracy and Sllibility a rc imporltmt. 

DESCRIPTION: The wholc .condenscr assem­
bly is mouJltcd in a cast frame, which is used 
to give the unit rigidity. This frame, the 
slator rods nnd spacers. nnd the 1'0tOl' shaft 
are made of Ull alloy of aluminum find 
coppe r which combines the llleclHlnical 
st.renglh of brai>S wilh the weight lind telll­
perature coefIicient of aJuminunl. T he <.:OH­
denser plates al'C of alumiuum. so that a ll 
pllr t.s IH\\'e the Sllme temperaltll'C cocfIicient 
of linear expansion. l n models where space 
perm its. inel'eased stability is obtained by 
the usc or l16-illch plates. 

A worlll drive is used ill this condenser t.o 
obtain the desired precisio n of settill f!', "I II 
o rder to avoid the slight eccentricity which 
is almost inevitilblc when It worUl genr is 
mounted 0 11 a shaft, the worm in t he T\'I'~; 
i~Z I'recision Condenser is cut direct ly on 
the shaft. T he di:J end of this worl1l shart 
runs ill b:'l ll bearings , wllile the ot.her end is 
supported by all adjustable spring mounting, 
13all bearings arc used at both ends of the 
rotor shaft. Electrical connection to the 
rotOI" is made, not through the bearing, but 
by mcans of a phosphor-bronze brush rlW -

!ling 0 11 a brass drum, T hi s method assures 
a positiv<! electri CHI (:QlIlact, 

FEA TURES: DotJl t.he m:ttcrials tl nd the 
mech:lllic:tI a rrangement used ill the TYI' E 

722 Pl'cci sio ll COlldenser h:1 vc been careflilly 
selt·ctcd Lo g ive the illSll'Ulllent 11 higlt degree 
of stability under cOllslnnl hi bora lory use. 
T he enlire moun ting is extremely rigid. and 
Ihe bea rings ami drive mechanism have 
been :'II"rangfi:d so as to redu('C the uaeklaslt 
t.o less tha n one-hal f a worm di"ision, and 
to give :UI extremely small worm coneetiolt, 

'J'hc t empcl':ltllrc coeffi cient of capa('itallce 
has beeu kept low by using parts which nIl 
have the same coefficient of exp.Hlsioll , In 
order to kecp t he dielectric losses low, only 
a ,~ mall :llHOuut of dided!"ic is used, and this 
is phwcd in a wC;lk ek><:tric fi eld, When it is 
desi red to redu(."C tJle dielectric lo~cs still 
further, quarlz insulation may be used instelld 
of the st:Ul<l'l rci isolanlite, 

All moclcls C:llI be seL to one pat't in 2.:i,OOO 
of full scale, a precision of se tting whidI is 
1II0rc than 1'l,dcquaLc for Illost lHe:lsuremcnt 
\lses. Staudard c.l libratioll$ are a(:curate to 
1.0 /<IJJf ami give an internal cO lisist.CIH:Y of 
calibration good to 0,1 pCI' cent of full sc.de. 
A morc pl"(."Cise calibr:ltion with a 11'0 1'111 cor­
!'c<: tiolt Can be su pplied, givi llg correct ions 
which jX! l'llti t ;tn intemal co nsistency or 0,1 
IJ/l-f. The ac<! llraey at lhe te rminals, however, 
may still be limited to approxi llwtely I lJ.p.f 
by the lack of n st:Uldtlrd tech nique fot· COIl­
JH~ctillg tlte condenscr into a mcasuring 
ci rcuit. (Sec GCllcmi n adio EX]Mrimcnfcr, 
Vol. xn,r,ro. 8, J alluary, 1088, for a com­
ple te discussion of cOIUlcction e rrol's,) 

Interior view or 8 1'1'1'f; n~·D l'reci~ion Condenser. 
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CAPACITORS 

SPECIFICATIONS 

u~cit.nct R.n, e, T1,ree 5tock nloo.lds tire 8\'ailnble: 
TYPE 72i-D, direct reading in o:apacit"ll~ over two 
rn"J5c~, U t ... 11 0 !,!,r. nnJ 100 to 1100 ~r; Ty po: 72i_F, 
caliurnted every haH·worm lurn, SOO Jtl'f IlLlu:irnum; 
Trn: 7i!i!-1\1, illlellded for oridge--llubstilulion rnellsure­
menU and .tinct reading in capacitance rcRtorcd from 
the condenser G,'cr a range of 1000 wJ. 
Rotor PI. tt Sh. pt: Si!micir('ulnr for :Ill models. 10 gi"c 
a line.u C4]mcitnn(:(l d"l"'ctcri~lie. 
Standard-C.Ublilion Aecuracy: 'j'nt: il!l!.I): The ClI' 

paeilnllt .... of the mell ~cc.1ion, 100 to 1100 I'!,f. i ., imli­
(-ate<! .lirectly ill micromierornrads by the dial nnd 
,lrlllll readings within ± 1 AAf. The capadtAnce of the 
ww section, i5 to 1]0 !, .. f. is indicated direct ly in 
micromierofnrad5 b)' one-tenth of the dial and drum 
reading. within =03 I'l'r. 

'JWE 7i2- F .. T he eapacitHIlC'e alen'ry half-worm turn 
is given in a lIl(Junte.1 clintt to O. I Wll, accut'l te within 
±0.5 I'l'l . T he cap~citlllH;t differen~s between suc­
ceeding hair-worm t urn~ iJ IIlso gh'en to 0.11''''' lind is 
accurate to ± 1"l'f. 

' J'yl'£ 7i2-l\I .. The capacitance at a ~/lding or ~ero 
for the dial and rlrufll iJI indicated on II 9111011 cord 
lIlounted 011 the panel. Tilis capacitance. aOOllt 11$0 ",,£ 
in magnitude.;$ gi \'eJl to 0.1,,1'(, and is accurlile within 
:!: 1 WI'. The colldemer is ndj llslL'<.I 10 jndicu!e direct ly 
in micromierofll rads the (."Il pacitancc ttmored. from the 
circuit to 1111 accuracy or ± I /o'"l, 

These accuracie::s are indicated on the ccrt ili(j\le or 
c1lart ... hich IQt'Omp'niu each mOllllttd rondcll$er. Ko 
calibration is lurnished with nnmounted models. 
WOlm-Corrl ction C.libration, Worm corrections COli be 
supplied for flit tlJree model, according to the price list. 
Mounted charts are $upplied which give the corrections 
to lit least one more figu re thlln lhe guaranteed accu­
radtli .... hich are lltated beloU', 

TYPE 7iil-D : When Il,is correction is used, thecallac­
itance of both sections can be determined ... ithin ±O.I 
/o'I'f or :!:O. I%. wlJiehe\'er is the greater. lind ~'II I ... cihtllec 
differeu~"t:s ellll be mraSliroo to all ac;elltacy of ±O.l! ""r 
or :!:O. I% , whiehe\'er is the greuler, with the 111,,11 
section; 81111 ±O.O~ j.</o'l or ::1::0. 1%. whichever is Il,e 
grealer, ... ith the l.O'" .section. 

T" rl: 7!n-F: Tile ("IIllacilll"L~ con he determined 
within :!:O. I I'I'f or ±O. I%, whiche\"C~r is the greater. 
C"llt\C; tan t>e d,lTer~nCfla elln be rn<:!l~u~1 "·'thin ::1::0 I 
I-'"f or ::1::0.1 %, whicht!\'cr is the greater. 

' rYl'E 7!t1!-:'.1 .. CIII)lItil!.u t-e dilkrenCCli, in CIlf}adtnllCfl 
rellIO\'ed, cau be mell!lIfC(1 "'ithin ::I::O.I! I-'"f or :!:0.10/0< 
whieht\"Cr is the grellter. 
Muimum VolI4.Sc, All models, 1001) \·olt~. 1M'lIk. 
Di.l.ctric Supports: '1' \\"0 bnrs of i$Olur~tite ~upporl the 
§tlllor lI!SeUlh!y, lind ()OlIienl hllllhing8 iu ~ulllie lhe 
terminals rrum the panel. QUllrh insulutiou ('an he 
6UIlIlliffi on spc<:ial order. (See prioo list.) 
Dielectr ic: Losses: T he figure of merit. I{",C' • .. ,hell 
measured at 1000 eyclC!l U. Illlproll."inl4tel~· 0.01 x 10' It 
lor iSo/Aulite irullliation a.nd 0.003 lI." 1O ' lt ror qusrl:t. 
Residul P.ramtlcn, T he serie5 metlillic resista[l(."(! is 
, ~ hout O.Oil ohm lit 1 megacycle und ill"rease> directly 
lIS tl,e square root of the frequeney. 

The §eries illl luelant-.: i5 r'ppTOlI."imlilely 0.06.,> "h. 
T. mp ... lur. Co.H"id.nl, The le"'II'N1It" ... · cnefi,~.·"t 
01 <:8 p!1citance is IIPl)l'OlI."iruately + 0.00i% per degree 
~nli,rade. 
Drlvl: i\ "'orm and gear dri\'e is used, To reduce irregu · 
lnrilia ,1nd bncld"sh the worm is cut integral ",ith the 
shllrt. T he bnckl(l5h i~ less t hll.lI ollL'-hnlf worm divisioll 
(tht~ lire 250 division, I>i: r worm turn for the Tnt: 
ni_D and the TrrE 7ii-M; 200 dh·i,iolls for the'l'l·r.,; 
nil-F). If the .Idired seUing is IIIWAYS 1I IlIItollehetl in 
the direction of increuing scale readinC, no calihnlion 
error from this CIIllse ",ill result. 
Tlrminals; Jack- top binding po.'lUare pro\·ided. St:lrldard 
%"-ill(1I spacing is used. T he rotor terulinal is connected 
to the rmue1 and ~hicl,1. 
M ountins: MOIlJlled lIloods are attached to an Ilumi­
Imm pbnd finished in black crackle lacquer and er.cloied 
in R Ihiekle.:1 "1I11Iut ( .. hinel. A "'oo<1ell storage cue 
,vith lock and carrying I~andle is included. 
Dimlnsions, C\ loull ted IIlOtle1s) Panel. 8 lI." 9-,,", inchell; 
Ilel)th. 8J.i inehe:t. (UulIlounlcJ n1o.lels) 7~ (Ien"th) ". 
I)", ( ... idt h) x 7 (depth) iuches. 
W~ishl: 11}i IlOunds; \lOM POUIIUI ... ith e.1rr."in!l' casc. 

MOUNTED MODELS 

722·F 
722-0 
722-M 

Worm-Co,,~ction CJlib,.lion for Types 722_F Ind 722·M 
Wo,m_Co,,~ction C.Ubr.lio n for TYPI 722_0 .......... .. . 
Wllell ordering. II$tl OOnlJXIund eo<le word, C(' iIITWORMl". etc. 

UNMOUNTED MODEL 

T,,, Muzimul'lt CUpoci/uuce 

722·FU 500 "", 

QU ..... RTZ INSULA nON 

Ct: JlIT 
CRU': .. 
COJ,t\C 

\\'ORllY 

WOfUrY 

I'riu 

585.00 
110.00 
100.00 

565.00 

35.00 
50.00 

A.ny TyI'E 7!Z!2 i'n .. ,<:isioll Condenser cnn be obtained with quartz insulation. 

GOOt Word A rMiliolllll Price 

I QUAT~ 555 .00 

When on.ieTillg. use comJXIund rode word, CUOITQUAn, etc. 
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CAPACITOR S 

TYPE 722-N PRECISION CONDENSER 

IUyhl : Interi(lf phoh.>g rnl)h or n THt; 
7-l~-X "reci!ion CUmlenll('f. siooll'ing 
I he k'luis 8'Hlll,c luetho<l or tonnedi..,n 

to the rotur. 

USES: Th is condenscr is !l C:lI)IlCiLHutC 
sla mhll'd which has bcCll designc{ particu­
larly for usc aL l'Mlio frcquc]Jcies in series- or 
parallcl ·rcsonal lCc methods of impcclllJlCC 
Illcas ur'CIlIClll. II is also useful :'I S n va riable 
cuplteilor in nl..dio-frcq ucncy bridges. 
DESCRIPTION: The frame. bearing. and 
dri,'C IlIcciw ni$TlI of this oollclclIscr arc 
idenLiCli l wilh l llO:>e used on tile other T YI'E 
'i".!2 P recision Condenscrs. The rolor amI. 
::. lillor leads, hO\\'ever, :'Irc not brought out 
in the (.'OIl \'cnliollal manller. 111 t he T n'E 

722-K Precision Colldell~r cOllllccLion is; 
made a t the ce nter of lxllh plate Slltcks. 
phosphor·bronzc brushes bea ri ng a ll It brass 
disc being used rOr till! rolor connection. 
FEA TURES: T he imporLunL fcaturcs of th is 
condcn5('r lIfC ils low Illctll llic fesist:UlCC a u(\ 
low illdllcLtlllt"l'. Bolh of these quantities 
arc ahollt one.third the magnitudc of those 
in the 1')'1'1:: 72Q·D P recision Condenser. Thc 
accuracy or ClllibratiOIl is as excellent and 
the diclc('tric losses :'I.S low :IS in the other 
'j'Y}'E 72~ Comlcnscrs. 

SPECIFICATIONS 

CGP.cll~nce R.nse: 100 to 1100 J'J'f. uirt'(:t rendiu". 
Rotor PI.te Shape: $cllli<;il'(;ular to g;\'(\ a linear (·ap".·i. 
tance dmr/lcleristie. 
Stand. rd-C.libr . tion Accultcy: Tloe l'Hllllcit ll. rH:e. 
measured lit 1000 eyde:.i, is indicated (tirc:t.1Iy ill micro­
rnicroillrad~ lw the dial and drum reaolillg. to ± I l'l'r. 
Wo,m-Co"ection C.lib/ation: ,\ " ·&111 (:or~lion call 

I>c .upplied on .pecial order. (See prke lilt.) A mOllllted 
elinn is .upplie I gh'ing lire corrections to at lnst olle 
more figure than the guar:lnll!t'(laccIINu:'Y s tnted belo ... ·. 

Wlu,n lhi. c<)rreclion i~ IIgeo:l, tl,e tllpacitnu(.-e (.-an be 
• letermincil wilhin :1:0.1 l'J<lor ± O.l %, wll icl'ever i5 
tl'e Srctlter. a"t! t'Il II!l.eit"no:-e (lifierenC'U can lie measured 
10 lin ar.<:u.I' CY of :l:O.~ I'l'f or ±O. I% . ,,·hie:hc\·er is tlor. 
"reater. 
Dielect.lc SUPPO,l$, T wo bars of Lwhmlite I UI'I)(.rl tile 
stllior nsstm!,ly. ant! a thi rd illsulale~ lhe high t""uimll 
r ...... " lhe " Rnd, 
Dielectdc Lonu: The figure of IIteril. Ilw(;J. when 
meR~lIreJ lit 1000 cycles. ;.$ approsirmtely 0.05 x 10· j!. 
(See t!iscu u ioll on "CoDde~r I~" on Il"se H.) 
Other Ru idu.1 P ... meielS' The series met.lIie rcsist· 

Ty pe Dt«f'iption 

122· N 100 to 1100 1'JJ1, diJ'C(.t reading . 
WOlm·(orrection (.Iibr. lion ... , ..... . 
'YI,en ordering usc compount! rode word. nOXF.Rll·OIlM\'. 

nnt-e is nl)Out \I. ()IJ~ ohm .1 I Ulegnc.,·cle:llld incrca!iC!l 
directly as the squllre rO<,lt of lhe frcqIlCuc~·. T he ,Ii­
;,Iedri.., ami metallic IUlISd nre nPllrosinlalely equal al 
a :!letting of 1000 l'J'f ami a f~luency of I '\Ie. 

The seri(l(j j"duclnn,-e is "ppruximalel.y OJH-~ I'h . Tin: 
increase in L'II JlAd\lInce ~use<l by thi~ inuuc:lalll-e 
reaches 10% at a selting of 1000 w<f and It [rellueuey of 
10 Me:. 

At srnallcr Cllpae:itano:-e settings the effe<::U of re!!i;liwl 
I~rameters arc len. T he equal dh;sion of loJ.~ QCCU I'II 
Rt '10 Me for II seuin" of 100 W'f lind the 10% ""paci· 
tance risc ocell1'll at 30 i\1c for the s;!,U\e setting . 
M aximum Volt.se: 1000 \·011.$. 11Co1k. 
Tempertture Coefficient , Allproximulely +O,OOii!70 Iocr 
tlegrec Centigrade. 
Mountins, The (.~ndeuser i. mounted nit un nlumi­
num p.~llel fini~hed in I.Ilnck e:rllckle lut'(lucr and enclo~ed 
;n a shielded w"l"u1 cnOinet. ,\ wuoJ~" slor" l>e <;a3<! 

with lock and (''fIrrying I"mllle is inclndecl. 
Dimensions: Panel. 8 x oM incl,C'I; del)lh. ~J.i inches. 
N et Weisht: I I~ l)Qurul~ ; 2OH' pounds with cttrrying -. 

Code fI 'ord 

nOXEn 
\\ OIl\I1' 

'),ice 
$150.00 

35.00 
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CAPACITORS 

TYPE 539 VARIABLE AIR CONDENSER 

USES: T ile TYPE 539 Variable Ai l" Condenser 
is a !,'Cllcral-purposc unit. which cun be used 
ill experimental c ircuits or built into stantl· 
lInl inst ruments. :Muny malluJa.clurcrs, ill­
cluding tile General H udic Company, have 
used these COlldclIscrs as the vuriaLle 
1.:ltpacitnncc in bridges, beal-frequency oscil­
lators, standnrd-signal l,'t!nerators, and other 
measuring equiplllCJIt. Different plate shapes 
:lrc available for diO'crcnt applications, and 
one model isavliilablc with all insulated rotor 
SO that both rotor and stll tor may be aboyc 
ground potential. 

DESCRIPTI O N: Tl lrce brass rods, extensions 
of which scrve liS mounting pillars. rigidly 
support the two end plates. Oil each end 
pla te is mounted a block of isolanLite whic·h 
ca rries the two rods to which the statol' is 
attached. This method of mounting insures 
low losses and lacilitates the usc of spc('ial 
plMe Shll pes. 

In the mounted models. whicll a resupplicd 
only with semicircular platcs, n lOO-di"ision 
d ial . us ing It fri ction-dri ve Ycnlicr, is prn­
"ided. Capacitance cn libra lions call be 
fu rn ished to order on these lInits . 

FEATURES: This cOlldell$Cr is a rugged :lIl t! 
st:lble unil which is also low ill pric"C. Th(' 
mcchanical design is such that il Ill:ly very 
easily be buill inlo olher ill slruUlcnl.~, lind 
the fact lhul special plftte slHl pes are nvail­
able makes it vcry adaptable for use i ll 
osci llators. signal ge nerators. and similar 
apparatus. 

SPECI FICA n ONS 

C'p.!eiwne. R.nge: Six unrnountec.llluu l!u'ee mounted 
1ll0(lels I""';ng the no mina l ('H pacihUl~-es lillte.1 on the 
ne~t I~ge nre stocked. 
C.libralion: Ko cal ibration is lIorUlnlly sU]'I,lktl .... ilh 
any of the un;!.i. but lhe mounted models (:nrry 1111 
(!n/irll"ed I1Ilmc],lalll which gi\'es the nCl ulI1 Ulu~ illl \l lll 
unc.lmi ll;muIU CA IWlcilllnce, llClCllrll.te with;!) 0.5% of full 
_It:. 

On specinl o"ler a mounted cal ibrat ion eun-c. accu· 
rute withill 0.5% o f full !!C,d e, or a mounted Cll lihration 
tuble for I I ]lOin ls, "{",,umte within 0.5% of full SC:I\le. 
~lIn be SUI,])lied f(W the moun ted models. See the prk-e 
lilIt 011 the next PlIge. 
oieledrie l ouu: The ligureor Ulerit. Jr",C', i91'PI)fo~i­
m.tely 0.0. x to-It. 
Insul.led Rolor Model (Type 539.TA): Direct C:' I)IId· 
Innce. ~twce.n rotor lind ~llltor is gil-en in the ])ri ~-e list. 
The 11O"'edudor of thi.! eapadlanc.i: u; 1ess th." O.OOOOS!. 
The CA.pacilance. bet ween rotor and fmme if 2.J ,.,.r; 
Ihca.t lttll\'L'I':n stator and fTIIUle if Iii! wof. 

48 

Plate Shape: Semicircular rotor plates g i\'ing lin('lI r (11-

pucit.o.nce. vurillt ion with !!CI ting lire u.-cd on T Y .. )::.t5.~9-J , 
539-K, a nd ii:39. 1. awl 011 all mounted modds. 

Hotor ])lat~ for TI'I'I;S 5,'l9_T and MID-'I',\ lire cut I" 
.:-h·e a linear freq uency "ar;lI l ion " 'ilh Jclli l1g o\'er '150* 
or " pos1Iil.>le i700 AIlllle or tnh'IiOIl wl.elll\ CIIIIll c-1tllnt"t: 
of 2.'i 1',.£ is I.'OnllectcJ in pnrnllel wi l t. the oondellscr. 

'Jyrt: 5S9-X has a !1)l'I':\"Id-oul .cllle for use 011 1\ hellt­
frequCDt:y OS(:ilJator. A lX)ullterdoek"';!Ie rotllt;on from 
the lIIiniulunl eapacitnllC(l po.!!ition of ·10°. 110*. ~jO·, and 
j .';$o increases the clIJlacitance b~' O .. ~%, iio/o. R'2,/c. a ud 
100% . respect;"ely, of the totlll ilicrenll':ul. 

Mulmum Volw,c: 'fYN; ii:'lD.J i5 rll ted III 1100 "olts 
lleak; Typ!: 53D-K at 800 volu, IJeIlk; ali( I Tyl'.~ ~:lfl- I .• 
539-'1', Gj(l-TA, and iiS9-X at 550 \"oJl-,. IlCftk. 

Knobl and oi.ll: illoulltt:<I model! ure rurni~!oed wi th 
lSO-di\'ilIion dials ant! II rrictioll .. lril'e "ern;llr, but none 
nre s upplied ""ilh the unmounted model •. Note that aU 
models La"e "'-iudl ,hafts li nd that 1'TI'EIS 539·T, 



  

CAPACITORS· 

539-1',\ , 1111<1 53D-X require a Ie'ale sl,reati O\'~ '170·, 
ill~lelld of the 180· MI"irc,] hy the 01 Icr types. 

Tt/min.ls: On unmouDted models, soldering IuS' an: 
mounted on the lo".cr isoinnlile support of "II except 
'(')'n: 539-1';\. Tile rotor (.'(\nneetion for thil (.'Onden~r 
is brougbl (Iut through :Hl i!(lla llt ite hU5J.ing in the rear 
e",1 Jl1:ll.c . i\lounteJ mod elslu. vc jllt;k-lop bi nding llo('~li 
mounteJ on the I),~nel. 

Mounling: T YI'E8539_A, 5:59- 1\, 811d SS9-C lire mounle<! 
011 an niumiuuIU panel and enclosed in II shiekled , ... Iuut 
cabinet . ,\ 11 other model~ lire unmounted. 

Dimensions: Unmounted Inodels, see ftccompn llyi llg 
ontline dmwing; depih hchiu(illanel (:\) {l iucll e!!. 0\'",­
all. l\ lounled models. plllIel, (j~ ~ OM iuehC:!l ; height, 
II%" inche" o\·cr-lll1. 

Net Weight: Ar)lll'Oxi11U'l.tely 2M pounds (or nnrnollllleo:l 
models; 6U 1IOIIIIds for "lOunte,1 models. 

UNMOUNTED MODELS 

T,,, 
.\'"",;",,1 ('II/lIlri/llllcr 

.l/1I.rimurn .11;";""1111 l'rice 

539·J 
539·K 
539-L 
539·T 
539-TA 
539-X 

T,I" 

SOO ~I 
1000 ""I 
2000 ""I 

500 "" I 
500 ""I 
900 "" I 

"539·A 
' 539·8 
~ 539-C 

Mounted C.lib"tion Curve . 
1'_poinl C.libr.lion Tlble . 

Slr.ight.line Clp.eignee . 
SIJ. ight.line e'plcil4nee . 
Str-llight.line Clp.cil4nee . 

40 ""r 
40 ""r 
40""r 
:10 ""r 
IS ""r 
·}O ""r 

Str-llight-Iine frequllney , , .. . , . . ... . . . 
Str.ight-line frllqullney, inlul.llld rotor . . 
Sped.llpre.d_out le"' le ... .. . . . . . 

MOUNTED MODELS 

Nomi,ml ('(J paei/(/IIC~ 

.Ila;r;i,m'lII Milli"''''R ('(l/l~ Wa,d 

500 ~f 50 ... 1 ASS.\Y 

1000 10',,1 ;).j Io'J'r ASi>F.T 
2000 10',,1 1:0 p"f .\ST';" 

CURn: 
.... . .... . . CI!Au'r 

ATL.-\s 

... roStl 
,\TTrc 
C,~)j;~: 

Clt.TII 
A, '(a:1I 

' r.liI,"I'""" "'I'pli,d "nly .. lorn ..... "' ... 1. UOI(: W,,,,""'n,1 """"" "·o,d., A .... "·CHUT. A"~" C U ."IT, ' ... A~1"V.IO("" ,M". 
fATt:NT l\o'n rt:, 9;,,, :-;"' t [7, P"JC v. 

110.00 
11 .00 
12.00 
12,00 
15,00 
12,00 

" ,iN! 

522.00 
23.00 
24.00 

4.00 
3.50 

An antennll. menturing !!cl. usilrg T YI"; 531) Cnmlen!'en for tuning elements. Xole ,,1;so the Tn',; 358 Condel1Rr5 
lind 'lYrE 510 Decadc-nes.istlln~'e Units. 
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• CAPACITORS 

o TYPE 246 VARIABLE AIR CONDENSER 
u 
o 

'" c( .. 
... 
c( .. ... 
z ... 
" 

USES: Tllis condenser is fOr llSC in measuring 
<llld experimental circuits which require a 
high-grade Clll)ac.iLor bnt where ex t reme pre­
cision of seLLing anti a<'"CUnlcy of c:ilibratioll 
are not needed. It is ideal as the "balancing 
condenser" in the substitution method of 
ca pacita nce III C,\ SUI'CIllCl\t. 

DESCRIPTION: The T\'I>~~ 246 Variable Air 
Condenser is rigidly constructed, using c.'lst-

aluminullI end plates. hc;wy supporting pil­
lars and iSQlnllt itc insulation. The plates tire 
of nlumiuulll , separated hy accurately turned 
spnccrs. A gcared slow-motion (h';vc giving 11 

reduction of 10:1 is pro\-idcd i ll addition to 
direct dr ive by the Ill:till dial. 

FEA lURES: This conde nscr is n rigidly COII ­

slMleted, stable, and inexpensive variable air 
<.."ondcnse r with high values or cap<lcit:UlCC. 

SPECIFICATIONS 
C.~clu.nee; R.nge;, Three s tade moddlllrea\'nilnble/lS 
listed belo'll·. 

PI.te; Ship., Semicircular rotor pinter gil'ing linear 
capaci tance \·tHilliion "ilh ~etling nrc \l5et! 011 1111 
nlodel,. 

C.lIbr.tion: No cal ibrntion il supplied ",ill, this oon· 
denser, but Ihellct\lRI "alues of maximulIl nml minimum 
value. of capacitance. accurate within O.5% of fnll sCltle. 
nre en8r'-l"co.I on the nllmcghLte. ,\ lIlounted calilmlti()11 
cur'·e. accurate within 0.5 1h of full Sl.:ak. or" 1II01lulet! 
I.:alibnatioo table fOf" II !'oi llts. accurate \I' jthi" 0.5% 01 
(ull !K'ale, CAn be prep,ue<l to order. (See the price li~t 
l>elow.) 
Lossu: '11,c figure of nw:rit, n..,c~, i. apl)ro:.:imately 
0.00 x 10-lt. 

.Y",";n,,/ Cnpndlnllet: 

Muimum YOIU,9.: 1'TP& 24G-L and 'J'yr.; 246-1\1 nre 
rnlC(1 "t SOO ''(IIU!. peak; TT"I: !!46- P, 500 I'ol ts, ~k. 
O,ive;, " spur·ge/lt slOW-illation dr;I'c h/ll'ing " rn t io of 
10 :1 i., IIlL a lLxilinry control for the lllrge knob lind ,lial 
mOllnted on lhe rotor shllft. 
Telmin.ls: J a<:k-top binding posls are mounted OIL the 
p:anel. 
Mounting: The eomlenscr i. mountC(1 OIL an aluminUIIJ 
p,ulel, fini5heJ in black <:ra (:kle lacquer and <:n<:iOSe<1 in 
• shielded "'a lnut eabiuct. 
Dimensions: Pando 7~ r 7}.i inches. C.bi~t. (I,eight) 
for 1\' I' ~ l! ·16- 1~ R~ inciJe! ; for T nt::!! !U6-1I1 ami 
e l6_p, 11% inches. over-lIl1 . 
NIII Weight: TYI't: !!46-1" 1 1 ~i l)(IundJ!: ; Tn!'::!! i ·16.lIJ 
and!! 16-1', I.S pound$. 

TYJ!~ ,1/llzimJm, :lii"jmltttl Colic [1'",,, P,iIX 

' 246-L I 1 SOO 1'1'1 ~.3 1-'1'( C~IMIl 
' 246_M 3000 I'l' f 70 P-JJ CJlA OS 
' 246-P 5000 I'l'f 7~ I'l' r t;"-,,,,' 

Mounted Caliblat ion Cu,ye .... . . . .... CUfI"': 
Mounted 11_point C.libration Table .. ClI /l.kT 

· C .. 6br.t;"" .... pplitol only . ·hm or,kN<I. I) ... ""nI~nd code WOld .. ~., .• (r. ..... ..,." ... T. C8 .. (\o\CM UlT, et~ 
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$38.00 
45.00 
5-4.00 

4.00 
3.50 
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CAPACITORS 

TYPE 739 LOGARITHMIC AIR CONDENSER 

TYPE 1$9-13 Co11tleruer. 

USES: In nlClium-luhc oscillators which 
('Qver a wide ra flge of frc(llIcncy -' :t lognrilhmic 
\'Hriation in frequency with dia l rotation is 
usually dc!)i rable. T YPE 739 I.ogarithmic Air 
Condensers lire designed to give this ftc­
{j rlcncy va riation in l uned-circuit oscilla tors 
and bcnl-fr'cquc ncy oscillators. One rHodel, 
T n'E 7:lU-A, intended rOl' usc with beaL­
freq uency oscillators. is used ill T YPE 713-D 
and TYI·.~ 700-:\ Bcal-F I-equcncy Oscillators; 
the oLher. Tl'I'E iS9- B, is used in '.rl"PF. 605-D 
Standard- ignal Generator a.llu ']'Yl'~; (j8<~-A 
:\ loc.lulntcd OsciUnlor. 
DESCRIPTION: Two isolantitc sections sup­
port the sLalOr from the cnst aluminum 

'j'YI'J: 7::10.A Condenser. 

rmille. Doth plates and supporting rods li re 
:dso of aluminulli. The rotor, wh ich llU .~ 
sJ>ccialty·shnpcd plates, is mounted in ball 
bearings a nd grounded to the fra me; in addi­
tion, brass colhtrs with phosphor-b ron:.·,e (.'Q Il· 

tact spl'ings lll'e used to conned t he rotor to 
the frallle. 

FEATURES: T he outsta nding feature or these 
condensers is tLe plate shape, which givcs an 
accuratelylogarithmicvnrintion in freq uency. 
The cast (rame and rugged construction, low 
and constant contact resistance. and low 
temperature coefficient insure stable clcctri· 
cal characteristics and dependable operation. 

SPECIFICATIONS 

C. ptcitance Rt ngl : The nominll ] ('8pnt:itullce ronges 
8re g iven in the price li~t. 

Pla te Shape and F,equlncy Ch. ,actllistics: T he rotor 
pl/l tcs a re so shaped as to give an aPlJroximately loga· 
ri thmic frt"qnclwy \'lIriuli()n when tile comkllSt'1'S /ll'C 
UK'(i /I~ f,.,lIo ... ·s: 

T he T VI'& ;39-,\ i. to be Ullt.-d a8 the tuning coudenst r 
of Ole \'orillble oscillator of a beat-frequency oscillator. 
With the con'ienser set OIt llliniulmU Cllpac.:i t anl~. suffi­
cient cnplIci tnnce. si.oulJ be p[al"Cd in paflJlld I\·ilillhe 
unit to IlInke lile elTl"et i\'e zcrocap,'lei lnlll"e(ofCOllltiell!er . 
lube. OIn" 1\SJ(\(·iu te.J cir ... "it) 17~0 j.ll'f. Whell this is done 
a rullire Ire(l"eude~ 01 tht: fi xed ;.nll ";Hi"I,!!! oscillnlou 

....... ro. r .. 

nre mllde t he snme with the 'l'n '£ 739-,\ ~el al il~ mini­
mum cap"dtancc. the Ucnt fr/J.quent:y will vary IIJlproxi-
1r1;ltel~' lognrilhlllit:~II.v " 'itll .lin! ~clting O\'er three 
dee,.dcs, lI.OOut 2.)0·, T he Adunl rAuge of tl'e audio fre­
(jlK:ney output will dt'jltnd Oil the fre<:jueney of the 
fi.,,~1 (l5Cilial,o r. 

The 'I'1'1' t: 730·B is for U$e in II tuued-<circui l radio­
frequ(!c"c~' oscillll.tnr. With the dT«lh'e zcro caplleitnnce 
exnctly one-lenth the maximum ~paeit;ance. the elf«­
ti ve fre(I'lCney ra ll~e is ViO, l'(>\'creo:l hya dia l I"OtOl l iou 
of 165°. T he variation of fn:(luency with di"l setting if 
",)pro~imntely logarithmic:. 

Adjultmllnt: SloUed pIll Ie! urc pr()\'idcd on the '1' \'1": 

• \'oullting dimCI1$iml8 of TYr' Po 7:l0 Condensers: 1.;-11, Tn'): 7~If»-n ; ri~ht. '1' \'1'1: 739-A. 
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7.'J(I·A with adjusting 5(:r6",'lI. When these plates n ml the 
effecti,-p, ~eto t'npncitllllte nrc corrcctly n4ljusletl. the 
variation of rrt<e~ency wilh (Iinl scHillg will be logl\' 
rithmic within ~%. 

The Tnt-: ?So·n has 110 adjustable IJlntc~. but, h,l' 
pro""" adjustment of the 11IIdding condeosc-r lind eire"it 
iuductnnce. lhe variation in frequency with dilll $ell;'lg, 
u,'cr 150°, cun be Illude lognrithmic lI'ill,iu 1%. 

Muimum VolU,9t: 500 "olts, peak . 

l OHII,I; The figure of merit. n ... ct. is :lllproximrth·ly 
O.tH x iO' I!. 
Knobs .nd Di, I$; None Il~ ~upplied ; 'r l'f'f: 70·1 or Tnt: 
706 I'l1!(:i~ion Dilll~ II rc rec:ommendetl. The 'I'y".: 7:JD-A 
hilS 2'70D rolntiun while the Tnt: 739-11 1i(13 180°, 
Tc.rldn.15: Soltlcring IlIt~ lire pnwidal. 
Mounting: !Xc sketch on preceding .,nge, 
Oiml!;n1lon$: &:0 lIkcleh 011 pr~ill'" I'Qge. 
Nd Weisht: 3~ poundl, 

M ill;mmll COOl: Word Prirr. 

739·A 
739·8 

court-: 
COlLY 

$28.00 
28.00 

TYPE 368 VARIABLE AIR CONDENSER 

USES: The T1' I'E 368 Vnriable Air Condenser 
is userul as an tllL"(i1iary lmlancing o r trimmer 
condenser ill bridges, osci llators, and si milnr 
equipment. It is also used a$ a lUll ing or 
trimmcr (,'ondCllser in higll-frcqllcllcy re­
ceive rs. 
DESCR1PTlO N:Soldcred brass plulcslIrc used 
in this condenser. The stntor is mounted on 

a single isollllllite end platc. An lIngle hra<.:kel 
is pro"ided ~ llmt. the condenscr ca ll be 
mounted either on n baseboard or on a pancl. 

FEATU RES: The Tn ... ; 3G8 Vari Rblc Ail· 
Condenser is compact and casy to mount. 
It ha~ ext remely low losses 11 1ld 10\\· mini­
ilIUm capaci tan<.-e. 

SPECIFICA nONS 

C.pecitence R.nge: T hree stock m()jlels lire ;\,';\i lnble 
ItS listed bclo\\·, 
Platl!; Shape: ,\11 mood! hn"e s traighi- line-t'lI I)"citnnce 
plates 
Dielectric Lon", The figure or Illerit, 1Iw("', is ItppToxi­
I1Intcly 0.00 1 x 10 I!_ 
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TWO-HOL[ MOUNTI~ O~ ONE-HOLE MOUNTING 
2 HOLtS NO 27 CRILL~~:.32 THR[ACEC NECK 

~~~ 
h4:j 

T,'1 re Jf(l;rimllHI .IU"imllltl 

368-A 15 1i,,1 '1 )J.Iif 
368·8 50 1',,1 :l1I" f 
368-C 100 ,,11' • ,..r 

Support! A single. i90lnnl ile end plnte supports the 
entire n~mhly, 
Maximum Vol t.gl!;! 500 1'01\..1;, IlC>Ik. 
Knob: 'l'Y,·r: 6.~j-A Knolo i5 ~u l,plie<J with ~II unit 
T Itrmin.ls: j\ sohJeTing lug i~ IJrovi.Jeo.l ...... stator terllli­
nul. Contnct to tile rotor iii ,"lIde through the angle 
brncket or shnrt hushing. 

Mounting! _lr,. bushing is prf,,· idc(] ror ~illg le--hol c pnnel 
mounting. lind .. brocket i! provided for ba!iebon rtl 
mounting, See B(!compan.I';l1g sketch. 

Dimendon,: See n(C()'"I)l\n~' i ng .skdch. DelJth (, Iimen_ 
~ion X) i~ gil·en in the tlIvle l>elow. 

Net Welsht! '\ I'I.ros;mllt.eiy 3 ounees. nil sizc~. 

f)rpl" (.n ('Ol/e Word Pritt 

I~in . ltl· "I,\ · SO.90 
I · in. II!iRIl' 1.00 
I I in , "~IJR.: LSO 
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TYPE 568 VARIABLE AIR CONDENSER 

USES: The THE 5GB VlIriable Air Condenscr 
has 1.)('(' 11 dctsigned for usc as a tuning clement 
ill high-rrequency receivers, trllilsmiltc l's, 
II':lVc mctc l'S, alld experi menta l ci rc'llits. 

DESCRIPTION: The rotor and stator st:tcks 
nrc made up or several brass pla tes sccllrcly 
soldcl'c(\ into all in tegral piece. T he ter­
mina ls a l~ brought. out. a L the center or the 
slacks to reduce rc;;is t<lllcc and improve the 

high.fre<lucncy c1ulrnctcri5tics. Cont act to 
lhe rotOI' is lIlade through an eight-fingered 
conical bearing ke pt under helLvy spring 
pressure. 
FEATURES: This condenser is specifically 
designed ror high-frequency work. The 
losses are low and the te rrnilllti a rrangement 
is cOlL vcnienL where short lends arc neces­
sary. The sh~ft arrangeUlenl allows several 
units to be ganged for ta ndem opcratiolL . 

SPECIFICATIONS 

C,p<Jci t.llte R<Jn'j e: 1~'Qur stock models lire available as 
listed below. 
Dielecuic Lon et: Tile ligllre Qf merit. Il",(;t, is al ll ,ro~ i . 
lI\ately O.O~I x 10 ,t . 

Dimensions: See lU.:C011lPllnying sketch. Deptl, (di lne'" 
sion ,\ ) is 'll~ inches for Tn'e!l5r.S-O (tnd 5tiS-K. und 
jl!16 in~hCll for 'l'l'Pl-:ij .~61:l- E 1I1LJ Mil:l· I •. 

Net W eight, ~ poulld for 'I'1'I'.::S !itl$-D 11,1(1 !iGS-K: 
PI.te Sh.pe: Slraigllt-l illC Cl\p ... cilanrc lor 'rn'ES SGS-U 
lind Mi8_E: "Vilroxillllltel~' -lIlmigl,t.lillc frequeucy fut 
'rl- l'&i! ::;09- 1\: ",,,I ';0$-1.. 

I pounti for TVI'r.iI 5US- ~ anti ~G8. I.. 

Supports: ":llIl lll ate~ :, reo! isolunli tc trcnle<llo ]ll'(' \'cnl 
11Loisture absorption. 

Muimu," Voltage: :'\00 ,·oll!. 1_"-

Knobs: l\n/ll.: supplic'l. Shaft ,lin meter. ,., inch: Mtnt ion 
lingle. 1.'1')° (or TYl'~:" M1H-O IUHI .;OS- K '2700 for T\·".'!i 
5GS-K IUkl (illS- I.. 

Mounlin,: SLoe l'IctOlIl lNlnying sketch. Otillillg templRlc 
111,I:J fla L-b~':lIl S(:1'e'Nj li re rutlli$hetl . 

T ermin<JI" Sol,lering III~~ tire p"wiJed. T hCI)CRrc brOllllht 
out frolll t he ('(: flLen of lhe plu te 5tllCks. 

1'!I1/e If<u: jmll!1l Mil/1m",,. 

568_0 115 .... 1 l 3 P¢ 
568-E 360 ppf JSp~ 
568·K 50 1'1" II I'l'l 
568-L 100 .... ' I '~ ,,~ 

3 MTG. HOLES NO 25 DRILL 
C.·SINK FOR 6-32 r.H. M. S· 

Cod~ Word Price 

cl.on: $4.50 
cww:-,- 7.00 
C I.(')U D -4 .50 
CAGI:D 7.00 
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TYPES 334 and 335 VARIABLE AIR CONDENSERS 
USES: Thi s group of condClliiCrs is {\\,:\iln ble 
iu ~l va riety of si~cs for gcneral experimental 
usc and (I S component s of powc r osciUfll.ors. 
tru nsmillers, IUld I'e<:civcrs, 
DESCRIPTI ON: Brass plates firc used and in 
cach stm:k all plates are soldered together. 
1\ tet al e nd plates arc grou nded to lhe roto!' 

sLacks and to lhe sktfl. The 51.:\ Lol' stacks 
lIrc slipPoI'lcd by isolnnLite iUl'u latol's. 

FE A TU RES: A wide l'Hngeof 1Il:1ximulll ea pae­
ilaJl(:CS IU'e available in both h igh. and lo\\'­
\·olt.lge models. l solantite insulation keep;; 
the losses at a. minimum. 

SPEClFrCA nONS 

(aped!.!nce Range: Six stQCk models arc "vnilable as [~~i~~~~'l~::~i~3Ifl1 listed below. 
Plate Shape: Appro~iml1 ltly slt.:t ighl-linc w3ve!euglh. 
necroosiug wIII'cleugt], tor clockwise rotation, for all 
except the Tnt; S~5-Z which lollS $lrnigh t-liI\L~ClIp:\(:i-
lance "lllte~. 
Dieledric Loues: H",,(Jl is "1'IlTOximak ly 0.0 1 x 10-11 
for all units except Tna 33-I-Z and :J35-Z which hnH~ 
1\ figure of meri t of approximately O,lli! x IO-I!, 
Supports: SUllill 5.:<'1;0I1S of isoi.tulile support the sin lor. 
Maximum Vollase, Peak ' -,lilies li re gh-en in tab le 
below. 
Knob~ .nd Dials: i"onc nre supplied. Shaft diameter, 
U iudl ; rolal ion nllJ:(le, 1800 for all sizcs. 

T'i l'f!s S~H-Z und 33&-Z hal-c balntl('(ld rQlor~; all 
Qt1,.::I"S. n CQull terwcight . 
Mounl;n,: SllLn(htr!1 Genet:'l l lll!.dio :)·\'ole mourltinJ{. 
!':iec aCQ)ulpanying sketeh. Drilling templ:i lc an,ls fla l· 
hwd I\CN!W~ are furllishcd. 

J·'our . cmo'·ahlc feet are furnished with ('(I(:h of th;: 
high_\'oILuge models . 

N lllllillill CllllllcilllllC6 
J/urimllm 

I'rak 
---.!jI1HJ .I/,ui"'!lm :\I illimu", Valll~~ 

335-Z 1150 ",,,, / 50 ",,,,r .';00 \. 

334.F 500 "'1'1 20 1'1'£ :;00 \' 
334·K 250 PI" Iii PIl r ;;00 v 

334-Z 500 I'l' l 35 1'1'£ 1&00 \' 
334-R 250 ",p I 30 "'1'£ noo \. 
334-1 100 IlI' I l !i "'1'1 1500 " 
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1-- 3,- J 
3 MTG. HOLES NO 25 DRILL 
e'SINK FOR 6-32 F.HM,S. 

T1! rmin,I~: Sere'" terminal. 1,re l)ro\'i"]OO: sec aC<.'U Ill· 
punying skct('l,. 

Dlm1!nsions: Sec ~ eeom!)9"yiBg sketch. Depth (,Ihnen· 
siQn A) i~ gh'en in the la.bleOOlo\\'. 

Net Weight: See t"lJle 1.Jclo\\,. 

Delltl, {t il j\'ct W eight (,,,,Ie 11'0"'/ I'ri« 

[.Uin. 2Ulh. llOOt:S $1.50 

.'IYK in . 1 ?i lh . 1<.:'-;1:< 4.2:; 
2% in. , Ill. II':LO '\' 2.15 

HlU ". 3% 11,. UOCEY 10.00 
G!1 ". ;l lb. IIIS\'):< 5.50 
$]4 ". lJ;ilt., UiLLY 3.00 
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CAPACITORS' 

TYPE 247 VARIABLE AIR CONDENSER 

USES: This condenser is uscCul ;'5 n la bora· 
lory a(.."CCSSOI)' in the dC\"c]o pmcnl of appara­
lus, and as it component of cxpcrimclL tai and 
llCrIlliUlcnl c(luipmcnt. 

The Tn'l;~ JH7-G CiUJ be lIscd as lhe 
lUlling condenser til all absorption ly pe 
wllvcmclcr. T he (.'Oi ls ca n be mounted 
directly by means of the binding posts. as is 
done in the TYPE 358 Wa\'clIlc lcr which 
uscs a modjfied 'j'Y Pt, ~H7 Condenser. 

DESCRIPTION: Brass pi:Llcs are uscd lind arc 

cllrcfully soldered ill cadi stack to (or lll ;t 

rugged assemhly. The eud piulcs a rc of hard 
moher. T he '1'1'1'£ 2·I-7-G is mou nted 0 11 a 
hard rubber panel ill a sleel case, and fur­
nished \\'il ll it dia l and ycrnier dri ve. 

FEATURES: Til t) T n'E 2-~7 Vmiablc Ail' 
Comlcllscr is a compact and low-priC'Cd 
unit which, uecause uf its ruggcd conslru(:­
lion, can be g:i\'Cfl hard u.sngc in the l<1ho­
rn lor," without illl pniri ng its slabilily, 

SPECIFICATIONS 

(lplcitlnCil Rinse: ']'wo slock CIIo!'ld~ IHe 1\\'11;1,,1)10.: ns 
listcd below, 
Dielectric Lontli: T ile figure (If lIIerit, /{I<!C"', i ~ npproxi. 
matcl,l' 0,08 x 10 11, 
Pllte Shipe, 'J'" ".: !t 1i·G , straight-line cAp:I<.·itau(,"e: 
'I' \,I'E: i 17· P, strnight-Jiue wa\'elength, dccl'I'ltsing for 
clockwise rotlltiol1. 
Maximum Volt.l9t: 500 "oILs, penk, 
Drive: 1'n't: .\! 17-G i., $Upp\ietl with 1\ gtlJr ,Iri,'c 101l''ing 
II 6:1 retiu(.i iou mtlo, T \,pt; IH7·F i5 SII]lplied withollt 
knob, T he shlllt dilltuete.r is ~:f j'IC!.. 
Mountlns' '1' \'I' t: i·H-G i~ mounted in 1\ .Irl.wn-stee.l 
l'llS(; with hllr<1 rnhlocr I)3Ucl. A drilling lcmplule Rnd 
tl'ree IIIII·hend so:;rc'u are suppl ied will. T n t: C!-17· F, 
,,·hieh is f\lrHi~hed unm(lulltc,J. 
Terminal li: ,/,,,:k·top hi lHling ]lruJLs 011 TnE 'l17-G nlld 
$\.1"eW terllliliub on T n'.: \!,17·1", 
Dimeniian': Tn'£ !,u7·G, (d iameter) 4J12 x (height) 
4j.:f incl ,\!;!, Tn'" ~H· F, Jllluel S1l1l.t'C, 3}i x 3 1 illehCl!; 
depth behind pnnel. 3~ inehl!$, 
Net Wti9ht: Tn'}; i ·H·G, 2J12 l)Ounda: 'I'\" 't: in·F. 
lH powlds, 

247-G 
247-F 

,,"ominol CopaeilurlCd 

Mu,l:imlollll 

500 1'1'1 
500 1'1" 

M ill iulllm 

COL IC 

<""" 

Price 

S5,75 
3.00 
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CAPACITORS 

TYPE 509 STANDARD CONDENSER 

USES: 'l'IJCSC condensers are fixed stllll(lnrcls 
of t:,ljJucilance lor Inboratory U.':iC. ·When they 
are used in conj ullction with It Trp!: 722·D 
or II TYPE 7.22·~I P recision Condenser in II 
purnllcl substitution method of measurement , 
l)I'ccise measurelllents or cli pacitanL'C up to 
severa.! microfltl'Uds C4H I be made. For con­
denser mnuufucturcrs who maintain a cn pac­
itance slnudardiz:l lioli llloornlory, u set or 

TYN; 509 Condensers, used wilh a TYPE 
710-A Cupacit:lUL'C llridgc, is rcl:Olll mCllded. 

DESCRIPTION: Each TnE 509 Standard 
Condenser consists of two 'l' YI'E 505 Con­
denscr units which have been pUl lhrotlgh :UI 

additional aging process. The limil accuracy 
and stability nrc thus increased lUu rkedly . 
The units a rc mounted in cast aluminum 
CliSCS flnd are furnishcd with jack-top binding 
posts . 

FEATURES: In addition to be ing very accu­
ratcly ndjustcd a nd st;\blc. the Tn·.~ 509 
Stand ard Condense r is n co mpact plug-i n 
unit which CllII be used with extreme COII ­

vCllicm:e. The tcrminals a re so arranged that 
scvcr.!1 units may be stacked one upon the 
oLher without using leads. Tht:rc is 110 cumu­
lativc conncclion error· whcnlhe condensers 
urc so stncked, so that these units can be 
uscd in parallel in much the same wily that 
precision gll uges arc added in mcchanicnl 
measurcments. 

SPECIFICATIONS 

Cepecillinct: Ten ~tock uni ts ure lLl"nilnLle U Jl~tCtI 
~tow. 
Accuracy of Adjustmtnt: E I.ch con\le llser is cllre(utly 
adjU!loo "'itbin OJt5% of the nominnl eapadtau~ \·"Iue 
ell~ra\"ed on Uu:: CBliC. 

Accutecy of C.libretion: After each condenser hu I.c~n 
aged,adjusted,and 1Il0unted, ils cul)llcitanec is measured 
as carefully"" poMible, and the "alue of C&1)aci tancc, 
accurate within 0.1 17", i,l enll':red on a certificate (>f 
ealibrntioD I\'hicb is packed wi th each unit. 
Stlbility: O" er teIlwIIDulc periods of time (e.g .. one 
year) ench condenser wilt maiutain its cal iLtllle,1 I'alue 
wilhin 0. 1%. 
T tmptltturt COltfficitnl: Leu thnn +0.01% pcr dc~rce 
Cellti~rade bct"'een 10° and 50° Centigrade. 
POWt, Factol: The power factor of all units, when 
mea.sured at 1000 cyeles and iSo Centigrade. is ~ 
than 0.05%. 
F,ltqultncy Cha.~cllt'; ltics: T he frequency clllltllcltristics 
of these units lire similllr to those of the 'r r ... : 505 
Condenscr. (See pllge 57.) 
L .. Ic'!le Rel;llIince: The leakage resistunce, whell 

meaSlIred Itt ~OO ,·olls. is gN'ater than 100.000 meifuh",¥ 
excel)! for the l'rl'E8 S09-U, SOD-X. and ,s09-Y. In tl, c-SE­
uni ts U'l' product of cltjlllcillince nnd leakage resistallce 
will always 00 !lrente' than 10 ot" lI-fnradl. 
M uimum Volte9t .nd Frequency: The mu~imum peak 
"oltage is 500 l"olLB. It t frequencia below ti,e limitinll 
fl"('{lUelicies tabulated belo ..... :\t hi, l,er frequencie! tile 
allowable wltllge deereaSltS and is inl"enely proport ional 
to the squnre root of the rrequltnty. These limi~ cor­
respond to " temperature rist of 40" C. 
Mount;n9: CII~t nhllninum eases nre lIS(!(1. 
T tlmineis: Two jilek-top biu.ling "osts 81'actd ~ of lin 
ineh apArt tHe mounted on the C115e. One terminlll i~ 
~rounded, lind the other one is in.,ulli led by means of 
lin iwlantite bushing. 
Oimctnliont: Small case, (length) -lJi inehes s ( ... id th) 
i}i inchl" s (height) l ~ indIes. o'·er-all. Large (:fIse, 
(length) 0 ind,e. x ( .. idth) S~ iBCbe$ x (lleight) i~i 
inehe!!.ol'er-n ll . 
Net Wti9hl: 131 pounds for all condensers lUounted in 
s.mllil ense~: iY2 l>Qunds to 3M I)()Ulldl for alt (:Omlen3(:fl 
mounted ill larGe CIl$l'I. 

T H" " " Peak Volu Frtqutucy Code 1I'0'd 

509-F 0.001 . f ,00 :wOO kc 5,,1:111 GOOI)CQNUOl" $12.S0 
S09-G 0.002 }JI '00 1'tJ0 kc Smull C'{)oOCONut:G 12.50 
S09-K O.OOS pi '00 '0''', Small GOOUCONc,\'r 12.S0 
S09-L 0.01 .!.I I !.iOO 2:.0 kc Small GOOI)(;ONOOl.' 12.S0 
S09-M 0.02 . f r.OO I'M kc Small (:OO[)(."QNEn: 15.00 

509-R 0.05 . f '00 80 kc- La rge GOOJ)COSI'IO 18.00 
S09-T 0.1 . f '00 40 kc l..II rj.(e GOO!lCQNIWO 22.00 
S09-U 0.' . f 500 '" k, Large GOOD(;OS81 S 2S .00 
S09-X 0.5 . f '00 8 k, Large GOOI~S'1.' 101 32.00 
S09-Y 1.0 .f '00 Ok, I. ... r'e Gooooosror -48.00 
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CAPACITORS· 

TYPE 50S CONDENSER 
USES: The T YPE 505 Condensers arc (.'011-
\'c nicnl and accurate plug-in units which cnn 
be lIscd as seeontbry laboralory sta ndnrds 
and circuit clemen ts in all types of equip­
ment. A II assortnlcn l or Vari0111' sizes is i lId is­
pCIlSftblc to a ny com municntions labora tory. 

DESCRIPTION: The condense r lIlI it . COll­

sist.ing of a micn and foil pile, is held by a 
heavy meta l clamp. This unit is placed in 
lhe low-loss bakelite case and surrounded by 
siliell gel and ground (.'ork. The clump is not. 
l."Oll llccLcd to either (:ondcnscr term inill bUl is 
left. nonLing. The whole unit is covered wilh 
paper lUld scaled \\'ith wtL'I(, 

FEATURES: J I) addition 1.0 being u small, 
l'OIl\'c nicnl :lIld lH;curn tc condcll!\Cr t i le Tn'}~ 
505 has excellent sta bility :wd vcry 101\' 

losscs. India mica hilS bcen chosen becausc 
of its eieclric.'l l characteristics. a nd the 
mounting method IIscd makes the capacita nce 
pr:letical.ly indepe ndent of temperatu re, l\I1d 
lhe power factor independent of humidity. 
E very pict."C of mica is inspected fo r mecll ani­
cal defects ttnd other impe rfections which 
might cause I:Irgc fii c lcd .ric lo.~scs. 

Bach unit is ca refull y aged to lucrcasc 
stability a.nd is heated to eliminate moisture 
before scaling. Sili ca gcl in tbe case nbsorbs 
any moist.ure which may collect 0 11 the con­
denser after it is in usc for some lime. 

Low-loss (yellow) bakelite cases nrc used 
to iusu.rc better power facLor and other 
characteristics. The plug-type lel"lnina.is 
I>crmi t the condensers to be Slacked in 
parallel and so bui ld up to a.ny required 
\'lllue of cap:H.:ilarl(.:c . 

SPECIFICATIONS 
C.paeit.nec: T ill! ~i~~ li_tC(j ill the price list ftre tWll il-
able rrom Block, Other si"tCli <.iln be huilt 10 Qrder; price!! 
rurnillhed 011 I"e(rUelil. 
Ace\l •• ey of Adjustment: 1\ 11 ullit~ lire ".Ij'J.Jled wi tl,in 
t% or 10 micromicrof!l.rall1l. whicl1<!,'er is the larger. 
T emperaturt Cot/frdent: TI,e tCnllICrnture ooeffieienl of 
ropacituucc is less limn +0.0 1% per degree Vntigm.\e 
t..olw<:<:11 10· anti :;0· CClllig.-a.Jo:. 
Frequency Ch. r.dt.hlies< The elfeel i"e terminnl (:alllle­
itnn~t i~ e~~nlil.lly l'O' lStant O,"l,!f n wi.le frequenl,!Y 
r~ngc .. \ t ,"cry low hCqU'!I1Cics II ,"cry sliQ" ht rise in 
mpaC'it rau<.1: O(:(;u r.'l because of tl ieleet ril,! absorption. At 
higb frl'<IUt'udes IL rise is cau.sed by II eonBtrmt r(:..'l idu(li 
;mluctnll{"C wliidl is elfect1"dy in BetiC!! with lhe oon· 
denser, For the unilll in the smllil C~5 thi! indnctance 
is lIl>uut ,OJ:; mi<,rohenr~', while for till,! lInit.!! ill ti,e 
large ro~ it ~ aoout 0,0S5 microhenry. 'fhe effect of 
this indndauce on thl,! cap""itall<'e of 5<:1'cI1I1 'I'v".: 50.; 
CondellliCNi is !hOIl'1I in the IIccornp:t.n~'ing plot. 
Power F.dof: T he power [udor or 11 11 ullilll, except the 
three Jlillllllllit 5iZ('ll, IIH'asUJ"e(l lit 1000 ""del aud lit ~5" 
Ceuligrn(\e, is leu tlllan o.OJ%. lkcull-= of the ill<=llsillg 
dr~ of the losses in the b;,kdile ('11k 011 the l)Ower 

This sho"'s the inctellse ill lilJ>3citalllt ~l high h e­
(llIt"Ilties which is tause.1 by the .§eriC!! inductance 0( the 

condenser terminals amllcnd5, 
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(nctor 115 lile C:l lla citan~ de<:re:l~. the !lower factor, 
lit 1000 cycles and ~5° Cenligl'flde. of the I'nt:tl aM·A, 
4(I,;· H. and 5~ . .. : i~ leq thlln 0.1 0/0. O,OS'7c. lIud O.()O% . 
refipect ;" ely. ,\ cI'lIngl'lof lIbout + .i% of ;t$ ,'olue (M.:CUrs 
in t ilt' power rador for II. teml)(:l'3lure rise of 1- Cell­
tigmde. 

The ch(lJlges in 11O" '\':" rnctorwith frtquCllcyare shown, 
for some sam]llc ron./ensers . in the Ilewmpanying plot. 
1\ 1 \"efy 10'" Fre·CJucncies. lhe ri!<C in power factor i$ 
Mtused b~' 10554:5 clue to lIusorption current •. At the 
high fre(]ucncic8 th(l rise iJ ('(OlI:Ie(1 by the dft-cl of the 
series resislnn(.'e in the metal ll"rU of the cotl,lenscrs. 
T his I'(!$istllllt~. practkally independent of clIJ)lIci t lllll'e. 
,'aries ,,-jt h frequeuey I~ll$(! of skin cfTtd allli Ullhollt 
0,03 ohm at 1 megnl'yde li nd about 0,1 Ololll:lt 10 mega· 
cycles. The effect of lh ill res-iJ:I.Mce on the power factor 
i. incfensel;i as the cnp.dta,,~-e increases. 

l~aka!~ R~silt.l"clr : 1'h~ Icahge re<iJtlln«!, when 
measure.! at 500 "ultK, ;8 greater than 100.000 megohma 
e~c:epl. for the Tl"I'l:l\ 50;;-U lind iiO.i-X. III thCiic units 
the ~istancc isgrcj.ter I.hll" 60.000 and 20,OOOmegolulls 
respect;'·ely. 

2 MTG. HOlES 
NO.1. ORILL IN , 
S~4LL C4U ....... 

2101T G. 110L£S ____ 
NO. 18 DRILL ...,..­

IN LARGE CASE 

Tillie 

SOS·A 
50S.B 
505-E 
505-F 
505-G 
50S·K 
50S-l 
s05-M 

~ 505-R 
°S05_T 
· S05·U 
· SOS·X 

·Moueled ;111011:. nee. 
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L4RG£ C4SE f 4--S I .... LL 0 0 IT' 

!L~ o :a·~I 

~~ 
Cap6eilIlIlCfl 

100 1'111 
200 JIJII 
500 I'J' f 

0.001 1lf 
0.002 II I 
0.005 " I 
0.01 " 0.02 " 
0.05 " 0.1 " 0.' " 0.5 " 

Maximum Volt.l91r and Frlrqulrncy: The maximum pcak 
"ollage which the condensers will iIoII fely withstand ill 
500 "olu for a ll but t he t ,,·o ,,,,,, lies! unilll whicb will 
"' ith~tllild 700 ,"OIls peak. :\05 the frequency of a eon­
,lant applied ,""lugc iUCTeaSC5, the puwer dissipated in 
the unit llito i.nereases. If an a-o \'oltnge, whO$(: maxi­
mum \'alue cciUllI~ the al lowable penk \'oltage pM!\iously 
~peeified, i.!I 1Ir.llliCCI to the condensen. the follo"'iog 
tII hle ahow. t .e maximum allowahle fre<luenc)". 'I'h~ 
table is blI~ed on the al>ility of the U/Lilll in the amall 
~1l.Ses to di.-lsip"le I waU "nd those in the la rge cuu 
to diMillllte ~.$ willts. For higher frC(luencies the a llow­
able mltage deefea~ lIud i8 invcrsely proportional to 
the ~ual"() root of the fl"Cfluen(:y. 

005-,\ 
50s-II 
5Ofi-E 
5005- '" 
aQ;i-G 

505·1:': 
60S- I., 
5Os-M 
5OS·1t 
503-T 

""·U 5Oo5-X 

...,. k, 
1000 kc 
980 kc 
800 kc 
400 kc 
100 ke 
SO k, 
40 ke 
40 kc 
20 ke 
10 kc 
H , 

Tcrmin.ls: Screw terminal.!! ,pactd U inch apart. T wo 
'1'1'1'': !IN-!' Plugs are s upplied witlt ("licit co"t/eoser 50 
t!.a t it ma)' be toll\'erted to plug·lerlllillal model. 

Mountin9 : l.oll·-Ioss (yellow) b4tkeli le CMe$ in t .... o liEU 
as shown in tile J.J.:etch. TvrES 5OS.1t. 5OS-T, 503-U, 
and S05-X take the large cue. 

Dimcnslonl: See. sketch. 

Net W~i9ht : .. Oll"ces for small. Ii OU Ilce>! for I!lrge Si1.e. 

Code Word Priu 

<.'O!I." .:S.\I.I.Y 53.50 
co:-:ucsuY.u. 3.50 
OOSIlESOO.\T 3.50 
CQ:-:O.;SIIR.\ :0.1 3.50 
<.ll:-:U I;SEVIIE 3.50 
\ 'Osu.:. .... ·.\CT 4.00 
CQl>·OI:SflIlt l. 4.50 
~'Osu .: sn.;.\O 5.50 

COSU I:""'C.\I..lI. 6.50 
CO:-:UFH ... cnow 7.50 
OOSUI:SI\' II'Y. 12.00 
OO)"' OI;SWI I,T 20.00 



CAPACITORS 

TYPE 219 DECADE CONDENSER 
USES: The TYI'£ 219 Decade Condensers find 
uses in every laboratory as t uned circuit 
clemente;, hjidgc impedances, filter elements, 
or as componen ts of :my ci rcui t where a 
wide-ru nge vminble conde nser is ucccssnry. 

DESCRIPTION: The TYr'E 2 \!} Decade Con­
densers arc asscmblies or two or three Tn'E 
380 Decade-Condenser Units mounted in It 
shielded cabinet. E ach decade has eleven 
posit ions. 0 to 10 incl usive. so that the d ials 
overlap. A positive detent mechanism allows 
the switch to be set nccumtely. 

FEATURES: The T YPE 219 Decade Con­
densers Me direct-readin g uni ts covering a 
wide range of ca pacitance val ues. Although 
not designed as s lnndards, their accuracy is 
good li nd suffi cient. ro l' most laboratory work. 
The zero cn pacil:l.Ilcc has been kept nt a 
minimum and its v:lluc is marked on cach 
box for ready reference. By employing mi ca 
condensers on all decades except the 0.1 · 
microfarad decade of the T\'l'g 219-L and 
Tn'\<: ~19-.M. the power factor has also been 
held low. 

THE ~19·K uses mica dielectric through­
out and has many uses whcrc the compara­
tively higher losses of pape r cOlldellsers 
eannot be tolerll ted. l~or applicat ions where 
still lower losses are desired, boxes using 
'l'1' PE 505 Conde nsers throughout cn n be 
built to order, 

SPECIFIC" TIO NS 
ACCUllcy, .~ 1! uni Ls are a~'Curate al the clOOllclc terminals 
",ithin 1% . e~cel)t t he O. I·microfarad decades of the 
1\'PE 'll9-L lnd 'l'Y PE 'l19· M whieh arc .... ithin ~%. 
To obtain these lu,!curades .Ill the box terminals, account 
must be taken of the elfectil'e 1-CfO 1'..Il PUCitIlIlCC of the 
box, which is made up of the t.rue zero capacit:mccnnu 
the mutual (;8J>11cilancc betwccn units. T he val lies for 
the di fferent boxCII folio "' : 

T!lpe Effeclift ZerQ C('JilIcila",;e. 

'l 19·K 
'1 19·[, 
'1l!l· i\T 
'119-N 

I n~ide view of 'r \"l'r. '1Hl·?l1 
Decade Condenser_ 

35/<1p.f 
.201o'1'f 
30 1o'p.f 

""" 

T hese valuC5 n.rc ellg""\'t~1 on the lIll1tructiOll Pla te 
on e\'CT." oox, 
Power Factor: The power factor for the inrlividual 
de<:ades is gh'en in the speci fiClition~ for the TrrE 380 
Deeade-Omderu;er Units. For the very lowes t decades 
the POWCT factor may be increa~ed sligh tly bec:ause of 
the losses in the switches and mounting. 
Maximum Voltage aod Frequency, T hese values (or 
the d ilferell t decades nre given in the spedfications for 
Ge 'h I'.: 380 Dccade-Omdenser Uuits. The limiting 
valUe!! for tile difTcrI!til l'l"PE ql9 DC<'8de CondellSers 
m'C cngra.I'cd on tl,e Instruction Plate for each box. 

Ttlminab, Standard jaek·top binding posts with a %-
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inch 51",cing are uiIeIl. 'n,. shield is collnected to the 
"G" termilUl1. 
Mountin,: The d~Bdes HI'(! asscmbled on nn IIluminum 
J}IInei ntl(1 Inountt. .. r in D shiel.!ed wulnul CllbineL 
Dimensionl: T n'ES 'l]1)· K ."d 'll!l-~L (length) lS~ x 

(width) [.M r (heic:ht) ~" inches. Trr~:.! il!l-1. and 
i'19.:-z. (length) IO~ x ("'itl th) sM x (hei/;ht) 5~ inches. 

Net Weight: '1''rI'y. 'l 1!l. K, ION IlOund,: TYrIO 219- 1.. 
612 ])OUTL'ts; Trl't 'lIO-i\I. R% pounds; TYI'~: 'lW-N. (Ira pounds. 

No. oj Type SJj() 

TNP< ('lJp«:illlm;e f)i .. /~ 1)«(Jdu Und rode Word PM 

i 19·K 1.1 10 " f in 0.001 ItF Ilcps , J." ~I. 1'1 ,~~ $90.00 
219·l 1.10 pf In 0 .01 lif , tcps , I.. ~ [ CO"&II 35.00 
219· M 1 .11 0 "I in 0.001 pI Jtcps , L. "I, N Dnum 45.00 
219-N 0 .1 10 1" in 0.001 " I ste ps , ) 1. N eftQx ,.. 35.00 

TYPE 380 DECADE·CONDENSER UNIT 

USES: The TYPE 380 Decade-Condenscr 
Units arc extremely useCul as clements in 
lUlled cireuils, wave filters, and olher exr>eri­
mental or pcrlllilll(,lll equipmenl wherc a 
r11lher large va riflhle capacitance is desi red. 
T hey fire also uselul in oscillators, anulY1.ers, 
amplifiers, and similnr apparalus, especia.lly 
during the preliminary design period when 
('X;lct values lor different capacitanccs are lo 
be determlned by experimenl, 

DESCRIPTION: Each decade is un asscmbly 
of four individual mica or paper condensers. 
A ~Icclor switc11 is arranged to make parnUcI 
COlnbinntions of the units so thal any onc of 
len values mny be obtained. 

T he switch is of rigid construction and 
eMric!! n detent mechanism lor positive loca-
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lion of the swilch positions. A bakelite shafl 
is used and contact is made by means of 
('ams bearing Oil phosphor-brom:e springs. 
T his switch together wilh dial plate and 
knob is available separalely as the TYI'~: 
880- [>3. (See price lisl.) 

All slandnrd units are furnished complete 
I'.';lh knob, photo-etchcd dial plate, ami 
SlOps. 

FEATURES: T heTl.'"Pf:S80 Dccndc-Condcmcr 
Ull its are carefully aged and assembled so as 
to be stable and rugged. The smaller decades 
consist of moulded nucn condenscrs wllile 
tllC mien O. I-mierofarad dccndc employs 
TV I'f: 505 Condensers. Thc paper condensers 
whieh are used nrc t horoughly imprcgnalcd 
wilh molten paraffin during winding. Suc-

'I'YI'& SSO-F. 
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cceding layers or the conducting foil arc 
connected thus avoiding the large incrcuses 
in power factor and effective ca pacitance 
whieh occu.rs at high frequencies when only 
the ends are con nected. 

:For applie:~tions where losses must be 
extremely low, special 0.00 1 pf and 0.01 ~f 
dcclIdes using T\'Pt~ fj();"; Condensers can be 
bui lt to w·dcr. 

SPECIFICATIONS 

Accuracy: All uu its Ilrc within 1% when measured at 
1000 cycles e~C'ept the THf: 380-L "'hidl is accurate 
witlli ll 2%. The units are chet:·kcd. with thc g"'itcll 
UlL'chanislll Iligh. electrically. afld the common lead and 
Cllse groumled. 

Dieleclfic: T he '1'\"J'.: 31:10-P is made lip or TrrE 505 
Condensers which hnve mica 11S tl)1) dielectric. The 'J ... ·f>E 

380-L IlseS pntafIin-impreguatetl p!lper ~"()l\dcnsc.r units 
while the 'I'\"i'f. ::180-]\1 lind 1'f".r:: SW·N use mica lVII­
de.JLSer3 which nre wOlildet.! in !.>nkclite ca5eS. 

Power F.ctol: The power (actor or the differen t uuils, 
when measured at 1000 cycles and 25° Centigrade. will 
be less t.lllln the values in the fol!(lWiJlg bble. with tlle 
ex~pl ion or the lowest-settings on the slIlallest decades. 
lIere. because of the losses in t.lJC switch and moullting. 
the talmlate.1 power factor may be exceeded by II sligllt 
l<1110unl. 

380-F 
380- 1. 
~ISO-]\ 1 

~80-N 

Power }'u(:wr 

0.Q5% 
1.0 % 
0.1 % 
0.25% 

Muimum Voltage and Frequency , The lIla~ilHulH 
peak voltage which the units will s..'lfely withslnnd is 
:100 volts with the eX~]ltioli or the '1' \· ... 1 3S0-f' which 
will withstall,j 500 volt.>;. A.~ tbe frequency of the applied 
voltage illcrenses, the current ior:N:lIscS «!HIIilOre power 
must be dis~iJlated by the unit. In oruer thnl liris power 
tlocs lIot bel"()me eXI~i,'e. tbe frtfillencies listet.! here 
must not be cx(."CCdcd wi len peak ,'oltages equal to the 
maxima just sped/ied are llPI)licd. For higher frequencies 

O"cr-alltlimellsioIlS of '1'1"1' .: 
~JflO- L, -M. :md -N Oecnde­
COndelLSer Uuits; <iilllcnsi,)U 
A is 3%; inehcs. While l'YI'.: 
:lSO-I" lIses the SIIllie switch 
lIledlafli SIll. condenlil'rs lire 
uH)ullted On hoth sides of 
l he switch nnd tire Pli ll e! 
spa~ re(luirC{1 is ,~U x ·131 

indies 

380-F 
380·l 
380-M 
380. N 

380.P3 

1.0 
1 .0 
0 .1 
0.01 

Cap"cila,,~ 

}IF in 0.1 }If steps 
IJ F in 0.1 " f steps 
IJI in 0.01 "I steps 
" f in 0.001 }IF step, 

Switch only . . . .. . 

CAPACITORS 

the ITillsinlunl So'lrC \"oltnge decre."lse5 1U"J is iuversel.\" 
[lrOllortiolllll to tile .<QI1IITC root or the fre'l"cn<!y. 

~80-F 
~180- L 
m~n.;\ 1 

:ISO';\' 

-5 kc 
1 kc 

100 ke 
1000 ke 

f efminals: Fle.~ilJle, rubber-iu$ulatetlleads nrc Ilrovi<1ed. 

Mounting: Machine ~crew~ ror atl!,d,ing lhe decnde 10 
" 1)!luc1 nrc $UPI,ljL~ 1. 

Dimensions: '1'1'1'1: 3S0-P, paller sp;.ce. '1%":< .J.~:f inches: 
behind panel, 4 incllCli. T n'f.S :180-1., 3l';0-:\1. and :mooN, 
see :I<".:oJIII>:luying sketch. 

Net Weight: TYI'I: SSO-F, 3 POlIlHls, 10 Olillces; T yr·);,., 
:JSO-I_ and 380-;\1. 17:1 pounds; Tnr. :lSO-N, 1 pound. 
(l ()Il n ec~. 

Cooe Word 

.~CUTE 

AI)AOE 

AIII)EII 

AODl •• : 

SII'ITCIU-oHO 

$58.00 
10.00 
12.00 
10.00 

5.00 
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TYPE 107 VARIABLE INDUCTOR 

USES: The 'l'l'I'~; 107 Variable Inductors find 
their grclItcsl uses in tile Inhoratory as 
standards of moderate :u . .'CliraCy for measure­
ments of sclf- (Iud mutual indm:t ancc, and as 
("'Olllpo ncnls or bridges, oscillalo l·.~, lind simi­
l:tr equipment where Il variable inductor is 
neetled liS a circuit c1e lllenl. 

DESCRIPTIO N: Two I.:oils, a rolor and a 
stutor, :'Ire mounted cOllccnlricn,lIy. As the 
position of the rotor is changed the coupling 
between the two coils chunges nnd t ile in­
ductancc is ,·arted. 

The coils arc wound wilh straudcd wire in 
\\'11icll the scpurnlc strands arc iUS\llatcd 
from each other. The ("'OiI8 atC impregnllted 
and baked in n high-melting-poi nt malerial 
before being securely mOllnted to the bakelite 
JltlncL 

FEATURES: Tbe THE 107 Variable Intluctor 
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is direct reading in inductllw .. -c for both 
series and parallel conJlcctions of Ule coils. 
The inductances of the rolor and stntor ha\'e 
been cardully equalized, and the L'()ib are SO 
mounted that t.he inductance ror UIC pnratlcl 
collllcct.ion is exacLly one-fourth the vallie 
shown by the dial for the serics connection. 
This e(lunlization of t.he two L'Oils ulso elimi­
nates losses rrom circulating curreuts whell 
the parallel connect.ion is used. 

Separate terminal'i nre brought out. ror 
both rotor and stator so that they may be 
quickly connected ill either series or parAllel 
ns a sell-inductor, or used sepllrIltely as a 
lIlulunl illduetor. The rOl'lllula for the mutual 
inductancc is given 011 t.he nameplate to­
get.her wit.1i the value of doc resistance and 
LHll:l:iruum current.. 

Ot.he r reutures of thcse inductors are their 
pe rmancnce of construct.ioll. low losses, and 
high currenl-carrying capacity. 



 

INDUCTORS 
SPE(IFI(A nONS 

Self_Inductance Ru!!.: Fh-e s i~e!' Ilrt: n"nilab!c ill stock 
etn-crillg Il tolnl rauge of tl PI.roxitua lcly 1.7 microhenrYli 
to 500 millihenry' by lhe use or both the Q'ries and 
IlAraU ... 1 eollna.1. iu"" M aximum (lnd minimum ,'Slues 
for ooth connecliotlJ III'C iiho\\"n in the price list. 
MUluallnductance: Either pru itive or negl. ti \"c mlue!! 
(If nlutual inducl~n~ ('(l U he ohillined. The e..;a<:\ 
forUlu!u (or the Ulutual indnctr.lI~c is cng rlL\'c,j on ellch 
individu;I! instrumcnt. T he approximute faugc.s /lrc 
given in Table I . 
C. lib •• tion ; The: ; 'khwh""", (or LI.e: "" 'j.,. ~ ... m'l<:d;"'rJ. 
measured at lOtIO cycles amlll. ..... :urhte within 1% of full­
''':(lie retlltill~. i! engrnwd on the dia l. T he in.luciam,:e 
(or the l)'uullell'O"lulIection is within 0,1 % uf one-fourth 
of the series imlllctlluL'e. 
Frequency Error, Disregarding erro!1!l due lo skin dlco:t. 
the fTllCtiollo t clmugc in indutt,ult'C wilh freq ueru.:y will 
beJl///. " 'here I i ~ the ollCnltiul; fr(:(IHcncy and 10 the 
mll,ml! fr('(pren ey, ACCQrdingly, lit onc-lellth lire nalnrul 
freo:IUCIIC~'. the he'luency error is but 1%. At higher 
frequenc~ skin clrecl Cl'"ror!!, which (Ire diJTerell1 fot 
the differcnt "ni t ~, lIlay beeome Illlweciahle, T(ltJIe I 
l:il'CS the natOli'll! frequencies for the differcnt standard 
units, for (ull selling with series eonnect ion. 

X 
LO $S\!:I : The lllRximurn vlIl"e of the !>torllgc fu clor Q =n 
for full-s .. :alc sellill~ wilh the serie~ .. ,.'oll nedion is gh'crl 
in ' I'able I (or each moluctor together II'ilh tIre freq.reney 
III which this "alue 01 Q is obtained. 
M u imum POW'\!:' .nd Current: T he totll l amount or 
power ... hich u ch indul"t,or is capable o( dissipating is 
15 ,,'aU.!! This III11Qunl C81lSe!1 a tCUlperntu", .i ... '" 40a 

Centigrade. 

d.c te~i$tunce (or the diffct<:n t unit$ nrc givcn io Tuble 
I. Each nnnrcplute is u]w cngrav~ 1 with the sume. ""Iuc. 
Termin,I,: Standard U-indr ".pnciug, ja.:;k-tol) bin,ling 
p<I!lls lire PrQ"idcd whicb nUow .5C1)'1rute l'Onnect ion, 10 
rotor aUlI sltltO!. Colloeding links ure supplie..! so Ilu'L 
eilher (I series or pat_lid connection or the rotor and 
sta tor enn be made ava ilable at Il th ird pair of binding 
pu5t!!. 

The maximum 1I110 ... 9.hle l"lJrrent, for the !!<:ties oon- Mounlin!! : All nniu are fUourltc<.i ou hakelite pnuel~ 
nnd enclooed in wulnut enbineu. nection, i~ gi"cn belo ... in Tllble I and is engraved 011 

ench nameplate. 
Dir\!:c:t-Currenl Relil tance: T he llPllroxirntr.te "nlues of 

Dimeoliooi: 0)1 x OM x S'" inches, over -nil , 
Net W ei!!ht: Ii pound.!, all rflll.'(elI. 

T ,p< 

107·J 
107·K 
107· L 
]07·1'11 
107·~ 

107·J 
107-K 
107-l 
107· M 
107_N 

TAI3L"~ I 

M utual 
Id , " IIl:lm« 

D-C 
IluUI U'/I:(: 

lhzimulfl 
C , /,rrtll 

FuqutllCIl lOT 
II ' Q' lU:lmllltl 

N",'ural 
frtq"f. cr· , 

0-10.8 "h 0.17 n 8.' • JlO 400 kc 
(HIO Jlh 0.7 11 '.0 • HO ~oo kc 
(H,l 11111 '1.8 n 1.7 • 12ti ao kc 
0-11 rnh 40 n O.GO n " 20 kc 
0-110 mh OUO n O.I·I IL 20 7 kc 

Sd/. / nJw:tunu 

7- 50 Jlh 
60-500 " h 
0,6- 5 mh 

6- 50 mh 
60-500 mh 

1.7- 12.5 " h 
15- 125 "h 

0.15- 1.25 mh 
1.5-1 2.5 mh 
15-125 mh 

Code Word 

1I.'I<~r 

UAHPV 
HAI\1n ' 

II OTI:r, 

UO''ll U 

OTHER INDUCTORS 

r,ooo kc 
1500 kc 
(/00 kc 
1.50 ke 
30 kc 

535 ,00 
35 ,00 
35.00 
40,00 
40.00 

T YPE 11 0 R·F Chokes are described Oll page 201. ilccuuse or 
their low cnpacitanccs, high inductance, and high Q, these chokes 
are useful as induetuncc clements in filters and tuned circuits. 
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INDUCTORS 

TYPE 106 STANDARD INDUCTANCE 

USES: Ti le TYl'~: 106 St;IJL{I;ucl Iuducl;lItcc is 
n n accurate $I.nndanl of Sf'if·iuducl:l.B(!C fol' 

use in bridge ;Hld olher measurements at 
audio frequencies. 

DESC RIPTION : Au al'l.lIli(: fo rm of mounting 
is uscd wherein two D -shapcd coils III'C 

mounted pnrallcl to cuell other. Thc.coils arc 
form wOllnd. bound wilh tape. and imprcg-­
nnlcd with wax I.:d ore bcillg moun ted . No 
metal is used in the (:oustruct ioll. 

FE A lURES: Low :lud t1clidy constant re­
sislml<.'C at aud io frcq u('ucics is insu1'ed by 
the IISC of sLnl.l1dcd wil'c ill wh ich the separate 
slrallcls :IfC insWlllcd from each olilcr. 

T he inducta ncchasbccli mndeindcpcndcnt 
of surrou ndings by using an astatic form of 
moun ti ng in which the lie1ds of the two coi l 
I>Cctions neutralize c:lch other in regions 
ex t.e rnal Lo the easc. Thus. inh:raclion be­
twee n (!xlernal fi elds and l he fie ld of llie 
inductor is reduced lo;) minilllUI11. 

SPECIFICATIONS 

NOllliual I)·C MIIJ:;mU"1 
T,p' Uclid,,,,ce ("urrtul 

lOti- I. 0. 18 n 3.5 u 
106-G 1.80 11 1.0 n 
10G-J I I?,? H 0.[, a 
IOG- K HS.3 " 2JO 11 m 
106-)[ ,.45 " l aO nUl 

Accuracy: T he 0.1 miJlibcl1r~' unil i~ ltdju~loo li t 1000 
(·ycle$ within 0.2% of iU b.bcled \'I. !tlt'. AU the olhe!' 
lInit$ ure ndjusted within 0.1% "t 1000 eydCll. 

Res istance: TIIIl re~i~tnnce nt HlOO cycles is the !W ille as 
the d·e resi.stl)n(.'t. This rcsistan~, logctlu.:r wi ll. t he 
lemll'erllturc. i$ entered 011 II. <'ertificate mounted on the 
bottOIll of the Cftb iuet wl.en the inductor iJ mellllure<lin 
the Stllll!l:lI'di>;illg rH1Ixm.lory. T he nominl11 \'a lU(:$ Ilre 
gi>~n in the tahte .I.\O,·e. 

Tempe •• lu.e Coefficien!: The lempcrnlure ooellkient ~~ 
Ie$s tlilln ± O.OO·I% I*t .[eg~ Ceutij;Tllrle. 

Muimum Current: Sec t"b te. 
X 

l osst$; Tile illllximum v"lueof t l'estorngefllctor Q =n' 
uud ll.e fre-queuty for which it Vf:(:UrII for eltch size nrc 
gil'ell in the tuble. 

Frequency E"or: Ois~SIl ... lins .\kin elleet lhe frllctional 
change in indudallce ,,·ilh frequency i$;: / fi "'here / is 
operating fretlueney and / . tile Imluril l f!'e(\ucncy. At 
lIue-tenlh the I1l1turul (retlucncy, thcrdore. tIe error is 
1%. 

T.'1I>t I ".hlrlulltf'. 

106-l 0.1 mh 
' 06-G , mh 
106·) '0 mh 
106·1( '00 mh 
, 06-M , henry 
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Marillllllll Freql/t NtU/IlT .\'llll/rul 

1/ .IfUJ:;mUH. (J Fr.-qut "t !J 

'10 :1(}0 k~ 6000 kc 
Iij (l UO k" 2{1()O kc 
170 1)0 k~ 500 kc 
80 '10 kc laO k,' 
40 7 kc :J5 k~ 

TII.min.b: lJ inr lilig IlO<lU are vrol·i,I",,1. 
M ountin,: All uniu nre tls.-.emblcd in "'"Inut .-.;billeU 
with IJlIkelitc p[,neis. 
Dimension1: ['unet. ":li x ii y,; inches. O.b;"el. (height) 
3M iud.e,. over·all. excel)! Tnt: IOG·)1 which is 5% 
i n<:hc~. Ol·('t-n ll. 

Net Weight: Approxinmtdy i% pOlilltis, eXeeltt '!" 'Pt: 
iOl)·l'r] which is :;} pouIl,Is. 

Cod~ JI",ml I' riel! 

11"1"10:1( SiS.OO 
I1"EItT 25.00 
' ,"TI: 25.00 
IS I,F.T 25.00 
IlIIIUJ: 30.00 
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BRIDGES 

IMPEDANCE BRIDGES 
Por the m CRSIU"cment of aU types of 

illlpedallccs, resistive or I'cncli\·c. inductive 
or ca pacitive, the Wheatstone hridge circuit. 
in its ma.ny modifications has proved best 
fitt ed on grounds or both ncctll'acy and 
convenience. 

The bai1UICC of the bridge is attai ned by a 
lIuB method, that is, by reducing to zero the 
voltage Ix:twccu two opposite corners of 
the bridge. The precision or bnitllK't is not 
limited by the scale length of n deflecting 
instrument, but ouly by t.he voltage which 
Cfln be applied to the bridge and by the 
sensitivity of L11e null detector. ]t is, there­
fore, possible to utilize <:omplelcly Lhe ac­
curacy of the standards. 

Decnusc of the vnriely of possible bridge 
circuits, a bridge e IlIl usually be devised, the 
controls or which can be made direct. rcnding 
in any particular impedall(:e or circuit 
characteri stic. The direct-reading feature 
Hdds grcatl.\' to convenience in measurement, 
since it obviates laborious calculat ions which 
:l rc always a bILr to rapid work. 

The fund:Ullental bridge network is shown 
in Figure 1. The <.:onditiOIl of oolancc is: that 
the voltage across the de tector is :-:e ro. This 
will occur when 

II j\' 
-=-Qr A P = /J V (1) lJ /-' • 

The fOUl' 11I' II1S or tlle briugc arc not llC(''CS­

sarily simple impedances, bUl nrc frequently 
series and p.·uallel comhiuaLiolls or resishlJlcc, 
inductance, 11lld <::tpacit..·\llcc. H elice the 
bridl,'C arllls rcpresentcd by the symbols used 

r-----~GEN .. o-----, 

DET. 

N 
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""-- -, GEN. 

, 

FIGCkt .. 2. (l.t'fl ) A bridge in which lwo tik(!­
rMdalJec artus, N aull P. are compared. 

(JUgllt) A bridge in which uil like r(!-'H.-tau~--e 
,t rillS, II and P, nre (:Olltpared. 

in Equations (1) are, ill gencral, complcx 
impcdances, a ll<l W1Crc Ilrc two bal.lIlcc 
(.'Qnditions, one fo r the resisti'·e component 
and the oUler ror Ule reactivc component. 
The prineip.tl bnla nee compo nent of bridges 
designed speeifi caUy to llief\Surc illductance 
01· capacitance should prerernoly be inde­
pendent of frequency. 

Usually, at least one of these oal.Ul(''C 
(.'Quditiolls v.nies wilh frequency, oul no 
frequency limitation on the lise of the 
bridge is ioilerent in the vuriation. Alter­
natiug eurfCnt bridges call I>e used li t fre­
quencies (!XLcnding to scvcralmillion cycles. 
The uppe r £refjlICnc,}' limit for :lIly pm·licular 
design is set by the inerensing eJl"ecl of 
residual impeullllces in the various im pcd­
ance standards and in the wiring. 

BRIDGE CIRCUITS: lmped'lnce bridges can 
I>e divided into two classes, the one ill whicll 
li ke rcnctances arc compared, and the other 
in which unlike reactllllccs urc compared. 
Bolh classes li re ilhl slruted in Figure 2. J.II 
bridges of the first class, refe rred lo as 
induct:mce or capacitance bridges. a rms II 
ami IJ arc resistan('C a rms, while arms tV (Uul 
P are eilllcr both induct ivc or both capaci­
tive, one arm containillg 1I1C kuown standard 
the other the unknown rClIctancc. Of the 
bridges descril>ed in this section, TYI'f:S 740, 
7](;, 671, 511.l, 667 arc of th is kind, the tirst. 
fOllr bei ng capacil:uJ(.'C bridges :md the last 
an induelnncc bridge. T nE 650 al so falls 
in Wlis class for the Illcasurement of cnpaci­
tlmce. 

Bridb'CS in the second cl llSS Clir ry the nalUes 
of their clisco,·crcrs, "Ma xwcll , H ay, Owen, 
lind others. The illductan(.'C n.nd cnpacit.u.m;.-c 
IlrlllS arc opposite one :wotltc.r. For brid!.'Cf; 
of this class the main (.'Qlilponcnt of ba lall(.'C 
i.s independent of frequency . These ci rcuiL'i 
derive their greatest impa rla nce from lhe 
filCt Lhat tiley use cilpn.citan(.'C sLandards. 
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BRIDGES· 

As impedance standards, condensers nrc usu­
ally Illuch better than inJuch'H"s. The Tn'E 
650-A lmpedance Bridge mukes use of the 
Maxwell and] I,ny circuits for the measure­
ment of ind ucta ncc. 

Of the other bridges listed in this section, 
TYl' F:s 293 and 625 are skeleton bridge cir­
eui!.s which may he utilized for any bridge 
lIctwork. T YPE 721 Coil Comparator ma kes 
usc of II brid:"ted-T network, the most irn­
pOltanL chanlctc rist.ic of wllich is it common 
terminal, usually grounded, betweeu genera­
tor and dc lcclol". This circuit obviates the 
need of a shielded tnHlsfonner ami simplifies 
direct impcdaJl(.:e measurcmcllts. 

The '!'\-Pt; 544-.B Megohm lldd/:,te is a d-e 
Wheatstone i)l'idge fOJ' high resisl iUlce 
measu rements in which the delecto!" is a 
\'aCUlllll tube voltmeter, which 1m.,> an input 
resistllllCe eOlllparahlc to tbe unknown re­
sistance. 

RESISTIVE BALANCE, All ;mpcdance, 
have resis tive components :U1cl the bridges 
used for illlped1ulce llleaSUl'cmcnl Illust be 
capa lJlc of lllCiLSU.rillg this resistance in some 
maImer. Three methods are in general lise : 
(I ) sCl'Les rcsishUlce, in which the balancing 
resistor' is pla(:cd ill series wit.h the stituuard 
reactlUlCC ; (2) paraUcl rcsishlJl(''(J, in which 
the bal:Lncing resiSlor is p laced in plLl'al1cl 
with the standard rcact:mcc; and (3) the 
Schcrillg uridh'C mcl.hod 11 1!ed for' cnpu.ci tllncc 
measu rement, and ill which It balancing (;011-

densc r is pla(.'Cd in p:uallel with the ratio 
arlll opposite the uuknowu (..-()nuellscl'. T ),l' E.') 
(i50, 740, 5 1 B, 667 usc sel'ics resistallct:, and 
Typ~;s 71 (i, G71, 51 (j the Scitcrin g circuit. 
The parallel I'csiSll\ll c:e mcuJOd e:lll be used 
with 'l'n'~;s JHi, 710, (iJO. 

Twu impo rtant c!HH1\ctCI'isti cs of (:0 11-
densers and inductors arc the ratios, dissipa-
. R Q X lIOn faelor )) = X and storage factor . = Tl' 

where It and X refer to Lhe equi valent series 
circuit representation of the iJllpedllncc. For 
small numerieal values, the power factor, 

~ , is very ncarly cCjlml to the dissipation 

II. 
fador, X. 

Certain bridges . II'hic;b use _ the sc ri~!; .re­
s ista nce 01' Sdlermg mcthod of reSJstl\'C 
blliiUlce ClUJ have lhi ... resistive control cali­
brttlcd in term~ of dissipation facto]' or 
sto ril f,'e factor. ']'Yl'ES 740, 7Hi, :')l(:j have 
dials calibmted in dissipatioll fltctor ; TYPE 

650 I'eads both uissipatiolJ fadO!' for (:ou­
densc rs and storage fador for inductors. 

ERRORS: A bridge eircuit provides 1\ means 
or (:ompal'ing two impedances, an Ull~llo\\'n 
and a standard . It does not prOVIde an 
absolute meaSIU-cment. The possible cnOl' in 
the meas urement is :Jways grea.ter than the 
error ill the stalldard itself by thc C!Tors in 
tbe other bridge arws entering into the com­
parison. If, for instil1lce, the errOl" in lhe 
standard and in each of the two ratio a rms 
is ±O.l per cent, there can then occur in 
the most unfavorable case an errol' of ± O.3 
pel' cent in Lile meaSU1'emenl. 'J ~h i s aeeur<:-ey 
limitation is common to all dll·eet-rcaclUlg 
bridges ill wh ieh urestllt. is ob,t~incd (!'Om.a 
sin"le balance of the bndge. l ile errors 1.11 

I.hr~c of t.he bridge :ums call be climinateu 
Irom the measurement tllrough the use of a 
subsLi tution method in \\'hidl the unknown 
impcdanec is eOllnected in the standard arlll. 
Two l'eadiugs of the standard are requi red, 
olle with the UUkllOWll disconnected 1uHi one 
with it connect.ed. With an error in the stand­
uni of ± O.l pe l' ceut, the II'!'L'Xilllll!ll e rrol' 
of measurement is ± O.'l per cent. if nux-iliury 
b;ll:tnees ,l.re provided so that the stnlldard 
Cl\l1 aiWltys be set ini t ially at the sa.me point, 
the erl'Or can be n::duced. T his au;. • .-jliary 

~-~GEN.~----, r--~GEN.~---, ,---~GEN.~-~ 

A 8 A 

OET. OET, 

N 
p 

FIGtTIIl: 3. Circuit,; i1Iu~t.rnti!lg the three methods of ubt..1inin!? a re,~i~lh'(; blllu lI~-e: (1.;:/1) ~ericl re8istullce, 
(CClllu) para.llel resistance, nml (righl) Schering method. 
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b:.li:ull.:c is provided iii the Tn'.; u71-.\ 
Schering Uridb'e. 

RESIDUA L IMPEDANCES, Th. I"';dg. 
C<luatiolls dcriw:cI from Equaliou ( I) pre­
suppose IL II <\('ctml lc kuoII"lcdgc of the 
hcllll\, jor of the impedallccs in cadi hridgc 
arm. Xo illlpcd allt'(:, I.owe " cr carefully (,"0 11-
strutted , is free from rc~idtlal impcdll.lI{:cs. 
I { c!ii.~ tol·;; have sc ri(·.~ illdudnllcc 1IIId Sl lUll t 

capacitallt"C. Inductors h:I\'(: relati\'ely large 
series rcsistl\ lI (.'c :tnd ;;;11I1IIl capacita II ('C. E,'cu 
air ('ondcll~rs, wllile more nearly perrect 
Llmu other Il lipe d nll L"1.! ~ t a lldard ;;. ha\'e lX!sis­
li ve fOld inducth'(' residu al impcdllllct·s. All 
of these ext.ra illl pcdallc:cs must he included 
in the values used foJ' ca lculation in orJCI' to 
<I\'oid errol', The O\'cl'·:dl residuals arc greatly 
iuereascd by the yarioul; (:onncdions forlll ­
iJ I~ the bddgc circui t. 

Sl lllnL capa<:ita nce across the \'t\riou~ a m.! s 
is lin illlPortant soureC of cnorC\'CII at audio 
frequencies. 'Vhcn occurI'i ng ael'OSS a rell; ;;­
tivc an ll its c ffect O Il the resist ive (!Olilponcilt 
of billance v;t ries directly as the mag nitudc 
of thc c1~pncita llcc and directly all thc 
opcrilling frecjllcncy, Errorsarisillg from lilis 
sour<.:c :\<!count for t.be large din'c l'cuces be­
twecn lhe listed crI'Ors ill dissipltlioll raclor 
gi ven for '1'\'1'£ 0;;0 :md 1'1-I'E i40 Brid ges. 
Tn'):; 6JO not only operates at ;l higher fre­
quency but has IIna\'o idahly large swildling 
capadtnnecs. 

Sbullt cn pa<.:i tance tlel'oss a r('actil'c nrlll 
is :dso scriOll l;. 111 the 'l'n'E (i{ji-~\ I. nd llctalle;e 
Bridge it inere:lscs the inductll ncc e rror 
from ±O.'! pcr (:cut to ±O. ·~ per cent on the 
highest mUI t.iplier. ] n the T\' I'E :} J(j·C H"din 
Freqllcllc.y Bridge it is ba lall(.'Cd out by a 
c.'OlIl l)Cn~aLing I.:ondeusc l' . In I.he Tn'~; 71(l-A 
C:1pacitallet} Bridge (.'OIII"lete shielding of 
tile mtio arlllS reduces il to less tl lan I /.I/.Ir. 

HesidulIl series iudllct:lIlC."e in l,ridge anlls 
is ordinarily negligible fIt a udio fl'cq ucnC' ics, 
c xc.'Cpt ill lIlC11Sll relllc lits of vel'Y 8111[111 ill­
dudors. ' I'he T\' PE H(j7-A Il ldnc.:tflnc.'C Ihidgl.l 
1Isc.~ T YI,t: (iUS Compe nsa ted Ucclldc Uc­
sistors ill order to avoid ebange in l'Csidual 
incilt(; tllnc.'C as the rcsislan(:c is \·ari(·(1. .\ t 
radio (I'('quellcic:) the cffcd of indlld:wc.'C is 
lllm.:h morc scrious. In the Tn'~~ l; lG-(' 
n adio- Frequency Bridge. which also lIM'S 

('OIlII>cusatcd r('sistor~, it is nC(.'CS.-;ul',Y 10 
" [IIu net} out the l'Csullaul (·ull.Haul ill· 
dudance by mcallS of ,l C.'O lIIllCllsalilig c.'Oil. 

SHIELDING AND GROUNDING, Th. 
reading:) of allY hr'idge shou ld II(: I!Cn .~ ihly 
independent of ils SUl'I'o liudilig'S and the 
position of the opt'l'ator , T o ",a ti"J,y t hese 
colidi t iollS. bridges al'C c.'OllIpletelr SlIr-
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1'Olllldcd by ;1 grounded shield an~ Cflrc is 
takcll to It5\! ei lhe r grOlUld ed o r Insulated 
shaHs on aU c.'Olltrols, It is also (.'Olllmon 
pradice to ground the jundioll of till! un· 
kllOWIi :lIId ;;taudnrd mills 10 thi i; shield . 
Hesidual e:l p;lcit:l1H;es of the hridl,tC a rllls til 
the shield arc pln<'Cd across the two arllls 
thus grou ud('d. Altllollgh 11 rclutively la rj,'C 
Crror' is in trocluc.'Cd by ti les(! capaeitnllc."es. i t 
CHll he largely c-oITeetcd by lln initial ZCI'O 

I·cllding. Jr. 011 the other IWl ld. ne iLhc l' of tIre 
IIl1kJIOWn termiuals iii grounded. tI re bridge: 
wi ll III C;Ji;W -e tIle direct impe d a n(.'C :1<:1'0."'<; 
Lhese termin;lls. IIOt the total illllx.·d a IK'C 
which indudci> t he lCl'luinal irnpcfianc.'Cs 10 
grou nd. T yl'.t:s 05U 11111.1 NO ha\'C neither 1111-

kuolI'li termi nals grounded lind hell(."(: Ule:l~-
111'C direct i1l1pcdlllt(;C, They c;allllOt IJc u:;;( '(\ 
to measure a gl'Olt uded illlpedanc.'C. T~' I'~;S 
7W, G7 1, 516, GI7 1In\'e olle nnknowlI lenni­
IInl grounded and mcaslII'e t.otal iHlpeti.U\(.'C. 
The T\'I'~; 544-B .i'l'[cgohm Br'idge ca n he 
('oullcded ('i l her \\'ay .Hld call , the refore-, 
measure either total or dirc.,(, t resist ance. 

SHIELDED TRANSFORMER, The b,;<1,,,, 
ba lllll cc shou ld he iJl(lcpcndclit of the type 
of genc l':ltor and detector used. Th is eondi­
lio lt is met by the usc of :l T\'P~: 678 Shielded 
'frallsfor·lIler. The lrflusforlilCI' scc.'Ondary i:, 
(.'OlIlleclcd bclll'(~cn Iwo opposite (:orner.'; of 
tIre brirlge neither of which is grounded. It 
is illlma te l'i,,1 whether the primary is (:QII­
l!c(;led to gC lle l'lllm' 01' detector, eXeCI)t II." 
lhe scllsilivity of t he bl'idge: is affected. F or 
hl'idge balalt('Vs. lhe small. collstant.. alltl 
known terminal cllpaeilttnc.-es of the t ra ns­
rorl1lcr arc thcli sub,~ tilulell for the lnr~e, 
val'ifl.blc. ,tIId unknown c[tpaei tan ccs of tJ lC 
gcncmLol' or det.edor. 

SENSITIVITY: The pl'(.'(:is io n to \\'hich 11 

i)ridb'C Call he halallc.'Cd d epends prim;t ri1 ~' 
IIpOIl the: voltnge applied to t he hridgc and 
the scmiti"ily of the uc l.eclor. I t also dc­
pe nds UP{lIl the mtio of ill1p{·t1ance.~ of the 
I wu ; U'ur~ II<';I'OSS which the !,"elle rn l<.o .· is 
,,111(.'(:d <lnd the ratio of the impedallet} of llic 
detector Lo t hc IlI' id!-tC impcda nee. For a d-e 
hl' idb'C, in wl.ic·1t the delC(· tor rc.~ is tall (.'C is 
high (;om pa l'cII to tllat of I he hl'idbTt:, the 
n11io of outPlit to input. voltug(· is 

A 
__ 7,,-1~ --, ,/ 

(1+ 1, )' 
(2) 

\\' ll('l'e . 1 n nd JJ a rc t he HI'IIl S acr()s.~ wldeh 
the b'Cncra lor i~ (·Ollllcded. alld it i ~ the 
fractiolla l n(.'(:urae,\· desired in balancing the 
hridge. J.'or a-c Lritih'C.s, when II a nd /J :\Ie 



 

resistive* arms, lhe same equa t ion holds for 
lile rC:l<:tivc componcnt of ba lance j f Lhe 
rcsisttlm;e (;Qluponcnt is s ma ll . H a lso holds 
for t he r('si .~ ti\'c co mponeul II" llere d is 
t he UliuilllUUl valuc of dissipation fo do l" 
Lo be detede d. F rom .Equation ('!) and lhe 
kno wu illput voltage, the o\ll p ul. voltage 
eO'T('sponding to tIm des ired IICUUI'UC'Y cnn IJ.e 
(let ermined . T he ratio of this voltage 1.0 the 
minimum vollage wh ich wi ll actuate tile 
de t.ector is lhe flm plifi cld.iolt required. As :IU 

eX;lll.lple, consider the Tn'f.: 7Hi-:\ Capl\ci~ 
ta n<:c Bridge. For eqllnl rfllio flnns 100 volls 
c.m be nppliC'd to the hridge rl·om a 0 .. ') wit l l.. 
gcncrator. To makc a crlpacilal1eC lHlinl1(:e 
to ±O. I pe r cent. denmnds the de lt'f'lio u or 
25 lilY. To 1I1:1ke It dissipation fa c'Lor blllarlee 
t.o ± O.OOOO I rcqui res a .'lensiti vi !..,), of 2:;0 
iJ.V. T hc Jirst. \'oltage is easily \\'it hin t.he 
range of heati lelep honc . ., without i lll alu pli­
fir' r·, while t.he IJcco nd is HOl. T he T n E 8 1-\.-.\ 
ArnplifiCl" has ;l ga ill of 7i db or 7000 wheu 
\1·QI·king wil h head tele phone . ., o r a rectificr 
voltmeter .~ uch as t.he TYI'~: ·~83-F Output 
-''[e tc !". W i!"!1 l he telephoncs thc grlil; i . ., morc 
than sllffi('ienL ' Vitll I.he l"I;!e Liticr· meLc r 
(minim um deflection ... 0.'2 volt), the gain is 
also sufficicnt, sin ce cVt' n for the dissipation 
f,lctOI· IxtiallCC 11, gai n of only HOO is IIceded . 
No\\' suppose these same mcasliremenL~ to 
he made 011 il I iJ..f (;oll(icllSt:r fo r which tire 
ralio a n n;; must. be 1000 to I. Usi..llg the full 
gain of lhe ;nnplificr, Lhe rectifie r meter CH n 
only balallC<' fm dissipa lioll ritdor to 
±O.OO():!, so that t.ele phones must be llsed 
to obt:lin the r·c(plired SC I1.~ i L i,"i ty. 

WAV EFORM: It is always des ira hlc in 
balan cing" a bridgc to be able t.o ohtain a 
f"o mple te null bn l:ul(.'C. Oilly by so doi ug c:m 
the maximulll pr·c(;ision of bal<lIH.;e be re:tJ­
ized . Hecaus(: t he b:tiallCC depc nds to a 
greater 01· less extent upon frequenty, t he 
pl·esel"iJ . ."e or Imrll10llics in the input to Ule 
bridge or· lIwir· productiou ill the hridge b,}' 
a non-linear illlJ.lcd:l ncc will pre\'cnl a. COlll­
plct c null b:1I:1I1(:C, 1l111ess t he d etedo!' is 
hig hly sclcdi,·c. Sclcdive nctwoz·ks, !Well 
' IS Ihc '.l'n'~; 8 14-1' T urled Circuits or t he 
'l' 1'I'I'; 8:~ () Wave Filtcrs, :;llould be ;rdd ed to 
t.he de tector c1r(:ui\.. Ti le radio re<;civ(:l' 
re<:Qnml(!nticd with t he T n'f; /j I G-C H mlio­
l"1'equency llridge is inher·cntly sclcd i\·e. 
T ire 1'1'1'1': 707-.'\ ClilIlOde-IlIIY Null Detecto r 
h:\s It gain or so db and a discrimina t ion of 

' If the two bridge :1rHlS ntroilS \\"I,id, the g(nerr'lor is 
C<)II lIttted lire lIot nlike, but one i~ resis tive Illld 0111" 
fead;,. ... 1-:'1""linll (ill 100000"OlII1'!1 

A 

1-:0 fi 
7-:,- I + (~y d 

BRIDGES' 

40 d b ;Iguin .~t t he second ha rmonic. Ti le 
irllport:lllt feat.m e of this insl l"l!lnc.n t if; ils 
abil ity to indi(:atc scpHl"lIlcly the rcsistive 
aud readi\'!:: oalanecs, T he T YPE 760-.'\ 
Noise Anulyzcr li nd t.he TYPE 736-..-\ Wave 
Arllllyzc r arc n!..so very satisf:Lcto ry selective 
bridge deted.ors . T he. Tyl'); 736-!\ Wave 
Anll lyzcl" i;; pnl"licll lul'ly u.'>Cful wIlen cx tre me 
sC'lccli\'ilyat t he higher audio frcqucuclcs is 
nc(.'Cssal·Y· 

POWER SOURCES: T he main fadors to be 
("·on l"idc rcd in s('leeting a powcr s()u r(."C fOl' a-c 
hl'idgc mcaHI!"c ments are frcquoncy, power 
Uillput, :Ind h;trnlOllic couton\.. 

or the a-C' hr·idgcs dc-sc·rilw.d in this .section, 
two, T YI ' I·; HO and '.]'Y I'.I-; (ii I ;"II·C designed 
for GO-cyeic IllCHSllrcments and operate 
directly from llrc power lille. TYI'E 650 and 
Tn' ~: 6'2.') II:I\'e self-contained microphonc 
hlllllnlt!I'S a nd 1·(>(I(tirc llf) (~ xt.Cl'l1n l l,'"CIJCnlto r , 
Illtiess mcaSllrcmelits ;I rc to Ix: made at frc­
qllend cs o ther thfln won cyclcs. For all 
othcr types an o:;("ill"lol" i.~ n('(~i;sal·'y. Whcre 
the power req uired is low, T n); 8 13 Oscil­
la lor' <lnd 'I'YI'f; :;7~ M ic.l·ophone lfulIlnlCr 
are satisfad.or,v fOl" single-frequcncy mCil .5-
UI'CllIell ts at. 1000 cycles. 1·'01' lI1 e ll.~llrCIl1C lll s 
O\'e1' il wide 1"111l ge of audio f]"("!!j IlC1Wi('s, TYf'~; 
6 13 Bcat-Frequency OsdUator clIn be IIsed. 
All t1lcse ope rate from batte ries. 

"'hcli a highly prccisc bn ltl.1lcc is lIeccs­
Sllr·.v, considc l"auly lllorc p owcr' is required 
than ca n be furni!;hec/ by ba ttc ry-oJlenr.tcd 
o!;cillators. For· measurcmcnt ll t 1000 cyclcs, 
0 1' al a numbe r of fi xed audio freque.ncies, 
T YPE u08-A Oseillato r' is recollllllcrrded . "If :~ 
continnoll sly w\.rinble fJ·cqucncy is nel'J ed , 
Tn'f~ 7W Bcnt- I~'rcqll(,IKY O:wi1!aloJ" shou ld 
be used. Both a r·c a-c opcrat.ed Hild delh'e l' 
at least Yz W11tt. 

1\l c asuremcu t.s at radio frequencies wilh 
thc TY[>~: 51O-C Hud io-Vrcq lle!1C'Y B r·idgc 
rC(lItil'c a rndio-rl'cquc llcy oscillator, prefer­
ahly modulated. ' I'YI'F; G84-.'\ lVl odulated 
O~c i l111 l · or· is suit.ahle . 

CLASSIFICATI ON; T he bridge." listed in 
t. llis section f:tll illto lIal.lIl"1.d g roups accord­
ing to t ht:~il' accuracy, fI"lXjlllJIlC;'r' r:\Il{,'C. a nd 
kind of impcd;, rt<.'C measured. T lte following 
t.ahlc Scplll·{rles them by type mlillucr in 
this manner: 

(J"L·I/o"." 0.1% 1" ," Fr~'1""""ll 

Cnp.'1eilanoo , U7 1 740 GO I: 

i[lj (;.)0 [ kc 
:; I (i 1 i\1" 

1.Jl<luclam"C UU7 J)';;(I ! k ..... 
N I I M ..... 

Hesisbll("C . 6H til: 
(;60 de :\IId I ke 

Gcncm I . ;l!J!) Ii;!;; J kl' 
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BRIDGES 

TYPE 650-A IMPEDANCE BRIDGE 

USES: Wltet her in the lahornlor," or 011 the 
lest bench. the uses of the 'J'l'I'E (iSO-A 
lml>cdance Bridge are litcrully numberless. 
Hnpid mCfI.'!UI'Cmcnls of resistntl(:c, capnci­
lance, and inuuC'tnn(''C :"Ire constantly re­
quired in :l.Ily clcclricallahorator~·. With the 
'l 'YN; 650 these measurements elUl be made 
coll\'el1 ienlly and wilh sufficient accuracy 
for all but preci se work. 

This bridge is designed to measure the in­
dllctan(:c and Q of coils, the cn paC'itnncc and 
power f:lctor of co ndensers, the d-e rc"islnncc 
of aillypcs of resistors. 1n the laborator,'" it is 
extremely useful fo r measuring the cil'cui t 
constnnts in experilllental equipmen t . test ing 
preliminary sfHnpie", nlld identifying Ull­
labeled 1)IlI'Ls. ] n t he shop and on the test 
bench. it hils many :lpplicMions in routine 
testi ng and fault location. l-hl1ldreds of Lhese 
bridges nrc in use nil over the world , in 
govern ment lind industrial htboratorics. 
educational institutions, electric generating 
stations. :md radio brondcasting stations. 
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DESCRIPTION: THE G50-:\ l mpcdanl:e 
nridge is a COJl"entionn l ·~-arm impedanl'1! 
bridge. It is enLirely self-contnined. includ­
iug st:U1dards. batteries, :lnd tone sour(."C. 
and is direct rcading over widc r(lnges or 
d --c resist:mcc, :\-c resist:lIl('C at 1000 
cycles. cupnei lancc alld dissipation ractor 

n 
D = ,X: at 1000 eycles, and iuduC'tam:e and 

y 
stOI'lt&'C factor () = 7? ilL 1000 cycles. 

n esults nrc I'cad dil'CeLl." from dials havin g 
approximately logarithmic SCl.\les. The posi. 
tion of the decimal point and tIle electrical 
unit in terms of which t.he mea su.reme nL is 
made a re indicated by till;! positions of two 
selector switches. 

Hesist.'lucc is measmoo in terms of a sl:Uld . 
:trd rcsistancc arlll ; inductancc a1l(\ clI.p:tci­
t.'lllec arc mcasurc·d in t.erms of mica con­
dcnscr standards. si milar in construction to 
lhe ' L' )'PfJ 505 Condensers. Power is supplied 
from dry cells. which opera te a l OOO-eyc1e 



BRIDGES· 

hummer for a-e measurements. The bridge 
may also be used witll an e:..-ternal brenerator 
of any audio rrequellcy. 

T he detector for d-c Illcaswocments is a 
built-in g:llvanomctcr. For lOOO-cycle meas­
urements, head tclCp]lOtlCS arc used. 

FEATURES: The particu lar v:lhlc of thi s 
bridge lies in its com plete availability and 
thc speed with whjch tile results cun be 
obtained. Self-conta ined, illeiuding standards 
[luri power source, it is always set up ready 
for use. The only accessory nceded is a pair 
of head telephones. Dircct-rcndingdials make 
its ol"Jt!r<ltion si mple and rapid. T he photo­
graph shows t hc simplicity of thc controls. 

• 

The T YPE (j50-A Impedance Bridge has II 
wide variety of uses. The photograph Roove 

shows it ill lISC in a chemical laboratory. 

SPECIFICATIONS 

R.nge: T he ranges of the instrument are given in the 
roJlowing t.able. The numericnl mlues are the reluJiJlgs 
of the ("lllibrateJ dinls Uiu ltiplie<1 by the settings of the 
decade selector switches. 

/{e8i~laIlC' 
(JIIJXlC;lnllc~ 

Illd'lelallee 

D·· . ,. (") '.'I'JXllwlI actor X 

SlorlJfjc l'ac/Qf (~MQ) 

Minimum 

1 milliohm 
1 mkromicro­

fllrnd 
I rnicrnllenry 

.00' 

.0< 

Maximum 

I megohm 
100 miero· 

faruus 
IOU henrys 

I 

1000 

Accuracy: T ile large <liroct-rcading dial covers two 
de<:n,les, themnin decade being spr<.'tld out over 12 iud,(.'s 
(three-quarters of the dinl), It Inay be set to 0.2%. 

At"Curacy or readings for cllpacitance nnd d--e re~i.';t· 
IlIlce is 1% for the iutermediale multiplier tlcclld~s; for 
inductance. 2%. The IICCUrilcy fall" off in the [ower 
ranges because of the cxtremely small values to be 
m~lIsured . The error increnscs to a% for very Inrge 
,·nllle!! of cll.pacit.uwe and d--e re;;istlllll;C, and to 10% 
ror Inrge vnliles of inductance, 

Acc;uracy or rending for dissipation fa ctor or for 
storage flldor in terltl~ of its rcciprocnl is either 20% or 
0.00';;, whici'ever is the larger. 

The frcqu(,IICY or ti,e mil·ropl,one Illmllller il; 1000 
cycles within ::1:;;5% . 

1'!I~ 

650·A 
'W;I)'UUl hAll . til:'! Of l. lel,hoBe!". 
I'ATE~'T NOTICE. See Note \7, I"Ise , •• 

External Gener~to" Provision has been made for using 
an external generator, although its cnpacitance to 
ground mllY introdut~ wille crrur. Subject to this lim;· 
tnlion, lhe frequency lOay be varicd OVer !l wide runge 
from n few e.\·c1es to 10 kc. The rending of the main dilll 
is indcpClHlcflt of rrequency, while the rClIllings of the 
storage and di5'.!liplltion fad.or dials must be Uiultilllie..i 
by or divided h.1' the gener:ltor frequency in kilocycles 
t'l give the oorre<.:t vlIlues. Provisioll is made for adding 
extern~d resistance if it is Ilcwssnry to increase the 
ranges of these dk,k 

Power Supply: Four No. G dr.\' ("'e1ls for the d-e meluurc­
menh and ror driving the microphone hummer are re­
quired. nnd Splice ror them i~ provided ill tIle tnbinel. 
llnHeries nre 110t supplied with the instrument. A higher 
d--e voitage mny be (.."(Ilmected to the bridge for Iligh­
resistance mellSurelUt!nt.s. 

Othe. Accessories Requited: IItlld teleph()IIc..~; Westen! 
Electric Ko. 100l!·C lire rerornmeuded. T o incr<.'J\sc the 
~eusiti\·ily , a Tn'e $ I'l-A Amplifier .... 'UI b(! \IS(;(I­

Mounting: Black cracklc-iiub;h aluminum panel mUl\nkd 
in a shielded walnut cabinet. 

Dimensions, (Width) l 'l x (dt!ptll) 20 x (height) 8M 
ineiles, o,·cr·nll. 

Net Wei'3ht: 2:1 lJ<.)umls without batteries ; ~0Y:i p.oumls 
with batteries. 

CoJd Word Pru. 

$1 75.00 · 

&:hem!ltic di"grams of the drcuits uwl ill l'\"pt; (l50·A Imlletiali(.-e Bridge. 

RESiSTANCE 
(WHEATSTO~E) 

CAPACITANCE 
INDUCTANCE 

U"AXW'Eu.i 
INDUCTANCE. 

(tI/l.11 
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BRIDGES 

TYPE 716-A CAPACITANCE BRIDGE 
USES: This dir(~ct- rcading clipacillll icc bridge 
en n be uscd for a wide ",ll'jety of capacitancc 
lwd powcl'.f;\clor mensurCnlCltls. Within its 
scope nrc the determination of power rador, 
dielect ric constant. dielectric loss factor, 
phase angle, .lIld ot her dielectric properties 
of insulating materials, as well as thei r 
chaugc wi lh such rad.ol·.~ as lcmpcmlul'l~ lind 
humidity. 

It has hccn used for measuring the power 
fador of insulated switch :mel transformer 
bushings in power systems. I n the Gencl'll i 
Hadio IaborHlories t Il(' Typ ~; ; Hi·A C:lplIt.: i­
Lam.'C llridJ.'C is IIscd for nil capacitance 
sLanch\rdi,mtion mCft"urcmcnls. In pr()(luc" 
lion, it is lIS(:d fo!' t.I1C lcslillg a mi adj ustment 
nr Tn'~; ;;05 Condcll.scrs 1IIId T n'\·: :180 
Occildc-Condcnscr Uni ts. 

By addillg illl extern:!1 dccilde rcSi st ll llCC 
box, the bridge call be cOllwrtcd to a series­
or pnrallcl-resist:mc(' bridge. The lalt er i~ 
csr)CciaHy useful In mensuriug the resistn m:c 
of electroly tes. A guard circuit (T YI'E 716-1)2) 
is n\':"'llable ror Ul'C in the mellsurcmt'Jlt of 
guarded specimens and other t.hree-termill:.l 
conde nsers. '1'1115 makcs possible t he meHSILre­
menl of the power factor of in sulntiLLg oil s 
and other lIla tcriuls wiLu power factors as 
low as 20 millionths (0.002 per ce nt ) _ 
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DESCRIPTION: Thc T\' 1'f; 716-_\ Capacitance 
Bridge is a modified Sehering bridge, dircd 
rcadiug in ca pacitnncc ;tnd ill powcr fm;Lor 
'I t 1000 cycles. 

A wide capac'itance range is obt.ained by 
prm' iding four st.' ts of rul.io arllls j,Ci \'ing 
llLultiply illg fact.OI'.~ from 1 1.0 1000 in dcc:ulc 
steps. The !Otanci:u'd eondCli liC 1" is a T n' I-; 7-"?~ 
P recision Condenser ca librah.·d to rend di­
rectly ill totnJ ca pa(' ilall(;e. T he capacitanc:c 
ncross the ullknowil termina ls is not. great er 
tha n I j.(j.(f. All capaciln nccs to grollnd nf tlte 
input transrormer and 1':1l.io a\"LllS arc re­
moved from the capl\('itam.:c arms by plul":ing 
them in :1 shielded (.'o mpartmcnL insulated 
fro m t he grou nded pn ncl and connecLcd Lo 
tlLC jlluctio n of the ral io arms. 

j'owcr factor is read dirc<:tly in pe r <-'tilt 
from the selling of a '[\'l't: 5:-1!) Condell scr 
t'OnnccLed :!C;ross the fixed ratio arm. l is 
12-inch s(;alc is iLpprox imalcly logarithmic, 
so t.lw t. while hn\'ing a mnxillLu!ll I'endi ng of 
6 pe r t'C nt, its smallest d i\'ision ncar '1.Cl'O is 
0.01 pe r cent, t.hus allowi ng lhe c.~ till1 a tion 
of 0.001 per cen t. The :"l.{.'curacy of the power 
factor reading O\'e r the wide eapacitallt'e 
range is made possi ble by adding ca pacitan< .. 'C 
across t he lower-valued ratio arms. SO t hat 
lhe product nc of all the :mllS is lhe mune. 



.

T he bridge is fUJ'llished for moun ting with 
its paJlci \·e.rtical on it stillltlard reillY rack, 
upon wbich may abo be mounled lh~ oscil­
lator and aUlpiificl·. With no ch<l ugc in shield­
ing. it is also furuished mOllnkd in ll. wal nu t 
cabinet. 

BRIDGES' 

G\ 

FEATURES: Tlm :c highl.y desirable prOp­
erties arc combined in Uli s bridge: wide 
I'ange, high llccmllcy, ami di rccl-I"Cllding 
dials. Opcraliotl is simple, a nd both terminll is 
and COlltl"Uis are al"l'allgcd rOI' co nven ience 
anJ ftcxiuiiity of operalion. llccilusc of Llwsc 
f~atu rcs, it call be used for practically any 
t..Y pc (If cil pa<:it:u lcc Ulcasu rell.lenl. 

(lliyM) .. \ schematic ci rcuit l[ill!,ralll uf the 
Tnf; il(;-:\ Cxpacitul)('C Brillge. 

.n. 

--------
/ 

" 

SPECIFICATIONS 

Range~ , L) ire<:t n"adirlg - cnpilci tllnce, 100 p ... r t.o 1 ,..f; 
poJwcr f!l('lor, O.UQ.'2$'o l(lli% (0.0000.2 to 0.0(; expressed 
as n ratio). 

Suhsl itllt lOll i\ lcth~I -C"lll.Lcitarl{,"C. 0.1 ppf to l000,<4'r 
with internal stnndnrd: to I ;>f with external staml'lrrls; 

n' 
puwcr fuelor, 6% x (' .. ' where C' is tIle c.Ij)It\·itull{.:e of 

Ure slaudur.\ (.,)u<\cn~r amI Ool Lhal of the unknown. 

Ac~ulolOcy: Direct Rell.ling-('"'IJl:lt :it.(HJ~"C, ±0.2% or 
± iI ppf x Ulultiplier n::al1illg (0.2% of full ~cnle ror e,Jch 
MUlge) ; l)Ower f,ldor ± 0.IKJ05 or ± I!% or cii,L1 rc,uling. 

SubsLit\ ltion :'Ileth(J<l-clI]/,witjUlCC ±O.'l% or ± 'lppf : 
powcr fadur. ±O.OOOO.~ or ±2% for change in i)()wer 
fnelur oU!!CrI'cd. 

Rltio Alm~ : The nrm across wll icll tllc po wer fr\l:tor 
('<)rlllcll~cr is t'flIlIH_"(,:tcd hmo a rosi.t:ltlt1l of 20,000 ullirlS. 
'Il le 01 her arur Ilos four I'alues, 20,000 ohms, 2000 ollfll.~. 
~OO ohms, 20 ohms, pru I'i<ling the fon r nlultiplring 
fJu:tor$ 1, 10, 101). 1000. Sui table con([t:IH;crs are placed 
HCr<)I;S t!re~e "ri llS, so tl",t lIre proUlict no is oonstnut. 

Sbnderdl ' C!l.p~citance, 'r\' P£ 722 l'recisiotl Condenser 
(lin..,t rcading from tOO p¢ to 11 00 ;>pf: l)Ower factor. 
TUE 539-'1' Condenser calibrated directly in power 
factor at 1 kc with scmilogarithmic scale. 

Shielding, Halio nrms, power-faelor l'(lnderl scr. and 
shielded t.rnILsformer are euclosed in an insulated shield . 
Thc t1uknOIl"/I tcrrrriunl~ arc slriel(led so that the ("ap"ci-
11Hl~e across them is !lot greater Urlu, I ppf. A rrlcbl 
dllst coyer nIH.! the ItlllUliuUIll pam!.! forlll 11 ~'Olliplele 
exlcrlllll shicl~1. 
Frequency Range: ~\II ("fIlillrntiorl adjustmeuts nre made 
Itt I kc ,u,d lire 'Icellr:rcy stnterncn13 aooyc hold for 'IlL 
olk"!rutin/,l frCLluency of t kc. T ire bri,l/,le ("jill he u.~(.-d. 
bOll"e\'er, at any frequency velw(.'<:n GO crch;~ aud 
10 kc. POlver-fnclor readiugs must \..Ie C(Jrrected by 
Iliultiplying the dial relldin!: by lhe fn:;fluc.ncy in kil,,­
cycles. 
VoJt~ge : Voltage :1 1']1li(.'(1 at Ule CF. S "fm,\ 1·OR terminuls 
is s tepped UI' hy a 1-to--1 rat.io slricldoo t rausforrJ)cr. 
A nHixinnrm of 50 ,"oils t'aTl be ul)plied to the trans­
former . If dcsirod. power can be applied to the bridge 
hctwecn lire jrmcti(}tJ~ of the pail1j of rcsisumee lind 
eap .... cilaIK'f< arms. Wi th equal ratio arms, a maximum 
of 700 volts call be applied. 
Mounting, The hridgc is SUPI.li(..~1 tor mounting <)11 a 
I!J-inch relay rnck or foJr l'abinet mounting. 
Accesso ries Required: Oscill,ltor. nmplifier, aud tele­
pllolles 'Ir rectifier !Bcler. Tn'.: GOS-A Oscillator (Sl'C 
pi\ge to:.!). '1'\"1' .: S tool--;\. AIlI\,lilicr ( >;(.""C Imgc I tO) nud 
\\"e~tcr!l ~:tecl ric '1' \"1": I002-C Teleph .... nes arc r«("<)'I1-
meluled. If " \"i~mrl delector i$ rCfll1ired, Tyl'.~ 'lS~-J~ 
Output Meter (~ ... .., page li S) or Tn'.: 707-A (;ath().(IE:­
Ib.v Xull Oeledor is rct'OUlllle rl,J"tl . 

]-'ur suhslitutioll rne:rsuremcnt.s. a ulI lnrrelng eOIl­
llcJiScr is llcl-dell. T his lIIay ue cit her nil nir-d ieledrie 
model, such flS T HE 24!J.-L and T~' I'E i;i3{l-C, or Jl tixoo 
micn condenser of the T HE ;i05 S(:ril!!l. 
Dimen$ion5: ( l.englh) 19 x (height) t,l x (,Icl'th) {l inches, 
over-all. 
Net Weight: 4 1 l)Ouuds, relay-rack mvdct;.52 pound.'!, 
CI,binet mOOel. 

(1,efl) This photograph sho\\-s the 'J'l"i'~: 
71li-A Cupacit:Ltrce Bridgc set up to lJIe>lilUre 
the power fatlor of insul!Llin g" oil. When 
measuring 10w-polI'er-factor oils, tire guard 

ci rcuit ~holl" ll above tire briilg (l is ncc<ICf.l. 

___ T!lpo; 

716-AR 
716_A M 

J)e~cri pI",i,",C' ______ , __ "C"'od""CIO"'~'""'-_, ___ CJC"Ci"",--__ _ 
For Re lay-Rack Mounting . '_1 
Cabinet Mounte d . . . 

1.I0SUS 

noso.\' 
$335.00 

360.00 
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BRIDGES 

TYPE 716-P2 GUARD CIRCUIT 

USES: T his guard circuit is designed for usc 
witJL the TYPE 716·A Capacitance Dridge so 
that mcasurCUlcnts can be made with tha t 
bridge on three-terminal condcnscrs and cells 
having gU:lrd elect rodes. 

FEATURES: T his gua rd circuit can be used 
with auy 'l'1·I·g 716-A Capacitance Bridge 
wilhout nltering the bridge in any way. A11 
switclli ng of circuits and measuring <:e ll 
occurs in the gw\ rd circuit. Doth guard cir­
cu.i t and coupliul? circuit urc bala nced by 

DESCRIPTI ON: The ·I .... ·PE i lG-I>2 G ua ru connecting them 1Il parilUel with the prope r 
Circuit (.'0115is t s of a c"p:u.:it.o.m.'c a r lll and 11 bl·jdge arms. In this way the bridge detector 
rcsisbuu;c arm havi ng the sallle impedance does not need to be t ransferred from bridge 
values as the slanclut'd eapncitancc arm and lo guard. Gencrutot' and detector Illay also 
fixed ratio :lrlll of the Tn'~) 7JG-A Capaci- be transposed with no effect on the case of 
lancc llridgc. lt provides n jUJlctioll poin t to gwu'd balance. 
whi ch the guatd eleclrode or thil·d terminal Ability to ba1:l1lCC the guard circuit whcn 
of ally three-ten ninal condenscr may be the termina l capacitance of tbe measuring 
COIlJIectcd. Suitable switf.:hes arc provided For cell has large powet factors is made possible 
eOllue(:t ing and dis(:-on lll'f.:ting the three· by placing an inductam:c. controlled by :l. 

terminal condensel' lind for placing it in shunt resistance. in series with the resistan(."e 
either aml of the bridge so tl la,l direct -readi ng arm of the guard circuit. T his in effect int ro­
or substitution mcasurcl.uents can bc made. d uces a negative power Factor into this arm. 

SPECIFICATIONS 
Rllngts: 'J'he rangCi of the TYI']; 716· ,\ c..pllcilance 
Bridge li re not altered hy tlkl use of the guard circuit. 
Accufacy: T he (\<"<:Urllt.v of reading of tile bridge is Illso 
unultere<! if l.'("rt llin smull OOfrcctiot1.~ lire Illude. 
Re5i5L1 nclI' Arm: 0 to 20 k!! i,\ setic~ will, 0 to 1 11 lind 
in parnllc.l ,,;l!, 20 to ;)000 JI"r. 
CepaciLlnce Arm: 40 t ... 11SO ~I'f with a lioe adj ustment. 
Couplin~ Circuit: ISO to 52:; WlL 
Shielding: T he three lr" Iu;fcr ami disconnecting switches 
lire mounted in an insula te,] Ihield kept at gUI.rt! \)(/teu, 
tilll. A metal dnst c,)\'cr und the aluminum p,me form 
IL complete groumied $hicld. 
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Ffll'quency Ronge: The SUllrd c ircuit is intcnded t ... be 
used nt n (rl."quency of 1 kc. It call be u$t.-..! however 
ovcr the same rllnge as thc '1'\ "1'1; 716. :\ Cap.:Lcital1cc 
Bridge. Jlro\'idet! the po wer factors of the ter rnilLul 
""pudtllnces lire not e.~~'I!SSive nt the lower hcquencles. 
M o unting: Belay nick or cllbinet mOLIIIling. 
Dimll'nsiont : PIU,d, til x 731 inches; deptll behind pa llel. 
9 inches. 
Net Weight: SO pounds. 

Type DelcriplilJll 

716.P2M [ C4binet .. ... . 
716·P2R RlI'r.y Raclc .. 

Cod~ Word 

flOSOMGUAH D 

UO~lISGO"IlD 

Pric~ 

[
5190.00 

170.00 

Schelllatic dil.grlllll showing 
T I'l'E 716-l''2 Guard Circuit 
l."OlInecled to '1'1'1'& 7 16-,\ 

Cllpncitanl.~ Uridge. 



 

BRIDGES 

TYPE 625-A BRIDGE 

USES: When Ilscd wi tb the IWOpCl' s lllndards, 
th is skelct.on+ly pc bridge substll nlially dupli­
cates in 1)C]·fonllltll<.:C tile TY1'~l {iSO·A Tmpcd­
alll."(' Bridge . COllsequcIILl.r, it call 1M; uSl.:d 
for Uluny of t.he same types of rcsistilll<'-c. 
C:lpilci tuncc, a ll(\ induclllllCC mt'flsu rcmcllt.s. 
Il i ~ Jlllrlicu\;lrly \\"(' 11 suited fo r student 
in:-lruclion and demonstration purposes, for 
ulllypcs of a-t.: bridge circuits co n be assem­
bled using the TYI'}~ 625-1\ lll'idgc as a basis. 

DESCRIPTION: TYPE G25-A Bridge is a 
bl'idgc in skeleton foml . .IL contai ns t he basic 
clements of T n/,; GSO-A I mpeda nce Bridge. 
One arm conLnins a. 10,000-011111. direct­
readillg, iogurilhmic rheostat. ami the other 
three arlilS fiI"c brought out to pairs of 
I.crmi lHlI s on the panel, making provision for 
pl uggi ng in standard a nd unknown units to 
obtain a variety of ci rcuit s. A IOOO-cycle 
micropbone hummer is inclurlprl. 

FEATURES: Wherc only o ne qU:Hltity is to be 
mCruiul'ed itt a lime, the THE aiM-A B ridge 
is a silnplcr and more e(.'o uolllical instrullIent 
than the Tn'fl 650-.'\. 

SPECIFICATIONS 
Rugt: With till! recommended a(''Ce!;;;OriCfl lhe ranges measurei llcilts, /In.1 for Jril'iug lhe micropllolle LUllIlner, 

:ue 'C'lUill:d, and space ror thcm is provided in the 
<-"!lbinet. Batleries arc not $upplietl with the 1llslrlllllCnt. 
All externnl Il-C \'oltnge SOtll"ct hlll'ing a ny rn."<lueucy 
up to 5000 c~'dcs wily bt: used. 

are: for resi~t.a nee. I mi1liohm to 1 megohm: ror cal'lL<.'­
itau('(!. 1 microUlicrof"Mul to 100 microfarads; for 
illJodunce. I lUicrohenry to 100 henry •. 
Accuracy : The accuraey of resultll depcnr" UIKm the 
{"[Ie of .tandan" IIsed . Witl, the accessories recom-
1~,e l1 ded.lIllaccurncy or 20/" for lIleasuremenU oIindw .. '­
lance, cllllUci lllllCC. a nd d-c reii~tl, nct (an be obllliued. 
The 'I~·(:u rac.\' of the (.'O mponent fN\rlil or lhe bridge 
itself is 1%. The fN!quency of the microlJhoue hummer 
is 1000 cyd<.'S to within ± .~%. 
Power Supply: '1'wo 4.72-l'olt butleric! (Burgc~~ No. 
~j70, gvcreIHI~' No. 71 1. or equ!\'a lent ) for t.lle Ii...., 

Schcuml ;c diagrllrn 
of the T \'I't: (l-l".,\ 
HridKe. The gener­
utor un.1 ~"'i tch~ :ore 

not ~ howu. 

625-A 
625-P1 

1',\ T ::~ 'I' NOTtC.:. 

,--<> '" 

,~. 
'" 

, 

Accessories Rtcommltnded: In addition to head tele­
phones for a-c mcasuremcnts and a !cro-ctnter. 200-$Ia. 
full·scale gnll'Bl\(lmeter for d-c lIlClisuremenU. purchase 
or t he fol1Oll"ing uniu i! r~"OnU1)euded if the full range 
is to be ('O\·e~d . Omission of some itenl.i is possible ir 
narrower rau~C5 m'e SAt isfactory. 

UC$u/ur4 
I - Tr\'t': 500·)\ 1 fl 
I-'f n'!'; .500-B 10 n 
1- 11.'I't: 5OO-D 100 n 
1- T\'pl: 500· JI 1000 n 
i-T"'PE ,;oo·J lO,OOO!) 

I - Tnt; .HG-IJ l ]ounlcJ 
1!111.,o.stat IUld 1'0Ienl i-
omet.,r rcquiN;!d ror 
dissipation nnd !llom..:e 
factor rnca.mrcUlcnts. 

Corl(/en8er8 

1- "1'"\'1' .: 505·1~ 0.001 $If 
I -Tn'~:WS- L 0.01 ",r 
I - 'fl·p.: GiS-PI l -$I f 

Condenser 
(Adju.I .... ' 10 "'tbin ±i%. 
])i ..... n;Oon.' 'lM ~ • • 
". incl-, O,et·.n. ~cI 
\\".,ishl: 4 <>on ..... .} 

Mounting: This instrument is assembled on It blnck 
crackle·finish (. lu111in'llll INlnel nud mounted iu a shiclde« 
wailiut ca binel. A drawer in the lower part of the 
<"abinel )Jllwidcs sllm:e for 3loring the ~tandArd~ 
~ l1gh'CSted. 

Dimensions: ( \\'idth) 9 x «Ieplh) 13 x (hei..:ht) 1 inches. 
o l·er-all . 
N ... t W.id9ht,!) I'"ullcl ... wi l hout hflUer;,,-'l; II pound, wilh 
baUerle!;. 

.... [ 

.... 

Prict 

565.00 
' .00 
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TYPE 671-A SCHERING BRIDGE 

USES: The 'I'Yl'E (,71-.'\ SchcriuJ! Ikidgc is 
dc:,igllcd to measure the diclcdric pl"OlJCrlics 
of insulating Itlulcrials at power-Hut' fre­
quC'ncies. Amo ng il s <lppJiClllioH~ arc Ille 
Icstillg of [J);)t.criais used :lS dielectrics iu 
(:ap:u:ilol's and n .~ ill ~lllalion ill lruu ... fOl'lllc l'l'i. 
<.:liblcs, alld electric;).1 machinery . Tn gener:!! 
i lldu~lry it (-;:tIL be used ror a multitude of 
lests 011 rernm ic, rlibric, pape r, aml phliitic 
prIX\UCt. ... to dcl.crmillc sudl pro pc l'lics :IS 
(:0IllP05ilioll alld moi stllre (:o ulc nt, li S well 
:IS tile change in I hose charadc l'islics with 
t t lllpcrntUl"c, Iltlmidit y, :llld vollftgc grn dicil L 

DESCRIPTION: j\[Ctl.su rc l1lcnl.~ arc IWldc by 
the suhst itu t ion method. ClIpncitfl uec is 1'C,ld 
directly front n Tn't; 722, Prcei ~ion Con­
denscl'; 1)OII'er rlldot' i ~ (;;)Icul aletl rrotn the 
cllpnciblnt 'C of tire i"pecimell ~llllllhc reading 
of the power-fnctor dial. 

Tire im'crled Sdleriug bl'idgc circuit is 
lIscd , liS shown ill 1.11(' schematic diHgram on 
pnge 77, COIIII)cUSlltillg' COllde ns<'fs ate pm­
"ided so thaL bOlh lhe caput'it:lTlcc and 
power-rador dia ls CUll ue set to l,C'rO i ll the 
iuil ia l b:lI:"l nce of til(' bridge before t he UII­

known is conllccted, The ca pncilnll t'C range 
i !i froUl I':cro t o 1 0~O /oIJ./f, T he Pl'oc:i ucl of 
dissipatioll fa (; tor mid ca pacitllnce of tile 
unknown call 11U\'c a maximulII va llie of 80, 
",bore the caplici llill t'C is cXpI'esscd in 1ll1 (, I'O­
microfarads, 
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:\ \'oll:lge con trol i ,~ provided, hy lIlC:l!lS 
of ",I.ieh the , 'oiurgc :lppl icd to the bridgt' 
(:"llld, in e ffect , to the llllkno\\'u) C;1 1l 1)(· 
\'aried bcl \\'eCJI zero ;1IIt! 1U Limcs lille \'olt­
lIh't' , , \ PHlIPllllCler I'ends t lrc r-m-,~ \':rllle of 
lhi ,~ voltage. 

The e lltirc asscmbly is mo uu ted 011 a 
rci;).'"-r:J.ek p<Hrcl and a d ust-(:O\'CI' shield l.~ 
PfO\'idcd, 

FEATURES: T his bridge i" simple to opel'at.e 
:l nd gi\'es lU.:curn te r~,~ lIlt s, UPNlIl.iOIi al 
power-line frcqltcll(,y dimi Hales the nc(''('ssi lr 
of" separate oscil hrlor, lInd. for tests un llIosl 
ill . .;ulating lIl a lerials, hllS the advllnta1,'C of 
1t1llking the mcu~lIrcmcnls al.. thc frequcncy 
a t wlri ch lire nl<llt:J'ial s will he used, 

Bolh input and output tr:'UlSfOrUlel'S l1rt' 
,r8Latiea ll~' wOllnd, and tire bl'idgc is clc('tro­
:.la tically shielded. so Urat exlc rnal fields do 
Ilot afrC('l lIw eJldo~d bridge eircuits, 
Moderate cxtcl'lial fields impinging upon the 
UIIl.;1I01l' 1\ ca pacitol' al'C of no con~qllC I 1('C 
providing that UI<',V do lIo t \'ar." during lire 
jJcriod of mensurcmcut. Tht: lISC of a i' llb­
i"titulion mcthoc.l of IlWlISUrclllCut :I\'oid, .. a 
number of errors which It''~ d ifficult t.o (: lil1l ­
ililite ill di l'Ct'l-I'c;tdi ng- bridges. ]11 t.he ('011-
t.cmptatcd u~cs of tlris bl'idb'C 110 guard cir'cuiLo; 
ar'C J'('{luircd , so the bl' idgc mcasurcs \.\\'0 

tel"ulinai capaci tors o nly, 



Thc abi lity to VMy the voltage appl ied to 
thc snmple II ndcl' rncnSll rcmeuL is nlso II 

con;;idel'ablc ad van tage. 
A doubl),ps.hicldcd ou lput t nmsfOl'nWl' 

BRIDGES 

pe rmits OIIC tcrm inal of t.he unknown C':J paci­
\.0 1' , OtiC term inal of t.he d ctCf'lOI', M id one 
side of \.he power line to he gl'ol lllckd di l'cc.'Lly 
du rillg mC;ISllt'crncnt.,s, 

SPECIFICATIONS 

Capacitance Range: Q to 10:10 ",pf dire!'! re:ldinjt; lilTs;)r 
\':!Iu~ call be IIle,lsllrcll b~' lI.'1ing 'I seri~ substilution 
mO'lhod. 
Accuracy of Capacitence M Ulorements: The 8tllr(~ is 
t'liliurlited in steps of u.2 J'1' r. The ;lbsolule M:eur1\ey or 
\1l1 .. ~o::itnn~'E; !I1(>nsuremeul i~ ±O.l % of full ~t';lle or 
±I.O I'l'f, Small difTerc llI:cs between two t~ll':!('ilul'S. or 
smull elmJlgcs in :I j.!ivcu (;Ipadtur wilh time, h'luprra­
t.un', h""lillit,", I'olillge grallic,ll, cte .. IIIU.I' be ,lc­
terl!1iuetl wi t h :'" (U:l,:urH('~' of from ±O,1 /J.,f t" ±\J,3 P/Jr. 

Powe,-F"ctor R"nge: Headings of tile IlIw'er-f"l'lur di,,1 
;Ire in tcrms of Ihe [lTo,hl('1 IhC7 where J)r is lhe dissi­
pation fl!(,tor of ti,e lUlkm,wlI IItHl Cr is the u"known 
(~'1';tCi t 11"(:e <;xpn,,'\.iIe.! in I'l'f, TI,,~ ma ,xilllulli ~"'l lc I'll hie 
"f Ihis I'rn(ilwt is SO on the x l multiplier ~dlill~ 'Illd 
8011 tile x, l ,~elt;lIg, Largcr "" Illes "f J)~{'s ilia," bc 
me(l;;l!n:d u." a .seril!s ~ II hstitllti(lll ",cthod. TIll! ,51111111c.'t 
St'llle didsion i$ unity 011 tlH: xl p(osi t ioll "rul 0,1 nil t he 
x, l po;;ill01l. IiCHl'\.', fOt n 100 J;!J.f capneitur Wider 
"'c;'~"rcm<:llt., Ihe maxim"", mCll$urable .li>'Sipalioli 
fa(ivr is 0,8 ur 80% , nnd the minimllm is 1/ ?; the $malicst 
Ili..isioll, O,OO(}2 (or O , O~%, lInlll uf thc~e linl ; t~ "nl'", 
i""(:rsely as lhe <,:up3ciblllt'\.' or ti Le sample, 

Accur"cy of Power-Flldor M easurements: The "(.'f'I'­

I'IIC~' of di~sipatioll factor rt'",lillg~ i_~ ,d~l) cXl'rcsscll ill 
(crllli< ur Ihe f)~('r product. T he mnximul\I crrur ill the 
dcterruillHlioli lOr lhi~ prMhl(t i~, ror tile x l multiplier, 
±U,,! or ±'l% {}f tI le ,1it.1 readiuJ./, w!.il,!.",,·,:r i:1 IIIrgcr. 
FM lhe :1:.1 nutlti r)1ier, the error is ± I! ,O':; or ±~%, 
whidle,-er is larg<:;r. 

671-A 1 __ ... .. . . 
JWr ':ST ",'0'1'[0:, :;.:., ~"tc 17, l':tgt: ", 

60~ 
\10: 

c, 

Po wer Supply: 0-130 volls, 40· UO <,-.,'des, The power 
' input is upprO);iIllHtcl,":1O "'lItts, :\ tQlls l ~lIlt ('(Irrect ioll 
r"ctor Ulu!!ll)e :l 1)plied tu the I'0\\,cr-f"clor diAL reflilin/i 
f(lr any lille frequency other Ilmu tJo cydes, 
A pplied Volidge: A lr:mSrUrlU\~r uud IlOtcn1i(lIlIc tcr 
IIp1'l,l' frOIll ~el'() lip to 10 l inles lille voltuge tu tile IJridl;:c, 
all(1, ill dTerL tv Ihe unknown t'tlpadlor. 
Controls: 1I 1nin (>;'f"'citflnce d i:ll. ealladtant . .., zero ",1-
jusllllenL puwcr-f;<t'tor dint. I)<)wcr-fltdor ?,ero adj nst­
l!lcn t.. pOll'er-factor multiplier swi tch, voltagc l'Olitrol, 
powcr U ."-(Wt' swi tdJ. 
Meters: ,\ pnnel I'ol\mdcr i"die,l tes Ihe vo ltllJlI~ npp1iCiI 
to th\! bridge_ 
Null DllIedol: Sullie (orlU or b:lla n~ dcledor, or nul! 
intiicu\or, i~ re<Juire<l, T his is I~ot i"d",!c'! in tllc b ririge. 
lJeliriph(,lIeS ('!HIIIO t he u$('.I I, owing to the low supply 
frequency, '1'110) Tl'I'E 707-,\ ('"l.hodc- HIlY l\uU Dc­
tedor (stc p.~ge 9;!) i~ strungly recommended, An 
III!.ernn t il'C detector for fiO-c,\'de use , .. ms;sts of TYl'~: 
SI4-A Aillp/ilier (1),\l;:e 1 10 ). T n!; S 1 ,~ - J>:1 T Ulled Ci,,'uit 
(p" g" I l'l) , all,] Tl" '~: ·~$:J ·F O,.lput :lleler (page r IS). 
Accessories: fiupplied ..-ith the bridge Me II sllelf for 
holding sped"H:ns ""tier IIlt'asuremcnl. 1\ cord and plllg 
1I,i$(:IIl!)I,I' for pOll'cr L'Onllet'l ion .. :Inti a shield ..... 1 ... '.ml rQr 
joini"l; tile ),ridgc to lhe cxternal de tector uni\. 
Mountin9: l!I· i" d, rcl"y-noek 1':lUel. 
Dimensions: Panel, 1Q x h!J1 ruches: del)lh lH,hind 
Jllllld, Q% illl; hC'l, 
Net Wei9ht: :W.!.-1 I)QUI"[s. 

1 $325.00 
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BRIDGES 

TYPE 516-C RADIO-FREOUENCY BRIDGE 
USES: The mdio-frc<llIC!lCY bridge extends 
to radio frequencies bridge methods of im­
pedance mClI surcmClll which formerly were 
useful only at low frequencies. This bridge 
has been widely used for measuri ng the 
impedance of radiators, r-f Lransmission lines. 
(:Qupling units, and other elclllcnls of radio 
antennll systems. Other applications include 
measurements of the indudlLl1(.'C and stomgc 
factor, Q, of (.'Oils.the cn pacilnncc ami power 
factor of condensers, the rcsistllncc li nd rc­
a<;ta1ll.:c of resistors, and the frequency char­
acteristics of the circuit clements at radio 
frequencies lip to :l.bonl '~ megacycles. 

Although th is bridb"e is designed primari ly 
for lISC at radio frequencies, the usefu l fre­
quency range can be extended down to 60 
cycles by changing the ratio arms aud the 
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output tran ... former. Ooth mtio :trillS and 
transformers are listed Oil poge 9!J. 

DESCRIPTION, The Tv." 516-C Ilad;o­
l"rcquency Bridge is a capacitlUlce bridge and 
can be used as It Schering bridge with direct· 
rending power-factor dial, or as a series­
resistance bridge. The resistarlL'e decade is :1 
'1'n'E 670 Co mpcnsn tcd Decade Resisto r 
(sec page £~) which il:ls a constant low "alue 
inductnnre regardless of selli ng. 

The '1" ' r ~: .516-C Hridb'C is dire(:l reading 
up to 110 ohms aud 1150 Illlf. For the meas­
urement of inductance or or higher "aiues of 
eapacitancc, a small fixed condenser may be 
plilccd in serics wilh the wlknow n. When the 
resistllnC(' of the unkuowll is a.bo"c 1 11 ohms 
:1 par;1 llcl condenser or n (:ombinatiOIl ofscriC5 



.

ScI.emRtic C'itcuit dingram or the Ty»): fi.16-C 
BlldiQ-Frequency Bridge. By using the CR pac­
itance Cl'O to balance the st.ray CIlll!u:itan(."e 
C,,·o, and the inductRnce Lo to bnlnnce the 
inductance LN of the stanti(l.r.1 resistor, the 
bri,lge is made direct reading iu hoth (·aJlIl!!i-

tlln(!C Ilnd resistllnce. 

or parallel uni ts can be selected to produce a 
baIlLnL'C_ While in neither of these cases is the 
bridge direct re::tding, t he necessary ca l­
culntiOIlS are not difficult. Tbe substitution 
method for capacitance and resista nce mea!;-

BRIDG ES· 

uremcnls is recoillmended where precise 
results are desired. When the bridge is used as 
a direct-readi ng instrumcnt, somc accuracy 
issacrificcd. Theover-all (lL"Curacyobtninnble 
is, however, extrcmely good in the range 
where t he bridge is direct reading. Even at 
frequencies in t he vicinity of 5l\Ic, the direct­
l"Cading accuracy is ahout 5 per cent. J\ t 
bl"Oadcnst frC(lIlcn (" ics it is about I per Locnt. 

FEATURES: The accuracy, wide r,mgc, a nd 
case of opernl..ion of the T YPE 516-C n adio­
Prequency Bridge make it the most satis­
fnct.ory devicc available for radio-frequency 
impedance mcnsurement. 1t shou ld be elll­
phasized, hOIVcver. that the bridge rcqu il"es 
011 the part of the use r an itppl·ccia l..ioll of t he 
fundamental problems involved in high­
frequcncy n1<.'IlSlll·C lllcnl if erroneous results 
arc not to be obhli necl. Stray eapaci tnnreand 
the reactance of leads, fnclors which nrc 
negligible lit lower frequencies, arc often an 
npprcciablc pnt"t of the impedance mcasured 
ilt radio fre(jllcncies. A recogn ition of the 
importan(.'£' of these fndors is necess.'lry to a 
con"Cd interpretation of the resu lts. 
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SPECIFICATIONS 
C.l>tcit.nu R."!I~ : ).[:l.in dial. 40 ~( to J ISO Jll'f; 

\'crnier dinl. :1::0. 1 J'"f to 10 ""f. T he I"lInge can be 
utended to 10}lr l.Jy using a .'Ier;es L"Ondenscr. 
R~si't.nc~ Rln9~: 0.1 ohm to III ohm.'!. The rll.llge ('Ill! 

be exteu •. led to II kfl by using a known condenser in 
p!ll"llllel with the unknown. 
Pow~r-F.clor R."!I~: 0.005% to S% llt I.i\Jc. The range 
can be extenlled to 30%, by using Il known ("QmlCllser 
III pllrallel with the unknowu. 
FI~qu~ncy R.n9~: 500 kc to 4000 kc with output tran!­
former rurniBhed. With suital.Jle output trunli rormers 
and rntio arm, (see below). range can be extended. dowu 
to include audio frc<juencies. 
Accul.cy: A~ a direct-reading bridge, :1::5",,( or :1:: 1% 
at 1 i\le ror measurements or capacitance, :1::0.2 0 or 
:1:2% for resistance. and ±O.OOJ or :1::,';% ror 1)(I ..... er 
factor. With substitution methoru, greater accuucy 
... n be obtA inetl 
Controls: Large and small capacitance diats, three 
decade resi.!tanc;e switches. power-ractor dial. po .... er­
{llClor u:ro adjustment dial. 
ACC~SlOliH R~comm~nded: The bridge is supplied "ith 
LOO-ohm ratio arllllanda Tl'P.; al6-PIO Output Tran,­
former for the ~OO-kc to 4000-ke band. A suitable radio­
frequency generator and detector ate re<tuired. 

The Tn£ US4-:\. ?l oclulated Oscillator (see page 104) 
j luggesled. All II detector. IL radio receiver covering 
lhe de.<ired mnge is llX."Ommemled. Two shichled eon­
ductors are needed ror generator and del~tor conne('­
liolls. Two T l'l't: I!N-x E Shielded l'lugs nre rurui$hed. 
See also "Co,U!cUsers" below.) 
Co"d~"n": If 1tlt'llSurements ouuide the dinx.1..relldil1g 
range of tbe bridge are to be made. plug-in Ib:ed con­
,JenseN nre re<tuired. TYPE .505 Condcnser! Itro recom­
mendcd. A set or rour of these with c:lpacitnlJ~ of 

516-( 
r,\Ty.N'J' r;O"l'lC.; . 

I. . . . . . . . . . . . . . . . . . . 
See Nol~~ 3.10 • .17.1"'1;< v. 

100 J'"f, I!oo ppf. ,';00 W'r, and 1000 ""f, re$pecth·t'ly. i.! 
adequate ror IllO$t pnrpo.ses. (See page 57.) 
Dimtntiont: ( L.e:ngth) 18x (width) I ~ x (height) S inche!'. 
over-lIlI. 
Nt! W~j!lhl: I!I N 1)Q1I1\(1~. 

The photograJlh above 5110\\'s the I.Jridge " ·itb 
TYI,}: as .... ,\ :>. [otIulllted Oscillator set up for 
measuring antennll chnraderistics ill a radio 

broado::ru;ting 8tation. 

C~ll Ward 

DATen $225.00 
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BRIDGES 

TYPE 740-B CAPACITANCE TEST BRIDGE 

USES: T ho '1\-i'l: 7.J.O-]l Capacitance T est 
llridgc is a GO-cycle Cfl l);:lc itnru'.:c nnd I)(l\\'cr­
factor bridge for U.$C ill bolh laboratory :Iud 
prodllcLion testing. Condcn.'<Cr 1ll:1IIUfaclurcrs 
C:l 1I lise it for checking the (;''l pHcilallcc :Iud 
power fac t.or of 1><11'<:", electrolytic and mica. 
eondcnscrs; clible :lUd wire manufacturers fo r 
ulc:.l sllring die leclric <:onstant, int.crcond uctor 
and condudor-to-shicld c;lJ)ncilance; trans­
former lllaJlluaclurcrs for measuring inter­
winding alld windillg-to-shicld cil pacilnllcc ; 
sPII1"k.plug llJantlfn c tul'cl' ... for te~ t. jng Splll·k. 
plug capacitance Oil the production line; 311d 
power L'OllIPUllics for IJ1ca,;;;urillg the power 
fad.Qt' of insulators. 

DESCRIPTION: The circuit used in thi s 
instrument is that of a scries-resis l:mcc 
clIpacit<l.u<.:c hridge. It is the cn p;:lci l:Ulce 
portion of lhe Tn'~: (j;jO-A Impedance Bridge 
adapted for 60 cycles. One ratio arm is 
mriablc ill decilelc stCP;l, nnd the ulher iii 
continllou.sly \';l riable and cnlibratcd dir~,ctl 'y 
in ca paeiblllf.."C. 

By rne :UIS of thi" (:olUbirw.tioll, rapacit:rll l.."Cs 
hetwee n,oj microlllicrof;Hads nlld i iOO lIlicl"O­
fa rMls call be rnc<lSllrcd . I.'o\\·cr factor is 
meHslIrcd hy lIIean" of n (\wtl-rnllgc \-;II·ia!)lc 
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r(,,, islO I" ill scI·ics \\·ith t.he sLa.rrtla rd condenser. 
Thc dial is d irect rcndillg ill di 5lsipntioll fnd.or 
(I1wC) and. in conjunctioll wi th a lllultip1i('J" 
switch. hIlS a total r.ul /:,'C of U to :;U per ccnL. 

Ope rating instl'llclions :Ire cOllvenien t l.\' 
1lI01llltcd in the cover of tire irrsl l"Ulll f' IlL, :lIlt! 
a (:ompletc circuit diagralll is attached to tht' 
base of lhe cabinet. 

1)01l"er is obtained from the GO-cycle line 
through it shielded isolating trtlnsformcr. 

A. visuaillull indic:llol" is llscd , consisti ng 
of luned amplifier !1.lld :tll e!cc lro n. rny lu be 
(the so-called Hl:lJ!ic c.re) . A sCllsiti\'ity con­
trol is provided. With llli s lype of nllll iud i­
calor, it is possible to li se the bridge as ;l 

limit hridge in production testing. 
The comple l.e brid ge asscmbly is mounted 

in an airplalJc-luggage ly pe of carry ill g ea sc . 

FE ATURES: Por production teslillg, lh i ~ 
bridge !tas llHJny ad\";·tntages . l'o \\" c l"-li ll ~· 
operatiorl ll nJ l ire ,·i slJ;l1 indi cator make it 
completely sc.lf-colJl,li ll ('cl. II call be u ~('d ill 
noisy hX::ltiol1s where hcadpllolle., would bl' 
usc:less. Its small size ;1IId light weight ;1 1"( 

important fcalmes, since it can be 1I10I"t'd 
I>as il~' and seL lip where\'er lI eccs.~ary. 

T he range of measure ment is wide, t hl' 



 

operation is simple, and the construction is 
rugged and practicaUy foolproof, 

Care was taken in the design (Iud con~ 
il'Ll'ttction of the power tmllsfol'lllCI' to insure 
a minimum of capacitance betwcen gencrator 
lel'lninals tllld ground , As a rcsul t of this and 
olher design features, an nccuracy of 1 l)Ct' 
ce ut for capacita]lcc, (Iud 1.5 pet' (;Cnt of full 
Iic,de for power (actor, has been obtai ned 
over most of the range, 

I n testing cledt'Olytic condense)'.';. a pola~ 
l'izing ,"oltage is frequently needed. Although 
110 pl'Ovisioll for this is made in the standllnl 
bridge, te l'minitL'\ fOt, inll'oducing such a 
I'ultage can be added a t ,( slight extra dlllrg'c. 

BR IDGES 

Tcsting <:u1l<lcnsers with the Tn'l; NO· 1) 
Cllpacitllll('C T cst Urillge, 

SPECIFICA n ONS 
Capacitance Range: ,; mic;l'(Jmi<;ror"r,uls to 1100 micro­
fnr3\ls ill sj .~ rallgc~. C~tll1U'it,lt1cc nt!ues lIte rend 
diredly from a 10gRrit1illl ic di,t! and mult ipl ier ~\\'itch. 

Capacitance Accuracy: W ithin ± 1% o"cr the main 
det:ade ( I to 11) of thc C.~I',I('IT"IICt; tl i;,! for nJJ mnlti~ 
plicT ~cltings ex«pt .0001. \\'jthil! ± 1 .. 5% ()f ±3 micro­
mi('J'(Jfar.'lds. II'h idlever i .. the !urger. 011 the ,0001 
lUultil)lier nil the main dC(::"le or the C,U''\CIT.I(I1('''; 'li rd. 
Ikin'" 100 miCr<lmicrofarl1ds the error grodwlll,l' in­
t!'1:"I$<:!! to ±5 lUicl'(Jmierofarads II'; zero is npllr<~l('hc<l. 
Dissipation Factor Range, 0 to 60% in two ranges. 
J}iii~iJl:ltioll ['Ielor ,·tlltles nrc rt!!ld <\ir('(:tl,l' from !HI 

engnl\'cd scale :Hld Ulultiplier sll'itch, 
Dinipation Factor Acculfcy: Within 1.5% of full-scale 
!'1;"",lil1l;1 f(lr all (11I)lu'i tml(:e mnltipliCfi! CX(-ept ,0001. 

0" t.he .0001 (:'lJ)I1"ituuce multiplier a CQrrecti(l1l of 
O.~% should bc sul)tr"ctCll from the dial relldin!l'. When 
this corn't: tion is madt! tile calibr:o tiol1 is \\'Itllill ±'l 
div isions ou the xl llluitiplier l111d within ± 1 di"ision 
011 the xlO multiplier, 
Voltage Applied 10 Unlcnown: T he l'ollilgC illllJressed 
Il.troSli thc nnk.t'0\1·1I tcrmilmls varii!.l' ooutilluOUS ," witlt 

740-B I _ ___ _ _______ _ 
Extra terminals installed fOI polarizing voltage 

BRIDGE 

UNKNOWN 

7 60"'---'~ 
STANDAR~ 

DISSIPATION 
FACTOR 

Lh~ hriugc ,~CllillJ;. F or \'(,r,I' SlWl1J cnp,u.:ilrmCC$ ill the 
lowest range, this \'oltugc i.'! "ppr()xim"lel~' :15 volts. IInol 
it dCl'rca~es with incrcilsing cap;ltila rM!. so thllL 3t 
IOOl' f, it i~ af,proxiouHlely OIlC 1'01t. 
Polarizing Volllrge, ;\0 pr.wisi(lll is m:ule for cormccting 
II JlO I1ltizill~ volta!::c, l)llL tcrrnirlllis for thi ... pllrpos.~ crill 
Ix: 1"lded, (::;CI; prif'C list 1,<:1.)\\,.) 

Power Supply, 1 t5 I'olls, 60 eyries. Tlte power iUJllll 
is 15 w,llls, 

Control~: Cnplleitn lll~ .lial (ulIl multiplier, dissilll1t.illll 
fll('tor ('ou{r(l! lind multiplier. SCII,~ith'lt~' \:Qntr<)J. 

Accenolioz~: Attn<"111ucul CQr.,! ~nd plug f(lr pow('r ('QT!, 

1It('lioli ;Ire !Ulrp[ic<1, 

Vacuum Tubu: O .. e weh of I.ype.i DXJ, ti./7, G!::,:;; all <lrc 
~uJlP!ic.t lI'illl the Ur;\[gr:. 

Mounting! I'orll,ble cnrr,l-ing ,':'s<!, (If airp['m(:-lugg:lge 
~'Onstruelion. 

Nozt Weight, Hlll'Olnr<1s. 

Dimensions: (Lenglh) J.l1 -:j x (lI'irltll ) If) x (heiglltJ 
flJ:'i' itll'hcs, (Wer-:.l!. ilwhrding ('\JI"Cr :rl1([ hamill'S, 

('lIIle W Of(1 

n.l1mr. 
I'QI.,11I 

AMPLIFIER 

$140,00 
10.00 

VISUAL 
INDICATOR 

Schellllltic cir(!u;t diagram of the Tnt: 740-11 CUII"cit<ll1<!e Test Bri(lge, 
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BRIDGES 

TYPE 667-A INDUCTANCE BRIDGE 

USES: This bridge is designed for accurately 
Illcasu.ring the inductance of small coils 
having a low .... alue of storage (actor, Q. at 
;llIdio frequencies. s tich as a re llSCd in radio 
receivers. II is used by many (.'Oil and receiver 
llmnufaclurcrs for nil :lunio.rN'qucney meas · 
urements on the luning coils for radio re­
<..-eivcrs. Jt is capable of measuring higher 
values of inductance (up to 1 henry) and 
hence can l>c used as tl. !)teneral-purpose 
iruluctnllee bridge. When connected liS 11 

Ca.mpbell mutual inductance bridge. it C.\l1 

be used to meaSlire Illutual inductance in 
t.e rms of the in ternal standard. 'l'cnninals arc 
proyidcd so that the bridge <::111 be connected 
as a rf'SQn:lncc bridge for sudl ttlCaSlirCIllCllls 
as t he ralio of (t-C to II-e resista llce. T he doc 
rcsislllllt'C C'lUI be determined by using a 
ba ttery and ga.inlllollletcr in "I[tce of lhe 
usual a-c ~,'cncl'ator nnd deteclor. 

DESCRIPTION: The schelllatic diagram of 
'fYPI:~ 667·A Tnductance Uridgc is show n on 
page 88. TL difTer~ little from that of the tlsunl 
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inductancc bridge. Ccrtnin design {cntures, 
however, have been introduced to eliminate 
residual sources of error und to make the 
bridge di rect reading, The variable resistors 
in both thc standard and thc unknown arms 
tlre inductance compensated , identical in 
construction with Tl'l'F; 668 Compensated 
Decade.Ucsistancc Units and '.fYI'1o: 669 
Compensatcd Slide Wire. 

The vHl'iabie inductor, L~ , in series with 
the unknown makes it possible to obtain a 
611al inductance balance independcnt of t.he 
rcsisti\'c balance of the bridge. The sta ndard 
imhlctor is wound on u ceramie tOl'oi(bd fonn 
in order to minillli ze magnetic coupling with 
the \'arillhlc inductor. The switch, K , is used 
whcll the bridge is connect.cd as :l rcsonan(,'C 
bl'idge. 

FEATURES: ll igh accuracy (w ithin 0, 1 ,ull) 
for the mCilsurerncnt or small inductances 
i .~ onc of the outstanding features of thi s 
bridge. Coils of 11 rew microhenrys inductance 
canllot be measured accurately on lhe ordi -



nary bridge, owing to the errors introduced 
by the (1) sliding-zero balance (reactive and 
rcsistivc b:llances not independent), (2)varia­
lion of inductance with selling of allY decade 
resistors used ill the bl"idge, and (3) capaci­
tance across the resistive component of any 
of the arms. These arc eliminatcd ill the 
T)'PE G67-A Inductance Dridge. The small 
variable inductor in sel"ies with the u,nknowll 
eliminates tile sliding-zero balance. An in­
duetnnce-eompellsnted resistor (similar to 
Typ~~ G70 Compensated Decadc Resistor) 
is used to eliminate the effect of J'errctance 
dUlllgt:S when ohtaining the resistive balance, 
The constllnt resid ual inductance of the re­
sistance uecades is compensated for by a 
small change in the standard inductor. The 
effect of shunt Cllpaeitan<.:c is minimized by 
keeping t he resist ive components of the 
variQUS arms at a low val u!;:. The rCSllll is a 
bridge tlmt has independen t bnlanc:cs for 
rcsistaucc anu inductance, is capable of 
measllring inductance with an accuracy of 
O. lmic:rohenry, and which is direct rending. 

SPECIFrCA TrONS 
R.nge: illdut:tnn<:e. 0.1 microhenry to 1 henry. T he 
range .. 'tn be extended t n 1000 henr.\".~ by usiug ' lyrE lOG 
:;tnl!lJnrd Imluetors or exter l1R1 st:md:mis. T he bridge 
will b:dauce for /ltorage iuctors bdwt'en 0.06 Hnd 
inliuity nt ! k(;. 
Accureey: IlJ(luetnnce. ± Q. I!% or ±O. ! ,«h. whichever 
is the greater, for three $tHliller multipl ier settings and 
lit I kc; ±O .. ~% for the l:trgcsl, nlulti/Ilier nt I ke. The 
Inrger crror is C"..I.used by the <':8.pacitnnce :1"rO$ the 
unkJlown termiuals nnd is reduced lit lower frequencies. 
Frequency R."ge: All cnlibrlltion adjustments nre I\lade 
a t Il frequency of 1 ke. The bridge L'(\11 be \l~ at any 
frequenc~' between GO cycles and 10 kilocycles. 
Rotio Arms: The ratio arm controllen by the multipli('r 
s"'iteh ha.s four mlues, 1, 10, 100, 1000 ohms. T he ol!.cr 
ratio arm which is I.'8librnttXl to be dirl.'ct. rending ill 
inductant-e, ill idc.ntical with n. four·dial TYI'~ CO'l-K 
Dccaclc-ne~isUtn<:c Box. 
St.nd.rds: T he stnndard inductor is a 1 millihenry 
toroid wound on a ceramic form. Hesistance bllinn(.-c of 
the bridge is 11'1ade by means of It lhree.Jill.l induetl\llce­
l'tJUlpen.sated resistor, idcntical with the 'lYrE 670·FW 
Compensated Decade Hesistor, plnce<..l in ~ies will! 
the standard inductor. T wo switche.~, having logarithmi­
cally $pace<\ Te$istors rauging from t to 10,000 ohms. 
an: c(mneet(.'{1 in series with the UllklJoII'1l inductor. 
Shielding: The bridge artllS arc shieldc.d frolll Olle 
another by grounded shields L'(lIlUectloJ to tilC.ll!tllci and 
('Opper lining of the Cftbinel. 
Mounting: T he bridge is supplied for c:aLinct Jtl(>unti!lS 
only. 
Accessories Requiled: ~!1"tor. amplifier, and head 
telephones. Tnt; 60s-A Osdl!.ttor (~ee p~ge 10il), Tn'!; 
81-1.-A t\ llIplitier (see page lIO), THE 8H·-P '!'lI ned 
Circuil!! (sec psge 1iil) are rccollllllendeo.l. 

Dimensions: (Leugth) 17M x (width) i(J x (hcight) tiM 
inehes,over-al!. 
Net Weight: 30% pounds. 

667-A I .. 

BRIDGES 

A 

Schenmtic cirell it diagram tlf the 
T YPE OG7-A Imludauce Bridge. 

In terior "icw of the bridge, showing 
details of l'(jn5trudion. 
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BRIDGES 

TYPE 293-A UNIVERSAL BRIDGE 

USES: The 'fyP}; ~!)3-.\ U ni vcrs<li B ridge is 
a rllndamclIlal bridge ci rcllit wh ich ('an 
be connected to produce [! wide \'aricty 
of <Lired - ;nld alternating-currenl bridges. 
t\ mong these a re bridges for ti le IHC,l i!urcmenl 
of iutlilctancc. capacitance. and rc.~i sta I ICC 
o\"c ra lI'idcfrequcnc.v I'ange (O·;}O.OOO cycles). 
11 Ciln also be set. up as 11 frequency mete r. 
The instrulllent has. therefOr(: , 11 much wider 
gC'tlcral uscfulness In tL coll ... ~c or m cnSlII"C­
mCllt I11hora10ry thun the lIs11<11 ronl! of 
pCrltlancutly C!Onncdcd hridgu (·;rClli t. 
DESCRIPTIO N: The brid,ge ('(>lI i'i sls of th ree 
l'(' si .~ tallcc arms nud a Il'rrll;mli board hy 
llll'ans of II'h;('h the varioll s cin:uils ('1111 he 
!i(.'lup wi l h pll1~s and ja< .. k .... 

The res;;:ta net arms of the hridt.~ colIsi;;:t 
o{ two ;;:irnilM :II'/ns, each ha\'illg It I.ulal 
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rf's istuucc of 11,110 OIIIllS in rOur d('Cafie d ials 
( 1, 10, IOO. HlId 1000ohm,;), ltlldat.hirdMm 
having rcs;stllllC!CS of J, 10, 100, 1000. IIml 
10,000 011111;;, 

The brid~e cleme nti< a re ;;:howll diag ram­
llluLic:lHy ill tllc uc('Ompltfl)'jng drawing , 
whidl illu sl.wtcs t ile points ill tllc cireuits 
whel'(: lcl'1ninals a rc located, The hridge 
eir('uit ii< !<howli connec\(.'(l fo r the stHlidard 
Wheats-lone bridge, Tht· dolt ed lilies art'! 
(.'()llllcdions lI1:Hle hy lllcau s of thc plug 
eollltcctors on the tcrrnina llioll rd. The plugs 
:Ire arrnngcd in t \\'o groups, c:u::h gn.lUp 
termillMilig the clements of (InC' sidc or the 
bridge. 'l'hc plug al'l'artgclI1clIt Ix:rmit s the 
connectio n of addilioua l clcments in ~rit's 
with any of lhe bridge anns, T he input :tnd 
out put (power and null detector) ci re lli! S Cll11 



.

be brought out uil'ectly OJ> Lhrough tra ns­
fo rmers for which plug-in jacks al'C p l'ovidccl. 

'Vhcn used for resistance mCaSl1l'Clllcn ts no 

does lIol 
su pply. 

BRIDGE S 

ine\ude 11 !lull delcdOI" 01" ])Ower 

itdditiowd sLalldunl is required , the S a nn FEATURES; T he advantage of this hriuge 
of tbe uriugc being used as a standanl. For lies ill its extreme f:l.exihility> which makes 
inductancc and capacitance IlICasu l·cmcnf.s, pos~lble::1 variety of llleU"'l1lCmcnt s with a 
an CXlt'l'llll l .')tll l1dUI·d is required . Ti lt· hridge millituulll or eqtl1])mcnt. 

SPECI FI CATIO NS 

r-;:;;;;;:;;;;:;----;::===:::::;:. ===:;-l 

• • 
h 

." . • • 
h 

'.' •• , ... ' ..... ' ..... n 

• '-'."-000" 

Schematic diagram of a Tnt; ~9~-,\ Uni­
versnl Bridge set up (or lnensllriug resislnllc:e. 

Bridst A,m" T he A and B ar!l\S ('(tell consist or (uur 
<ltcttde re~L~tors C()"eriug a range (of 1 ohm to 11,110 
olm\.'! in I-ohm ~teps. T he S arm is a. resi~tor with 1-. 
10-, 100-, 1000-. "nil IO,Ooo-oJ,," scdioll~. The char­
~cteristics :Ire similnr to tbose or tbe TYI'.t: (;O~ D~nJe· 
Hc .. i~tu"ce 110),:. 
Accuracy: All r('_"ist(lrs ure ndjqsted l(l withiu 0.1 % ur 
the specified value CJ(-ept the I-QllIlI 1m its which arc 
adjusted to within 0.2.5% . 

TUfJd 

293-A 

The ubsolute Ilccurnc.,· of ;lilY I1lC:I~lIrclllenl will 
depend UP'OIl the m:x;:urtl\·y (If the ;;I:II"!,,,\I imd !l1'on 
the lIulguiLude of Llle rO!Si<iunl impe<.hlll\~.~ (.'K:ries in­
(llH·tllll~-e an,! s.hullt tapacitallt~) O(:Cllrriug in the 
"ari(>us arms. 

Frequency Range: T he uril!ge call he lL<cd lit aU rr~ 
qucudll!! ftQIU dirt"d ~'urreJl l up 1.0 .~O.UOO c~·dcs . 

Shitlding: The clIhiuct is , .... 1'1><:1' lilu,d. lIud the A. lJ, 
,lml S arZll$ are shiel<l(.-J r"HI! c'\ch other. The j)nnel 
is sh iefded over the A nnd Ii ,trillS. 

A ccessolies: To rllciliU,te making the COlllle<:·ti()IL~ re­
ftuireol h~· tl,is ftcxihle urillge. t here 'Ire ~ lIppli~~1 wilh 
cllch illstrnlllent \0 dUlIblc plug~ . !? Iiouillc shielded 
C(>IIIl,'l.:tOr (-{)rds, IIml2 siugle corti.'! . 

A slIilaMe generulor und I11dl delcdor lire refluifCIl. 
.For a-e nH·asurelllents. either 1'YI'~; j;O!:l-,\ Oscillator nr 
T\"I'~~ 71 :I- H Tle:.t-FrcquCIiCY Oscillator (see I'll. 102 Bud 
!IS) is ~ati:srndor.l'. Fur lIlea.~uretll<!n t$ il. tlte viciuity or 
1000 cycles. n pair (If hend telephones willi T rrE SU-A 
AlOplilit"r (see p~ ge 110) is reeomm('llded. For luwer 
frequ('ncies. ' 1 '\"I'~ '18~I. F Output ;'Ieter (see Ilage 118) 
can be sub~titllted for the hear! telephones. Vur higher 
rrcqucllcie~. 1'\"I'F. 726-'\ VneuulO-Tube Voltmeter (see 
page JIG) ~Hl he used. 

Shielded input (Iud output trnns(ormers, nml n slide 
wire rllr lille ndjustlllcnts or resistam:e lire dc~cribe<1 
belo\\". 
Dimtn~ j o ns: Paucl. ("'iJlh) 1:;7":3 :.: (,lc]1th) lG% iuches. 
Cabinet. (height) 8M inches, over-all. 

Net W t ight: 2 1.\1 1)QlIlIds. 
CI),lv 11'0,,1 Pr ier 

. . . . . . .. I $140.00 

TYPE 293-P ACCESSO RIES 
] 11 using lhe TYP E 203-A I1 ridge for a l le l"~ 

nll t ing-Cll rrent mea.<;lll·cmcnts, shielded inpllt 
<lIld ontpnt lransforlllt!rs are desimble. 'l'hc 
following Lrausrol"ll\CrS arC avuilil blc aut! ,U'C 
satisfadury fur measuremeuts iu tbe audio­
frequel1cy riltlge. lloth traosfOl"lllCrS Ca n be 
used witll eitber coillls ill put 0 1" output. 

'Vllen llic irnpc<ia llcc lIIldcr mC').Sllre1l1cnt 
i.~ low, iL is dcs.irnblc to extcntltllc n\l1ge of 
the bridb'C arms downwlLrd. T his may be 
done by the lISC of one 01' two TYPE: '.W3-1'3 
Slidc- Wire Hesislo rs, u shielded resist.or 
calihrated directly and having a. mnge of 
0- 1.8 ohm . T Le sliuc-wi l'c cali hrat ioll is lllX:lI­
rate to o.o.e ohul at any sett.ing. The unit is 
arrnnged fo!' p lug lUouuting 011 U1C bridge 
lerminal h OlllX!. 

Tn'!'! ~W3-1'3 Slide "'ire. 

293-P1 
293.P2 
293·P3 

Oi'rCldl / 111 n~'I!IIU 
1"1l7118 Jududallte FrequMCY 1""" 

Rllti" IIi!!" Side UIIII!l~ lliJlh ~idv [.ow Side 

~:I 1 lUi h 150-5000 eydc$ £7UO f! 1 :100!l 
2.1;,; ;1 :15 h 50-.::;000 cycles .>1:;.000 n ·10001! 
S lide-Will~ Resistor, 0- 1.3 fl .. . .................... . 

Net 
Wei!Jht 

eude 
W ord 

n.loot: 
HAn')' 

11.1"'(:1' 

Price 

$12.00 
12.00 
20.00 
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BRIDGES 

TYPE 721-A COIL COMPARATOR 

USES: 'rhe (.'oil (.'()mpamlor is used for pro­
duction measurements of the rcucl:ul(,:c and 
rcs;st:lIlce of r-C coils ali(I condensers. It is 
intended to be used solely as a com pnmtor, 
i.e., the coil under lest is com pared with n 
st:mdard 5lllllpic ami the difTerence noted. 
AltllOugh the comparntor is also capable of 
making di rect mCilsurclllclIls, it is not rccom­
meudcd for this purposc. 

DESCRIPTION: The T\"PE 72 1-A Coil Com­
parnlor uscs a bridged-,!, circuilllS shown in 
Lhc diagrfllll 011 p<'lb'C 87. L ike:l bridge, it is 
capable of l>cing bnl:lIlced for a r)Crrcel nu ll 
indica.tion, bul. unlike a bridge, olle side of 
li re b'Cllcmlor, the detector, I\IlI.I the coil 
lII\dcr lest :Ire cormcclcd to II COllllllon 
grounded point. 

Tile elements of the comparator arc the 
two-gang , condenscr. C1C2' and t he \'a riable 
resistor, RI • T he coil under test is indiCllted 
hy the inductanc:c, I~, :Hul the resisL.ulCC, I t. 
The conditions for baiam:e, if the two con­
denser scdiollS arc approxim:llely equnillud 
ir lhc l..'Oi l has II l'ca...ona bly high Q, am as 
follows: 

( I) 

(2) 

I n other words, the sum of the eapa(;itance 
of Lhe two sect ions of the tuni ng condenser 
must be sufficient to tune the coil to reso-
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llUIICC, and lhc bridging resistallcc must be 
equal to four limes the coil resistance. 

The two condenscrs, C1 and C" ilre eqmd 
and IIrc operated by a si ngle control wh ich 
determines the reaclllll(.'C set t. ing. A smull 
condenscr, also in two sections, is in p;lrnUcl 
with the main condenser and is used to show 
snw1J diffcrelU.'CS in reactance in (:olllpnrisoll 
measuremeu ts . T he resistor. Ilf' is Ilon­
reactively wound and reads directly in coil 
resistance. 

The prO<.'Cdurc fO I' checking coils wiLh this 
instrument is extremely simple and straigh t­
rorward, 

The small (:ondenscr, marked LnUTS, is 
set fit the (:en ler-sca le r.cro, and bnlaJl(:c 
obtnincd ror the sL'l.Ildard coil by varying 
Ule rcsistall(."<! conll'Ol nnd Lhe (:ontrol of tllC 
Illnin (''Olldenscr, marked STANOAltO Sb'TT1NG. 
The reactancc setting is locked bl' a clump 
provided , the standard coil is l·cplal..'Cd by the 
product ioll coil, nnd balance restored hy 
varying the auxiliary l.I:'IlTS condenser IUld 
the rcsislfU1CC control. If the production 
coil is similar ill construction to thc s ta ndard, 
the test can almost iuvariably be made with 
suUicicnt prt:cision by ;uijusting only the 
LIM ITS condenser, leaving the resisl:mce 
seLLing unaltered . 

Condensers call be checked as readily as 
coi ls, but it is necessary to usc an external 
coil to obtain bahul(.'C. 

P roduction coils call also be checked fo r 
resistance or rOr Q in comparison ",iU. a 



 

standard coi l. Although :l corrcctiOIl factor 
for the efreds of stray cllp:tcitllncc mllst be 
applied when making absolute me.lsuremCl1ts 
of R or Q, it nced not be (."Onsidel'C'd for com­
parisons with:l stn ndnrd co il. F OI' (."Oiis of the 
sa me reactance the set ting of the rcsistal1(:c 
(.'Ontrol is always di r~ctl.r proportional to tim 
l'Oil resistance, The l'lCI'Cf!nlllb'C <levi:l tion in 
llor Qis equal in magnitude to the pc rcentngc 
deviatio!l of the resiStfL IlCC cont.rol setting, 

FEATURES; The circuit used in the T l' l' i:J 
i2 1-A Coil CoL upar;llOl' co mbines the si mpl ic­
ity of a. reSOIl;wt method with the precision 
of a null method, Hcadings a re completely 
indepe ndent of both generator and detector 
irnpedauccs, The effective low impedance of 
the circuit, moreover, makes other effects, 
such as cilpaeitance between inpu t a nd out­
put ,md capacitance to the operatol" s body, 
almost unnoticeable. 

The new circuit makes it possible to pro­
vide an almost ideal al'rangelllent: a single 
control, with an incrementn l lHljustmcnl. for 
reactallcc, and all illdcl)clHlenl m ull'ol for 
resistao(.'e. 

Although a. si ngle frequency test is gen­
erally adequatc for production ciJeckillg, the 
circuit of the comparator lends itself part icu­
larly well to more detailed tests, For example 
n colH'cnicnt arrangement fOr checking (.'Oils 
at two freq uencies to oblnin a measurc of the 

BRIDGES 

MClL~urillg r",Jio-re~il'l;'r coils with the Tn't: 
7:2 I-A Coil Compar.l.tor. 

distributed eap..'lcitun(.'e call be Illude. uy CIll­
ploying two TYPE) 7i21-A Coil Cotn)l<Lrators 
side by side, each with its separate ly-luned 
detector. If the oscilla lor fundamenta l :wd 
second harmonic nrc used for the test fre­
quencies, lhc two inputs call be con nected 
togethe r. I t is then onl ,Y necessary to sh ift. 
the high-potential coil lead to test ntthe two 
frequencies and to insure that the rcactnnce 
value in each case fnlls withi n t he specified 
limits, 

SPEClFI( A liO NS 
Tuning ( Gp.citance: TI,e efJeeth'e lUll ing ~p,1cilarLce i~ 
11(ijustaltle between 75 }<}<f nn.1 l 'l()() I'l' f whcll the nux­
itiar,\' condenser i ~ set nt !ero (mill-llcnle). This include.'! 
a 'tray cnpncilllnl.:e of i.5 to 31! ""f, depending ou t Ile 
selling of the main (:(lDtleH .. <cr. 
RlUistanCII: The residnnce control rend! ,tiredly withiu 
'i% tile "uorninlll" ooil rcsi~tnnce frOIll 0.5 11 to D5 n, 
in two ranges. '1'loe correction fur strn.)' capJjcittUK"e, 
however, IOlVer. t he maximum mClUlIIrable coil re$ist­
ance to 4() 0 when the tuning cnpacitlWee is 100 I'"f, 
lind to &i 11 at 1000 Io'J.'f. 
Inducwncil R.nge: Any coil cILn be tested wlLich can be 
luneo:l to l'e5Ounnce nt the te5t rrc<Luellc~· by a ('a llaci­
lllll(:e bet ween the limits 1lL-'en llUoI'e, and which hn.t a 
.oeries J'e.'lislanee lying "'itlLin the range spe<:ifi~'(l ll bo \·e. 

("Iib/a tion: .o\ u approximate cap~ei tnnce cllliLmtioll is 
~upplied for the maiu dial; Ibis is actually lbe IL,'erR,I!:e 
of a nLl lllber of inslrumeuU!: and d within ±.s%. Tire 
aLl~mnry (!Ondeners dial is di~t r~ding ill mieromieI'Q­
farads and tiLe resistance dial in ohlll$. A ~'(lrreclion 
cun'e for the tired .. of ~lrlLY CApacitance is supplied, 
Mounting: T he il1s truruellt can be $ul'p1ie<i in a \\'ulnut 
(,pbi llet for tahle lise, or with n metal dust C(l\'Cr for 
building into test (l(]uipmcnL 
T.rminltls: Panelterlninals are provided for connec:ting 
generator detector and (!Oit umlt.'r lo!'!!l. 
Controls: MlLin lUlling (:()udelLser, with di .. 1 lock, re-
5istlLn~'O! dial "'ith 10 :1 Illultiplier, ILnd c3]1~ citnnce 
LIMITS dial. 

1'ype 

721 -A M 
721 _AR 

With (.bine!. .......... .. 
With M ewl DUll Cover , , .. 

Acccssories Rcquilcd: TnF. (lS4--A M.o.luilltcd OiK;illll ­
tor is roomuncnlleJ as II IlOwcr lU)urcc, A ~ensitive ra.dio 
l'C~i\'er is a lllitisfactory del~'Clor. Shieldcd cables sLlch 
as Tn'.: i 'H-NC or Tn.: 2;.1-N I:: should be Il$C<.I ror 
eonnoction! to the generotor ILnd detector. 
Dimenslonl: PlLlltl , I i )( ]) inches; depth ,It'chiud panel, 
T\'l't; 7i l-,\ M, ])J/s ineho!'!!; 'l'n'E 721-AH, !t~ inches. 
N et Wll ight: ' l'v".: 721-.\1\1, 1 2~ pounds; T v ... : 7:l1-A H, 
S%, IlOIUH.b. 

" OE:n:C;T~ 

Schemntie circuit tli>Lgnuu of the 'l'YPK 7il-:\ 
Coil Comj),'lrnlor with toil uuder test con­
ncdc.t, T Ie test eoil is designated b ... · the 
i/Jdudllnce l.ullIl I'Csistance Il. C, is the st.wy 

capllcitancc of the (:()lIlllaralor it!IClr, 

CI){/6 n '0'(/ PricCc 

DlOLt: 

~IGOT 

585.00 
80.00 
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BRIDGES 

TYPE 561-C VACUUM-TUBE BRIDGE 

USES; This instrutllcillmakcs possible a(X:II­
rale lI1eaSurements of the tllf{.'(' fUlllililtlCnlal 
nH:uum-luhc panllll<' tcrs; amplifica tion 
f;u:tor, nlutunl ('Ollduct.anl!c 01' lranSC01I­
dud:lIlcc. nlill pl:ILe ,'csislal)('c; O\'cr wide 
ran,l..-CS of values. Tit" aeGUme,\" i s sufneicnL 
so that the hridge has found acceptallce 
all10ng lube Illallufacl.urcrs .1;;; a standard of 
rcf('rcll(."(' for Lube measurements. p:.trliculnrly 
WhCl'C ('xlrcmc ",lilies of Lite parultlcicrs arc 
CIIL'OUI1Lcl'cd ;tlld wllt;l'c OI'dinary JIlCflSllrin~ 
(-;I"(:II;ls bC(:Olllc It ll ll'lu:i l worll ,,\'. 

1n the field of development and 1'C.#'1Lrc h 

the ins trument. in addition 10 pro\'iding 
a(:('uratc me;l .~urClllcnUl of tile \l 1; u1l1 luhe 
parameters, affords a IlIC:lIlS of slud,,"iug th e 
hc lmvior of tubes u$Cd in UlI(:oll\'cn l iorwl 
:lI1d specia l circuit<; , when :111;\' one of the 
elcdnxles Illay be llsed :lS the operating 
e lectrode alit! where negali \'c values of lile 
p.rrHlIleters may IJc clI c..'Ounlcrcli. 

The tuhe circuits have large cnough cur­
relit-carrying capacity and Stlfiicicnl insula­
tiol1 so that low-power trtlllsmitlillg luhes 
1ll.1.Y be teslcd in addition Lo I"C<."Civiug lubes . 
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DESCRIPTION: T he hridg<: makes lISC of 
i/llpro\"l~d allcl"llatillg-eurrclll null mctlux ls 
(If measuremcnl, in which phase shifl al1d 
capaeil:'mce CHors 11a\'c hceu given spccial 
t.'on side]·~\tion in order that t.lre operating 
r;tr1I,,'C of the bridge may he . as wide as 
IXls.o;:iblc. E ach or the lhrec c()("Oicienls is ob­
tllillcd in terllls of the raLio of two alll'l"lllii­
ing lcst \·oltab'CS. A third "ullage is ClIlplo}'cd 
ill the t'npacitatl("(: halancing cirulit,. bill it., 
,·:dl1e docs lIol enter ililo the r(:sulls. A 
j·olllplclc an:dy .~is of lilt, brid~,"c circuils will 
1)(, found in lhe paper '·n yrll.llUic L\IcaslII"c­
IIICIiI. of Electron-Tube Codlicients" b.v 
W. X. Tuttle, Proc. J . R./~ .. JUIlC. 193:;' 

FEATURES: T he prOC<'dul"c ill nlllking mell s­
urCIllt!lIts is sim ple ;l lld .~ traiglrl.fo r\\"ard. alld 
is (-xaell\" t.he Slime fo r the lhree (:ocfI:icicn ls : 
:lIliplific;tiol1 factor, plate .·csislan("c, aud 
lrallS(."olJ(luctallc..-c. A three-position swilcll 
is turned to whiche"cr quantity is desired. 
tHL.l ltipiicr switches arc SClll t the appropriate 
vlIlue fOJ" the lube beillg testcd, and unlalll.:e 
is obLained hy ndjusting a threc-decadc at­
tClluntor and a vHriahle COlldenser. At balanc.:c 



BRIDGES' 

lhe decades rcad dircclly, to thrce signifiC':lIl l 
figures, the q uantity being mensu red . 

T he lh l'('c main tube pat'amclers arc 
J!1('asllt"cd iudependcll l ly. i.e., none of tlll~ 
hal:mces der)(~ nds in Ilny WHy on a1l;-" other 
~o I hat indepe ndent ('ross checks ('an be 
ohtaincd from t he k nown r(' latiollship fitl10llg 
t he t hr('c l .. odfieicnts. Kegati\'(' nllues of t.lle 
tube (:odficicllts 1lI!l;-" bc measlLred as read ily 
as posilivc va lues. 

The melhod of halanci ng out the dft.'Ct.s 
of the tube intcr-t'lccl.t'ode clIpaC'i l lHK"CS is a 
more sntisfactorv olle lh:w has heretofore 
hcen llvail nblc, Kot onl.v is t ile nccuracj' of 
t.hc llI(:aSllr('llICllt t hcr'cby conside r'Hbly illl­
JlI"0,'cd, but nl! three of the usual parall1C'Lers 
rna,v !I(~ lllcas\lr'cd indepcndc.n lly O\'CI" a much 
wilier nHl gc. F Cll" insblllcc, l ll (: mutua l con· 
duclanc;c of a tube IW\'illg a high v.riuc or 
gJ"id to pln tc clIpacitnlll .. "t can he mcasu red 
without Ilny error from this eap:lcila ll('C, 

T he mCllsul"illg circuits :mu the tube­
eonLrot (:irC'uiL'i may IX' separated hy open ­
ing link connector'S on the top of the piltlCI. 
Thi s not only racil i tatc_~ I he t~s l ing of tubes 
aSso<:iatcd with olht'l" ("Oillrol ll ppa nltus, 

" " lTl~;"Jr-T 

Simplifiell tlial'r"Ul of cirtuit eU\I)lo~'col ror 
m.:ll.<urcmenl of Irl'lI$f'(),,,hu:lunte, T lu: ",.,illl~ 
or iutro"lu("lir.n of the lest "01t"'1!"t'S ~I ;u,,1 t, 
:1re dmn!;col loy n switd, ,..ben the other 

~-ollst"ntl a.~ mensllrf!ll. 

but rtlso nlllkcs it possible by eh:)nging the 
C'rol'l' (:olll1(:("\iol1.-; ill a "cry simple m;tll rlcr 
to mCllsure grid-cil"l'uit paramclet"s, or pa· 
mllwtcrs rcfctTCd lo a rly pair of clcctrodc~. 

SPECIf iCATIONS 

R.1I9C: Anlillilkllliull fllrtor v,): O.oor t" IO,UOO. 
O.'·I1:1l11i,· in terllul [llntc rcsi.~I~n<:e (r/l) ; ~O ohms to 

'!O nLt'!:ohnl~, 
') 1111",,1 conlluclnntt (.r .. ): O.O~ 10 20.000 rnieromhos, 
Un.ler !,,"opcr conditimls, the 1l00"C nmlo;es Clm be 

c~'"eClIe<I. The \"ariuus I~ramclel"l!! cnn nlso 1)("- nteuurt. .. 1 
,..ith respect 10 VUn.,"S I"lemenl.5. I ud. M screen gril ls. 
etc, r\egllti\'e, 8$ ... ell :'s jlosilin', \';llue!! wn he meltS­
ute(t. 

R.n9c of Tubu Covered: :\11 $!nllunrd four-. live-, lix-. 
:1rull\e\'cn-pI'OUIo; n!t'eh'ing tuL\!!! ~~t1I 00 I1lCIl.\lUr<.~J ,m this 
insLrUIIlI'ut without the use of Juj,' l'tcrs. e~~"'l't thllt 
li\' ... ~, six-, Ilr !Ie\'CU-llruug tubN not 11Il\'illg separate 
h(:atcrs require Lhe Ill;(! of Il s ingle T\"I,t; ,;!i I- I'-2 I luiversul 
,\dl. ptcr rurnisheo.l witlo the bridge. :\ s"'itch is Ilru"it!ed 
ror $wil.ehiug the l"On lr(ol -gri~1 C"lnuection frum the I);.w 
to lI,c l"4P, 

:\u oct:11 n<i:lpler is also 5"I,pliL .. l, hy mcnllS of ".hieh 
"II oct:ll-hnw tuhes. either gl,,~ or metnl, ~"'Il be tdled 
" 'iLh KIl." .!l"Sin .. 1 (,()lllle.::tiol1ll to thc ele.::lroddl, 

The l 'nh'crsal ,\dnpler Supillied Iletmil.5 the testing 
or tul)C.'l with 11 0'\-~hIlHI;lrd base l'O,lIIet1iOIl!. 1:,,­
mounted tul>C!l ~re connected dirCC1.ly to the panel Lind­
inlt" I~I$ for It ... t IIIcnsurernenb. 

,\ ~llCCinl 51licld terminKI i~ ]ltl)\'idcd ~ lhnt long 
lelllh lO ,," e~tcrn!ll iIO('ket can he clTCl:th'ely shidded 
~ nd \l'iII 1101 imp'lir the aCl:"ruc~' of IIIC"~"n:"leul. 

T he tuhe <'ircuits lUi "e largl' ellough eurrcllt-cnrrying 
Cltpncily IHlII 9ullideut inSloIutiol1 gO lhnt low-powcr 
t.rllu~mill iugtnbes nl:Q' he tcsted in addition to rect)il"iug 
tubes, l\IlIsimum 'illownble plille ... "rrenl is 150 milli_ 
umpetes ami mllxi mum plale \"ollage i'll 1iOtl l'o[l!I. 

Fit.menl Supply Cireuib, ,\ tlouble-mnge n."l1.ifier-t~·I)C 
D.llernnling-curteul nu.1 direct-cnrrent filnllleul "011-
meier IIUtI II $01In:e olllllerunling-currclll he~tcr 1)Un-"r 

fire l"lIlt~dIlCfI in th,: iustrument. ~o eXltlrnAI fitAment 
col1nedions ut'Ctl 00 nu.,[.l for a1terun\illg-currenl lul)C~, 
tuole!l.'l ,'ol!lIjW g~"lcr Ihlll1 8 ,"olt._ or ""rrent grClitcr 
than !i.::> ,uupetell is TC<luirett. Tloe lifanlc.ut rhOO$tnt rQr 
(!irect-e\lrn:ul lillllllelli sUPIIly Ions n ~~I pncity I,f 7.'.0 
Ulillillmperes. 

When measuring ' I llernnti"g-cur~"t hented tu\.N.."lI, 
the [,ridge requin:;o ~'OnllecliOlI to U soU,",'C or 115-'"011. 
GO,cycle "lterullting Cllrrent, 
Elec trode Volll,e Supply; U:IHeries or suitHllle power 
supplies lIro:: 'H.'(.'('jl~lIr." ror pTO"iding the mriou5 V()ltll g~$ 
I"(1<]l lired I)," tloe tnhe uu,ler lest. 
Bridge Source, A ~O\lre'l of 1000 ,·.,'c!e,~ is rcfluirc'!. The 
Tn.: (illl:! -I\ U~";lllllor i~ suil:,ulc fut tlois IllIrj lOllc . 
Null Indiutor: .\ $uilnhle nuH i,,,lic-,,tor is requirt!tl. 
The TI"I'I: S t ~,\ ,\ nqllitier u5e(1 in eoujllm1.'''u ""rlt 1\ 

~"~ili\"e p"ir (of leltphou~ ;5 reu"lImen,letl (or thi' 
puqlO5C. 

Consuu(tion.1 FutufCl: : T he IoweT hair or lhe frOnt 
1~llei (lr lhe instrumenl C(lnr"ius the spedlll bridge 
d~lIit ulICO;l in 1Ue:'$urin/.! the coelfieienl.s, The "Pller 
h"lf of Ihe plluel collt"i,,!! lui", 5OCkel!. alterHll lin/!­
"uTre"l !i!:tm",,1 $"I'I)I~· . lil:I".clll ,,,llmeter. rllt:olllnts. 
terlui""I.~ f(lf ":oriuu~ "oll:lges, nn,1 termi""ls ror di ..... ·1 
~"O"nl .. ·ti,,11 "f "" cxlcrnul tnlJe 10 1 he Ilritlj.:\l" <"ircui! . Thi~ 
;orrnngclllt:ul jlfo\"idcg thc g reHtt'S! f!esi(,ilily for t,;Cl1crnl 
usc. 
Mounlill,: The inslruI1Ielll is lUlluule,! Oil II "I"ck 
lTacklc lacquered alumin1lm ""ud IIn,[ i~ furlli.,hed in 
n poJishl .. 1 walnul t~.I,illcl, A IClllherHlc cover i.~ ~uPI.lit~1 
to proted Ihe instrumcnt rrom (lust \\"hel1 "01 in lise. 
DimllnsiOIlI: ( I.ength) IS~$ x (w;.\lh ) lJy' x (heiyht) 
1 I ;uches, 
NIlI Wei,h!: ·M 1>01111([5, 

TVllf! C«l~ It 'or<l 

--~'~61~.C~--'I.------. -.. -.. -.. -"------.-,,-,,T.I---
lU:UH: $375 .00 

1'.-\Tt:ST S01'ln;. s." S"(r. r7, 1"'1."" ,' , 
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BRIDGES 

TYPE 544-B MEGOHM BRIDGE 

USES: The megohm bridge is "cry useful fo r 
measuring cartridge-type resistors in the 
megohm mngcs, ,such as t.hose used :IS grid 
leaks and coupling resislors in vacuu m-lube 
circuits. It is also cnpable of measuri ng the 
insulation resistance of c1eetricn l machinery 
such n.s generators, moLors, and transformers, 
of electdenl equipme nt. such as d,costats and 
houschold nppliauc.-(!s, of si ngle conductors, 
cables, and condensers; of sufficiently long 
sections of high-\·oltllb'C cables: of paper 
{:o ndcnscrs; and of slabs of insu lating ma­
terials. Volume resi~ti\'ity can be dctermil1cd 
and its change willi lcrupcratllfc and 11U­
midity. Guard collne<;tiolls are pro\ridcd for 
the measurement of lhree-tcrlllilllli resistor ... 
such liS multi-wire cables, thrce-lel'luinal (:011-

denscrs. Jlelworks, and gu;tl'(led specimens of 
insulating nwleri;tls. 
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(Hi!1Iit) The MOO()It,\lS tJilll of Tl'PE ;H-I·IJ 
;\ ll'gohrn Bridge. '1'hl' !K'IIle is logllrithllli-: 

over lhe main \l~a\l-: froru I lu 10. 

DESCRIPTIO N: The Tn"l 544-B .Megolll11 
Hridgc isncombinntion of Wheatstone hridge 
a nd vacuum-tube voltmeter . 

The bridb'C is composed of the four arms, 
A, B, N, P, as showlI ror the OI'EUATE position 
in the dil.gram at the top of the next page , 
with the power applied aeross the MillS, 
A nnd fl, and the "Ileuum-tube voltmeter 
cOllnectcd acl'OSS the conjugn te pairs, A-I\' 
and n-p. For checking tile gakaJlomcter 
zero, the tuOc is isolated from the bridge 
voltage liS show1' in the CUECK position, 
witu the high resistors, Nand P, con­
nected to t he grid e:mctl.y liS in the OI'ETlAn; 
position, Tbe effects of any vol tllgCS, alter­
nating or direct. in the unknown resistor, P. 
and of :my grid current of the lube will not 
appear in the bridge baluD(.'e ix-catlsc they 
al'e bala H(:cd Ollt in the zcro ndjustlllcil t. 
'1'bcre is niso a cnAnG"~ position, in which 
the unknown resistor, P, is placed across lhe 
arm, 11. This is va lu ablc in measuring the 
resistance of Il"Irh'C condenscrs beCtl.USC full 
voltage is applicd dil'cc Liy Lo the condcnfW l' 
which can thcn charge at II. maximuUl rate. 
The zcro of the galnUlomcter eun also be 
checked aL aJ1Y timc wiLilOut being afTeetc(1 
by the rcsidunl charge in the <.:ondenscr. 

FE A TURES: The Ufie of it vacuum tulle 
detector, which absorbs a negligible amount 
of power. makes pos~iblc the direclme;. sure­
menl or resistances up to 1 ,000.000 megohm s. 
Ti le I"l'sistllncc scale is IlPproximatciy loga­
rithmic o\'er Olle declHlc, which givcs n con­
stant fractional accnrncy, regardlcss of 
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'l' he.>e d iagrams show the bridge connections for t he thrcc positions of the Cll ECK-OP£nATF.-CIUnGF. ~wi tch. 

setting. T he effective scale lcngtb for the to the unknown resistor. B()th il-C power 
range of 100,000 oh ms to 10,000 megohms is !)upplies arc\'oitagcslabili :t.cd .T his e1i mi noles 
35 inches. SU l'b'CS in charging current when mcrL~u ri l1g 

Approximately constan t voltab"C is applied the leakage rcsist[Lllcc of condensers. 

SPECIFICATIONS 
R<I"'3t : 0.1 megohm to 10,000 megohms, (''O''ered br n 
dial aUt! !I 5-llosition mul t iplier switch. A res istance of 
1,000,000 megohms can he detected. 
AcculoIcy: 

Rui$/altce 
.1 l\ 1P.- IOO~l n 

100 M 0.- 1000 j'M I 
1000 Mf!- IO,OOO M n 

Error 
± 3% 
± 0% 
± JO% 

.\IHlVC 10,000 megohms, the error ill essentinlly Lhnt 
with which the scale on the ) IE(;OUMS dial can be read. 
Terminals: The termina ls for connecting the unknown 
resistor include connections for g uarll electrodes ~o tlmt 
either two- or thrce· lerillW/l1 resiitors enn be mcn~ured. 
Controls: nlcgola:ns dial , with mul t iplier; zero mljusl. 
ment: c n.EC.K·OI'EllATE'CI'AU(a: s witch; power ox..()r p 
switch. 
Power Supply: T hree types of powcr supply arc availa· 
blc: ( I ) un a·e unit dcli"cring 90 volts to the bridge. 
(2) lUI a·c unit delivering 500 volts and 100 volt..", ~mJ 
(s) a. bauery powcr SUI)P!Y of 90 '·olls. lloth a·c units 
operate UP'OIl n 115·v() t, (lO--<:yelc line. 
Operating Vollage, 'r erm;",,!. li re p rov;d"l"" thl>t t he 
bridge "ollage call be obtained frOIIl an externn l source 
if desi red. Up to 500 volts CUll be ~IPJllied. 

Vacuum Tubes: \Tilh bllttery powcr supply, It 10 5G 
,lcl<.dor tuhe is USL't!: ll,e 1)0·,'011 a·C power s UI)ply uses 
:1 6.K7G detector. two IIXiiG rectifler$. and two 8 7-1 
b.~Hu.$t tHbe.~; the .'iOO-vo lt po wer ~"pply ".'Wi :t (:K7(; 
det.cdor,:\ UXiiG rt'(;t.i!ier, a 5U·IG rectifier. um!. in tire 

Type 

544· B 
544·8 
544·B 
544·P2 
544· P3 
544·P10 

D~$Criplilm 

Battery Operated . . .... . 
A.( Operated (90 volts) .. . 
A·C Operated (500 voll$) ... . 
90· Yolt a·c Power Supply Only . 
Soo·yolt Po wel Supply Only .. 
Blttery Powel Supply Only .... 

voltugc regulators, a GJs G, I' (iKG(i, and \.11"0 C D·'200S 
neon lalliPs. Al1 tubes are S\l Pilli~d. 
Mounting: Shielded oak cabinet. 
Dimensions: Cabinct with covcr do~C(1. (width) 8M x 
( length) '2);!.!1 x (height) S inci,cs. o"eNtIL 
Net Weigh t: Wit It battery power $uppl;.·, 30y'( ])Qunt.ls; 
with a'l! IlOwer ~1tpplr. 25H polln d~. 

& hcml1tie cirell i!. ,I i"'graw of lhe .\1<:gol)111 
Bridge. 

COOt! Word l'ric6 

ALOOF S175.00 
ANXOY 225.00 
A(llH;~; 235.00 
.<!I.·xOY.<.rACK 65.00 
.\OHEE.-I.PACK 75.00 
ALOO~".,· ., C IC 1 5 .00 

T n 'E 487·,'\ Mcgohmlllcler. n direet-re,ld ing instru­

me.nt opct"ating 011 the ohm mete r priuciple, is described 

on page 123. 
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TYPE 707-A CATHODE-RAY NULL DETECTOR 

USES: T hi s vi ... unl Ilull ill(l i"III.OI' i<; inlellClcd 
fOl' U!'C IIi< a halance ddcdor in brid ge n llt! 

otht'r null ' llIcthod HlcnSllrc m cllts at power· 
linc and andio frequencies. When (.':llibr:llcd 
for a gin'n frequency, it COl li he operated nl'( 
it limi t indic:llor. It ca ll :llsQ be IIscd for 
oolllpa ring frequencies by Ill('an f' of Li sSo'1 jolls 
fi gures 01', wllell calibra ted, used as nn a -c 
mi lli"ollmel~r . 

DESCRIPTION: The ou tput of the bridge is 
applied through nn 80-db Ilighly sclcctiyc 
amplifier, oJlerating on the degenerative 
prinl.:iplc, to t.he vcrLi r'a l dc flc(' lillg' plates 
of a olle-inch cathode-I'HY tube. The hridge 
generator voltage is applied through an 
adjustable phase-shi fting network 1.0 lhe 
Ilorizontal pl ates. T he tilled cllipse.<;o formed 
is redu(:c (1 to n horiwlIlal Sll' tligll t line a t 
bahrnce, 

FEATURES: Independent ill(licn tions arc 
g iven or the e/feeL or b:l.lancillg cit her tllc 
reae!i\'c or the .. esi.~ ti vc hz-id /.'C ("()IItrol scpa· 
I'll tcly. Tbiii adds COII .~i llcrabl,\' to the $:IX'"CII 
1IIId l..'OrH"cniencc of routine bridge IlIl"I$:ure· 
ment$:, aUfI pN1I1its ei ther bridgc (.'(lIl trol 
to be baltllll.'cd accurately without IIccc.~ i . 
tating an aceuratc hal 'ID(,'C o f the other, 
1nrlicn tion is al:;o gin'1I of the direction ofT 
balarrcc of r.'i lhcl" aile o f the bridge control s, 
chosen at wi ll . 

T his null indicator cnnnot be injured b.\' 
o\'crloading :lnd is instan taneous in rc~ponsc. 
nllt! 1"ecover.", I!:xtel'll:d fif'lds do 1I0t affect 
its opera tion, u tH..! it rn<iili l c>! 110 lI pprccin ble 
fi eld, 

Fnr hrid/-t{' bnlarlC'in,lt. it is less raligu ill~ 
than hefulpitollcs IlIlt! carl he 1I .~ed in llois.\' 
IOCll liol lS, 

SPECIFICATIONS 

Input Impedtncc: One IIltS .. IIn,. 

Scn1ilivily: ]00 1'" at GO <'y,·I"",: '!OO I" :tOO IJ.\'!lt 1000 
"." ,",(o.~. 
Selecti¥ily: oIQ d ... ·dl>els ;\ I!a illst 5e("O'Hllmrmollic, 

F.equency Rlnge: l 'Iu!!"-i" units luue tile aml)lifier for 
1111." ,reti red olX'mtillg fn.'(tllCUl· ... l>el"'een ;zo nll,1 'l(l(1O 
• ..,.d t!i. (;'m l i"uu"~ hming rnllge :1:::.;7" for mel. unit , 
Conllol ,: l ';IIu,j ('ou trol, arc IJro"i, led rOt IHljusti ng Ih" 
f .. cus "",I hrilli,tlll"e III the (il lirodc-n'ly IllIiteru, lhe 
ph8!;(; II Il'illlDplilude of the ]1O!"~nla] li " 'C('I)ing .. ..,llage, 
fUll! lhe ga in. sele<>ti"ily, nmlillnillg of lhe amplifier. 
Ac(uso.i",s Supplied, Due !>("rer t"(lrf! ' l1hl tllIe shiei'kd 
["IHII roN , 

T.lflif" 

Accenori",s Requi.ed: One ]>h,~-i!l l )h:,~illj.: .:-in-uil i~ 
useo.l 'It Il"~' frett1Ient·." belo,,' 400 1,.,',·ll'5: <mc ]l11I!;, i" 
tllning "nit. 'I'1r~c arc !lor j"d",led in the p.k'C ", the 
in.< trument. (~ ]lriee li~L "" !>"g~ 93,) 
Power Supply: II .; ",,]t.s, ·10 w 00 <:yek ,. 
Power Inpl/I: ~ walls !I t 00 '-'.rd('S. 
Vael/um Tubu: One (i!\:7(i pcntl~ !c. one ti l''l'I(; I"'in 
triOl I(o. one (jJ.lG l ti ud(·. I)no nl:~ mlll",!e-r",. tu l >e, an ,1 
one (jXii rectifitr: ~II Uti;! II U111)licd ... ilh tilt: ill$lru lIl,-,,,t. 
M ounting, ShUlI!",,"1 HI-illl'!. re]:,.,'-nt,,!. 1 ~010l'1. 

Dimensions: P:mel, HI" 7 inc h",,; tkjllh lM>t.illd JllOIl-d, 
!I indIes. 
N el Wei9ht: :}Ol ~ pound.'!. 

707-A I. .. ...... . ....•.. 1 $195.00 
l',\ 'r' t:ST N"OlH.: t:. l:'ec No\.,. I, i), 1'1>10'< ", 
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PLUG-IN UNITS FOR TYPE 707-A 
CA THODE-RA Y NULL DETECTOR 

T hesc un its are required for lise wilh T VI'E 
707·.\ Cathode-n ay ::\'uU Detcc-lor ilnd I~r(' 
nol.. inci ud<'d ill Lhe price uf tha l i l .. ~lrllUlC Il l. 

.\ phtt,~il1~ unit is 1Il'(..'e!:"a ry for opc' ralklll 
al.. ;wy frcq ueuc-,\' bdQIn 400 ey(-tel'. A t ·UIO 

( ',\'c!t'S anJ aho\'(', none is required. :\ t Ull iug' 
ulli t i:l required for ellc h opcftllillg ff'C{llICIlCY. 
The lU lling ra nge is ± 5 pCI' l-"ClIl. 

All u llits plug into moun ting jac ks pro­
viciNi inside the lI u11 detector. 

PHASING UNITS 
___ 'cf'""'e"c' __ -,-______ -"iJo'"o' ''-!r;plipll _--'-(~·'"~I,C· OIl~·"",,CI _,-__ CI'"""·re'--__ 

For F.equene1u below 100 (yd lU ...... . ..... 1 XU I.I.'nX:.\ST 707-P I 
707·Pi For frequencies between 100 . nd 400 Cycles ... Xl]I.LTt.I'IJ.OY 

AMPLIFIER TUNING UNITS 

$7.00 
1.00 

____ ~'·'''E,..'--_. __ , __ -'-f'·_'''·rlll''rc''o'''__ _____ __'(~··"'·C· cllc·"c"c' __ -, ___ --"c',~ire"'_ __ _ 
707·P42 42 cydeli ~1J 1 ,t.n;t.:o.T 
707·P50 50 cydes ~ul,l.nCIIOG 
707·P60 60 cycles ;\IUJ.I,1'};C' t;n; 
707.P4oo 400 cycles ~UI.I,TIc:Ct" G 
707·P10OO 1000 cycles ;\IU"'.Tt.:CG"'~' 
707·P2000 2000 cycle li :--UU,T};I;: 'II ,\I 

L'n its designed ror use ;.1 <111,1' o ther r~quenC.I· lUll." be SUIJl,lied 0 11 onler, 

SiS.OO 
25,00 
25.00 
25,00 
25.00 
25,00 

ACCESSORIES FOR TYPE 516-C RADIO-FREOUENCY BRIDGE 

Ii.\' chnnging the m lio arlllS ~ud ~hicidcd 
tnttl sfol'llu' l' , the frf'qll(;nc,Y ran&'C of the 
Tn .·; )j I n-C Hadio·FI'('(Juenc,)' Bridge e~1II be 
eX\t'nded clowll\vu ni to rl"cquencics li S 101\' ns 
Uti cyc1(';;. 

Ii ,~tcd under Tn'.~ 57H T rausrorme r, puge OJ, 
T hese are fitted wilh pl ug bases to Ht the 
jack plate in t.lre hrid~'C, 

i.l :. t io (trillS for freq ucneif's other Lha u 1 
) '[e a rc listed helU\\". The n.,:,~ i s lallcc of the 
rn l i() anllS is cht)~c lI to make lite powcr fado,' 
dial "Cltd cort'cetiy a t l.llc f req He llc," s]>ccificd, 

T ransfol't llel'S for uthel' freq l lcllCies BI'C 

1;'01' fl'cq llcnciel' hdow 150 k(~ , the Tn' ~; 
H 14·A A mpli fi e l' (page 110), used with 11 tU lled 
(' il'cuil, and Ihe T YPE 7Q6-A VnculIIli-Tubc 
,"oit.metc ,' (page ]1 0) a re recollllllcndcd for 
usc ti S the. h .. idg(' dt'lcdo .. , At audio r .. e­
qUe'lIc ic,s, head pbone's Cll n he used , 

RA TIO ARMS FOR TYPE 516-C RADIO-FREQUENCY BRIDGE 
1'Yl'" 

S16·P2 
-S16·P3 
S16·P4 
S16·PS 
S16·P6 
516·P7 

- S1 6·Pl0 
57B·A R 
57B·BR 
57B·CR 

'Fu.,,;,I,", ' ~1I1o the l"riOIr'" 

Hrili~I" ntX Frall/cnr,V ('0/11' 11'11,,1 

10 " 10 Mc ,\U,II'TOn ,\)oiT 
100 !! 1 M, .IU.II'TOlClllili 

1 k!! 100 kc "II 11"""' ''1'1(. 
10 kn 10 kc ,U),U"I"(oUTOI: 

100 k!l 1 k, .\II.I I'TUICTto" 
1667 k!! 60 , ,\It.lloro" 1'17, 

SHIELDED TRANSFORMERS 

500 kc- 10Mc 
50c -10kc 
20c - 5kc 

2 kc - 500 kc 

f'/wlr W (.",[ 

.IIJ.l I'TOIIW,IY 

T,IIII •• : ~ IOUI'T 

T . :SOIl\l{'UI"I' 
·n: l'lIJ.llUl:I'T 

l'rj~ 

$6.00 
6.00 
6 ,00 
6.00 
8.00 

1S.OO 

$8,00 
20,00 
20.00 
20,00 
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BRIDGES 

TYPE 578 SHIELDED TRANSFORMER 
USES: A. shielded transformer is IIcccssary 
in n direct-rending a-e bridge to isolate the 
bridge from ChllllgCS of clectroslnt ic potential 
in the cx lel'JlHi circuit nmllo reduce the effect 
of the capacitancc of this external circuillO 
ground. Obviously, the transformer can be 
IlscJ Lo isolate the bridge from cit11cr gen­
erator 01' detector. 

'1'YI'£ 578 'i'ransJormcr has been designed 
for this applicntion. It is also useful ill otliel' 
types of circuits to isolate measuring circuiLs 
frOIll tile gen erator and to produce a baLlllccd 
output £rom a grounded generator. 

DESCRIPTION: This trallsformer is provided 
wilh two shields. one around each winding. 
A third shield cffedivcly grounds tJ te core 
laminations. The llccompanyiug diagram 
shows tllc u.J'rnngcmcnt of shields and thc 
capacitances OctwCCIl clements. 

FEATURES; Tbe direc t capaci tnll(:e bctweeu 
windings is less than 0.$ 11'11'1. The eupacit.am."C 
pll1 ccd across thc bridge arms by Lhe inler­
shield capacitance is only 30 p.p.f in place of 
the I:trge b'Cllcrator-to-b~und cllptl.cilllll(.'tl 
which exists when no lra.ll..qformer is used. 
This Slllall value of capacitance is obtained 
by Illllilllailling all air spaL'e between primary 
lUJd set.'Olldary shields, using eight hard 
rubber spa<.'ers O.I -inch t.hick. 

94 

1'1,; .• sbow. t he windilY:: IIsed in Tnt: :HS 
Shielded T ransformer. The capndt<lnt'e be­
tween shields is kept at 11 low vnlue by spudng 

the windings IllI ShOWll. 

E nch transforIUer <.'Overs tI wide rnilgc of 
fre<luency and load impedance, and can be 
used in e iUle r direction, i.e .• call be used to 
step up or step down from generator to 
bridge. Used thus, the frequency range is 200 
to 1 a nd the impedancc rang'C 100 to I. 

Transformers for intermedia te frequency 
and impedance ranges ca n be supplied on 
l'pecilll order. · A. transformcr similur t.o that 
lIsed in the '1'\,PE 716·A C.1.pacilancc llridge 
ean also be built to order.· (See page 72.) 
In tbis uuit 1\ four th shield is pln<.'Cd between 
tile two winding shields. Wi th this shicld, the 
easc. a nd the <.'Ore connected to the jUlletion 
of the rat.io arms, no extra ci\pacitllllccS 
nre placed across t he bridb'C llrms whose 
junction is grou nded . 
' I',j..,. OJl <\:(jU.,.t, 



BRIDGES 

This diagnun .,IIOW8 n grounded bri.lge SUI" 
plie.1 through a t1ullhlY·8hiel(I<:<llnlll~fonncr. 
When the t'ltse i$ g/'l.)lUlilcd. the calm<.:itan~"e 
pla.:ed acr~ c"ch ('I(p~H:itnrl("e Jlrlll i~ ,10 lJ.JJ.f. 

Thi~ "nlue is known and is considerlllil.l' 
smaller Ulan the unknown gCllerutor·to­
grou.nl (lI [Jll("itnnce ",llieh 11l!1II1lJ~' e:dsts 
when n t rnIlsforlller is not used . 

SPECIFICA TIO NS 

Ralio: T he tnllli;furiller lUll! .. turns ratio of 'l: 1. It lIIay 
lie wed in either direction. 

Frltqlll:ncy .nd Impltd.nclt Ranglt: See trlble. 

C. p.cilanu: T h.e d.in!(!~ cnplicilllnce between !lrimory 
andliCCOndary wll1dll1gs IS leu than 0.81'~; that It.-t .... een 
t he Jlrimllry und secondary ~hields is less than 30l'l'f . 
. \ '·crll.ge vnliles for thc cnpaeilanr.cs in t hc wllgrllm lit 
tile right Me: 

C1• Ct. C~ C, 
03. . ..... . 
C7. (.'8 .. • .. · 
{,'4 ••••••••••••••• 

.ol.(:h 200 /'I'f 
0.:; I'l'f 

.ellch 70 I'l'f 
... ...... 301',..r 

Shilt ldin,: Badl winding is separately shielded, alUl a 
third 5Lield effect ively !,'TOlInds lhe rore lnminatiorll!. 

Mounting: T hree types or mounting are availahle: 
(I) mounted in a ;\1000::1 n cue (~page 188) with wind­
ing! and both shields brought ont to) soldering lug5; 
(i'J 3IIme at ( I) with a plug ba~e for use in T YPE Sl6-C 
Iludio-Frequeney Bridge; (3) mOIl !! ted ill clumps with 
110 exterO!lI shiehl, leads lerminated on soldering lugs. 
TI,i! model is for use where uternal shielding ill pro­
"idal by the I15ef. All three types arc iIIustrsted 00 
1"1ge 94. 

Dim~lnsionl : Dimensions for :\Iodel n ca.'iC sre.I;t.·en 011 
l)age 188. T1reo\'er·all heigllt nf·R model~ ill S~ inclles, 
including plugs. DilU(:usiollll for· T modela a rt: 2~ x 2U 
x (lleight)!J;!1 iuches, o\'(:r·all . 

Nit! Weight: -H tllOtlels. 2M pounds; an otl,crs. 2M 
vouuds. 

Typ' 

578.A, . AR, . AT 
578.B, .BR, ·BT 
578-C, .CR, ·CT 

50 cycles tu 10 ke 
20 cycles to 5 kc 
~ k(: to 500 ke 

= 
STEELIICAU 

SHlfLO 

C2~Jt c, p 

C, 
S HII\.O 

C, 
C, 

S 
C, 

f 
c, 

c D 

I'ri",ury Su(mdur.V 

fiO n to!i kf! 
GO!.!lotlk!.! 
2Q II to \! k!! 

1 k!l to 100 kfl 
I.\! ku to 120 kn 
O.·~ kit to 40 kll 

'·11,..., 'n"",,' ... I", l,~ ">",i .. ;.,,, ... ·i ll,;" II .If,. ,\L e.lrcrnl'i "r bOIl< ;,,,,>c,ln"~.., ~,,,I frt<lucno}' '""Il"", lhe Im""",i."";Oll WAY "" d<> ... ·~ h)' 
1~.Jb. 

Type 

578·A 
578·B 
578·C 
578-AR 
57B·BR 
578-(R 
57B· AT 
578-BT 
578·(1 

M ("",lillg 

Modd B Ca5C ..... . 
.\lodel n Cllse . . . . . ....... . 
:\Iooel n ell!!C .. _..... .. ..... ... . ..... .. . 
Plug·in for '!'n.: 511.i-C Ha.liQ- Frequenc.)' llriJJ,je . . . 
Plug·ill for Tnt: .516-C UntliQ- Frequency Bridge .. . 
P\?g-in for '1'Y;E .5 1G-C itmiio.Frt.'1jueney Dridge .. . 
"IU10lil casc, III clamps.. . . . . .. ............ . .. 
Without case. iu dllmps . . .. .......... . 
Without clI~e. ill dumps ....... ..... .. . . 

Code Word 

T.lDL£ 

T"~~OIl. 

1'1::1'10 
T.llILI::~WL~T 

T .:SOII..1I0C~T 

TE I'll)llot;KT 

T.lIlLE I'I,",Cy' 
1·t:~Oltr·r,AC.: 

'f.:i'mpl.;\C.; 

Prier. 

$15 .00 
15.00 
15.00 
20.00 
20.00 
20.00 
12.50 
12.50 
1250 
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TYPE 610-A RATIO-ARM BOX 

USES; A ratio-arlll hm: i .~ fl :,;uilah]c uuc!CtlS 
Hnlllud II'h;('1I to llssl!llIblc :III," uri(igc (·;r<:lIil. 
\Vhcn eou ,hiIlC(( with ;;l litfl l,1c <'apacitnllCC 
and ind u('lllll{:e .o;tandn rds . allY of l he 0011-
n .' lltionai bridge cireui!..s CHII he se tup. 

DESCRIPTI O N: T his box contain;; a Jluir of 
rtLlio arlllS giving raliO.i from O.fHJ I to 1000 
in lwch'c !S teps, r(lnging in value fl"OlII I to 
1t)OO ohms. The sw itches. :IS \\'1'11 as the ill­
di\'idual rcsisl.:UlI.."C (:an l;; used ill the I'Htio­
arm box, arc si milar 10 tho;;t: l'llIplo)'cd in 

Tn~: ,j 10 nC(~\(Jc- Hc,.istan(.'C Units. (ScI 
dl.:scriplioll on pages 20 and 2 1.) 

FEATURES; T Il(' ;lIlii \'id ulli ratio arms lire 
Im)Ught out 10 separate pairs of terminals so 
tJ luL, if desired. the,l' nced not be ;t(ijaccnt 
.11'1llS i ll the- hridge. T he ground shield i .~ 
('xtcudcd between the ratio arms to c lim imlt.e 
c;Ll1aci l. ... tu;c hct ... ·CCIL tl lel LI. I ,inktl M e p ro­
vided for (':Oll llcdion uet wec lL the ;).I·IH~ ali(I 
lo tuc shield. 

$PECIFICA TIONS 

R~l iltanCltI: E:II'J. IIrm. 1. :.1. 10. :10, 100. :100. ]000 OI,U1~, 

Typ~ of Winding: Ayrioll-l'erry. "'''"1:iI"j" "';":. 
A ccur.cy: Correct "t hl"S' tl"rminnl to ",itlli" O, \!.;'·~ 
for ]-"lIm. O,I ,;~o for :1 .... 1"',. fllIll U.] ~() (I',r otl '('r u"ils, 

Switch~l: T v ... : 1>111- 1'1 , 7-r>oillL End~~1 ''OlItnd.&, 

Mount;n" f;"'itcl,w "",I t .... ,.,,;,"'I< ''''l""tNI on J.,1~ck 
('r1ld:lc- linulo 1I111,"iuIIII1 1)'1uelllll,1 c"doscd iu n ~I,iel,lcd 
"'"Inul enhind. 

T~rmin.fl: J"d,·,,-,l' ),i",ling tJO!; ls with SCpflrllte gtOulId 
termiu:.1. 

Oim~nlionl: ( I.('.ugth) 7N ). (width) ;; S' (height) :;~.1 
inr:hr!.o\'(·I'+IlIl . 

N~I Wtight: 3% IIQ"UOS. 

610-A 
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Iut('rivr "it·\\, u( the ')'\'".: (l1O-A Hnlio-.\ rm 
B<>.~, showing the gl'tllUlI'iL'd shield. 

Code 1I'0NI Prire 

I IL~BIU $32.00 
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OSCILLATORS 

BEAT· FREQUENCY 

• 
TUNED·CIRCUIT 

• 
INVERSE·FEEDBACK 

• 
ELECTRO· M EC HAN I CAL 



  

• OS CI LLATORS 

o TYPE 713-B BEAT-FREQUENCY OSCILLATOR 
o 
o 
Q 

« 
"" ... 
« 
"" ... 
Z ... 
\!) 

USES, The '1\"1'& 71:l-B BC;l. I-FrccIU(>Il(-,)' 
Oscillator is tl. colwcllient 1)O\\'cr source at 
a udio :UlJ supe rsonic frequencies for stud:ying 
t he frccIUCIlC'Y cha ractcrislies of tr:IIISfol'lllCrs. 
lr:wSlllissioll lines, amplifiers. bronde-ast 
tr;\nsmiltcrs, and similar equiplllent 1t is 
also an excellent generator for br' id!,'C meas· 
uremcnts lind general testing. H.s power out­
put. is sufficient for usc as :\ modulating 
SOUrt:c for signal generators where o\'cr-nll 
fidelity i.es!.s arc being maUc. 

DESCRIPTION: In this instrument the out­
puL; of two high-frequency oscillators arc 
fed through a huff('r ;unpli6cr iuto a bai:lIt(:cd 
detector from whicJr the difTcr<' l1 (:C or beal­
frC(IUcll('Y is ohlaitU'fi. Thi s beal frC(llIclICY 
is then amplified :and is the low-frequcncy 
output of I ht! system. The frequcncy or one 
of Ihe osc·illalors is variC'd by meulls of a 
sl)('('iully designed condenser, the plates of 
which arc ;draped to give a !og:u'illllllie "aria­
lion of frc(IUCIICY with dial rotalion. 

A frequency raugc s \\'ilCh is pro\'idt'd so 
thai lhe frequenc," of the fixed oscillator nwy 
be ch:lIIgcd by 20 kilocycles to give llll out­
put frequcncy range from ~O 1.0 40 kilocy(·lcs. 
A C \·CU.:.S l:'\cn.;~rt::,\T diftl 1\180 \"1Iri('.5 the 
fixed frcquclLcy o\"cr <I Ilmrow fllllb'C. This 
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(..'()lIlrol :\UOII'S: small dlllllbO'(" ~ in rrf'C!lI(!lIcy to 
be made cllsily at ally frequency. 

i\ def,rcne rativc :lUdio amplifier is IIscd, 
with the output tubes I.:ouplcd through a 
dou bly shielded transforme r to a (:onstlwt­
impedance :.t1elluator lIud a tapped auto­
transformer. The :lulotr:ttlsfo rIllCr pro\fidcs 
tim .. 'e (Wrel"cn l output illl pedances and is 
enclosed in a shield to preven t hum pickup. 

FEATURES: Among the more importul1t 
fCfl lurcs of t.hi s oscillator' arc its wide fre­
quclICY railg<'. 0 to 40,000 cydes, cx(.."(' l1c l1l 
wlIvcJorm, and vcr.'" low Inull le'·cI. All im­
proved output cirCllit wilh tllrce impedl\ll(:es, 
which remain pract iclilly (:onslant regardles.s 
of seLLing of tile volume (:ontrol. is also UII 

outsta nding fe:llure. FurthNmore, the 01l1-

put circuit lIIay be opera tcd either grounded 
or ungrounded . 

Sligh tly O\'cr olle watl of power ma:y he 
obtained illto a matched load, and the outpul 
voltage relllaillS (."Onstnnt O\'cr a wide range 
of frequeucies. A "aeuull\-tuUc \'oltmcter is 
pro\'idcd for measuring tire output ,·ullage. 

The large logarithmic dil\1 facilitales lite 
taking of fre(juc ney responsc datu. The dial 
mlly be seared di rectly to a re(."Order \Ising 
logarithmic or scmi-Iogaritlnnic 1)<\ I)(:r. 



 

OSCIL L ATORS · 

$PECIFICA TlONS G" 
Frl!qlltncy Ri ng!! , 0 to ·10,000 c~·cles. 
Frequency (01'11101: 'nu,~ mllin oonlrol is ~ogNl\"l:tl ",ith 
/I logarithmic r~llIency Scale extenrling from :ro c."c lt'S 
In 'i!O kilorycie!l. t he totul Sl.lIlc leugth IlCing "JlI)l'(Ixi· 
mllteJy 17 jndlCll. The frequem:y range 5"-;1<.:11 extcndJ 
the muge to ·10 kil()(;ydes. There is ulw (111 incrcilicutill 
fretlllCIiCY control. 
Frl!quenc:y C.libr.tion: The llllibrnlion mil.\" be 1"1111111-
aNii:M;:d within I <..: .... ;:1" lit lin." time by ~eujng tl"l in­
s!.rHUleullO r,ero ix-al. The cHIiI)rution of the frequency­
l~"'trol di,1! rlln Ire relicrl upon wilhiu ±2% ± 1 c."l']e 
li fter the o~i11" t(}t hns hWII correctly ret to 1." .... 1 I)cllt. 
T he incremcnlld fn:<llU..nry dial i~ mArked wilh one 
,li"i~i(tll for c\,(>ty l -cycle iutcrml rover II NIHI!l.' or 
- 60 to + 50 cydes. Its cnlibnl t iull is ~wrcl't to ±.I! 
cydc$ or beller. 
F,~qu.n(y Stab ility, ,\ ,ICfl""l e 11"""'(1 1 i"~"I"l.i,,,, " lid 
q :nlil" lioll A 1'1.: 1'r<),<i, lcJ to miuilHizl' frequcucy Jrirt~ d\J~ 
!o lcmp('rnl ure d,n uses:. T he o.'>CiUator IIIUY Ix: AC(:umlel," 
re~et to ?,CW bellt III IlU.\' Lime. elirnitmtiug errors ~II"scd 
loy ti ny smull rcnminiug frequency dr ifting, 
O utput Imp~d.n(e: T he output circuit is ~ullicienll,l' 
wdl h .. lnnced fbr operuling into the u"en'gc umlio· 
fretluellcy tnlUs,";'; .. ~i"n liue_ throughlOut the clIlire rn .... 
qucu('y rlUlge of thc <.>&:ili:l tor wl,ell u .• iug Ihe 50-ulnn 
onll!ut lermiuuls:, Whcll Il'liug the ;iOQ .... hm OUI\Ult 
terfuim.is, Ihe 1.J..,\I .. nce is satisfllctury "I' ttl 15 kil,>c,"c et, 
When HlIill!!, the liOOO-ohm bnlput tcrl1l i twl~. II'e I .. ,h,ntt 
i~ o:alisf"clbr.l' up to ~ ki/~'clcs. OI)\'iou~I.I'. the uutput 
cireuil mny be upcmle.l ul1grnunJed at higher freo 
'I"e"cicli thau tho~ s}*Cilied. pWI·ided 'I close baluuce 
tOIl'Muud i$ not Ilcces;;ary. 
Output Power: Oue "'IIU lII:\xhnurn "hen tl,e output 
~'Outn:,1 is in the 1110 11 ])(,sitioll: in the ww ]~ition, I'P' 
IlI'.sirnatdy 0.02 watl JUaximuUl. 
Output Volw!lt: .\]lproxirnatdy ]50 "olUl, npcn cir<:uit. 
For fI mUlched rcsistke 1000d Lhe output l'ult;' l:c ""rie.' 
hy less t I",u ± O.,j t1h l.elweclI $0 ;,n .. 1 ] 'l.OllO cyel('.!I, nud 
"r Ic.~.~ Ihan ± I ,II, between 15 and IG.OOO ('y<'l", 

W'¥eform: When th('_ nt.'TI'I'T 5wi1<:10 is "n t1,,~ . 111\' 

713-BM 
713 .. BR 

l'AT~: ~1' NOTICI':. 
1 

Cabinet Model , , , "., . 
R~lay .. Ra(k Model , 

s.".. ~<>t"" I. S, 10. P"~. v, 

. 
-it- ............. ' 

l)(I5itioll, tl,e lotul I'arrnonic ~'I)ntcnt is tess than 0.2~o 
hel weell ~.j.Q II till '!OOO c,l'd~ II 1111 len tlmll 10'() bet w~n 
10 au" 100.000 c.l'ck"$. 1\1. 'lO e,"c16the harmoni ... t'Ontent 
i~ 1IJ>l'roximl,t('I.I' 3%, When 0llCrulin~ 011 tl'e 1.01\' oul­
I,ut l)O$ilio", the h:,rmunic ,'Onle,,! is prM.'ti':11Ity nn .. 
,,!Teeted by !In,l' 101101 impe:Jnrwe betw~'en one-hllif of the 
rlllCll "nille IIlId Itll "I>C" "';rcuit. 

Wilh the 01l111llt switl:1I un the mGI\ position nurl 
with n mnl,d'ed 1000d, the totnt dislorti ... " is less than 
~f7o nf the oull'ut I'ol t"gc in the nudio·fre'luenC:,I· runge 
IIllOl'll 70 tycles. reglmllC:$$ uf the setting of the \ 'OIUlllil 

l'OnIMI . '['lo t I"'rn",,,i~ inc:rell~elV:tboul 8% nt 'lOeYI'lcs. 

A·C H um : W h" 11 1 .1o~ ,\..O";lIal"r is ol'enllc,1 f .. mn 1\ tlu· 
f'rde li"e, the 1.(,Wcr .. St IPI)l.\, tipple is Ics.~ 1111111 0.1'11 "r 
ll,e IIutpul 1'l~ILH~1l for eithe .. IIQ.~ition or the (lIlTI ' ''T 
~wild, '"'ll fllr :IH,I" vallie "f ( ... ,q,"t \'oltage ",hieh ",\II 
[,e rend 011 11m Il:Illel I'oIUo\!ler, 
Voltm~ter: ;\ L"b "~<tld \'!u': lII 11l1· lube ",)Itmeter i~ pro .. 
\';,Ic'\ ull t I,c pllHel for iulii,·"ting lhe outl>ut I'vltage lOf 
the (\.9o:illntnr. 
T.rminal ,: JAck-l O]) hi.llliuJ:: p().~t.s with "tn",lard ~ .. 
inch ~plldng .. re provided for the nutpllt l'OIIneo:tiOlls. 

Mounting: TI,;s in~lru"'e"t i5 a\'~ilnl.lc in eithcr lUI o .. k 
('nhiuet, lI'ilh Nlrryillg Imrullc.i, ur n ,netal Ilust co ...... 
:lUd shield for re/"y-t"c:k mounting. 
Power Supply : IOJ tu I.'i!.j ,·olts. 40 to 00 O::."tie5. n('. A 
simple dlflngt! ill the l'()lIl1eo:tio"~ to the ]I(l\\,CT In,,,~· 
fOTlner ,,1/('""8 the iIL~tt"lIle"t to loe II~I VII ilO til \!30 
".-.11". The tlOtnl C()tL~ulll pti rlll is IIbnllt] la "'"1ll<. 
Tube', T he follQwing tnllC>l nrc .'IUPI)1ied: 

:l - T ype ·11 ~ - 'I'n)C 01.6 
I - T~'I)(l OD C \! - T ,\lMl GI-W 
!l - 'I'ypeij(;(J I - Tn>ciiT~ 

Acun orie,; A 1·foot connecting ('On! "ud Sj"' rc 
ru~ II i'C slIl'lllielt 
Dimen, ionl: P:ttle!. (" ' jtltl,) I!l .~ Owight) '!·II{ i"ci,c.!'. 
over .. "lt <:"hiuci, si~. indudiug /wmlk;!, (width) 'i!UI-!i 
s (height) 'l:i s (del' til ) II illcht'.~. 
Nllt Weight: n:II")Ull<ls, 

· .. 1 .. , 

(',..IIt: 11'",.,/ 

1l~;U.\!! 

lu:-n:u 

Price 

5485 ,00 
510,00 
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TYPE 7oo-A WIDE-RANGE BEA T-FREOUENCY OSCILLATOR 

USES: This oscillator is useful for taking: 
selectivity CUl'yes on tuned circuits over it 

wide ran ge of frequcucies, for measuring tile 
t.r:irIsl1Ji ssiolJ ch:tracteristics of filters, and 
for lesling wide-band systems suell as tele­
vision amplifiers and coaxial cables. The 
instrument is also a ll cx(;dlcnt gCIICrtl1 
htboratory osci llilLor for use as a SQw'ce fOl' 
bridge measurements and as a modula lol' 
for sland:uxl·signa! generators. 

DESCRIPTION .. Two high-freq uency oscil­
lators, one fixed and the olher wt ri ilblc, 
feed a detector from which Lhe difference 
frequency is obtained. ',I.'he detector is fol­
lowed by a [ow-pass filler Imel a two-slage 
wide-band amplifier. 

Doth oscillator circuits are mounted ill iL 

heavy cast-a luminum box to a ssure uniforlU 
hC<lt djstributiou and prncticillly perfect 
sllieldillg. Two ranges are pro"idcd for by 
dlilJ.lging t he freqllellcies of Loth t.he osci l­
lators by a facto1' of one Lundred. A single 
sw itch on the panel changes rrom one range 
to the other. 

Degeneration is employed in the amplifier 
to minimize hutll aud distortion, Wid to 
equalize the frequency response. LoW-P iISS 

filters are provided to maintain a high ratio 
of desired output voltage to beating voltage. 
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A pe ntagl'id mixer Lube and fl Quffer ampli­
fier arc llscd to isolate the two oscillators 
electric.l lly. 

.A.n automatic yolumc L1.mtrol circuit is 
iudllded for maintaining the output ,'ollage 
consta1lt wit.h frequency, and a vacu lul1 -tubc 
voltmeter is used to me.iSlIrC the output 
voltage, A grounded potentiometer o utpu l 
circuit. is used. The potentiometer is Ayr lon­
Perry wound. 

FEATURES: The outstanding feature of this 
oseiUntor is the wide range of freq uencies 
whi ch is cove red ,,·itl! :l single control. direct 
reading in fr('quellcy . The frequency varia­
tion with dial setting is npPl"Oximalely 
logarithmic. Small variations in frequency 
C<lll Le made at any point by the lise of an 
incremental frequency control which is also 
direct rcading. A [oly-freq uency NlIlgC has 
bcen illl:orpomt.cd in the T Y I>& 700-A Wide­
Hange TIeat-Frequency Oscillato]' I' OJ" ("011ve11-
iellec iu working in thc audio-frequency 
run~,'"C, 

A constant delay volLagc is used in the 
automatic volume control cil'cuiL The i!uto· 
matic volume L"Ontrol t.hercfore tends to 
maintain the outpu t voltllgc e()nstant as a 
function of line voltage as well as a functi on 
of frequency and load. 



OSCILLATOR S 

SPECIFICATIONS 

frequen cy RangE:: T wo rllnges lite I)TOl' idc(\: 50 cycles 
tG 40 kilocycles, IImi 10 kilocycles to 5 meg!leyc1c~. 
Frequency Conlrol: The mnln dial is direct reading in 
b:quency IIml carTie~ two IIppro:riwately logarithmic 
f:equency JCfIles covering the runges fi llCC:ilied abo,' ... A 
(:equcncy tnnge swi~ch is proviJed fot rapidly dmnging 
('om one rallge to the 0111er. T here is 1l11iO:l1l incremental 
f.-eq llcncr control which is calibrated hetween ~ I OO nnd 
+ 100 c);d~ on the low mllg .. n1ll1 - 10 lind +10 kilo­
cycles on t he high mnge. Auy frequeney change nmde 
,~ith lhi, couirolll,dd, nlgehnrically to the frequency of 
1111' mnin control. 
Ftequelley Calibration: T he calibrllt ion may be slnnl!­
ordi1!ctirtt nny time by ~etting the instrument to ,.eTO 
heat with the 7.ero adjustment control. T his adjustment 
n n be mnde within;) cycles Oll the low ronge or 500 
~'clcs on thc high range. 

Arter t he oscillntor Ioa~ been corrcelly set to 7.ero 
beat, the Clllilorntion of the mllin frequelley-control 
dial ("fill Uc relietl IIJ~n wi t hin ±Il% ±5 cycles all the 
10,,· 1"11III1e an,1 ±'l% ±500 cycles on tile 11igh range. 
The l"ai1l.1rt1lion of the incrementn! frequclley dial i.s 
wi thin ±5 cycles or ±tiOO cycles 011 the low 1I1ltilligb 
rl nges, tespccti,·dy. 
Frequency Stlbi lity: Through cnreful ,lesign nUe<jlwtc 
tbermal .Iistributioll IIn,1 "entillltion are Ilro"ide.:! for 
lllinimiaing frequency ,Irifl.s. T he oscillator CIIn be 
lecurlltely reset to l.ero beal lit 11m' time. therehy 
eiimiw. ti llg error!; ellused by any sIIm)1 remaini"g fre_ 
quency d rifting. 
O utput Impedance; Ti le output is IlIken from n IS()()" 
o Jill A~'rton-P~r.I'-womld potentiometer. Olle output 
terminal i~ grounde..t, 
O utput Voltage: T he t1IltxirlllUn open-circuit (>u tput 
wltage of t.he o~<:illa lor is hetll"(.'(: 11 10 nnd I t. ' ·ulls. 
&'CU11!iC of the a utomatic \"olume coutrt)1 eil"('ll il, Uli!! 
I·Olt.lgc remAins constnJlt within ±L5 tledi>els over 
elccll entire fret"luenCy range. 
W.veform: T he total hArmonie (."(:mlcnl of the open· 
circuit voltage is 1t!S.'i lhen :'1% for frc<lllencies nl)O"e 
200 cycles on the )011' rfluge: awl Above 20 kilucydt's on 
tie high rnngt'. 

A-C Hum: Whell the oscillator i! OlleMJled from n Go. 
cycle line the po"'er-sUPllly ri))ple is less tlmn !% of 
the output "oltAge on ei ther rallg(!. 

Voltmeter: A "aeuum-tube voltmeter circuit is I~ in 
the oscillntor for measuring the output voltnge. The 
indicnliug met'!r OIL tho panel i,l ~~tlibrnted .!iredly in 
volt! lit the Qutput tcrmi"nl!. 

Controll: In aduition to the Inain frequeney-<:ontrol dial 
An(l lhe incremcntlll frequency dilil. there is a freqUClH:Y 
fringe s\\'itch. nlHI II ~er() beal luljustll1enl. T he output 
voitr.ge is ":tried IJ.v n potentionleter contro l pf()vided 
nenr tlee output ttrmi rmis. 

Termillals: Th(! output terminals are jack-top binding 
posl!! "'ith standard N-ineh ~JXlcing_ T be lower terminal 
is grounr!ed to the pIlntl ami shieltfs. 

Mounting: Tim instrument is normal1.I' supplitd for 
table 1l\fmnling. hut call be cn~ily adapted for relay­
rack mountillg by relllo"ing two wll luutloraekets at the 
eutl~ of the PIlnel. 

Power Supply; ,\ -C power ~ IlPI)ly, 110 to 120 ,"OIl!!, 
40 to UO cycles. i~ used. A ~illl r)le ehnnge in the con­
ncctions to the ]lowcr transformer allows the inslru­
mellt to he u~ on 'lIlO to .2: 10 ,'olts . 

Tile tota l power collSul1lption is appro)(imntrl~' fW 
wnlts, 

Tubes; 'rhe followillg tulJes Itre used: 

2 - T ype IJCoi 2 - TnlC !l5 r1i 
I - ' I~I'J)C GJ7 I - 'l'~' I)C (J Il G 
1 - 'l'YI)C 6L1 I - ' I)-pe liT I 

,\ 11 t ubes are supplied_ 

Accel$orills: A 7-foot power mrd, ~J)Ilre rll.9e.~. ~II<I II 
T rrF.1i!7'1-':-" U Plug a re RUII I.I; ,',1. 

Dimensions: Pnnd, (width) "19 )( (height) IOJ,i incl.J~ 
ov(!r-nl1; depth behind panel, II inches. 

N:TCW holes in tlte ,,;ulcl Are the standard spacing for 
LnOlUIting the ill.~t r tLrnent ill a .~tnndard !I)-indl rdar 
r,~ck. 

Net Weight; 55 pollUtlii. 

('ado 1I"0"t 

700·A 
1',\1'1:::-;"1' NOTI CK 

I. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 OIW.\X ssss.OO 
!:M:t: :'<ulc. I, 10. 1'''1''' " 

VARIABLE 
OSCILLATOR 

FIXED 
OSCILLATOR 

" Z,'o 

BUffER 
AMPLIF IER DETECTOR /---AMPLIFIER-----.ooi 

V.T. VM. 

Funt:umml lll!henmtie diagMIIIl of the 1\' 1'~: 700-.-\ Wi<1I.'-Rnnge Beat- Frequency Oscillator. 
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TYPE 608-A OSCILLATOR 

USES: The TYl'F; OOR-:\ OsciHal.ol' was de­
signed pill,ti t ularly 1'01' lise as a tont: 501lr('C 

for di stortiol1 l11cl\Snr('Il]{;nts and a p(l\\'Or 
:-<OlLl'(:C for bridgr measurements at audio 
frequencies. BC' (';lllSe of tile large tltllnher of 
rn;qllcl1('il's at whi ch !'his oscillator will 
opcnltc, it j" :dso 5utisfador,v for Illcas llI'ing: 
frequency chal';ldcristi(;s nml rOJ" lise as a 
gcncr<lliu bori,to l',y oscillator. 

Till! uutput. rrcqllc l1('ics ohtairlablc include 
tho.-;e gcncl'.d ly used in distOrtion measu re'­
IIlcnLs on br'o[lckast Lranslllillcrs. 

Tile ll ll tlSl lal1y pure \\'ll"cforlll dcli\'c rcd 
b,Y Llli s oscillalor at low rrcqu{;ncics lllllkcs 
distortion IllCaSHrClllt' nts possihlc at. t'o n­
sidcmbly lower fl'c'1t1cllcics Llwn Imn: hith c.: r~ 
to heen pmcti(.'ablc. 

DESCRI PTION; T id :; oscillator operates on 
the irJ\'l' r,<;C feedback prill ciple. By mean:;; of 
;'t rcsistnnec capacit:lllcC nelwork ,111 fn:­
qucndc;;. cX0,'pl l he o~cil1illion fr'cquency arc 
fed rrom lite outpu t. of ,HI :lmplifying circuit. 
h;wk into thc inpul in such a ma ll n!!r as to 
(':mccl tlw g-ain at. ,ill hut the osciUaliorl frc­
qrtc nc,r. Sullit i('nt. rcgcnemtiOlt is illt.l·ociuced 
illlo t.lte ci rC'ui L 10 produce ~clf-osciUalion 
:tllll , si m;c Litis is contJ'oll cd hy the n:~ sisl:m cc· 
capacil1lnc(' network. no illdu cU\llcCS 01' 
l.J,;tll sfol'lIlCI'S axe required ill t he oscillat ing' 
c ircuit. A functional block diagram of the 
circuit i~ sho\\'n on the next page. 

The amOllnt of fecdha{'k is controll er! 
from the pllnel , and lin c\edI'OIH'fl,Y lu!,t: is 
used to iudicale the strengtJl of oscillali ons 
ami the harmonic COli ten t. 

The desired rl'eq lle llc,Y is ,.;eleded hy push­
button s\\"itches, Another pll~ll-bulloll swi tch 
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determines the oatput illlpedance , An output. 
co ntrol i, .. provided fo!' regulating thc output 
volt-age. 

FEATURES; l ~olh electric.t llv :trld ItICdl:\t1i­
cally the d(',~ign of lht~ (lscillatol' t, .. IIt·w aud 
rl'prcscnLs :l. (!on ~idel'ahle advance O\'cr pn> 
violls practice. 

III the electrical l..' trClliL lite prim'iple of 
in\'c l'sc fcedha(·k is applied to tlte proundiol! 
of electrical uscillation with tile result, that 11 
high power output is ohtained with low di ,~­
lor'lion. Sim'e the J'ccdhaek ci r'cuit is highly 
sciecti ve, the f .. ('(plenc ..... of t.he OY'illalor is 
ulltlsually sbhle. The absence of imlH'orc 
inductance ... Illinimizcs the alllOullt of PO\\'CI' ­

supply hum pi('kcd lip by lhe cil,t tli t c1eJllent!', 
. \11 out.staudi ll g lllech:JJli c;LI featllre is t hc 

Jlu sh-hul.I.oll sys tem for selecting lhe frc­
llu(>ucy. 

Ti le TH E 008-A Oscillator wil! ope rate at 
<I lly 011(' of '.!7 frequcncics, riHl!!ing frOI1l £ll 
to 15.000 ('yel l'S pCI' f!CCO nd, ;lud (,he rreqll{'nc~' 
cnn be e1wngccl rapidly and si mpl,\' hy llI e :lI1 ~ 
or lIw pu,~h -buttoll s\\'itthc!; , 

P rodsiOll is Iltade fo r obtaining rr'equ (, lI (; i (' ~ 
\\' ithilJ tlte r;ll)ge. hut: ot.her tltiUl those fo r 
\\'hich pllsh-bullon" al'(' pl'ovided. hy tncl'(' I,\' 
pl lll!ging in lhree \'xtc l'1la l l'csi"l:llwcs. 

For any additionn\ rreqlJeney t.hrCI! n> 
si,;lot'S arc req uired, and for' any set of t.itrt'(' 
re>;i~tor,~, three frequcm·ies, in dcclHle slcp~. 
can ue obtHined , 

A h,U'llloni(; conlrol and clcc'lrou ·rilY tul x.' 
lHC provided,;o t ltlllthc uni l can he adjus ted 
fo r minimum distortioll under 11li conditions 
of ope mtion. 
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SPECIFICATIO NS (i\ 

frequency R. n!ll!; 'to to \5.000 eydes. 

Frequency Conlrol: T he frequeney 15 co"ln)rle<ll,~' two 
JlIl5h'!.>\lttQIl !Witr'l,C5. The first I'fO\·j.lC'l rre(I\lCn~'(!!I of 
to, '!.i. 30. 40 .. 'l0, f,O, 1.~. 100, and \.>0 c~·dC!!. willie the 
>('t."Oud mullil'lit:ll 11,,$0;: freqnenMcs hy I, 10, :1.11< 1 I~. 
The freqll(-ucil'$ includ ed coyer proclicll lly the ('nll~ 
.uclihlc rauge in iUf'remenlii smnll ('u(.>Ugh !iO Ihul 08\'11· 
biOI" mil," be used {or mea.~lIring frt.,<!uCIl(T dmrll c1:e .... 
i~lia. Furthermore. these fT'C''-llicucics indudc all nil' 
po,lrtnllt ~1(Hl,tnr/1 hridge nmllJr<),tHlcn$t lest fJ'C(t"cndcli. 

Other frequen cies wit.hin the o[Joer.lting mnge or the 
iustrlltlll'ul UIlI Y he ub taine.1 hy pluggillg in external 
I'f'!li~t,\nces. 

Frequency C. librll tion: Each inslrumcuL is 1l<ljustcd 
withi" ±'t% or I t·~'cle. whicl,cn':f is the grenler. 01' the 
fl't,.~ l ucncy Cllt;TlI\'e<l on th':l pUlid. 'I.'l,'c I)c~l. IIl"(:II!1l ('Y is 
ilt'('ul'l.:,1 wl'clL t he Imrmmuc (:onlro l '$ 1I<IJI l£l(':rl (or 11,111' 
, li~l ortiolL. • 

FI~qutncy SlabJlrty : When this oscillator is operllted lit 
norill/ll room ICIllJ>CrHtnres. U~c fl"(:.lucn .... ~· ... il[l1vl '!~ift 
loy '"ore tlu", I (to Ii,·cr ... pcrl(}(i of sc"crltl hUlLr~. I hc 
Imrmu,,;.· ... mINI pr<>\,i.lcs n m C;\IIS whcrchy tl,c ,",per­
IIlin/; ('Onditio llg (,f the 0S(·il1:o!.or ""'." he brClllghllmck 
10 the l'Orrect ",dut's regnnlles.'l of "I"(tillary dmllgcs ill 
[011.1 or liue \'oltllge. 

Output Imped,nce: Three outjJllt ..ir' ·lIit.! nre pro\,;"led. 
~J..ctioll 1111'''"" them is nhllt iucd loy IIIt'IllI~ (>f II Illlsh­
liullon s ... il..J, ,,1\ ll'e 1 ~1IJe1. The \)lI lllIIt iml'( .. I:u,<.""C!C 
Dn: Ill! follows; 

I. SUU-olull b;\ I:III<.'(.~1 to ground. 
~. {,OO-ohm 1I1I1~1L·1IIl·e.l 
3 • .j()(M)..,11I1I lIul)llI"",-c< I. 
The \'01u1IIc coutrul is a l)(Itclltiometer in t he MOO­

ohm (·in.~,iL T he (letll:o l oUlput iml)C(ill n(-e o( tl'e 5000-
011111 o"tp"t Nrc"it ",ill '·~r." loetwccn 1000 lIml 8500 
ohlll;\. '!t:I>enllinl!( 111)'111 t Icc sdti ug of 1 he ml,m,e (<(,IIINI. 
Suilal,le resi"t:wt'(· I'll, Is kt-ep the iUlI>edllnt'C "f the 
MlO..fllltll Oll tpllt dn'lIit lJ.el ll"tcll If}fl :11,,1 i;o(l oh1H~ 
,,'gllnl1css of tbe I'oh,,"e t,(.1ItNI ;;etling. 

Output Power: The ,;000-01,111 outpu t (:in '"it ]lro\'i.l.~ 
11 11 ""lj)! '! l)o(l ll· .... ~ of IIpprosim:llely 0.,; illln :! nHll ... hcli 
100Ul WillI when the ;1I~lr U]ll ent i~ Vlx:r:.ted nil" 11 v- ", ,11 
lille. T he mll .~imll lll !>ower obL:ui1l1hle fro ll ' the vOO·<)I .. n 
(>1111)111 eircllit i~ nppros inl(ltely :so mi l liw:llL~. 

W.yt lo,m : Will, the hnrmonic t'Olitrol tllrrle,1 filII ti ll . 
Rn,1 the &.leilllltvr ,Idh'crlllg ils maxitnlll1l IK,wer outJlllt. 
Ihe h,mllolliC$ ",ill be "ppn)xinmlc!,.· ; .. ~" {Of lhe olltpul 
,·ol lllge. 

The hurmollic (",ntrol [)rO"ide;>" means vf ol, tai ll ill,l:: 
UI'II,'lIcI ',.· p"re w''''t'('mll III some ~lIerifke i" oulp"t 
,·ollllge. When lhi~ l'(mtrol is lIt!ju"t<.'<1 to redu~~ the 
oiliput ,'0111l8e b.,' Ill)proximalcl ... I O< ~ , th t : tot~1 hllr· 
u)imi ... " "I(I'lIt " 'ill he re.l,,~-e< llo aPI)roxi'unte!.I' O.I!';h 
Q/ the f\UI.I.nmentlll ,"oitllge. :\ further re<luo.:tioll ill the 
01llp1lt \'oll.~Jle redUl'l'S the tot,,1 hllrllloni<: \'Outenl to 
~. Ihll" O. I '.b ror nil oll!t,ul fr«)lIellc1es on U IC ,;000· 
011111 outpul dr'~l it . BC('fIuse of the imp<."t!IIIIt.'lHWttl"l,ill8 
ttllll! forlll<!r, thl! IlIlrutunie tlistnrtio" 011 lhe .;.ou-ohm 
OUlput (crlllill"ls is slightl." g reilicr at fretl"C1'eie-.lJeJu .... 
.wcyd~. 

Hum Level: \\'hen t he oscill:.tor is ,'",perly grounde<.1 
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1111.1 ollC r..tetl frill" a t;O-cyde line, the hum le\"el is less 
t loKII 0.05% vr 0. 1 mi11i\'olt. whiehtwt'r i.i the greater. 

Contro li: In lI.hiitioll lo the ]ltI~h·hutton $,,·il<:hes for 
",I justin/( the fretl"ency IIlId the output illlpedanee. 
harlllonic output t.'llll trol. are pro'ide..! 011 the "u"el. 
1\ " electron·rA,.· tube pro\"idCll" IIICftIl! for adjusti,,/: the 
]"'fmuII;e ooll trul (:orrectly under:lll t."OIIdil.i<)ns of oper;.­
tioll. EXt.~pt where mini lll<11II h~rmoni<: (Iislortioli i~ lin 
1I! ,~ l ute ne<";e;''';I~', the hllrmollic <.'Ou1rol uee,1 not l>e 
I'ClUijllsleci . 

Termina ls: .)",·k-toll loiudiuS 1)()!1.s "'iU, sll'lntlard ~­
inch sp",,;ng lin: [lnll'iticd (or the output oon ncctioll. 
,\ groulIIIlerlniuli is " lSI) pNl\·ided. 

M o unt;n'3 : T hc inslrllll\('ul is desi"IIt. .. i ror either tnble 
Ill" relll.I·.rHCk mounting. The .... ooden ends supl'li ..... ] lI'ith 
lhe o!!(;iIt"tor lire remu'· ..... 1 wl ,en it is used un " relay 
rll(:k. 1\ IlCrfhrl,led metll! shie ld is provided. 

POWtl Supply: 110 III I ~O I·ull!!. 2.; 10 UO (:ydCJ. I\e. " 
~imp le ehllugc ill tlte ~'O nne.:liO Il$ to lhe p(} lI'er trlll'S­
fu rlller 111I"Wli tl,e inst rument I" be use,1 (Ill ~clO 10 'HO 
"oll.s. Thc t"tlll [luwer <."OulItlllll,tiuu i ... "1l1)ro.~ irn"lely 
rill ", .. It.!!'. 

Tubes: T he ( .. lIowin); tulK:illlte ".scol; I G1-'5G. I GYGG. 
I CX.;(j , I fl L·:S. A complete ~lor tubes is 1IIIIIpiioo "·i tlo 
each instrunlent. 

A cc;tsso, les: A 1-(out COlmecting ~"OI"<I ami "p"re r"SC5 
HII. llliiot bulb lire slIlIplic<1. 

Dimtnsions: (Length) 1fI ~~ x (depth) 11 }1 II" (height) 
1h luehe!!. o\"(:r .. lI. P:u,el. 19 x 7 luche:;. 

N et Wei'3ht: !l.j I)nmuk 

OEGENERAnVE 
NETWORK 

r- 'I V r-
I 

AMPLI FtER 

'-- , I , OUTPUT 
I 

I 
-

"~n" -
C TROL 

I 

FUllctioll(l1 scbemlllic ,]iagmln 0{ Tn'.: f.08--.\ 
Oscilllltur. The(lll1]llifie~. which hall a Ilrop/lg~­
tio u lV"~tll n ll'. i8 IIIll, le (Iegclle rll.ti'·e. e.'I(~'t1't 
at the (n.'(tllelle~· of o...<cillation. loy mc'tn! of 
the lIe(wurk "'ith PI"<'I~~ga l ion OOtlsL'1I1t II. 
Ihus prodding II sl~rl)ly selecti"e 01"(:1.1.;1. 
Suflk;enl regellcnotioll is jll'O"ide<\ to C81Ue 

,;elf -()$CiltJl.tion. 

(.'ode Word l 'l"iu 

. . . . . . . [ OIHIIT 5260.00 
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TYPE 684-A MODULATED OSCILLATOR 
USES: This wide r/lnge radio-frequency ascil­
IlllOl' is nn important. item in the equipment 
of any c.'Ommtllli(:aLiOIl labol'illOl'Y. It. is n 
suitltblc power sou rcc for i mpeoaJl(.'C mellsure­
ment at high frequencies by either bridge or 
rcsollant-circuil methods, and can be uscd 
wilh the 'rUE 72.'1 -A Coil CompnrttLor and 
l1IC 'I'n'E 510-C Hadio'Pl'equcncy Bridge. 
Frequency IllCtlgllrcmcnls to an accuracy of 
onc pCI' cent <:1\11 be made with this oscillator. 
and n heterodyne detector is provided for 
this J)uq)()sc. The JOOO-cyclc output fre­
qucncy is useful in nudio-frequcllcy mCllsurc­
IIlcnts and testing. 

DESCRIPTION: A mast.e r oscillator, \\"lli(:h 
uscs the same luned circuit us the 'J' YI'~; 
(iQ5-D Staudani Sigllnl G('l1emtOI', is followed 
by an ;lInplificl' which also acts as n. buffer 
to isolate the ou tput eil'cuit froUl the osc i l~ 
lator, A 1000~cycle modulating oscillator is 
provided, and a WOO-cycle voltllb1(l is avail­
able at terminals 011 the pnnel. 

The main frequeuey control is a TYPE 
71l9-B Condcnser which gives a lognritluuie 
variation in frcqueuc)' with angular rot,'l.tion 
of the dial. The frequcncy ratio for each 
rnnge is equal to V IO, lind seven bands nre 
used to co\-er the freque lley ranf,'C of n,5 kc 
to 30 Me, The condenser dilll reads dit"CCtly 
in fl'cquellcy, 

104 

A hclcnxiync dctedol' is huilt iuto the 
inslrumellt. and tel'mina ls arc provided for 
iull'oducing uJlkno\\'1J fl'equcllcies which Clln 
then be measured by the heterodyne method , 

A removable power supply is used ill 
ordel' that the ill ,~lnllnCllt may be easi ly (:011-

vcrted from a~c to battery opel'ation and 
vice vel'sa, 

FEA lURES: The Tn.e G8,~ -A Modulated 
Oscillator flll'nisllCS a wide mnge of frequell­
(-ies \\'ithollt the bother of plug-in ooils. The 
ability to change the frequellcy rapidJy and 
the direct-readi ng frequency dial save a <:Oll­
siderable amount of time in measurements. 

The main tun ing dial is dri vel! by a 8low­
Illotion \'cl'llier which is cali br:l.led in per­
centage frequency cilallge, This (:ontl'ol is 
\-cry useful ill obtain illg small knowJl changes 
i ll fre<luelicy. 

The output of the oscillutor is ample Cor 
meas urement purposes. 'J'he o$ci ll:ltor circuit 
has been desiglled for frequency sl:a lJiJi ty 
:lnd a voltagc-regulntcd power supply min­
im izes frequency :tnd outpllt c1wnges caused 
by line voltage !luctulllions, 

The (;>tC ller:tl usefulness of the oscillator is 
greatly IIlcrcllsed by the inclusion of:l hetc ro­
dyne detector and a lOOO-cycle gelleratol'. 



 

OSCILLATOR S 

SPECIFICATIONS 

CUric, f requency Ran9c: !U kilocydCil to SO mega­
eyci . tHreel !"Cu,ting; 30 Lo 50 megac;YdH. not dire<:t 
rtading, 

Frequency c.ribr.llen: Dired-reaJing dial 8('Curnle to 
±1% ul) LO IO .Mculloo'.'curate to ±i!% up to SO lIe. A 
oorrection cun'e is supplied for 1I11~ 10- lo 30.!\lc ,ange, 
yiel.ti llgan aOCllmc~' of calibration of ± 1 %. A frequency 
e.1ibr.'lt.ioll cutve is supplied for the SO- to "O-Mc range. 

Optn Circuit O utput Volta St : 15 to 25 volts up to 2 
;\Ie, decrealing "'ith frl'qucncy to 1.0 \'o! t lit 30 Me, 
"'hclI using the 8-C suppl~' or 'l'l.'i·\"oll balleQ' 1}l;lle 
:lUllllly. 1'hi~ output is npproxirnatdy hllh-ed when 
UIIing n 1:\5"'0It haUery plnle ~upp!y. 

Output Imped.nce: ESlicntiully 18oo!'l shunted 1",1' 
S~ j4j4f. 

Modulation: /.!Itemu1 lIludulntioll of about S$% I1t 
1000 tyd('s ~ii%) t'OlItrolted by ~witch. 

lOOO.Cycie Tone , A '!OOO-cyde (±5%) vol tage of 10 
or 110 volts {dependirlg 0 11 power supply} is al'nilablt 
at tht 1'110:001:: tC~lIIi'HlI.<;, The output iUlI}C(lancc for this 
f~l\lency i~ 20 kf!. 

Hlttlt rodyne, A heterodyne tletedor for checking 
freq ueneie is built into the instrument. 

Contro ls, A fre<IIIcncy-rnnge switch /1011 the mnin tluling 
din l determinc llie output frequeu e,\'. A slow-motion 
jlriw'. \\'hich curries a dilll ca1ibtale<.1 in dhisions tepre­
sculing ... el11lllge of 0. 1% ill the frequency, 1$ uSC<.1 on 
this frequellc~'-COlltrol dial. A mOOIlLltion control tllrll'll 
tile lnodulation un or off, and an output control regulates 
tlte output \·olt"ge. 

Powltr Supply: Either fI_e operation or battery opera­
tioll is poslIiblc, 'fhe n-c power supply opetatc:s from 
40, to 6O-cycle lillesof 110 to 120 volts, bulcollUL'Ctions on 
the tr..lndormer can be erutil,l' clur.nged for use on 2'lf1 to 
'!IO 1'0115. Thc 1)(IlI'er supply includes a voltage regulalor 
to (:ornpensMc fM ordillat~' line voltage fluctuatiOIL!. 

Wilh tl ,e battery model, IL b4tttery control pand iii 
snpplied whkh prl)\'i; les filter'S aud counection! for an 
cxterllnl 0-1'01t l,mltery nntl for an external 2115-1'011 

Typ' 

" U" hattery. If ,[c"jitell. tbree -\:;-I'olt " Ir ' batteries 
CIIII be iuslldled in~i<le the iU.strlllUenl. 
Power COMumption: 

.\ -C Opet1ltiou: GO watts. 
n lltt.cry OI)Cration : 0 1'Qlts, I.~ alnl>creg; 13.5 I'olu, 

20 mil or i?i!5 I'olts. 40 11111. 
Shielding: Sufticienl ~hidtli"g l,as heel) provided to 
permit Ihe use of the inslrunlent for bridge mea.sure­
menliJ. 
M o unting: T he instrument is sUPIIlied fot tnble mount­
inK, bUl can lie elLSily adapted for relny.rack mounting 
hy reuloving 1"'0 umekcts at lhe cnlLs of the p:me1. 

Eill,,~t power supply i ... mounted directly in the 
ins trument. 
Te rm inals: J urk- top billlliug P[)s\.s with stllndnrd %'-illl:lI 
spileing nre Tlrol'id{'d for the output 1Ilid for li~tening 
for hderod.I'ue bents. The lower terminals are gronu(ied 
to the panel Ilnd shicld. 
Tubu, 

With batt.cr.v 5uPJlI~': 
One SO-type 
T,,'o 7fl-tn)o: 

Wit h n·e ~upply: 
One :,Z·I-typc 
One llFO-typc 
Qne (W;;'t~' I)e 
FOllr 131JoC T -.I7\! neon lalllll~ 
One 89-t~'JlC 
'1'11'0 i&-lYIKl 

All nece5Sl\ry tubes are rllrni~hed. 
Accenolie5 SlIpplied: Que ea<:h of TYI'E 2i4--:\[, 274-
~I), 1111(1 'l74-:\' f-:. 

One 7-foot CIIble ro r line collnection, with T YPE 
08 1-PI ]'o"'er SuWly. 

One IO-fool shielded c-.. ble tor batlen' L'OUllectiOll, 
wilh '!'V I'E 1l84-P IO UBtteQ' Supply PalleL 
Weight: 

With Il-C power sUPIII.\': <17 IIO\lnlls. 
With h" ttery 5upply plmt'l: 38 pounds. 

Dimltnsionl! U) ,!Ai inches widc, 10.14 inches high. II 
incllCs IICCI), ovcr-all. I'uncl, l!l l( 10M inches, 

Code Wiml {'ricc 

684- A 

68 4-A 

Osci llator with a-c Powcr Supp ly, 1 1 S 0'1 
230 V o lts, 40 10 60 Cyclcs , , .. , .... 

01cilla l01 wi th BattCfY Supply Pan ", I . , . 
1I.~ !«.10 

rl~ "[)1' 

$340.00 
320.00 

Sch(,lUfitic wiring tli:lgrnm of TnE illH-A 
,', IOOulale,1 Oscillator. Tllc pOwer $U!lp[~' is 
omiUed for l)urlJOSC!l of simplicity, fIS is the 
5"'itehing ~~'stelll for using lhe 11I0IIullitor 

tube AS:l tictector, 
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USES: }'or applications where porL'luility is:t 
major (:onsidcralion :1I111 \\' Ilcre a (.'01l\'(-1I1cnl, 
!(Jw*,>owcr audio 'Oscillalor is desired, the 
T\'I' ~J {i I!~- B llCflt-i"I'Cqucllcy is VCI',Y uscful. 
Thus. it is \':lluablc in physiological ami 
psychological n:!~ar(;h nl audio rrequencies, 
especially when Ilscd with the T YPE 53!)-1' 
Incremental )'itcll Condenser. (Sec page 108.) 
Beillg hatlcry opcr:ltcd, the oscilbtor hns a 
low capncitllm:c to ground, and hCJI(.-c ellll be 
lIscd :IS a power soun.:e for ulIgrolludcd 
bridges, such :IS the T n'}:: Ci50-A impcd ulI(:c 
I1rid&'C. 

DESCRIPTION: As cun be seen rroU! tile 
scllcmalic dingr:lll1, this oscillator is si milar 
in principle of opcrntioll to lhe iaq,(CI' T nE 
71 ~-n Oscillator ill Ll ml the output of two 
hiSl1 frequency oscillators is fed inlo a de­
tector which is followed by a low.pass lilter, 
Olle slagc of audit) :tlllpliliclition is thcn used, 

followilll: the detector, to provide tlte IIC<..'CS­
~ar'y powcr output. 

T he Olltput hccI"cnc;", is I'c:ui di1'('('tly f1'on l 
fI hu'g(! dial which la ,~ been prC-1;ug1':I \'cd with 
lI lc frcquency calibration. The scule i.-; spread 
out to faci lilHlc the set ti ng and reading of 
the sCll!e m:u'killgs. T he cnlibratiOIl Cfin be 
standardized at any Lilllc hy lllC:IIlS of a 
onc-llUlldl'cd-cydc tUII('d fl..'Cd "hich IS 

placcd behind il hole ill the t>il nd. 
Sp:u:.1:: has bct:-n pro"idL'(1 in Ille C:lbinci. for 

the nCCCSS;lr." batterics or for the Tn'~; 
61$-1'1 l)ower Supply which (:om'Crts the 
oscillator for a-c opel'lltioll. 

FEATURES: 1.011' harlHOllif' con tent :lIld 
good fl'CqllCIlt'Y s t.a bi lity nrc alllong thc 
reatw'cs of Ulis ('OIl1P:II'1. and IlOl'lablc 
osci llator. T ile in,strulIlcnt also has it ('011-
ycnicn t open scalc wldeh is spread out. O,'CI' 
nearlr 14 illcites. 

SPECIFICATIONS 

Frequency R.n,e, The fffl.IUency-oontrol dilll iJ ('fIli. 
brnted bet .. ·toeu 10 ..-ydes und 12.000 eycles. 
Frequency C.libr.tion, The frefIU<lnc~' cnlihration (.,." 
I ... ~I H,,, , ... ,li1..,..1 lit "".\' I;me hr ~etting ,h" "",;n ,,,,,i"9 
control tv the IOO,cyde gm\lualioll IIlIt] then nr1j\l~tiny 
the compc"$I,ti"y wnde""". until the 11l1le,1 ~'ed 
\'ill rnl~ ul "'U\~illmUl a",plitude. 

Arter the o5cill"tor ha$ \x!<:u oor~'<:t]y 1I.lju$I<.~1 nl 
100 ey..-1e11 bl' I1I~''''IS of t he lUlled reed. the ('r,\ihmtioll 
eM] be relit~l UpOIl ",it],in i % Ilt fr<.'(luenci ... .J "OOI'C SO 
cycle!!. !Iv. 10"'er r~tUCllcieli the error will Lt leM tlmu 
3 eycles. 
Frequency Stability, The hiy],.fm:jutll('Y ()9(:illatoN are 
.st.able, lind under uniform tClIllJeratnre ooudiliou5 the 
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beat frequener will ~t;ly ,,·jthill It few o:ydes 0\'(" " 
period of scI'ernl I,Ullr.I. Clu.ng-cit in IllUhi,..nllel1ljX:mlurtl 
wilt cause slight chn".11~'" ill (refIIlCllCY heen"$(: Hr the 
ten' l>emtUr1! (..-.dlicienl uf tl'e tnncd ci rcuits. W!,en It 

.ltiFt in fre<luency i ... ohsern:,!. it c"n loe t'()treded " ." 
rClldjusliug for IIluximUIIl amplitude of tire t'lIu~J I'1!CtI. 
Output [mped.nce, T he " " 'I.u t irnpctlnlll" is 3000 
ohln!!. One terrnilml of llu" ou lilut i$ !;roulld~,1. 
Output Vo[ta,e Ind Pow.r: TIIOl "lax;"' ''''l open. 
dl'cuit output l'I)II",",c is npproximnld,1' 11> I·olts. TIr;~ 
.-ollage ",mains <.'(IrlSlllnt ... ithin == L~ ,].-".iloels ol'er 
the enlire Fre<IUCI\<:l' rnnKe, 

Tile 111:1riw.um ])I''''cr output \'aries Slillhll~' '\'ith 
.lilJerent iu.;;trumellts but iSlIl'l'roxinUilely 1.5 rniJIi,,·alt .... 
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Waye/orm: Ou nl'en \' ;r,<ult tl.e ~otal l"'rllLvujc ,~lIIkul Termina ls: Two bimling l,uH1..'l (lil t lic I)ilnei arc llrol·j,h.'.J 0 
is l".'!Ii t!l'lI! '2 'lo of the f,lIld,HlIcJlt,,] ,dlU"c 100 ,·~·,·Ic.'1 . (or making c'llIuectiulls to the vSl:itiator. 
Wi th u 5lJOO-ohm lo~,d il i~ less tlntl! 5% above IVU Power Supply: !"IJlWC f"r rllolJlIlil1g thrw 4"-1'01\ I)!;ll(: 0 
,'.,·c1e~; below 100 c,,-cies it in cre;lse_~ rapidly as tl,,, ba tteries 'llid lWQ :-':0. (j ,lr,Y t"tlls fur fiI'UllClIl ll llppl,I' L~ 
fre'luclI<:Y is re,lu(..-,,\. l)rol' i,lell inside the ,·"hilleL Sf> ImUeriC1l "r,~ ~llppli"d . 
Conhol$; III addition lu tl,e main LIlIli"g <,:on\I"('[ ,wd T he T nr. 61~1- 1'1 P"wer SIIPl,ly (~ .. 'C; helow), for n-c 
lI ,,' IlUxiliary ""ntT,,1 fIJI" IhljllSlill,l;" to the 100-,·.n1c OllCritti("I, lI"illlll$<) fit illlO LI.lis comp;.rtmenl. 
ref('rt:It<"C frelJ\!cue~· . t.l,,:rc "re l he output I'ollage tlil'itlet Mounting: Th~ i l l ~trnn1('nl is lllo1tltled VIl ,1tt "11,,n;lIu1ll 
uud the lil,u""II L :111,1 lml.-d-ree tl os-on' swilci ,e$, Il:tlld lilli~bed in hl:o ... k ''Tilekle bl111lcr nlld {"(mlnine.1 

in " 1 )(Jl i~h(.~1 walu il l ""hiud wilh (~. rr.l"iug l,ru ,,!1<l3. 
Mders: A m:uncul v()ltrudf'r HI,,1 -" dd.'clor IllaLe- Dimens ions: Pa ue!. (wid th) J!) x (hdgl,t) S~ inche~ . 
eurreulll1\,Ler nre nhHlUt"d 1)11 the I),·nel. C:.binet, (width) :H x (1II'Ight) J'.!,\1 x (depth) 9 indws. 

Tubes: Three :IO-t.'"!lC uud Ime :I I -t.'"! )e llll>(:s :Ire used oYer-nll. 
nud :IN: xUPII1ied as iuitiJlI':'l"il)1l)('ut. N e t Weigh t: 3;1,\1 pounds witho\IL batteries. 

1'!II!e ( '01/" W ard }'r;ce. 

613-8 S,II',\I. 5210.00 
1',\"t' f:1'>T NO·f ICE. ;.:..." :--,,,10:. I. S. 10. 17, P"""" '". 

TYPE 613-P1 POWER SUPPLY 
USES: 'Vhen the '.1 '1'1'1-: (; I:J- B BC:lt-F reqllency 
Os<.:i llatol" is opcmtcd in a labOJ'alor,Y where 
al lcl"n:l t ing CUlTcnL is available, thc TYp~~ 
{iI :l-PI l)owcr Supply is a vcry eUIIYenient 
hattery eliminat.or fO l' IISC \\' jtJl lile i.ustl"ll­
ment.. 

DESCRIPTION: The. filament supply is ob­
tained from (Ill oxide rectifier \\·!tose outpu t 
is complctely til ten:u to e limi nate Illun. The 
high-voltage supply is voltage regula ted by 
means of ;l \'aCllll Jll ~LII l>c ci rcu i t which folloll"s 
tltc cOll ve nLiotla ll"('cli Her a nd fillc l· . 

The cntirc ullit is so built t.hat. it fit s into 
the batte ry cornp<lrtrncnl. of the Tn'E 013-13 
Beat-Freque nt:y Oscillator. Bimiillg post s a rc 

provided fur COll'·c lliclIC.:e III lU,lking thc 
n(~cessa ry l-'Olllicctions . 
FEATURES: 'l'ite dimimltioll or fl'cqnelll 
haltc ry repiaecmelli s when lhe osci ll:'ILO[' is 
lJcillg used constall li.\' in a Inbol'atory is the 
g reat. ad \'lJIIlage oblaiued whe ll lilis power 
supply is used. Ami since l he POII"CI' supply 
c:llIbc sli plx:d into the bnllery compm'lmcut 
wi t hout bcing !X'" I'lllanenlly ins talled, the 
shifl from a-e lo battery operat ion ano \"i cc 
vcr.~a ean be made ill a fcw moments. T he 
pc rforJUlIIH:c (If ti l(: oscillator i.s ill 11 0 wny 
lo\\·(.'rco sin ce tile pOwer suppl .v JHIS a voltag-c 
rcgu\;ltor circui t, mid t Il(' hum volta gl' in t he 
oUlpul is vc r,)' lOll" nt allUme:". 

SPECIFICATIONS 
O utput, '1 " "IL~ :It 0.:1 (1Illp.:::re. ,11111 1!l:; .-nlls ,,1 lUi 
", ill i:t"l llCn:.~ . 

Resul.tion: T he !oigh vultag\· ,",'rics )n,b, .,:" 1:1I all.1 
1:17 "olls as the lin{: I'ollltgc is "urk ... 1 froUl IOU 10 130 
'·olls. 
A-C Hum: T he I"nll "ollll!;"e ill thco;willnjM \H ,lp,,1 i:! 
I~ limn {> lIIillil"(.lls whell the 1i1H: frL"ljueul·.v is :;(1 lQ 
l>fl c,I't"ies. T he hum \'oJt:lg" ri~1!S ~!ighll~' for lower line 
freqncndc~. 

Input: T he power SHpp!.\" ,,"ill oP'~r:1tc 011 100- to 1:10-\",,11 
' lIl'plk'll (Jf froUi '15 to GO 'Tries. The iU jlul !JOwe,· is 
allptox inH.tciy 15 waltS. 

Type IJcIICrilJ/iflll 

613-Pl A-C Power Supply 

Contro l: All <)-," -()~'I' switch ]5 provided. 
Tubes: Onf' (;X5, olle UC.'i, allrl "IIC T,I ~ :; 1l,:(In IUInI' 
arc userl. AI! l u!,.:s 'HC 8111'1'1ied. 
Termin"ls, Hinding 11(.stS 'Ite proville,!. 
M ounting; :ih~l "Ium;n"", (Nunc nn.! Im~e to fil 
]>"tter,I' I~Jrnp~rL ' ncllt vf '1'1'1'.: fH:i- B Be'tt·Fn:(IIICJlCY 
Oscillatur. 
Accessories: Line ,~m1. SI~""C ruSl:'>. ;UI(! a spare nC()lI 
lall1 l) flre rurnish&!. 
Dimeosions: 13M x 8~'$ x '2% inches. OVl!r-nli. 

Net Weight: 1'2;.1 poumls. 
('m/e Wl!rd I' rice 

l'O\\·I'.\CK.\IO· 570.00 
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OSCILLATORS 

TYPE 572-8 MICROPHONE HUMMER 

USES: The hummer is iutcnclcd for usc as a 
low-power a-c sotlr(..'e for bridge nnd o the r 
measurements where extreme purity of wave­
furm unci f I'CqllCllCy stabil it.y arc not essential . 
1L is used in the 'fyl" : (iSO-A Im pedance 
13riJb'C as the WOO-cycle internal b'Cncralor. 

DESCRIPTION: A LUlled reed determines 
the frequency of this clcclro-IllC(:lIitnical 

oscillator. A micl"Ophonc hutton is lllOliUlcd 
neftt,the reed to pick UJl energy for conlinuin~ 
the of;cill alions. i\ t Ol1nl ing 110lcs il fC provided 
on Lhe ellsl aluminum mounting base for n 
0.5 J.lf condense r' which C~1I1 be added fO l' im­
proving t.he waveform of U IC output. 

FEATURES: The TnI': 5i5!- U l\JicrophOlH 
Hummer is extremely compact, eouvellicnl , 
>:i mplc t o use, :uld incxl)C ll "j\·c . 

SPEctFICA liONS 

F,equRncy, 1000 cycles ± IO%. 

Output Powe. , .'\ pproxinlrolei.l· 15 milliwp.l15 " 'it\' .11 J. 
v(l lt tlril·c. 

Inte.n. 1 Output Impedence, '1' '''0 impedronCCi " n ' 
I\,""ilablc. 10 or 300 ohms. 

Power Supply, T he hummer is tlesiglletl tn op·crale 
from n -a J..i·\"o lt bnltcry. A (l..\'olt tlri l'e may lH:l used if 
more I )(oW(: T is Ilesirec:1. 

T •• min. ll: Sohlcring lugs lire I)f(wided. 

Mo unt in!l' .\ aut·aluminUnl mounting base is l1.'IC<l. 
(See sketcb). 

Dimension" ( Length) sJ1 x (width) "i!J,i x (height) 1% 
inches. OI·cr-llll. 

Net Weight: 90ull("CS. 

1"yplJ Code Jl'llrtl Pric.J 

572-8 .11'11 Ii! S10.00 

TYPE 539-P INCREMENTAL-PITCH CONDENSER 

USES: In !J1ll1l,\' ps,Ychologicni lcsls it is often 
desirable to e.hall t,1C the frequency by small 
kIlO,,'l amounts at any poilll in the audio 
ra nge. The '1' ''1'1:; 53!)-P InCI"Cll1cntul-Jl itch 
'ondcnscr whe!! co rlllcclcd lo the 'j'YI'F; 

61 S-U Oscillator' is uscd for prod ucing snch 
changes. 

DESCRIPTION: This ronciellscr is idcll licnl 
in construction with the mounle<1 THE 53!) 
COlldensers described Oil page ,~ s. 

FEATURES: Thc T \,I'E 5~l1) -P Condcnser is n 
cOIlVCUiClll a ttachment fm obt:lining smnll 
frequeucy increments from the T yl'J,: 61 3- 13 
llea l-.FrC(IUcI\C,Y Oscill a lol". 

SPECIFICA liONS 

C.lib.alion, 0 W 100 cycle!. frequclUly iucrcllSC. in ~tC[)S 
of ouc cycle. 
Conit.uction, Iden t ical wilh the mounted Tyt'E 539 
C"nueIiSets. lSee JI!lIlC 4S.) <.:olllin\lOIl~ rotil lioll i$ 
1)()!lSib!e aud ti le \llut lila ), be driven hy a. motor fOf pro­
ducing "",-arLlc" ton~. 

Typt; 

Dimeniion', l'" ncl.li.!4.'( oM illc!.cs ; height. S~ iuches. 
o,"cr-oll. 

N l!t Wl!ight: G~ l}(llInds. 

Cod~ Word Price 

539-P Incleme"t.I-Pitch Conden!e. .. . ..... I A U1>lT $50.00 ' 
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OSCILLATORS · 

TYPE 813 AUDIO OSCILLATOR G'I 

USES: A compact. fLxed-frcqucncy,nnd stnb]c 
oscillator, such as the TYPE 813, is useful 
as :t power source Cor alternating current 
bridges, ns it modulating source for signal 
b'Cllcrators. radio beacons, tlnd similar equip­
lIIen t, nnd as a source fo r transm ission 
mCflSurclllcn ls on lines and ca bles. 

DESCRIPTION: T bis instrume ut is a battery­
opcr:ltcd electro-mechanical oscillator ill 
wldch the frequency is uelerm iucd by a 
tUlling fork. '1'wo microphone buttons, one 
fol' tile driving circuilllll(J one rOl,tile ou tput 
ci rcuit, arc moun ted III lhe side of lht' fork 
ill such a matliler as to load the lines equnll,Y 
and to nffeet only slighlly the free vibmlion 
of Lllc fork. 

' l'lle fork itself is mounted rigidly at the 
heel beneath u metal base panel which car­
ries the driving electromagnel. Thi s base 
I»l1ld is suspended from the bakelite panel 
wit.h four resilient mountings. 

A fil te r nud out.put t.ransrormcr <lre placed 
inside Lhe cabinet underneath the fork. L\ 
baLtery compartment is also provided al -

lhough c:d el'lllli bn l! Ni('s llJay he m:ed, if 
desired. 

FEATURES; E x(:dlcnt w:n-efor'm and fre­
quency stability are among: the fCtl tmes or 
lhi.~ corwcnicnt t.unillg-{ork oscilln lor. The 
lllcchllnif':ll con;;truction is rrrgged li nd the 
fork is pr-oLeeLed from dirt and e.xternal 
inj ury. 

SPECIFICA liONS 

rie'" of the interior of TYPE S13-1\ Aurlio 
Oscill"tor ~howing the tuning fork and il$ 
mounting. Imide the cabinclal"C a filler and 

on output tf1lll.. .. former. 

Frtquucy: T wo models are ,wnilttblc. olle operating :11 
1000 cycles rllLd one nt -1-00 C)'dCi, bul spcciol in.,lm· 
nlCnt.'! Call be (:'OIL~trlletcd for any freqllcney Il(:twccn 

'1"/11"- frcqr' cnC/J 

813·A 
813·8 

1000 cycles 
400 cvcles 

SOO ("ydes (Iud 1000 C~·dCi. DCliign~ for multiples of 100 
cycle! lire on Iile; price8 0 1] re<"tUeit. 

Frt qu tl"lCY Stability: The tClUp .. rature coefficient of 
fr«tucncr i~ -0.007% per d(:grec F. The \'oltage eoelli­
<--ient is 1es5 lhall 0.01 "'~ per volt. T he fre<:luelley is 
entirely iudepeudeut of Imlll irnpednuce. 

Accurlcx: T he frequency is IIdjll$led within 0.5% of 
its ~pc:cihcd \·:clue. 'I'he IIctu:.1 {n .. " .ellcy is lllcnSllrcd 
lIud rc,-'fn!col on the b<, ~e of the cabinet to au "ccnmcy 
of 0.1 %. 
Output: T he outpul l-o II mlltched lonol illlped:lnee ill" '20 
to 30 ,tlillill"lItUr wilh {i.volt drive and 10 to 1;5 mi1li­
Wlltl.!r with 4~vnlll!ri"e. T he output;$ solllc..-Im! less 
VII special forks hll\·ing frequeucies greater than 1000 
cyclelJ. 

Inlinnor Output Impedonu: Outl"'t iml>eol"liN!ll of 50, 
600, IlnJ 5000 Ol llll~ utC prO\" iJL'<.1. 

Wlve/orm: The 101111 hllrnwnic content ~~UpptoxinlUlcly 
1% with ~ J4- \'nlt dri"e a.llolupproximately 1.5% with 
6"'0It dth·e. 

Powe, Supply: }-'or intcrmittent ofICl"lltion with II. 

modcmte flOwer output. I'll intern."li 4.!4-,·011 battcn' 
("!tn he \I~I. For gfNter output Of ,-"Outinuous ol>er~­
tion. IW exte'lilil b.1Uery of ~X to G \"oll.!r shoulJ be 
"",I. 
Termin.ls: Binding I)()IlU for the fJO"'er supply nnJ ror 
the: mltlJUt cin:nit nre pro\'ided on the p"lId. 

Mounting, The fork i$ suspended from a TIletall,lllle on 
a bakelite PMlel aud iii cnclosc:d in n ,.."Inul caLillct. 

Dimensions, Both model., (length) 9 X (width) .;; X 
(height ) Ii illd1(~. Ol"er-all. 

N t t Weight: 8~-{ pounds. 

l'odt I/"ofll Prict: 

,,;'-(H: I. 
,llftJSt: 

$34.00 
36.00 
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TYPE 814-A AMPLIFIER 
USES: A high-gain 1)()ltlible amplifie r is ex­
t re mely uscful in :l ny laho ratory in {."Qnn('c­
lion will . bridge 1I1 C1L SUl't lllc nL~ ami o$(.' il1o­
graphic work. 1L is al.~o {.'Oll vcni('ul lis a pre­
:tmplificr with crystal lIlicrophollcS and 
vihration pi(·kups. 

DESCRIPTION: The Tnt: 8J..J-A Amplifier 
is a. tJII"Cc-slagc screen-grid amplifier wlliell 
op<' l'lIlcs f,'om bllttc l'ic$ whieh arc con taillcd 
ill lhe ('ahincl. A switch is provided (nr 
:Ittcilualillg the iupul by :thoul 20 decibel s 
whe ll t.he input \'ollfigc is high. Blockin g 
eondcnscl's flrC used in ho th the input and 
output circ uit.s for prl'nl'l ling the flow of 
dir .... f> t ( '111'1"('111 . 

FEATURES: I l'igh gain. ex treme porlability. 
II logaritJlIuic ga in ('onlrol. IlTId good rrc­
qU('ncy rcs!>l)lI,';C arc the iml>ortnnl charac­
le ristics whi c'h H1nke the '!'YN: SH ·A Ampli . 
fie r oul<; lltlldiug, Thc high g'lin i.!l suffic ic Ht 
to illcrctll'C lhe sc n ~iti\' ily of ordinary lle1\(1· 
phoHcs by 80 dccihels al 1000 c'ydc,~, 
VIIJ'lhcrIllOrc. ,\ .!Iimplc lind effecti\'e In('nns 
has been pro\'ided for l'cslridi Jlg' the am pli· 
fier rcspOl l:se to :I, till l'rOW J':I llJ;c of fr('qoc rwics, 
tlIIIS climi nating har·lllonics ,tnd noise \\ ',llell 

bll\;Ul(:ing n. hridge , A jal'k on I he pane l i .~ 
C1;lIlllcc lc'd to I he g rid c il'cllil o f the las t stagc. 
and it i ,~ only necessary 10 pili,!! in anti · 
rCSOllanl filte rs .!IlIch li S the T YPE S U. p ( $C'C 

pagi' I l 'l ) t o nlHk(' t he- :\mpli6c r scico::livc . 

SPECIF](A n ONS 
Amplille.tion: T he g"ill (;f the ;uulllificr t hrollghout 
the greater pQrt ion of t he ,"uliG-f~ uen c~· rllnge is 
1I1lllroxiulitely 00 d b when o lw:r;.ti"g in to " high illl ' 
I)e(hlllee (I In<:JfOhm or mON!) sueh u 1I '·a<"1lUlil-t ube 
,·"I tllleter or 1I Cfllhode-.... y 05d 'I(lgn' llh, When (lpc::rlll· 
iUl: into II ~O,()(l()..(Jh nl 1<;!a.1 8111:11 MS, ror instance. n T I' PE 

48.1·1' Oulpllt Meter, the Knin is 1l1)I)I'(lximalely ;; d h. 
A"out thi. ;.;une M'lOIIIll (If gain is l\C."<."retl III 1000 
eyt'k'$ ",hen ollerntillg into:o" h\·~r;cge IlII irof teiCl'lwnC$. 

The !011O'·c ligufCS for gain in the ampli fier te,)rC!ll'lIt 
1l1c l'd~' \"(lltn,::e I1olit>$ lInd .10 IIQI. hIke inl .. " ... "1':011111 the 
fa ct lhut lhe 111 1'111 impedllll«: « Ihe IIUl J!lif)('r ;" geller. 
p, II,\' con:i ideruhl~· higher than tile iml)l,.'I13F1cc I.) whk h 
i t is conne<:.ied. XatumllY.lln input trnn.dormer J.t"" .lI,v 
inere1llJCII the ~e"sil j \,j t y in cnscs "'here the HIIII .lilier is 
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operp,ting from II I(I\\' impe""l1l"e , CarE" must be tal.:en, 
howe,'cr. III see tha t II,,: trullsfOl'mer does not intro.llIl1: 
1I1l11cSirahic hUIIl pit'kul), 

It i! .. Iso IJOMil.le to in(TCfl$C tile sel15; t h·i t~· in mB ny 
("lIse." IIY using 11 11 ()utput trnllsrorncer for Ullltching lloe 
OlllllUt c1r<::u;1 to t ile h.NI'1. 

F,~qll~nc:y R.n 9~: Fro", '!Q eye1es lip, the gllin or th~ 
llUlplifier iM pMU:l ically l'OlIstlllll througlW)lI t the II w li(l­
fI"C(IIU,· I1 C.\' range. drollping nllllNximately .J IIh nt 
10.000 c~·eles. T he:II11 I)lificr has suflident gain at higher 
fl"C(]lIcuciell l (l he useru l fot' IImlll' pU I'Jlose~ , For ill.~tll "('(' , 
when OIICI'l.t i"g ;l1 t(l 1 II K',c:ohm the Itm .~i l11 um ll" ill "I 
~o kc is 81 ;g h t l~' (I,·cr SO ,III. /lild ll t M) ke, it is al>out (i.,j 
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G~in Contro l: The g~in vllrie-; b~' ~pproximately 10 
,kcibd~ fur (~i,·h ]urge. divisiun Oil the diILI. 

Input VoJta9~ : T he !.Ow position of 11'0 • .sPlIT \'()I .T,I.(;~; 
<witd, shouJ.i l>e USC1] ror input \'o!I:,gc lip lu O .. ~ \'olt 
and Ihe 111(;11 !}OSition fQr \,oltllgCil 1111 to 5 \'o[ts. Iligher 
input voltnge!! I,-ill l'esul\ in distortion io the Qut]IIlL 

Input Impedllnce: I n (l ,der Ih~lt the amplifier ma.\' be 
usetl dircctly from ('OlIvcntion:d types of pit'1.o-eleclr;{' 
microphones or villnl\i(1Il Jli ckllp~. tile resistance lellk 
in the input circuit hfll! UCCII lIludc 5 lIIc;:ollln~. Tile 
actual inpnt impe<illw .. 't', :1~(.'(Irdjllgl~., (.'O,,~ist..i or thi~ 
leak ill pam lid with n ~hlln t iTlg c::,pndt:m<;o'. This 
Cf<1){l('ilnIK'C :UIlOlUlls to IlpIlro:l:imntcl.v 3& /I-/I-f whcll lhe 
li1l'tT VOt,rAl;1o: is on the LQW position. \\l'cII t his 
~witd, is sct on lhe IlIOn po~ilion, the efrective ~hllnting 
ca!"Xld tance is !'(:du<~,! 10 nppr<)xiuHltcl.v 'H /1-,..1. A !Wries 
{'$.paCitilll('C of 0.0'1 I-'f is l,rovi,b:1 itl till: input cin,uit so 
tht the n l)ll li cntiofl of n di rel'l voltage to Un~ iupnl 
lefllljn:t1s will nnt ~tretl the operat ion of the alnl)li!ier. 

O utput Impedance: The output itll]J.c<LlIR"C of tile 
amplifier is npprnxirwltely 70.000 ohms. 1\ bluci.:iug 
l'lllltlcilser of 1 /lr i~ i",·I"de<l in scrie..~ with Ule (",Ivut 
tcrmill(tl". 
Tu ning, A J"'Mlllc1 rCSQlllltll circuit ("Ill IJoe plUggCl[ inlo 
l jack on the Imnd tQ ntQdif.\' ~hc frctlll<:llcy chal'ilc­
ICrl\ti,' .)( t.he ar""lificr. The Tl'I'~~ RI ·~_P.'.I (/;0 cydes) 
a ndT\'I'I;81 ·1- 1~~ (400nll,1 WOO ~,\'de~) T tllHX\ Circuits 
(5e(: Imge 11'l) :tre (lcsigned for this purpose. 

T,IIW: LJcw:ripliQII 

814·AM I Cabin et Mounting ..... . 
814·AR For Relay-Rack Mounling 

tOOC>OA .. _ 

IT • , 
~ , , 

, 
~. - ,~ -

Tubes: The amplifier re(prires three S·I-type tul}.:s, 
whieh Ilrc iuciurie,1 ;n the price or the i"~lr\lmcnt. 
Power Supply, lIatterie.'! MC sUPlllied. The rollowing 
ImlteriC'! nrc furnishc,1 fur the 'IYI'F: 814.,\.\1 Amlllilier: 
tll'O 1.5-volt No. Ii dry (.-ells, lIlN:C 45-\'olt lHtltcries. 
Hurgcss ~o. 5308, and one t; vere«d.l' type 9.:;0 1.,j.\'(,lt 
~'ttery. 

For U!.'e with tire rcln.l'-f!l (;k m(Hrnt.~1 T n'flSI4-Atl 
lhe rollowing halleries ;If(, uS(.'fI: two Burge~s ~o. 4FA 
(LiWe v's) , three Burgess No. Z30N '~5-\'olt balleriC'! 
:Illd one Burgess 1"Q. 2370 J.5-vol t battery. 
Accusories: One Tn'li 'nl·~U Plug anti one 1'1'1'1: 
214-~ 1 plug OIrc funrished. 
Mounllng: The amplifier i~ sllPllli~1 ill two tYlICS of 
mounting. The T n'.: 814-AU Amplilier is UlOWlt("JI in 
a walnut cabinet having Slh100 fQ f IJiIUeries. T he Tn'l> 
SI 4-AH Amplifier is provided with a ]lllliel e>.:l ellsioll 
fllr rcln'y-r:l<'k mounting. T id.'! I~tnc! extcn~i')1L inclndes 
batkr~' SP"( 'C "II<I J>ro\"i~ion is Ilutdc for m.)unting n. 
tl'<:titi ... r-l."l~ tildeI'. 

Dimensions: l'''llel giy.e, (width) I'? " (height) 7 iuchcs. 
C"hi"cl ~i~e for 'I' \'!,~: 814.,\ ,\]'. (width) I:; x (height) 
sy. '" (d('l'th ) 12.\4 ill<:he..~. Iwer-li ll. Sir.c for l'~l'" 
8 101-;\ n, (width) I!J x (height) 7 " (depth) 10 inches, 
over-lIll. 

Net Weight: T n·t: ~lI ·~ - ~\ ~ 1. 17;!{ [JOlll1ds: n(.'(.'(!SS((r.I' 
l~,ttc .. ics. "pproxim~tcl.,' 14 IWlUJ(]s. T Yl' t: Sl-t-AR, 13 
pOWl<Js; u(:':<!:l.!':,ry I~'ll<,ries, approxim;d,dy 7J4 llOlUUIs. 

. . . . . . .. I 

.... . .... 

(\xfo Word /'rice 

.11't'Ll> 

.\Ul"t) 

$97.50* 
97.50 · 

' I'nre induMI b" tb lub •• And bAUC<'i~~. l'A'I'E:\T :O;OTlCE. See l\otc 1. I'''I!'' ,', 

INPUT 

G 

OUTPUT 
G 

~~~~~~~~~ 
+ + + 
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AMPLIF I ERS 

TYPE 814-P TUNED CI RC UIT 
r------ -------- ----, and hUIlI in single-freq uenc'y 1HcnSUrClllellt ~, 

AtterlURtion clu.ructerist iC$ of TYI'F.. 1'114.1" 
Tuned Circuits. 

USES: These tuned-circui l fil ters are pri­
marily designed for use witlilhe 'L\'-'E SI:l-A. 
Amplifier ror suppressing 11l1 rmonics, noise, 

SPE.ClFICA liONS 
Freq uency, T wo units arc stocked. one for 00 e~'cle!I 
~"d the other for hoth 400 and 1000 c.,·des. Uoits for 
other fre<tuell c1eli elln be mll,le on specinl oroer. 
Att"nllo tion: (See Ill.x"Q1l1 l)1luyiug eHr,·e5. ) Notc tha t the 
Tn'£ 8 L .~.J>~ i~ effective in removing GO-cycle hu m as 
well as Imrlncmics of the re.'l(lnllnl frequency. 
MOllntin9: Standard d rawn-steel en;;e. 
Dimensions: BafC. ~% ~ 4 inches; I.cight. -i Yl! incllCS. 
Net Wel9ht: 4 poUJlds. 

TUfte FrtquC/!c.!1 

81 ~-P2 ~OO .nd 1000 cycles .. 

slIch as the oalancing of a bridge. 

DESCRIPTION: The TYI'E 8 1 4 -1~ Tuned 
CircuilS arc p;II'itlle [ resonau t circu its. The 
400- :lItd l OOO-cyclc circuits arc mounted in 
tJ1C sa me case, fLnd a toggle switch is in­
stulled for select ing the desired frequency . 
.'\. pl ug and a lClll:,rth of shielded cable l i re 

fUl'Ili shcd witJl all units. 
FE ATURES: A convenient means of eliminat· 
ing h;U'rnoniCS:IS well as hum and noise from 
tile detector circuit of a bridge is pro\-idcd 
without 5a<.,-i£king gain. The illlSCJ'lion loss 
of U1C fil ler is small and (Illite negligible for 
most cases beC:HlSC of the high gain of the 
amplifier. Furthermore, whell lhe TYI'~; 
814-P Tuned Circuit is used wit h the '1'\'1'£ 
S.14-A Amplifier l he frequency characteristic 
obtained is independent of the termillatill g 
impedanccs 

-
mJ • Ul 
'" 1\ j- .~." 

" 0 ,- -, V 1"--,-
V , 

1· , 
<. 

I 
'- F"[Ql.t>O;Y l~ t"l'Cl,.n_~ 

COd6 lI',ml /' r1C6 

"'-'III1,r. 517 .50 
81 ~·P3 60 cycles ... ........ . _ .. --_. I .UII'I.t: 12.00 

!'::lIlel ,-ie .. of T n'lo: 81·I-.\ H Amplifier with It '1'1"1'10: 8 14-1' Tuned Cin:uit instlllled . T he reby.rack :t11l111ificr 
(Tn!:: 814-A11 ) consists of Il TYI'K 814-:\ Unit I\lId II. '('1'1'1: 8 14·1'1 !'arLel i:: xleluion. Sl'al.'e is pro,' ided for 

mounting:m olll llul meter ;'tS showu. 
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AMPLIFIERS· 

TYPE 714-A AMPLIFIER 
USES; The '!'YN; iH-A Amplifier is a high­
gili n find widc-f:mge instrument wh;t·!' h as 
been designed mai nly for usc wi t h ca t.hode­
ray oscillographs. It is also useful as a bridh"C 
:unpli6c r a nd for general Jllll-pOse work. 

Its cx(."CllcnL performance chnracterislics 
make it suitn blc for nearly any laboratory 
application. 

Deemsc its low-frequency response ex­
(cuds to 5 cycles. this amplifier bas a number 
of applications wlicl'C ordi nary iun plificrs nrc 
not suitable. ns. (or instancc. in amplifying 
the voitnges cJ1(:o untcrcd in the study of 
vibrations in machinel'Y a nd olher mechan­
iCRI systems. 

DESCRIPTION: A three-stage resistnncc­
cIlPU('i tlllH':C-couplcd illllpliIier ci rcuit, em­
ployi ng pentode tubcs, is used. An inte r-

st;lgC potcutiomder :lIld an input attcllUutor 
p:1I1 {'Onlrol the gain. The instrument oper­
ates directly from the a-e supply mains. 

FEATURES: A-C oPCr:JtiOIl, high gain, lind :~ 
wide freq uency range a re sc\'crnl poi nts of 
superiority in the T .... N~ 714-A. Amplifier. 
T he power supply lilter hns been carefully 
designed to prevent low-frequency "motor­
bouting" tiS well M to keep the IHUJl le\'c1 
very low. The hum isequivaleut to 10 micro­
vol ts on the grid of the fi rst tube. AU stnges 
arc completely shielded, and microphanie 
effects have been min.imized by the use of 
tubes wilh indirectly-heated eOlhades. 

For a gi"cn output, t he amplifier can work 
over a l'nllW! of 60 db in in put level !>. or, for 
an output variat. ion of 10 :1. the input rllnge 
is 80 dh. 

SPECIFICA liONS 

Gain: T he gaill i~ ("oIL LiIlUOllSI.," adjus(tlble between 'to 
dh Ilnd 80 <lb, by 111('llnS of a gain cont.rol and a s.witeJ.. 
With lhe swit(""h ~el III 50 dl>. the range of tile gaill 
ron trol i~ ffOUi !1"0 to 50 dh; with llie 5wih:h on SO, the 
tange i, from .so to SO db. 
F'l!qul!ncy Cha.actl!.istics: The gain at :; cycle.~ IlIld lit 
.;0 I;e is down:l db from the fiat portion of the clmracter. 
istie. 

Mnimum Input Volt.!!I! : 14 \·oIL~. ma:tim"m 1"".1; ; 10 
\,~ll ($ r·m·s 011 ;1 sinusoidal wave. 

Mnimum Output Volt.!!!I!: 140 \'olts. maximum pcnk: 
100 \'olts r-m·s on ;I lliuu'Ioi,h.1 WII.I·C. 

l oad Impl!dancc; Although the inlemal output im­
!)Mance is nhout 'W.OOO ohuu, ll.e 1oo.d te!li$tanee ~ItOIl1.l 
lIot he less than 100,000 ohms for lin II nrl~'ltortcd output 

:\mplifit:ltioll charaderi$lie of TY1't: 7101·A l\ mplifier. 
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Sd~U31ic wiring diHgrnm d '1'1',1: 71 1-,\ Amplifier. I'O\\'cr $U IlJ>r~, fi nd it.s: mt<mlll~ lIot l llO"'n. 

of 100 \"OIl.<. ,\ '" n I.ridge null ,Iel<:ctor til;! is not im­
['>Ot t"U! . "1UIII1H~illiUm ' '' ''''cr 1:";11 willl.H) obtltilL"'I1 into 
n IUlld of l.bout ~O,OOO uh ",~. OUo! output b:rmill,,1 is 
g .... unde<1. 
Input Impctdance: T he iUllllt resist:lll('(; ill OV('T one 
lIIeg"hm. T he shunt (~I,",'it{ln('e is /thoul I;"> ~J4r will. the 
gili" swild. on ,:;0 ,,,,ll "hu ut 40 1110" witb the ~w; l ch set 
III iSO. 
Po~er Supply: 110 to hlO w1115. ·10 It) GO <"ydes. n-o:: 
nmllL~. 

Power Consumption: ~s ".,,11.1' , 

A-C Hum lenl: ~:,tuh'a lenl 1.0 "11I,ro:>: iulUtd.1' IU 
ulitl'Ovolts Ull the gritl of tllc Iirs! tnhe. 

Typr 

V.scuum TllbCli: Two ,,('6. ulle 811 nnd onc 80. nil (If 
",lIk h I,re ~ uPI)liet! with the instrument. 

Mountin9 : Woo<lell elHI._ :Ire usc'[ f.)r t:ohle mouuting 
:Iud nrc rell,ol'/l f)I (' if lhe :UUI)[ifier i~ to hc nse<l on" rell.y 
r~ck , 

Acceno.iel SIIPplied: !-;PM'C fu-Sell. 7-for,t 1><.I" ;cr wrd. 
Sl>Orc Ililollighl , 'l'v,'y. ~'H-~ I) I'l ug. IInti '\" 'N: ':!H -:\I 
I'lug. 

DimensionJ: (I.eugth) 19 x (' !cl'th) 101:t x (heigh t) 7 
inches. o' ·cr-a ll , 

Net Welsht: -10 1101111< 15, 

/'r;re 

714.A 
t · .\1'~:ST ~O'l'] C I:: , 

. . . . . . . . . .. ....... . I S19O.oo 
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TYPE 715-A DIRECT-CURRENT AMPLIFIER 

TYI'~; i I-loA Direct-Current .\ mplilier is 
described on page,<; 6 ami 7 ill the SCCtiOIl on 
rndu,<;trial De\'iccs. DcsiglLcri 1lI1tinl,\' for 11M' 
with gl':l l'l li!: I'c(;o 1'(lc l' :) in illdu st l' i:d applica ­
tion,<;. t his amplific r hil S nWIl,)' u ,~cs in Ll le 
lahoralol''y, i t i,<; particu larly usefu l illlll1lpli· 

rying to uSllhlc le,-cls Lhe small d --e vo\taJ:,"Cs 
obtaiucd frOIll phOlo-c lcdric <.~ I L". rcs istan<."C 
tllcrmolllcte rs. sou nd-le"I-l tlwtcrs, a nd sill1i-
1m i 11$1 ru menL=:-. Ttl conju net ion with I he 
gl'a pilic l'c (;()l'tlc r it Clm be u;;cd as a I'ccOl'ding 
doc millialll lnl'tcr or JnillivollllJcter, 

Some of the reatu res or this uill plific r tire 
higl, gu in. simplicity or ope ration. and st:l­
bilily of ca libration. I t is essent.ially un­
affected by val'iations in line \,olt;\gc and 
changes in ambient tempCf:lLmc. 

T he ;.mplifi('r is anlilllhic ill ('ithcr the 
walnut. cabinCl s;.howl1 in the phologrtlph , or 
in a case to IIInteh lite Esterline-Angus 5-
milliampeI'C rC(.'Ordcr, as shown 011 polge 7. 
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METERS 

TYPE 726-A VACUUM-TUBE VOLTMETER 
USES: A high-impedal1ce wide-range \"olt­
meter, such as the 'fn'E i26-A Vacuum-Tube 
Voltmeter, which call be used at both audio 
and radio frequencies, is an extremely valu­
able instrument to t he COllullUll icnlions 
engineer. In the T YI'H 726-A VHelium-Tube 
Voltmete r the frequency nHlge, by spcci~ll 
design, has been ex tended to correspond to 
thaI of fl high-frequency thermocouple. I n 
add ition to its usc as a voltmeter, it is an 
cx<.:cllc ll l ammeter at radio frequencies when 
used with capacitive sh unts. 

Although calibra ted to give rendings of 
the r-rn-s values of approximately si nusoidal 
voltngcs the voltmeter may be used, cx<..-epl 
011 the lowest voltngc ranges, to determine 
the peak value of complex voltage WHves. 

DESCRIPTION: An improved type of diodc­
eOlldenscr rect ifier circuit, using nil acorn 
tube, is built into a small probe whieh is 
made of low-loss b:tkelite_ A Cflble, whieh also 
supplies heater \'ollnge to the lube ill the 
probe, earries the recti fied voltaJ:,'C to a d-e 
amplifier and indiealing meter in DlC cabinet 
of the instrument. 

The d-e amplifier is or the tieb'Cncrative 
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type using but one tube_ The rCdificd voltub'C 
is applied directly to the amplifie r control 
grid, ruther tium tJlrough a mltab'C­
dividing network, and the ch ange from one 

)rder lK:fll!!ll Qr '1" -1'.: 7:i!G-A Vocuurn-T uhe 
\'oltlllcter_ 



 

voltab'C rfUlge to anothe r is accomplished by 
\'Ilrying the degeneration factor, 

FEATURES: T he a rrangement descrilx.'<l 
above Wilkes it possi bl e to use (:onstunls in 
the diode circuit wllich will main tain high 
input impedance over nil the nUlgcs of the 
iuslrumellt. T hus. very li llie IXH\'el' is taken 
{rom the source under measurement, 

The dege nera.tion in the d--c IIlllplifier 
sta bilizes tbe gaitl and results in the cal ibra. 
tiou bei ng pcl'llI:mcllt and snbstnntially lflde­
peudellt of tube ehlll'llcteristics, Except on 
the lowest range, the calibration is substan­
lially Ijncar, There is sufficient o\'crlappi ng 
of the various ranges, i ll {.'OllscqucIH:e, so 
I.hllt all readings may be made \\'ell up on 
the scale, 

A regulated power supply is employed , 
so that line variations do lIot result ei the r 
in fluctuating readings or zero shift s, Qne 
zero IHljustmcnt serves for all 1':'lIIges, There 
is a sligilt initial lI(:I'O drift when lile insLr'u­
ment is first tlll'l1ed on, hut this becomes 
negligible nfte r n brief wa rm ing·up period, 
Severe oyerloads will not dalll<l l:,"C the ills tnl ­
men l , so that in making mensurements it is 
merely necessary to conllect the unknown 

M E TERS 

c, ", " ~ T, , 
:' '~V "", e, U , V 

... 
'. ... 

J 
-----.,; 

~"-
Schematic circuit t!wgnun or T fl'!; 7>!(;.A 

\ 'acuum·l'ube Yoltlllet.cr. 

\'Ultage to the terminals (lud vary Lhe rltuge 
switch uutil the reading obtained is on scale, 

Siu{.'C the entire a·c mcasuring ci rcuit is 
mounted ill the small probe. the leads to the 
SOli rce of voltage can be kept short, and good 
accuracy is obtai ned e\'en at high radio fre­
quencies, T he plug termiunl.s of the probe can 
be removed when necessary to shortell the 
leads still mol'C, 1" 01' me:lSIlI'Cments at low 
frequencies, where the effect of the leads is 
not im porta nt. the prot.c and cable Can he 
pbc-ed inside the instrumcnt and {.'onncclicllts 
made to terminals on Ure panel. 

SPECIFICATIONS 

R.n!le, 0.1 to 150 \'oIli ill Ii\'c ranges ( 1.6 - 5 - 16 - 50-
It,o \'o]U, full !i(:llle). 
Accu,acy: ±2% 01 full .scale on all Ii\'e rallgCli, Oil 
sinusoid" ! \'olt:\ges, 
Waveform Ellor: T he h,s\.rlllnenl ill es~elltilllly II peak 
voltmeter caliurflted to fC4ul r-I\\-S "a lues of u sine \\'a,'e, 
Ol' 0,701 of the peak \'fllue of u complcx wa\'e. 0" dis· 
lorteli Wfl \'e(omLii the l>er<:enlage ueviatioll of the 

1~l ui\,Rlerit parolld rcllel.:luee and rc~is tan~ 
of the inlmt eir(.uit as u fllllt:tion of rre<IUCn~', 

/'0'«' Supply 

reatling from the r-Ul-ll value may be as Iltrge lUi the 
]M!rt.'(:.ulilge or hnrmonies ])reSent. 
F,equency Error: I.ess tloan 1% uelwe.!11 S!O cycles find 
1'>0 megncp,]eJ, At 100 mcg(I ~YclCil, ",ilh lhe f1rooo ti p5 
removed, the ,'oltage indicated is Ituuut 3% Iflrger thnn 
lhe "ollage 11<.1'0$11 the probe terminals. 
Input Impedance, Plots of pnrnllcl reactance and ruillt· 
auee nre given 011 this page. The react.anl'e component 
is caused u,Y :, <:nP.'lcil.:lU\'::e olll ,",pf between the iuput 
terminals, T he !l'lrallel resiSlII.n(.'t iii RooIIl 5 megohms 
Illluw frequencies but is re<hlCed fit higher frequencies 
by tllf~ d1'cct of lhe power fador or th~ shunt Cflilaei­
tIlnee, T his power fflctor ill about ~.:5%, 

T hc rt.5Qlmnl h(.'Quclley of lhe in lJU t drcuit is nOOut 
SSO megacycles "'ith tile ]Imbe til)!! ill place ami about 
aoo megaeyclca "'ith them teulo,'cd, 
Power Supply, 100 to ISO volts, I\C, (;0, 50, or 012 (',,·elM 
und 200 to iWO volts, !i0 cydC-', (&'C price li st ,) The 
instrument inOOrilorfitc5 fI vollflge rt.-gulator to oom­
pc·tlwlc for ~UI)llly \'lIriat iOHl! o\'C"r this voltuge rnnge. 
The po",er input iii less tll1lo SO "'Atls. 
T ube$ : One l,·pc O"a, oue typt OQ1-G, and one lYIIC I-V 
lire used; all 'lIre Jupplied, 
M ountin!l' lliack crnckle-finish flhuuillUIII j)f\utl 
moultlc,l in 11 shiehlt·<I ",,,Inul cauineL 
Dimensionl, (Width) 9Yi x (![epth) 14 x (hl~ight) 8M 
inches, over·aU, 
Net Weishl: 17M pOllnds, 

T,,, Jo'rlt/llellc,IJ VoI/UII( ("N!" U'n,,( "ric" 

726·A 60 cyclel 100t0130v Ar.UlT $165,00 
726·A 50 cyeie, 10010 130'1 .Ul.UT 165,00 
726-A 50 cycles 200 to 260 v ,\I,n;l! 165,00 
726·A 42 cycleli 100 10130 '1 ,U.US!5 165,00 
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METERS 

TYPE 483-F OUTPUT METER 
USES: The T)'I'~.1 483-E' Output Mete I' finds 
its gl'calc~t 1l :s(:11 in tIle routin(' lubQl'ahHY 
mcasurCllIt'llts of \'oll:tgcs a t :llIdio frc­
qucneics and fOJ" ('om pnri son mC"SlIl"'IlIC llts 
of various types, where the mder is uscd to 
llIilkl. (.\\'(1 voltages. 

\rlwn II>-cd ill (~JlIjHnclioli wiLh II T n 'E 
814-.\ ,\lI1lllificr, Ihi .~ meter i .~ an cxe('\lcnt 
hricl)!t: lIull de tector for commercial and 
audio frC(lu("lwic.'!. 
DESCRIPTION:.\ {'oJlJ}(' r-uxidc-rccliIicr voll' 
meler is ui>Cd 1IS1 lll(' indicating melel', All 
l .-- t,vpc li nd ti Jllying lId.work is used 10 {'xlcud 
t ill: I'Hn"N nnd to rlll· ll i .~h a ('O llsln l1l ill put 
illlpcdutH'I' . 
FEATURES : Hugh't'dncss and CQllv('nicllcc 
arc Iht· ,l):r('nl adnllllugcs wiJ ieh tlw Tn'E 
4S:J· F Output )ld('r offcrii for- audio­
frC(lIwll(,Y yoltagc measurements, Tls wide 
~allge anti it s high ami essentially consl.ant 
LIlJluL illlJl('dall(~ arc also fcalul"('.') which 
Ill:lkc it Hit c,-.-SCnLial laboratory ilLstrtllllcnl. 

SPECIFICATIONS 
Volt'9C R.n9C' Bd<J'" 0,5 \"olt 10 21)0 \'tllt~ ill S(:\'t:u 
rn ll~cs (-!-~.IO.'<!V- W.IlJO,'.!OO I'o ll~, full :j(;!I1t:) , 

Accur~cy , The fuwllll"t:lltal :,,:cnrocy i~ :b5% of full 
,~,'tlk ,,' I,ich is e11ui\"til('nll<> V,I \"ollllloilil'licd loy the 
Itlulli"l;cr "'dl;III;", Thi~ "'"Cllr;.c,\' ~JI!,Ii,'iI oul~' whell 
Lho.) inslrllluflLl;~ ul)('r:,lc<l UII siullsoiunl \'oll,,~c.i "nd 
Oil th" IJ"L loor1;011.1 of Lloc cl,:tr;",l ..... islic ('urn'S s llo"'11 
helow, 
Inpullmpcdtncc: T he iml>e'\fllU'e 0 11 thc lOOmultil)licr 
L~ ~u,OOO ohm.'! ± '1!' C. F<Jr l""-cr lUultiplier srUi l1 g". 
howt:\'{,r, l he i"' lle<loHlI'c \'uric:!< slightl ...... ith ' ·olll\j{e. 
Til" );r~:al~1 ('h,m,l(e ill illllle<iaUl.'e Ot"tlll'll 011 the I 1111I11i· 
plier whcre tI,e ;InIJol.'l\ul1('O! il1~scs \'Y "pl'ro~il1ulld.v 
[,j'7c 1M the \'(jituI;"C i9 llroPIlc<1 from full 8,-;01.." '! ,'ollil, 
tu '1"lIr'-<,r ikl\le, u.5 \'olt. 
Sca le length: I!M inf.'l,e~. 
Telmina ls: .I ,,,·k. top binding !lO~ts ,Ire ptovitlc'l. Stnn,\· 
111',1 %,·incil JIJ.1~i llg i~ u!lC,1. 

,\" cr:'I!C frClj1I1"II')' d,,',r:, ..,leri"lic of tltt' 
meter. '1'1,,' ;\0(1<.',\ line.o ~hu\\' the 1l",:..irUIlI11 
Ue\'i,,\iull from ll\'cl"IIge f""",1 ill" grouJI of 

in~t r",,,rnh I (Steel, 

483·F 
[',\Tt:ST NUTle t:, 

I 
See :\,,,,~ $, ""'~ .. ,', 

0-200 volts 

11 8 

Mountin9; The ' .... llper.l)-.:ide--rCdificr n.ltouder nlld 
the IIlultip1iH $witdl (lte """,,,t~,1 011 :\11 lI!uonillUIIL 
pRnd which is '''<lullle.! ill :t \\"Ullilit ',lLi"cl. 
Dimen$ionl: ( I.cngth) !jJ~ ~ (\\"j lll.h ) ~~:( x (Io righ t) 
.;J:( inches. o\'(,r·,dl. 
Net Weight: 3M I),",,"k 

~ 

, , 
t--r~ I ~-, 

I" ~t .1--- -r-" 
~ 

! . " 1+ I f t t-
" > " • • • " ....... " ....... "" ..... ,."", ... ,,, 

l'lot J;l",willg the ctrect or tCllLl'rr:llul'C ou ll,e 
meter ilidiCll ti (,>I1, ~ole Il,nt iu the IHlrmal 
room telllperntlll'C muge the temperature ("0-

ellicient iSllradilllUy r.ero, D.. ta "Iutted here 
nrc ti,e ""enoge rroma Illlmberol i n~lruiliellt s, 

("od~ It '(lrJ l'ri« 

AVOW SS4.00 



ME TE RS 

TYPE 583-A OUTPUT POWER METER 

USES: This unusual instrument rends c.lircctly 
tile Jl1nOullt of llwlio-fr-cqUCIlCY power tl1l1l 11 
source is ca pahlc of delivering into any de­
sired load. Tltul'. Lhe effect of load impcda llt'c 
0 11 l)() \\'C'r dd i n:rcd ca ll be ellsiiy mcasUI"Cd, 
Hilt! the cimfnctcri stic illlpcdulI{:c of tdc­
IlhollC lines, pl lorlog'rapL pick1lps, osdllatOl's, 
Hnd sirru la r equipment. can be foum'! hy 
obSt'r \' ing the illl llCda llce which gi\'cs the 
lIlaximum I"CmiillJ; on Llle iusll'mUCIlt. 

In testing ntdio receivers the Tn',,; 583-.'\ 
Out.pu t Power l\ lclcl' is vcry useful as ,til 
ou1put indicator for ,!:l;.wdard selectivity , 
i>C 1li';ili\'il.y, lmlltl-widt.h , 1l1\(1 Hdelity tests, 
;lnd an iHlxiliat,,\' decibel S<;llic is fU!'ll isillx i OIL 
lhe meter for t his jHlrposc. 

DESCRIPTION; This illslrulllent mny be 
co tl sidered lo be 1m adjust.able load imped­
ancc across II'hich is cou/lccled a \'oltllleLcr 
lhat is cu libratcd dircctly in watts lost ill 
the loud . Ad twlly the itlput is (.'Ollllccled 
throu gh a lI1ult i-t: lJ) tl'lI l1.<:rOI'l.IlCr amI a 
resistancc network to nil output meter. 

FEATURES: Thc Tn·J·; 58~) -A Output P ower 
:l\[clcr (.'O"C I':;:\ wide r:lT1gc of hoth powe r :l nd 
impedance v:tiues. 'fht' po\\'cr rauJ,'c is 
50,000 :1. :lnd the illlJ)l.'(ia nec range is 8000: 1. 
AU readings can be made directly :Iml 
quickly. Ti le indi caliJJ I-( clement is :t "cctificl'­
typc vol t metcr "lid will stund (.'O tlside riLble 
o\'crlond for short periods. 

SPEClFlCA liONS 

Powe, Ran,e: 0.[ to ,,000 lII il!i\\'!l t L~ in fuu r m " ICe!I 
(a-50-,soO- [,{)(1O Hlilliwlltt;! full st·;,I ,,). Th(' l.~IIlPer-v.~ ule 
meter ill l'H lihrntetl h (lIu I to :;0 miiliwI.lts wilh 1111 
!ln~iliIlQ' iK'<Ile rCtu lillg rroUi 0 to 17 dl.'t;i!.cl$ noon: " 
""fcrent'C' len,,1 or [ mill iwatt . 
Impedance Ran,e: '!.5 10 !!O.OOO ohms. Forty,liJlerl"le 
il1l""d:ul('<:$. ~Iislri lmlcd " pproxi ll ,,'tely loga rit luu il';lll.'·' 
~re o"l"iuc~1 h~' "'eflU~ <If 11 lell ·"lel) OIUI.s dj,d Illll l II 
fnUr-stc l ) .\ tu l .Tl I'J.!.:I{. 

Accuracy : T he 1I('('llracy of IJ.O~11 po wer IUld impeJunt1:: 
mensurCUlent;! " lI ri<l.'l with frcquclIi·Y. T he lIln)( imUlll 
error ill (ull -SNell: power n!a' ling cI~ not CXt"Ced 0.:; 
,lecibel loetween \ .;() 111 1<12'500 cyclCll. llor , IOO!I it c-u"Ce(l 
1.5 ne<."iLels ;ol2'O ami 10,000 ~yclC!!l. T he average error 
is 0.5 decibel nt :lO lint! ~.ooo cyclc!(, and o./; .lcdbe.1 lit 
:ro a nd 10.1100 cyclc-~. 

T he 11U1)(immu er rur iu iZll]lCl\;,nce llQe.i nnt c)('('ed 
7% bctWl'(! U [{,(f and :WOO ('~'des, nor olOt.'!l it eM'I:c d 
;;0% :.LxO a llOl 10.000 c~·dcS. T he u\'er:lge Cf ror is S% 
" t 30 lUi' I r.Ouo Cycll'S and !ll)% al '!O and 10.000 cycld. 

Mountin,: The inst rument. i.~ IlInunted on an aluminum 
IKlud ill II IIhicl<.lell w;,hml cabinet. 

Dimensions: (Leng th) 10 x (wj,\th) 7)( (heig ht) IJ jud,,~, 
o'·cr-all. 
Net Wej~ht: 8~1 1K) UJJ d~. 

Co<le W,ml l 'riCo' 

0-5000 mil!iw.tts . .... . ........ . $95 .00 
tWn :XT XOTIC~:. Moo Not,..~ .•. , .. ,., \'. 
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• METERS 

o TYPE 586 POWER-LEVEL INDICATOR 
u 
o 

... 
c( 
co ... 
Z ... 
~ 

USES: Vor monilOl'illg nnd measuring sign:tl 
lc\'cI5 in telephone lines, broadcast ing aud 
sound-rc(:ord ing syslcms, :Uld amplifiers, a 
power-level inclic:tlor is nccessmy. 

DESCRIPTION: The T ype 58(j·}\ Power­
Level Indicn \.or utili1.cS the <:oppcl'-oxidc­
rcclifier typeof indi cating meter. The moving 
clement of UIC meter is of the high-speed 
l,vpc for the models, TYI'~~ ;j8G-DM and 
-DR, llnd is normnl speed for the IUOre sensi­
ti,'c models. T YPES .?8G·gJ\:[ and -Ell. 
Because of the dcsi~1I1imi lation.s imposed by 
l.neLcr dynamics a hlglH;I>ccd movement C:lIl­
not. be nchic\'cd in the high-impedance 
ultra-se nsit,ive meters. 

An lldjustllble I.. .. t.ypc atteuua lor is ill­
serted between tJu~ line find the meter. This 

pad acts {IS a Ulultiplier to increase t.he 
mcnsllring range of lhc instrUlllent. while 
mainL'lining constant the input. resistam:c 
or the power-level indicator. 

FEATURES: This assembly is compact, 
rugh'Cu, and :l(.'curatc, und. because 110 

baLLeric!> or other power supply is needed. is 
eulirciy portable. The indicator is sensitive 
to low levels and has a rillJgc of 3u decibels. 

'.rhe slanditl'd pUlici finish is black Cl'iLCkic 
lacquer, but in order to match the finish of 
other studio or transmitter cquipmclIt, l><lHcL:; 
ror the rack-moullting models are also n\fnil­
able, to order and at a small additional 
price. fjn ishcd ill either Western Elccl l'i c 01' 
RCA gray. or RCA flat. black. 

SPECIFI(A nONS 

Power-leve l R.ngc, (Sec price 1i~t. ) .0\11 r(tlings ure ror 
a rero le"el or (j milJiwlIll..s;n II 300-011111 line. A cllnrt is 
supplicd showing the corrcctiun to be IIrjJliw when the 
meter is rure<l IICI'OSS imll.cdun .. :es other t Ilin 500 ohnL'. 

Accuracy: The uvcruge error is frolJl 0.5 decibcl to 0.7 
decibel. Nellr tile loweslreadillg of the mctcr tLe erl'Qr 
IIUty be liS !UUcll as 1.0 decibel. 

Inltrnal Input Imptdanu: 5000 ohnlJi l'e:!!islh'e, There 
is, therefore, 1111 ill~ttioll loss of !I.a (lecibcJ. &~lltilllly, 
110 di.~tortiull b introilucoo ililo the lillc. 

Frequeney ChalaeteristicS! 'l'h<!re i5 no upprecmble erwr 
for he<:lucncies UI' to IQ,OOO cycle.". 

Seale Rt. din,: For Tn.: 586-D)[ Mill Tnt: 58G-DIl. 
lICro IC"el is III mids("'..llc. Thc meter is gradltRled il\ 2-
decibel s telJ~ between - 10 II!HI + 0 decibel,. 

For Tnt: 6iStl-E)I RII\I "''1'1'£ .sSG_1m -10 decihel 
le"el ()C(;urslll midS<:1lle. ,\ l i<isculc is, howc"cr, lImrk<.'I1 
~cro. When both multiplier switch und meter an: lit 
7.cro, Lbe le\'cl is -10 decibels. 

r'If'" /)oU:r.r-[,cI't'/ UI"'O(l. 

T he lUull;"Jier nlLclluntor of nil models is :uljulItnble 
;1\ 2-d<.'<:ibel stclJS o\'cr II lot:.! range o( iO Jl'<:ilJel •. 
lndinting Element: A colIl'cl'-OlCide-r«tifier \'ollmelcr 
calibnitt. ... 1 to read power le"el in decibels. 1-ligh-spet. ... 1 
nlOVeHlcnt ror U\odels -0 ) [ anti -DI1; normal ~]Jce(1 (or 
lIIudels - I': ;\I IHI!I- ~ I t. 

Terminab: Jack·top binding posl..s arc pro,·idcd 011 1111 
models. Binding posts nrc l()("Ilted behind the pnnel on 
relay-ruck ruooels. Stillulard ~-ineh 5p,~dtlg i~ nsed. 
Mountir>,: T he '1'\" 1"1: 586-0)1 an .. 1 T \'I'v. 5Stl-E:\ ( IIrc 
mounted on an aluminum p;'"el in II pulished wftillut 
cllhinet. '1'\'1'1': .')S(l.. l)l t IIml 'I' \'I'J:l 5Stl-.E1! are .ICliiuned 
(or mounting on a stamLml 19-inch relay f:.ck ,\ 11 
switches lUe back-o(-Imnel mounted. 
DimensioJlt: For the cabinet Illodel~, (length) !I~ ~ lC 
(.vidth) ~}{:'i (depth) ~ Y.f incliell. {Wer-I.II. For lhe rel,,\·­
rnck lllodel5. (Icllglh) III lC (wi(ith) !1Y:,i :'i (depth) s!i 
inches, o\'Cr·"Il. 
Net Wei,ht: 3Yl\ pGUlII\s (or c:thincl lIIodels, 3 1f IJOnuds 
for relll.y-mck model~. 

·l/ mllll'"11 ('o<l~ Wmr/ " ,icr 

S86·DM - 10 to + 26 decibels C.binel Modll UAlIlT SSS.OO 
S86-DR - 10 to + 26 decibels Rel.y-Rock Model 
S86-EM - 20 to + 16 dtcib.l , Cabinet Mod el 
586· ER - 20 to + 16 decibe ls Rel. y-Rack Model 
586·P6 Hi,h'Jr.eed meier for T Yfe 586-DM or -DR 
586-PS No,m. ,'peed mel.r fo ' ype S86_DM or -DR 
586-Q1 No,m. l-speed mett' for Typt 586-EM or -ER 

'1'.,...,1 liru.h \0 mord. Weol""", Elo!dri~ or il e A 1f&J'.'" RCA ft.l bIacl< ••• ..oo .. hlili<mal. 
r,\'n:~T NOTICL. 5«; ~ole e, page ... 
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II.\ Xl>Y 55.00 · 
\lONEY 60.00 
U OXQJI 60.00 ' 
OUI!.,,~::rI)£J.J.- 25.00 
oult~U;n'OOT 20.00 
OUI01\:.--rI'I I'f: 30.00 
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METER S 

TYPE 686-A POWER-LEVEL INDICA TOR 

USES: 'fhe TYPE 686-A Power-l.cvcl llldicn­
tor has been designed in eoll:lborlllion with 
brondcttst cnginccl's to eliminate the diffi­
culties ~lnd shortcomings of previous types 
of power-level indicators which have been 
uscu Lo monitor program level in Un~ studio, 
control-room, and transmitter. ]Il addition 
to its application in t.he broadcasting field, 
the T YPI': 686-1\ Power-Level I lldi c:'I.tor is 
useful for lIloniloring sou nd recording <Hld 
other audio chnllucls. 

DESCRIPTIO N: The input. circuit (:ol1sisL~ 
of a doubly-shielded lrfl llsformcr and an 
aUClluatot' whieh controls the vol lngc applied 
to the grid of the first tube, a linear degenera­
tive :unpli ficr. The second sltlgc acts both 
as an amplifier and n phase divider ror feed­
ing tile full wave rectifier. The output. of this 
rectifier is fed tJlrough a delay discharge 
circuit to lite ,·:tcuum-tubc voltmeter which 
111ls ill its: plate circuit thc hll'b'e indica t ing 
miCI"OHlIllllcter. 

FEATURES: From the ~talldJ}oint or the 
~tatioll operator and engineer, the outstand­
ing feature of Lhe 'j'Y!'E 686-:\ 1'0Il'cl'-T..eve! 
lndiCll lor is the indicating meler and its 
action , The scale is large (I lid the cal ibration 
points arc dearly marked. Bot.h il decibel li nd 
II. percentage scale arc prillted Oil II soft yellow 
background, ilnd thc el1tl['e meter is so 
illuminated from above tbat. readings arc 
easily made from positions sevcrnl feet aWlly 
even in dimly-lighted monitoring boot.hs, 
Eyestrain, e"cn in close quarters, is elim­
inated, 

A high-speed movemcnt is used in t.he 
mcter itseU, so th:lt a maximum deflection 
is reached in approximately 0.15 second. This 

fact. means that it will respond to tile shortest 
pulses occurring ill most spe~h MId ulUi>ie 
circuits. The mecllauica\ dllmping stops the 
swi ng at m:L"jlllulll amplitude with no appl'C· 
ciable overshoot, find I\U e!edriCIlI delay 
<:il'cuit then allows t.ile ncedle to slowly 
rctu rll to zero, Thererore, the rueter registers 
accurately each peak, but appears t.o " float " 
on t llc peaks without allY crratic jumping 
movement. Aceordingly, lhe psyebological 
effect is excellent and t.he meter seems to 
show tllc audio wavc as it. sou nds to the car 
from a monitoring speaker. 

Provisioll hus heen made on tJle tel'lllinal 
strip in the rear of the instrument for con­
necting all ex ternal extension mdcr which 
can be Ilsed for remole monitoring. 

!\. I:wialK'(':d input circuit is used, and the 
impcdanc;e is made !Iiglt and resistive, so 
lklt only a, vcry low oridging loss O('(':urs, 
and no distortion is introdu('(':d illto the line. 
The input call be con nected in the rear of 
the instrument as well as plugged ill at the 
pa nel. 

Besides h/wing a good frequeuey charnc­
teristic, the instrumen t covers t.he e:o.i.rcmc!y 
wide opera t ing range of 73 decibels. II can, 
lhel'cfore, be used on ooth low- :'l.lId high­
level lines with the sa me salisfaclory results, 

A self-contained a-e rower su pply is used 
and is so designed tlwt no transformers or 
othe r inductors a rc ncecsS:'l.ry, Conseqllently, 
no hum can be induced from surrounding 
equipment which may be operating at a 
high level. 

All ,·acuu.m tubes, as well as the termina ls. 
are available from the rear, and so the instru­
ment docs need to be removed rr011l the relay 
rack for ch:U1b"CS ill tubes and coun,eetions. 
The a-c linc is brought in a l the side through 
a standard connector for supply conduit. 
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SPEClflCA l iONS 

Powtr-level Range: ZC"' ,Iedhcl~ on lht "'cLcr scl.1c 
(100 Olt the h!;,ck wale) will represent. f rOln -20 tQ +30 
d(oeiLds '[CfI",,(\inj: 011 lI,e flUcuualQr settin~. T he lolll! 
Qwr-all ('1.1ihrllle,\ r'l"~c i~ - .(1) to +3.':1 (1C(·jI,eis. All 
fnlings Am fOt:, ~.c""J 1('l'el or ij 1l1illiw"U~ in :t (iQf'I-olulI 
line. Calihmtiolls at other refercnl'e level. or (or oilier 
lim: impe<lrlU(:c5 ~'1I11 he ;;"P I)Ii,~1 011 ~]I(:eial .,mlcr. 
Meter and Scale: .1\ lnr,.:c liigl,-spc'_'\l mel.or wilh a :IM­
inch sc.1lc is \I~ed. C'lIJnC<'\.iIlIlS nre I'r(>\" idcd for an 
c~lcrnal meler. 

T he su'\c tHIS tw,) IiCls or figures. t he princip:.l one 
rellding from 0 II) 100 in bbc;k figure.~. Wilh lile [It'(.k 
operating poinl 5Ct a t 100. illrlk"lltiug' 1(0()% Olo.luln­
l ion. the other hh",k ligures im!icnlc lJCN;o:Ilt:l ~e \llil i"u· 
lion of Ihe d'lInl)~1. T he ilu:oilillf,Y s~'nlc is printed in 
~I Ilml gh'e.< tl,e /)(lwcr level in IIc<:ibd~. The senle 
:,bon: t he 100 mark is (11.'1() re,1 10 wllrn ngAinst ovcr­
m.-,dllbl ioll. 

'1'\\'0 lmnps life s.:l nho\'e lhe Illcler S():lS to illultlinnle 
the s(,,,le (.'011l1,lelel,\' for ll.~e in {Inrk 100~, tion~, 

C.libration: The illstruUlClIl i~ IlreeBl ilirnlt'(\ at the 
fll Clory, but nny ... hunge be~~\llsc of tll!..e replu~'(!l1lenlll 
t':'" be e:lsil}, COt~ct .. 'I1. 

-686-A 
686-Pl I 

Power, l evel Indicator . 
E~tension Meter , 

Frequency Charllcte,istics: T he rrtqucu.:;.\' ~~I)On$C is 
Hill \\';lhill ± I .1e('ihd from (10 10 \0.000 c~'dc.~ lind 
within ±'l d.:;dbels frolll ,10 1.0 I'.!.OOO .:;ydes, 

Inlerrl.llnpul Impedance: T he llll' nl iHl \",lnnce is 
b~ater limn 15.000 ohms, Thcre ;.! fin iu!scrl;oll Ivs.~ of 
0, L; d .. 'CiUeI. hilt )1<> d istortion is ;utl'OlhlL'(!d 1 .... -ct1ll$C 
tJ,e j"'ped''''l'C ill ~~isli\'e ,,,HI lin~nr. T hc inpulir,.ns­
furmer i~ 1mbuoolto grQund nrHI (Ioubly $hidded. 

Power Supply: 110 lo NO volls, ,iO to (;0 c,\'dcs. ne , 
1\ [>[>fI))( iI1l:Iteiy ;';0 \l'MI" "tt.l laken fr<un the line. 

Vacuum Tubes: T he f"lI(Jwi"~ l ui"" nre uS('( l : 3 l.l'llC 
lW,;, 1 type tJII O, and I type \!5ZII, All nre s Ul'plie<1. 

Trelmintls: &rew terminals Ilrc provi.letl:lt the rcar ror 
the n·e l)Ower. tt.c ill[llIt. nntl nn extern,, 1 llIeler. :\ set 
of dQulole patch·oo .... Il".:;ks is ,dso provi,le<1 cm lite 1':II1.:;! 
for lhe inll"t, 
Mounting: Standard ttl-inch relay.rnck mounting, 

DimensionJ: L':mel, lfl );;J.!4 ind,es; depl h !.Jellin" l)llUd, 
8M ind,eS, 

Net Weight: 2ski pound~, 

CQI/c WI/,il 

I .\-"(:~:u 

I'riCtl 

$195 ,00 
45,00 

1'8n, 1 ""n "" /",,,;01,,.1 ;11 \\' ... r~.n Ek<-r';~ . " .1 Uc.\ gno)' ur UC \ 110 , I,t",\; "" ~pcci" 1 "",10:, At a ~I;ghl ftd.lilj<>"31 <"J,I. 
' I',\ 'n :x'l' ,,0'1'1(': .;. !;.,., ",,,Ie I. 1'"~'" ". 
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METERS 

TYPE 487-A MEGOHM METER 

US ES; Tile T nt] -li:i7-.-\. i\.i CgOhllllllCb ' l' is ii, 

d il'cd- l't~adiBg ohmmeter for measuring rclll­
ti l'ely high 1'l'.s.islllll ecs, SUi'll as (:al'1.)oll n.:-
1< i ~ lo t·,<;, ~lIld the lenkagc I'c:-;;stuncc of ('able:; 
nnrl ~lImp [(~s of iliHil liting ma teria1. It ca ll 
also he IIs(' ci lo [o(':l lc tldceli"c insul a tion ill 
cledrical equipmen t. 

T he lea kage res;,<;L;u wc of condense rs ca ll 
also be lI lCaf.; lJrcd. hut in nWlI,<;min g large 
<:o lldc nsel's witb low lea kage. t he li me <:011 -

slall l r'csul lS ill cq uilihril1l11 being l1 'aehc<i 
slowly . FM cxtlulple, a condenser of I }.I- f 
capacit.a nce, iw vi llg a lcakll1;c resistance of 
loon megohms, could be :;110\\"11 iu it fel\' 
seconds to hayc a rcsisLlHH;C greater than 
500 megohms, bil l pCl'haps a Illinute would 
be required to obtain the resistance wi thin 
10 pC I' ce n t. If a higilcr test vo ltage 01' [t 

10ll'el' Lillie t'U lI:;tali t is required, the '!'Yl' j,; 
;j ~ ~ - B MegohlLl ll ridgc iti n::wllIlUcmlcd. 
(Sec puge !l0.) 

DESCRIPTION: Tl lis ins tl"lI111(' n\ is very $illl i­
IHr tu llie ordillar.v ul llUllld cr,cxccptthat. in 
ol·dc l" to ohlliia lligh r:lIl),'l ':; , a vacuum-t uhe 
vol tnw lcl" i..:; lIsed iustclld of thc eOI\I'cnlioual 
indicator. A ZCI"O adjustulNlt is pro \' idct! £01' 

rilpidly clicckill g ;HIY of the fU lIl' ranges. 

FEATURES: The 1' 1' 1'''; -1-87-/\ i\fC'g()hI111"1H~lcr 
indica tes re:;ist:lllt;c directly Oil the 1:II'gc 
tll clt~ r' sea le. Its oper:llion i,. jll.-;t as si mpl c 
a s t.ha t of ~In ordinary OIIII1lHClel", a nd a 
wide rangc of resista nces call he JlIcas lIJ'cd 
on t i l(' fo Ul' o\'c rla ppin g ranges. The instl"ll­
IIlCllt is compict(' iy a-f' ope rated and takes 
only tCIl watts of powc r. 

SPECIFICATIONS 

R"n9~: '!() .O()O uillus l(, i;O.OOO II1c!,'vl llllS in four over· 
l<i ll[' ing ranges. 

Sea I~: Thcstallda rd ,Lirl"Cl-rcaJillS o h !lllUdc r (.'11 IiIml t ("n 
i~ IIsc,l ; center s,:~le qdue;; nre 1. to, 100, " ' 111 1000 
Ulegu!J lIls. I"!uglio or ~(~lle, !1IJi! inches; center dl!Ca.\e, 
IU indies. 

Accuracy: \\,i t l, iu .,>% 01\ t l, e I . 10, lind Ii)O multipl iers; 
"' jthin S% on Ihe 1000 mu r tipli~r . 

Vclta9~ on Sampl~: Thr. nprltcd \'Ql ll1se on t he UIl ­
known \·,I.i(.'3 with indk·atiLl!! :lIul (~ betwccn .';0 a ud 
100 I'o lts ovcr the grealer port io!! \If t he sClLle. 

487-A I. 

Tubes: The ne'"C.<S:'Ir.1" III~S, oue l~' r>e f_\' , ItnU one 
l.l"lJe 8:;. arc ~uP I .l jcli. 

Pow~r Supply: 11 010 1'10 "olts, -IE? 10 GO C~'dC5, nc. T he 
puwcr rerlui rC(i is 10 \\"u\J.;J. 
ACC~550tje5 : :\ 7·fool ~XllllwcLiug ,:onl alUl ~ 1 ,."1rC rl'S<C~ 
are SU llfllied. 
Mcuntir' 9: T he in~lr\lmClll is supplie,1 ill a walnut ease 
'111,1 i .~ !I1Qunle(1 Oil n il cn!!"ntvcd hl"ck er,"dde-fin ish 
" lumill1J11l p" nel. 
Dim~n$ion5: (Width) 10 ." (heighl) S " ('!cpth) :;.J.4 
inci,es. 

N~t Wei9ht: !I,!i Jlounds. 

( 'nile lVon( I'rict 

O~IO:\' $95.00 
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METERS 

TYPE 546-A MICROVOLTER* 

USES; This uudio-frcquency micro\'oltcr 
furnishes smalJ , known , u-(; voltages. It (;fLll 

be uscd to measure oLher sma.! ! vol tagc~ by 
substilutiou met.hods. It provides an excel­
lent means for measuring t.he inpu t volblb'C 
in gain tests on amplifiers. t.ransrormers. and 
~i lllilar equi pment. 

DESCRIPTI ON; T he T l'I'F:546-A 1\ 1 icrovol Lcr 
(:O l1 siSls, essentially , of a constnnL·impednncc 
attenuator lwd a voltmeter by means of 
whicb tJIC illput to tile altcnuator is standard­
ized. The Olltput is varied by means of 

switches. for the izlrge steps, and a contin u­
ously adjustable dial for small steps. 

An input transfOl"ll1c r is uscd to l nlllsfcr 
the low impcdanl"t.: of the nttcnunlor Lo a 
higher level, but sinc.'C it prc(."Cucs the "olt­
meter, it dOC's not cn ter into the measure­
ments in any way_ 

FEATURES: An cx ll't'meiy wide range of low 
audio-frc<lueuey voltages is made lL\-lt ilahle 
by lIsing this instrulllcnt which is CQmpael 
and simple, lUll! requires only a small 
:\moll nt of powcr f!'O m lhe dri ving l)Ourc:c. 

SPECIFICATIONS 

Output Volta!le Ran!le: From I mu.:J"O\"olt to 1 I'o lt ror 
II rden:ncc "vltftge of 2 volls, Thr. use of ot her rd("ren e:c 
I'oltngcs producp.l! proportionnl chllngcs in the out put 
I·ollnge. 

Accuracy: .I-'or output l'OII_ge ratios the error is Ic.~~ 
Utan l!'7o nOOI'e loo.miCTovolt set tings. The error i$ some­
what grcnter ror smaller output voltnges. JII absolute 
mCHSUrenlcnl.l! the dlllrncterist ics of t he c()PJler-()~ill c 
I'"ltlllettr mu,t be considered, I;'or oull)n! ~·oltIl.Ke~ 
greater tILnn 100 microvolts the error is Ie.IlS tl,an 1()(70. 
12.4%, or 17% nt 1000. 5000, or 10,000 cycles, reo 
t;pe..--t.in!I.\'. 

Power Source: To ohtuin Lhe stHrulMll 2-1'011 rcfere llce 
I'I)lt llse it is nece.lwlr~· to hnl'e un nudio--frcquellcy source 
ctl lJoa!,le of mnintaining al'pro~ill1a l ely !) I'oll! IICl'01'ti 
7000 Ohlllll, It is, of cou~, lleceS!'a ry to IIl"~ 8 ~'oltnge 

546_A 
"n~., U.~. I"I . OH", 
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t'Ou lrol on the !I01If<'tl iu unler to JiI:t the reference 
\'I,ltage oecurntc1y. 
Output Imped.nce: T hc illl(:rn:,1 output illlpe(lnuce is 
200 ohms. This fnct must be tnke" into lI('C.'O'III! wllell 
the iustrument works into low-impedance 10'HIs. 
Input Impedence: Approximately 7000 ohms. The fre­
fluelwy-o.:hnracte ristie ;8 reasonably lIat but in any (~ 
it does 1I0t nfTed IIwn suremellts .~ ince the ~·olt.nlcter i! 
on the !ieL'OuJ ar,I' s ide of the iuput Ir:lUsI'ormer, 
Te,minllt: J ack-top binding post ... with ~tandard U-inch 
sp:H:ing lire u5ed. 
M ounting, T he iustrumc"t is 1ll0lUl ted (In nn nIUII1 ;II1I111 
IJanel in n ~ hielderl wnlulI! cnhine!. 
Dimenlioni: (Lcngtl, ) to ~ (width) 71;t x (l,ciJ;I' I) 1l.\1 
inches, o,'er-lIlI. 
Net Weight: 8% l)()tlllds. 

C(I(fr; lI'(.Irll 

cuow:> 

l'rif:/!. 

580.00 

FlIm:tium,1 sche­
mat ic diugr;, m of 

lhe m;cro~"Olter. 



METERS 

TYPE 492-A OXIDE RECTIFIER 

USES: When only dircet-cllrl'Ctll ill sl l'Ulllcnts 
iU'C fWili1nblc, :lnd it j.-; desired to measure 
alternating current and vol tage, the T YI'J,; 
402A Oxide Hcclificr can be used, in Loon­
junction with suitable shunts or llIultiplie rs. 

T llis unit can also be used where it is neces­
sary to rectify aitcCIlat.iug voltages to operale 
relays, rceordcrs, or similar equipment. 
DESCRIPTION: The TY PE 492-A Oxide 
Rectifier consists of four copper-oxide recti­
lier uuits arrallb'Cd ill t he fo r tI! of a b ridge, as 
shown in the ac(;ompauying diagram. }:nch 
of these units consists of the type of copper 
oxide junction which has the property of 
lluilateral conduction. Accordingly, t he 
bridge is so arranged t hat. two of the june-

tioilS pass current on one-half of t he c.vele 
and the other two pass current, ill the salllc 
direction, during the other ludi of the cycle. 
I n th is manner full-wavc l'cdif.ical ion is 
obta ined. 

T he oxide unih arc mounted in a bakelite 
protecting case which is furnished with plugs 
and a nameplate. 

FE ATURES: Alt.hough extremely good ac­
curacy Cflllnot he obtained \\'hen copper­
o;xidc units are used, and their characterist ics 
tIo change with load and tem perature, the 
'l'nJ~ 492-A Oxide Hectifier is offe rcd as it 

eomp;tct, sim ple, and coll venicn t unit which 
is very useful for experimental work. 

SPECIFICATIO NS 

Input Voltage: This rcdificr nlny be IIsed safdy with 
n....., input voltngcs up to 4 volt.-;. rills . This \'alue is 
cllgmved on the narneplute. 
Load Imped.nce : ,\I n..'(imum power is transferred to the 
load, for a given input ~·oltl\ge. when its resistnnce is 
betweell 500 tw(l lOOO ohllls. Shortdrcuit will not injure 
Lire rectifier. 
Melcr, If II l -mi1!inrnpere meter, of IIbo\ll 500 ohms 
rcsistllnCf:, is usc'l. full-scale dcftec.tion will be obtain(,ofl 
with about fl volls. rill S, across the input of the rcdifier. 
If the 'I'WI! <'iSS-AM Dire<:t-Current "Iet er is used, 
about 1 volt on the rectifier inpnt wifl be snlliciellt to 
I'fQtiuee (ult-scale dcflection. 
Input Imped.nce: The II -C 1III'Ilt irnpedanC<.: \'itrie~ with 
the d-c load impedance. It also \'aries somewhat with 
the input volta.ge. but by the proper use or shunt {Hid 
series resistallL"Cs on tLc input. it is Ix>s.siblc to greutly 
reduce this It llp:lreu! clulllgc wilh vol tage. 
Ffequency Chllfllciclistics: v'or rl"(!(lllen cie~ helow ,;000 
cycJC$ tire frequency error is negligible. f.'or higher fre­
(Iuencics t l,,;: sensiti"ity of the UIl;t decreases slightly. 
T cmpefatufe Charactefistics: O\'er tlhl normal rnnse of 
room temperatures tire sensitivity of the rectifier unit 
ma~' change by as much as 5% because of t emperature 
clred.s. 
Mounting: The rC(;tificr mrits lire mounted in slUall 
bnkelite Cll:Se5 wl.le/lanl provided with a nurneplllle and 
'l'Htl 274 Plugs using the starulunl Sf.ucing which lit<; 

T!l p6 D fiicri/llimr 

492-A I Oxide Rectifier ... _ .. 

tile 'l'YI'~ 'l7·I-HJ Mounti nG' ]laS\:. TLe base is !lot sup­
plied. (See ])lIg\: 1!J9.) 
Dimensions: (Leugtl l) ~Y8' x (breadth) 1% x (! Iepth) 
U inches, I!xclllsi"e of plugs. 
N et Wci ght: \2 ounces. 

+ 

'r',""t: ~9'l-A Oxi,le Rel.-tifier is mlltle II) of 
four individual re<:tilillfS (''Onneeted in a Lridge 

circuit <IS shown here. 

Code Word Price 

$7.00 
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METERS 
TYPE 493 VACUUM THERMOCOUPLE 

\!) (JA'!I ) Mounted Tn't: 4\1!.I T Ju.mnOC'01I1l1c: (eN.ll'r) UnlIIoullteJ model in sliiJJping C;lSC: (dUId) l "IlIllOlmted Inodel. 

USES: TYPE 493 Ya('1I1I1II ThcnllO{:ollplcs arc 
designed for lise ill IIlCllSurillg' m:curMcly 
"olt:tge 1I1ld c\Il" I't.'ul at fl'cqlicllci('~ extending 
inlo tile ultra-high radio S pCdl'lllll. 

DESCRIPTION; The thermocouple (-ollsists of 
two clements mounted in '""OUUII! ill a small 
glass hulh. These c1cments a.re: ( I) the 
heale r, which is a sltol'l, straight piece of 
resis tance wire throngll which the ('IUTCIlL to 
he measured passes :uld, (2) the (·ouple which 
c'Ollsists of n 1Ilcrmo-jundion n ltllchcd La r be 
center-of Lhe henler. Tile cu rrCnllo be moas­
ured raises lbe tOIlII)(,I':llul'o of tile healer 
wire and the lhel"lIlo-jllncliol1 gcnemtcs 11 
d·c yollagc which is proportional to the tent· 
peraLme risco Thl: out.put voltage, as IIlca,s· 
tired on a d-c metCI', va ries 'lppro:.:i lllalely as 
the square of tile heater currf'nL 

Both mounted :Iml ulltllounted models of 
'!'YI'H 4f)3 raeBurn 'l'hennoc"OlIplcs firc 1I'":lil­
ahle, For \\'ol'k at high r:ldio frcqncm:ics the 
uilmouilled thCl'IllOeUup1cs al'c preferable he­
callsc the 1('lId imltlcLlIlIC-C is IlIlleh smaUer 
Ulan fur the mounted units, 

FEATURES: Ti le '1'''1''1'1 403 Vaellllltl 'l'hern to­
("()uplf's nrc spceifk'fdly desigHed for usc up 
to 111t.r·a-higll fl"('(lll (;I1C1C;;;. T llc <.:onstl'llcl"iollll i 

" " 

/ 
11[,,1[1] lOOS c, 

\. c, 

Equh'ulenl cir(:uil or tlu;~ T YI'E ·W!I T hermowuJllc. 
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feallU'CS plll'liculady chOS('1I (or this scrvi<.'C 
arc ns (ollows: 

1, The healer ami cou ple lends arc hrought 
Ollt at oppusite end.s of thc glass bulh. In 
flddition, tire ll1"esses arc so oriented lhnlLlu' 
planes in whi('h the leads lie ;ire normal to 
endl other. This mclhod of <''(lllslruclion de­
creases to n minillllUl1 both c::npaeilivc and 
mutual illdncti,'c coupling betweell thl' 
Ilc:lt~ I' and thcl"Illo-jtUlction circuits. 

2. The tllNlUo-julletion is scparated rrom 
the hClllcr wire by a .sumU insulatil1g bead 
This scp:lrate /tcnter type o( <.-on.struclioll 
lms bl.'Cn im lll'OYcd so that the SCJIs ilivity i ~ 
practically titl' S:lII1C as t.hat obl.ai ncd witll 
the ('onvcntional cont.ad t.ype of (:Ol1stnIC­
Lion. The ild\'lllll:"lge gained is lhlllthe heater 
:uld t1lenno-jl lllelioll arc elcctrically isolal<.'tl 
c~(:ept Cor It minute c;lpacitan('C through the 
bead. 

~. TIle leads Lo tbe healer wire are made 
as sbor-l tiS possible tlnd a1'C led llu'ougil only 
one g I:L!'iS pl·CSS. The rcsiri11ld induetancc 111111 
cltpacit;lllcc of the heatcr leads arc thereby 
1I1illimized, The spacing of tile wil'cs i ~ 
dlOSCIl to dfcd a colllpr·ol.llise I..tt!tWCCII in­
dm:lIllK'C !llld capacilam,-c, The lead \\"il'l\~ 
may be <.'(lllsider·cd ll.~ it lmnfilllission lim; of 
appro:.:iJl1:\ll'l.r )!SO n ehnmcteristie imped, 
a nce. 

4, The hell tcr wires al'C Ill! made of 11011-
IImglletic Illal.cL"iaLs - pla tinrlm, pialilltllll­
J-:i l\'cl', ~Hrd c;mhun. They therefOl'c han' 
minill1luJI inductance and skill-effect. 

F rom fi general st.andpoint. thc therJllo­
<.-ouple is an ex(.'cllcut dC"ice (or IllcU';lIrillg 
current nnd \'olt:lgc a t any (requcuc:". ",hCll 
a loss of (j to 20 milli\\'alls call be tolerated. 
Sillec the rellding depends upon heating, it 
indica tes r-Jll-s values of ('UI'!'cnt or vol\'age 
inily. irrespccli,'c of wllw-forrn. T hc high 
vacuum type of mounting rcsults ill ma:.:i­
mum scllsili\'ily. sill<''C thel'lual losses from 
the liefite)' al'c minimi1.ed. The separate-



.

hClllcr oonsl ruclion prevents Cllrl"Cll t flowing 
in the heater circuit (rom straying into t he 
('()u plc cil"(;uil. The thermocou ple is therefore 
indepe ndent of polarit.y on de aud lIlay be 
calibrated 011 either aeor de interchalll,'Cllbly. 

To 11 first approximiltion, the thermocouple 
ca n he represcnted by the equivalent cin::uit 
showl! 011 pal,'C l.'W. 

METE R S 

inductuu(.'C between healer and thcrlHo­
junction ci rc llil.s; C, is the c;~jJa(:itau(:c 
Ulrough the insulati ng bead. Typical values 
for these quantities, with 2 em le.tds to the 
heater wire, nre: 

R t =O.05n (ti l 300 M e) 
I I =0.01 ",h 
(J\ = 0 .7 ~~r 

I 'a = 0.007 ",h 
Ca =0,(1 ~",f 

I n this circuilll. fi nd L l arc the resistunce 
ali(I ind ucta nce of the heater leads; C1 is the 
l'a pncitancc bcl \\"('cn the heater leads. mostly 
(;(lHccnlrlltcd in the gl a.~ .. press; 14 nnd I.~ 
arc Ute I'csislall(:c and illductalU::c of the T hc curve;; heluw illu slraLe !.IIC effecl of 
llcaLcr wire; C~ is the capaci tance between thcse rcsidu al pal":Lluctcl'son lhc performance 
Jlcatcr and tl lCl'1ll0-juuctioll; M is thc lllutual of the llic l'Il ll)(.'otlplcs al high frcquenci~s. 

SPECIFICATIONS 
Hutel Re$i,tfll'lee: H~ule r resi$ t(Hwe~. al rllied currenl. 
"te adjusted :'flPl"Qxim,d.eiy to the n() lIIill1l1 \'lI lu\:.i 
gh·en in the lable. T he udu<ll ,·atm,. III r:tted henter 
currell!. i~ giveu wi t hin I % for each therm(l(."OlIllle. 

Temperature Coefficient: T he tenJl>t'ra \Urf: (.)CHicienl of 
~$ iswrt\:e fhr the he.1ter~ is - 0.0005 per <lcgrl'C CCllt,;· 
grade for 'I'l'I'l: 4!:l~· L. li nd +11.00.1, lK: r t!cgrec Cent; · 
~I'lllic for Tl'I'.~ 49::S-P .. q , an,1 ·Il. 
Frequeney Charleteri,ties: &-e .tiscussion al.xJ\'e. roe­
I(unling rc~i(IIII,1 IWltlllllclenl. T he ClIrl'es l.eluw show 
the freq ucney eh:l rflcteristks when t he thl'rnK .... ,tlples 
ate used to mea.sllre ei ther current IIr "oltrlge. 

k rit",d on IWl ge I 'l~ i~ I<pecifi<.1Llly rt,.:omuu,mled fOt" use 
with l he T n .: '1!13 Thcrltu~"Oullll;i;. 

The ~~,u]!lc 1111 • .1' he ,'t!Il~idered ItS " gellerutor of 
i nl~rna l illl!II . .'dance 10 to H I)h Ul.~. 1111<1 au Hpcn-l·ir,clIil 
\,olt •• ge of H) mit1ivotL~. nt r«klt IJ"" ler .. ·urr.:.\l. l\ ]:ui· 
mum powl'r is Irltlt ~fcrrl:u to l he metcr when i t Ills ... lUIS 
n rdisl:tnlC'e of ahout 10 ohmS. 
Mountin, .' The th~rlll o .. :ou]lle$ Hre suppl ied either 
ltultlllh .. ~1 or Ull lllOltll ted. (See prk'C li sl.) The lellt'r" M ·· 
dist iuguishcs the 1II0untoo from tile UUllloulltetl models. 
'l'lml is. 'l'YI'~: ,193·). is unmount~l . :lnd Tvl'y, ·193-:\11. 
i~ mnulI le<1. 

T ile unmounted II!li ls are.shiplle<l in sm:lll rec;langular 
Overload Charadelisties: ,\11 heater;; will ",ititshllitl tI t ubea tiS sho.1'Il in t he photogmph. Lugs are provid('<1 
cont ill llO.jJl OI·crl",,,1 .. f .iO% of rali.'d hl;"llter current , ~ t ha t the t uhe IIIn>, I.e tlSt.~1 as II proleclh'e mO.mtinx. 
~;I·en in t ll hle beluw. T he tJll)1"l t L~ IIUOtld;;t are ~ UI)I)lied in ~'ello\\' h"kdite 
Thermo.junction Resistance: The res ist;lo(.'C is tldj n~t Cl I ('It!fe!l ",itll Tn .: ~ I I'lug$. 'nle '('n'.: 2r .... ru Mount ing 
ilet",~n lU tl ud l~ ohms for ",11 couples. The al'luul U;l lle ill recomrnende<1 for usc ",ilil the mounted unit .•. 
,·,,1111', UL'(: urnte to 0. 1 "Jun, i:i gi'·cII rur L'/lch thermo- Dimenlion,: :\tollnle<1 'nOlle1,.. (Icngth) i!Y$lt {breadth) 
l"ouplc. I~ X" (,Icpth) ~ i lldu."!l. c.'(dusi \'t~ of 1)lus.~. 
Output Vol"""" With I'fIled hellter current tl'e uJleu. Unrnuun t.:tl l1luJd~: Dimensions uf the rmocouple. 
dl'(luil uutput \'Qltage is 10 ",i!li,·olu ::I: 10'1(,. length JJ,i ind.es; ,liameler ~ illdl. O'·cN.ll tlimensi(lll.~ 

"f INlcking t ubc, (length) Sly; x (hn'a,lth) 1 X" (dl'l'tl.) 
Therm.1 Sen,iti"ity: '~7 rn ;el'Ol'olb ]ler dcgn:e Ccntigrode. ~ inches. 

Meter: The Tnt: .~S8.A.,r lJired-Currcnl :\feler. de- Net Weight, ~ mlUt.11i1. 1111 mt>tle1.~. 

· · I ' 
i • 
I 

Hilled Cllm"'/ 

493·L ~l ml'. 
493·P 10 ut" 
493·Q :1() mil 
493-R 100 "". 

493-ML 3 m:, 
493·MP to ma 
493-MQ 30111:1 
493·MR I OO~Ul.' 

I"~. 'er fl,·~j~lu,.(YJ 
II/ flu /l'll ( .'IIff/1II1 

GOO!} 
ij(J fl 
IH I 
2 I ! 

GO!) n 
110 \I 
ijr! 

'" 

t~'1'r(J!' $10,00 
t:XCt; l. 10.00 
~:Xt:!!T 10.00 
")(l · !.T 10.00 

.'.IIJ],t: 12.50 

... \ , ' 1':'1' 12.50 
F .UIIY 12,50 
.' ''-TT\' 12.50 

-~ , I ...... ... _ .. ,III " 

.... --" 
I I i':pl' -

" I ' ~ I 
I N, 1111 '" 
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METERS 

TYPE S88-AM DIRECT-CURRENT METER 

USES: 'fhis meter aud moullting lIa"c l>ccu 
designed for usc willi the T n>E ,.93 VacuullI 

Thermocou ples and tile '1'\'1'& 49~.\. Oxide 
Heclific r. 

The THE SSS-AM Direct- Ilrrenl ':\lcter 
is (l lso suited ns a galvanometer or micro­
amUleter for use in bal anci ng direct-current 
bl'idgcs. 

DESCRIPTION: -ne meter is a low-rcsislflueC 
ga lwlIlomctcr. having tI. full-scale scilsi ti"ily 
of 500 microamperes or 5 IU j llj"oIL~. The 
scale is laid OUl with firly eqllal di\·jsioll;s 
marked from 0 to 50. 

The tlictl!f mounting i;; a moulded bakelite 
case which su pports t1 1e instru ment at un 
augl.c of about ~OO from t he IIMil,QntaL Jacks 
arc provided for plugging in the therlllo­
couples and oxide rectifiers llnd separate 
binding posts arc furnisllcd as the input 
tcrmirulls, 

FEATURES; Tllc T YPE 688-,\loI Di rect· 
Cu rrent l\lcler is a sellsitive instrument re· 
qllirillg bUl2.:; microwlLUs of power for hlll­
scale defledion, lLs mOHnting iii coillplete 
with jacks for bolh the 1'n·t; 4!}Q·A Oxide 
Reclifier and Tn>E '~!J3 Vacuum Thermo· 
couples, The meter is held:l.t an angle, thus 
making it casier to read, and Ule line;lr scale 
makes easy the preparation and reading of 
calibration curves, 

SPECIFICATIONS 

R.n'3e: 0 to:.oo miertJ1Hi11K'klJ, or 0 to,~ luill;\,01l.l, 
C.lib •• tian: Full«lIle sen~itj,;t~, is luljusted "'itllin \!% 
of the rated "alue of :;00 llIicruampereil. Ti le _Ie is 
'itU inchCli in length lIud i$ ,Ii"hled iuto 00 (:~-lUnl <li"i· 
~io"s marked 0 to 00, I'oiu\..il other than full ~le lire 
not enliLrated, Lut .Icllectiml i! closely prol>ortiutllli to 
"lIrrellt o\'er thi: cnlire scale, 
R~li ltan~e: T he rc.istnrl('C of the meter i~ uolju"le.J 
", ith in 't% of the rilled ,'"I"c lIf lU uhms. 

Zero Adjllilmenl: ,\ n uojuuiu/: "",row i.~ prol'ided in tbe 
glus {/I('C. 

Termin. ls: Jllek, to!.' ,bin(liug I)1)$U an,llllug temliIlIlL., 
all ... ·ilh ~tllud.rd X-inch Sproc:illg, lire pro\'ide.!. 

Ma ul'I l;l'Ig: The Ixokelite eare with ler",i",~ ls i~ pr()\'idcJ , 

Dimension!: (Leugth) $a .: (lI'j,tlh) :sl~ x (hei/:hl) 'la ;nd,,-,s, o"cN, II. 
Net Weight: IYij l>o,)utlds . 

I'ri« 

5SS-AM 0-500 miuo.mperes, 0-5 mililvolh 526.00 

128 

TYPE 664-A THERMOCOUPLE 

An accurate \'ol lflb"C slandard for use 
at ullra·high frequencies, Complete with 
plate for moun ling in the shield or panel 
or an r·r gcnerator. (Sec descriplion 011 

page JSQ. ) 
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FREQUENCY 

FREOUENCY AND TIME 

THE PRIMARY STANDARD 
The determination of frequency d irectly 

in te rms of lime is a fundnmcnLlIi lIlClIsure­
mcnt. since freq uency is the time rate of re­
currence of a cyclical phenomenon. A primary 
standard of frequency is, therefore, defined 
as one whose frequency Illay be determined 
directly in terms of time. A secondary 51:ll1d­
ani of frequency is one \dlOSC fl'cqucncy is 
determ ined by comp:wison with n primary 
standard or by com plLJ'ison with oLl1el' 
SC(!Qlldary standards some olle of which 
originally was (.'Orn p:Hcd with ,1 prilllur,Y 
standard . 

'\ 
( 1I0TATIO""L 

P(IIIOO 
or THt ~"'RT~ 

ST ... .. O ... RD T,..,£ 
' WT(RV" L 

TIME <;OMPAII'S ON ------

T'''''N'' v~£rUL 

EQU'P"'ENT OUTPU T 

CONSTANT _FFI£QUE NCV 
O$CILL ATOR 

Fl<iUltF. L Flmclionnl diagralll of a primary stnnd-
111'(1 of freq uency. Tile frequenry of n primM." 
siandllfl.] ;S 1IH!IlSured by dired comp.u;son with 
the rotatioual pcriod of the earth. Hent'C any 
priultl. ry standard wm ,-'Onsist of n constnn t·fre­
(Iuency oscillator (SUd l as a pendulum. or a piew­
electric cr.l'~ilJ) am] some JUC1HlS for w unting the 
nuulLcr of it.s oscillations in a g;vclI stnlldllfl.l 

time illtervnl. 
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I n order to c.-,;htblish a primary sta ndard 
or fl·cquenc.Y , it is 6rst necessa ry to estuhlish 
a rel iable stancl.lrd of t.ime. A cyclicnl systell1 , 
havill g a substall lifl ll r (.'O II .-,; lHllt rat e, t hen 
beCOllles [l primary frequency slrlllclard \d lCn 
rdCrl'cd In the l ime slandard. 

Ln practice, the rcsponsibility of establish­
ing and maintaining accurate time deter­
minations by ast.ronomical observat ions is 
not assumed by the ind ividuals desiring a 
primar,}' stand:u'd of fl'equency. The ti me 
determinations arc carried out b~' obsel'va­
tories especially equipped for t he purpose, 
lind the results :HC made availablc to a L'nge 
numbe r' of uscr's by standard t ime trans­
missions bv radio and wire. In the United 
S lates, lh~ U. S, Naval Observatory tnms· 
mits high-precision time SigWlls by radio 
th r'o.ugh the facili ties of the U. S. Naval 
n ad io Service, The Arlington lra.nsmissiou 
011 113 kc is now llvnilable 2 1 of t he 2:4 hours 
of tbe day and ean be received over a large 
par t. of thc continental U nited States, Less 
frequent transmissions on high Crcqllc ncies 
ell11 be received nearly all over the world . 

The user of a primary frequency standard 
c;) n then con veniently determine the fre­
quelley of the standllrd in terms of the stand­
al'd time interval sent to him by radio. In the 
Geneml R adio equipmen t mea ns are pro· 
vided for quickly and convenicllt~y JmlkiJlg 
this comparison. 

In principle, the consta nt-freq uency oscil­
b tor, checked in terms of time, is a primary 
fl'equency standard, but is a single-frcquenc,Y 
device . F or convenience in use, it is desir:tble 
to have means of obtllilling from such n 
source many other frequencies :"lbove ani) 
below the oscillato r frequency. 

FREQUENCY MULTIPLICA TION 
AND DIVISION 

F or pr<l(;tical reasons it is desintble Lo 
di vide a sl:t ndnrd frequency. if this frequency 
be a low radio frequency, to obtain nn output 
frequency such that 1I n easily constructed 
.-,;ynchronolls motor ean be operated for lile 
purj>ose of counting t he number of cycles 
executed by thc standa rd oscillator in a 
standard tillle intel·val. Tn meaSlU'cmc nts of 
fr'cqucncics and pa!'licularl,Y of high rlu lio 
frequencies, it is desi r'able to mu ltiply the 
standa rd frequency by some factor to obtain 
an output frequeucy Ilcnr the freq uency 
bei ng mCflsureu, Doth oC these objectives are 
obtllined by usill g a relaxation oscilla tor 
called a nmltivihralor. 
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1'1';\ I!~: '1. :;ho";I1~ ruut:ti t,Ullllly lhc upelll­
tiun or:\ r~tUC'wy dh-;sioll systl'lII. 

Au o;;cillator of this t.y pe is dwn'U.:lc rizcti 
hy its SllS('Clilihility to conlt'ol lIy a ll inll'o­
du(:('(i vollal-,>'C whol"C rrcq ucncy lies neft" its 
fUIl(hullcntai or 1\ 10w--onlcI' ha rmonic f rc­
(j llcncy . I n th is co ndition of co ni 1'01, the 
,-dm:n.liol1 o.~(>i llntot· locks into step with the: 
('Onll'Ol \'Olllll,'C. a nd lhe frequency bears an 
integral rcla l ionship to the frcqllcnfT of the 
oontroliillg voltage. 

If the frcq Ul.:Il('Y of lIlc stnnda rd oS<'iIIalo r 
is j. a lII ulliv ihralor, controUcri by it a lld 
adillg as 11 frcqu,cllcy divider. \\'(I1..tcl ha ve :L 

fll ndamental fl'cqllCllc~r or 1l lll.I> where 111'1 
is 11 whole Humber (gcncra ll,\' lcs~ llUl.n 10). 
TilL .. fl"l'quem:y divid e r can, ill 1.1I1'n, (:<mt l"ol 
a ~('(lIld d ivid e r opera t ing a t lL fre q ucncy 
1/ 1112 be low its fu ndiuncnt.:-Ii freque ncy, The 
I\\'o di "id c rs t hen gi ,·c a di\' i,<;io ll o f 1 /m.IIII~ 
for the s t.andard oscillato r. 

F rom eac h of the three fundame nta l (1'('­

qllc!l('ics f. f i lii" a nd f/m,m,.~ it SCrie~ o f 
multiple freque nc ies can be d.e ri\·cd by the 
l,'C ncratiOl I of lWt'lllouics, T he mult i"illl'li lors 
lllH'c extremely distorted w:\ \ 'cforllls, nnd 
theil' outputs co ntain htlndreds of lmrrno ni"s 
lI$eful fo r meusuremen t purposes. 

By these two processes, a great n umbe r 
of sland a nl freq uelH.:ics, elH.:h of which is 
known wit h the ;;ame ;lccu racy as the frc* 
q uelley o f the st:nHlw'd oscillator, ellll he 
pnxltlec d (roUl 11 singlc*frequeuc.r SOUI'CC, By 
slIilllblc cJ.oit'e of t he factors by which thc 
standard frequency is divided, the dcri'·cli 
frequencies lila,\' he made to (:ove r u. lurge 
part of t he L'OIIIIllHllica tioll-fre qucncy SIICC* 

trUTH , fmlll low auciio frcq ue nl'ics to hig h* 
an d evcu ultra -high radio rreq uell(:ies. The ' 
ro nge of oul.put rreq ueu<:les obtainable fmlll 
the Gl'lle l·a l lladio Pri mury P req ucncy 
Slandard is showlI ill F igure 3. Complcle 
"1X'ci fi cll t iolis for this standard aI'e gi,'en 
\) 11 pab'C ! ~H . 

FIn! In: 3. ,"' unction,,! diagnull of CI...s.." 
C-.'~ I - III.1) Primary Sbl.lIt!ard of FfCl l llCnc~" 
The olltpul ffCIluclicies nre ,l;ho,,"u in lht: 

spoctra at the right of the diJlgrarn, 

FREQUENCY· 

THE SECO NDARY STANDARD 

I n IllnHY (::I,-;CS fill e lahorate and t'Ost ly 
p" imal'," fn'quNlcy stll lldard lllay not be 
justi fied fo r the wOI'k a t hand, Sa lisfactol'Y 
sc(.'o ndary standards CU ll be assembled to 
Illce lthe pa rtielliar requi remenls of mcasure­
ments at some loss in accu racy . but li t a ('011* 

sid e rab le Sll\-i ng ill cost. Sincc fl ccuritte 
!;l;mdard freqllc lle icf; arc uow a\'ll ilnble by 
radio, it is possible to cl lcck the stu-lIdard 
fl'C{IUCnlly, lllld, ir nc(:'Cssa ry, readjus t t.he 
frequency into flg I'CCIIlCIlt. with slanda l'd­
freque ncy radio tr:UISlllissioIlS. A sct'Ondary 
standa rd of Il\odcrat(~ly good pcrformallce 
will nwin tui n its fl'equellcy suffic ie n tly well 
over li lc period s Ile l-weell iJ la ndardArcq ue l\cy 
tm n.').mi :,;siOJ}s so tJtat cntirely sli tisraclory 
avcrage IK1.'lIraey lllaY be mainta ined. 

III gcnel'll \. II scC'Olldary frequency sla nd * 
:lI'd L"Oll:sist s of a slandard*frequcllcy oscil* 
lator and one ur morc mlllti"ilJmlors , 
depe nding 111)011 the outpu t ha rmonic fre­
qucllcies d esired llml the pu rposes for which 
t lley nrc requ ired , A gCllemlly usefu l COIll* 

bi notiOl1 is i'huWII fu nctionally in l~iglll"e 4-
and is deSCribed Ullder lhc Cl.AS,,> C*IO-T-1 
Sccc>nd,lI',Y S t 'llldal·d. page 138, 
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FRE9UENCV 

TYPE 675-M 
PIEZO-

ELECTRIC 
OSCILLATOR 

TYPE fl92 
MUL TIVIBRATOR 

'0 KC 

Type 692 

HARMONIC 
OUTPUT 

t.!UL TIVIBRATCRf-HARMONIC 
OUTPUT 

IOKe 

1·'lOURE 4. FURctiollfli dingrllm of CIH\iloS 
C-10-1f SccolJd(I r~' J.'requcncy Standanl. 

FREQUENCY MEASUREMENT 
Having established a series of sLaud'-lrd 

frequencies cmllrltcing a pOl'Lion of tile fre­
quency spectrum ill wiJich measurements C!f 
frequency an:: to be made. the next step IS 
to evaluate <lny unknown frequency iu lCJ'llis 
of one of the standard frequencies. :\..J1Y 1111-

knO\nl frequeucy will lie bchl"ccn two of the 
standa rd-frequency harmonics, as shown ill 
l~igllrc 5. The simplest proc'CsS is to dcter­
miue the differentc in freqllency bctm .. "ell 
the unknown frequency and the ncarest of 
the sttlndal"d frequencies. This diffcrellec is 
:tdded to the sta ndard frequency if the un-
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FIGUlCf: 5. This cliagrnm show~ the rdation 
llt!tweiln lin unknown frequency lind a 

su.ndaro hurillonic series. 

known lies abovc the standul'd, or subtracted 
ir the unknown lies Uclol\' the s tandard 
frequency. 

INTERPOLATION METHODS 
Yor evaluating' the frcqucllcy diffcrcnce 

(A or B, Figurc 5), e ithCI' of two methods is 
ordinarily used, the direct-beating mclhod 
and the linear interpo!;\tion method. The 
dil'Cct-ooaling method, outlined in Figure G, 
consists of beating the standard and unknown 
frcquencies in .1 detector, and mensuring 
the iJcat frequcncy hy comparison wilh :t 

calibrated audio oscillator. 
The linear-inteq)Ol<ltion method II ses a 

radio-frequency oscillator whosc O\Jtput fre­
quency varies linearly wilh scale setting. 
This linear se.tle is used to interpolntc 
directly between the two stallllard fre­
qucneies to iocilte the unknown. Figure 7 
shows how this is accomplisheu. 

'YhCD the oscilla.tor is successively ad­
justed to zero beat with the unknown fre­
quelle;y js and with ea.ch of the sta nd;lrd 
frequencies I, llud 12' between which i: lit~s, 
til ree dial settings Sz, S I' and 8 2 a.rc obtained. 
Si nce t ile frequency interva.ls a rc propOr­
tional to (!orrcspolld ing scale interva.ls, 

and 

II-i, 81 - .'), 

I~ -f, = ::;~ - Sl 

8, - S. ) 
f, ~ f, - s _ c' (f, - f,· 

~ ':>1 

Assemblies of frequency-measuring equip­
ment for measuri1lg unknown frcquencies in 
terms of s t1uldard-frequcney harmonics are 
desCI'ibcd 011 pages 136 :tIld I :lS. 

PUlUIIJ; 6. Functional diagram ~ howiliK the 
Olltrnlioll of thc tiil'(:ct·b(latin/:: method of 

frcquener lIH:asut(!mCllt. 

When portability and simplicity arc im­
portantrequil'cmcnts for a frequency measur­
ing system, the sccoud,\l',Y standard and 
intel'polalioJl deyice can be comuined in a 
single eubinet. The heterodyne fl'Cquellcy 
meter. with built-in cl'ystal ealibratol', de­
scl'ibed 0 11 page 150, is all cxample of this 
type of instrumcnt. l~or 1':lpid operat ion and 
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FIGUllt; 7. Plot of rrllCjuClICY r •. sealc selling 
tor a lintar-!iCIlle O!ICillalor. 

freedom from ambiguity in the idcntifieation 
of harmon ics, a direet~reading dial is pro­
vided. Numerous checking points are ob~ 
t.'lined 011 eaeh range of the heterodyne fre­
quency meter so that a uy ((tift eaused by 
aging or by temperature is easily coI'reeted 
for. Interpolation betwccn known checking 
points is llccolllplished by use of the main 
dial. 

FREOUENCY MONITORING 
As conLrasted with U1C problem of fre­

quency tllCllsut'CUlcnts over wide ranges: of 
fl'equencies, eertain operating requil'e men ts 
demUlld the continuous measurement of a 
single, or a "cry (ew, frequencies. The eon­
tillllOUS mon itoring of the frequency of 11 

rndio t ransmitter is oue insl:tnce. Fl'equency 
monitol'S 'Ire now required by law for many 
classes of servi(.'(.' in the United States and 
forcign countries. 

For continuous monitoring, thc pl'O{:ess 
o( meaSllr ment I11USt he reduced either to 
automatic 01' very simple operation. I n the 
monitoriug of u bl'OlLdcast transmi tter fre­
qucncy, the clUt"ier frequency is com pared 
with that of a pie7.o-c1ccLrie oscill:ttor which 
;s gencrltlly offset from tbe assigned enrricr 
frequency by a definite amouut, stich IlS 
1000 cycles. The CILrrier and sccoudary­
sta nda rd frequencies are led t,o a detector, 
where the beat-frequency difference is ob­
tained and is then amplified . The amplified 
output is then passed to fL freqllency~jndic.'ll ~ 
ing de\,icc, usually referred to as a fl'cCjucncy­
deviation meter. H the transmitter frequency 
varies wit.h referencc to the frequency of the 
secondary s tandard , the beaL-frequency also 
\'nries. and U1C departure (rom the normal 
valuc is tl measure of tilC carricr-fn'qucilcy 
tie\,jation i.n both magnitude and s ign. Thc 
carrier~frequency deviiltion may thus be 
{'Onlinuously indiclltcd on :~ meter; the 
operating personncl can easily check the 
frequcncy nlany time a nd make :lIly ncccs~ 
sary adj ustments to corrC(:t any deviatiolls 
which occur. If desired. such deviations may 

FRE9UENCY ' 

be recorded, so that a pel'manent record of 
the station pel'formance IS obt.n.ined. 

In some cases, a simpler type of monitor 
is more dcsirn blc, for example, one in which 
the station dcvia tion is indieatcd only if it 
exceeds tl. prescl'ibed limit. One sucb type is 
described 0 11 page \54, wilcli! the opcrating 
mnf,'C of the monitor llIay be adjusted to 
meet the rcqllirements imposed 011 the par~ 
ticular channel to which tl. station lUay be 
'lssigned. Oncc adjusted, the monitor oper­
ates eithcr of two signal lights, OIlC (or posi­
tive ftnd one for negative deviations, but 
only if the carrier fI'C(llIcncy deviation ex­
(."Ceds the limit for which the monitor has 
been set. Sint'C thc sign of the dcviation is 
indicated, the opcrllting persolluci may a t 
Oll(.'e IWlke U1C propcr readjustment of the 
transmitter to bring it within the lolcl'<lllcC 
pcrlllittt:d. 

WAVEMETERS 
For milking preliminary adjustmcnts on 

transmitters, and for f,"Clleral experimental 
1I'00·k. tbe simple resonant-circuit wuvcmeter 
is still a valuable tool. Sullicieut accuracy is 
possible so that prelim inary adjustments 
may be made closely enough to be represent­
ative of fi nal conditions. Several models of 
WUVellleters a re described on paf,'Cs iGl to 
164, covering different frequeuey ranges, 
with variolls al.'curacies and with d ifferent 
types of reSOllall(.'(.' indil.'<ltors adapted to the 
type of sen-ice for which the instruments arc 
in lended. 

ru the fo llowing pages assemblies of stalld ~ 
:lrd frequency and frequcucy·measuri ng 
equipment, whieh l:ave been (ollml to meet 
com-enjently most t,,'Cneral requi rements. arc 
descri bed . l\1odifiC~ltions i n ehoiL-e a nd group~ 
ing or ullits arc possible to mcct efficiently 
many and varied special requirements. 
Suggestions on equipment will gladly be 
made by OUl' Engilleering Depal'llUent. 

FJQCRt: 8. Gcuernl functional ,Iiagnull of a 
frequency lUollilorillg 5~·~tem . The t1itTerellet: 
ill [re<:\ucnc.'!' !J./ between tnulstlliltcr autl 
pic1.O-e ectric o8eillfltor is oul:\iucd ill the de­
tector. is (LJIIJ)lilied. lind operntes I,be fre­
quenc)' IllCter. To ovet'U'llllC umuij,,'lIity AS to 
the sense ot the deviation, Jlf is Illude to 
have 11. definite vlllue. sa)' 1000 cycl ...... when 
the twn~\l\iUer is nl CQrrect rrequency. uy 
aujUlitiug the piezo-elcdric oll(;ilJator ror a 
freCjucllcy 1000 cycles above 01' below the 

assigceti tl'llnsrnitler frequency. 
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'1'1.0: CL.\ ;;'i c.~ 1.1 f LD Sta!lllnrd·Vrc<lu(!rw~· Am:mbly 
is n .... .:lIlll'lcle al1'\ Irigld,l' prcdse prinJnry ~t"m[nr<l or 
frCCI"CUI:Y. UlliLi h~\'c 1000cli jlls-talled ,!lid arc 110"" 
Qpemting in 1111 I"vls of the worM in iudustr;,d or­
Rnlli>,n t ions, tcSeIIr('h InbQTllluries. oh~("r\·nl<)ri cs. nnd 
rr~-q\Lency lIIouilnriug st.~t iQus . .'oJIIII)" of lI'clIL ure u~cd 
'1$ IIn(iollll ~t"",lnrds or frequency l>y c""'Hlunit'utions 
n(lrni"islrati()tl~ in :\merl('lIIl, I-: lIr0I',:,III. ,,"<1 Asiatic 
t"Ulllrics. 

The ,,~;em['l.\· is prm-ided Iritb ,I mcnus of II1C"~llring 

it~ oul put frequelll"ief in terms or st:LlHturd time ",ilium! 
tcfcrCIl('C to any other ~ta"'llIrd nf frcflllcllel'. Harm(.ni<.: 
~crks 1",S(~d 011 r",,,[amcllj;-.Is of 0.1. \, 10, '/l,111\ 50 kilo­
cydcs are ;\\'/,;lul.»e. nl its Ol,tpnl lcrmiunl~ 1o furnish 
5lnud"rJ fre(lucude.~ oecr the cntire communication­
fn.:qUCHCY spect ruUI. Frl'UI it c;ln ~Is..> be ohLoillCOi onc­
S\:~"(1,,,.ilmi;,c.;;. The 'll~;U"Il('y of nil output frequcnciE-s i~ 
ooUer than ±.; I)."lrt~ ill lil million 0\"('" ptr io<ls of 
M:,·cr,,1 ,,,,,,,th;. ":!'ch or t.hcun' 1",1 fre< I'''·'' r..:Ies i~ kUOWII 
with the sn''' elll .... llruc·y . 

SPECIFICA nONS 

FUlquency RlIngt , StAndard fn.:q,,~n<,;cs rnngin~ fr,,'" 
onc Im1.% ller S':~"(IrnJ to rr~"e",·iesof .<" ,",: ral III%'l .... n·I<.'s 
('1tll hI' ohl>l.ine< l f,"m this ~"'Iuipmcllt. 

T he ouLI'Il[ frclt"el1\; i c~ ure ns foll ows. T lu:: "pper 
fre<p,<,uey limi t ,k1ICu.I.~ " I"''' II,., mel h"d 11*,1 to ,Id(,d 
" nd ILlili~e the J,,,rn,oni(;s. T he ""I"es here '),,"le<l nte 
casily rCII<;h ... ,<1 whe" using Ihe Tnt; Gill- I-: IIde ..... dyne 
Deleet"r. 

JI."m ;;()-I-.:e i\lult.h·ilm,tor . .;0 1-.:(' ,w,1 its harn'(Hli(!!; 
up to~'; meglleyciHs {limit Hf (i\9-E) . 

From IO-ke l\l uiti\"ibrator, 10 ke lind ib h~r",oui,'s 
up 10 10 ",egll(;~·ele.~. 

Fr<JIn 1_ke :l 1"lti,·iLrator. I ke ,"',] iLjI h,mllollics in 
I lie ;wdi,,·frequ(;lIe.\' rflllg,~. 

Frol1l 1\l()-c.I'c,l(! i'-Inltil'ihralor. 100 ",\'cle~ 11",1 it s 
1")r",,,,,iCl in the lQwcr (1IHli" r;lIIge. 

From the SYllel'<)lIo,ueler uuil. o"e-S(.~'Oud (.VnlpctuT. 
Tht; lime "f O(o<'-IIrre,, ~-e or the ~'<)"l .. cl rnny l>e phn~(.-d 
to I)(o<'-II r .t IIII~· i ll ~tH"l ,WeI' it r"uge or oue Se(.'Oll<1. 

Output Vol ta S1li : The I",rmoni(; outputs nr Lhe :ifl aut! 
1H ke nre :It low i ' "l'e"I1"~'('. (G!; ,)IUIIS), '1'1", r-"'·~ 
I'tlhuges. mcus1Irec! "I Ihe lertlliulil slr;l) of the fre<:luenf"Y 
stlllldard, H'·ro;:S II j;,i-ol"" ]u.1d ate: aL;;O 1-.:1.:,0,:1 1·011.. 
aull 10 k ... , Q,j ,·"Il. T ho, "udll)-f .... " lue".·y outpnt_~ :On! al 
high-imr>edall<'Il (10.00U to ':!O.()(HI "I"ns), TI'e r-IU-S 
,·..,llnges lU(;asure<.1 aL the lerln;1I111 ~lrip or Ih" ~t:lI"lnr.]. 
a(:r<m~ II 10.OOO-olnu lo"d. ".e: I k.:;,)lij w,lls: W(J t-ydes, 
1.5 I'olts . T here 1'011lll(e8 ure rellre.>enlalil'e o nly: they 
ure nol gUllmntee<J l'Illue~. 

F,equency Adju$tment , The freql1.:;m:.I· of the qUllrtz 
tNl r in it~ osci!illlor circnit is ntij",l.:;d to wi l.hin 1 part 
ill ten ,uilliun nf its sIJet;ili~1 fr~Jlte"cy ill terfllJ or 
$til11dart! linle. ~li;;:ht ~ l:lllgCli ill frcfjlH!Uc.I' mil,\" O'"<:lIr 
.luring stli l)mcnt. A e .. mLrol is prol·it!t ... 1 fllr n(!justiul: the 
fr<''1ueu<,y o,'cr" mnge of aJ>lll'Oxiumtci.I' I'I,,~ 0. minus 
.5 pnrts iu len million. Complete instructions for lUukiug 
1l(ljustmenl$ ol·er:l "'i,h~r range are gil·cu, 
Frequency Stabili ty , When thc ns~elUhly is operated in 
",· .. mlout:e wi t h inslr llctions. lhe rretlUenC.I' will ren'l.iu 
within 51'1lTi.S in len ",ilHul' o,·.:;r 10uI> pcri",," uf Li"'t::, 
Sin~'C t.;,,,c com)l'lrisoll~ <:1'" ho m"tle S(l\"{:m ll;mes tinily. 
Ihe fn~I'.:en~·y LS k"owu with It high degn.'e of proci~ion 
111,,11 lime ... 

T he lempt'r:tlurt; ("«efti"iell t of fn.'(!lJen.:;y uf the (lu"rI1, 
har is of the oro!\~r of 'l l'nrt~ Jler ",illion per degree C. 
T he temperature l'egnltlti(m is wilhi" 0.0 \° C, so lhnL 
Ihe cITed of umhlent lemperuLllre Aut1.uution~ shonl,1 
not <:nll'le 1111," c1"",/{e in f .... --qllcur-y grealer th~" O.'? 
I~trt in leu million. T I'e 1·.,l lnge .:ocllident of fl"C(Jueue~' 
of the. oso;:illntor i$ :t1ll>".,;illllltciy ;) I~~rl ~ per t <,n ",illi01l 
for lint! \·')lra ;;: .... d"",gc.~ of 10%_ The al'em~" frequenr',l' 
l'''ri~,JiOl' frum t his euusr- will he subst" " t inlly le~s. 

Cla~~ 

C-21 -HLD 
( · 21 _HLD 

p.~'rJ::", 'r ","OT[Ct; . 

114 

DMeripiiou 

I Fot Complete I-C Opel.tion . , 
FOI Flollting-Batiety Opelation . 

;;""Nol",l,3,1I.11 1~,l!l.0f).",,1C<" · ' 

OUlput Te/min. li: The \"nrio,,_~ Oll tput frNI "en"ies lire 
",,,de n '·" il:lblc~' 1 sh ieilled j)lng""'n~'\;tio'," oH I' 1 .... "ui",,1 
I),md :lllhe fronl of thernck. Thi~ p!.nd is IICrm"n"ntly 
"'ired into the t'Zlble 3""'1:",hl.I·. ~inec nll1H,'"<.~n r~- wiriug. 
f"r All i"ten.~"' 1I r.<1iolls hetween nnits of the nsscmbh-, 
is ]"o\,ide<l lrl the forn, of en hies, no oo"uedions 1I~d 
I,e mn,le h~' the "ser other II>:In p'I,,·cr-suPI.I,I' ~'(In­
"",·lious. !lnd n c"lIn~~:t.iou to 11m p<Jint wh" re the 
~I(I",l;orrl rr"qnc"d,~~ .ore tu be uscd. 

V.cuum Tube l: T h" r"Unwjng Luhcs "rc .• nl'r)li~~t with 
the "sse",!.I'y: 

2fl--T.I']lC tlJ :;-(; 
1- 'I'S]le 6.17-(; 
I- Type uKij-(; 
J- T ,v[lC \'H-!/O 
1- '1'.I'pe1l3 

Power Supply, ] I,; hr 230 1'"lts. ,iO tu iiO cycles, I'ro­
li'lim, i~ """Ie lu d,nuge f,.(lIn 115-1'01t tu \!:!O-mlt 
slIpply 1,.\· ehallge ,>( t.mn~former wi",,,r,l' ("«uuccl;",,!. 

WI1<'n the '1'\'rE O!Hi-H Power Supply is u~ed. no 
Imtteric_ (of "U.I' kind ~re required. 

\\,hell the Tnt: tiM-B CI'nrgin),! l.;quilllllcul ;,' used, 
the (ollowing lcnd-type $loru),!e hutterics Me r~"'l u if\!, I : 

Tw,) 0-1'011. I'ill u"'l'crc IlQur 
Vou,. "S-I',llt. (; a"'IICrc hunr 

Tn addition. a rcscn·e power supply for thn heuters i~ 
r(wo",u,cntled. Thi~ $llOul" loe ':;ll flahle of supplyiug JUO 
Wllll.~ ott II '; "oils. Hnllerie!! must be p"rchnsed Sl'pa­
."tdr. 1\one are .< upllli"d. 

POW1li1 Inpul: T he ]lower dcnmnd from the sUI'],ly line 
is "pproximntely \110 watl.o1; \\"ith Ioenter~ ulf. t.he f,ower 
n. ... luired i~ opprosiml.lt!i ... 1'2t): walts. T he u,·crage Ioenl ­
inS" ]lower at nurnlu] rOOm lem]>craLure.; is IlPl)l'tlxi­
m~telr SO ,,"ellts . 

A cceu oliel Suppl ied, Colnllietc set ur tuhc~. SpAn: sets 
"f fUSe!<, f"s il,l" lil,k~. pilolligiots. All (:ou"eeliu;;: ~",blc.., 
inclu,]iug IlOl\"er-~u Pt,l y buti. 1",,1 ~'J tIl]llete o perntill': 
in~I"f\"·ti()fI~. 

Mounl;ng: .. \II unit$ An.: tuounterl "11 slandlwl HI_;",·h 
rela~·-rock p:uoels. ,\ el,hiu<:t 1'1"""- hlnek wr;"l-.:lc fiui~h, 
is ~nIlJlIie<1 for mouut ing lhe 1I"il$ of the >18$(;.'nl.l.", 

. DimenJions: The o'·cr-ull ,IiU1Cll.sio" ~ of the nss('111hly ill 
CI.uinc:t ra.:;k lire: (height ) TOyg ,~ (widlh) 'N X (depth) 
'BY.!' inches, 

Net Weight: ';:)0 pounds f"r llo:,t;ng-halt<,r.I' "ssenlh!~' 
('f'n't; G!I-j-B Ch".~in/{ Elluilllllcnt) : ai)l) Iluumls for " -c 
"peroli"" ('1'1'1'.: mtt;- B " ower ::;"111'1.1"). C"biflet rlll·k is 
il1c:1lf ,k~l ill l",lit t~,~c~, 

1 •• ,,,.:,, 

l.rl'le 

Pri,~ 

52595,00 
2720.00 



 

TYPE 693-8 SYNCRONOMETER 
Thi~ p.1nel inrh"lcs;l lUOU-('yC'lc sym'hrt,,,,,u .• 

molnr for c:fr.,·ti\'ely ("()rl!lt in!; the nutllhcr of 
cycles "'~""lLt,:<1 1.0," the 5tlllulllr<1 pic?n·dcdri", 
"sdlh'\or ill a sln.uln rd time inter\'ul. :\ Jll rg/? 
illuminate-I. 'l,l·huur dial with" lunl;' ~we<:p 
Jilin.! ,n:,k("s fvr casy ";sil,iJit.,-, .\ miN,,.li,,! 
,,,,,tn"',,I'. "pemling Out", """I. .\U.OOOeyl'ldl of 
the sl"",I~nl oscillatur. is prm·i,l.,l fvr (.'Oln­
J • ..ri$01I wilb lime !igllHls. The mirro ... linl 
IUl'dl'H,i~m ma~' be l,ha.coll,.I" means "r" ,,:uld 
('(lnt rol. Cornp"ri!ll)11 01 the :3Ylu"ront)lI1eter 
rE'n,!;,,),: "'ith ~t"I"ln .... 1 time nm.,' he nUll Ie j", 
the miel'twlilli R"I" 10 one p:1rt in ten milli,," 
,,\"{~r II >! I-huur ;utenlll. T he I()INI-c)·~te "Y"­
,·hl't,lu,,"S motor is started hy a liO-c."(-\c ",,,luI' 
l\mtrollc,ll'.I'" ]Hld,-l,Ullo ll Oil the 1',,"tL 

TYPE 692-B MUlTIYJBRATOR 
'I'hl" 1I)·k,· 111111 I-ke ","lti\"ibrllltlr~ ""I ,,~ 

frf'(rll(:nr~· di"i,lers to ,Ii"ide the Shl lld"rd fre· 
qllclle.\· 6f ,jll kc ,lfI\\"u ii, I ke fllr op<'rllti"" of 
the :;.ync ... ,,,ouu:tcr. The 50·k<: "lid HHI.\·~ ·o·l\l 
IImhi\'iI'r~ror~ pro\'i<le IIddi l ;"",,[ Ollll'lIl fre­
(11I('1I\·i(-1l rur 1I.'le ill mCllSUll,mClltii of hi.!:h rOlli" 
rr~lm'I"'ieo und nwlio frequ!.".u:ic<. ~III!C·li\·~ly, 
I ~", "Iso I ~.ge 1·10.) 

TYPE 698-A DUPLE X 
MUL TIY1BRATOR 

TI,e '1'1'1'.; li91:1_ .\ \)nplf':I: '\llllti\'ibrat"r 8U/'. 
111i!." rr~I"CIl('ies IIf :1 II"d It I.e 1<11<1 i~ fflr lIe 
l>"rl',,~e "r ""oidinl1 Ule:lstlrcmCIII$ m';,r ;,u,r" 
hellt. 1~,rliellr;.rI.\· 011 C'llnlluds "hose fre­
'I",·,,,,i~ .• Ii,· III ll1uhi"les uf 10 k<.'. 

TERMINAL BOARD 
:o'hic1d('<II"",-il1l]1(."<bl1'''' t ... l.Jle i~ usc<] fflr I,ll 

t,,,li, .. rn~III(·lll'.'" "i'"'-'tlits. On Ihe c(HlII('('!iu.!: 
,,,mel. sl.ieIJ('ti vutput 1)llIg.~ lire lU'u\'idt'(l for 
IIlItlml! III .:.0, 11),111141 I kc. 100 erclc$. und fvr 
lhe lIli"n .. 1illl. 

TYPE 690-C PIEZO-ELECTRIC 
OSCILLATOR 

TYPE 691-C TEMPERATURE CONTROL 
TYPE 676-A QUARTZ BAR 

'1'1. i~ ~t"lIJ1 ("uusl it utes II 'e~tll (I< 11I , ;I-f ff<'1 (Iency 
<>sl'i llutor "f II'e ,~~· ;; t e1l1, ])ollhle Icmpl'rnlnrc 
~'(llit ro l ( If the qUII'i _, har hol<l" 1 he 1('1I1I'erallll~' 
II' betl cr tlu.u O.OI QC. over U rllilge in Illllhil'nl 
telllp,:ratUrtl frolll _ (;0 to +50" C. ,\ dilll nt 
tl'e rellr ]Iermit'! IIdjustment of the o~l:i1Ia l or 
1I,'l'r " ,"u):::e vf 1,lu~ or minus 0.75 INtrt IJI'.r 
Inillivll. "llproximAld~'. 

TYPE 694-C CONTROL PANEL 
Tt.i~ IInit ("nt:lill~ tlil' Ile<:eu;,ry 111('1\'1'11, 

rel:<)·s, ''()nIMlI~, IIml ~iB'n;,il iJ.:t.ls for operation 
uf I."tll the l'ie:t.O-('leclric os(ilJator un,l Ih.,. 
\tl1lllCraturc control $~·$tCI11 . 

TYPE 696-8 POWER SUPPLY 
F~I~ I'OlII,p lCle IIltern;ItJug " nr,tent "IM'rlllio".'. 

lhe I nc ljl)(I . 1J Power ~lI]1I,I~' IS u~c,. 111 lIus 
,'lise 110 J..,att~rk'8 (If "n~' kind Are r~pli ri."!. If 
flON.ti,,!:-hlltlcr,'· ,,])Cralion is dc~ired. III ",'o,id 
iUlcrrupt iUlis due to SUI'!"." lille failures. ret,lu,!t: 
thi~ uuit b.,· the Type ti9.j-B ChArging Et,,,i]l­
",ellt , 

TYPE 480-P RELAY RACK 
.\ "III,i"I'1 nick i~ fllrnishe..1 1.0 liou:\(: all the 

l"I"tuilllnenl of tI,e StamlarJ- FrequCIlI'Y .·\ s­
scmt,ly. Openings. " -itlo remo\'flhle fiui$I'c<1 
\:O"er~, lire prm'idcd ill tl.c ~io1C!' (nt (' •• blillg 
hdween , he fl'Cll"en,,-,' sl:HuhlTtl "ud mel,slIring 
equiplllclIt, tSee JI"gc 134;.) 
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FREQUENCY 

FREQUENCY-MEASURING EQUIPMENT 

FOR USE WITH ClASS C·21·HlD PRIMARY FREQ UENCY STA NDARD 

CL .. SS C- 21 - IilO 
PIIlMAIIT fR[~ 

STA.:IOMD 

" " ItOJIM"""C$ 

!OH 
~'R"OOIICS 

..,CI\OOI" L 

'" 
~~ 

r -I---l I - , 

: "I~ + f' + i 
I VOLUME CON TROLS 

1/. I 
I 

I 
I 

'T1. eMrO<, t .... e. I 

I 
I 
I 
I 
I 
I •• ., 
I 
I 'I !' '1 
L 

"'j 

" 612 - C COUPLI NG PANEl 

I 
I 
I 

: 
I 

1' 1 
I 

- -' 

611- C 
HEl[RQOYN( 
f~EQUENCT 

ME fER 

L ".-. n HETE~O~TNE I ~ElECTOR 
.. ' 

II7-C 

OSCILL ATOII 
ItlTEII,-ouTlON n 

". 
SELECTIVE n AMPl lfl EII 

T his diagn'llll show! in 
functional forOilhe opera­
t ion of the frequency­
measuring aS$elllbl~-. The 
T n .,; 612-C Coupliul,( 
Pllnel ~ the central unit 
from .... hieh IIU uper1Itiol15 
:ue controlled . 

Bolh the ullkno\\'n fre­
quency. X, and a series 
of sUllldllrU-frequency ha r­
UlouiCll are applied t hrough 
radio-frequency aUenulI­
Ion to the heterodyne 
dela t or . 'flit unknown 
('all then be measured by 
the direct-bealing method, 
using the wt.erJ)()latiou os­
cilifttor, or by the linenr­
iu lerllola t ;ou method, 
using the heterodyne fre­
quency meter. 

Switching is provided 
for lhe s tandard III~d 
11111..-'10\\' 11 rad io-frequenc)' 
ci reuilll; for oonn«ling 
the output of the detcd or 
to the interpolation o!ICil­
I"tor lind to headphones 
o r loudspea ker ; for s tand­
nrdizing thl) in ter (JOl~tion 
o~d!la tor in terms of 1000-
cvcle lI ud 10000vcle hll r­

monics; and for conlrolli llg the opl.! rnt.ion of t h<l ~el ective IImpHlier ",ul C0111parison oscHimcupe. In n rd~r to keell 
the diagrom os 8imJlle liS l)O$il)lc. oonneclirms to tI,e osd !los<:ope ore not s lo l) \\'n . 

T his assem bly or freq uency-mcn.suring 
cquipmcllt, in COJljU IICl ioll wilh the primnry 
frequency standard , mnkcs possible the 
di recl precision mcasw'elllcnl of any frc­
f"! ue.J1 CY up to 25 megacycles. At frcquclleies 
above ~5 megacycles, measurements ('a n be 
made wi lh almost e(l " al ense by mnki ng IISC 

of hetero<i;-.'ne methods. Other uses include 

~he eluibm Lioll or audio- and rllwo-frequenc;r 
equ ipmen t in lerms of t he primary standard . 

T he ll fl:scmbly is iIl usLmted on the opposite 
page. Ul'ier descript ionsof tI le uni L'i nrc given, 
a nd each instrumcnt is more completely 
descl'ibed on another p:lgc. Each iTlll t ruUlen l 
cn ll be pu rehllscc! separn lcly, if dcsired . 

SPECIFICA l iONS 

l~.min .l s.nd Connections: ,\ 11 in$tr ll lllen t~ ar(' cqui l)ped 
with multi-point protected plug connectou on lhe r('ar 
or each unit. A complete inten::onnect ing cable. lUl ing 
low-impcdan{"e ~ hicldcd ('Il. ble fo r Ill! rnd io-fretjuency 
circu it~, and ~h iclJed cubic fo r all Iludio-frequellcy 
d rcuils, is furni,hed \\'i lh the C,.M,,"' C-21· ULD Sbud­
ntd F requency Assembly. 
POW~I Supply: 10.'; to l i 5 ,·olts. 50 to 00 cycles. Other 
,·oltage. or oU,er frequencies on ~pecial order 011.1.1'. 
Power Input: 100 waU5 wilh hcll.ler.r or 1YI'E 61G-C 
Heterodyne frequency Metl.!r oiT. Hc3tet ,Iemand is 

Frcqucncy.Mcl1urin9 Equ ipm~n t .. .. . ... . .. . 
PATE~"" I'\OTIC£ . Soe ~Ol .. I. :l, I 1.1 7. 19. ~ v . 
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l Si II'n l ll! : :wemge hea ter IlO wer i~ 60 wntts. II pproxi-
1I10te ly. A\'l~r/l.ge power input i~ 160 wa t l!!. 

Mountin, : T he comple teasscmbly nlollnls in II standard 
Ill-inch ')' \'1'.: 4RO- M Cllhinet Hllek. T he T YPE "80-~ 1 
Itack include.. po wer sen 'iee out.lets ror each in! t rUlllent. 

Dlmlln1iom : (Height) 7fi}i It: (wi,lth) !l'l x ((Ie llt l, ) !l.J.l4 
illches. o\'e r-lIlI . T he lot:" r(lck SI NWC i s ·'o rack uni t$. 
or 70 inches. 

Net Wel,h.: 530 IlOll"'Is. illelll.ling t ll b inet rllck. 

('ode Wi,lM I'rict 

II .\s rc $2325.00 



TYPE 699·A COMPARISON 
OSCILLOSCOPE 

This unit <:Qulntns u enthode-r(lY OllCitlOKOpe. 
",·i l b its power sII P!>1.1', IOO-(:yde lmd I-kilocycle 
lill ioolhing IiIt~r5. network!! for o!Jtninin~ ei rcu­
lur RI\· ... -eps at these frequen cies, Jlnd SWllchillg 
for the interconnection of uuils of the '",<Iuclley 
.~tll ndanl lind measur ing equipnlcut to tlh! 
osdllot(:ope. Over twenty different operlltions 
in comparing the frequcJI(:Y or one 5OUrot with 
that or anotiler mny be quickl~' ""-tried ou1, 
without the use of IIny temponu~' (.'()I1IlC(.-tions. 
(See lliso 1)'18C (.I t.) 
TYPE 61 6-( HETERODYNE FREQUENCY 

METER 
Tllis frel!uency meter COI'er5 II. fUR\l:uucnt~1 

fn-tlucl u.:y r!luge of 100 to .5000 kc. HarmOlliC 
frequencies, or the fu ndamental frequency, mnl' 
Ix! ut ili1.cd ill IlIca s uremcnt~. t hrOIl!;] ' II. low 
irnpctlnnoo output circuit. For quick mc(tSur"e­
Ill(:uts, tfoe interpolation dia l, ulled in con· 
juuction with the (lirect-~adiug finder dial, 
will gil'e re~ull'J wi t h ~llffident accuracy for 
lII11n~' PUrIJOIloISn . For more aceunlte measure· 
lllelltA:. use i~ made or lhe rnterpolati<;m Oscil· 
lator. (~IlLso 1"1se 14!!.) 

TYPE 611.C INTERPOLATION 
OSCILLATOR 

i\ tl irect.reading linear·scale Audio-frequency 
OIICillntor co\'ering hequencies between 0 lind 
!iooo cycles. It is u~ed to llleas\ItC the IHlIlio· 
frefj UClicy difference between the unknown frc­
queney lind a 8tllndurd to-kilocycle ho r monic. 
A mixer dreni t i3 included to obtain Illluirmun 
hellt 1l1ll]!liludc between tile osci llator fre­
quency aml lhe frequcncr under mCRJruremcnl. 
(~ Illso page 144.) 

TYPE 619-E HETERODYNE DETECTOR 
Thc heterodyne detector is used to obtain 

helllJl lietween sta ndard and unknown radio 
frequencies. 11lc instrument indll,lelI a tuned, 
reg("lIcntlive detector and aa audic>-frequeney 
IIIUI.litier. l...o"'-impelian(:e rlulio-frequelley ill' 
I.ul dreui l'J are pI1.JVi,te<1. The detector is [nore 
~lIsitive find more stable than in p reviou.s 
models. Plllg.in L'Qi!$ for n range of 25 ~e to 
o!!i :'o fe ar(: fUfuished. (~also page 1'l8.) 

TYPE 612·C COUPLING PANEL 
Thi.~ unit is the centra lized cont rol point Ilt 

which all switching and level control. nCLflSary 
for IIsiug the "ll ri9us (:ombintJ.tions or Ihe 
measuring equi l)l1lenl . may he easilv lind 
(Iuickly carried out. (See also pllge 146.) 

TYPE 619·P1 COIL DRAWER 
SINu:e for 1111 coils normally $u[lplied with the 

Tnt: OJO Heterodyne Detector is pro\'ided. 

TYPE 614-8 SELECTIV E AMPLIFIER 
A regellcrnli\-e sele(!th'e ampli fier which is 

employed to select any multiple of I ke bet1l"Ci:1l 
laud 10. T hese acl«.,,-eJ output frequencies nrc 
\'cry u~crul in ctJ.$e;t where a frequency is to be 
adjustc. l to a multiple of I kc, or ,,·htn the 
Cnthode-Hay Osci llusL'QI>C is t o be used in 
('tJ. librllting OlIeillntors in the upper audio­
fte(\ucney and lo,,'-frcqueney rnnges. (See al50 
'~Le:C 101(1.) 

LOUDSPEAKER 
The permanent magnet speaker and its bame 

Il I"1: perrnanent ly mounted in the J't:tay rack. A 
grilled opening is provi.1ed in t he panel. 

TYPE 480-M CABtNET RACK 
I'(l\\'t!' outlets nre provided for Rll ill~t ru. 

menU in the rock. 
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FREQUENCY 

CLASS C.10.H SECONDARY FREQUENCY STANDARD AND 
FREQUENCY.MEASURING EQUIPMENT 

Where the extreme Ilreci$iou of the primnr,v ~lnmlnl"< l 
i~ not required. tJoe Ic~ c~pensi\'e ~Cf"Oml"r.'· standa.d 
i~ ulmall .. ' qui te satisruclory. It <-'a ll Ix: 1I~e<1 ;l~ n so" n-e 
of . t"m!nrd freqnclu:ie.l for the il,hor:.tul'." or ">I tile 
bulc unit of a fTCfjUCnc.'·-lIlC1lsurili/: n~!ctnIJI.'· ;IS ~ hQ"'n 
011 11M! ncxl(WIgc. 

T he Ct .. \!!!$ C- I(l . " Secondary FI"C{luE:n<')' Stlltulnf(1 
C(tllsi~liI of the following illslruull'uls: 

Tn'.; t;; .... M I'icl!(l-Elcl;lrie Osdll:lh)r 
'fl'P.; 676-:\ Qunrt~ BliT (511 kc) 
Tntt: ij!)i- B i\I,,!t i"jhrntor (50 k.·) 

T n'.; (j9i!-B l\f"llh'il>rlllnr ( 10 kc) 
TVT'F. "60- 11 lid:,," Hu,-" 
Terminal ~trill lu,,1 oolllu,."('ling ,·:.I,I.·! 

] 11C fre\tucn ...... ·-rnc:l"uring ('(luiI'III,,"1 c'JIl~i~l.s .. I : 
T n.: 6tU-C licC('rQ(i .. 'ne l~n:'(IUenl·.\· lI.lcter 
Tn'E ljitl- I-: Ifcleroli."t)c 1)('I(o(;I(.r 
Tn'~; (jl'?-K COllpli,,)! I'llueJ 

When Ihe "'eIMurin;:- equil""elll i.< .'II I'plil',I. '1'\.".: 
~80·~\ Helll.'· II llek ":"111:1<""'1 '!"n'r. ·iSO_lt HIHnk 1>lU1c1~ 
10 fill Il.e mek Illll p"witled ,,·illl ~a .... h ft">:clIlhly. 

SPECIFICA liONS 
CLASS C-10·H SECONDARY FREQUENCY STANDARD 

Outpul Frl!:qu l!:ncy R.n'l1!:: WI,ell the Tn'.: (j l !!-I-: 
U(!leroo.lrne n .... ltdor L~ ured for d("lcMin8 " " ,1 IItili~. 
iug the s tandll r<l ·fl1'<luellcy Imt ll l(luict, tl,e oulput 
rrell"ene.\" ta.llge.~ vi the lIlulU,;hmlot :I"': 

10 ke at,,1 illl ImrmOllks lip tn 10 Me 
,;0 k,· :",d its 1,lIrrllOni(oS "I' to 'l!, Me 

Output Ampliludt: O.~ volt. rm~, UCr<"15II u (j.';.l! h~,,1. 

"ccul,cy, Before ~I'i/"nell t. the f~llI<'.nc~'« Ihe lIiezo-­
rlcddeOl"l.iJlnlot iJl,,, jll~led ,,·i t},in:' I ,WItt in 1,000.000 
uf iu 81'eeilio?d frtqncllc~·. Slil(h t dllwgea ;11 frettll('lIt·.\· 
nllly occur during shil'uw:nt. The fnO(llIell" ), is. thctdore. 
gUlJl"lIlI t t'C(l 10 ±~O p.1rl-! per mi1litm. :\ Iellllll for ,uljll.<I­
illl; I l,e ftt."qllcllt"." lire p l"O,·i ttcrl . fllI ,1 Ihe frequency 1":' " 
loe hl"OulIl'l illio 1I.I( ..... "CIIlell l with sh""h,"I.frC<l"ell".'· 
lrll ll !i llliss iu ll.' s" .... h :Ill IhUS<'. of Ihe U. S. Bll tl~I" "r 
Slu"dRI't I$. l'eriod,,, dU;l(·k.~ II gRin~1 Ihc.."'! 1t3"smis$i"lL~ 
mike it. ' )()$l!iLIe 10 ,,,uin tai,, the rn"llIen(;~· 10 "II ,,!..~ 
clIl"lley of I ,,,,rt in 1,01.10.000 o'·er 10llg Iw:tiod! IIr li"'·e. 
Qu. rb. 8", ,\ a(l·ke qllllrt1. Lur rl'rr'~: (j7(j...A) is lIlIll­
plied. 0" ~rM;'ei;,1 orll<.'t, Tnt-: 47(j....·\ QUflrill 1.l:.r (1l 11 he 
rurlli~hcd. The sQ.k" I~~r i~ rl't.""''''''lUdcr l 1)C('fl11,(' or 
it.s l>eller frt."qllco ..... " ~Iflbi l il~·. 
T emper.lun' Control,,, single--stnge lempcmtll ............ -o1l11"<)1 
IInit i~ pl"O,·itled, lit GOO Cc"tig r/ule. Coulml of the 

Clo# 

C·10·H I Stcondary F'l!:qutncy SI,)nd.rd 

,',\"-":0.:"1' :-:OTln:. !'..., ;o.:u'''' I .~. t4. II . lot, 111. '10. ,,:u:<! \ .• 

CLASS C·IO·11 
S«:C)ICI)toR'l' nl(Q.IJ(NCY 

sn>lD_1IO , 
~ .. 

-- --l--j --, ..... ' 011"" ... 
~ ... _ ,CS r I 

l ~ ~ '1 ~ V ~ ~ f' I 
I 

I\{:--
I I 

I 
VOLUME (:o.nIlOU I 

I 

tern perllJ.t,re or Ihe ill l1e, ~I);\ce i$ II1"i,,11,;ne,1 will '; 11 
0. 10 C("IIlignu!,' f(l t tllnl,iellt tel1l/,,'n,ture ChHIIJI"eI' ... f 
± 20· Cenl ignllte h·"IlI;, I>llrum of -!.jO Cenligmdc. 
The r ........ ,IIC I1(;.'· "I""'gell h.,· O.'! 1);lft IICt million for 
"cI","ge of 1.1.1 0 ('etlligrlule. 

Termin.ls ~nd Connections: ,\ 11 inh·r<~HII'l .. ·ti,,!-:" , ... bl,'~ 
"Ill 8Ullpli e<1. 111101 the o nll'lIl i.. 1I'·u;lnl,le III s.1,'('I,Ie<! 
I,lug con ll!..'Cl ious 'UI the lermill"J II"IIet 

Vuuum Tubel: The folk",·illg lullet IHe ~Iuir('d 111111 

lire fllr"i~hed: 
I- T ype 77 
'!- T .l' pe 7(j 

1- 'I'.I'l'c1:!3 
IO- T.,',)(! [~'5 ( ; 

Power Supply: IOj to l'lr. ,· ... lt s. ;;1) to GO c.'",· lc~. Olher 
\"olt"!l'~ ... t ulher ire'.lIem·ieli 1>11 lIIK-ci,, 1 urd" r ollly. 
T he llUlI'cr SlI lll'J.I" " f Ihe Tnr. li7.';. :\1 l'iM.o--EIC(·l ri" 
O;eill~l!ll' will fur" ish 1>I",\\'er If) (I IIIIU:iu\UIII of Ihrtt 
T n'..: li9'l· H :\1,,11;'-iL"'tonr. 
Power Input: :\1:IXi ll\ lIl11, 17S " ·nll.; (I,·er:lgc, I I.'; wall$. 

Mounting : '1'\"1' .: 480·1J Heb,.,· li ltd:. 
Dimtnlions, (Ileigh t) 4·f x (lI"idth) !.!O )oi (Ir, ·"lh) I,; 
indIes... "v('r·llll . 

Nt! Wti'lht, l 'lj 1)O)lIlIlIs. 

{'twit" lJ"un/ 

611-(: 

MnUOgy~( 

FIIEO\l£~C"f" 

..£1E11 

&19-( 

HETEIIODYNE 

l DEncrOll 

I'r ie<: 

S805.00 

FlIn(."ti...ulll Ji"gtMI1l of 
tI'e frctjUE-.... ('.'·-IIl.,lUuring 
lI.'<l!1'u'hl~·. All I witching 
"",I I,mplittltie ~djustlllell t 
U ol'«>lI\pli!ihed 1,.1" me~n~ 
of the Tnt: (j1,?_J\ Coup. 
I'''g 1';\111'1. 

I DI t ~.~o.~, 9 r ",., l 

TJ'e \I"knl)\\"u u'l<l 
!ilpndoJ'11 frucluelwid! lire 
(\1)IJlied through :ltlellll'" 
10tli to the 1".:lero< l~· ue 
deh.'Ctor. Til" unklloll"II is 
Ihell ,,,casun .. 1 h.'· liu(:;lr 
illierpoh,tioll. using lhe 
heler .... u.'· II(' frcqucn(·y 
meter. 

The inlerpoL1lion oscil­
I:llor (~IIO"·1I b.r "roken 
li llCII) is 110t included witl, 
tM, "mmbl.". I t e:m toe 
.. rtlered sC]l,~rIltd.,· (It 

'\tld!.. .. 1 Inter, ir .!t:;fir('d. 
I'ro,·ision rllr LI;ill~ it is 
1111,,11: in Ihl: 'J\ ·" I: (j 1'l·K 
COllllling Parlel"li sIKJ,,·n . 

I --' 'MT£II,-ou,t1OItl--, 

I L~~~~~J I 

I 
.--\. ___________ -1 

L ___ 0 
I , 

J 
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TYPE 616-( HETERODYNE FREOUENCY METER 
T hc laetcrr"lync "("111(""'.\" lU eter is u~ed to mcunrc 

tluku"wu r~lu"'H ... i~ iu t~'r"u ,,( st;, ndn r. l.frefIU('UC:Y 
h"tll" .. ,iel by tl.e liucflr-illi('qlOlnlkm ul<::tltod. (:::X'e 
IW' 1l1; IS..!). Thi~ ill~trumcnl ;$ l'()mpletel~' t!~ril~1 on 
1"'.;<:1 1 ·~\! . 

TYPE 619·£ HETERODYNE DETECTOR 
llcnL! umll.ero-h(-at ~ett i ng~ ht:t",~n L1,e 1,,::lcrvo.J,"lIc 

fl'CtlUCIlC,V ",etct ami " ~t>tlldar<l or uuJwu"u fre<luency 
<Itt ootniuCtI iu the hcl"I'O<I~'nt: l!cll"f"lor. (See l>age I.J.S 
for n (.."Ulllplele dC5<'rijJti{,ln.) 

TYPE 612-K COUPLING PANEL 
T hii! is II ~ iml)Jiflc' l forlll of the 'j'YI'J,; GI'l-C CUll llliug 

I'~ nel u~1 "jlh the al!llClIIu l,\' rit-so.'rilJOO on page \37 . 
. \JI ,uII"lilmie ("O)utroJ And s,,-it,-hiug rJff(':SSatl' in '!lak­
ing fn .. queue)' nle:uurcmcuts nrc (ICCOIllI,lislu!tl here. 
(:5ec l.age 147 fur description.) 

TYPE 619·P1 COIL DRAWER 
T his .Irilller fllr ~ toring the heterodyne 111:t.eclor (:o illl 

is Mil lpli('<i liS 1111 :w ... -..:UOry ... illl the heterodyne detector. 

TYPE 692·8 MULTIVIBRATORS 
T wo 1HlLiti,"ihrntor.~ Ilre 51lppiiell wilh the secondar~· 

rT"(:'IIU!III:Y s ltll\dor.!. Vile open,liug lit 10 kl:, the (lther 
:ol 50 ke. (S<.:e nl;;o page 140.) 

TERMIN A L STR IP AND CABLE 
Complo:te shit·I.le.1 iuteroollued.iug (';l blt!ti are s upplied 

nn,! the lU ul th·ihtillor (Iu llluli! lire hrought out to 
sl ,iel,lcJ plug~ Oil the lerminnl ~ir iJl_ 

TYPE 675-M PIEZO-ELECTRIC OSCILLA TOR 
TYPE 676-A QUARTZ BAR 

T his picx(I--(:IL'<.1.ric osclllnWr. like the 'J'n' ... .s GOO "lid 
(;91 ullils uSCtI in the priumry .'Iinmlurd, ;$ (!!! Jleciall~' 
,I .... sig ll",\ ror usc liS u l<lw-frC<lucu .... y stlLndar<l. T he T\'I'~: 
(jT(i·.\ Q Ullrtz B:u· i~ i{lcnli,~\1 wilh ll",t nsed ;11 t he 
prim~ r.l' SililHilled. SiJl(~" the IlL· .... urlL".\· requiT"(:lU"nl$ for 
tllc SI..."(,:,,,dar.," ~l.nl"i llr.1 :t re I('..iti SC ' ·CT"(:, only one stage 
.)r tC.llp.:: rolure L·(mtn)1 i~ prol'i,It"(1. The 1>OII'cr 8I1PI>I~' 
(urui! hH power (or ol)l'mti!1!1 the rnlllti'·ibrnto~ Aud L~ 
(~qJ.:lhlo:. or HIJ!III~'iug u. 1113:'\i1ll111ll o( three sudl \luils. 

TYPE 4BO· A RELAY RACK AND 
BLANK PANELS 

Blank 11011lcl. to [ill th .. rack nre j lll'l,l iell. The C',As;,! 
C. IO. 1l :seromh1l"~' Frt.'Ctll(:nry ~t(lntlttrd. when sol.1 Ill! 
a single IIl1il. i~ lllOllute<1 " ,,:, TH'.: -lso-n Helll)' Hnck. 
T h(l ;; ....... · .. )IOdo.r.'· staw]"r,1 ~"d 1l)c"suriug Cilllil)melil 
sh,jll"ll here U.'c~ :, '1'\"1'1; ~MU_A Heiny Bu"k. (See page 
'.>0:1.) 

SPECIFICATIONS 

SECONDARY STANDARD AND MEASURING 
EOUIPMENT 

F, t quency Range: Frefjll Cllcic~ Ill' to \!:j lu"ga{·.\"(!lcs t111l 

be IlIc".~ure,1 tliref:tly hy t he lillcnr interl>oilitivll melh",I . 
T11I"<)Ugll the I~ uf hctCl"OIlYlle method;;, higl'(:r rre­
'lileu(:ie9 are cu~ily meusured. 
Connections: All (vllnecl ilig cllblC.\lllre s lipplit:<J. 
M ounting: TI"I,t: 480· ,\ B I'J,,~' Bilek, 
Power Supply: 1(J5 to II" mi l><. 50 to GO c.I'c1t!.~. :IC. 
Uther voltage;! and rre<luellUes 011 ~ 1.M:da l order only. 
Power In put: ;\I II);; IIIUUI '!c1l1arltl, 3;" lI"atl.ii; "'·crage. 
:liJO wnlt8. 

Dimensions: ( lie ig l'l) 6fl~ x (widt h) 2u x (dCI)th) 18 
illdu;·s . "'·c ..... all. 
N et Wltight: 3 JO l)(Iullds. 

Clan C·10-H Second.,y F,e. 
qUitnty Stand •• d with Fie­
quenty,Meu ul ing Equip-

/'r;", 

mltnl. . . . II.\\',\X 51920.00 
l'A1'~::,\'T :->OTlC.:, s.... :;-'-"Ic:. 1,~. 8, H, 1\, 17, 18, to, I'~ ". 

FREIj>UENCY 
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• FR E 9UENCY 

o TYPE 692-B MULTIVIBRA TOR 
U 

o 
Q 

c( .. 
... 
c( .. ... 
z ... 
\!) 

USES: These nlllltivibrators nrc designed for 
IISC as frequeucy dividers and multipliers in 
GelLel'lll Hndio s llllldfl.!'d-frcqucncy assem­
blies. They arc also available fOt, gene n .. 1 
laborntory or c);'pel'imcntnl use. 

DESCRIPT IO N: Each Ulullivibrator includes 
an input amplifier, 2llwo-tubc Illullivibrlllor. 
and t\\'o outplll amplifiers. P rotected screw­
drivel' adjuslmeuts provide for regulat.ion of 
tile control volttlb'C input and for lI(.Ij ustmcnl 
of the fu ndamental frequency o\'cr 11 limited 
range ; protected controls arc used to avoid 
ullalilhorj",cd tampering. 

FEATURES: T ile frequency adjustment per­
mi ts the uncontrolled frequency Lo be set 
cxacLly to the desired contmllcd value, lead­
ing to brrcalcsl reliability of control over long 
periods of time. 

One output amplifier is ploo"idccl for lhe 
conlrol of succeeding Illul tivibrators, where 
:l number of st.ages of frequcncy di,-ision :Ire 
desired. The olher output amplifier is de­
signed for use wilh low-illlpcd:lu<:e cilX!uils 
(65 ohms, approximalely) :lncl is inlended 
for lISC on the harmonic frequencies of the 
lllulli\'ibrator.Either or both amplifiers may 
be used as desired. 

TYPE 698-A DUPLEX MUL TlVIBRA TOR 
The T \'I''''~ G98-A D uplex :llultivibr:\lor is 

It special-purpose unil intended for usc in 
!standard-frequency :lssemblics lo avoid 
me:lsm cments ,'cry ncar zcro beat on lIlulti­
pic!! of 10 ke (as in tJ1C broadcas t bftn<l) . The 
ltlllilil'ibrlltol' opel'ales at citLer 9 or 11 kc 
controlled hy selected harlllonics of I he 10 kc 

Sl:mdard outpul, eithe r frequcncy being 
scledcd by n slI'itcil. Lf Il frequcncy lies vcry 
close to a multiple of 10 ke. giving a I'cry 
low-heat rrc<lucllcy. it will givc a beat which 
is very close to I kc, or to a multiple of Ike, 
whcu refencd to a hnrmonic frolll thf' fl 01' 11 
kc Illullivibl'atol'. 

SPECIFICA nO NS 
Frequency: Standard rnodels are fwailable for operAtion 
nt the frequencies Ij ~h.'d below. 1\1 ultivibrntors rvr O]ler3.­
tion at other rrequene;elI cao be aupplicd on spee;al 
ordcr. 
Vac;uum T ubeJ: Ili,'c type GJ~·G tll\)(s are SUP1)lied with 
'I'nF. 091!-1J: rour GJ~-G tuhes with THE (j!)8-A. 
Powe, Supply: a '"(Ills. ac or de. lor cathode heate~. 
ISO volts for plates. Power su])ply i1> not incorporated 
in instruments. 
Termin.ls: ,\ 11 external connection.'! are rnllde th rough 
lIIultipoint enclosed OOIlIle<:tors. 
Mount;n, : Stam.lard 19-incll reillY rack. 
DimeMions: Panel. (kngth) 19 x (height) ~M inches; 
behind l)II.ncl, (length) 17~ )[ (height) .:. x (.Iel'lh) IOJ{ 
inchf:!l . 
Wei,hl: Trr'l 69'Z-B Mullh·ibr'J.t"rs. 16 pounds; l'rr,: 
(;9g. ,\ J)ul)lex )1"ltil·ibl1ltor. 18 pounds. 

Til/if! F'IXIIWIC!I 

692-8 100 cycles 
692-B 1 ke 
692-B 10 ke 
692-B 50 ke 

698-A 90111 ke 

140 

..... or" .. " .. .-... .... , 
L ;)1~ )~ '-( ~l Lf ~ 1. ,. 

~-
~~ 

+ . 

Scl,cmnllC eircull dlagl'llUl of a 1\' 1'£ 6!n-1J 
Mull; \'ibrlllor. The circuil of 'J'rpE 698-.\ 
Duplex i\lullh'ihrnlor is the same in prin­
ciple, but .,,·itching t. I)rovio.led for operating 

011 cither of two frequencies. 

CtXie Word Prite 

8T ... Nl'Hl: ... PE 
6T"NJ'H ' :.IS'T 
lST ..... :· .. ·n.:'IQ\· 
lST ... N,·H t:C ... T 

$140.00 
1-40.00 
140.00 
140.00 

220.00 



 

FREQUENCY 

TYPE 699-A COMPARISON OSCILLOSCOPE 

USES: This ill:;ll'umeut is inteuded fur use 
with n. CLASS C-2 1-HLD Primary]'I'cqucncy 
Standard a lld interpolation equipmcHl as a 
Il~crul aid illlll<l,king interpolat ions with high 
accuracy, in clllibrHt.ing the intcl'poia\.ion 
equ ipment in tenns of the standard, :llld in 
calibrating or measuring the frequencies of 
audio-freq uency or low radio-frequency oscil­
lalors exlcrnaJ to tile frequency IllCllSlIl'iug 

assem bly. 

DESCRIPTION: The Tn'.t~ GDD·A Comparison 
Oscilloscope contains a 3-incll cathode-ray 
Lu be, wilh its power supply. Filters arc 
suppLied for smoothing the IOO-cyde and 
I-kilocycle outputs of the CLASS C·21.JI 
JlriUlary Frequency Standard, so thatshul'ply 
defined patterns Illay be ohLai'lcd. Circular 
sweep circuits fire IlrO\'ided for oath ]00- lwd 
1000-cycle operation. 

Ten key-lype swi tches are provided fo r 
selection of the type of pal.lern to be ouserved 
and the SOUfCCS whose frequencies arc to be 
compared. Over lwcntydiffercntcompal'isons 
are easily find quickly carried out by sim ple 
scttill gs of these swit.ches. While a flllllisl of 

fIll the possible operations can nol be. given 
here. it may be said that (:omparisons for 
calibration or measureme nts may be hlade 
between any p::lir of the followi llg SOUI'ceS: 
extertllt\ SOl lr(:c. sclceti\'e amplifier, inter­
poblion osciUator, hclcl'OclYlle detector, 
l OO-eycle s tandard c,.cqueney, and 1000-
<:ydc st;1lHlard frequency. 

FE A TURES: Shielded cabling ; t\ll CO!lllectiollS 
to the \';1 rious sources :u'c nHldc tllrough 
shielded cilble, supplied as parl of the fre­
quency-measmiug equipmen t , page 136. 

B uilt-in power su pply; brilliflney llnd 
focusing adjustments for cathodc·r:!y tube. 

Key-type s\\'itchcs for setting up nil re­
quired circuit arrangements. No temporary 
l:OlUiections arc needed cx<."Cpl those to an 
external SOUl'<"'C fo r measurement. 

The circula r sweep circuits for stt"l.nd::ud 
frequencies or 100 and 1000 cycles result in 
ve!'y simple and easily interpreled palterns, 
parlicularly when the frequency bciug meas­
ured 0 1' checked is a ralher high mulliple of 
the stnm.htrd fl·cquellcy. 'fI le usual Li ssa jous 
ngmcs muy also he obtained. 

SPECIFICATIONS 

Frl!qul!ney Ran,]l!: Useful paltern. IlIlIy be obtained 
O\'er the rallge (rom very low audio fre<Jueneies 10 rndio 
frequencies of the order of 50 kc. or more, depend<:ut 
upon the voltage nvailable from the SOUfl'e being cali· 
brated or measured. 
Controls: O:,, -on' switch: DlIIl.l. l ,\);,C}·tllId FOCCS a(ljus1' 
menU for cnlhoue-ray t\lb.e: ten kcy-t."pe cireuit 
selectill8 switcha. 
Terminals: All interconltcctions to other units of the 
rrequency standard and meuuring equi]lnlellt lire made 
th rough protected Ulultipoillt eOllnect(lfS ut rear of in­
strulllent. Connection., to lLlL c~ternlll source 8re made 
t l,rough pancllerliliulils (Ill Lhl.' fr(JlLt (If lhe inslrUllll.'Ul. 

T.lI/1(! 

699-A 

Mounting: Stnndurd !!I·illth reh.y ruck. 

DimeMions; Punel, (lelllrth) III x (height) 7 inc!,('S, 
Ix:hind ",wcl. (,Iepth) 15M inchcs. 

POWI!I Supply; 103 to lit5 or '210 to 'l.~O "olts, 30 to~;o 
eydes. Olber voltages (Ir (Jthc.r rrC(l uencie~ 011 speei,d 
order Quly. 

Powef Input: IS watls, 1l[)]lroxill1a1cly. 

T ube$ Supplied: 
l-'I'YI)C !Joe three-illch Cllt.lu)Je· n ay 'rube; 
1- '1')'1)(: 117fJ iteo::lilier 

Net Wl!isht: '~l pO\l11l1~. 

Code Word l'riu 

OI)I UM 5215.00 
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• FREQUENCY 

o TYPE 616·C HETERODYNE FREOUENCY METER 
U 

o 
CI 
oc( .. 
... 
oc( .. ... 
z ... 
\!) 

USES: T lJe 'l'YN) {jJ6-C Jleh.'rodYllc Fh'!­
qIlCII(; ~' l\Lc ll']' ilia" he u,;cd cillwr a il' a ("ali­
hr:,tA'a frcquclwy 'lIIch'r or as an important 
dement in :111 in lcrpoiatioll as.-;Clllbly for list: 
with it rr~'(I'LCIlt'.V stlwuard. 

A dctf'ctor lind :ludiu-fl'C(jUCrwy alllplifier 
al~ illd udcd. so that \\'h(:1l Lhe illstl'llllle nl is 
IISI'd :1$ :l. ('alihmlcd frcqll(,lIc'," melc!'. b('al~ 
(':111 be obtained bel ween the hctcl'tXiyn(' frc­
(jlle!)(:,\" lind tllc fN'qu('Il('," Hllde l' nlC;l.i;urc­
men!. .Freq uencies hoth below ;!lld ul)(H'c the 
fundalllenta! (rcqIlCIWY ranb'C of lOll to [;000 
kc lIlay be 1lI(,/1~lIn·d hy hartllonit lIl('lhods, 
provided only lhat a fl'aSQllllb lc signal 
\ 'ol tHgC i$ :I\'uil:'lhlc. 

Wltell IIscd ill "olljullclion wi l lt a fre­
qllCtJ(:Y slandllrd. the hclemdY1U' fr'Nluerlt:," 
urc ter provides a mca ns uf rapid ide ntifi(';l­
lio n of standard fn::qucllc-y harmunics nn(1 
h:u'monics o( till: (r(-,quell")" mel!'r il~c1r 
whi('h ma \' he used in I he mell>illl'CIrl{'nl or all 
IlUkr.o\\'lI'freqll em',\', The ill ,~ ll'Hnll'll~ also is 
lI,~cJ ill the !IleH ~ IIl'c mCI1L of Ilig h rr'('qllt'lI('ic~, 
a ,~ a "ste pping :<1.011('," to pa S .... frolll the he­
qUCU('y range whl're dir('ct. bClltiug' of tile 
IInklown agai ll!l t the frC(jll c ll(',V st:lmla rd 
ma,}' be a('(~)mplishcd into the hi gher (re­
(jneJl('Y rau!,.'C!! II'here such dil~'('l heatjllg is 
HOt. fCiu;;ih le, 

i n C'ilher' tl lc fuudftlllcnlal 01' li.u'llIonic 
I'IlIlgC~, thc IICl c l'OdYllc freque uc',\' HIC'b'r 1'1'0-
\'ides a mCIt H:; of I iuca I' inlel'pola l ioll betwcen 
standard fn,'(j ut'ncics for the measurcrnenl of 
an unkuo\nr frcqllency, 

DESCRIPTION: Thc instrument contains ;l 
\'cry stable telllpc t:ltul'e-eontrolled l'lIdio, 

142 

fr'e<lllen(',\' oscillnlor willi tube-contr'u1Jed 
plat e volt ah'C :"upply, . \ dctector ami audio­
frcquc ucy alllplifier arc pro\' ided for listening' 
(01' Ilet.erocl.rnc heals hctwcell lhe rre<jllcne~' 
being menslll'cd amllhat of tile oscillator, 

The o~ill ato!' l llll f'd ci l'C'lIit im.:lmll'-" a 
Ilca,'.)' cnsl -fI'HIIIC. stmig l lt.-lillc-!'I'Njlll'IlCY 
val' jable (.'OII<lenscr wil h precision worlli driyc, 
Spt'ing-prc:'>s<'d bull bcarillblS arc used , which 
Illaill tain the condcllser adjustment.. wilh 
prlt(;tically no hacklasb, OYe r long pe riods of 
lillie, l ' ho;;:pllOl'-brul lzc (.'()ntfrclor s pringl< 
make ('on tad betwecil the fmllle allli hr'HSs 
(:l)nl aclOl' c ups lIlutlll ted on the l'Oll ticusl'r 
SllHfL 'I'wt'.u l',\' -fin:: lU i'll .'; of I he <:01111'01 knob 
iU'C I'cquil'cd to tra\'{:I'S(: the condclIscr seale, 

Tile o.~d ll a lor illlill<-t.auc'{'s arc wuuHd 011 
i i~o lan lile forlll~, lhc wi nd illgs bciug illl­
prt'g'lw ted wiLh low. loltS \\';LX for moisture­
prOOfillg, Each coi l iii illlli\'id ually shidded, 

T ire direct-reading jillder dial is lIeariy Ii 
ill che,~ in diametcr and carries a sepa rale 
f'f'alc rOt, ea(;h of til e sixteen r"Hl,!.,'CS of the 
ill.~ll'lllllCI1t. T hc dial is driven through spring 
PI ,t'.s..~d gCl,ring directly fmlll lhe lIl:lill (,'011-
c1clI~r shaft.. :\'ell riy :ItiO.degree rotat.ioll o f 
the di a l is utiliz~d, Sin('C tile vuriation ill 
fr("(llicuCY is \'ery closely lillea r wilh dial 
I'O latioJl, ca(;h scn.lc i.s esscliliaHy uniforllll," 
di\'idt'u ami can hc cilsi ly read, 

FEATURES: T e!llI)cl'allll'c ('onll'Ol. :1 rugg('dly 
(:on,~LnlCtcd p l'ecisiQII condenser, low-Io:-\s ill­
dildalll.:cs, and stnbilizl.'t! plate \'OIL[l!."C mak(' 
Ihi .s insll'UUleut [In [l(.:c llrale and st,l !)le fre­
qucncy lIIeter, 

The d irect-reading finder di[ll is vcry use fu I 



for oLt:ti_uing a quick approximatiun to the 
frequency mcasured. for presctti ug Lhe in· 
strumcut to a desi red frequeuc.)', o r for 
identifying hurlllOuics of thc heterody ne fre· 
quency metc)" whit:Lt Illlly be lLsed in making 
the rueasurClllcrrl, 

' Vhcn lhe hcterodYlle fI'C(j1ICIW'y met.er is 
used with a hal'lllonic ft'cquency standard , 
tire finder d.ia l makes possible the t'upid 
identi fi cation of standard-frequency har­
monies \\·it.hollt rcfcl'Cm;c to calibrnt.ion 
charts:. Direct. illtcrpolation (sec page 1:12) 
is, of course, always possible using t.h(' read· 
illl{;: uf tlrc main scale. As II cOllve llicllce, a n 
;tllxi liary dilt! is provided which makes pos-

FREQUENCY 

sible interpolation without. t.he nced of laki ug 
dift'(~renC<'s of dial reading ..... as must. be dOllc 
when the main s<::nlc i.~ used. By means of a 
panel contr'Ol th e nuxilia ry dial may be set to 
~cro at a known standard frcqncllcy; whcli 
tJIC hetcl,(ldyne frcqucncy mctcr is sct to the 
unknow n frcqucncy one reudiug is obtilined: 
wlten set to the ncxt Itighcr stnndilrd he· 
qIlCl'lc;,>' a sc('ond reading is obtained . The 
ralio of thesc two t'eadillgsgivc:'l l ltc fra <:: t.ional 
p:lr t. or t.he st:n ndit rd·frl.'(jllcncy intcrvll1 t.hat 
thc unknowll frecplcncy is above the [owcr 
standllrd frcqttcIH'Y. 'I'hi.~ fl':tctiona l part is 
t'clu lily determined frol1l a simple chait {'QU­
stru('ted from standard <:t·o,,:s·scct.ion pa pcr. 

SPECIFICATIONS 
Fr~qu~"cy R."g~ : The fuudnrncillal frequel1e,l' range is 
fro,,, !OU to uOOQ kc. i.;Qvere<1 ill l~; h<llllk T he IoHrltlollic 
ol:lput mny he ll t ili~e.1 in suituble rc,'C.iver~ UI' to !I(I 
I" cgilcycle» or lIIore. 
Calibration: The Jirccl-rcading finder dial pro\'i.!e ~ a 
cltlibratioll lit npprox;matel.y ,00 points throughout lhe 
rllllgc, at frC(lnCI1~,I' int('rnlJs "hrying fn)ru 1 k,' lit th,· 
low rre'luellcie~ r.O to k~· "t the l<igb frecllienek'>l. A,ljusl· 
"l<~nt is IltOvided tt) rorrt.'t:l Lh .. priucipill 1~\tl of lilly 
etror resulting from long-time drift of t he ttllibrRtio,;. 
Calib'4tion Chart: A list of sett ings or t h ... 111/1i" CfJllr/"'''If' r 
~"I~ f"r to or nwre frequencies ill cad i tl,1I8e II·iIl he 
snpl,licd if .Ie .• ire'!, This list is ~upp[jt~1 (m ",da O'''!! 
IInd:t d,;, rge f"t it i~ mllde. (See pti~"e lis!.) 
Accu,.cy: When lI~ed with :t frcC[u<'.I1(:Y s lruu!ll.td llcen­
tiley ~ ufliciell t for positi,'c hlen titkalion of st:mdnrd­
fref'[lIen('~' I",r,uOlli,-'!I i~ "lIlh"t is require.1. Tlti~ i~ Pt()­
vided h.l· t he dirL'(.""r(;.,ding limier tii,,!. When Il se<! ,,>I H 
mlibr"LeJ instrument. the ('alilJt{ltiOlL d13rt datu ('311 
he relied " 1>011 tn 0, 1 %. 
Output: '1'11'0 coupling system~ HC prll\·ided. One. high­
imp<:rl" " f.'(' ''!\I>lH:ity l't)"p)ingto I he,lcl('dnt for lilitell;ng 
fur hcuh in the hcLer.)dync fn'\juen"y IIlt~tcr it~c!r, is 
Iltol'ided wilh t("rmimds Oil the fronl I).~nel. T he se,,:ol1d 
is 11 low-impedAnce shielded output. H5 ohms flppro:d· 
lI1l!lcJ,Y. (,~lIl11cde. ! to tcrulim.ls lit the rCHt fur pCtm:I.lcnt 
~·"ble ~'Olmedion iu rre'l"elw.\·-melisliring assemblies. 
Hurmonk~ or the ost·illnlor fre'IUe!lC~' I1ltl~' ell.Sil~· be 
Ul;Cft til' lu sO "'ega e.Yclc,~ or more. 

Tul'" 

616-C I .... .. 

C.fibr4tion Chari .. . . 

Power Supply: II :, I'olls I(t ,,0 tu ~o <:.\'des. Oll(1.'r 
" oltage~ ",,,I rr(,'(lucncies (ltl sl\(Xiul order (,1111," . 

Power Input: Approximately 20 ",,,tls, heater:; olr: 'tI l)! 
" ·'l ll.S. Iwaterll 0 '1. Henlers up(~ rH I(' "ppt<)x ; m<lteJ~' )!O% 
of the time nt norma 1 mom tempt:rnturcs. T ola! IIvcroge 
powcr input 80 ",,,tts . 

Frequency Stability: Tubcstllhili:r-lliiol' of plllte l'ol!:l"c 
to the oscil ln tor tubc prel'Cllls rrc{lu'~IICY c1mngt~ ,ltIC: 
to ~ (Jp[ll)' voltage (·hmlJ,::cs frOll1 e"~~:eding 0.5 Imr! per 
lIlillioll for [11118 Ot minus 10% ('''nllge in sIlPJlI~' lille 
\'olluge. 

MetelS: Osdll:.tuT p["le current (lille \·"lllUeler). 

Tubes: Supplied with 1Jlstrumcllt: 
\- T.I·lle 51 Osei11 .. tot 

!I!- T,I' I)C 5(; Detector: ,\ mplilicr 
I- Tn)!! S~ Hectifier 
I-T~'l'c Vn~j)O Plalc Hegulator 

Controls: T\lUe sUl'plr O;o.;·OFf· switch: he,.ler supply 
O1'>..on· s witch; t:luge selco;:lor; frc(llIenc~' ,-'(introl; iUt)ut 
supp l," \'u!tnge CQlltMI. 

Mounting: SIMulat'! lfI-ilidl rela.v-rack mouuti li l/, e,m 
ue ~\1I)plieol in wahl IlL ~'lbinel (m spedaJ order. 

Dimensions: P"nel. (length) 11) ;( (1 ,eight) B i"c1,e~; 
b .... hiud pnnel. ( length) 17.!1 x (height ) 1,;% .~ (lIel)lh) 
t I %' inches. 

Net Weight: tiS p()unds. 

~U1'>O"( 

("liMIT 

I', icc 

$575.00 
20.00 

*(',Hbrnl;O"~ <uppl;cd only .d",n ,.,<1"1'1,(1. l is.: <:O "'[1(>""d rod., ~"u,d, l4 ... "'OAcu ... n'l' . 
t·,\'[I-: .... 'I' .'IOTln ; . See .'I"teo 1, .1. It, r~,ge v, 

e+ LOW 
'--1'"~e+ HIGH 

---- ----l 
~TEMPERATURE CONTROLLED 

I I 
L _______ l 
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TYPE 617-C INTERPOLATION OSCILLATOR 
USES; The principalilsc of t.he '1'\'1'1:: fi17-C 
ln wrpolntion Oscillator is. in collllcc{ion 
with a frequency stnndard, Lo measure lhe 
t1iffercnccbctwcen Lhe lUlkuowll nnd stnndnrd 
frequencies. The direct-reading linear S<'ttlc 
of 5000 divisions for :lOOO cycles JIlnkcs 
l)Ossible the mpid c\'a111:11ioll of this differ­
ence with an a<:curacy sufHcicnl for mall," 
requirements. For cert.'\in other purposes, in 
audio-frcc!lIcncy testing. ;1 linenr frcqucltcy 
1><:11.1e is desirable. nnd. in such instanccs, lhi s 
oscillator is very useful . 

'When used in connection wilh the 'I'YPI:> 
698-A Duplex )(uitivibralor of a Primary 
Prequency Standard , the direct-reading, 
small, incremental dial of the l'\,Pt: 617-C 
interpolntion Oscilla tor may be used to 
evaluate very small frequency differenccs. or 
1\ rraction or a cycle to a re ..... cycles, in those 
cases where an unknown frequency lies very 
close to a multiple of 10 kc. This situalion 
occurs, ror eXrlmple, lhroughout the broad­
cast band, where stlllions are rarely ofT fre­
quency by morc than a "cry few cycles. 

DESCRIPTION: T ilc oscill ator is of the beat­
frequency t.ype , with the rndio-fre<llIcncy 
oscillators operating in the n>gioll of 43 to ,~ S 
kc. A vacuulll-tube regu lator is employed in 
t.he plate supply of the oscillators and de­
tector, by means of which dlnuges in out put 
frequency and amplitude due to changes in 
supply line voltage are m:ule negligibly snmll. 

144 

The variable-frequency oscillator is (,'011-

trolJed by It cast-frame, b:dl-l)Caring variable 
(.'OJl(lenscr, having a preci sion worm drive. 
Thc inductors are wound on ceramic forms 
which hlt\·c low los5Cs nnd 11 low-temperature 
coefficient of inductancc. Each inductor is 
cnclosed in a blllsa-wood box which redm.'Cs 
tJJe effect of chanIJCs ill :unbient. temperature. 

The instrument contains all output meter 
on wh ich the beats hetween an unknown aod 
the oscillator frequcncy lllay be obscn'ed. 
T elephone connections arc also provided, so 
that the beat mlly be observed visually, or 
llUraUy, or both. When adjusting the oscil· 
lator quickly, to obtain an approximate 
mntch belweell the oscillator and the un­
known, thc aurnl met.hod is easier. When 
sctt.ing the oscillator to obtain as close a 
match lI.S possible, the visual method is 
preferable. 

Mea ns rlre also provided so that the Out~ 
put meter may be used II .. S a beat meter in 
matchingagi"en nudio frequcllcy to multiples 
or I kc (obtained from a frc(JucncysbmdMd). 
For cXil1llplc. in .tdjustillg piezo-c1ect.ric 
crystals to integral Illultiples of I kc, the 
beaL meter indicates the frequency difference 
between t.he crysbll oscillator being :Idjusted 
Md the frequency standard. 

FEATURES: Sl ll bilit,v of the output fre­
fJuency was: OIlC of the design requirements 
of this oscill:ltor. The use of low-temperature-



.

FREQUENCY. 
(;ocffi cicn t materia ls in the tUlled circuits, 
heat insula tion to redtK'e different.ial temper· 
at.ure effects, a cast.·rrllme variable air con· 
denscr, Ilnd Il vo lt.age-stabi lized power 
stlpply have llIade possible a high degree of 
s tnbili ty. 

The condenser is provided wit.h a precision 
worm drive so that very precise rrcqueuey 
scUings call be made. ' -Vhile the d irect.­
reading calibration is adjusted Lo within ::1:2. 
cycles. t.he slUall residual errors arc easily and 
qu ickly removed in the region of any fre­
q ucney in the nlnge by fine adjustment of the 
zcro by rererence to a ·rrequency standard 
Imviug' n l -kc or 100-cycle multjvjbra tor, 01' 

both. For evaluating very small frequency 
differences, II direct-reading frcql1cllcy·incl'c­
mCII L dinl is provided. 

In obtaining the maximum beat amplitude 
between the interpolation oscillator and the 
rrequcncy being matched, it is es.scntial t hnt 
the amplitUde of thc t wo signals be adjusted 
to be vcry nearly alike when applied to the 
mi xer tube. Tn many cases one of thc signals, 
tile bent-frequency output of the heterodyne 
detector, for example, may be vcry wcak as 
compared with the vollllb'C :tvlliluble from 
the in terpolation oscillalor. In such II elise, 
tl Sillg t wo volume controls. one must be 
ad vttuc:cd while tilC other is set. near zero. 
JII this instrument these two vohlme l.'Olltrols 
are plnced on a single shaft , but operate in 
oPJ>osite senscs. Thus, the stronge r signal is 
reduced whilc the weaker is increased, until 
the m/lximum be;\t is ohtained; the optimum 
positiou is <tHickly and easily found. 

SPECIFICATIONS 

Fr '!qu'!ncy Ring'!, 0 to 5000 cycles JX:f scwnd. 

Accu'lcy, 'I'he instrument i~ a ligned to agree with the 
linear direct-reading scal~ within :±:'! tyeles. A I!Or­

rcetion chart is rurnL.hed gi,·ing t he dc,·iation.i Ht 

lllO-eycie intervals lhroughout the rang" . 

Output, T hc output ,·olt:lge i$ llpproximatcly 7 ,·olts 
ltel"Qlj~ U 20,000-011111 10011. 

Power Supply, 10J to 1.'.15 or 210 to '!JO volls, SO to 00 
t·ycl~. A ehangc or transrormer oonncction5 pro'·id~ ror 
using IIS- cor ~~O-\·olt ser\"k-e. Other ,·oltuge3 or fre­
fll1cncie~ on ~pcciul order ol1ly. 

Power Input: 2:0 "mUs, aprf(txilllat~ly . 

Conboll! O:.--o.·y switch: STA :Io' D ,\RI>I7..:-U Ul'( switch; 
Alll'LIFU:II-L"\'I't;T switch; ~UXEn t-on lrol, which operate:; 
Illso flS 08(:"jllntor ou1l)\ll ("Outrol; intre,n<,-utnl fn:quency 
control and 7.etO set; oSt'iJlalor rl"<;:(lu\:ue,l' t"fm!roJ. 

Mders: Output ,·oll.meter: used U!~O M H Lenl-irllli(·;.((lr 
ruct{~r. 

Te/min"I,: Tcrl1\inlll~, both on pane! aud III re'IT, ure 
pro"ided for oolb mixcr in put and oscilla tor uutput. 
Bear terlllinilis IITC provided ror intrl)<lucing I-kc sWIllI-

ani Ire(IUcncy and its hurmonics wheu tbe !J(';lt-indk-ntor 
18 to he Ilwl ror a<liUl:'tiug a frequency to e"ad mllitiplc~ 
01 Ike. 

Tubes: FlIwishr..'(l with illstrument: 
2-TYI~ 6J7-G H. 1:'. O$(;iJlatonr 
!!- Typc 6Ja-G DHet:t or ; AWlllificr 
I- Type GXii-G Rectifier 
I- Type n t-9o \ '011llgc HCb'lJ!:1l0r 

Acct!Ssories: SlI lllllicti with instrument: 
2:- TnE 274-M l)lup 

Pilot Light) 
l)ull1 Ligbt with SIlUt"('..5 
Fuses 
.\tladHll"'-nt Cord 
I- ;\.futlipoirlt COlJlJectur 

Mount]n,: Stllndanl 1!I· im:!! rclu.,'-n.ck Ui!>Ulltiug. ('Hn 

he sUllplicl1 ill walnut ,·nLinet 0 11 s1'c(·;al urder. 

Oimenlion$: !'"nel, (length) 19 " (height.) 14 inehe3; 
hcltilld !lilllel, (Iengtb) 17H· " (height ) 13% 1( (Ilei/til) 
I !h'" inch!'""'. 

Net Weight, 57 pouml.:. 

Code If' orr! Pria 

617-( . . . . . . . . . . . . . . . . .. . I $500.00 
l'ATt::..'T NOTICt:. 5« N<>t.,. 1.',11. ""'" ' .. 

Sehcrllatie r..-ircuit diagram of '1'\"1'1;: UI7-H Interpolation Oscillalor. 

VUIAB~[ 

OSCllLATO~ 

a+ a .. 

OtHC1Of1 

•• 

",X£R 
'''~Gl' 'O.T~OI.I 

""'ur 
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o TYPE 612-C COUPLING PANEL 
U 

o .. 
0( .. 
.... 
0( .. 
w 
Z 
w 

" USES: This couplingpancl is designed spceir. t reqt1cncy under mCllsut('lIlcnllo;1. SI>c<:i/i(''t1 
ienlty for usc ll ." II (:entr!Liizcd con t rol »:\IIcl \'11 1uc hy mea liS of the Inte rpolation OS<'i l­
in n frequency-mea suring equipment CIll - l:llor; (,Ii ) adj1lsting the f,'cqucl1cy under 
ploying it Primary l~rcqucn<:y StalHl;u'(l, as mCllsurcmcnt: to :tn in LC'gral number of kilo­
described on pages l !U and 135. T he panel cyc\C's dircctly a~lIillsl the frcquell('y st:lIlcia nl 
carries the nCCCS$nry switches '1Ilt! \'OhUllC employing the 5<:le(:li,'o ,\ llIplificr. 
controls for lr:l1lsfcrrillg frequencies from one 
1Init to another ill the nsscmbl.y, und for FE A TURES: The radio-frequeney volulI1e 
mixjng frcqucll('ies t.o obtain the beal- conlrol s a re designed for IISC witll 10\\'· 
frequcnt'y difTerence in the outp \IL of the impedan(.'C (G';-ohm) circuits. Tlw)' are of lh(' 
Jlctcrod;y ne del.eetor, cons tant-impc(!fm<.'C (.-type, in ("ast al umi-

lllllll housings, Thc \\'iudings tl l'C A,vl'loll. 
DESCRIPTION: The instrllment inci lides four Perry, E,'ery e fl'ort has been made to ohtain 
lo\\'-impc(L'lIlcc shiclded L-t;"I>C a tte lillalors, a s..'llisfactory control, with minimum noil'C. 
o r volume (.'(ln trols, for the fo ur radio-frc- small reaction 011 thc tuning of t he hetero­
(Iuene), c ircuits ill\'oh'ed in lIleaSlll'ing fl'C- dy ne d(' lc<:tOI', and \\' ith iow millilllUl1I si,(! l1al 
qucndcs: ( I) lile IInknown ,or" X", r rL'{lucnc,"; find c ross-bilk, Whell u;;cd with the shielded 
('2) 50-ke Imrmonies from the frequency inter<"'O llllcdillg cabies designed for th!' 
,;;-lancifl rd ; (3) ]O-kc iWl'IllOnic's f!'Olll the fr'c- measuri ng equ ipmen t. "cr," satisfactory 
quency stand:u'd , alld (4) IJ IC output of the freedom from cI'oss-talk ili oblaiucd, 
heterod;o.' ne frctlucney meLer, These (.'Ontr()i!<, Anti-cn p:lCit.r key-type ox-on' s\\'itc!"$ 
in gcnen\!. arc Opcrl\led to regulate t he are pro\'ided with c;lch volume <''(lll l rol, so 
amplit.udes of lhe voltages, from tll'O of the that t he corresponding signals lUar be 1'('­

aho\'c sou r'ccs, fcd to tlrc heterodyne de- movcd from the detel'tol' witlrout the IIcces­
tectoI'. sity of lurning thc volume <.'Ont.rol bltck 10 

Switch ing is pro\' ided for a number of zero. The SlUlle type or swit ch is also used 
audio-frequency operations. including: ( I) for aU audio-frequency cif(:uits, whe re, 
checking Lhe (requelley of t.he Primary although the fr'CqueHcics :trC lowc r, t ire 
Standard against lime signn1.~, usi ng tire volt.:r ges Ullly be much great('r t haH in tin' 
micro(Jjnl ; (~) checking the Clilibration of radio-frequcncy cireuits, m:ccs.o;;italing Cllre 

the Interpola t ion Oscillator' agn inSl the to prcvcnt cross-t.:llk. 
stan(htrd, cither on u l-kc or tL JOO-cycle All wiring is Jane wiLh two-conductor' 
basis: (3) ma tching thc frequency of ittl audio shielded ca ble, Connediolls arc madc to th(' 
beaL-frequeney difference hy mea us of the external cahle by mcans of mnltiJ>oinl con­
I nterpolation Oscillator; (,~) adjusting the neclorli at tire fea r of the instrulnenl.. 

SPECIFICA liONS 
Termin.ls: All connections to the ":'IriOllll illSlrulIlcrlt.s 
oomprisirlg the )TC:'Isming }:(]u!llment. uled with :'I 
PrimM), Frequency Strln<lnrd (St.'e I~n lle ISG) [I re IIU(de 
throul-:l. mult i.poillt jlfOteell'<.l ('()IIJll-ct<lr~ IllnlUlte,1 fit 
the rellr uf t.he instrument, Telel.hoTie term!r",!'; lind 
jaek lire brought out Oil ti,e IWlllel. 

Type 

612-C I. .... 
146 

Mountin'.!: Stalldnt':! I!l-inch rclll~·-r.lek mounting, The 
ins\tumell l is lilted ,,·jth dus t. ~'O'·er. 

Dimenlion1: 1';. nel. (length) JO x (l1..-il;h\ ) 7 ind,e"<; 
hehir .. 1 ]laud, (IClIglh) 11!!. :\' (height) t;~ x (.lcl'lIl) 
1] inches, 
Net Wti'.!hi; 2-l}i IIOUll<ls. 

('0I1t: 1I'0000d l'riu 

5190.00 



 

FREIjIUENCY· 

TYPE 612.K COUPLING PANEL GI 

USES: T his <:o upliug pand i.~ it smaller ;Ult! 

:,u ru(,\\"hal simplified unit to serve the sa me 
pu q XJS(' liS the llIore elitboratc T YPE 6 12·C 
ill.';trulllCIll when used wil h fl Scc.:ol1darv _P re­
QUI"'I1("y :-5tan<l llrll .. \ ll ll e(.-es.~ ry switches ;\nd 
volume (:onlrols fo r eOlllplclc and flexible 
OI"lCI"lItioll of t.he units of the assc ll1bly lIrc 
pl'O,"ided. 

DESCRIPTION: T he iust rulIlc nL includes fou r 
lo\\"·irn pI'dn l1cc, ~hie ldcd ulLennalors, 01' 
n,lu lIl<' (-ontrol~. (01" the four rad io-rrcfIUCIL('Y 

circuits: ( I ) the u nkllOIl'IL. or ;'X." frequency; 
('2) bO-kc ha rmonie series from the S<:(.'ol ldary 
Staud:l rd; (!J) I (J-ke harmo nic series frQllllhe 
sta uci ll l'd , and (4) l ile output of the helero­
dyne frequency melN. P ro\'ision is IIInde Oil 
the roupliuj! panel for the add ilion of a, TYI'E 
(iI 7-C lrrtcrpniation O.'Sciii<l tor, witll swi lch­
ing provided hoth for' d recki ng of l.hc o!;eil­
i:rtor ag:lin~t:l sland:lrd I-ke sour('C' alld fo r 
rualchir rg ti re bcal-'rCfjllc llcy diffcl'cm:c ap­
lX'ltl'ing in lhc detector output. 

SPECIFICATIONS 

Te.mintls: .\ u .COntlt ... :ti"U$ t" tire "orimls iuslrlllllt'IIU!: 
/-<""I'ri.; nj! the tie<. ... md"ry Stmulftnl ftUO :'o1 .. ·.II, uriu!; 
E'P1il lltlclll (8\"e pnw' 1:{9) nrc lIIu.le tlrmllf{b lJIultipoint 
Ilml<.'i;tc.i f",IIIICI'l"'$ 1I\ul>nt~ 1 nt the reM of the ill . 
strument. T cicllhol1(' I(,nlliwrls ill,,1 j''''k ~rrJ pr(,,·j. te.1 
()I I t I ... l"Uld. 

612·K 

Moullt;lIg: StulI.lftn! 1!I-illl ·1r rel,.y-tll(·k m"Ullling. T he 
insttllllient ill SUPI)I;c<i with n dust 'co'-ct. 

Dimensions: "nnel, (ICIl J;llj I!l s (hei~lrl) :I J.~ inch('S; 
hehind pUllel, (lengUI) 17J4 s (height) :JJ~ s ('!epth) S 
i"d.e.s. 
Net Weight: 1) pllun,ls. 

('1111" Word /'ricr 

5125.00 

REPLACEMENT THERMOSTATS AND THERMOMETERS 

I~ C I )Ja t:(,lll(' \11 thCl'1 l ro)< t ilt~ alld tlrcrlllflmcl.cr.~ call he supplied (or all Lcmpcl"lI t ure-('OIl­
Lt'olled iU.4 runlC'nts listed in Ilris t-:'IL.'llog. JJ:ut lHunher.'i and prirc.'i for these arc gin'n 
below. 

, "~I'",,. r ,,/ 
1"!l1)f' ,\'". 

·H5·U 
U1a..)l 
(;9 \·(' ( I llner) 
ilH l·(' (O llter) 
I;J(;-(' 

f 1I.i,"mrll/ 
TYIW. So. 

.In ·B 
G7.~·:'o l 

091-(" ( Inncr) 
WJ1-C (Outcr) 
GlIi-C 

Tham.Qmrlc' 
T!III<' -"'). 1"rlll/'. I(UIIYf 

\;J!HiO!l 5, _030 C. 
\ !l9-.."i0l) 5"- 03° C. 
1;J9-4S!1 r.tio-6-f· C. 

!:.I9-1-t:ll 40°_00" t:. 
1:.1\I-ISI 40°-(10. (;. 

l'Ac'I/IOo!lul 
T!Jpi; So. (),lrmli"gl·c"" ,. 

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

l:W- .;WI (~I'<;,.j r.\ · olleTlltilig teml'rr;<turc) 
!!I!)-.jO:I \~lIt..·dr.,· Ql:>erllli,,~ t.clIlperature) 
1:J!J- 50!1 (:-\pecifr "lM.!n.tillg l<!lIllloeTalure) 
139-.;0:l (St~ir.\· ()]l('l"ating tcmper:OlurC)I' 
!:\9- ;jO'J (:--illC<'ir.\· QI>Cnlting temperatnre) 

r.o· ('. 
(;0· C. 
GO~ C. 
;};; o r­
.JOo ( '. 

/ ',tr.r 

54.00 
4.00 
4.00 
4.00 
4.00 

,',icc 

522.00 
22 .00 
22.00 
22.00 
22.00 

Wlrcn onlering I'Cphl(:(,lllcnt thcrmOlJ"!cl('r'S 
fo r obsolete i Ilsll"lII rH~ nts. spec·ify type 1I 11!11 bc.: r 
Hilt! .~l'iaJ nUln lw l" of in strulllent, tCIlIIK.' I":I­
I lire range of thermometer, and the frad ion 

of a degrec wlr i<:h cu(·h Iwale di\'i .~i ()n (,'()\'e r~. 
';Vlretl ordering lhcr·lI1ost:lts. stn le oper­

al ing tCllIl>craturt'. ;'lild type number and 
Sl>riai Il li rubel' or itlstrument. 
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o TYPE 619 HETERODYNE DETECTOR 
o 
o 

... 
<I: .. .. 
Z .. 
~ 

USES: This heterodyne detector is designed 
primarily for usc with a frequency stnndard 
and frequency-measuring equipmen t for 
obtaining the bcat·rrcqlU~llcy difference be­
tween sta ndard :\ltd unknown frequencies. 
1l can ;lIsa be used [HI a detector in COII­

jUllction wilh a radio-frequency bridge. 

DESCRIPTION: The instrtUllCnl conta ins a 
regenerative detector and two st.'lges of 
audio-frequency Ilm plification. A regenera­
t ion control is provided so that the detector 
may be operated either oscillating or n OIl­

osci llating, as the t.'ondition-s of usc require. 
Plug-in coils arc used. and it complete set 

is supplied witb the instrumenl. A relay­
rnck-size drawer for holding the (:oils is 
su ppl ied . 

FEA TU RES: Some of the features of t lds ill­
strtuucnt afC high sCllsitivit;-,', wide frequency 
rnnge. and \ow·impedflllcc radio-fre<luency 
input. 

The tUllcd circui t for thc regcllcl'l'llivc dc­
t«tor is provided wilh :ut auxiliary fine­
tuning condcnser. T he dctector plate "ollage 
is stabilizcd. which con tributcs to the fre­
quency stnbility. Hegencralion is l:onlrolled 
by fldjll sl ing lIle scrt.>eTl volt.ngc. 11 noise 61tcr 
gi"ing smooth and quiet control. 

SPECIFICATIONS 

F,equtncy R.n gt : A rreqncucy rI"'gc u( \!!> ke to!B Me 
13 co"ereel by the il l ooit~ IUllp!ied with the instrument. 
Two tuning oondcnsel'1l. on the &lime shafl. are u...~I . 
The I.:o udenser ill ulle is lIutomatically selected b~' the 
coil plugged in the cirel,it. (or the low. lind lrigh­
fre1luency I1Inges. 

R_F Inpul lmptd.nce: U5 ohru~. IIppro~inll1l(lly. 

C.llb..lion : ,\ calibrlltion is suwlied. While tld.! cali­
bration is a<:;C1lrotely deterlnineJ. it is not gUllronleeot 
a~ the instrument i~ not intl,lnded For use AR a calibTl.tcd­
frequency mtasurlng device. The calibration i~ useful in 
making approxim"te setting!. identiFying stllndard­
fr(l.!ucncy 1".rmoniC!, etc. 

Conitol l: 0 .... -0 ,,1' _",itch: <:Ollr;;e Hilt! lille tuning: re' 
generation. 
Termin.I.: Shielded, low-impedaoce rlu!io-Frequem:.\' 
input eonnection~ "re provided in re~ r. Tdcphone COII­
ned.ion ~ "re provided lit teIIf and on "aile!. 
Mounting: St"nlhml HI·ineh rdaYl'Ilek. Can beslIlll.lied 
ill walnnt cabinet 011 ~lleCial order. 
DlmtMions: PUlle!. (Ienglh) I!) x (I,,,il;ht) S~ inches; 
behind panel. l~ngth) 17-'1 x (height ) 8~ x (depth) 
JO~ iud.C!!. 'ffl'E 01 f)·I'I. pI'Inel. (length) ]n x (heig],t ) 
6U inches; Lehi"tld palld, (length) 17-'1 x (I,eight) [j .~ 
(d<'Pth) ]:J,Y2 l"d,C!!. 
Net Weight: ""'N;!! Il]f)-E and Ol!)-I'] . 61 ])OtLud.s. 

RtG£HtI(AT'VE AUOIO '''p\',rru Schematic circuit diagTIL1U of the 
'1',...); UI9-E iTeterodyne De­
tector. Power SILI,ply is "ot 
shown. The " .. Iio_ reqILency iIL­
]lILt i5 connecled b~· ]lj",·i"'lle<:l­
aUl.., cnhle 10 the t ... nnin~l ! "l 
the IdL The tuning O!,)",'etl~r i! 
in two SC(:tioWl-one being u~d 
fOf low fr'>lIIlCIIciCl! ami the oll .. :r 
Fur high. T he correct condenser 
it antomalicnlly k leet ..... 1 when 

~liltCTI)" 

~ ;tt;f1$lIC-' 
.. 0 H~8.i ~ . . 

.f" ..... t.he wi! i~ l)lugged in. 
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FREQUENCY. 

T ub~l: Supplk-.:I with illstrum('.nt: 
I- Type GJ7·G Dete<:wr 
~-l'ype GJii·G t\mplif,('.1"j 
I- Type 6XS-G Itectifier 
I-Type Vlt.90 \"ottQge l1egulator 

Power Supply, iOii to Illii or '110 to g"O votl'! .. ;0 t<'> 00 
(·~·clCll. Transformer (.'OIIII('.(:t ;01l1l changed for 115· or 
'l:J)'\'o lt ijlLllply. Ollter frequcllciCll or \'('llt,.g<:s 011 spe<:inl 
order only. 

7'ypo 

619·E 
1'.\1',,~"r ~OT1CK 

I A·C Optrat~d, Rack Mounted . 
~ :-;"(011 1. 17. I"'W~ v. 

Power Input: ~o II'IJ.U.::i, nplU·O:"l'imately. 

Ac;c;enori~5 Supplied: 
I- 'I" ·I>F. t7i-;"f Plug 
I:ilot LiGht}\\'ith s ..... res 
I'IL~ " .. 

! - .. \ Uadlmenl Cord 
1- ;"1 ultipoint COllnector 

2 1- Pl lIg.in Coils 
I - '!'nl: 0 1!)· 1'1 Coil Omwer 

Cooe Word 

.11"'1'DI $360.00 

TYPE 614-8 SELECTIVE AMPLIFIER 

USES: This ltlilplificr is used for selccting 
indiv idual harmonics from the I kc output 
of a frequency standanl. M ultiples of 1 kc 
betwcen 1 a nd 10 may be choscl1, with good 
suppression of lhe ru ndamcnli\! find adjacent 
harmonics. The selected output frc(juency is 
userll l for ma ny audio·frequcncy measurc· 
Il1cnt.s, particula rly in making freq ucncy 

comparisons by means of a (:u thode·ra:y tuhe. 

DESCRIPTION, The instrumeut contaius It 

hflrlUonic-b~llc l·;tting amplificr stage, a rc­
J,,'C llcrnti,-c sclective stage, and an output 
.slab 'C. The selective slage may be tuned to 
lilly oue of the first 10 llIultiplcs of 1 kc by 
mea ns of il. single sw itch. 

SPECIFICATIONS 

F,equency Range: I to 10 kc ill ~leps of I !.:e. 
(.libration: Amplilier is adjusted for ll ulxillllJllI r\!.~ Jl·O ll se 
at ell!.:h of the 10 frequellcies ut the faclor.v. Trimming 
adjustmellt!! are \lro\'ided, whidl may hf.: used in re· 
aligning the lllllt::( circuits, if 1I~~r~·. 
Tubes: Supplied wiUI illstrllment: 

614.8 

3- 'I'ype 5G Amll1iliers 
I- T ype 82 Hedilicr 

F',\'I'E!\T ~O'I· I (: t:. Sec: ""t" I. p41fC v. 

Schcmntic circuit dingrom (>r the 
l'YI'~ 614·8 Selecti"e .'\ IIl]llifier. 
{'ower supply i;! not shown. A \·oltage 
from n I·kc SOIl~ is npplied to the 
te rminali ;, l the left . Harmonics are 
generlltc.l in th ... lir~t nUl)J!ifier. sc' 
lecled in lhe !eeonrl. regencrfltil'c, 
amplifier. autlthe !lelecle(1 haflDollic 
ill IImpliflCd b~' the output 'UIII)lifier. 

Power Supply: 10.:; to l ~.i \'o [t~. SO to 00 cycles, 

Power Illpul: iii watts, al)pro~imntely. 

Mounting: Stnndard I!)·inch rela~- rack. 
Dimensions: P,IIIe1, (length) 19 ;t (Ilciglll ) au inches; 
I)(!ilind panel, (length) 17U:"I' (Leight) 8M x (depth) 
8J4' inches. 
Net Weight: 88 pouud!. 

Code Word 1',i(1l 

DIC!.:!" Si7S .00 

----------' 
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TYPE 620-A HETERODYNE FREQUENCY METER AND CALIBRATOR 
USES: AlI.hollgi. dC$igned wi ma rily for 
ll\('as llriug fr(!(plClwil.'s nho\'c 10 mcglLcyt'ics, 
this iu:;trunt('nl ('lUI he uscU t.o IIIClls urc 
rt1Xluc lI l'i('~ liS low as 300 kilocycles. through 
lhc IISC of IlIIrllloll;c method!>. As II gcucral-

IJIlrpo.se instrulIlenl in the (;(lHUlIlUl;('alion 
.. hol'atory. it is invaluable. :For 1.'fllllllLlIlIi­

mLion ("OlI lpauil's it provides an cxccllc il l 
111(:111\;: of rn pidly Ulca::;ul'll1g lhe frc(pLCncics 
of a large !lumber of ll'llilsmillc rs (cilbt:!r 
loeal or remole) in addition to its u;<:c in 
calibrating and sen'icing I'Cc'('h'ing {'fJuip­
lIlent. ltcreiwr 1IH\llufacturcr:s will find it 
IIscful ill checking the rimges of receivers a lid 
m,cillillors. It is suitable for monitoring the 
frc<jucncics of radio t ra Il Slllit.tC I~ where the 
:dlow:lblc frequc uey lolernlH;e i1l 0.02 pCI' 
l.'('nt or grcatf'r. 

DESCRIPTION: Thc schcmatic dillgram ilhows 
the t'sscntinl f'ICrIlC'nts of the in$trulllclIl ; 
( I) a he terodyne rre(/lIeup)" !twtN. (~) a. 
(·n·stal calibrator, aJl( (3) 11 dctct:lor il nd 
;I,;(lio :lIuplificL 

The Lelcroriyne rn::qucllCY meter i ~ di l'cC't 
l'e:uli ng, II'b iol! is an impol'tn ll t O]>el'u t illg 
('Qn\·eniclJ(.~ paltieulnrly when u~ i llg I lnr~ 
monics. T he fllllciamcllt{t 1 frcqlleucy ranf,'C 
is 10 1.0 '10 ) 1c, di\'ided inlo 10 stcps of I ) l c 
c:l('iL The main tUlling coudenscr CUl'cri; a 
range of 1 ) re for cacl~ coil, the dial bdng 
t'ugra\'cd to I'cad f,'acllOns of 11 Im·gacycle 
dircctJy. T he sma llc!'1 divisions on the dinl 
!'Cpl'escnt O,OO:j l\ le (01' 50no eye'les). T he 
frequency re:)diug is givclJ by t he S UIlI of the 
(:oil swi tch anrl l'ontienscr (Jia l readings, r or 
cx:tJuplc , willi ti,e toil switch OIL 14 ,lilt! tlli' 
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cOlldcn~r dial a t C1,35 the frcquclIl.:,)' i.s l ,~ , ~! :j 
]l l c. Firll, s of di \'i1;ioI15 111:1:" be esti lHatt'd 
(;otr('sponding to 0,001 :\1'(; (1000 (;.\'(:Ic:;). 

I·'or t'hcckillg the lu·tcrodyne frc(jtlcllc.\· 
meter t he pie7.o-clectrie c11lihrutor, e lliploy­
iug 11 onc-mcgncydc lo\\'~ le IllJlcratUl'c -l.,()­
I'f1icicul qllll rt7. p1:1tC, is pl'O\·idcd. Sc\'{'ru l 
poi ll t.<; 011 cadi coil raugc o f the hcterodplc 
fl'cqllt' uey meter lIm," he ('heckcd. H armonics 
of 1 J\ fc fa ll all.he upper 1111d lo we r limits uf 
t.he (Iinl. giving II htacke-t.ill!; check Oil each 
('Oil ranl.'C of t.he ilet('roti,vne frc<luelll'Y meter. 
H armouics of the 11etcrodYII(, a lso produl.'C 
ben t", with iWrmolli('$ of I hc calibrato r. givill,l.\' 
dlcckiug po int ... at ltHlltiples of H, 73. Vi, and 
U 1\ fc, (' le .. over the dii,l ra nge. Sil1('"(, thc1>C 
poin ts or'r'Ul' a t tI le same dill l readings for 
cHeh ni nge, chcckin,:! is made \'cr~' simple !H1d 

l.'OII\·enienL. 

The pro<.:cdurc in IIlllking 1I1CaSlIremenls i.~ 
si mple. 'When the unkllown freqllcncy is 
within the fnndlllUcn la l ranb'C of lI,c hctero~ 
d~' nc, lI le ilCt('ro<iYII(, frcquem:y is ~l to 
zc'ro heal wi lh the unk uowlI, and t.he rrc~ 
' 1IIe ll (,,\' is l'Cad d irccl ly frO Il1 lhe dial. W hf'1l 
tiC unkuO\\'11 is aho\'e or hclow thc helero­
dYlic fll lldame nln l rn ugc, the d ial rea(Jing 
II1I1.., t he 1l1111tiplied or di \'i ri('(\ by the har­
lllulljp !lumhc r. 

Ti ll! fundamental fn'(IUCIl(,), rHIl~C hcillJ! 
10 to eo !\le, mC:HHu'cmc HI". of higll and 
1l1 t. I'a-high frcqlll' lIcics :11'(' ca1<ily madl'. Be· 
ca usc uf the d irect.-reading feilt n rc :Hld t.he 
widc~prcnd frC(pICll("Y scn le, 110 coll fu~iol1 a,~ 
to harmouil's is ell('(lullu'red in measllring 
u l tra~high fNqucn('i C:i. 
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COUPLING 

OSCll LJt.TOR CRYSTA L 
CALI BRATOR 

1. 

+ 
IlE1l:CTOR AMPUFIER 

&·I'Cll llllic circuit di;' gr;lllI of Tn'~ ti~O-A I ictcl'Oo.iy" c Frequency )[eler !l1l11 Calibrator. To simplify 
tl", diagra m, puwcr supply is not shown. 

When measUI"ing frcqur. tlcics below t he 
funda.menu ll of t he heterodyne, harlllonics 
of adequa te .~ l rcllgth lor nWl1suremcnt ca ll 
he gcneraled in the detcctor tube provided 
:l sufBeiclilly strong signal is applied to thc 
in.strumcut. For wcak signal s, a \OC11\ !ta r-
1lI00I i(;-ge ncl"lIl ing mca ns is; IIcccSSfl ry . 

FEA TURES: Tile 'J'yl'~~ G20-A H elc l·ody ue 
Frcel'lclI(·Y Meter and Calibl"ll lor is designed 
fo r the greatest fl ex ibility and for simplicity 
of opc r:ltioll . LL L'O,·crs a \\" id(' ra nge of fre­
(jl lCncies a mi is capable of a higll fH.:(:uracy 
of mcusurCll1cnL. 

'f he direeL-rend ing fl·equeney scule ma kes 
ra pid measure ments po;;..<;i blc. The o!;("i ll ator 
has been dcsij!lled a nd constructed to give n 
Il igll degree of freq uency slabili ty. The va ri a­
ble air oondenscr hus bull bcari ngs to iusure 
smooth operation without back1 a ... !.. TIle 
inductol·'" ar(: wo ulld on isolantile form s to 
keep the l os~es and lhe tempe m tm e eoefli ­
c:ient of inductance as low ns possible. 

The sa me model can be uscd 011 eilher 
baUery or a~c powcr supply; this; is a COll ­

siderable {:ouvcllien,"C whcl1 the ....... lIue instru­
ment is t o be used bo th in the lahoralory llnd 
in the fi eld. . 

SPECIFICA. liONS 
Frequenc.y Ranse; T he rll". I ~mclIlll l frCI( lIc"ty muge 
iii from ( U t.) ~o 11ICg,;cY'·IC'l. ill 10 nlllgl!!! or I IIlCl,;";]­
cyr·1e caeh. 11.1" I"HI1I<)lI ie l1letho'!sl fn..·qllt>.nt1es hctweeu 
:100 kc and 500 ). Ic are ea~i1y m(:allure<.l. 

I:I%" llld ";!l : hchillll pllliel. (lengt h) 17}:( x (heighl ) 
Ss ~ :\" (depth) I O~ iudle!<: T r l'E v-'!O- ,\ i\1. o!OI;i x 
1,.7:1 :\" 10 inchrn;. ",·cr-IIII. 

Calibration: T he (."OndCI1se.r dial is gr(uhmlccl Lo reo.l 
fmction§ of mcgHc.\"(:lcli ,liret:tl.l'. the ~IIlH][C'll ,lh·isioll 
oor""sponrling t .. 0.005 )le (5000 l·y,·ld). Fift hs nf ,!;,·i­
si()n~ arc rclll! i l~· estimaled. corrcsponding to 0.00 1 ) le 

Nd Welsht: T nI'! 6W-A B, Si! J.2 pcumds; T n.: G'Kl­
A i\1 , 45 M IlOulids. 

(1000 CydC1l). 
Ca li b'4lof: A I- Mf' piC"w.i!l"clrie <)!I(:iI1l1t.or. emplo.'"il1g 
p Ir"'·-lC" 'lM.:Ml t llN! wefli denl '(1l1lrt:r. Ill"tc. i;'! provided 
fo r cheddng the cu librntion of lhe freqnen cy mel<'.r. 

Accllrac.y , The 1I,·cr-all IIt"l.l.IlllCy of 1llt.~ISliremen t is 
0.0 1% .. rl>cllcr. 

Vacuom lllbes; T he following l"],es are u.seo.l ;1I1(! ;.rc 
.snpplio:d with t he in.itrllment: 

I- !IM-type I - S·H,nle 
!l-95ii-t~·J:>e 

Power SlIpply: g ilher IOJ lo Fl;; ,·,,)ts, ;sO 1.0 UO cycles, 
or ti a nd ISO '·01(.$, de. 

Power InplIl: I,; ""!ttl.'!; from 11 5-'·olt, !;O-cyde supply. 

Moontin,; T he in~trl1l1leut is IUI)I)lie.1 eit],er for rel","­
r.u,k 1I10unting (Tn't: Ii~.\n) nr in II portahle ~'[ II-
minum cnLinet {Tn 't: (i'!O-.\M) . Thi! ,·i",,· 8ho"·8 the Tn·.; 6'lO-.\ Helerot!,'ne 
A cc.etlorie l; .\ '",Uery plug i§ SIiPlllied ,,·it], the rt)1,,~.. Frec( lIent.'" )Ietcr IIII.! Ca lihr::. tor in lise ill It 

raek uU H.! e!' " plllg tl lHl l1.11 .. Je with lhe c"binct 1))("lel. rfll !io-tcJcgruph stlll i"n. T ile l"tlhiuct mUl ld 
:\0 olber act"C:lsor ies e ):ecptu pnir of 11<'n,] lc1clll,ones ~ho"· 11 is p"rlicil lurl.,· IIscful for marine "·6rk 

silH"t it clln be used wlh hi shore sl,. timl~ JI ll \! nrc lIecessll r.l" to opcm tc the inst rument. 011 shi!lJ>o<.r,] and with .ei t her 11-(: ~npJlI~· or 
Dim.rnsiOM' 'l" ."j,; (i.~O-Alt. paud, (Ieugl h) I!I:\" (height) hatterle!<. 

___ -""·g"".'--__ , _ _ ___ --"~),~~~,"iE"~i~"'~, ______ ~---'C~.~I~,~,, ·.JrtI {'riet 

620·A.R I Relay.Rack Mod.rl . . . . . . I 
620·A M po,table Model .. , . . . ... . .. 

I'A .... :ST NOT IC.:. See Nntu I. ~. I ~. I/O. PIlI(\: , .• 

I).Uin· 

1.lAI-LI' 
S49O.00 

555.00 
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FREQUENCY 

BROADCAST FREOUENCY MONITOR 

-'- , • .. • . (9 ~ 

-~ 

~ ~ • .'; 

," =:=:;;; • 
.~ . 
.r~ • • • ·"_0 

~ • • • 
- ._---

• ". : •. • @ ''.;./ • • 
• " ~ • ~-

USES: This visual·type frequency monitor 
indi<'::l.tes directly tLc deviations of mdio 
LJroacic:lstillg' tra.nsmitters from their as­
signed frequencies. The mOll itori llgoscil lator 
(T nE '175-13 Frequency l\Ionitor) cnll fIlsa 
be used with headphones 0.· 101ldspclIker for 
audible monitoring. 

DESCRIPTION: This monitor <''O llsists or 
Tnt} '~75-H Prcq lLcllcy .i\ionilor, TnE 
fiSI-A (or T YPE 1JS2. B) Frequency-Devia. 
tion Meter, flnd TYI' I:l 376-1. Quartz Plate. 
Bolli moni tor and deviation meler arc 
mounted Oil rela,\,-rack panels. Complete 
spccificnlions for the indh' idual inslrulllcllli; 
arc given 011 the IIcxt 1).'\b'C; those {or the 
(luart7. plate will be found on ptl/:.'C 159 . \ Vhcn 
the complete IllOlli tor is ol'dcI"Cd, aU necessary 
interconnecting cables Hl'e furn ished. For 
usc at frequencies nbO\!c the standltrd bro.'ld­
cast band, '1\ '1'& (i82-J31" rc<llIcllcy-D c"iul.ion 
l\'Celcr (see p:lgC 157) can be substituted for 
Tn'E 681-A at n correspondi ng increllSC ill 
price. 

For u~"C with the 'l'r l'E 68 1·.\ Frcquell<.:Y· 
Deviation ~l(: te r , the frequeue,}' of t.hecry.slu! 
oscilla tor is ofFset from th at of the trrulS­
mitter by 1000 cydcs. as 8110\\' 11 ill the ac­
companyi ng diagram. When '.I '\·p ~; 682· B 
.l"rcqucncy -D cviation l\'lclcr is used, the 
crystal is ground to zero beat. 

FEATURES: The olltst<'lllding reature of the 
visual·type fre<llIcllc,}' monilar is its ;\.ccuraLe 
lUId direct indicaLion of rrequeney dc\·iations. 
The General R adio monitor is n highly stable 
and 1'Cliablc instrument, ensily installed and 
ol>cratcd. It is appro\'cd Ly tlJC l~cdcra i 
COlll lnunicatiolls Commission for broadcilst 
usc (Ap))rovn i l\o. 1452). 

SPECIFICATIONS 

Frequency R.ngl: ± IOO eyclcs. 
Accuracy; When N:('l:h·etl. ±'It; pnrt" in one million: 
1111 aJju.!tment is provide,l to Imllg tl,e tentHug into 
agreement with lllUllitoriug ~tllt iQn ",e:,~uremelill. 

V.cuum Tubes: T he fullowing lubes li re reltuiredll llli 
lire ~lIP1)lied wilh thc iJI.~lrUlltCnt; 

)- 77-lype 
i -7.H)1)(: 

1-83·I~ve 

St.bilily: ::l::S ,);!rb in one million. 

3-71H~' I)C 
I-~Hype 

Coupling to Transmitter: T he monitor mnst be (:(tUl)lell 
to the ltanSUliUer lit a lM)iul "'I'cre the C;ltricr is rlJl-

De«riplio" 

Visual.type Frequency Manito •. 
I'AT~: ~'T I\'OTtC ~:. s.... ~'01 ... I,~. 7. II . 1'1. 17. 1',110. ~ ,'. 

I '"'' r , .... ..,".. .. ... 
, •. " .. !! .. " .. .. ......... , 
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modl/illfoo. OnIY:i 511 11111 degree of cnlNldlh'e coupling is 
TC£luircd. 1\ CQupJing wire is IlrQ"ifll:d in t.he OO lUl lX'ling 
t'1l hle suppli(.,.j with the mllllit ... r. 
Other Accessories Supplied; Counc-c.1.ing cablCll, I,ilot 
Jights. anti ru..~ (wi th .~ I)""e;I). 

Power Supply: 1 Io-to liS-volt. 30- to GO-eyde, a-eli rle. 
Powe, Input: l:'i.'i w"lUi wi th heul on. 
Mounting: Stnll<lu,d 1!I.inch ...,Illy-rllck pllnd,. 
Dimensions: Panel. (Ien)llh) l!l x (height) ~~ indIes: 
behind lInne!, (length) 111{ x (height) 2i!M x (, Iepth) 
11~ illl:hes. 
Net Weight; 95 pounds. 

5560.00 

BIOt;k di.tgrom or thl) hr()8dcnst (rt'(lui!uty 
ulonilor. The beal between IrnnJnnitl("r 
UUtI monitoring osei11ator is normally 1000 
c)·des. , 'a rilltions in this beat (rt(lucney 
hr(l imliculll!1 directly in eyc1C!1 on lhe 

r~uenC~'-(le ,'ill tiou meter. 



 

FRE9UENCY 

TYPE 475-8 FREQUENCY MONITOR 

$PECIFJCA nONS 

Frequency Ran9 t: 100 kc 10 4000 I.e (fundulllcnl;t! 
frequency ). using 'fn~ 3iG-L Quartz l'lnt~s. H'e­
quencies ui> to GO !'. Ie ('fin he monitored "gninst IUlt­
monies of lhe er.l'~tal osdllni()r, i( the !mdiblc-bc;,t 
method of !llouiloriug ;$ u"cd. Deyiation meterS ('an be 
operated fit elI rrier frequendd up to ·M megacycles, 
Accuracy, ±.20 parts per million (0.002%) when llsing 
T n.: 376.[. Quartz Plllte. The rrCClucnC,\' s]lIhility is 
±5 parts per million (0.0005%) over longpt:riot\sof time. 
Circui t: :\ 8 shown ;n the accompnnying diagram, the 
monitor (.'OI1$ists of II II;C7-1)-dectric oscillator, I, detcdor, 
and nil audio amplifier. 

T he detector and amplifier nrc tesi~tance WlIl)led to 
j,!;ve Stlti.dnctory performance lit low-beat fre'lll(':IWics. 
The output tr!ln~forujer mllr lIe usc,! to ol)Crule lde­
l)honc n:cci\'crs or, by intertliilugillg the windings, to 
opernte a 4000-olull loutlspetlker. 
T empereture (ontIol: TI'e temp<.:'lIture '!(lnlrol is "al",hle 
of m:liutnining the tellll)Crnt.ure of the qU(lrt'>e plate 
within ±O.I G C. (lI'er thllnge! ill room tempemtnre uf 
±Wo C. (2iO 1".). The nonnal operating tmlll'Crnture is 
60° C. 
O utput: The :u,dio-frequcn.!.\' output ,Ic\)ell\!s upon lhe 
be"t fn.·quellcy "nd upon the coupling employed bc­
tween the monitor IIml the transmitter. With "ery 
tlIodcmle <:-oupling nn out put of ,.0 volLi lit ./jOO "~'eles 

m ·B I 
I' ,ITE ;>;"T N"Q'J'ICE. &.., Nule. I, 3. I I. I~. 17. Ill, ~U. page \". 

-­" , ...... , ... 

m:ly be ohtain e<1 across 110,000 ohUl.~ (telcphones), 
bcntiug lit erystal fundamenL11 frC<jlleney. 
Power Supply: 10" to 12,5 "ults, :'i0 to 60 cycles. Other 
I'oltages or other fre<t"eneies Oil spcdn! order only. Pro-­
vision is mllde th rough II multipoint. protedl ... I, plug­
t~·pc connedor for obtainitlg powcr ~upply (3 fil:UIlCllt 
circuits at 6 \'olts lind plllte SUIIl'ly at I!:IO I'olts) for 
exlenutl devices $ucll II~ amplifiers or del'illtioll im!i­
caLOr!. 
Power Input: 4.~ "'lItts with heat off; 1115 "'1I.1ts with 
heat on. 
Tubes: Furni5hed with th.:: inslrument: 

1-75-type 1- 5Z3-tYj)C 
1- 77-tj"JIC 1-7G-type 

Mounting: Standllrd lD-indl relay-ruck mounting. 
AccessolieJ Supplied with Inslrument, Vacuum t ube ... 
therrnostnt. nnd thermometer ; pilot light. fuscs. lind 
ru~iblc link, with spares; l lO-"olt altadlIllenl cord, 
I Tn.\:! S7S-El' I nductor, and 2 multipoin t counedoNi. 
Addit ional Accessories Required: 

1'1'1'£ 310-1., Quartz Plnte 
Dimensions: l'nnel. (1c llgth) II) x (heil;ht) 11M illche~: 
I,dlilld p:lnd. (length) 17.l4 x (height) 17~{ x (depth) 
ION inches. 
Net Weight: GS IM)UlJ(j!. 

Cude WONI J>ric~ 

$330.00 

Schem"li" circuit Jiagrllru or 'l\'r~: ·17:;- 11 Fre-
quency ~ lou ilor. 

The o.~dl1:ltor circuit is designed to operatc the 
quartz "late nearer to its fUlld"mcntlll frequency 
limn is l)QSsib!e in most other types of circuits. }\ 
distinct ndVflnlllge from the si>lmlpoint of opt-n!­
tion lies i,l the IlH:thod of hming. The proper 
opemlin}: !>oillt iii imlk7,ted by a minimuill ill 

LI,e oscillnLor plllte current . 

TYPE 681-A FREOUENCY-DEVIA TlON METER 

SPECIFICATIONS 

Frequency R. nge: - 100 cycles to +IOU c.I·des ( tralls­
mittel' frCfI 1Umc~' del'iation). 
Accu .. cy: ±5 ('rele" for f«,<plene)" del'jaliolls hduw 50 
cyclCl!. 
Circui t: Sec :Ux"<)J!lIUlnyinl!: {jillgmlll. 
Power Supply: Dl!ri,·c.1 from T rl'f: 475-H Frequency 
~l onitor. 

(ont'0[5, Input level control; s(",.le oom:('lion ndjust­
mcnt; o,; -on' switch. 

MeterJ: 1-'rCflllcncy-dc"illtiun indicator: filllpJifier out· 
put I·oltnge. 
Tube5: Furnis.I,<:iI with the in~trull1etlt: 

2- 16·tYl)C J-4 I-ty!IC 
Mounting: lO-in<J, rd"y-raek pane!. 

DimenlionJ: P"nel, (length) ll) )( (height) 7 ltlche;;; 
hehind panel, (length) 17M x (I,eighl) 6~ " (. Icpl h) 
1 LN inches. 
N et Weight: 26 pounds. 

Cirellit diagr:lln of Tn'.: (lS1·A Pre<lueney­
Dcviation :\Ieler. 

Code ft 'l)rd Price 

681-A L . . . . .. ....... ... I $145.00 
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• FREQUENCY 

o TYPE 775-A FREQUENCY-LIMIT MONITOR 
o 
o 
Q 

<I 
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z ... 
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USES: The frcqllc lley-limi L mOllitor il< suit­
aule for moni toring (t llY radio-telephone 
t.ralLil llliUCI' hclwccll 1600 kc and 45 1\(e. In­
clilded in this nlTlgc ;lI'C uigh.frc(llIcncy 
Immdcllsl. illlc rnntiollal broadcast. poli(:c, 
1I11ll a"blio/l ser\'ices. It satis.fies the requ ire­
ments of ti ll! I-hlcra\ Com municutiOlls Com­
mis.<; ioll fOl' broadeas l statiollS ahon~ 1.iOO kc 
(Rille 981 ) ;llld for j)Oli<:c transmilters (nuic 
Q()(i). 

III addi tion 10 the sta tion frtXlllcncy. the 
f r<'ql1cll('ics of polit-e molJilc and porlahlc 
ImxtdcitSl lrall .~mittcrs (:;111 he dlcekcd or 
Illonitotcd wi lli Illis insi.nullcill. 

DESCRIPTION: Th i .~ monitOl' pro\'ides a 
\'isual wnl'Hiug sigll1ll wh j('h opcmtcs \\'llcn­
C\'(' I' the frequency dC\' ia!.iulI o f t he tnl1l .~­
mittel' ex(.'C(:d s a definite lult'r:tl we lim it 
which Ims ix.'('1l set on ;\ dial. '1' \\'0 warlliu/{ 
t.ullllS are II;;(XI. onc light ill /{ whcn the fre­
(luclley is high. the other whe n it is low. 

'I' hi .!:! 1II0llitor oper:ltes on the bent frc­
(IUl' IICY between the transmitter ami a local 
cl'y,;;t:tI os('illlItor. The block diagram shows 

r TRAHSMlfTER 

1:11:41 

thc esscntial elcmculs of the ,;;ystclII. The 
frequency of t llc CI) 'sllll is normally offsl.'! 
from the as.~igncd lmnslllitlcr fl'cqw:'IlC',)' h.\' 
G.:} kc. T he IlHdio-fl'C'(llIelw.v Ix:at ((U; k(' :i:: 
~f) is appli<:d to a fr<'C(lIclicy-di$Crimillnlillg 
circui t, \\' lli <:J.. in tU I'll. opnatl's the bmp::I. 

The frcqllcn c.\· tolerance Ht whie!. till' 
laillps light is aliju",tahle by means of ,1 t1i:d 
011 the p.Hlel. Th is .Iial i~ cali bralcd ill ('ydl'" 
pcr St.'('(l lid freque llcy dc\'i;tlioll. Ti ll' "t,lwd­
ard ca1ibl'a lioll is frOIll ;iOO to 3000 c)'des /X'r 
SC(."Oud. An .. Iternate ('alibratioll is :wailHlllc 
covering fre<juc!lc·.\· dt'\'ialions hclw('t' ll 100 
and 1000 C'yt:i(·s. J,'OI' lh ili I'angc tltI' cr.v.~ I :ll 
is offset by 2.3 kc. 

FOUl' cr.\'stals ea ll flf.: mOUld,'" in the lem ­
pcralu rc-<:oulrol1ed c11:'l lllher. Tilcy cn tl 1.11' 
1Ist."(1 for lUull i-cha n nel lIlunilOl'ing f).\' tIlt' 
lim it llLethod or b~' lhc :ludihle-ocal mct'l()(1 
outlined in the aC(:olll l):lIl.\·ing diagram. 

'rhe mo nitor is a-e opera ted find mounlNI 
on a rel:ly-rack p1l.nd .. \.111 uhes and t('rmillals 
arc e:tsily :u.:t:essiblc from the rt'lIT. 

FEA lURES: TIle lilllil illc Ll l()(1 of 1ll0lIituri ng'. 

-~~ .. .,,, 
L O$ClU.AlQA J.!!. 

.,,, 
VOl.U(lE 

I! 
FREQUENCY 

1:",,<'1;0"111 hl(J<:k ,ti"J.:r~1Il 
~I";\\ing Ihe "1w:"lt;(JIl "f 
.110, f reqllcllc.,··1imit mOil itor. 
1',,. t.be lilllit_di,,1 c:l!ih/t' . 
l ion "r MIO 10 :\000 ,·,·clec. 
the fr"'1uene;. of tile ;"011;­
tori"g "lldlll1tor di!re~ 1 ... :;lIn 
thlll of the Ir:U\$mitl.er hy 
lO . .) kc H~ $ll\Iwn. i"vr Ule 
100. to I ~'ck limit 
range. th is h~llIen~' ,lif. 

~D .UlPUFItIl OI$Ci'IIl'l"ATltIG -<Y"' ....... O£TlCTQR ,,~ 

1-I.5 I1C 
He ~ r"I'CIlOO is made :! .:~ kc. 
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FREQUENCY· 

lI~illg warning lalllps. is plII'lieullirly ('On· 
"('lli('111 when Operrtli ng 1)C]'soll ncl must be 
kept [It a minilllUIlI and spa re lime. is at a 
jll'cmilllll. A ghwce at the panel, nen from 
a dislau<.:e, te lls whethel' 01' not the tnUl S­
mit leI' frcquc ncy is within the dc,5ircd toler­
nnN:, Tl lo price of the limit monitor is COII ­

s idcrabl,Y lower than that of older types, 
placiug it withiu the re:lch of st~ltion_~ tlJlCr· 
ating' i .. :l limited class of service, where 
thc tolal iU\'('stmenL in plant Cll nnot jm;tify 
the Jlurch:W! of more expensi,-e ty pes o f 
monitors, 

T he four cr,Y!stllJ positions make i11)Ossiblc 
to monilor fom different fre(jucllcies, J.'or 
instUi lec. a localtl'llnsmillerean he monitored 
hy Lhe limit method with one crystal, and 
distant or mohi!c transmitters by the 
audible-bent method with olle or mOrC of 
the n'lllaining crystals, 

Since hoth \"lI r1t i] lg I:lmps arc extinguit<hcd 
when tile transmi t Ler is witltin its frC<llIelicy 
lo!cr:Ulce. some test for ('Qrrcel op('r1lIiol1 i~ 
dcsirahle, This is pro\-ided in the form or II 

push-bulloll which lights both lllmps when 
all circuits lire in proper operating condition, 

SPECIFICATIONS 
Frequency Ringe: woo ko: In.j;j )k, 

A ccur.cy 0/ Monitorin, Frequency: '1' 111:: IIh,s"l uLe. 
H'(,lIrncy i ~ O,OO:lSo when u~ing 'I'\'l'~ :J11l-M qu"rt~ 
Plntl:, 
Slability 0 / Monitorin, Frequency: The f~l"ell"Y 
~wl.lility i, O,OOt % u"er IOrlg pcriods or lime., 
QUlrtl PI.te: '!Yr,; 37(>,)1 QUllfb Plnt« lire lo he usc,1 
"ilh Ihi~ i lJ ~lrll1l1ent 3",1 ",usl I.oe ordere<1 .iC1~u'll lel~', 

Accur.cy 0/ Frequency Oiscrimin.tio, N etworlc : When 
"pcmte<1 :11 IlrolM.'r iUl11l1 "ulLage, the ","rning 1:""I~ 
,,-ill li,ht III fre<I'lCrH~<:!I ",hieh lire withill :I::'lOO c~'e1C$ 
:l:: IOt{o of Ihe LaliT dial rcll .liug, 
Couplln, 10 Tllnsmilter: T he fretllle nO:," -li ruit mOllitor 
mu~ 1 be ~~lIIpl,'rl to lhe lm"~UliJl.'r "I .. l)(linl " 'here II",: 
"lfrier i,< uIlm""lul:.ted ill "rdcr ll) In',,id filise n:o",I,jug 
(,r lh .. 1I'3ruiug Inmps .. ,,' 1II<)o luiniio il l',:aks, \\'I'ell {'(JIl' 
liu""" .. monitorin,!; i~ lint n~<&ll r,' " ~" ti ~r'l\'lor~' re,. "h~ 
"'''' be ul)tai ncil b,l' col 'rlill,!:" the uu,u itor dirtttl,"llI Ihe 
lno usmillcr o utput alL< using the monitor /)lair under 
stnlul-I"" l~)1ldit im,s, 

.\ one- "r t"'o- lurn /:Oil. (,()"l'le:1 Ioosr:ly lo OliC u{ 
the I r'UI~ nli\l ~r tune rl ci"''U;li, ",ill ordin:lril~' I",, \'ide 

f)fllt;rjplirm 

suflicienl \'ull,,!;,e , .. ol>emtf' t he ruonitur, Fi(leen r("et 
t)( shid, Ie.-1 ~nhle are ~uJ!lali", 1 ",ilh the iustrnrneut to 
(''(",,,,,d Ihis 10w-inllw.:I:Wl'C magnelic pieku lJ to ll,e 
monitul' , 
Tube," ~UJlIJlied wit I, iusiruilleul: 

I - T ype (lMI P~"t:l!ri'l (',mverlcr 
I -'l'~'pe (:.I. I'cnt ... e 
1 'I',nIC HJt7 Duplex-Diode Tri""le 
1-'I'~'IIC 6X7 Dual Triodc 
'l - 'I'YIIC 885 Gus 'I'riodc:f 
I- Type 0:'\:5 Hectificr 

M ounlin,: !:itnu<lnl'd HI,inch rel:,y-rack mounting Clr 
table ",o"nliu,lt, 
AcccnoritJ Required : '1'1'1'.: :l1!,i- :-'1 (~uart~ PJ"tc, 
Power Supply: I 10 to I~O \'01t~, 40 to (i(.I c,\'e1cs, 
Power InpIII: ' \ IIIII'<>:>;]""'lel," N 11"1111$ ",ith I'culer I)"': 

:!lul "pIII"IJ~ inH'tel.l' 4 (; waliA with Iic;lter 0 1'1', with 
I It._volt line, 

Dimensions, I'Alie l. (wi,ltll ) III illch",~ x (hcigl'l) 7 judiCII' 
x (dcpth) 103 ;IICIl"",o"tr-IIII, 

Nt! Wei,ht, ~U~i I)(IUI UI", 

I'r;u 

775. A 
376-M 

1',\'I't:~T ;-.: ,n'U,;K 
I (Inciudio, Tubes, BulleH Ouarb PI.llt) , 

Quitii PI.le (for U .. wilh Type 775-A) 
1I01I (1II 

1 .. IBon 

5240,00 
50,00 uch 

~ ;':"1" I, 1~, '(tJ, I" '"' ", 

1II'X'k .lingrnlll ~It"'villg ItOI\' 
IT7 (".f tlte IIlo lIll')r ('~'U lx: used to 

"li('(!k the rrc'ln"IlCies of l lis-
t~lI1t. or mouile st"tiulis by 
LI,t IK'ro-beat rueth""l. For 
thho met!. ... 1 of monitori .. );., \.lSltN .... ,II1II USTlN H(IIl , 'o~ 

the (rc1IuenC,\' ur the uUlIIi - IOUM' '~1T£1IS .tNQ1[ , ....... .m~$ 

IlIri"!:crr \:II I~ theSil-meas L \ Ihlll o( Ihe tr"u~miUer, T he 
limit i111fj{'fttlil'S are nolilsed TYPE 775~ " RECEIVER ... ~ ,,,,, I II,c Ir,,,,smiltcr is ,,,I· -f 
j n,.te,I \,u 1,cI'tJ 1H.~'t. wi th lhe .f .f 

mvnil."iul: o.i('illnlor, 

HOW TO ORDER 
Urde r one crysll\1 ((111011'1)\ plate) ror each d llumel to be mo nit.ored, For eaclt 

c r)'stal. iipedfy cha n ncl f rC(I Il('HC~', slnl ion frcqllell(,Y tolerJIn(.'C, class of scn'i<.'C. ;lIId 
whether er~-;; tal is to be u.sed for monitorin/! by t he wlIrlling 11III1Jl method or the 
'loero-hent method, 

We will supply tile Lt"\IIT dial calibration hcst. s llilctl lo the :specified class of 
scrvi(;c, 
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TYPE 834-A ELECTRONIC FREOUENCY METER 

USES: T he Tn}: 8.'$.1.-1\ Elcctrouic F rcqucllcy 
Meter 611s the need fo r a general-purpose 
(tudio-fl'equcllcy meler wilh a fJoin tcr-tnlC, 
direct-reading imliCH lioll. It. is extremely 
useful ill tl. frequency-measuring system fO I' 

rapidly determining beat freque ncies. In 
the educational field it Clln be used in c1ns.r 
rooUl demonst rations of audio-frcqllcncy 
phenolllena. I ts indllstria1 nppliculiolls nrc 
numerous, among U)CIII the loning of auto­
mobile horns. A sim pli6ed model, TY PE 
{j8~-A P rcquency·Dcviation ,i\(e ter, is Ilva il­
able for usc ill frequency Jl1onitol'ing. 

DESCRIPTION: The cs.~ntial clements of 
lhis instrument are nn electronic counter 
and II. doc ind icator. The circui t i .~ show n on 
the next pi1b'C. When an altern ating voltage 
is applied to the grids of the gas-dischllrge 

tubes, each tube becomes lIllernlltcly ( . ."011-
dueling lind Ilon-oonductiug. At each trausi­
tion of the curren t from one lube to the 
oUler, a cu rre nt pulre is sent lbrougll t he: 
ind icator circuit. The meter rending depends 
upon the number of suc:h pu lses per scrond, 
i.e., lIpOIi the CreClllelley. 

FEATURES: T he immediate, direct-rcadi llg 
indication whic:h the electronic frequency 
meter provides is a considerable ndvllntllgl' 
in audio-frequency measurements. The full 
:H:curn cy of the indicator (2 per cent of full 
scale) is util i7.cd , and stability of calibra­
tion is IIssured by a "OIt:I~'(!-rcglllateJ plate 
supply and scale-correction adjustments for 
cach range. r\ sufficient number or ru ll -scale 
valucs is providcd to give adequate precision 
at finy poi ll t in tile 5000-cydc rllnge, 

SPECIFICATIONS 

Frequency Rl nge: 0 lo :;000 cydes ill fil'e rnllges. FulI_ 
scale "aluCli lire ~OO, 500, 1000, i!OOO, :tllli 5000 r.ydes. 
Accur.cy: 2% of full-.!lCllle reading or beUer. 
St.ability: With tile exception ofa drift of about 1% 
0( rull-$CIIle rea.ling in the fir!!t fnw m inutes nfler 
~ tArti!lg. tliere is no mnterilll change in illdirnlion lI'ith 
time. 
Input Impednlce: I megohm. npproxillllltely. 

Input Volt.a9t: l! "!llb, minimum: the input \,Oltllb'" 
may be increased to !ZOO \'olt~ wilh no cluillge in the 
fre<luency indi<;lllion. 
S"re AdjU$tmcnl: Jndepe!Hlent Jldjll~ tlllenl is pm­
'-ide<1 on eAch I1Inge. 'I'lli.'! .uljustment i,. mllde At lhe 
faclory. hut mll~' he clul.uged if corl'<!Ction is required 
in the field. 
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Tubcs: SUP1)lied wilh iustrumCII!: 
1- 76 nml)lifier 
2- 88.5 gall-llischarge tul,es 
1-814 regulator 
l-S':? rectifier 
1- 81 diode !lwilchiug 

Power Supp ly: I 15 \'oll~, .50 lo 00 e~·,..ICi<. 
Power Input: 4;'; \\'alt~ . 

Controls: Power suppl." o:.»-on' switch; plate voltage 
adjustment: dl'kmi1~llion ~"'ilch; multiplier (mnge 
selector) switch. 
MeterJ: I'lnle ,'orl~i:c; rre'llIe!lc~· . 
Accessoriu Supplied with Inltrumen!: \ ·"CUUIU 1111,,$. 
(Usell. lind pilot laUlp5 ( ... ·ltb spIIre'l). t l';'\'oll conl­
and-ping assemhlr. ntUIt.i ,loillt oonoector. 
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FREQUENCY· 

MOll rltin" SlanJnrd 19-im:h n:lar-n'ek m",unting. 
ITni t fitted with dust co\'er. 
Addition. 1 Awmorie, Required: Xonc. 

7'!l IM 

Bl 4.A 

Dimensions: Pand, ("'idth) HJ x (I~ight) 8M x (,Itllth) 
12 inches. 
N et Weight: 37 pounds. 

C(N.ir "'",d Pr ice 

5250.00 

TYPE 682-8 FREQUENCY-DEVIA TION METER 

USES: This instrument is intended ror usc 
wilh TYPE 475·D Frequency l\Jonitor to indio 
cate rrequency deviations of radio trans­
mitters opcrn ling at frcqllcl1('ics nhovc the 
ShlTldard broadcfl st bil nd. 

DESCRIPTION: The cil"Cuit of Tnt, (j8~B 
Frcqucll('~'-Dc"i:ltioll H clcr is identicnl with 
that of Tn'~; 834-A Electronic Freq uency 
Meter. No powel' supply is included, ll nd but 
t wo freq uency sca 1i'~ arc pro\·ided. 

SPECIFICA nONS 
Frequency R.ng'l: 0 lo 6000 c.,-dell in two rall~etI. 1",,11· 
s.:ale "alut~ arc 1000 antI 5000 eyck!. 

Accu"cy: ±2% of filII-scale "",ding or better. 

Input Impc.d.nc.c.: Approximately I megohm. 

Input Voll.I!!c.: 'l I·olu. minimum: tl,e input "ullnge llIa~' 
be ill(."teIl'led to!!OO "olls ... ith uo du:mge.;11 the fl"Cfl',ency 
j"dicntlon. 
Se.lc. Adju$tmc.n l: IndCIJendent ft,ljust'n(,nt iilllro"ided 
,)n cllclI range. T h;5 Iltljustn,cnt ;~ mllde III the f,wtory. 
hut Ulny he chnnged if correction is re'luir!~(1 in the fieh!. 
Power Supply: U8'II1.I1.1" obtQio"d from 'I'l"P.~ 415- 11 Fre-

'J'/lJ~ 

.82-8 I. 
I·'\TY.~T I\OTI C~:, ~ x"'.,. I . ~ i. ""~.., v. 

&:I,etnlllic ci rcuit .Jiagnlltl 
or 'J'n·t; 83 1-A I::lectronie 
Frequency " Ieler lind Tnr. 
682- U F~(lucncy-l)e\"int iof\ 

) Ieter. Au ao(: power .~upl'l~' 

;$ included in the e1cdronic 
frequen cy meter, but is not 

5hQ"'u in tlte dillgrnlll, 

I 

quency M onitor. T he IIIIIte SUllplr is ISO ,'oll.!. dc: filII. 
lllents, II volts, nco 
St.lbil ily: With the c .. ~ption of a drift or aoout 1 % of 
fllll -s("nlc reading in lhe first few U\;,Ulles after stltrtillg, 
there is no nmterirtl change in indic>ltion ".itll lime. 
Tubes: SUPI)1ied with instrument: 

2--ss.; 1-87.j. 1-8·1 
Mount;n!!: Stantillrd W-ind, relay-rack pnlld. wilh du~ l 
co'·cr. 
Dimension1: 1'und, ( lI'hllh) 19 oX (I'eight) sU x (dc-pit. ) 
I I! illchc.;;. 
N t ! Weight: 211101lluis. 

('(II /e 11'0"/ 

lllJ§Tl" 

,. 
,-

T, 

1',i« 

S160.00 

PI...cr.Tt 
SUPl"l.Y 

157 

G'I 
m 
Z 
m .. 
J> ,.. .. 
J> ., 
o 
o 
o 



  

• 

o 
u 
o 
c 
0( 

'" 
-' 
0( 

'" w 
Z 
w 

" 

FR EQUENC Y 

TYPE 434-8 AUDIO-FREQUENCY METER 

USES: 'fil ii! bridge-l,ypc frequency mete r is 
a gCllcnd-purpose hlbornlory insl rumclI L It 
is useful in mCHslu'i llg the frc<IlJCncy of 
o~il1ll 1ors u;;cd as ])I1\\'('I' S()llrN·.~ for audio­
frcqucllc:r measurelllents. I n the meaSure­
Ulcul of radio frC(IUencies. it CIlIl he used to 
mCllsu rc the audio-bea L freqtH' IlC',V l)elwcc ll 
an un know II fr<'([llcl u,:y 1\ l1d II sliltllln rd· 
frequene:-, harmonic of 10 kc. 

DESCRIPTION: '1'1](' T\"I'.~ ·~34-n Audio­
FrcquclH'.Y ~rclf.! r · wws a bridh'C cirl.:uit nud 

n !lull nu:lIuxl of iudiclitio lL . The circuit is 
that of the Wiell bridge, ('oll lailling on[,\' 
t'cll isLa ll (."('s ami c'UIW('itullcc;;. Th ree ral1gc.~ 
are pro\·idl.'ll. c:Ld l (:o\'cring ronc dl'r::u l l ', so 
thai the tot:ll ra llge is 1000:1. 

FEA TURES: The lISC of the Wien bridge dr­
clJ it has two definite :l!hnlltu gc.s : (1) 110 

magnet ic pickup is possible, Hlill (£) t he 
scale can be m~ldc logarithmic by tapering 
li lt! rcsisi:1I1cc ('lcmenL~. 

SPECIFICATIONS 

Frequency R,nge: iW to '!il,11OO "y(4~ in thrre rllugCII h)' 
lUel. liS of a M'le .... " f i" il(:l •. 'to to 'lQO ("r ... lt:~. 'ltJU to 'l(lO() 
...... de& \!Q(1(j to ~O,OOO tyde~. 

C.lib 'ation: End, ius lrlllHcul i.~ ;u<1;\";'\"'III.,· t ll lihrlltc\\ 
in t erm~ 'l n prim1'"r ~ t""'''"'d of r""tll\.'IIC.'·' 
Aceu" cy: T he Hull 1)/); 111 ~ n~rmw enough SOl that. 
,,;11, .,,,lIicicnt ~uppl ... "., I\uge or sufikieu! allll.iili("tI t;oll 
"II the null dell!f1"r a"d ,,'ith :I r3irl." !>ute "·"'·ef,,r lll. 
the d~\1 HUI.r he sel l (> 11. 1 '1. T he ~'11 lihml iOIl li t! t he ";1\1 
"H'Y he relit·" 111)0)11 to wi l hit! 0 .. 1% 011.11 p".i li ,,,\ ~. 
D,ive: T ile tI·illch dial lurllJ lbrollg1. ,111 lmg!e vf :I.!O~ 

434-8 I 20 to 20,COO cyclu 
1'.\ 'n ;ST NOTH .. ·. :. N-.: Sol~. 11, IS. I'.J.~' ,'. 
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whil·11 I! i\"e.< II I<.~,le lcllJol l h of ulKnll Ii ;ndll~s fur l'~dl 
10 ttl I r""t"C"C~' nl lI~"' , T he " ·j,,,l ... St.~llc 1"'lIl("th ;s on .... 
4 ft..""' . 'J'l.c ,[iI,1 hns /I $lo""-III,,tiulI Uri'·e . 
Impedaneu, InplIl.:'I to 10 ki Johllls: olltlml. I 10 ·1 kil­
nluus, the SUlollcr "uluC$ lvrte.>polldin.: to the higl".'r 
fre<:luenc1cs. 
Input Vol~!e, 110 \"ol\s. IIm xillll"U. 

Acceuo,iu: A ",dl .!eledv. <I' ill be ""1";"",-1 10 "1""'lIle 
tl,e illst.nlllcnt. This )11;,.\. be hc;ul lciel)hones such u.~ 
Ihe Wes lrrll Electri,' T yl'f' l00~-C .,. '''' nml )lifi"r­
mete!' ,-o IlII,;,ml;OIl ~1I<:h I'S " Tn',; SII-A Aml,lilicr IIIU\ 
u 'I'n'Yo I~)"P 0 1ltl"II ~ I eter Or n T H ': 7I!r ... \ \'ACUlIII1-
Tuhe \'ollmcle., 11'«!11 in l .... ujunMivn "ilh 'I'n" : R'IIJ 
Fil ter Sedi.>1ts Ew'" " 'il h hea<llelrilhollel'lII urnt)lifi.-. 
lind mIce >H:ctio ll$ 1"'1." pro,'e w.eful. 
(ont.ol" Frl'tlucll<'~' di" I, tu n!;l: ~..,k"" tl!r ~\\"il,.JI, Il'.i~l­
auce Iw.tllnt"C knoh. 
Mountin!: :\ 1urni""U1 tWIne!. 1:( inch lhit-k. fin ished ill 
hl~ck <'TI. ~k le 1;0(."(1 " "" , IIIl)unl(."(1 in t .... ' l'per-lined ,,·a.[nut 
(.,.I,illel . 
Dimensio~s, {Length} I ~ x ("'idlh) s;.{ x (h('ig lll ) ~5i 
illch.:s.ol·er-,,[I. 
Net Wti!ht, 151f pOIIU.1i. 

/ 'rie>! 

S140.00 



 

FREQUENCY 

TYPE 376 QUARTZ PLATES 
These arc IO\\'-lC lilperalu rc (;Qc£l1cicnl r----~--:;.::==:;::=----_: 

qua rtz plates intended solely for lI.si' in 
G\'rlcral .I{adio frequency monilors (T YI'El 
475-13 flud 'J'YJ'E 77:').A). T hese pinks arc 
not sold for the dirccL frequency control of 
radio \.rHnsmillcrs. 

All pla te's nrc manufactured from higll 
grade pic7.o-elcctric quartz. free from twin­
ning. The plates a rc accurately cut by 
modern optica l 11l1l!lllfacLuri llg ll lCtJlOd s. 

The hliidcr is desigm .. -d to Ilmiutni n the 
~rca tcsl s l"'lbility of the oscillator frcqll (' IICY· 
'l' lLi s huldel' is of the air-gnp type, with a 
I;calcd electrode-spacing f1d justmclIl ami all 
i<;nI:lIltitc base. The quartz plate i .~ hcld 
;;c.curdy so thaI. dmngcs iJI orientation or 
mecllnnical jfl l's wili l lOl shift lhe frC(jlU' ncy . 
The method of mounting alloll's the plnlc to 
\'ibrale freely but restricts random motion 
or apprcciilhlc ("hlluges ill po;;:ition. T he 
hold('r is in tended for lise with the bfl ii(:! in 
;\ horizontal position. 

SPECIFICATIONS 

Frequency Rilnge: 1'I;otes elln he nllllie (or 1111)' frequeue.'· 
in the rllnge bctwl'eU 4:';0 kc ILml .. OOO kc. 
Accuracy of Adjustment: The frequency of the Jilaill 
is n.lju~ tw until i~ .lHfeNl froll! lhe ordered frl'tlucnc.v 
loy Jess than onc cycle pcr &ecoml or 0.0001%, ",l! iel,­
e"cr i~ ~rl1l"ler, 
Accurlcy of Cllibrl tion: Af ter thc: rre<:lucnc~' Clf ll ie 
plMc 111111 bt.~n ILdju~ted, U ,les/:riLetI ill the pl'I.'t:e< ting 
IXlmgr:'Jlh, the f l'l.'<juellcy ill Rt.'Curetd,. ClIc.uured ami 
the l'CIIult en teretl in the ('II]ihmtiou c-ertificate, 
Certjfied A ccurlcy: When "I>c".ted in GeneI'll] B"dio 
fretlucnc,\' munilhl's, nuder t.vl1di tiou~ ,sp.ecified iu the 
('lIliurlit ion (~rtifit,"te. tI.e nccu".c~' of 'J'\'I'J; 3i6-L 
tlullrh Plnte is gunrllJltl'!('(1 to be l\'itl!il1 O.()O,!?'c;. (20 
[IMt.;; l>cr milliou) of tI.e freclueney urdereol for n I,"riod 

/}r'«'rilili"" 

"I vue ,I'(:l, r, !Ind lhe frequ",wyor T \'l'& 31(' .. )1 is gu~mn. 
tL....J to 0,00.1% for l' similnr IlI'riod, 

Te mperatu re Coeflicient: T he tctnpcn.tnre eocfli ('ienl 
of fr<:IIUC Ilt;,\' i.~ res... tll1H1 :l purL;o per ,uillion per degn:e 
Ccntij(nllie betw«n ~O" IIIHI iOo CClltign.cie (1J::j° u"d 
\:jS" F,), 
Mo untin" The er.I'st lll hOllder IVnsist,~ of illl j~" lltlitite 
l",se ('U rryiuj:" n" nhl1nj ll ulU L'fIP wi th II UlI'IUlS ror 
o<ljn"tillg, lockiul;. nnd S<:8]ing l l.e :tir gnp, It is Ilnldi­
tully ul"t Vro(of olld is filled "'ith pl\lg~ for IL'Ie ill 
General 1lII,Iio Iliew-ck'drie OI!<'iliutor~, 

Dimension,: B,.SI', (1I'.III;t") 'lJ..l' x ( ... i,lIlt ) ~ x (hd~ht ) 
04 in(,hCII, on~r-aIL 

Net Weight: to I)UII<.'C!I , 

('/)fIt fl'orll I' rit~ 

376-L 
376-M 

I' ,\TEXT NOTln:, 
I f OI Ute with Type 475·B , ' ... .. .............. .... ·.·.1 

FOI Ule with Type 775·A 
.,,..:,'u c 
L.II">1I 

585,00 
50,00 

~ X~l" , ~, ... Itt' v. 

TYPE 676·A AND TYPE 476·A QUARTZ BARS 
Tn.: 676-.\ Quartz Bar is inlcudf'd tor 

usc in CI.ASS C-'.:! I-HLI) PrimM), Frequency 
Sllllldard and CL,\$S C- .l O·H SccOI .dfll'Y 
Frequency Standard, II will opcrate at 
correct frequency ou ly in Tn'~; 6!JO-C :Uld 
'I' n'E (j7f.i-.:\[ 1)ic1.O- EIet;lric O$('i1lato '" 

TYI'~; .J.7(l·,\ Quartz il;u with T HE 
416- "1 Adapter is inll-ndcd fo .· use with the 
sc(;ondar,v s ta ndard o •• I,)', 

1'yJ}t 

676·A 
476-A 
476.Pl 

I'.\TEST SOl'lCE, 

50 Icc 
tOO Icc 
Adapter 

s... S ota S. I~, pap \' , 

'I'I ,c mounti nt.: hn,s 1x.'f! 11 dcsig ne<1 to h:we 
it minimum of effer..: t Oll the f"C{lllC IlCY of the 
b:u', E lc.ctJ'Odcs arc deposited di.'CCLly on 
the quu l·\ z. thus climill nting the crfc<.'L of 
air gaps, llafllcs fire proyided to el iminate 
tile effects of high-frequency SQund c ncrgy 
I'atlinlt'd from lhe cuds of the hal', T he bm' 
is zCI·o-nl .glc ('ul. T he tl'1l1PCI'a l11.'C (.'Of' ffici c ll t 
is lcss t han 2 partrs pe r million per dCJ!rec 
Cenligrad e, 

( 'oc(r. Wonl 

,\U)(' U ,\ 

I'riu 

S145,OO 
9 5,00 
20,00 
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• FREQUENCY 

o TYPE 815-A PRECISION FORK 
(J 

o 

" « .. 
... 
« .. ... 
z ... 
" 

USES: T\'I' ~J 815-A r recision F ork is designed 
for such uscs as li ming in f,'Cophysical ex­
ploration, rati ng clocks and watches, syn­
chroniziug facsimile l r:lllsllIission, l lJld low­
frequency sllludardi,mtioll . 

DESCRIPTION: The fork is Ulade of low­
I.c mpcra l ul'c-<.:()(:fficicnl sta inless stee!. ] l is 
mounted ul the heel On a Illetal pa nel wh ich 
is attached to the main base by meuns of 
rubber shock absol'bcrs to reducc energy 
dissipation throllgh lhe Jlloll nliug. 

One miCI'OI)hollc hu tlon is mou l1 ted on 
cach l ine IlCll r the heel of Lhe fork, II'hcl'C the 
ampli tude of " ibra l ioll is low. This mill­
imh',cs the damping aclion wllich the presence 
of the ut.i l'rophoncs exerts on lhe fork. At 
the end of each tine, adjust ing screws lire 

provided. By mea llS of these, t he loading 0 11 
tile l ines is equalized. Th is factor, too, is 
important iu reduciJlg" the decremen t. 

Separate m ieropholle buttons arc used 
fO I· the driving :I ud oU lpll t circuits. No out· 
put filler or t ransformer is illcluded, sincc 
difTcrClil uscs IIllly requi re different circuit 
ll l·rallgcmcnls. 

The frequency stability is ("'OJlsidcrably 
impro\'ed by the tlSC or the condenser, C, 
showil in the d i~l gl"lun below. T his condenser 
is supplied with the fork. 

FEA TURES: Tl'p~~ 8 t 5·A ]lrttision Fork 
(;omoines hi gh aCCllnlCj' li nd stahiliLy with 
simplici ty or construction nnd opera t ion. 
13ccl.Iusc of its small size and low powcr 
rc(]ui rcmc nts t hc fork is easily portable. 

SPECIFICATIONS 

Fr.q u.ncy : 50 crde~ l)oCr secoml. Forks l,llI. hOll'e\'er. 
be IUI)plied nt nuy [requtlley VetW<*1I 40 am120(J cycles. 
(P rice!! on requcst.) 

c.lib,. tion: The [requelley d :uljusted withill O.ooa% 
o[ rll. lC(i ' 'lIlllc nnJ measurl~1 t.o 0.0010/0. T he rolihralion 
teml)oCNttUN! is ,uppJierl. 

Fr.qu."cy St.bilily, 'nlc o,·cr-all 1l llIJility " better 
than 0.01% under norm .. 1 rQOm-leml.ero.ture COlh lition ~. 

Temperature Coeff ic ient: T he lempcr~t\lre l'OCfficieut 
of frequency is negllti\"c un.! lesll than to INlrts Ilt'r 
million (0.001% ) per ,Iegree F. 
Volt.s. Coefficien t: The \'oltagecoeffieienl()/ frequency 
dieS!! than 50 parts J)tr million per "011 (O.OO.'i% ). 

Power Supply: t\ 4-\"0It rn.Uer~' ij usr::rlllil the dri\"iug 
SOlll"Ce. Dri\"ing current is ll$i t"nn 50 milliamperes. 

Output: The fork is u.<unlly I)per~te,1 into II ~lell'uP 
lrous[ormer ami nn rutlplifier . ./\ 'I'l'I'f; !iil;;·)1 TTIln~­
former (price IGJltI) is recommended as II l'Oupling de-

T,,. 
8' S·A SO cyd., 
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,·ice. W ith a 6-\"0It output bnttery thLi combination 
will furnLii. ~I)Oul ;;0 vults open eircuit. 
M ounti llS: T he fork a.~sclllbly is 11I0 ullttl<1 011 II. metal 
Intst for t"ble or bench lite. 
Oim.nsions: IS :It to x S inches. o'·er--II I1 . 
W. is ht: S pounds.. 

... >, 

I E:J" , 

c - ~" !II"I I 
I --I 

c -
GfJI/e fl'm-d I'r;f!'fJ 

FA U:': .!. $16S.oo 



FREQUENCY 

TYPE 611 SYNCRO-CLOCK 

USES: The syncro-dock is used Lo relate l~ 
s tandard-frequency sour(.'e to n. s tnnda ru 
time intcrntl. When driven by Il stnble 
osciil:ilor, this dt:,-ice mn;\" be used as a SOUrl'e 

of precisely dcLcrlnined lime intervals alld , 
<.-oHvcrscly, when its indication i ~ compared 
with slillldilrd Lime, a mensure of thcdrivillg 
frequency is ob taiued. 'flli!; type of sy ncro­
clock is used ill lIl(:: TYPE Ci03- U SYll{!I'O­
JIOHlclcr. 

DESCRIPTION: The T\'P~ 611 Syncra-Clock 
is designed to opcmlc from thcoutplIl cin:;uil 
of a low-power vacuu lll tube. The illataI' is 
of lhe impulse type lUlU is brought. lip to 
i'yndlrollous speed by meil liS of a GO-cycle. 

115-volt molor. Clocks arc nOl"lllally supplied 
to keep t rue Lime 011 all exactly lOoo-cycie 
source. The microdinl attachment consists 
of a rotary ooutact closin~ OJl(!e it se<':()Ild , 
lile ill.:;tan l or eouLuc t (or phase) being 
adjustable ove r :L rangc of one second. 

FEATURES: For usc in stalldard-frc(\lICIlCY 
syst.ems, TY PE 011 Syncl'o-Cloek !;IS a 
number of ad v1tutabtCs. Jt is rugged in COIl­

st l'Uetioll and re liable in ope ration. The GO­
<'Yele shlrtiug motor is 11 (.'Ollsidcrable (.."0 11-

vcnicm:e. Thc mi crodilll makes possible 
lillie (.."Om parisons with U pl'C<..>ision of one 
one-hund redth of a 5('(..'0111..1. 

SPEClFlCA nONS 
F,lIqullncy: Clocks are lIormally SUllplic'\ to kCO:[I true 
t ime wilen the r~uellcy is exnctl.r 1000 <.:ycleJ. 
Powtr Input: Oue '~ l-l)'pe or 'l:Hypc t llLe supplies 
sufli,;:ient 1)() II'er. 
MounUn9 : CnLillel-lIIounted IlIUllcls (f<lr Il>C on Lhe 

'l'11/1e IJrJICri,J/il>ll 

611·( P<1nel MOllnlin9 with Mic/Cldi.1 

laboratory bCllch) nnd 1 ..... llel · n1o.)ontiug models a re 
avai lahle, Lut ouly the \)JIllcl·mounting t.I'p.! with a 
lI1icrodial is regulnr ly curried in stock. 
Dimt ", ions: (Width) O~ K (dcpth) 6 x (height) Co illche~ . 

Net Wei9ht: I I ]lClunds. 

('(It/I" Wor'/ I'r;,.., 

I IIV:--(""IIOOOOD $220.00 

TYPE 724-A PRECISION W A VEMETER 
USES: The precision wavellletel' fill s a definite 
need ill the field of frequency JUeasUl"cmeul. 
It s accurncy is sufficient fo r Ill illly meitsure­
ments which l"CqlJire a fairly close k.nowledge 
of the fl'equeney but where mOre pl"eeise 
heterodyne methods arc lIeither Il<'CCSl;nry 
nor f.."O nvt.niclll. Among thcse npplicn t iolls is 
the prclim.inal"Y lining lip of radio t railS· 
mitters and checki ng Ille frequency span of 
oscilla tors. 
DESCRIPTION: The TYPE 724·A Precision 
Wa\'cmcter is it tUII('d-circuit inslnUllent, 
c;ollsist.i ng of tl ("OlIdcll.rer, n rcsonance in· 
dicutor, iUld a sel of inductors. 

The condenser is similar in const.ructionul 
deta ils to T n'£ 7S!2. (Sec page 45. ) Th(' 
condenser scltiug is indicated 011 the dial 
and drum and is ("Olilrollecl froUllhe front of 
lhe pane l. There IHe 7500 di visions for the 
entire 270-degree :l ngular rotation of lhe 
f.."Ondenser rotor. The precision of setting is 
better than onc part ill 25.000. Thc plates 
a rc shaped to brive an upproximntc ly linear 
variation in frequency wilh sclilc setling. 

Seven eoils arc used to cover a rrequency 
runb'C between lG kilocycles and 50 mega­
eyclell. The (."Oils a rc enclosed in moulded 
bakelite eases and arc wound 011 isoluntite 
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forms to gi \'c low los'>C!> ane! a high degree of 
st;)bilitr· 

FEATURES .. The slraight-linc-rrix lu('IlC)' COIl­
denser oU"ialcs the usc of cu mhcrsoulC 
calibration cur,'cs. The calihration data arc 
ill tabu lar forlll, lWei specific frequencies 111'C 
found hy interpolating lx:lwcc lI lhe points 
in the l;lblc. The plllg-ill (:oil llloUIlLillg 
11110ws the coil to he rotait.."tl to obtain difTer-

enl degrees of (;Ollplll1 l;'. T his is a (."O llsidcrflUlc 
aid to OOI1\'(; lIi ('11(;C in o pcl'a l ioll. mnking it 
Ulluc(;cssary to h o ld the w:lvcmcLcl' in 
awkwllrd po.~ilions 10 couple it to oscillatol' 
Luned circuiL'i. 

The rCSOlllllU.:C indicator is a rectifier-type 
YHCUlUll-t.ubc volt I1IcLel', a di sli net m[v;lnlllge 
o\'er the lhcl'Ilux;ouplc formerly lI f;Cd, s itll'C 

the dnllh'er of on~r loads bLiming oul the 
in(/il.:lItor is cli nlimllcd. 

SPEClFI(A liONS 

Frequency Ran,.: 10 kil""ycll'!i to liO rUClia<:Yf·1es. 
Accuftcy: ±O.'l,i% betwccn ~ ko.: anu .;0 ) 1e: ± 1.0"0 
hcb'eeu 16 ke an,j 50 ko.:. 
(.lib,.Iloa: The (lIlihrlllioll is slipplied in I.he rurm 
of a lah1o.: or l ... 1ibNlh~1 I>oinl~. Lino.:"r inlerpnlUliOll 
b..t"·~n th .,;;.c l..oinl ~ i~ " ... ,1 In .. h' Ai" sf"llinj($ rur other 
rrt."<jUl'"dl"S. 

olD ·TYPE lUBE 

,. , 

7'yf1(. 

724·A 16kctoSOMc 
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(ondcruerl: l'rt.'ei~i<.>lI worm ... lrh·e I.'"IIC "i,,,ilnr to 
Tn'l: 7H. 1'11It~ .~ .".h:lpe,1 to ICh'c a nr:lij(ht-line­
f~I'l(;ue.'· eilarncleristi,·. The eff ..... -tin· lingle of ,"",hlliull 
i~ al'prt)X"imatel.,· '1m'". 
Ind uclor" Cui Is nl'\1 ,,",HUH\ o n isolll"li l .• rv.rll~ ,mol en· 
,.Jo~e<1 iu nrouldetl b3 kclite ~'Ilses. 

Ruonancc Indicator: ,\ "acuulII-tull(; \"01Inrl'I< ... ,. is u$e<1 
to illclk"llie resonnllt'l'. This is ('Qlll.lt .. 1 to Iho.: Ill"l~1{'; .· 
"\lit through II Hl I)lldth'e "oltage (lh·i,lff. 

Vacuum Tube: Ono.: :10-1."11(: tulle i rt.-(luil'C<.l ",ui '" 
rurni~hc,t with tl.o.: i,,~ trumeut. 
M ountin,: .\ w .... den sl""'J:e {""IiC. tilled with lock lIud 
('IInyiul{ h1l1l<11e. i~ ru rllished. T lri.' I.ns eoml",rlrnenlll 
for lroMing lht N,mlen~r. in(\'I("I,,",. lInd ("fIlihnlli.;m 
chilr\.." 
Dimtnlions: ClIrr.,·jrrg ("fIS'·. 171{ )i I!I ~ Iit-"i ill('i,es. 
(>\"I:r-II II. 

Ntt Wtight: Will. l""/l.r.'·ing e~t.!iC. :lj' ~ l)(Jun.I~: will,olll 
tllrryius C\i.'I('. 1 8~:I' pounds. 

l'riIT. 

\\"o~r.\x $190.00 



  

FRE9UENCY 

TYPE 419-A RECTIFIER-TYPE WAVEMETER 

USES; The TYl'~: '~ L9·A Rectifier-Type W tlVC­
meter is intended for general lise i ll experi­
Ill('nlll l work in the short-wave band between 
[ Hnd 15 meters. 

DESCRIPTION; T his wavcmclcr is a luned­
C'iu'llit in strulllen t , using plug-in coils. T he 
resonance indicator is a thermionic rectifier 
which call be used in cOlljunctioll wit.h either 
its microamlUctcr Ot :t pair of telephone 
reeeivcrs. Reaction llle t-hods ca n, of cours<:, 
be used as \\'ell. 

FEATURES; Accuracy and sensitivity arc 
lilc featu res of th is instrument. 

SPECIFICATIONS 
Frequency R~n!lt: soo iUe to W Me, or I meler to 15 
meters. by using the four plug-in inductors supplied 
with the jn~tr"mel1t. 
Ca libra tion: Ench inductor is individllully ('IIIi1)mted 
wilh t he greatest pO$Sihlc accuracy at several points 
in terms of tbe General lhltlio Company's primary 
standard of frequency, Ench one is supplied with an 
individunll,,' mOllnted cnliLrntion cur l'C. 

PHONES 

\\"irillg diagram of T HE 41!l-A Uedifier­
T~'PC \\"~'·e1l1eter. 

Accur,cy: ± I% of the indicated frequency. 
Tube: The necessary SO-type tube is suppliClI. 
Po wer Supply: Filament current for t.he t uhe is t"ken 
frolll a I ..';-I"oll. 1\0. tl dry cell. 1l10llHting spn~-e for 
",hid, is ooJltained in t he bottom of the cabinet. [ t is 
not supplied with the instrurn(:nt. 
Mounling; :\lu lIIilllltl1 panel Uuishec.l ill blMck crnc:kle 
la ':I:!uer, IIll)un ted on a ])()[ished wnln uL rnbinet. T he 
bc:>Uolll hold~ the four induc1:ol"l! and their chart~. 

Dimensions: Pune1. (heiKhl) IO~~ x (wid t h) 7~& inche;;. 
C:J-Se. (height) 77.: il1Ch~, over-all. 
Net We ighl: 77.£ ,,(linitis with tuUc but wilhuut blltler~·. 

l::quirlllclll 
IVordc".qlh nallg~ Code W ord i'rir.& 

419-A 300 Me 10 20 Me I to ].'j melel"l! $1 00.00 

TYPE 574 WAVEMETER 
USES: 'Ibis Jil'ect~l"c:tdi1!g. tlilled~c i rC\l i t 
I\':l\'c ltlclcr is weU adapted for b't LLe rul pU!'~ 
pose work in commcrcial, experimcntal, and 
educat ional labOl'[llol'ies. lL is unusually 
co mpact , a nd its wide fl'CqUCllcy range and 
direc t.-reading scale make it useful for de­
termin ing quickly the freq uencics of t rans­
mitt.cr;:. rcceivers, and osci lla tors, 

Its precision is adequate fOI" most rou t ine 
f"cqucncy measurements. E ven in high­
precision work the ti llIe-wasting and holher­
some process of locating iUl unknow n fre­
quency On a precision \\"uvcmeter call often 
be simplified by fi rsttletennining the appl"Ox~ 
inw le frcquellcy with the TYPE 574 'Wa ve~ 
mel!'!r, 
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FREQUENCY 

DESCRIPTION: The TYI' ~'J oH Wa"cmctcr 
(·Qnsisl.~ of a val'iahlc ai r condenser and Ih'e 
plug-in inductors. No resonance indicator is 
pl"Ovidcd. and the reaction mctllOd of indicn­
tion is used. The ':-:llibration is engraved 
directly 011 cHell coil form wltldl, when 
plugged ill, bc<.'OIllCS the WIlVc Ulctcr dial. 

FE AT URES: The features or lhis instrument 
II I'C compactness, rugged (:onstructioll, and 
:l direct-reading dial. 

SPECIFICA nONS 

Frl!quency Ran9ti: lG{l kc to 10,000 kc ( IS{)() melcr~ to 
·1.3 l!let..,r~). h," usi!lg the fh'e plug-in in,[uc(Qrs supplied 
wilh the instrument. 
Accuracy, The eullslruction and (-alibrntiun of Ihi!! 
wllI'cmeleT :Ire 511Ch thol. if (1II'('rull~' mllde. 1I1~~1Ire­
nU:ll lJl 11.111 be re!i<.~ ! " IIOU within ± :I';Q or the indicn\e<1 
fre<[lICllry. 

Condenle/: :\ ~pec;1I.1 'rl' ".; :;:JI Variable Air {' (/udcnser 
JUo.-tifie.1 loy n reduction genr is uscd to sJlrt'lhl the 
1 •• liLration Sf1\le 0\'1". " ,Jllroximllttly ~145°, 'I'll;' flltili­
tllte1lIJredllC:.sdting~, ,]'IC(.'(In/len~er il lir;"en h~' " ~Io,,'­
",utiOI! klloL genn..'d to th1'l co",lcustr ~h"ft. 

Calibration: Ell t h in,\uetor is indivi<lually ealilm<i(."(l at 

"rinu.ry standard of frequeney, and intermediate 
points nre Sl!(:ure<-I by in ter l)<)lation, Tioe scales them­
sell'e!I Me cnj:r!I"ed on the inductors, thus nlllldng the 
iustrument ,liroc1. rl"luling, Coil A 1111<1 Coil U 11m cn­
gml'cd ill uniIA: of megllf:~'eles, othet!l in ki'o<:rclCil, 

Mounting; " ",e t'(lwlcnser is mounted OIl n IX\kt!ile 
pnnelnUnd.c<i It) the JXllishcd walnut eMe, nlulle CllLl 

of whit!' is the ~tor.~ ge ooml",rtment for spare imilldors 
wl,id, lite hek! ill jJIII(.'Il by a spring d'"Il]), 

Dimensions: (Length) 1 t :0; (willtll) .j x (I,cight ) 5.!1 
inches, 01'(:.-,,11. 

five poillu ill tcrm~ of the Gener:!1 Uadio CmufJllny's Nt! We ight: ~% po"n,ls, 
Equimlent 

IVnrtletrnlh RotH" C<II/r lJ'IIM P,iCfl 

574 1166 kc 10 70,000 kc I ISOO to ,I ,!I uwiers CA,m" $50,00 

TYPE 358 WA VEMETER 

' 1'1' 1'~: 3J8 Wa \'CmclCI' is it com pact. low­
priced illstrutuC'nl of lIIoderate acctll'n('~'. It 
(.'O\'C' rs a wiue fl'e<l "(-'1I<'), !':luge, and il i:- pnr­
ti('lIlnrly l\'ell 'Hlaptcu lo j.,Tt!lIeral purpo;;c 
frl''1I1('llcy cil('('I.;ing ill the hthonltory, 

The normal frcquell{'Y range of 1350 kc 
to ~O,OOQ kc (~NO to 1;1 meters) ('all Ltc (>x­
tended to ~ 15 kc (950 mcters) by ordering the 
1.11'0 additional eoils mentioned in pri(.'C lis t , 

SPEClF1(A TIONS 
Range: 1350 I.e to 20,000 ke (m to 15 mete".), By 
<>Nlering the t " '0 extra indndon° m~ntioned in the 
I.'rk'll Jist, tlte rMge can 1M! extended to :)15 ke 
( {I(ii) meters}, 

Accuracy 01 C.libr.lion: 1% , CnlillfilteJ in frequency, 

Condenser: ','1'''.: ~17 CondenJ;Ct 1\'itlt .Iow-motion 
piniou-gear dril'c ill drnwfl-sleel t'il.>C. 

InductOfl: Four, on loakelite forms, filled with ]Jius to 
r.l <'O",len!('r l er' n j ' u,I~, 

Resonance Indicalor: 5",,,11 n .. $hlight h"lb in s]JC(:ial 
sO/'kct. whid, doses circuit on removal of bulb, 
C.nylng Case; SrNll't prodde:1 in .,.oodcn tllSC ror four 
in.lndo"., oo,ulcnser, and (1IliLrtllion cllIIrt, 
Dimensions; Cnrr,l'ing CR~", (knglh) 11~ x (width) 7 x 
(I'eight) 5%, i"<;he,~, o"cr-all. 
Net Weight: .~.!1 p/"u" ls, 

rOOt Word Prit:t 

358 1350 k, to 20,000 kc I ' 1'1'.:/1 
Addihon.lmductorl for extending range to 315 kc '1'011,1' 

$17.50 
12.00 

or.., ""'UI ..... ... J ... "'" ....... II 'PP£....,,'LY wi"," ..... ~....,t ...... II> ~"u illd"clUI'_ i ; .. nl .. 1. 
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WAVEFORM 

TYPE 736-A WAVE ANALYZER 

USES; T he wave .uwiyzer is used to measure 
the aillpl itude :\ud fl'cqucncy of the compo­
nents of a complex electrical wa vdorm. T hese 
include not oldy the componeuts of hannouiC! 
distortion, but abo lloll-multiple voltilf,'CS 
stich as noise and hum. 

Spccific lIses of the T Yl'E 7St·A Wave 
Analyzer include the measurement of har­
monic distortion in audio-frequency equi p­
ment, bl'oudcasl receivers :l.nd t ra.lIsmitters, 
telephone systems, pu blie add ress cquiplueul. 
oscillators, amplifiers, and va cuum-lube cir­
cuits .in general; hnl'lnollic studies on electric 
power systems and cic<:lr icllimachi ncry; hUIll 
IllCilsurcmcnt in a~ operated communica t ion 
CqUiplllCllt; noise analysis ; and indu ct ion 
studies 0 11 telephonc lilies. As n sh:~rJ>ly-tuncd 
voltmeter, it is iuvalu:l.blc in the mcnsurc­
men t of the tmnsmissiou dmraderistics of 
electric wavc fillers. 

DESCRIPTION: The Tn'E 7SG-A W:love 
An:lolyzcr is n hctcroc.lyne typc of V:1CUUIll ­

tube voltUlclCI .. T he intermediate-frequency 
ampliliel' includes a highly selective filter 
using three quartz crystals. T he use of a 
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heterodyne me t hod makes it possible to vary 
the response rrcqucncy of the l.lnalyzcr while 
using a fixed-frcqucncy filter. 

T he out.put of the loeal oscillator :'Lnd 
the whole of the complcx waveform to be 
eXllmined arc fcd to ,~ lIalalll_oed modulator 
whcre their (..'ombinat.ion produces both the 
Sllm aod diffcrcnce frcqucncies, or side bands, 
iu the output. T he origin:l.l of the complex 
w(lveform is 110t passed by t he modulator 
inlermcdiale-rt'cqueney output transformer, 
a.nd thc local oscillator cnrricl' frequency is 
suppressed in the output. becausc of the two­
t ube balanced modulator employed. 

T he 50-kilocycle eomponellt of the upper 
side band , proport.ionallo U1C , rolt.agc of that 
frequellcy present in the original Wllve to 
which the main d ial is set, is selected and 
flmp lified by t he intermediate stages. The 
adjustable gain (.'ont ro\ of the <llIlplifi er gives 
the ma ny valucs listed below for full-scale 
deflections of the output meler. T he stand· 
Il1'(ls for t.he vol lage aIld frequency calibra­
tions ;Lre self-contained within theinstrumeot. 

The entire assembly is a-c operated from 
a 115- or ~30-volt. 40- to OO-cycle line. 



. 

WAVEFORM· 

FEATURES: The advantages or the hetero­
dyne type of analyzer UTe well known, nnd 
tile older TYPE G$6-A Wave Analyzer WM 11 
very satisfactory instrument based 011 the 
heterodyne principle. The ncw Type 7:1H-A 
\Vn,·e Analyzer has a number of advantages 
o\'er its prcdc<:e~so r. Among these arc: 

( I) A-C ope ration. 
(~) The crystal filter is dcsigll ed to gi ,'c fl 

flat top characteristic. 
(3) T he analyzer has gl'entcr scnsi ti,·ily, 

grcHtcr vol tage r<t1lbf('.. and grcn lcr flr-xibility. 
(4) T he input impedance is oonstanl. at 1 

rnego,lnu, but :, bu it l_in IOO,OOO-ohm po­
tentiometer is provided n$ an alternate input 
system. 

(5) The meter senle is linear . Th is, to­
g<:thcr· wi th th t~ broader bUlld,fiut top,erystnl 
fillers, makes tuuing much eil!'icr and thc 
apparent stabili ty of tu ning adjustment 
tlluch better. 

(6) The calibration is obtained from lUI 

a-c source aud is much less cri tical than the 
d-c calibra lion which was useu on t he 1'1'l'E 
636-A Wavc Analyzcr. 

(7) There is no picku!) i!"Om extcl'lwl 
II1nglletic jields si n(."C the l)<ltanced modulnlOr 
is fed hy n phnsc inverler tube iustead of by 
;\ lra nsfo rmCI'. 

(S) All critical parts are sealed to minimizc 
thc effects of humidity. 

TestinlS the experimental model of Tn.: 
736-A W;I.\·c Anul~""cr under Imu~ulllly severe 
operating condi t.ions. This photograph WM 
taken during:tn airplane Hight to detcrmi"e 

thc fre'l"on cy spectr"'" <.>f 11;"1,10111<: "o;~<:. 

SPECIF!CA liONS 

Frequency Range: '?o to lU,.Ooo c,.'des. 
Selectivity: l\l,pro~imately 4 cydc~ ··/i"t lop·' Imnd 
width. T he response i~ down 15 db at ;; cycles. 30 db 
fit 10 cycles. GO db lit 30 eydes fro m lhe pc.~k. Tile 
~e lecth'ity is (:(,>lIst:lIll o'·er the frequency rnngc. 
Vo[wge R.nge: 300 micfQ'·olls to SOO volts full sClile. 
The lowest di,' i.~iol1 on the metcr et>rrespollds to 10 "'\'. 
T he over-1Ill range j~ di\"id~..J. into four mlljor rnnges: 
300",\"- 300 u)\",.3 mv-3 v, 30 mv-30 v, .3 "-300 , .. Each 
of these ranges is divided into sc,·cn ~calc rllugCil; for 
exnmple, the .3 v-300 " rnnge has the following full­
scale ranges: 0.3 v, I v, 3 v, 10 ",30 ,,, 100 ", 300 v. 

In addition to lhe \"oltllgc ~ealcs, diN.'Ct-rcadiug 
dedbel sellies fire pro\"jtled. 

Vo!~ge Aeeu.aey: Within ±5%uI11,Uranges. Spurious 
VOltRfes frolll higher order modulation produ(:ts intro­
dUel!( by the detct:tur are sllppresse<:l by at lea5t 70 db. 
Hum is 5uppre..~ed by at least 75 db. 
Input Imptd.nee: One megohm when used ror direct 

T/Jpe 

voltage measurements. When nscd with thc input po­
tcntiometer it is nppro~imnlcl'y )00,000 ohms. 
Ae,uraev of Frequtn,v Celibration: ±'2%. 
Vecuum Tubes Required: 

3-T ype nCG I- Type Oe.; 
2-T.n)C GKGG I- T ype OX5G 
3- Type OJ; I- T ype GJ:'fiG 
I- Type OBti $-Type T-4oM rU.'(lU himps 

Tllcse lire supplied with the iustrument. 
Power Supply: 115-"0It, ·10- to GO-cycl(!, vacuum-tube 
,·oltage regulatQr irlduded. A change in the I)(),,"er tran5-
{brUler t"Oilnection {l(!rmits lhe use of 230 volts, ·10- to 
60·cycles. 
A"e5$o.ies Supplied: Vat-UIlI1\ tubcs. spare rtlS~, $pllrc 
pilot light, spnre neon Inmp, one T rI'r. 214-:\D ShiclJe<l 
Plug A!;Scrnbly. 
Mounting: Shid(k·d oak cabinet. 
Dimen5ions: (Width) U)1 ~ (height) 25.!1 x (depth lOa iDehe~. over-nil. Net Weight: 85 pounds) 

Price 

736-A L . . . . . . . . . . . . . . . . t $640.00 
rATE~T KOTIO: See ,",Ot.e;! I. 3, S, 1'""- v. 
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TYPE 731 -8 MODULA liON MONITOR 

USES: The modulation monit.or iii used to 
measure and to indicate conti nuously the 
per(;cnl~tgc modubtion of broadcast and 
otller radio-telephone transmitters. It meets 
the requirements ror modulation monitors 
specified in Htlle 130, amended, of the Fed­
eral Com muni cations COIUIUissio!l . It. has 
been approved by the Commission and 
assigned Approval 1\0. 15;j l. 

T he following specific IllCI\Jl!lrc mcnls ctl n 
be made wilh the T YPE 7~1I-B l'-Iodu lali oll 
1\lonitor : 

1 . . Measurement of pcn:cnbtgc modula­
tion 011 eithe r posit.iY(~ or negative peaks. 

2. Program level monitoring. 
3. l\Ieas urcmcnt of carrier shift when 

modulation is applied. 
4. Lldicat.ion of modulation peaks exceed­

iug a predetermined degree of modulation 
(i,e., over-modulation indicator) . 

5. Transmitter audio-frequency responsc. 

DESCRIPTION: TYPE 73}-B Modulation 
M.onitor consists or three essentiill elements: 
(1 ) it linear diode rectifier which gi,'es un 
instantancous output vollitge proportional 
to the carrier CllvelOpe, (Q) a peak voltmeter 
wbich gives a <:Olltinuous indication of the 
peak modulation, and (3) a trigger circuit 
which flashes :t light whcnever the modula­
tion momentarily exceeds any value Wllich 
has been pre,·iously set by the operator. 

J I1 tllC output of the linear rectifier is a 
d-c meter whic.h indicates the carrier le,'el 
at which the instrument is operating and 
also shows any carrier shift during modula­
tion. 

168 

The meter which reads llIodulation pcr­
cen ln ge hns a high-speed movcment. It is 
u~cd in conj unction with electrical dela;,-' 
circuit.s to give a I'apid upswing and a slo,\'er 
retHI"Il. 

The flashing lamp is cxt.rcmely useful [IS 

a monitoring clcvi<.:e. Jt is set to Hash with 
moderate frequency wilen the transmitter is 
operating normidl y. If the f1nshing rate 
changes markedly, the operator is made 
aware lhal something is wrong. 

FEATURES: Speed and simplicity of opera­
lion, csscnlinl for monitoring in struments, 
arc :n-ailablc in this instrument. It operates 
over a wide carrie r-frequency range, and a 
tuned input circu it. is provided to facilitate 
eOllpling to the tl"ansmitler. 

The biasing circuit which controls the 
operation of the o\'er-ruodulalion indicator 
is so designed lhat the accuracy of lhe lamp 
is entirely indeiX!ndcnt of shifts in carrier 
amplitude. 

The t.ype of movement used in the direct­
reading meter is extremely e/LSY to follow 
with the eye and is the most satisfactory 
thus far devised. 

Terminals are provided so lhaL remote 
perccutngc modulation indicators or over­
modulation iuclieiltor lamps cnn be (.'011-
fleeled to the instrument externally. PI"O­
vision is also made for connecting It peak 
counler or :t recorde r' . T he modulHtion 
monitor \\"ill operate at frcquellcil's betweell 
0.5 Me and 60 :'I (e, T wo .sets of plug-in coils 
arc used to cover the complete range, QlLe 
set is slipplied wiLh tJiC instrument. 



  

WAVEFORM ' 

SPECIFICA liONS " 

R.n,e: :\Iodulntion percentage, 0 to 110% in<lica.ted u~· 
meler on po~iti\'c peaks, 0 to 100% on negAtive pe1Ik$; 
nn~ll ing inemlliest;Cul lamp :uJjuslmel1l, 0 to 100% 01) 
lWj,(nti\1l penks. 
(trrier Frequency R.nge: The monitor is ,lesignClI to 
or,:rn le at an)' a rTier frequency bet "'een 0.5 lind GO ) Ie. 
' [ hi!! range iJ co\'er~ 1 b," two set.. of coils. A 5ingte set 
of (:oil~ teither tor the 0.&- to 8·:'o l c or 3· to ('.o.:\ lc range) 
i~ supplied lI'i t h lhe ill~lrlllllen t lin[cs~ iJoth StU! Mc 
spedfiC1l lly Imtel'cd. T ile S<!l.'I nre I"CIldi1r illlcrclinngell hie. 
(tiec price I~t.) 
Accur4cy: T he 0\"1:1'-1111 nccuracy lit measurcmCllt III 
-100 cvde, is ±~% of fnll $<;ale at 0% und 100% 1111<1 
± 1% of full &(:nle at any othe r nlOo.\ui(llion per,...,utagc. 
Audlo. Frequency RClponu:: T he fl"C(!lICIl CY rt.'lIIl()IISC 
of tht: mder imlkatioo is oon$13nt wi thin 0.5 db J>e­
tween ,10 auo.l 15,000 cycles. 
Power Supply , I]'~ \'olt~, ,10 to GO l:,I'cles, 
Mete": Hedili~l-l"Ilrrier meter alnl l1;gh.sp<. ...... 1 per eellt 
l.uoo.lullltiolll1leter arc Ilro\-ided. T ile latter hilS n ,Iedhel 
stnlel'$ wcl l. w1rith is useful ",htu ndjustillg tfan~ lIl ittcr 
input. It 0;11Il 1I1w lIe used for {I.king O\'o;r'/l lI fidelity 
d,nrnclcr isl il.'S. 
Co ntro ts: Contrul! (Ire induded for t uning the NO'; ITOIl 

inl lut <.:ircnit to re;<OIlIUl<'''e willi tile carrier 11/1.1 for 
ndjusling ti le m rrier Illlll)l itude. :\ Im'itd. is pro\,j. led 
fo,' mensuriug thc posith'c or the negative peuks, II~ 
Itcsired. A so~rr sAI. ~U)rHf""TIOS I't:.\ KS dial, calibrated, 
a ud CQntinuolIsly \'ll ria"le from 0 to 100% , is pro\'iJed. 

'I'I/J~ /}ncril'/itlll 

:\ n Os-oFT I"'i tch wi th pilot lamp CQntrob the po"'er 
input. 
V.euum Tubu: The following tubes are useo l: two I_V • 
one uCG, oue 75, oue SRi>, and one 8-1. All nrc 5UPI)!icu 
with Hie iU5lrumell t. 
L.mp: The Qn:lI-MODUt..,TIOS lamp \\;11 (buh nt the 
ius{ant ",hen the 1ll0dulalioll ex(!'CCds tire vallie to which 
the SO~II .\'M, MOD\' L.\TIOS l't:.~KS dilll is set, lIud wilt 
rernlliJI lighted so 10llg 11 .' th is <.'Un.lilion per~i$t$, '\ 11 
inMndC$(.."Cut Inrnp is \lila\, gi"ing 1\ hril1iant light. 
Shielding, The modubtioll mOllitor i;J well shieMe.1 so 
tllnt it TnIlY he operlltCti in radio·froqlleuey fieMii en­
countered in the operflling room, 
Tcrmin.l l: A 1l11ir of binding post li t the Tellr is pro­
\'ill<.·") fur tire nl<!it'H're<jllency il1 l)ut. TenuiAJIls /lre 
pro"ideol 011 the multipoint COllnector lit the rear for 
OOllne<:ting lUI addiliorml remote '·o\,cr·mo<!uln!iou" 
iudielltor lomp, or a rcU\ote high,spI;ed nrol iu!ntion 
meter. Provision is nl.w m~dc for CQunecl ilig 1\ peak 
connter or rerorder . 
Other A c:c:eHo. ie. Supplied : Spa ..... pilvl tumps and 
ruse~ , mnttipoirrt oouneclor,lIl1d cord·tLnd·plng lI!ilClIIllly 
ror thc 11-<: line cormeetioll, 
Mounting: T he iustrumeut is relnr-rnek 111l1l1l1ted. The 
pnnel iJ ItlnmiulIlII wilh t he stltndllrd General Ihdio 
"lllck·eruckle laCQucr fini sh. 
Dimen5iOM' I'and {JeItSlh) 19 x (height) 8M in ehe~: 
depth behiud p.'1neJ, I I! iudle:S. 
Net Weight: 50 pounds. 

erNI" Wnrd I>ri~ 

731·8 Equipped fo r 0 ,5· 10 S·Me Carr ie r Range E."i:url' 51 95 .00 

731-8 

731·P5-1 f 
731 · P5-2 

731 · P6-1 I 
731-P6·2 

" .\T~:~1· ~OT IO:. 

RF. IHi'IIT 

• 

Equipped for 3· 10 6O·Mc: Carrier Ri nge . E~UI!\' 195.00 

Sel of Coib for 0 .5· to S·Me C'fricf Range . e.\ lIO.\l 10.00 

Set of Coils fo . 3- 10 60.Mc: Canier Range . ".\I,Y:O;: 10.00 

Sc... ~OIC.s I ~, ~1. ~~, 1»1I<! ,. 

Functionl>i scllematie diagra ln of THy. i31· B :\IooJulalioll :\ Ioni tor. 

PEAKS 
DIOD E. • , , V.T. VOI.:TM~Tcl'! 

, 
CA.R RIER 

( 
NOMINAL 

MOOUl.ATIOH Pf" ~ S 

AMPUFIER 
(lAS- OISClilR(;1! 

TUBE 

OVER MOOULATION 
LAMP 

PER CENTAGE: 
MODUL UION 
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TYPE 732-8 DISTORTION AND NOISE METER 
USES: T he TYl'~: 732-D D istortion :Lnd Noise 
Meter is int ended for usc in I"udio broml­
cl\Sling stllliollS to measure audio-frequency 
distortion . noise. :Iud hum It:n~ 1 in Ule 
t ra nsmitter outJlut as well as ill t.he audio­
frequency portion of tIle transm itting cquil)­
ment . 1 I CII II h(' 11SCd for !:i milllr me:lSll rc m el lts 
on oUler lypcso( audio-frcqucllcy cql1 ipu lcn l , 
slich D..S li nes, amplifier;;., dc. It. finds m:1n,'" 
Wies in the lllboralory and product.ioll lesl­
ing of radio r(X'Civc r;; where. as:l \yidc- l'a nj!e. 
highly scnsitl"e ,'oll-rucler, it is iu vah whlc 
for such lests as signal-io-lioise ralio, A YC 
characteristic, and hu m 10"cl. 

DESCRIPTION: This instrUlllent <.:otl$ists or 
a linclt r rccLitic ... a fille r, :tn amplifier, and a 
\·acuum-t.uhc voltmeter. T he metcr reads 
distort.iOIl direcll~' i 11 per (''ellt of fll ndll mental 
vol tllge unci reads carrier noise or hum levc.i 
directly in dceilJCls wi lh respecl to normal 
modulating input to the t ransmiller. 

Provision has been made, by the inclusion 
of front-panel jacks, for using the equipment 
with audio-frequency inputs. 

The output of the line;'lr rectificr is also 

;'Ivailable f rQlII panel jacks so tJlat il w;wc 
anlll,vze r Ulay he used to ;ulalyze the Wfive­
forms of the currier en\'eloptl O\'cr the 
I'Oll1plctc Iludio-frequency range. A T YPE 

736-,A \\';\.\'e A l1alY1.c r is recommended for 
this purpose. 

The lest. i,;. made aL a- single frequene,\'. 
400 cycles. Where tesLs at. other frequencies 
tll'C de.~ ired, lhe TYp~; 732-J', H;mge-Exten­
~ion Filtercflll he used. F or a single-freq uency 
lest. T YPE 733-A Oscillator is recolll mended 
as tl sourCe of tesl \·olt;'lgc. When T YPE 
73Q~Pl H ungc-E xlensioll Filters me used. 
T YN l (lOS·A Osci llator is recommended. 

ADVANTAGES: SI>ced :Lnu <.'OIl\·e lliell(.'C of 
opel'lltion have been cm phasized in the 
design of this instrument. Ollly a few seconds 
~lI'e required for 11 single llleasurCI'IlClll. T he 
range of distOl'lion whicb ca ll be mensured 
is wiue. from below 1 per (.'elll up 1.0 SO per 
f.;C lIl. While :l si ngle·frequeney test riclds 
adequa te information for most purpo~s, the 
'1'\' ... : 73~-Pl Range-Extension Filter pro· 
vides a conven ient means of making Illulti· 
frequency tests. 

SPECIFICA TlONS 
OJltoriion Range : Oisturtion is read dire<:t1y From a 
la!ge meter. FulJ'!I('1II(' ":alue4 of 30%. 10%. 3%, and 
I% are provided. IUI'\ are sellrled by" multiplier switth. 
T he Mllige For {'IIrrier-noise m('.1SUl'('lUcnt is From 30 to 
70 .11> lot-Iow 100% ffi{)llulalion or G;; <iI, below an IU"!; .... 
{requet'e~' $;j:.! nal or 1.ero Itxcl. 
Audio-Frequency Range: 380 to 4;ro eyelet! rur distor· 
lion mcnuremCllta: 30 LO ~,OIIO cycles for noise or hUID 
m('a~urcmtnl$. For el(tcm!ingll,c t1i$Lortion measufC­
ments rnnge. ~ T nE 7S'=!· Pl H/J lI ge- £~tcli sion Filtcl'll. 
page 171. 
Carrier Frequency Range : The '1' 1"1'1': 7~\!- B llistortiOIl 
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and :\oise Meter is designed to opernle at anv C*rricr 
(requenc, ' bet ... ·een 0 . .1 And GO megll.cycles. niis I1lnb'i: 
is oo\'Cretl by two coils. :\ single ooil (either for the 0.5-
to 8-)f(; range or for the s. to 6O-Me rAnge) i$ 511PI)lied 
with the im;lrllJ.Ucnt IInlCSl; both ooils nrc spccifically 
ordered. The coil! nre rel\(lily illtct'Clmnf,'et1. (See price 
li.~t.) 

Accuracy: T he o,·cr. ,,11 accurtlcr of mea.<iurement of 
cllch di~tottion mli!;e ;1 better than ±5% or ("II ="CIIle 
± O.l% distortion. 
Meier: A \\'eJOlun .\10<10::1613 ~ I etcr, elllihmte,1 directly 
in pcr <.'';n1 di~lortil:m Rnd dccihels noi~ le,·tl. is pro-
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1'1.1..,:1. ZerO udjllstrncut of the meter is Imu le by II knob 
prOj~'(:ljng from the mder (ncc. 

Conlrols, ,\ CIIrricr l'()ulrol is ]lro\'i, ll~1 for luning the 
;Ullut circuit of the illslt umenl to fc;j()U;l llCC witl, the 
carrier. A ~witch is prov;«cd for !;(:le<:ling the proper 
• Iisturt ion or noise tange. Au a mplifier linin COlLtrol (Iud 
un o:s--on' swi tch with pi lot [amp arc :l. l!lO provided. 

V.cuum Tubl!i" One :l7. two GO ., olle I-V, and one S~ 
3re supplied. 

Other Acccnoric5 Supplied : Sj)Qr¢ (uses ~nd pilot 
[:\lIl IIS. '1''''0 dUnllll,Y p lugs to be Wk....! if the '/'YI'I; 73'!.1'1 
1l:t" G'c-l-:xtension Filters are not rol1ncc;tc, l. Oue currier 
iUIIUl coi l. 

I - =:tW n , 

, 

7 R 
Q PEflCENt.CE 

OISTORTION 

h,m;n.ll; III addilion to the .;tdio-frequen cy inp"l 
binding pu. Li M the reM_ t wo nurllH,i -throug h Wc~lcrn 
Electric output double j;tck~ are Il ro\'ided on tile I"lnct 
OIlC lit higll imp.:d:lI l1:tl fo r the modulated CUI'dOI'" from 
lhe rect ifier, IIIL, I one at ,:;00 " I"us for ll$e in :\udio­
fre<:jllen cy tesliug . 

Power Supply; I ia or ~30 \'(lits. 40 to GO cydes. 

Mounting: The illstrHUlent is rd'ly-r!l.ek mOlll1ted. T I.e 
[l:llIeI is aillminll!1l witll lI,e standard General It:" li(l 
hl,u:k'cruek le laC(jner !iaish. 

Dimensions: Panel. If) x S~ indIes; dellil. hehi nd [lliitel. 

12 inches. 

Net Weight; 10 pll\ltuls. 

" r;et< 

732·8 
732.8 
73!!·P5 
73!!-P6 

Equipped for 0 .5_ to 8.Me C •• rier R~nge . 
Equipped for 3. to 60.Mc Cauie. Range . 
COifl for 0.5- to 8-Me C.uie. Range 

~; .~ ,,1:1, 
I~(I!' !." 
em.!: 11 
C'J':o' IC 

S!!45.00 
245.00 

10.00 
10.00 Coifs for 3- to 60-Mc Calrier Range .. 

'',\'1'1-;:-;'" i"OTL CE. S<-c ;';Ole l. I'"~ v. 

TYPE 732-P1 RANGE-EXT ENSION FILTERS 

USES, This asscllluiy of filters is ucsigued 
:o:pccifiea lly for lise wilh TYI'~: 7:.12-13 D is­
to rt ion alld ;\oisc ) l clcr 1.0 extellu the fr('­
qUCIH'Y t'allgc for d istortion TlI(;:UIIl'ClIl l'n ls. 

DESCRIPTION: The inst l'111llcnt co nsist:) or 
n\·c IliSh-pliss fil ters to p M;S ha rmo nics of ,'jO, 
100, I O(JO, 5000, ami 750n cycles, respecti vcI,v . 
TIlt'S<! fil tcrs arc I1IQun l ed behinu 1I I'clay-r.tCk 

panel. St"ICt"tio n is con t rolled hy a paucl 
switch. Colbles for (."On ncd ing to t.he T n't; 
7~)2· B l>i :o: lol' l iou ,I lid Xoii'C :\[I,:[CI' a re 
provided. 

ADVANTAGES; 'I'll is P'lJl(·i provides a ll 

exlrt"1I1ciy simple ulld c(·onomicai method of 
extending tlte ra nge of t he T \,N: i$Q· B. Xo 
(:ritieltl adjusl tl1t" lI ts 1I1'C nCl.'C,.;s:lry. 

SPECIFICATIONS 

Audio.F,e,quency Renge: 50. 100. lOoo. 6000, (lnI17;:;00 
c.H: les ± 5%. 
Af;(Ulecy; At .listurtiOlu grea ter lI.an 0.1,%. tI.c error 
is Ic.~~ thall 10% of t he trlle \'(lltle ±O.15% disl(lrli(lli . 

Test Voltage; 'i'n'f: 008-_-\ o,;..·illllll,r is recolllmemleo.l 
as n SOll rl'e of test vultllge. 
(onilols, :\ $ingle l'OlIlwl is prol'ideJ for sdeo.:litlg tl .. : 
proper filter. 
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Accessories: T wo !!hicltlc..! Cftloles !Ire ~Ur)I,[ied ror 
oonut"Cliug the Tn.,; 7'32_1'[ B(tnge- f:xl~n~ ioll }'illcrJ 
to a Tnt: 732-U l>iswrtiun nnt! Xoise Meler. 

Mounting: The i,,;;lrumenl i~ rclay-rnck rnounted. '.n,c 

1'/1/16 /)(;.ftJription 

732·Pl I R.n9'e. Extension Filte rs .. 
j ',\n :s'I' NOl'lCJ.'~ See ;>i:OIC I . '"~''' v. 

panel L< alumil\U1l1 with the $t;oudanl Gcncn.1 Hull;o 
bruck-crackle laCtlllcr fini~h. 
Dimensions; Panel, 19" 5J1 indu:s.; tlcl'tl! l.eh]u\! panel. 
I ~ inclle.!:. 
Net Weighl: ~ poumLs. 

J'ricc 

t;..'<S.\ \' 5150.00 

TYPE 733-A OSCILLATOR 

USES: T he function of this oscillator is to and is til'sigllcd for rclaY- ":lCk lIloutiting. A 
pl-o\'iJ e a 'WO-cycle test "oltagc for distol'- filler to clilliina tc harmonic;; is proYldcd 
Lioll IIIcaSlIfClIIClils lI"ith the 'J'YI'J,,; 732-B FE ATURES, The im portant fea ture or this 
Distortion and Noi;;c .Meter. oscillatol' is the ex(.,<' lIent w;lvdorlll or the 
DESCRIPTI ON: T Ile oscillator is H-C opcl'at('d outjJuL votLngc. 

SPECIFICA nONS 
Frequency: 400 tyck" ±'t%. The fre.Wtuf'Y of lite 
ugcillatnr.toes not dUl llge uy lu"re l im n 170 lJ(.'l'all;;e of 
heat ,liS!lip~llion iu lhe lIuil or c],nnge,., in nlllhieut 
tcmperature. The .Iesi,;n ollhe filler of the '!'n t: 7S'l-1l 
Distortion R",I Xoi.se Meler lI'itll which this o;;ci llator 
is used i5 ~ lIch thut "'nch wider ehullges tlll'(l) this 1I'0utd 
have enti rely neg-ligi l,le etfect. 
Output Power: :10 milliwatL.s. 
l"ter" ,1 Output Imped.nce: 30. 500. or :.000 uilins. T llis 
is oLtainl'll uy <:1o"1I1:;'lg n ('Ouuectinn 1Jet"eeu the out­
put terminnls !Hu] t he filtet. 'l'hC'Se \'ul\le~ of output 
illlpednnt'(l tllll!,le " wid<: runge of irupc.tn "l"eS to be 
ronflect.ed to the OlICilintor without IMge mismatdl loSli. 
Wneform, 0. 1% to O.'l% .Iistortion. dellending upon 

7'/1/1(. /)c$Cripli<m 

733-A ) Oscill.lof . 
P.\'l·\::XT ~OTICE. !'.or ~u(e I. ~ ,. 

172 

loa.1. T he di$tortiou ~ leM thnn O. ICC when the lOll.! i5 
Ii lIliHh'· 'ltt~ :n,,[ i~ 0.0.:;% ut 110 10 .... 1. 
Conlrolt, There i~ nn output \'ulume (.'I)lIln.! "nd nn 
O,"-otT IIwiteiJ. 
T ubeJ! Olle 76 IIml one '?57.;i are .'!IuPI,lie,]. 
Termin.I.: A \\"e~terll Eledric olltlmt ,1(IIIh!e ju<:k ~ 
PrQ,i,lc,1 011 tI'e pallel aud loindiug posts III t he rcur. 
Power Supply, II ,; \'olts, .. u to GO ,:.,·dd, lie. 
M ount;n,: T he iustrument is rela.'·- r~,d~ 1II0untt<.i. T I.e 
panel is ,,111l11il1\1111 "'itl, 1I.e s tnndard Gt!uerat Hqdiu 
bl~. ck-er'tckl(l !~,c.(l llcr finish. 
Dimensions, I!) x S}i x S illeh~ dl'Cp. 
Net Wei,ht, IS lIOIIIIUs. 

COOt Iral'll 

562.00 
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TYPE 530 BAND-PASS FILTER GI 

USES: D istortion measurelllCIlt.~ require II 
tc.st mltuge WiUl a negligibly snllli! harmouic 
<:ontent. 'J'. p~; 530 nand-rfl~s Filter is in­
tended for use with 400-cyclc oscillators to 
supply tLis yolttlge. 

DESCRIPTION: This filter is available in 
two models, difi'erillg OJJI ,)' in te rminal illl­
peuuHcc. 

Inasmuch as the ty pe of filter section em­
p[oyed is uubalan(:cd to ground. this band­
pass filler may not be UM:d in ba lanced­
ci rcuit inputs to the a ppllratus Ullder test. 
1·'01' balanced-line inpu ts thc usc of a 'l'l'PE 

G'~ J -A T rausfol'lllCr, described on page 180, 
between the filter seelion [uuilhc apparatus 
input is re(.'o uulIcncicJ, Th is tr:lIlsforme.r is 
dc!'igncd for the intcl'('"olllle<:tion of u:lluu<:cd 
nnd ullbnlanccd lines aud will not introdu<:e 
harmonic;; into the .J.OO-cycle test signal. 

FEATURES; Tbe usc of oue of these filters 
rccluc:es the harmonic (':oulenl by a t least 50 
deci bels. Thcy lllay be userl will.! a flllldu­
mcntal frequency of {rom 37.'i to .J.2.5 cycles. 
Sufficient. atlelluatiOIl is provided al the low­
frequency end to rCIllO\·C any power-supply 
hum vollagc which may be pl'csenl. 

SPEClFlCA nONS 

Attenu.tion Ch'lotct,uistil;, (&'t! H(,:omf}!u\yillj< curve,) 
i\ I)('ak of ltIlI.xirUUIIl Ilttcnuation i~ IiCl for rCJtoctiun of 
the 8(M)..e~·cle it'COnd hannQn;c. 
Voila, ,, limit: Input \'OltllgCll up tu 5 \'oll$ ('3n 00 
IlI)plied. 
IrnpedltrlU: Oesig"" aTC on liIe for n filter of 600..,1"11 
char.u:ter;lIt;c iwpe<.inrwe fot line U.'Ie Itud for II GQOO.. 
ohm filter fot use, wilh n bloddng (."mlcnser, directly 
on the Quq)\ll of nil oscillator or 1111 flmplirier $tagc. 
I·'illers ol"(!creJ for utller impc(Jnn~cS fire ohlni/mule at 
It sl ight j"crellSe ill t.'OSI. 

j- 1+Hl--+++Hfl+l+---I---H+t , 
M ountin,: niter, nre mounted in sillml:ml drawn 
steel. wu-filleo.l " loJel IJ cases. 

!-'Ni~~-+++ytHr--r~~ 1 
DimtMionl: C~, (width) 5'" x (height) 572 I (depth) 
;;J4 inches, o\"cr-all. See also Uim.msioned drawing, 
page ]75. 

Net Wei,h!: 8 poulltls, 

( Nigh!) 'I'rnnsillissiuu .. 'hnru~l('dstio:: uf 
Tn' .: 530 ihUnl· Puss Pilter. 

--

Pan /Jll/til 

530-A 
530-( 

1',\'1'1:::.0'1' :':OTICI::. 
I 600 ohms 

6000 ohms 
~ Sot" I, pap v. 

!H;; to ,I '!'; ('~'('k'>l 
$7.1 to 4:lS cycle6 

$30.00 
30.00 
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WAVEFORM 

TYPE 830 WAVE FILTERS 

WAVE FILTER 
! lPl 8><.1 ~ U~~O PASS 

~CPS 

GEr-tfRAl RADIO CO 
··"A"· ."> ~ 

USES: Electric wa vc fillers ~ll'C used to 
eliminate ll:l rlllonics from dislQltcd wave­
form, to isolate specific (:omponcnts of com­
plex w:wefo rms for me;lsw'crncnl. to equalize 
the lr:msmissioll frequency chaf1i(.: tc ristics 
of eOlllJllUnLcatioll systems, ami, in btCllcl'al, 
Lo remo\'c "oltages of undesired f l'cqucllcics 
from mea suring ;Uld COlllllluniC;ltion circuits. 

DESCRIPTION: TYI'~; 830 Wllve VillerS arc 
compact, tll'o-section fille rs hil\·jUg cxccp-

" 

" -

I 
" -• G " . • I ~ -J- I 

~ I · , -• - I 

I 
.~ ~ - -
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FREQUENCV IN CYCLES PER SECOND 

Clw.nltleristics of 10000cyde Ivw-prtss 
and looo..cyde high-pass tilters. 

I 
, 
, 

I 

--

lionally good citanlclcrislics. They nre 
ava.ilable in !OW-pllSS, high-pass, and band­
pnss models. The .sections (.'O-operate to give 
both a sharp cut-oil and high discriminalion 
IIgains l rrequeucies outs ide the pass band. 

The b;lIld-pa.ss Illode!, 'J'n>!! 830-Jt. is 
sh arply tu ncd to pass 1000 cycles Hud dis­
criminate agai nst othe r freque ncies. the 
design being such that a maximum of 
attenuation is provittcd for the second har­
monic a t 2000 cyclcs. The iUj>ut and output 
(."()ils of this unit arc lapped so that the fil tc r 
can be used with high or low terminating 
impedil.llCCS, or to replace the eOlllbin:llion 
of a. ruler and transformer to work betweell 
differenl impcdanccs. 

FEATURES: I t will be seell that tile insertion 
loss at the cut-ofJ frequcncy is less than 3 
decibels and that a discri mination or utleast 
40 decibels is lll:iintnined fOI" a ll frequencies 
WCHter than 1.5 Limes the cut-off frequel1c.)' 
for the low-pass types or less than two-thirds 
of the cut-off frequeucy for the high-pliSS 
types. 

The 500-cyclc high-pass and WOO-cycle 
low-pnss types ean be used in tandem to 
provide a baud-pass filter <.'Overing olle 
octlH"C. Tbe attenuation eurve or this COIH­
bination is also shown. 

TYPE 830·Jt makes it possible to \\·ol·k hom 
either a 500-ohw line 01" a vucuum lute into 
a circuit of almost any impedunce with vCI"Y 
little impedance mi smatch. 

T he itltenuaLioll chamcleristics ;1I"C the 
!kl me for e ither L"Ollllcction 011 the two-

I 1/ 
I II .. 

~" 
I - , , 

9 ./ 
0_ 

• , I 
I I ~" 
, 

~ I I! i 
~" 

" lid I 

" 
, 1 II I • - ~ ,- - -FREQUENCY IN CYCLES PER SECOND 

T he ;;OO-cycle I,igh-p:l~s and l()()(k:-yclc low­
pass 1Iltl<.!"ls (.'a n be llSCfI in l~l1l!Jem to gil·e a 

ODe«t&'"e bauJ-pass characteristic. 
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impedance side, but di ffer somewhat for 
different (!ollncclions on the four-impedruH.:e 
side. From the plot at the right, it will be 
seen that greatest attenuation to harmonics 
is obtained Oll the 5000-ohm output tflp. 
All ,Lltcuualion peak at the ~coond harmonic 
occurs when the 500- and 5000-ohm laps on 
Ihe four-impcdu llf,:e side .trt! used. T his peak 
is not presen t with the other h ·o taI?s, 

Since either side may be used ,IS iJlPut or 
output. two diffe rent connections ,He pos­
sible whcll working between .'l00 and 5000 
ohm;;;. From the curves ShOWlI, it is eviJeu t 
that somewhat better dw,radcri stics will be 
obta ined if the 500-ohm connection is Inltde 
a1 the b\"o-impedance side. 

T he altclllltltion for the dcsil'Cd fl'cqucncy 
is about 5 decibels. so the discriminution 
<lgn illst harmonics is .5 db less than the 
actual height of tIle curves, 

" ~.w " " .. ' , 
• ! \\. .. 11lJ " i! ~ ~ :!l ~c ~-
u I!l ~ 
z •• 

~ 
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FREOU(NCY IN CYC L ES PER SECOND 

.. '. ," Chnrll(;terlstlCS of I Yf'E 830·n 11,111<1-1 ass I titer . 

SPEClflCA liONS 
Attenuation (haract eri~tic: (See acconJJ}l:<nying clLrn,-s.) 
V oltage lim il; Input voltllges up to 5 "olts "'LIL I,e 
applied. 
Mounting, AI! models except 1'1'1'1:: !I:lO·B :Ire nlt)Uotl'<.i 
ill i\ludd C cn.ses, dimensions for whicli are given be­
I\M. 1.'1'1'1: 830·8 is ,no""t~d ill It Mode! 0 l'n~, 

Tt,m iMI SI T n'1::s 8:\0-:\ to 830-H inclusive lire pm-

~ B 30·A 
· 830·B 
*830·C 
*830·0 

~830·E 
*830· F 
~830-G 

"830-H 

830-R 

'I'ATES"T XOTICE. 

Cui-Off 
FrequenclI 

sao cyd<lS 
500 cyel<ls 
500 cyel.1S 
500 cyel ... 

500 r. 
500 !! 

5000 n 
5000 n 

1000 eyd<l . 500 f! 
1000 cycles 500 Po 
1000 cycles 5000 f! 
1000 cycles 5000 H 

I 15000, 500 n ) 
1000 eye 15 \ 50,000, 5000, 500, 50 {J 

St..., :"'ule I, P"l< Y. 

virlerl with holh >IOMering lugs and ja.ck·top loill,liug 
posu. T YI'E $SO·.Lt hf,s soldering lug§ Olily. 

OimensiOnli: Sec di lll(ln~ion s for Model C Illld Model I) 
ellsC!; betow. 

Nt! W e: ight: 'l'n 'J'l 830· B, 7J1 1101I1Hls; Illl otbers. 
S.!4llOunds. 

etHic lJ'Q-rr/ Priu 

Low-Pus i'LLn;,\UO.IT $18.50 
High·Pass t'IL.Tf;LlQlJll. 21.50 
Low.Pus j'II:,t:ltSHQI; 1 B.50 
High·Pan I'ILTl:IlSE.l.T 1 B.50 

Low·Pan rll.l' t:IITO.l1> 18.50 
High.Pan .·,I;n;lllolIJ';U 18.50 
Low·Pass f'II.TEn SION 18.'0 
High·Pan ,' ILTERPII'}; 18.50 

Band·Pan t'1I.1'1;,ULOTE 19.50 

SPECIAL FILTERS 
Electric wave lilters having othcr "iducs 

of characteristic impedauc."e and cut-off 
frequency cau be bu il t to order. Other types 

f.--<---I 

of filters wi th characteristics to mee t lite 
customer's requiremen ts can also be sup­
plied, P rices will be quoted on request. 

DIMENSIONS OF FILTER CASES 

,\ . 
B .. 
t: .. 
0 .. 
E 
F. , 
G ... 

MODEL C MODf:; I; D 

:l% ill cl.Cij 
.~ iLlChc~ 

4Ys illches 
~YC6 inchCll 
~.Y.! inclle' 
i/;.i inches 
% inch 

5}.1 itlclleS 
:;)..{ inches 
5% inches 
~U inches 
4~ inchees 
.. ~ inche~ 
% inch 

17S 
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CI~''''~ G5J.:\-E Call1t'n ASSoCtnbly set-up for toking eatloodc-MlY ~i[logl'1lm~ of I,igl,. rrequency lr.tnsients. 

CLASS 651 CAMERA ASSEMBLIES 
USES: The lIIany applications of high-sfX'cd 
pllolography to illduslrial research hnyc 
prompted the m:wufncturc of :l lIew con· 
tinuous-film ca mera based on the desigus 
ur Proressor Hnrold E. Edgerton or the 
l\.las5:H.'husclts I nstitute of 'fcchllolog:o', 
Originally designed to plloLograph rapid 
mechanica l actions by the ligllt Cr'om :Ill 

Edgerton St roooscope fOl' subsequent pro­
jcctiou nlnormul speed to give the effect of 
slow motion, the ClInlcra is also ideul fO l' 

recording high-speed transients wilh a cnlh ­
oJ c-myoscillogra ph . 

In the few yenrs tJ HI l t1ese cnmenlS lwxe 
been collllllercially avai lable tbey have beell 
applied to a variely of uscs in s<:ientific :lnd 
industl'ial research. The flight and impact of 
bu llets, the operation of high-speed UU LOm(ltic 
machinc ry, the action of high-speed meter 
movements, and sound and vibration phe­
nODlena a re a few of the subjects which hose 
been studicd . 

DESCRIPTION: T he General Ibdio Clllllcra 
difTers (rom CQIl\·enlional motioll-piti.ul·c 
cameras in its continuous fil m feed, its hIck 
of a shutter. and its ability to dri,·c at speeds 
as high as 85 miles per hou r (!lOOO fl'ames per 
second) without. uumubte to the film. Careful 

176 

:It<<:lI tion to the dynamical design of :III 
movi ng p.HLs 11115 nmdc this J>o.ssible. Scptt­
ratc moLor.su rc used to dri,·c the film aud lhe 
take-up rccl on which the ex posed film is 
wound. Provision has bee n made for OI)Cra­
lion at different film speedso\'er;t wide range 
so that the new camera can be made to (ill 
alll1ost. every research lIced for a continullus 
film camera. 

F or oscillogra ph ic studies. no shut ler 
action is needed , and thc tr:u.:e of the calhodc­
ray spot. is re(.vrdcd as a eOlllinllollS line on 
the film. III st roboscopic photogr;lpll,Y, a 
ligllt flash from lhe strooo.iCOpe dete rmilles 
the length of exposure for each framc. T he 
pictures eun be fr;ulIed for projection Ly 
tripping tile sl robosc.:opc from a commutator 
IJ1011nted on the eamera sprocket shaft. 

The two lypes of assembly lisled willmect 
most of the usual applications. The A-£ 
group is designed ror medium speeds, while 
the A·)I asscmbly offers a c,'l lllera suitable 
for ext remely high-film speeds. Interchange­
able motors provide wide speed fll1l!.'CS, anti 
a number of commercial lcnses may be filled 
to mee t inflex.ible conditions without depart­
ing from the sta1lda rd camera design. 

Special assemblies to meet partieuiM 
requiremcnts eun be built to order. 
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CLASS 651-A-E CAMERA ASSEMBLY 

11I1crior vicl\' oJ the higb-speed Clune .. ". 

SPECIFICATIONS 
Film : Any ~,j-Il)lll mill 0 .. paper witb $lllu<lard l)erfora' 
liotl! Clln be fUll. Dnylil:hl loaJing nll.l unloll.dillg with 
JI(:gli~ihle WD.$te. Capacity of reel$. 100 feet. 
Fllm,Spllled Renge: When the "l<Jtl)r~ nrc op-crute' ] lit 
the voltages mentioned in " I'uwcr SUllply" hdo"", [illn 
s]~'ls bet ween S nud S5 fl,ct ])er second arc (lhluiunhle. 
l e rn System: tcng must be purehnsed sevrtrlltely. An 

1/ 2.5 lens ill available in (In adju .• t.ahlc ",(milling thllt 
},cr1l1illl foeusing for distfUl~"CS hctwcen 8 nnd ~o inches. 
f ile i.mlKe for tl.>CU~ing is obser"ed directly on the 
equivulellt of IL grourlU gln;;s in the plane of the film . 

T he lens is sulliciently "{rue to permit the r(lOOrdins 
of tmces from II cathode-ray oscillograph on super· 
sensitive lillnehromntic film at a speetl of 35 feet per 
iltQI')Dtl . when tl.e ratio of total length alollg the trR<-'C 
to length of film is Ie.u than .5 to I. 
Dri¥e Sy,tem: BoOt h the fihu~lrh'e sprot.-ko:t ami the 
take·up reel are driven by univcrsal (D-(: or d-(') '110101'$, 
Power Supply: T ile wide rangeof film silteds is 'lhlaiu(!(1 
t.y apply ing ,'ullllges between aO "oIL~ "!HI 'l!:lO ,·oIL. 
tn t.oth the drh'ing and take-ull motors. When 115"'0It 
or "O-"olt 50- to 6O-<:)"de service ~ a,'ailable, voluge 
lvntrQi ovcr the entire range call be ohlllillcd hy u~illg 
n Vnriac. }'or d -<: servi~. II. rh~lat IlIlll1t loc useo:l. 

CllUt 

"651·A·E 
651·Pl 

IJe.<w:r i{Jlion 

Camera A"embly ...... . 
l ens ............. . 

USES: This :l"scrubly is rc(''OlllllclldeJ for 
low- a1l(1 medium-speed work (film speeds 
below 3S feet per secoml). I ts m:liu USC is ill 

("'OlIjuncLion wiUI a calhodc-ray oscillograph 
to record tral.ls ienl phenomena, bUl il cn ll 
:l Isa be used for rclalively slow-spced slroho· 
s(.'Opic pholography. I n lhe standard model, 
110 commutalor is prov ided for go\'crll illg 
tile speed of Lhe stroboscopic flash, Lul if 
fnu lli ng for projcction is desired, Ute (.'Om· 
mull1 tor can be installed on special order. 

DESCRIPTION: The illu stration on llii s page 
.<;hows the T v J>g (l5 1-A Higb-Speed Camcra 
of lhe CLASS 651-A-E Camera Assell1bly . 
illu str-n\.ed 0 11 t he opposite page, wi lh it<; 
sHoe removeu to show the internal design. 
T he mrml1er in whidl the camera is focu :scd 
Mid in which t hc fil m is threaded is showil 
by the illUSlralion . The large central driving 
sprockel a nd Ule bol tom take-u p red arc 
each driven by separate molors. T he lYllC or 
main-sprocket dri"e determines the asscm­
bly cinss lelter to wllieh Lhe camera Lclollgs. 
The cmllera is focused by viewing lbe illlal:,'C 
through Lhe focusing eycpie(:c whell the \.wo 
:\pcrlurcs in the driving sprockel :lrc aligned 
liS shown, The image fonns on a 8m a ll piece 
or lrllnslucclIl 6l1ll inscrted in Lbe gale, 

T he two fmUl .. 'lI or 
film ~bowll here il­
lu~tnll<l on interest­
ing use of the high· 
sp-ee,l ~'IUllo:rlt 111 the 
de. igu uf the T n.: 
7:l t· H .\.I Ol luh, tivlI 
:'Ilon;lor, it \\"3.'1 1I ...... ~ 
l!iI"'tr~·tu mnke I ltt\!­
rale measurcmenLs 
or the mdcr de· 
/!cclim. chI!. raeterist ic 
"hen A short pulse 
Wil t III IJllicd. By 
mClln~ or lhe high. 
sllCl ... 1 Climer" .HHI 
strob08collc. Ille 
meter lIud the <:lIll,­
(Kk~rny lra(."t" of the 
Ilube were I,holo-­
grnllloCtI ~i,uulume--

oU$ly. 

Dimt,lIions: (I.eugth) 11}i x (witl th ) GH x (height) 
Hlj4 inches, o,·cr-all. 
Ntt Wtisllt: ~;lIKlllnth. 

... 1 
IJISUt 

Prier, 

S410,00 
t 
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WAVEFORM 

CLASS 651-A-M CAMERA ASSEMBLY 

l)llOlogn~ph of CI,ASS 651-A·'\ [ Camern A~­
,;eml.oly :.hu,,-i"f{ til", <'v"' IIIullltur, and uri ... e 

nud pkk-up wotOl'll. 

USES: The ClafiS 65 1-A-1\1 CilmCI"lI Assembly 
is desigTled particularly fo r ultra-higlHlpccd 
stroboscopic pholognlphy where lhe film is 

later to be prin ted and projected ror st udy or 
demonstration purposes. At. maximum film 
speed t.h is equipment gives " slow-motion" 
results ill the ratio of abou t H?O to 1 whe n 
compared with the original fiction. 

DESCRIPTION: i llMillltH; h as the ca mera is 
of t he shutterless continuous-film type, un 
intermittent flashing light SQur(.'e is required 
to produce the individual exposures. Because 
of the speeds involved, a TYPE 621 Edgerton 
PO\\'cr Stro\)oseopc, illustrated on p:t!,'t! G, is 
recommended fo r the ~urcc of illumination. 

Where high-speed ftlms a re to be projected 
to give slow-motion action, provision for 
accu rately framing: the sepamLC exposures is 
required . A commutator is provided for this 
J)mpose. Mounted on the shaft of the ma in 
fi lm-drive spl'ocket, it is connected to the 
stroboscope cin:.1,iL and pro\'ides t he impulse 
which set s off the fl ash for each exposure. 
The exposu res :lre th us accurately spaced 011 

the film, and the film may be projected, 
without jumpillg of til e image, using sta nd­
an.! projection equiplllcnt. 

SPEctFICA nONS 

Film : An;: 3':;-TlIu\ !l(!rfomL(..,\li],1I or I),,\per ~an be run. 
Cllpll~ity of reels. 100 feel. 

Film Speed, Using tJli: %"- inch l1Iasking l1:1te anli Uli: 
drive slippliL-J wilh tile assembly. 1200 standard-size 
(r:UlIes per second nre c~posetl wilh a motor speed of 
3(J(JO rpm gil"ing II linear SIICL-.I (or the film of noout 75 
feel per second. 

len$ SY$tem: Lens must be pur(;haseo;l scparlltci.I'. An 
Jll..~ lell~ is 3'·lIilahle in nn al.ljllstable mounting thllt 
perUlib fOJ(: ugillg for uistaut-es bctwCCIl8 IIn<i 20 iu<)he8. 

Clrm 

"651 -A -M 
6S1-P2 

Dtacripli()11 

C.mer. A ssembly . ... . . .. . 
lens ... . . ...... . 

Drive System: T hedrh·e motor is II I Iii- vult. j(;OO r-p-1II. 
GO-eyde. S-pha.se. induction motor lhat dr;\"e.~ the 
sprocket throng!.:l \-1.0-1 belt drive. The take--up molor 
is 'I 1 15-\'0It ullh·ers.1.1 motor. 

IJ the film is to be prQjeeted. a (:()mmlltator is re­
quire<1. T he commula!Qr 8ul>i>lied is for fu.ll-si2e, M­
inch fnunes. 
Dimensions: Camera, (Icn!;!!. ) ] 131 ); (widi!. ) GYi ); 
(ho;ighl) HiM i.nchc$. o,".cr-a!l; ba~e. (Iengtll ) IS x 
(wluth) 15 x (he'ght) 1M mehes. o,'er-a ll. 
Net Weight: GO poun,l$. 

Code Word 

. . . . .. I Ilium: 

Price 

$490.00 
t 

· CQm;.I~ of camera (indu~i"g tnk ... "" DLOlor). o.Iri'·;IIK 1",,1 ... ,. to~~ . .,...,,,,,"uIOlot. o. ,1~>(titoeJ. lo\ll .. ·;1] .... "1 1"u;. 
f l',ice on f«IIlCiI. 
I 'ATE~T SOTlCE. ~ ~()Ie 1&. POIIII'-. 

A J'igh-speed motiOIl-pi<-ture re.)ord of the operation or a ~ewing maehine slluUle. T he lIlotion of the thread can 
be clcarly sccn. Tllese photogrllph~ were Iliken al a speed of IIpp!"(l.~ilU ltely 1200 fraUle.~ per second. 

178 



  

STANDARD·SIGNAL 
GENERATORS 

lor RECEIVER TEST I NG 
AND 

FIELD INTENSITY 
MEASUREMENT 

• 
DUMMY ANTENNA 

• 
HIGH·FREQUENCY 

VOLTAGE STANDARD 



 

• SIGNAL GENERATORS 

o 
u 
o 
Q 

.q: 
co 
... 
.q: 
co 
w 
Z 
w 
\!) 

TYPE 605-8 STANDARD-SIGNAL GENERATOR 
US ES: The standard·signal gcncrntor supplies 
;1 contiullollsly adjust:lble n lld accllrately 
known rndio-rrcqucllcy voltage ror making 
p(~rror l1lancc lests on f:1dio rceci\'crs. Ot her 
II l'iCS ineludc the IllCfll'iu rClllclit of field inten­
si ty and ",tenerai labof:llory UlC[l$ll r CUlcnts. 

DESCR IPTION: The TYI'E OO.-i-B Stnndard­
!='ignal G CIICl'atOI' combines excellen t clcc­
Iricll l cil:U'aclcrist ics wil h a 1l1llnUcr of oper­
ating cOllvcnicuccs. T he schematic wiring 
d iilg,o:llll below shows the csscn li:ll s of the 
ciccll'icni circuit. T he clements of lhc gener­
:Itor al"C ('I) a carrier-rrequency oscillator, 
(!2) an output :lInplificr, (3) all attenuatof, 
(Il ) ti ll uudio-ftcqucncy oscilla tor for internal. 
,WO-c:.,e!c modulation, and (;; ) vacuum-tube 
voltmetcrs for Illcl1suring output voltab'C and 
J>cn,:c ntage modulatioll, 

The direct-rel.lding carrier frequency range 
of 9,5 kilocycles to 30 llIegacyeles is covered 
in sc\'ell bands. selected by mealls of II 
$,\\' iLch, An addit iOllal range, not dir«:t 
rending, extends from SO l\l c to 50 ) 1e, for 
II' ldth l1('ither frequency nor output is 
guaran teed , 1I1though a frequency calibra­
t ion is $upplicd. 

) lodu latiQII, wh ich takes place ill the 
1IIHplificr tube, is adjustable up to a lIIaxi­
lI11ml of SO per (:col. An inte rnul 400-cydc 
oscillntol' is provided . For other frequencies 
;\11 eXlernal source ca ll be lIseu, 

,80 

The output level is controlled by a resis­
ti ve network colIsi!'iti ng of a constant-imped­
ancc Ayrton-Pc rry-wollnd slide-wire and :l 

l:idder-lype atteTl tmtor. 
An in Lernal power !'lI pply \\·jth automa tic 

" ollage rCg'ulalor provides for opel'ation from 
the a-c powe r linc. Sincc n gi \'cn design of 
the voltage regulating t rnnsforlllcr is sui table 
fo r opera I iOIl only fromolle suppl:,>' freque llc:,>' , 
scpll rate models arc l1vai lablc for use on GO-, 
50-, 0 1' 42-cycJe 511 pply, 

I r desired, battery powcr supply can be 
used. For thi s servicc, a control panel carry­
ing the nC(.'f'ssary metcrs, rhcosta t!o;, and 
switches is supplied ill place or tl:Je a-c »Owcr 
unit. 

Ex<'Cllent over-all sllielding is provided 
and all »OlI'er lcads arc adequately filtered 
to prc,'ent radio~rrequcncy leakage, 

FE ATURES: To raci li tatesclectivity measure­
ments, t.he direct-reading logarithmic rrc­
{\IICIlCY d ial is supplemcnt~d hr a geared 
s oW-lllotion dial with which frequenc:,>' 
increments as SIll :l.1I ~tS 0.05 per ccnt can be 
ohtained, 

Hoth the inductors and the condensers 
ill the tuned circuit or the carrier oscillator 
arc providcd wil h trimming ad justmcnts, 
makillg' it possible to (''Olll pcllsatc ror long­
period d rift s in the calibration , if necesslIr," , 
T he Imlld·cha nge switch is provided wi Lh a 
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SIGNAL GENERATORS. 

positive detent mechanism. Si lver contncts 
nrc used to assurc low and permanent con· 
fu el r('sistnnce. 

Frequency modu lation, side-baml cllt.ling, 
and r('llction of nltc nunLor se lli ng 011 carrier 
freqll cllc,Y have heen pl'llclietllly elimiuatf'd 

through Ule usc of fi n aperiodic amplifier :'\S 

a buffer nnd moduilitor. 
Both eltrl'icr !c"c! and modula t ion pcr­

(.'Cll tage arc IllC1l8urcd willt a vacllum-Il lhe 
\'olllUctcr - It dist ind improvement 0\,('1' 

the fr:lgilc thc l'mO<'ouplcs frequently 1 1 .~cd . 

SPECIFICATIONS 

Carrier Frequency Ranse, 9 .... kilocycles In 30 mega­
crdu, tlil'ttt H'lItiillg ; nil ndditional rnnge, nnt direct 
rellding. exlends to ~ megacycles. 

Frequency Calibrll ion : The dirtet-rellding .Iial is 
logu"itl""i<: in fn:q"cn(;~' und I\<;,<,:urnto:: to ;1.. 1% up li, 
10 :'Ic, nn,! 10 ± 1.,5% IJet\I'~n 10 nnd ~O lII e. ,\ 
corrcdioll to 10/0 is supplied for lite Illttrr "'".ge. Au 
illtlividuill I:l.lihrlltioll (or thc 30 10 50 ;\Ic ranlje is 
pro\'jded in tlte instruction hook. 

O utput Volt.S!! Ring!!: Conlinuol(~I~' I,,!ju~table f['(!m 
0.5 rnkT{}\'olt to 0.1 \·olt. At "Ilolher 1).'1nel jln:k au "ut­
put constant at I \'olt i.~ I>ro\'itled. Abol'e 5 l11ej(n~~'dl!s, 
this I'QltBge flllts off and is aoout 0.'; I'olt 11130 )Ic. 

Output Sy,t!!rn: JO-ohm oon~tant resislive output from 
0100.01 \'Olt awl constant 500hrn5 from 0.01 to 0.1 \'011. 
The iuternal output impedalLce at tJle I-I'olt jnck is 
500 ohms. 

Accllr.cy of Att!!l'Iu.tor O utput: 
Ueloll' 3 !\I,e::i:: 3% ± 0.1 microl'olt 

S to 10 i\1e: ± 50/8 ± 0.2 mk'rovol t 
1010 SO Me: ± 10 % ± I). '~ mi('rol'olt 

Modul. tion : f'ontinllnmly I'Rci"hlc 111' to 8f1%. Setting 
accuracy: ± 10% of the indicated UIOt!ullltion pt'r­
<'f:uttlge. 

l uternnl 1I10dullition - , ~oo C,l'dl'!! Accurate lI'illiin 
:i::5%. 

External mOtlulat;oll- modllla t;O:l dUlracteriit ic CO Il­
slanl wi lhin I .Iecihel from 30 to \.;.000 cydcs. Internal 
input impe<llInre 811Proximatdy 4000 ohms. fil'e-\'ol t 
e.-ternal modulation \'ollage nettled for 30% modulation 
(6 Ulillill'lItta). 

Frequency M odulation ; rrcquenr~' nlOllull\lion and 
si,le-hllllfl culliuJ( are negligihle. 

1'0U'l:' SIlPl'fy 

Stray Fie lds: 1::1C(.i.ro.~llItic Knd mllgnetic st ray fleltl.s 
are u('gligible lI'ithin tbe output I'Oltage range nt more 
than five inches distnnt from the iIlSlrument. 

Power Supply : Four:loC (jJ>erat~! models fire available. 
s;.,., price liFt hel",,'. A built-in ,0Ib,ge ~glll"lQr to'n­
pt'nsatc8 £or liu \' l'oIIU/:l':: fiUt'::tuatiOllii Vcl.weell 100 and 
1.')001' 200 nUtI \!GO I'{,IIJI. Power consumptinu i~ nOOllt 
40 walt..~. 

Batl~ry Operation ; The n-c \Klwt.r ,!:lIppl.l· panel ca u he 
replaced b.y a ('OlItl'ol pnut with plate nllt! filameut 
tnetCt:l and con trols for hauec.\' oper:ltion. 

B.ttt!!ry Power Required : Filament .sUPI)I .\· (l \'011$, 
1.7. awperes:. Plate ~ulljlly 'l00 volt;;, 40 mj[]iruI111ere.!. 

Tubes: T l.e following tu~ lITe T«luire<:1 ami rurnishetl 
wilh Ihe instrument: 

'l .G-tnJe 1 05.'i-t.\'pe 
I 8ll-tnKl 2- 8~-type 

Tubes for the b"ttecy m(}(lel are the same cl((~pl Ih ... t 
ollly one S ~-t.\' I~ tuLe is used. 

Aceenoriet; Three-foot ~hielcled ('nNe alld two-fool 
open It"fld connector for outpu t connt"(;tion. 

One spnre !},'is-I.I·j)e tube for I'u.euum-tube volt­
meter. 

One 6-foot enhle for line ea'Hll:Ction of n-e 0l)(lr.,tetl 
model.s or one lo-root shielrlct! rnble £or La.!tery 
('Onneetion on d-e optrnled U1odels. 

Mountins: Pllnels are of aluminuOi finished in blaek 
crackle I,,('«uer. The inslnnllent lind power .snpplr nre 
enclosed in n shielded (w()-RCliea walnut eliltinet. 

Dimeluions: 23 inches wide, I ~,( inches high, iO~~ 
inches deep, ol'cr-alr. 

Net Weighl : 07 POU IIlllI for 3 -(: opemted rllode1~; 
(lS pmu"ls fnr bultery mo,1.::!. 

Type I·t)/I(li~ Frrqu~n('y ('lid" W,mf Pdrr 

6OS-B 100 10130 60 cycles ....... :.:Ul. 
605_B 100 to 130· SO cycles ,\UnOT 
6OS_B 20010260· 50 cycles ASOOE 
605_9 10010130 42 cycle. _\:':VlI. 

6OS-B eatt!!IY APANT 

"Ei '''''t 5O-.:ycL:i , .. , .. leI Cln I.e oom..-.lallo u... olht< ~r th. "h"iPI <:OQ_iont on the ""''''er lr .. U(OC'Dlcr. 
l'An::o.:,. 1\01"10:. M :0;0>1" I. page ,' . 

<loIP\Jfltli 

~~~!:.~~ 
+ - + ~'~~ 

.. ,. ~r-~:w. 1 ~ ~""". + t- ~ + 

~ 

$415 .00 
415 .00 
415 _00 
415 .00 
415.00 

" 
----0 

Ar~ArO!l 

- ;, 
h 
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TYPE 664-A THERMOCOUPLE 

USES: Typs 664-A Thermocouple is a stand · 
ard oC voltage for usc at higll frcq\lcncies. 
Suc:.h a sta ndnrd is extremely uscful ill the 
desigll , testing, lind maintenance of high­
frequency instrullle nts wh ich ha I'C n voltage 
cHlilm\tioli. such as \':lcuum-Lubc voltlnetcrs 
amllilc Sla;tdard-signul generators. 

Tlu! stilndard c all be calibrated 0 11 direct 
current. by reference to 1\ sllUldard {.'c ll . 
DESCRIPTION: This voltage standard is n 
thermocouple in which the heater serves 
lilso as lhe standa rd resistor across which the 
... tandart! voltage uppears. The hea ler is a 
Cinc carbon wire, 0.003 inch in diameter and 
O .. '!5 inch in ICl1brth. 

The general (:QllsLrllctioll is shown in the 
accompanying photogmph and sketch. 
FEATURES: QII·inS to its small diameter, the 
healer ha s an ex tremely low ratio of indue· 
tance to resistancc. l~or this re;lson , the tem­
perature of the heater is a good measure of 
the heater voltu ge, even at ,'cry high fre-

quencies. Since this stlmdard is the best 
which \\'c have found, no independent ciJeck 
on its accuracy is available. The computed 
error I'csulting from inductance is olle per 
ccnt at 700 M e and two per ccnt at 1000 M e. 
Estimated bead enpitci lalll::c gives all errol' 
of one per cent al IO.OOO Me, and skin effect 
is onc per cen t at 16,000 Me . 

SPECIFICA liONS 
R. ting: The safe limit of output ,· ... llage ill "houl1 "011:01 . 
Sen,itivity: :\ t 1 "oll! "crOl!~ the hcater the couple nul­
put is ftpproximfllclyS ",1111\'{)lu. 
H uler Relili4nce: 200 ohm~. with 1 volL, al'pliel!. 
Couple Reli li4nce: 10 Ilhm~. 
Dimenlionl: Diameter of ~hield Jlllilei. 3 in~hes; di:Ul.l· 
eler of case, i inches; d~plh hehi nd pnnel, ~ inch. 
Net Weight: 1ounceJ. 

T!I1~ Cod~ Word r rict 

664·A ." ",.,' S2S .oo 

" 

( I.e/I) " 'iring di:lgl'llUl of lhe ."ollage slandard 
howing the arrangement of output t~nnin"l$. 

{Right) Sketch of the interior, 5ho"'ing the 
heater Gud couple lermiQal$. 

" 

TYPE 418-G DUMMY ANTENNA 

.~~ USES: J II mCflsuring the sensiLi\'ity or radio 
rcceivers, lhe Cl.I librated test \'oltuge from 
thc stnJJ(inrd.sigtlal gcuemtor is flpplicd to 
UIC rcceivcr ulrou gh a dummy anten ua, 
which si mulates Lhe characteri stics of a re­
ceiving 8JltenUll. 
DESCRIPTION: The T,..'E 41S·G ])lImmr 
Antcnna meets tile specifications recently 
adopted by the I. R. E. Standards Com· 
mittee Oil n ad io Hecei"crs. 

The dummy antenna is mounted in II 

cyli ndrical metal case, with plug fi nd jllck 
terminals to fit the TYPE 6o:; · D Standard· 
Signal Generator and its output cablc. 
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Dimensions: (l ength) 4).1 :c (dinrnetl!t) lSi iuches. 

Net Wei9ht: 60Ilnl'l!S. 

Price 

418·G IllTc n $10.00 
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POWER SUPPLY· 

TYPE 672-A POWER SUPPLY 

USES: The TTI'~; fi7Q-A P OI\'c. r Snppl;y is de­
sigHed ror gCllc l'a l iaboraLOI'Y I L~C, p:uti<.:u­
larly fo r supplying !)Owel' 1.0 vacuum-tuhe 
circ uits. 
DESCRIPTION: T his ])Ower sn pply delivers 
J-(; IX/wei' lip La ·ki \\,:lll5 at 150 ma :Uld jOO 
volts .. with fL no-load voltage of over 400 
volts . . An additional rcc:tifier circuit supplies 
;l ma tlc lit 100 volts. '1'\\"0 Seplll'HLe a·e sup­
plies :Ire also pro\'idcd ttt 6.3 und 2.5 volts, 
rr'orll \d lidl it loUd of 4ii walls may be taken. 

T he high-voltage input is ~lll!'ol1cd by a 
Vari:1C (adjustable lt ulolnmsfonnc r) wi lh a 
control on the panel so that con tilll 101lS varia ­
lioll of the d-c outpu t voltage (0 to over 400 

\'olt.~) iii pos.~jblc. M.cters ( HI the panel indi­
cate the output \·oll.:lb"C aucl (.;1Irrcnl. T he 
low-voltage de is convenient a.s a grid supply . 
aud ,.~ grou nd (.'Ollllccti on can be LISCO on allY 
of Lhe d-c supply terminals, A calibrated 
potentiomctcr mounteu on the pallel COIl­

tl'Ols the low-yoltagc su pply. 

fEATURES; A cO!l\'cuicut wun:c of plate 
grid and filameliL power for \'aCUl!llI Lubes. 
lili:; power suppt;'1' has cxecl leuL regulation al 
allY output setting owing Lo the usc of ::t 
Variac vollilge cOlIll·01. A c:ll'du lly designed 
Lilter insw'es a vcry low I·C .'l idual hum level 
in Lhe high-vollage ci rcuilS. 

SPECIFICA n O NS 

O utput Range: 
/J ig/' Vol/uge: 150 11m nt :;00 volts , dc_ Ko·I~ ... d 

\'ol t:lge. (I,'er 400 "(lIt;;, .1<;. 
I,o w J 'ullage: \! nu. (.t 100 volls. dc, 
A-C 1'00/ngl': :!,5 :111<1 0,3 \'olt~, I:iviug a t(>lal of ,1';-

walts. 
Mele.s; The high-"olLage supply output is indicate.1 by 
an amm<:ter lind a voltmeter 11l(mnted 011 tloe panel. 
Regulation ; T he reg\llnliQll of the )dgh-\'oJtag(l ~"pp I.,' 
corresponds to au iuteruIII f)utllUl resistance uf iOO ul,lIls 
for direct (lU rr(lllt. T he ]OOO·\:.\'<:Ie internal output illl­
peUall(;e or the high-voltage stlPI)ly is eq\I;I'l).lcll t to :U) 
I'f ill series \\'ilh 1.13 ohllls. T hat o r the low-l'u!tHg" 
supply i~ C(jui,'alcul to 2,1~ 1'[ ill Sllries with O.S'! ohm. 
Power Supply; The ]I<'!lrcr-suJlPly unit wi!! operate From 
a 10,;-_ to ]20-\'0It, QO- to 6(i-<:ycle. (l.-C line, 
Power Consumption: Wi th the a-(; alld . I-c supplies 

672·A , 
I'A 1'EN1' :O;01'1CE. s.,~ :Su\e II. I>"~~ ". 

oper(\ting at fu!llo.1'1, lhc p Ol\'cr consumption ftom the 
mains i~ aho"t 175 \VatU, Uuder these ~vllllitio"s tl", 
loss ill the l)Ower-supply un it is about S,;- waUs, includ­
ing re<::litier tatho<le power, 
Hum Voltage; ,\l full-load current the hum \'oltage of 
the high-voltaxc slIpply is less th .111 0,] % for all I'ollllge. 
i,bol'c 1.'>0 '·tllb, For lower \'u) tage~ the I>l'r L'(!n t i~ 
slighl1)' higher, 

At full-lood tllrrenL the h""l \'oll1\1;e of tl,e lull'­
\'ollilge supply iR less than U,] % for all \·olta ge.~, For a 
load current (If I ma, the hum deerease,; to O. O~%. 

Tubes; One SZ:l-tYllt and Oll(l SO-tYI>C:lre Sllilplied. 
Mounting; T Le instruw""t is suitable for either taul" 
or relay-rack mOUllling, 

Dimensions: ( f.t!nglh) III~ x (depth) Il J1! I (height) 
7% inches. o\'er-.all. l'anel 19 x 7 inche$, 
Net Weight; '~I pounds, 

Code H'II,d I',iell 

. . . . . . I H ' OOT $130.00 
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TYPE 673-A POWER SUPPLY 

USES: 'fhi;; Inboratory power supply is IISC· 

fu l in many applications where higher out· 
pul voltllgC is f'(:{llI ired t haI! is s lIppli('d b~' 
the 'fYl' ~; 612·A unit. 

DESCRIPTI O N: 'fil e higIH'ol lab'C output is 
slIppli c-d by a trullsforUlcr-rcclilic l' systelH 
ami dclive l'.~ IliO ma at -1500 volts .. \ 10-
voll filament circuit iii also provided. T he 
Iligh-\'olt agc output is ron ll'ollcd by a 
" ilriac. 

FEA TU RES: Several distinguishing fClltures 
make tile TVI'I:> 67:J-A Power Supply unit II 
"cry IInnd)' pice<' of ;q)p:u'atll >l about tile 
laoorntl)ry. A knob 0 11 the paucl gi,'cs a ("(In­
tiutlolls (:o ll t rol of lIle higb \'oltage, wldeh 

is indicated by H meter on the piwe!. '1'111:: 
output curfCnt i ... also inclie'llcd by :l. panel 
mcler, COnSC(IUCnll~' . Ix:sides u;:ing the unit 
as ;\ supply for , ~a.r, two 85~-ty pc tubes, it. 
CIUl be opcmlcd :u; a cotltinuousl:-'- variablc­
voltage doc .supply (£roll! 1)Clow 50 to over 
2'000 volls). T ra nsformer (:oul .. 01 in t he 
high-voltage input Il.ml ca .. eful des'gll of t he 
filt er hal'e pl'Oduccd good rcgU1HtiOll aud 
low -hu m voltage. 'n Il! 1)C)\I'cr-supply unil is 
cquiI11X.'(1 witJl n limc switch so tlHtl lhc :I-C 
.supply is on aooul SO sc(.'onds berore the doc 
su pply bcgius to opemlc. Au auxiliar:r 
switcll, for the sake of oonveniem:e ami 
Sl.lfeLy, is supplied Lo (:olltroI Lhc high "oltagc 
scpamtcly. 

$PECI FICA nONS 

Hi,h Vollot,e: laO !IOU ,It I r,OQ ,'()Its,open.dreuil I'oh.age, 
fWOO I'OII!!. 

Low VolIot9' : 6.511 fit 10 ,·olu. ';enter tupped. 

Oulpul R.nge: '111C Il<Iwer .~lIJll'ly will u('lil'er tlil'C(.i. 
C'Ir~t "I' to 1:;0 ru" lit 1500 ,"olu. The Ofll'u-drcui l 
\"oltage i~ ol'er !!Ooo 'vlu. 

°noe 11O)1I('r sUPlllf 1I1~ gi"eII G.5 (Unlll'n'if al 10 "olts 
;\c. 'n'e 11)" '011 IUllply ii center-lap]»1 III a \~.I l!!. 

M ete,s: The tI-e I'ultage alit! lite 1000ti ell,"",ul n~ 
i,,,\il1l1,,,1 by mctcu moultteti on th" panel. A l)llltc! 
kllou rontnlls Ihe inpul to the reclil~rJ. 
ReSul. lion: 'rlu) internal output ~i~tan~ of the 
I)()Wer-~UI)I)I.\' ""it ("rresponds to nbOllt 1100 ohms 
for 1 .. 0.1 curn'u15 or aO to j.',O tria. For lower 10041 currellUi 
tILe interulll output resislnlK'C in(ftllsej 10 ILUoul itO.OOO 
olml$ III 110 1",,,1. 'I'l ,,:: IOOO-"yde inler"al uulilut 
imJlc.lnnce ii eo:lui"u!ent to 1.1 "r. 

673-A t 

184 

Powe, Supplv: T ile po\\"er-'lIl'l'ly unil will operul" frou, 
n IO~- IQ l'lO-w,ll. 50· 10 OO-<::yd.:: liue. A suitllhle p<}\\"cr 
rortl is SIII,t,lieo:l with tl,e iu!truno""l. 
Power Consumption: With 11.1' :t-e n'ul 11-<: SUI'IJ1ies 
operali"t: at full 10flli. ll,e 11C)"'er eo:msumptioll from 
the ol-'1ill5 is about :180 wnIL~. U"tll,% tloese l"Omliliolls 
the IO$S in the IM.wer-lul'I,ly unit is about 90 lI'''II~ 
iU<.-iuu ing: m :tilier l'lllhuole powcr. 
Hum VOIt.ge: At lull-k.o:I .1 Cllm:ut the hum l'ullAge 
is les.s t!l:m :l "011$ or O.'l% Qf ("II-I.~"l ,·ollage. For 
lower load curr'Cn tlJ. lhe hum tleo::t~-"!S. 

Tubes, T wo SGG·:\·t.yp·c I't(:lilicr~ li re supplied. 
M Ol,lntins: T ire in~lrtnuent i~ 5uital>lc for t:.blt or 
reilly-rack lrlQunting. 
Dimensions: (1',(:"611.) 111M x (. lel'lh) 11J.1 .~ ( h";,,:ht ) 
iI iuChe3. o l·er-ull. J'uuel , III X" H~ inehes. 
Net W e ight: 7:'; J>OLUld~. 

J'rict. 

.1 $1 80.00 
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USES: High-ejllUlit y lrall!;rOI'lIlCrs IIrc IlCC:cs· 
sar,\' for maldliug lhe impcdaJJcc of trans­
missiou networks, foJ' coupling components 
of speech amplifie rs <\JHII)ickup circuits used 
in broadcasting, ItcOI'd ing, ilnd public ad· 
dress work, [Ind for isolating circuits. 

T he frequency response characteristic of 
the 1'''1'£ 64] 'l'r;lIIsformcrs is so flat that 
scveral C:tll he c:tscadcd in the sallic circuit, 
without causing enough inscrtion loss at 
low and high freq1lencies to aO'ccL seriously 
tJle transmi ssion char;:tclcristics of the lligh­
est quality audio systems. 

DESCRIPTION: The TnE (j·l1 'J'ransrorlllcrs 
arc wound with alternate p'rirnary and sec­
ondary layers, which tlrc insula ted from each 
other with low-loss pape r diclcctric. I n many 
instances a scctiolluli1.cd windiJlg, consist ilJg 
of two pies. is used to muin ta iu electrical 
bahUlcc. Electrosta tic shields are al.'lo used 
in several models. such as the bridging lind 
input transformers, for this same purpose. 

The cores arc Illade of tllinly laminated, 
lligli-IXlrmcability nHlterial. T hey arc insu­
lated from the windings with a 101l"-loss di­
electric. and all uuiLe; musl withstand a 
1000-voll il\sulation test. 

T he cyii.udricnl cases <Ire mad~ of alum­
iuuul. ]n some models, liuch as the input 
and interstage units, which operate fre­
quently at low levels, a high-permeabili ty 
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Illagnetie shield (l\:hHuetal) is pla<.'Cd be­
tween the lrflnsformer illielr and the ;llumi­
llum case to provide effce ti ve climina tiolL of 
hum pickup. 

All termillnis nre brought out a t one end 
of the cylindrical ellS(:. An adjus table 
mounting bilSC is provided so the un it can 
be mOllnted either nbove or below the 
mOliltling shelf, with the terminal s pl'Ojcct­
ing in e ither d il'eclioll. (See thc iltustnllions.) 
This base ;llso allows the tranSfOl'Iller to 
be rotated without cllallging the DlQun t iug 
holes. 

FEA TURES: Thc outslauding featu res of the 
T n '" 641 T ra nsformcrs arc thei r CX<.'ClIcnt 
rrequency characteristics and the high degree 
of electrical balance which has bcen obtnined 
by careful design. Eflicielll clectrost a tic 
shields between windings and mngne t ic 
shieldi ng around the complete unit hu,'e bcen 
provided wJlClle ver it is at all nccess.ary . 

The new type of mouuting used on these 
units is outstanding mechanically. T he 
mounting base is rugged and st rong, nnd 
holds thc casc firmly . all importan t fe:iturc 
tor porttlble installat ions. Howcvcr. by 
loosening one cla mpi ng screw, the unit call 
be rotated ill its moun ting withou t disturb­
ing the base itself, or it can bc complete!." 
turned over with the termina ls projecting 
in the other direction , 
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TRANSFORMERS 

SPECIFICA nONS 

UUi5: ~ tllMes. Xumbel"ll refer to the more OOllllllon 
types of tuoo wi th "'hich the model CAn be u~, 

Fu:qucnc:y R.ngci The tables give the rrequenc~' rllnge 
m'er ",hid, the vollage ratio i.~ le5$ tlul.n I decibel below 
illl villue 011 thc flat portion or tl,c chIlNle;teriilic, lind 
th" operuling (.'Onditions for this llerforman<.'e. Samp!e 
fl'e(lul'nty CUT\"e!! an: gin:n on the follo,,·jng (mge5, 

T ht: In;fluCllcY tlluge naturally holds ouly wl,en the 
primllry sourCE: bas lUI internal inll'ctlllnl"e equal to tilltl 
~IJecificd undtr "O\lt or (ohm.):' ItU'\ the lOAd ill os 
IillCcific<1 under " Into (O]UIlS)." In sc\·cn.l of the output 
transfortllct1l thl! sour«: impedllnce from which the.\" UTe 
to work it dilfereut from the imtJedance which shou!,! 
he reAC(:ted bllek to the lube by the ltnusforme r. The 
tuble g ives the proper SOUft.-C iUlI)edul!cc (the plnte reo 
sist(LIll"C of the tubes). while t.lle footnotc§ give the 10lld 
imllCdnnce liS seen by the tube. 

The column },cnd~1 "Pri. DC" ).: il"cs t hc IUllxiuwln 
dired eurn:llt whid, Cil.!l be hl\r,~l1ed by "",:], ~ectioll of 
the primllry winding under bnlnllt"1!<J conditions, while 
lhe "UnbulallCC D C" ,:U"lIIm giv(\lj the 1rlllximurn 
IIllon-nule current unlmlante lor the ~tll te.J fr~llIency 
tll-nge. and the nllowable dired ClIrrent when the unit 
i! operated single-eudcd. 
Maximum Le¥ef: Under the (."{Iln",,, '"Mal'. 1.e,·,'I" is 

gh'en the ;l.udio POWCt 01" primary "oltnge which each 
t~.lIltrormer ",·m handle with negligible distort ion. ,h 
lugher ,· .. Iues some low (requency distortion OI.'Curs. 

TUlns R.tlo , 'I'he ratio of turns of the whole primMI' 
winding to the whole secomlnry win.ling i! gh'en ill the 
"Tur"~ Utl t io" l-oI"JIln, . 

Electrostatic: Shleldin" The line-t(>.ii lLc, bridging. i"I'''I, 
111,,1 Iow.ilLlpedllnce lIlaleJ.ing t ransformCI"lI. Tn.::.! 
OB- .-\. · il, -C, RW\·O. respe'.'tin~ly, aU h,1\'e nn electl'Q­
static ~ hicld to auum isola.tion between the primary 
"-nd 5eCOn,lltfY winding-i, . 

MIIgnetJe Shieldin" The line-to-Iine, bri,fging. input, 
II",·-imp<.'1lo rwe mntching, lind inlersl"ge Ir"nsfOtmet~, 
'I'1'1'F,g U'U _A, on. -C, ·D .• F:. and . 1-'. rC!iJIt.'dil"clv, "II 
ha\"t~ n high permeahility "'"snetie ~h ield which iUl r". 
d uces aoout :;0 docibe!:i of IIttemmlioll to hUIn piek"p. 
Tllnminlll,: Soldcring lugs >1ft) proviJctJ. 

Mounting, End. trnll.dormet i.~ ulollo!ed ill H cyJin.l riel,1 
ltl"nli"u"" ClISC . The I)"seclnmp~ 011 nnd is n rrallll"~~I .• u 
I.hnt the "uit CUll be mounted abo,'" ur hel,)", lh., 
mOllntiug s helf ",ith the lermiulils ('ill,er "" or ,]",,"11, 
Dimensions, ~ sketch on page H!S. 

Nd Wtiight: !l [)OUIH!1. 1I111 .~·pe;!. 

I'ri, U II' I'r~/· ifill/fie 
DC bfl!/mtc & 1011 I db 

0 .. : oJl 
(o/un.) 

1"/01 

(Mm.) 

50 to 00 I 50 to tIO 

(btl/) Dr From To Mw:. 
(ma) (11111) (f:yefu) (f:YCC" C.' )'o--"'C·C'·'C' 

I 

Turns COil~ 
nullO 1I'IIrd Price ':::::::'--"- ---

LiILf:. l\1i~er 
641.A to 

Ii!) to lao I ~ to 150 -'lOO to ~·Kl 'tHO ttl i ·W Liue. l\fixc~ ,,00 t(l GOO 5{)() to 600 
-

Hridging 
,;0 to <;oj 

1'l5 t ... 1;,{l 641·8 500 to GOO n ]0 to l OOO~ 
200 tv 240 -

Lines5 
.500 to UOO 

Line. Mixcr~ 
SO 1(1 OJ J'. J' Grid~ 

641 ·( to 1'- 1' or h!;; to J50 or 
2041 to 'HO Sill).:le Grid -

Single Grids 51.l0 \ (11100 (C1:l!!ll A) 

t t ollW- U!,il.ii,ii. 
,;0 t(l tiU 

1\!5 t<> [iiO 
641·0 I'"poon l)(-" 7.iJ, 10, 15, I!Ol) to 'NO 

i\ "' lchi"g~ 20,30 500 Lo (lOU 

p· P J'l:ites 16,000 to 
(Oe.;, OJ:;, ,?·~.OOO 

liL5-G. etc.) pla\e-to- 1'-1' Grids 10 P·I' Gri.I.~ 1,lule 
641·E 

., 
·In 

Siugle P late Sill!!le Grill 

«(;Ca, ete.) to ' 000 (Cluss A) 

Single or t. 
p . p Grids 6000 

Siugle l 'l"te 90tH' 
:-:'i,,~1e Grid I 641 ·f (6(":;. etc. ) IQ to -

Siugle Gri,1 13,000 «( 'I"$)< A) 

' 'I'I~Ji h';t. ""'-" b< dl;\n~"'" I.)' "" ,,,,,<II. , HI", "'illl<"" ""1I>i,,~ 
aP,l"",-iaLIc d",,,I1"_ in II.: I. a,..]" .... "..". """,oel"".lk,. 

• ' I hi.lnto.lor..,..,. plao". .IQ,,,I of 0000 ot 'to.OOO <>1",,, ......... 110« 
I" .... ""1",,,,Ji"lI .,,' "'11i~b l>.p i. 0""1. T" ,'" Ihi •• ",1 .,ill ma'ch 
""I~ut ''''I .. d'Q~. ",ri<'$ '<:>t.I ...... 41"<: l",ilt ;",,, Ilk! ,,,,il. 

- '0 \/(1. 

1--

- '" ~'. 000 

r--- --

" '20. ,,"", 
-- -
- \,'1) -20, 

--

'" ~'. 000 

I 

,0 :111 11.4 

,,, 'Hllt:'1 S17 . 50~ 

-----,-
~"l ... al.ts 
in lillc 

'.1 
to 
I 

17.50" 

--1--
:10 "olt< I 
,,('ros~ 

lol:,1 17.50' 
priumr.l· 

lI<.:ro"" l" 11 ,50· 

I 

70 VOit.<i I 
jJrimnry 3 

• ~h, 11", il-OO In., tI,,, _POD", i. , ...... 0 I dll . t 17.000. 
' 0" the ~.~U '01' lt~ ..... """ .. u do ..... 1 ,iI. 0117.000 • 
• ~ '{)!l .. nJ too!"! t.a,.. an I .. u<eol ehh<, balaD<e<l", ""illc-fllllcd: 

11>eM 1 .. ".lon' ....... h.,ed«1_lau~.I';c~li1Llll .. e-l"'''''' .. ·;",1.""". 
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Fre<IUI'IIl'Y cLaracteristi('S ()f input amI intcr>tllge models. 

])inH:n$i"ns of "'''ise For T n>.; U~ I 
T nmi!rorIllCl'. 

l)irn~Jl5;ons of ~ I o,!e! II t .... se. ill 1"\,;(·11 ()ther l rall~­
formers, ~ll<:h as 'L'YI'E 578, are !]1f1"llt~~1. 

fo- .f - -,- 1'-- · 
{'i~ ',.,: DliO 

of- . I 1 ~7'-J _, _.,_ ~J._ 
-'- o . 'I 

1 

r';-: .';.c-~ ' '[ ~-;r-1 _ ., '" r ',. I 
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641 ·G 

---
641·H 

---

641 ·J 

----
64' ·K 

- ---

641 _L 

Uno 

1'. 1' PI.tes 
(1lC$, UJ;;, 

etC. ) to 
I.ine' 

011/ of' 
(oJfln.) 

(plult-fo-piole) 

]0,000 ,. 
40,000 

1'_ 1' or Si" "te 
Plll i u 800 

(2;\:1, M S. '" .f5. cle.) to 2100' 
S,>enker 

I'-J' or Single 800 rrates ,. 
(iAS,6AS. 

ell'.) 10 Un" 
~itOO! 

P-J' Plates 20,000 
(GUl, etc.) ,. 
to 5p.!aker ' IO,OOO~ 

1'-1' P lates 20,000 
CilLO. etc.) " to Line' 'IO,OOO~ 

. ~,--

j. 
' . 
• -

i-+ 

50 to 60 
I'l.i to 150 
200 to 240 
500 to 600 

2.a, ... , 7.5, 
10, 15.20, ,. 
.'i0 to GO 

1515 to 150 
~ to 240 
500 to I;()O 

2.5,1'>,7 . .5, 
10. I I;, '10, 

" 50" 00 
125 to 150 
)100 to 240 
500 to GOO 

TRANSFORMERS ' 

CO' I', i. Un- FrCl/. RotlR~ 
DC balanc:e lJoW't 1 db 

(bal) DC From To 
(11'10 ) (11'10) tcydf.') (~u) 

.. 
US 

" 
00 

" 

- '" W ,(IO() 

M~. 
,-' 

G watts 

Turn. 
Rl.llio 

IJ .3 

'" I 

Cod, 
JII()I'd 

OSCl.t: 

IJ,iCf 

S14.00 

-- ---- ---
12.9 

«;0 "'" '!O,OOOI 'W "'nilS ,. 1' 11.011 '4.00 
I 

---- ---,., 
" "" '20.000- '?O waU, I. VOCA l. 14.00 

; 

, 

I 
------

14.S 

" ~O.OOO 20 ",''Us '" In;A UY 14.00 
I 

3, :> 

" 'W,OOO !!O walts ,. \\' ,:.:ov 14.00 , 
· Rapo ..... i. do"a t db at ,toe.. f~II""<ia uOO'Pt a. ~ and 

100 tal'" '" Tnl:e..I·1/ "hen"","""", is d., ... ~ db.t tl,ooo. 
,,"oi, ''''no!or ..... pi ..... a "-l 0/ 0000 ahb" KfOH the I~beo, 
'f1,I. I, ti" proper I~. In. GU', opo.~ting C ....... A or ,\11. 
~ Iom .nd GOO\! b("eGo he "..,.1 .hl,er b:olan.,.d ... ,in~!_n,t~., 
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TRANSFORMERS 

TYPE 741 TRANSFORMER 

USES: ~'PE 74 1 Trllnsformc r!1; nre intended 
for use in ":lCUUIll-tUbe amplifier circuits 
whcrt: a wide range of frequencies ll1t1s l be 
lr;,m~tllillcd . Tlil',)' nrc u . ..cful in tuflny pli :l~cS 
of cxpcrimcutuJ invt'stigalion at cn rricr Hm] 
low rndio rrt:(IUCllcie~. slIch as wid('-r:lJl,I!C 
HI.din circu iL;:;. fa<:si milc lra"" l1l i~;;;io l1 . cxpcri­
l1I(:nlal teic\'isioll.llIld amplifier); fur lI ire wit ll 
clIlhodl'-nlY oscillographs. 

DESCRIPTION: '1'11<' coils for these 1l1In~ 
forlllers are marie of sel'or;!! 1)105, each of 
II hie!! is wou nd with alten1illc nyers of $('C­

lions of prinwl'Y Hlld S('condary wi ll(ii ngs. 
The structure is such as to rcdu(."C Ule lcakul,'C 
rcncb.lll(,:c lHl(1 distribu ted capacil,), to "cr,), 
lo\\' va Lues. A high-permeability nickel-iron 
dloy is used fUf the core malcrial. 

All models Hre l:on tained ill ensl·a lumiHu nl 
elises. Cast iron is :t solllewhat more effccth'c 
shield lit pOW('f frequcncies than is al1l mi· 
tHUll, and stich eases Ca n be SUPI)licd Oil 
Npccial oNlcr, G e ne rally it has 1~1l fou nd . 
howeycr, that power-linc hum inlerferencc 
is less SCriOIlS t han t ha l produccd hy Ili).!h. 
freque ncy sources. against which the alum· 
illUIlI is all eXl'cllcnt silicic!, 

FEATURES: T he c;..'trelllcly wide frequency 
rn ll!.'!! of Lhc T ¥PE 7'U Transforme rs is their 
hl l\i n feature. 'rllc cast-alUlllill UIll housings 
provi(ic good shielding at ll ud io freque ncies 
allli are particularly usefu l in reduci ng indlle­
ti,'c reedbuck which mil)' cause ··singing." 
TI IC cases ll liSO shield aga ins t Iligh-frc<jlICIICl' 
di stllrblllU:cs. s lldl as those cau sed by circu it 
brell kers, swi tchcs, and sim ilar equipment . 

ExcciJc ll t electriCid balance is lIIili utaillcd 
Over ent irc blind of lr::tnsm itteu frequcncies. 

T he oulputlrallsfoflHcr will safely emr.Y I; 
watts. Ti le illJ)lIland ilitcrstllb'C tflmsfornwr;.; 
lI'i lllllwd lc nny funge or "ollagcs ordinaril,\' 
IISCU ill low·power vllcuum·tubc work. 

SPECIFICATJONS 

Fr~qu~ncy RU9~' The telIl)()nse ;! " 'ith in ±2 uecit~l. 
frolll W to 200.000 ('yell'll. 'fhe aCCOlnll/lIlyi"g ,liagrllJUs 
~I,ow repr(!.."C'ntative eurvt$, 
Circuit, All motlels lire for lise only in lmlll.lleeol circuits. 
l.iue·to-~rid. jnter~tugc, and ]llule-to-Hue "'Ooids lire 
u\'nil"))I,,, 
Impedt nce, T he Ltltel'l!tnge IIUU Illate-tu-I ;ne modeu lire 
designttl to "'ork frolll tubes 1I1I";ng a plate·l.{).plate 
te¥istanee of about 18.000 ohms. TbI;> IlJ.t.,..lo- line trau,," 
fOl'mer iI designed to work into liues ... ith impedauces 
from 500 to 000 OhUUl, 'Mle Ijlle-to-gritl IHodel ",ill ul$o 
work out of impednut'l'S ill this rtlnl:.~ , 

lf~r 

741·G !.oo.(lllIn tille to P'I' gd ,ls , 
741-J 1 1'1I5h'I)UI1 jnterstllge" ,. 
741-P P-Ilill/ltes 10 5OO-oilln tint' 

1'\I 't:"T ",(11'1(.'1::. ,:..,. ''''''~~.I''~~ ~' 
I 

D.C CUIr~n t' The Ilri",uy windi" "J of all nlotlclJ! will 
IIIfely ~ .. rry I'; n.iUwUlI*relI. Iml tllere must not be 
more tllan i lllillill.llll~relI current lI " babll~'e bet ... ~n 
the 11"0 hll.II·e!I of the " 'i",ling, 
Turns Rll io: (St-c tllhl(' LeI"w,) 
Terminel" Sc""w ICrlllinnl$ wi(l. suldcring lUeS ,,~ 
pro" j,led, 
Mounting : CMl-lIh""iIlUID ("'II..'Ie wilh four IllOllntillG 
holct iu the i.>;I~, 
Dim~n.ionl: :I~g )( 3a x (height) 3~ ind,,:!., owr·nll. 
N~t WCi9ht; 3 pOllmb, 

1'lml .! //.alio COIl .. Wortl I'r;~c 

ttl 6,1 IlIUTII.lS.lST 522.50 , ,. , "'IOTII.\ "':"OV 22_50 
1i, I 10 t "'JIIT".\ X' , T 22.50 

Frequency chll racteristic T"n: 1<1 toG J.iuc-t()-Griti 'J'rallSfurlller, \'"I\llge stcp·up ratio 1,0,4. 
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TRANSFORMER S' 

" (I II Iii jtillllljD~1 
f'I'e(IUcncy dlll.rllctcrist ic T nt: H l-J Intcrstflge TrQIL$(OtrnCf, Voltage rntio 1:1. 

no'Qu"'Cy ,,. cyc"u 

J.'req1lcnry chn",cterutic TYPE 7-Il-P Plate-to-I.ine T ransformcr. Yoltngc 51ep-dowD ratio a.33:1. 

TYPE 666-A VARIABLE TRANSFORMER 

USES: The TYI'~; 66()..A Variable Transrormer 
i.1; an ill1pedan<:e-Ulalching: model which is 
recommended where it is desired to have the 
impcdaJl(.:c casily adjustable, but where flat 
frequency responsc is 1I0t needed. 

DESCRIPTION: The lramCormer windings 
arc tapped at stwcra\ points il.1ld thell brought 
out to jacks on the paoel. The binding posts 
nrc jack-topped itlld lIrc con nected to plugs 
by means or fl exible leads. In this marulcr 
tIle va riOIiS combillations of turns arc ob-

SPECIFICA liONS 

Impl!d,nuI Ran,., ny using the ta~ provided, it is 
possible to ITOrk out of 100 to 8000 ohllls lind into 1 to 
800 ohms nnd "i~ \·ena. 

T Urn1 Ratio: 'l'l,e IUrn! ratio of the ,,·hole primary to 
ti,e whole $ttOnd.ry "'inding iJ to to I. Turns are 
engra"ed on the IJitnel. 

Muimum Currenl: The mlllriluulIl allowable direct ':Uf· 
rent i.e 00 milliallllle'e!I for the primary lind ISO milli­
amperes for the seeondary. 

M ounlin'3: A walnut ClUe with a bakelite IIMle!. 

DimeRJIORJ' S}i)( 4,!-i)( 5 incht'5. 

N et W ei '3h{: s,!4 pounds. 

Tye-

666-A 

. -... __ o~ ... 

S12 .50 

'00· ...... .----

taillcd by pluggi llg into the diffcrenl jacks. 
(See photograpll below.) 

FEATURES: 'I'1,is trallsrormcr is primarily a 
laboratory instrument for obta ining many 
impcdullcc combinationll. Dy means of the 
plug arrangemen t ten differe nt combinations 
or turns areeasi l.vobtaimlhle on both prima r~' 
and secondary. T he numher or turns, rrom 
OIlC end, are c1elll'ly ma rked on lI le panel fit.; 
c;u;h jack so no guesslI'ork is ill\'oJ\"cd ill 
selling up proper t.urlls ratios. 
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TYPES 704 AND 706 PRECISION DIALS 

TTPE 700-D PrttuiOD Dial witb 'l'YPE ~ 19-:\ Dial I~ns. The 
photograph is approximately one-hnlr aetutll s ize. 

These arc IIIAh-waue precision dill1s, \\"ilh 
scales jmlividu1I Ily cl1gru\'cd 0 11 ft l l illlloHlillic 
self-indexing engra ving machine in fine, 
rndinl, tHld aCCllraldy 1000:'Ilcd lines. The dial 
senle :l nd the stow-Illotion knob rotate in the 
s..'lmc direction. 

The accuracy of the engrllving llmJ the 
precision of selling ohtainable justify the 
lise of n 'I'Yl>E 5 1 !l·A Dial Le ns. 

DuckhlSh hus beell climinulcd in lhe (..>(I n­
strucliOIl of lliesc long-scnlc dials by selling 
the scale pe rmanently and securely on the 
main shaft which thll .~ has its angula r po;;i­
tion nccuralcly indicated. The tension of the 
fr iclion drive is adjustable to suil lhe 1();:ld 
IlIld the prcfcrcJII.'t: of Ule opcrator, ami tile 
position of the friction dri,'c shnfL Hlay be 
adjusted to COll1pcns.'1 te for c rror's in the 
ccntc ring of the mnin shflfL in the ccnter hole 
by mc:ms of nn cCt.'Cntric bushing. 

These dials a re secured to their shaHs 
through thc mc of two set screws scpn ra tlXl 
by ]200 and arc supplicd bored to recci,'c :1 

%.incl:a s1Jaft. l~or usc ",iUI a Y.l'.inch millft. 
a split coll:1r bushing is provided which 
securely grips the shuft throughout Ol1e inl'lr 
of its lcngth, ave rting nil possibility of 
slipping, 

SeLtillgs of these dinls cft n consistently 
be duplicaled to onc·f:ifth of a division, 
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nllowi llg :til accuracy of resc tting. tor tile 
T n].; 'j(j (;. J) , of better than 0,05 per <.-enl. 
Parallax i.'l dimin;tl cd th rough li re usc of lin 
indica lor which nlways remai ns fllI ~h wilh 
tire sUI'f:u,:c of the dilll, aud ut tire sa mc timc 
absol'bs ti le slight eccentricities of thc main 
slmrl llrrough Lhe flexibi lity of ils mOllnting 
:trill, 

' /'vt'.; 701· 0 I're{';$i<;m Di~ r ahcm'jug lite itulienlOl', 
The ph"I')grt'plt i,' 81'pl'(,~im:t r d," !>ne- It!ttf actual si~e, 
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PARTS AND ACCESSORIES. 

T he dial indicator is supplied, as arc (.'om­
plctc iustruct ions for mounting. Only one 
additional hole ill the panel is required r01' 
mount ing; the driUing template furnished 
enables it to be accurately loc<l tcd . 

This type of dial is used as the main fre­
quency con trol on General R adio beat­
frequency oscilla tors and wave analyzers. 

At ti,e ris:ht is It ~ectiotlal "jew of n T n'l:) 700 
I'recision Diu! 511O"'ing the ports in de\l)iL 
The urive shnft c.~tellds through l\ curvetl 
slot in the dial. The di:!.1 is driven b~' friction 
hetween the dill! lind t'OlIul'>l (-I.) nnd (r;). 

(Bclow) T l"Pf: 70(1·1) I'recision Dial with 
'I''''J>I~ 519-:\ Dial Le"s. Appro:";mately one· 
half actnal size. 

.4-INCH DIAMETER PRECISION DIALS 
/Jil,l Friel;r!"_ 

704·C 
704-0 

Are 

'00 
300 

.6·INCH DIAMETER PRECISION DIALS 
Dial 

706-( 
706·0 

Dir.i .. ;"" , 

300 
.50 

f)rir(; Uoli" 

U) 

l:(j 

f'r;cli(1It-
J)rit~ Ril/in 

1:8 
1 :8 

j\'c/ 

H"cigilt 

(lOi!!.. 

9 O~. 

Ncl 
Irdullf 

1501,. 
ISlJ1., 

TYPE 519-A DIAL 
LENS 

(S~~ Illustration at L~ft) 

This consists of a small lens with 
nn adjustable holder to mount on a 
!>Rne! over t\"" dial inditator. nn..t 
makes possible the ren..ting of n ..tial 
«(!5[ .... ..:ia\ly tbose showli 011 tllese 
["'lies) to a high degree of Ilreci<!ion. 
Whell not in lise the arm elln be 
swung ont of the wily nnr! the lens 
pushed agairu;t the Imuelto minimi7-C 
Sllat'C requirements. When in nse the 
leus is held in proper pOOllion by ;1 
,Jelent ..tevice. 

SPECIFICA TlONS 

Dimenlions: (Height ilbo\'e j)illlCJ) 
~ x (wi,Jth) lYs x (length or nuli",,) 
2% inehe,,!, 

];'(I(;nllellg't.h, 1M iroches. 

Mounting: Ollc H-iudl hf,lc N!<]uirc,1 
for mounting. 

Net Weight: 2 ounec.~. 

Type ('ndt Wprd ",ice 

519· A .111,\:\11 $1.75 

( 'Il</" 

W ort! I',ic'-

[JAlIOl" $6.00 
LJAUIY 6 .00 

Coo, 
WQrt/ Prj« 

!>.I SHY 56.50 
DATU." 6.50 
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FRICTION.DRIVE AND DIRECT·DRIVE DIALS 
TII('~ dial.~ hu\'c photo-ctchc(1 nickel· 

~i h'cr sca les Hnd TYl'~; (i37 Knohs. They al'e 
1\"uilable in three diameters. two shaft sizes, 
lind with or without {riction dri\·c. The 
fridioll-rlril'c I1K'Cllanism consists of a tllill 
disc gripped and drj"ctl by two other discs 
on the driving shaft. This is shown ill the 
!iCclional views of ench size. T he direct-drive 
diu l.'! Tn>.::s 710, 71f!, (l nd 717 ;He the S,lmc 
flS I he Ty !'&.,> 7(f!, 705, and 703, respectively, 
iIlw;lnlLcd 011 pages 194 and 195. but do 
not hnye the friction-d ri ve mcdumislll . 

All dials nrc insulated from the shaft. The 

indicntor shown in the photographs iii sup­
plied. as is a lcmpillte, for mounting. 

The photograplls sho\1 II he re art one-half 
actual size. The cul-flwny views are pl1oto­
grnphs and nrc correet in all details nnd 
relntive dimell!liolls, 

Although the scale divis ions :Ire not as 
aecuratel'y de termined :IS tllOse or the T n!:: 
701 ~Ild '1\' I'~' 70(; P recis.ion Dials. they arc. 
ncvcrtheless. completely w li sJa<:lory fo~ most 
uses, particularly where ll. slllooth.acting alld 
flttmcLiyc dinl is needed. '1'1leY :nc used on 
m:lII)' GCllcral Undio ills ttlllllcnts. 

.4-INCH DIAMETER - TYPE 703 FRICTlON·DRIVE DIALS· 
'!\/Ilifl . l)iN r,icfi(m Dr;" . COilt 

TI!.l!!. /)'-ul'llrlrr ,'n f) ;r;ki" "" Bolio H't 11"0'" l'r;N' 

UI"~'1' $2.00 
0 """1' 2.00 
OWl /< 2.00 
111 m M 2.00 

70)·A I;" in. 180' '00 1:5 , 
703.8 ~ !n . 270· 200 I:" , 
703·F m. 180~ '00 u , 
703·G in, 270· . 00 I ;.;} , 

. 4-I NCH DIAMETER - TYPE 717 OIRECT·DRIVE DIALS 

717.A ~ in, 180· '00 .i 0 7., U!'\U~I $1 .50 
717_B I. In. 270' .00 " ,,~, 1)'''.\1, 1.50 
717·F ~!n . 180' '00 r. 0 7., Ulf' IT 1.50 
717·G '". 270· .00 J o~. IlI G,\ 1l 1.50 

'!',\n:)'T ),OTIC.:. s... )'otc 1'i.pollO: ¥, 
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PARTS AND ACCESSORIES · 

• W. · IN(H DIAMETER - TYPE 705 FRICTION-DRIVE DIALS· 
Slmft Oinl F,iclirm-/J rirt: 

'1'.1/1)(' /);("""'0 Ar~ '}iri~;"IIJ' Holill 

70S-A ~ !n . 1aOG 100 1; 1 
70S-F ". 180" 100 1: 1 

• Jill-INCH DIAMETER - TYPE 712 DIRECT-DRIVE DIALS 

712· A II. in. 180G 100 I 712·F -V8 in. 180· 100 

• 2)h·INCH DIAMETER - TYPE 102 fRICTlON·DRIVE DIALS· 

102-A 1,4 in. , BO· 100 1::1.:1 
702-B ~ in . 270~ 100 1::1.:1 
702-F « !n. , 80· 100 1::1.:1 
702-G " . 270· 100 1::1.:1 

• ' ·%.INCH DIAMETER - TYPE 710 DIRECT-DRIVE DIALS 

710-A 'I.e in. 180" 
71 0-B ~ in. 270" 
710_F *;" 180" 
710-G '". 270" 

'j',\ 'n;'iT !\OTln;. "'-... N .. I ~ 17. , .. ",~. 

T hese dillis li re ordinarily lliQlm lt,<1 
with the s low-moL ion drive loca ted 
.5 degrees to the right or tht IlO.iitiOIl 
,howil in these photographs, Th~ 

dri\'e is I()('al~d here d irectly below 
lhe maio shah in order to sho"- 1111 
dl'l:dL~ io the 5e<:t ional ";eWf. .\ 11 
photographs ate "1)I)ro~iruatel.l' one­
half ac:tllal JiUl . T he direct-dri\'e 
dinl8 do lIot hove the "ernie' ,Itin: 
bu t IIrc ot llerwil!e the ~IIUle, 

100 
100 
100 
100 

Sd 
W<'iglll 

,; 0>:, 

:j OZ, 

I !101\. 
:] (01 •• 

4 'w .. 
1 01.. 

1m;. 
., 01. . 

.' u~ . 

<' "~" <' (lz, 

" 0 • • 

( "I/Ie 

Wm,J 

or'1IK 

'>I" .• L 

111 M'.: 

Ult' .. " 

UIM: K 

U1UO<.; 

Ult' AI' 

UH"~V 

II I , 'I.\" 

lJIUI1< 
m:1'1T 
1I10t:T 

J 'rir~ 

S1.75 
1.75 

S1 .25 
1.25 

SUS 
1.75 
1.75 
1.75 

51.25 
1.25 
1.25 
1.25 
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TYPE 520-A DIAL LOCK 
Auy Genel'l,1 HHdio dinl may be firmly 

clumped in ally position by means of the 
TYI'~; .'j~O-A Dial Lock ",Iliell holds the edge 
of Hit: dial ill a vise-like grip, without exert­
ing appreciable forl.'C 0 11 the shnft on which 
I he dial is mount ed. The lock does not alter 
Ihe dial setling and llIay be undamped by 
looscning the knurled knob whell it is de­
s; ircd to change dial to a new selling . 

SPECIFICATIONS 

Oim~n lions : (Lengll ,) !l x (width) 1 x (hcigl,t) l~ 
inches. OH~r-n!1. Height :,h()\'c panel, I iuch. 

M ountin!! : '1' '''0 NQ, is ho le<, ~ inch "p"rt. urc requin!.1 
for mounting. 

Nit Weigl'll: 1.!1: OUnce6. 

T,,. 1',iIT 

520-A $0.75 

DIAL PLATES 
These two din! plates 

I llIve photo-etched scales 
wilh rniscd ni(·kcl-sil vcr 
grad uations; 011 a flat 
black backgrouud. Each 
call Ix: attached to tile 
p~1I1cl with the same 
screws which hold the 
rheoSllll - potentiometer 
wilh which the di~l l plate 
is uscd . 

TYPE 318-B 
.\ ~J-in('h diameter plal.e for usc wi ll i ;1 

J%-i llcl1 knoll , e ither pointer or sk irt , a11l1 
wi th :111.)' rlleostat-potc lltiOllleter Ilaving 
standard 3-hol<: mounting. ) [arked lI'ith 50 
divisioJls around 298-. 

Type .\'r.1 Wtight COilt IVMd I'ri« 

318·8 tiJ m .. IH:I'II. $0.35 

TYPE 522-A 
A 23Al-inch d iameter plate fOI' 11.~C with a 

T\"I'~; 637-A Kllob aud :l. T n '!':: 301·;\ or 
'U O-. \ Hhcost.at-J.'otcnliomc l.cr. j\ lurk(-d with 
20 di"isious around 254°. 

522.A 110(;11 , $0.35 

TYPE 202 SWITCH KNOB 
T his is the bakelite knob that is IIsed 011 

Oll r l'csist:I1K"C boxes ami dccade condc nscrs 
hccause it e llftbles t.he operator to cstinwtc 
the vallie of a setting by his S4:: l1se of LOIiCiI. 
The I)ointer is of llickc l-pkLled brass. It is 
1I0t insulated from tlil' shaft. 

S11I1/1 .Yet V ,lil I'lICl'ovr 
Til Di"mdn II"ri,ht Code Woro' l'rictl d /II 

202.Y 1% in. I ~:I' ~' I SW ITCJf"It)I \" 1$0.45 $3.00 
202-Z 'h in. ~ (02.. SWIT(:UlIIJIlG .45 3.00 
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TYPE 637 FLUTED KNOBS 

These lIIoulded bakelite knohs arc lIsed 0 11 

nC1uly illl Geller.1I Hadio apparatus. '1'11(,.)' 
were chosen from among dozens of p relimi­
nary designs as the ones best suited to Llle 
requi rements of measuring instruments. Tile 
smoot.hed fluled kilurting affords a 
positi ve, crnmp·free gri p for the mMl 
delica le adjustments. 

1 Vs-I NCH OIAMETER - WITH POINTER 
Slm!/ I/"il }'och.J9' 

'J'!l PC /)il)'"c1cr ('0,[. Word Priu nllO 

631.A 1,4 !rl. NUK1.'WIl.u:T \ $0.30 52 .10 
637·8 % tn . NuULl'OlJIJO\' .35 2.35 

Net Weight: % ounce 

l o/a.INCH DIAMETER - WITH POINTER 
81"'/1 U "il P(Jcku!/t 

TUIN: I>ia",cler Code Word 1'';« "110 

637-G I Y1 in. I I.:t·uJ... ... OllG("x I $0.35 1i2.35 
637-H % in. NUI!lSOUlUT .35 2.35 

Nt! Weight: 17.1' (11)\'.:('$ 

to/a.INCH DIAM ETER - WITH SKIRT 
81",/1 Ullit T'Ut;41'YC 

1'1J It: Dillrnt/," Code Word Pri"" " /0 

637-J 11,4, in. :;UR\.. ... QIl.I I)! 
63 7-K % in. :;I.1H I_"'OBKOI' 

( l) ialUcter of skirt. 2~' inchCII) 
Net Wci9ht; IH OUD(;-es 

52.75 
3.25 

2%-INCH DIAMETER - WITH POINTER 

637.P 
637·0 

S lmjl 
l) i,I1II>'/'" C"" lc lrllrd 

IJ'"iI Pm:£'lIIl c 
I' ric~ f) to 

1,4, !n· 1 :-oem.lWOI'1G SO.50 I S3.7S 
% In. :;UH\.. ... OUQUO .50 3.75 

Net W<zi9ht: 3 OUIIl.'e! 

2%.INCH DIAMETER - WITH SKIRT 

, 'YP! 

637-R 
637-S 

Shujl U'lil l)ucIUl~ 
D i(l.lfWCf Code lrord l'riu ()j 10 

1
1(1 in. I NUHI_~OIlII .\~1 \ SO.50 I S3.75 
3;, in. . ... v lU,sonstJ'.\1 .50 3.75 
(I)iometer of ~kirt, 3 inches) 

Nd W<z isht: 3M ounces 

T rI,t: O:J7 Kuobs arc.!h""'1J appl'()ximately one­
half aclual ~izc in tim vhotogrnllh.'l allhe right. 

THE QUANTITY OlS<OUNTS MENTIONED 
0 1'1 PAGE IV ALSO APPLY TO QUANTITIES 
Of PA<kAGES. 

T ile whit.e poillt.cl's arc made of null ­
(:onductillg' Illall:!l'ial, ami Lhcy can be (,ftsily 
pried off whcli kllohs alum: arC required. Elwll 
knob is provided willi two tiClscrews 10 in· 
sure p erlJlU!I('II(.'C flf !<.ClIing. 
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TYPE 138 STANDARD PARTS 
Type 138-8 Switch Contact 

... ... Y.I inch C- No. 10 driJl 
n- ~ inch /) . H" j,1(,'11 mns 
Coot Word: C()I\T,\.CTAN1' 

Ulli/ i'rice. . 
}'ad'age oj 10 . 
Paci:O!lt oj 100 

$0.10 

.'" 2.25 

Type 138-( Switch Contact 
A .. U4 inch C- Xo, 10 drill 
11 - J-K inch I) ... J.i inch maX", 
C("/~ Word: CO:STACT IlI'fl 
Unit Price. . 
1'llCh~ 'f 10 • 
1)(JCkuy~ oj lQ(} 

$0.10 
.50 

3.20 

Type 138-0 Switch Contact 
II .. " inch C- ~o. 28 drill 
11- J(e inch /} - .!1 inch 
Code II "or,}: (,'OS1'''l"l'C.\1' 
{fllit I' ,iee. . 
/ 'ut:kllfJ<: of 10 • 
I'od"fl'll! of 100 

SO.10 
AO 

2.25 

Type 138-0 Switch Slop 
A-~iJl(:h e - G- :Jll 
H- ll6 inch D- ~ inch max. 
COOe Word: ST,\,SI'.IUIIUI. 

U"i/ PrictJ . . 
P"c1~,gc oJ.to . 
I'ackoll' of H)() 

$0.10 
.40 

2.2 5 

Type 138-A Binding Post 
,1_ ~ incl! 
B- M inch min. 
c= 10 32 
fJ _ ~ iuch IIIIIX". 

f'tl/fc Word: ilTANI'.II<CUI' 
U "i/ Pritt. . 
1'IIChge of 10 • 
f 'och'll! of tOO 

$0.25 
1.50 

13.50 

Types 138· Y and 138· YD 
Binding Posts 

tl - ~ inch JJ _ I", inch Iniu. 
C- IO - S'l 

D _ M inch max. f.,r.\' 
Ji inch max, ror · \ '0 

Cod~ IrOrlJ¥: STAN I'"K ... liT (for .V) 
IJf "'lil· ... HI"t;",{for • VD) 

U lIil l 'r;CIl, . SO,25 
l'ockog~Qf 10 , . 1 .35 
l'ucko!1t of foo , 12.00 

Type 138·X Binding Post 
A - J.i inch 
B _ 1116 illch mill, 
e"" 10 - 32 
D - J.i inch Ula,~, 

Code W ord: IIT.\li l',mIlOY 
U"ill'rice, , 
I'ach~ of 10 , 
Pad-l1gt of 100 

SO.25 
1.]5 

12.00 

1HE OUANTITY DISCOUNTS MEN· 
TIONED ON PAGE IV ALSO APPLY 
10 OUANnT1U OF PA(I(AGES. 

USES: The TY1'~; 13S p(lI'I~ have oc't'1J 
dc:~ig-lled for tlSC in the l L~scll1 hl.v of high· 
quality lll oonltor:\, and cxpcriltlcntal equ ip. 
menlo These pa l' l ~ ha\'c I)(..'cn used fO I' IlI il UY 
yen rs in GClwrnl Ibdio instruments, :ll'I \l'dl 
as in those vf olhe r /IIHllu{aclurcrs, 
DESCRIPTION : Switch Contacts: The tll l'(;C 
styles of T HE 138 Switch Conl:H'ts arc made 
of cndllliullI ' pl t(lcd bn)l)I\('. T he faccs of all 
lhe coll tact.s al'e plane, '1'"".;..<; IHS· 13 and 
lSS·C hnve knurled shoulders which. wilen 
drawn into the pancl by ti.c;htenLng the nut, 
prevent rotat ioll of ti le COll t:lcl heads. ' I'YN; 
13S·D is lIot t.h l'eaded but has a knurled :'( tud 
which gi\'cS a dri\'i llg fit. 

Switch Stop: The T n·t; l!lS-Q Swi tch Stop 
iii made of nickel-platcd bra ss . This stop 
docs not hn\'c a knurled shoulder. 

Binding Posts: .Four diffe rent st.des or 
hinding posts ure uvai lable. Tllc Tn> ~: 1:)8·A 
has a bakelite top which scrcws dowlI onto 
u metal coUal', The Tn'F.S ISS·V and ISS·VD 
are smull nickel·plated brass binding posts 
wlrieh nl;;o hn\'c a j:lek top for recei"ing plugs 
of tire Tyl' ~; 274 series. Tire T ypE lSS·V 
B inding Post is illustrated; the T HE ] $8· V]) 
is identical cxcept fO I' 11 longel' stud , The 
Tn}; ISS·X is :r larger bindi llg post wh ich 
li iso hns the jllek top. ALI biHding posts nre 
colllpide wilh tinned terminals and IIU18. 

Binding Post Assemblies: WllCn it is nccc.~· 
Sllry to mount bi nding posls 011 nrctn l panc];, 
SOIllC assembly sueh us the TYl'~:S 274·'K 01' 
27·~-L is desirable. Thesc assembl ies (.'onsist 
of a bakelite strip, widell has two lapp(.'d 
inserts for mounting purposes, with two 
binding posts moullted % of a ll indl on 
cen ters, Double plllgs, silch ns Ule T nE 
27 .. . .l\f, Ctl ll be used with either assembly, 
.~i llcc the Dilly diffel'Cncc is in the oute r 
diameter of the bi nding posts, '1'n'El ISs.. V 
posts Ucin~ 1ISC{1 0 11 tile T\'l· .~ 274·K and 
TYI'~; 13S·X posts 011 the T YPE 2i4·L. 

Types 274·K and 274·L Binding Post 
Assemblie$ 

A _ ~ i"che$ O_ G_ S2 
IJ - I inch D- U inch 

Cotle Word,; 8f' ......... 'AnD.AG (for 2N·},,') 
ST ... li I'AIIT.-O «(or'lH.L) Price: SO.65 
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TYPE 274 PLUGS AND JACKS 
USES: T he 'I'''PrJ i74 pari i' nrc maelc avail. 
ahle fo r lhe laborat.or.Y wo\'kcr, mnnufac­
t\ll'c r , Qr HllIa1.cur II'lto wi:.:hc:;; La usc rugged, 
well-constructed parts . T hey arc IlseJ 011 fill 
GCl1cntl R adio instruments, as well as Oil 

those of olher HWIlU faclul'crs. School find 
indust l'illl hlborn.lOt·jcs also 1I[1\'c found them 
\'cry usefu l as connector" on IC\lds. 

DESCRIPTI ON: $inglePlu5s; Thc 'l'ypJ.:27·l-P, 
tIle Int ... ic unit.. consists of;1 tJu'(!acicd nickel­
plated brass !<tud which is fitted \\'illl 11. beryl­
lium copper spring. A nul alld terminal ,W'C 
fUl'liishcd. Tn'~, Q74-X is sirnilM to TnE 
ei·l. r", cxeepl lite s tud is not tllrt~aded bu t 
has a lubul,H rivet lop. 'I' n'~~ 2i4-U h;I S a 
1,Irgc r Lh l'caded slud which i~ recessed to take 
;1 'l'YPI'; 274 Ping. TnJ;) .Q74-D ill similat" to 

Tn;,~; 274-U but lias all ilJ.!lUlatillg bakelite 
slccI'C: and a thumbscrew. 

All plugs will carry a tmtximutH currt'll t of 
15 I\mpercs on H resistive loud. 

Jacks: The ba:<;icjack unit is the TYI'E,274-J 
which is made of nickel-plated bmss. All 
'l'n'E 274-J J acks are furnished wilh tinned 
lenni lLals ami ]luts. Tn' l';s 274-U and Q74-D 
P lugs ami all double plugs are rc(:es$Cd ill 
the top. thus lU,tkillg j<lcks for oilier plugs. 

Double Plu gs: The 'j'YPl1 2i4-i\t Dou ble 
Plug uses black bakel ite whieh is moul ded 
around two plugs set Yt inch on ccn ters. T he 
top is rcccssed. forllling a double jack. 
Smail setscrews arc II sed for LoldiJlg cOl'd 
tips and \\·irC leads. T he T n ' }; 274-1U. is 
identical with tbe Tne 274-1\1, except that 
low-loss ydto\\' bakelile is used. This materi,d 
iws u. Illuch higher leakilge resistaucc lind 
lower power factor lh~uI t he black uakclite. 

Short-Circuit Plug : T he TYI'B 27<1·5 B 
Short-Circuit lllug consist s of t.wo TYI'E 
274-U Plugs aud a nickel-plaled brass bar. 

Jack Base: T he TYPE 274-HJ is a b ltkelile 
blt sC with two p,lirs of bindiug posts ( :Q ll­

ne(;l.ed to t wo pairs of jacks. Each pai .. is % 
ineh on ccn le,·s and Lhe jllcks arc spaced to 
t.ake the T l' P I': 403 'J'hel"lllOCOuplcs and 
T YI'E 4!JQ Oxide R ectifier. 

Type 274.RJ Four-Gang Jack Base 
A .. 3%' inches B - 1M incbes C ... U~ inch 

Code W erd: STA:;P .... RPI1l' Pl'ice: Sl .00 

Type 274·P Plu g 
A = ~ inch 1111\)<. 

IJ - Y8 inch max. 
C- 6 - 3i 
D-% j"d, 

toov Word: l!TM<I'AIICAT 
U lIil Pr ice. . SO.12 
rlll:kllYC (If 10 • .70 
Packa!lt of 100 5.25 

Type 274.J Jack 
A = %; inch IJ .. %: inch m,Il<. 

C -J.{ ~ ~8 

Code. Word: S'fASI'A ltTOI' 
U"it Price. SO.10 
P(lck(lgo of 10 .45 
Puckllfl~ of tOO 2.25 

Type 274.X Plug 
A=O.I%inch,liam. c- Ysinch 
1J=~indJ I) - Minch 
Code lVord: STASI';.JITIS 
U 1Ii1 PrictJ . SO.10 
P(lciw)l!. of 10 • .60 
P"d'('YiJ of 100 4.25 

Type 274-U PI" 
A _ ~& iuch 
B-%iU<:lh mill<. 
c= U ~ 2S 
1) _ J.{ inch 

Code Word: !>TASl'AUGOT 
{hlil I'rice . SO.1 5 
l'uckage of 10 1,00 
l'uckoge. of 100 8.00 

Type 274. 0 Insulated Plug 
11 - Minch IJ = 1~ inch 

GtXlo WONI: J>T.\:;I',\m:n: 
U lilt Price. • $0.25 
['ack(l{J6 of 10 2.25 

Types 274-M and .ML 
Double Plugs 

A - 1!1 iudit's n = 1 %" inches 

Type 274-M 
Code IVoni: :;Tt\~r.\R IlUO 
Uu;/ Priu. $0.40 
Puaka~e of 10 2.60 

Typ~ 274-ML 
Co<lt W ord: 5TAN1'.\HUU'Y 
U"ill'rice . 50.45 
PackurJ~ of 10 3.00 

Type 274.SB 
Short-Circuit Plug 

A = l.!1 inches n - 1J.t6inches 
Ccde Word: i,-rASP"nZlI' 
Ullit Price. • 50.65 

THE OUANnTY DISCOUNTS MEN. 
TIO NEO O N PAGE IV ALSO APPLY 
TO aUANTITIES Of PACKAGES. 

199 

G'I 
m 
Z 
m .. 
» ,.. .. 
» .. 
o 
() 

o 



• PARTS AND ACCESSORIES 

o 
u 
o 

...J 

~ 

'" ... 
Z ... 
" 

TYPE 274 PANEL TERMINAL 
INSULATOR ASSEMBLY r- A ---j 

~
., 

This aSS(:lIlblv. lo be used with 
T YPE 138-VD • Binding L'osls for 
mounting 0 11 11 metal panel. (:ollSi;; \ !> 

of two black 01' low-loss yellow bake­
lile iu suiators. 

I~ 
TWO 

TYPE 
+ 

138-

VD 

'! -. 1 
- T 

A = 1 M ;llchCll 
IJ _ % inc h 

(' - ~ inch dia"', 
IJ = >1> inch to ~6 inch 

c 

Prie,' 
I'"ir /,qekagt oj 10 Pair.' 

274-Y 
274-Z 

BI;\ck 
V,·lIn\\' 

Sl'AXI'.~lI l!f~ l . 

S TAXI'IUIIOIi 

$0.20 
.30 

S1.3S 
2.10 

TYPE 274"NC SHIELDED CO NDUCTOR 

Tire 'j' nE2H· N"(; is II scful for conuccliOlLS 
ocl\\"cen bridges. oscillalors. and similM 
equipment at audio and "adio rrC(I1tCncie~ . 
It is a COllccntric·"hicldcd cahle wi th one 
T '(I'E ).lj4. !\:[ Plug con nected to cadi 1:lld. 
(opociu"u:c: HO ,,>It (at I megacycle). 
Impedance: t\prro~i"1:Itcly ·W ohms (lit I Ulcg;lcyl'lel. 
274- NC: QIII. /e WI",/: l!T.\~I'.\UZ()t, {'ric'/!: S1.S0 

TYPE 274"ND SHIELDED PLUG 
TYPE 274"NE SHIELDED PLUG "d CABLE 

These cotJucclors al'e u.';cfu l ill high­
freqUellcy work und ill rHCILsuremellL'l when; 
(!xt.l"eIlLe shielding pL'ceuulions lLlu ,~l be used. 

The shielded plugs II;) \, (: a cast-a luminum 
CHP whidl fil s (I,'cr' lhe plug;.; and is eClI"L­
ncded to lhe gr'ollnd terminal. T he plugs al'C 

moulLled OIL low-IMS velloll' bakel ite. 
T n' l-: QH -N.E (i Jh,~tratcd ahove) cOIl~isb; 

of a conccntric eable \\·ith two T TI'E Qi4-:\"D 
Shielded P lugs, 
Citpa<:;l.!nce: I GO ""f (fo r TH'E '.?H-XE at 1 .neg{u-,yc1e). 
Impedance, '\ Pllroximatl.'l,'· W o lt",~ (:It 1 11legac.l'cle). 
274-ND, Code Word: STM' [.CC;lJOI: P, ice: $1.50 
274-NE: C()l/c Wm-d: ST,\I'I,um:n ; l 'riCt': 4.00 
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TYPE 674 JUMBO PLUGS AND JACKS 
USES: These pnTts tire cOl\venient co n-
1lt..'CtOI"S for cil'cuils clw'ying lal"ge curt"ents. 
DESCRIPTION: The TypE': OH-Jl has a 
Ihreiloed shank, while the T n,g fiH-C h.'Hi 
a soidered-ililed Sh:lllk for swenting in 3-1-
iudl tubing, The T YI'1': G74-D bas fin il1-
sulfl led ;;;hank with a jac k lop and a soldcring 
lug. Nickcl-platetl brnss is uscd ex(:e pt fOI" 
I he plug springs which MC a specia l phos­
phor brollze, T he maximum current is 35 
amperes. Ti le TYp~;s 674·J Itlltl 674-P arc 
supplied with nu t S;l nd terminals. 

Type 674-P Jumbo Plug 
A - ~ ilJcb 
IJ ... ~ inch 

c- He" 
D_ 1:>1"6 inches 

CQl.ie Word: 5 r ,lS[',Il'AI'f: 
Ullil l'rice. $0.30 
PackagcrJ/ IO 1.75 

Type 674-J Jumbo Jilek 
II ::::> Minch /J ... U, inch max, 

C= J.4-!lO 
Cwe Word: STASPA11,\ \ 'E 

U'lie Prict . $0.30 
/'l}Ckagc of 10 , 1.65 

Type 674·( Jumbo Plug 
A- .J.1inch Il _ ~ inch 

Code Word: STAS1',IHCOS 
Unit Price . 50.25 
Packagc of 10 . 1.50 

Type 674-0 Insulated 
J umbo Pl ug 

.1_ ~ inch 11 - 1!tf6 incites 
C()lle W ord: Sl·A.\" ['.,J",UK 

U nil l 'r;';.: . SO.50 
/'(Jckagc af 10 4.00 

THE OUANTITY DISCOUNTS 
MENTIONED ON PAGE IV 
ALSO APPLY TO OUANTHlES 
Of PACKAGES. 
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TYPE 677 INDUCTOR FORM 

USES: T hese (.'oil forms nrc suitltbtc for usc 
in low-power oscill ators llnd amntcur tr:Ul s­
mittel's. 

DESCRIPTION: The rOm);; arc mude of 
mou lded porcclnill in two collvenient sizes. 
Tile eight /lotched ribs prm'idc pcrlllnncnl 
winding spacing wh ile the series of small 
holes gives adequate anchol"aJ,,'e. Taps Aud 
separate wi nding;;; lip to it. tolal or seven ter­
minals fIre act.'ommOOaled by II Ilwl.chcd 
plug-i ll Lase and jack, separately :tvnilabic. 

:Fol' complete assembly two 'I' Vl'f: (i77·Pl 
Coil Forlll Spacers, with which arc included 
tile nCt'eSS<lry machine screws, lUlLs, and 
lead washers. arc required . Tllesc spacers 
Illlly also be used to support the jack plate. 

The Y-cu t threads permit IISC of wire Si7-C 
lip to No. 10 B. & S., and extend over lhree 
inches. 

SPECifICATIONS 

Dimenlionl: l .englh, ~dl uuits. 4 ~ in(:hCll. DilllnCler. 
Tnt: (i77-U, !!J.1! inches: THE (i77-Y. Sa il'cI,es. 
\\'i,lllI . TH~ (l7S-P. 67S-J. 1.K illl:he.'l. Heigl. t, Tn'E 
677· 1'1.1 illeh. 

Net Wltishl: Tnt: 6n-u, 10 Ollnl..'ClI. '1'\'1'1: li77. 1' I (pcr 
pnil). 'l vunt-et. Tn'r. (liS-I', " OUll~. ' )' \' I't: 1i7f1-J, " 
(l1II1t.'CI. ' r "' I,t! 677-y, 1 Va I)()UlUls, 

1'il l lI! f)f~ri IJlio" 

677-U Coil FOlm 
677-Y Coil f orm 
677·P1 Spec" (2 rlt~d) 
678_P Bal. with 7 lu~' 
618_J Bast with 1 Jac s 

Coo. 
Word I' .if(: 

)11.\I1 C SO.50 
)115 ' ;11 .7S 
ll11>t)[ .30 (" Rirj 
lnXQ II .70 
.\I'S-"y .65 

TYPE 119 RADIO-FREOUENCY CHOKE 

USES; '1'YI' El 119 C!lOkc is useful not. on.!y as 
a mdio·freq uency choke in \' tlCUllm· t.lll.!c 
circuit/,. but :llso ;1$ an indllcL;m(;c t.'!clllcul 
in filters and tuncd circuits. 

DESCRIPTION: The winding is 1I le so-ealled 
I,clical tYI>C, ('Oml>osed of II large 1II11l1bc r of 
tllin. spiral-wound pies. Tn'~; 119-13 III1CS II 

dusl-lYI>C core. 

FEATURES: T lic method of wi lld ing pro­
duces only onc reson:Ul t poi nt : minOI' res­
owul(."cs arc practieaUy eliminated . The 
shunt cajlllcila])(;e is low, so Lhnt the choke 
call be LISCO at frequcncies as high as ·W 
megacycles. The IISC of an iron-dus t core in 
TYPE 119· B makes possible a higl,-induclam:c 
uuit wilh ve ry little increase in capaei lam.'c 
and resist'lIlcc. 

119_ A 
119·8 I 

SPE(lFICA liONS 

Accuracy of Inductlncc: ±~O%. 
Dimenlionl: (Heigh l) '2 illChc5; {or base dirue LL $ions. Sloe 

skctd,. 
Net Weisht: TYI" p. lW-.\. iJ.1 oz.: '1' \"1' .: lltl_ ll . :J oz, 

T.'Ipe 

119.A 
119_B 

(",/ucl<mcc 

0.25 h 
0.5 h 

IMAO': 

[~""m 

CUIII.cilullfll 

I " ",,( 
j .."r 

D-{} 
flui'IIH'c~ 

I 4;;0 !! 
.150 I! 

I'ricc 

suo 
'.00 

201 

(j'I 
m 
Z 
m 

'" )-
r-

'" )-

" 
o 
n 
o 



.

• PA RTS AND ACCESSORIES 

o 
u 
o 

~ 

<I 

'" .. 
z .. 
" 

TYPE 339 SWITCH 

USES: The Tn-E 339 Switch is designed for 
low-power scn'icc as, ror instance. in 
\'aCUUIlI-lubc c ir<:uiLs. where a low <::lpaci­
t:UII,;C. higlHlualily switch is 1I(.'C(itxl. il ca lL 
be uscJ to replace the older type or ;':[lIli. 
Car);l(·jt..y" toggle switch. 
DESCRIPTION ... \ rotary coH Lrol is uscd. 
II(;tuatiug the bl;ldc~ b,v ltlcaml or a Hlouldcd 
lmkclilC WQl'ltl. Ti le mounting is a siugl c-holc 
type anrl will fit p;Hlels lip to %-indl in 

thickllt'M. The lotn] throw is 180° rrollL olle 
position to the olhe r. Hotll os po"i tiolls as 
well tls the illtC'rmcdialc on' posilioll arc 
lII1lrkcd hy a po:;;;ti,'c d\:lt'ut de\'jee. 

FE A TURES .. . \1110111: the features of this 
switch IIrc l'Orat'r :lr'lion alld low (':IJI,lei­
hl1l('t":, Ti le ~i nglc- h()lc 1l1Ott!lliug is 11 CO Il­
""uiell("c, nlld 1h(' hla (l e~ C~!ll be uC li l for 
swit ching in IIlIllSllal (·irc·ui L~. 

SPECIFICATIONS 

Insulttion, :\Iuuklcd bal;elile. 

Vol~,e tnd Cunenl R'lin" ' n'e iTl~"IaLioro "ill will.­
~tnud \1:;0 ,-o il • . Tile nm,unll,llJl current i5 OJ! Nt"I'("C5 in n 
llOlI-iuducti"e d rt1t it. T he ~ ... itch i! .lesigllc<1 ror 1I$e ill 

lu\\' ·I"" .... « ... a (..'UlUu-Iube circui t!. 
Dimensions: I'nncl SIIII('e rC<lui.ed, 1% ,,\I~ inchOl; 

202 

339·A 
339-8 

4.Po le, Double ThfO w .... 
2·Pol .. , Do ... ble Th.ow . 

.kpth hchin.1 panel. Tn·v. 339-.\. i .J.i i""hes; Tnt: 
339-U, 1 U iud,es. 
Mounting: Sing1o..'-hole triM:. ~~-in"h di,,,nelcr. Will fil 
!)l"Jelt "I) to ~ ind, tl';cl; . 
Ne! Weigh!: Tnt: ~139-A. IU OUll<.'C!I. Tn''': :lS9· B, 
3!;.l onnce!! . 

..... . ... \ .. - ..... . 
1'1 1'1'\ ' 

l'U1"l'Y 

I'.;" 

$2.50 
2.00 

TYPE 202 SWITCH 
This is a qu:alruple-lcar phosphor-bronze 

swilch whidt lI1ak('s wiping {,'Onlm::t on bolh 
lIle switch poillL~ ami the fixed huslling. Il jl; 
intended for lise with 'I'n·g 138-B or Tn'E 
l ~n~-(; Switch Contacts 1I10unlc(1 on 1I 1%­
inch radius, 

SPECIFICATIONS 

Net Weisht: 'I'\' ,'t: :lW-A. !l UUllce$. T n}; 2Q'l. II. ~~ I 
OIUH.'C$. 

202-A 
202·8 I 

~ w ~~ in . I IIW!TCnTU.\D 
~{ lu '", in . IlWITCUGOOll 

50.75 
.75 



  

PARTS AND ACCESSORIES ' 

TYPE 480 RELAY' RACK 

'I'hi::i rack IS intended for moun ling 
standard 19-inch pallels whose Ileigh!.!' arc 
intcgnl l multiples-of 1% inches. Hack.s of this 
typt! have been in usc inlclcphone plants fot 
Ulall,\' ,vears, (1m! they nrc fa;;;l I)C<.-omi ng 
stamlard in lahoralori{'s for lIIou nli llg ap­
,.Illratus. T wo si:t.('s arc lwuilahlC', 

SPECIFICATIONS 

Construction, Sl~'l!l fmulC wilh wel.led joinU!. llotli 
1"",lcl~ It,,\'(: J>1"()\'i~ion for holting them to the lloor f,r 
l;t"I~, bul l ht'," life stahle CH(lugl, 10 SLand wit.1,,,ut 
r:ls l~ni"g for "II ordinary ~en'it"! . 

Drill in",: Stftlllla rd drilling for 19-im'h reln.I-·nlck IlI1ue1.< 
i~ Clu lljnyed. Holes ate IIIPI)(.'(IIII\,1 clenned for" IO-~it 
Illtucl-ruounting scre~ .. 

Acnnoriu: " lInel· lUOwlliDg scrCW:II, p:.nel·llrolectiug 
WDshcJ'l!, lind "Ti,lle ring$ for t"Ilhleti wiring nre ~lI l)l!lied. 

Dimenlions: Tnl: 4SO-A: Frame, (lK'ight) (I9,Y1 x (,,'lelth) 
~ x (depth) S inchCS,o\-,:t-all. &8e, (\\';dtll) 20 x (.ieplh) 
I ,; illl;hCll J';lllel-mounting spare.. 6S indle!! or 36 "rack 
ul1i~." 

TYI'f; 411U. U: I'ml"e. (heighl) 44 x (\\-;,Itll) 'lO x (,ieplh) 
l ¥l i"ehe5,o\"(~r-nll. iJase, ("'j,lth) !?O x (,Itpth) 15 i,,('I,C!', 
l';tnel-rnOllutiug SP-'l"e, 4::1M jnehes or 'l!; " t8ek twils," 

NItt Wei,hl, TY1'j,] 'ISQ..\, 81 18 .... ",\$, T YI'H 480-11, 20 
1)(>1111015, (J.r!f) Tnt: IIlO·B; (rigJ.t) Tn'.~ \.'10"\ 

480·A 
480-8 

" /Jllr'.'l,NtU 
II/cite.. /fild· { ' ,d/II 

:<o: l:n1" 
:x~:o"o 

$40.00 
15.00 

NOTES ON LAYING O UT REL AY-RACK PANELS 

I. M .. ke Ila" ... 1 height " 
",,,lIil.le of IY. in,JII!" 1"S!<!ill 
inch fflr dcarauC(:s. 

2, Both tOll ~tltl I}(>lt."" 
eolge.q of :I. I.rol>erly mon"te<1 

l"UII!1 will, neglecling dell" 
It'H'l!iI, ~It\'ltys fnll hllif "'11," 
bel Wl~n" l)(IiT of hnles ~J>:I<.'C<I 

!1 inch "Ik'rt o n the rack. 

!I, I t ill sd.lom neces.';(l r,\· to 
l1.t "II the posIil.>le mOHnliug· 
sere\\' $Iol!! in n panel, Imt it 
('fin be done if dC'iire<i. 

,I. Any pIlnei h,;,1 oul to fit 
lile ttlck will nISI) fit if the 
Imnel is tu rned c"d - fl)r~nll Or 
La('k·for·rroIlL 

; r t i ---Jl---r!Tr- -r-
j J-. '. ! ~ ..... ~~~ "1 " '- f-+ --- --'F-- - 'j ---+-- , , -c' '" 

.1 I '" Q 

~ , i i + I : :> 

~: Cf--i ---------- -- -----
R~c~ ---I : P~NCL5 

1- • -) 
'J:.. ----; --------------------, 

Not .. , CI" ...... ,,"''' ....... U vcr,,,,,1 
.upp".h ... '''C~ 171 i"Ch .. , 
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REACTANCE CHART 
Alw,,"ys use correspond ing scoles 

10 M, -""X"A"T---'-"X7'<"T---'-"'X7'<"T---'-"X"A"T---ro"C7' Xcr-r7'CX77r+"""'X~--' 

y~tx I)<,,\()<, ><: ~,\()<, ~ *~[X 
lM(! 

'X ,~ X )( X X "::<.b< 
y~tx#fXly )'.. Y I)<, ,,)( )'.. ><: :<~[X 

X X e~X 'X X X 100,000 ~ 
, , 

10,000 ~ 

Ion 

1 fI 

I, 10, 100, n, 10k IOO ~t 1000 ~c IQ,OIXl lc 

"'< 10/k 100 "" lOOQMc; 10,000 /lAc l00,OOO N\c 1,000,0();) "'Ie 
(300 m) (30m) (1 .. ) (30",,) (3 em) (.3 em) (.03 ,0.) 

FRE Q UEN CY 
FI(; , I 

The :l.CCOml'fUl.,·illj.:" ,-lmrl II\a.'- \I(· !lsc'] to !iud: 

( I) '1'1 ,,· rcM:I"n("e of" 10:;\"(;11 in,llII'tfUlI'eHl" given 
rre<lll.:n ... ~'. 

(2') T he re:l<'I"I"'" (or" ",i.·en L"I~~('il'IIl<"(, at" given 
ffCf]lI l'"(',", 

(3) 'I'll" rcllt.umut rl'\.'<I'''·IlC~' o)f:l gil'en in,lnI.inTlL"C 
ami ""I'"dluIlL'tl. 

In nrd .. r h) fudlit:l.te the dctermlll:\tinll ('If umgni­
tude of t he 'lualltitics jllv(>h-"d 10 l.wo or Ihr"" 
sigui lic"Ullil"lll'\.\S I he chnn i~, li,.jdcd ;1110 tW(] purls. 
l'igure I is th" complete ch.,rt to 00 u~<I for rough 

c.,1culal iuus. Figure '1, ,,·hi ... h i.~" s;u.I(lf' dec!" I.· of 
Vi .l( urc I cnl"r.:,·,1 " 1']ll"Oxim"lriy 7 tiot'c~. is to he 
11s<:.1 wher,· the signifir~1I1 Iwo or LIIfi .. ~: figllrc~ nre 
I" be ,Ictcrruiu"l. 

TO FIND REACTA NCE 
Eul er !he (·brl~ \'erlif":,lIy ("lin II,,, b,litorn 

(frc<jl1ell .... '·) ,m,1 Rtnnl.{ the lill~ sl:ontiuj! upward to 
the lert (iwlurt'Hl(o(') or to Ihe right (l.qmdtau,-.:). 
Co, res]l<)ud ing ~t·"lr.s (uPI''''' (), 1",'"1" ) illUst be u,*,,1 
I hrollglu"'L Pr()jcd huri1.onl"lly Iv th~ I~ft from I he 
intcr.'lCdiOll 'JIlII rc"d fCHd8I1l"(:. 
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REACTANCE CHART. 

(j\ 

A lways obtain approxim. h : value from Figurl1; 1 beForl!: using fi gure 2 

2 3 
F RE QUE N CY 

FI (; -! 

, 

TO FIND RESONANT FREQUENCY 
Enter the ~1"lItillg Jincs for the ",;\,\!II imJuclunt'e 

:m.1 i'1lp''' ·; t''lU ... . I'roj('/'I <I,/\\,lI\\'1!r.1 fNIl! their inl~r­
A\."d ;"" "lUI rN,,1 rel'On~ l] t [rl"(lu('lIc,," frum lhe h"ttom 
~k. ("orn.'S I>OII,jillS' ~()IIIt"ll (1I1.,,,,r or lower) I11llS\ be 
""""I I I,roughuut , 

f ;L('1IIj11 .. ; T he SllIllpl" 1~.illl i1l<Ii("h~1 ( lIiI,l1l'" i ) 
('OTrt:sp<.lIlds tf> II rrt:qu<'IIC,\' of ,,1.(1111 700 kl' nml an 

inJuctall ('C of O.5 1",nry, f>r n ~'''I",ril'''II'' "f O. l l'l'f. 
g;"ing in eiil,,·. I",~" .... -adll n(1! of ,,1~ >1 11 ~.()(IO,OOO 

ohm,. T he 1'f'.<fl"~lIt fl"<l(ju,·ner of n drrnlt <.~nlujning 
lht~ ,·"li",. of ilHludl<Il"c '" I<l ('''I);Il'ilallt'C is . of 
OOUI'!<C, 7()(J 1,:, .. "1 ,pT<)Xilllald~" 

USE OF FIGURE 2 
Fit:'un;::3 is uSl~J lu ul,!,..;" ,,,j,litiullnl p",ri~ i"lIllr 

rl'ud in;l hUI '!'M'H "o[ pl:l'~ 11 ... dcdm:d puillt w!oid, 
t1lu.~ 1 he 100~,tt:d [TOlll" IJrdhuiullry t!ulr.'- <)11 Fijlurc 1. 
~in,,, tlw chari n .... 1·~1 ri ly rt'(lIl i",-!! I""" '''I!'r rilluuic 
.1('",,1...'$ ro r in,I 'II"\!uwe arltl '-" I'",';I:ltlt'v Fur C\'cr~' 
8illJ.llc d(>('f1 .I" of f'cquc''''r ;uHI rnld:lUn', IInl(',,~ Ih,· 
l~ )rr",·t 11",,·,,01 .. ror L ,,11<1 C i ~ ,·Io"~(' II . Iii" (,IlJI-lIl"I.,d 
\',01 \1 .. '" tlf ... ,~, I,IIW(' nU,\ [rL"(llIelH'.'- will 1><:: in (' rror 

by a fru: lor ,,( !UH. 

/'::rlHlIplt: (Collli,,,,,,.I.) The ' ,,:u,l"'u-e (''''re. 
~ 1")IHljng to 0 .. '. ),('my 1>. 0. 1 I'"r i~ e,!i!~O,OOO "hms 
rtl 7H! kc, Iltd. r<:~Ullltul rrL'(IIlCtlC~·. 
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Jl is COIl\"CI11cnt in measurements and 
calcl11alions 011 communications systems 
to ex press the ratio between !lny two 
amOlln ts of electric or :100llStic power in 
IInits on a logarithmic sen Ie. The decibel 
( I/ I 0I.h of the bel) o n the briggsi<lll or 
basc- J 0 scalCHnd thclId'pcroll the napierian 
or basc-e scale are in almost IUlivcrsnl usc 

. for this p llrpose. 
Since volta ge and current nrc related 

to power by impedance, bolh the decibel 
and the ncper can he used to ex press 
voltngc :Ind current rat ios. if Cli re is taken 

I)ccillci - Tile nllmber of decibels !\'db 
(.v rrcspondi rrg to tire mlio between tWoO 
amou nts of pOwe r 1'1 and p~ is 

I' 
10 loglo ~ 

p, 
(I ) 

When tll'O \'oltagcs E, and E~ or two 
currents 11 lind I: opera l.e in the same or 
e(ll1al illlpedal1(''CS. 

Ndb - llO loglo 
1::1 
I~, 

and .v~h .. QO loglo 
I , 

1, 
Ir 1::, and E: or I I find 1, operate 

1l11C<I UIII im pc<lallces, 
• I.'; I 

J\' db ... 20 10"1 0 - + 
"-' t:; t 

I 
~~ I + 10 agIo 
k, 

Z, 
10 log .. -Z, 

1, 
and N db ... 20 loglo -

/ , 

z + 10 loglo -2. 
Z, 

k + 10 loglo ..2 
k, 

(2) 

(3) 

;, 

(4) 

(. ) 

where Z r and Z~ a rc the absolute magni­
tudes of lire corresponding iUlpcdllflces 
a lld 1.-1 anti 1.-: (I,'c tile \'ahresof power f(ldor 
for tile impedances, Note that T ahle I lI nd 
T ahle I r enll be used to cvalullll: Lhc im­
pedance and power factor tenll ~, since 
both a l'e sim ilar to the expression for 
power ratio, equation ( I) , 

206 

to accollnt for the impedances associated 
with them . 111 a simil ar mallner t he corre­
sponding aeouslicnl quantilic!i can be 
compared. 

Tllble I and Table II on U1C following 
pages have been prepared to facilitate 
making conversions in either direction 
between the number or decibel" and lIle 
coOrrcspolldinJ,( power, vol lngc, a nd cu rrent 
r:ltio~, Both tnhles Cfi ll fil so he u~1 foOr 
nepers nnd the mile of ~1(/lIIl(l r(1 cable 
by npply illg the CoOrwersioOn facto rs froO m 
the table 0011 the opposite page, 

Ncper - The number of nepers N~." 

p, 
corresponding to a power ra tio IS 

I', 

N nt
" -

(6) 

I·'or yoiLage ratios 
E, 

or e urrenl 
f;~ 

. I , k' ru Llos - \\'or' lUg 
I, 

ill t he slime 0 1' equal 

irnpedall(.'($, 
Ji' 

~\' ~tP - log. " (7) 
B, 

and 'vnt, - log, 
/, 

/, 

When BI a nd E~ or I I and 11 operate in 
unequal impe da nces, 

/';1 I Z1 1 1.: 1 
,VA., ... lo~-+ -.log.- +-;; log. - (8) 

E, Z,,, 1.-, 
a.ml 

, . I / , I 
! _ 0" ·-+ -

no" bC l 2 2 (9) 

where Z, lIud Z, :md 1.-1 and 1.-, a re a s in 
equations (4) and (5) , 
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DECIBEL CONVERSION TABLES. 

GI 
m 

RELATIONS BETW EEN DECIBELS, NEPERS, A ND MILES Of STANDARD CABLE Z 

J/,,/I;II#' liN T" Fi,." 

dccihds . ... . 1151 ncpers 
tledbels . .. I.M6 rnilC'1' vi stannard cable 

milet Qr s!antbonl eauJI' .un oo:'d hell 
mi!c~ of dandard cable . 10fJ neperl 

m'pen ... 8.W:!fl .Iecibel. 
Dc!>"r •.• . 11.171) mila 01 slanriu,t cable 

TO FIND VALUES OUTSIDE THE RA NGE OF CONVERSION TA BLES 

Values outside ti le ra nge of either T nhlc I Or T able 1 J Oil the following pages can 
be read ily found with the help of the followilt l:( simple rules: 

TABLE I: DECIBELS TO VOLTAGE A ND POWER RA TIOS 

Num ber of decibels posit ive (+) : 
Sublnlcl + 20 dccihcls successively from 
the j.l' i vCII number of decibels until the 
remainder fa lls within range of T able I. 
To find the r:ollllge Tulia. multiply the 
(:orrcsponding vllluc from the right-hlilld 
voltng<>,-ratio (:011111111 by 10 for each lime 
.\,011 sublr:u;lcd 20 db. 1'0 jiml the power 
rolio, multiply the corresponding value 
rrom the right-hand power- ratio column 
by 100 for CllCh time you subtracted S!O db. 

Exarnpl e- (;ivel~: 49.S! db 
49.ft db - 20 db - 20 db - 9.1t db 

Voltllye ratio: 9.il db -o 
It.S8 '~ X , 0 X iO _ 288.4 

Power ralio: 9.2 dh ..... 
8.:n8 X 100 X 100 _ 83 1BO 

Nu mber o f deci be ls n ega tive (-): 
Add +20 decibels successively to the 
given Ilumber of decibels untit the surn 
(Illls within the range of Table I. !-'or the 
roilage ratio, dh-ide the va lue rrom the 
left-hund voltage-ratio column 1Iy \0 for 
ellch time you added 20 db. For tlu: l)(l1()er 
rolin, divide the value from the left-hulld 
power-mHo coluJUJl hy 100 for each time 
yOIl /HIded 20 db. 

Exa m pl e - Cit·olz.· - 49 .'i! db 
-,H).2 dh + 110 db + 20 db - -9.~ db 

Voltage mll:O: - D.1l db ..... 
.~B67 X 1/ 10 X 1/ ]0 ... . 003467 

Power r(ll;o: -9.~ dh -0 

. 1202 X 1/ 100 X 1/ 100 - .00001202 

TABLE II : VOLTAGE RA TIOS TO DECIBELS 

For ratios sma ller cha n those in 
ta b le - Multiply the gin!1l r;llio by 10 
succcssi\'dy until the product cltn be 
found in the table. :From the !lllmber of 
de<;ibds lhus found, subtract + 20 decihels 
for each lime yOIl lIlultiplied hy 10. 

Exa m ple - CiccI!: Vollage ra lio _ .013 1 
.0 131 X 10 .. . 131 X 10 - l.SI 

From Tahle ll, L SI ..... 

1l.34:'i dh - 20 db - 20 dh - - 57.6,;.'i dh 

For ratios grea ter than th ose in 
ta hle - Di vide the given ratio hy 10 
slIcce.'iSivcl.r until the remll:inder Clln be 
found in the table. To the number of 
decibels thus found, add + 20 db for each 
lillie yOIl divided by 10. 

Exam p le - Oir:en: Voltage ratio = 712 
7n X 1/ 10 - 71.'l X 1/ 10 .. 7.]2 

From Tahle II, 7. 1'l-

]7.0.)0 dh + 110 dh + 20 db _ 57.0.'i0 dh 
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TABLE 

GIVEN , D.cib.l, TO FIND, P d {
Volt,g.} R . ower an ( t atlos urren 

TO ACCOUNT FOR THE SIGN OF THE DECIBEL 
For positive (+) valucs o f the declbel - Both 
voltage and power u.tios are g~ater tlo RD unity. 
UK the two right-hand columns. 

I' o/Illge 
!lllti" 

1.0000 
.!l880 
.{l77!l! 
.DOGl 
,0(,50 

.!loU! 
,lI3:13 
.!1't116 
.9 1tO 
.tWIG 

.8913 

.81\10 
,1(710 
.FlOI O 
.85 11 

.8" \., 

.8318 

.8rt!!!! 

.llIiS 

.80:J5 

.7'14.1 

.7"52 
• 776~ 
.767-1 
• 75SG 

.7-1-fltJ 
.r.l lS 
.7328 
.7!N4 
.7 ]61 

.707'1 
.61198 
.69 18 
.68.39 
.6761 

.608S 

.6607 

.6531 

.0..57 

.6383 

.I)~ I O 

.01/37 

.6166 

.6005 

.OO!t6 

.1!!)57 

.5888 

.,s821 

.6754. 

.,s080 

208 

Example-Gin''': ± 9.1 db. I'lnd: 

-db+­.. ... 
I'ower 

db 
l'ollIJtJe 

flu/in Ratio 

1.0000 , 1.000 
.1l77~ . 1 I.Oti 
.9[,50 ., I.O'l3 
.0333 .ll 1.0S5 
.91\W ... 1.047 

.8!JI.'i ., 1.0$9 

.11710 .U LOri 

.St. 11 .7 1.08-1 

.MS IS ., I .ODU 

.8 1'18 ., 1.1 09 

.7943 I., 1.1 22 

.77Ciil 1.1 1.1 3r. 

.7580 I., 1.1 -IS 

.74 1S I., 1.1 01 

.1i44 I., 1.175 

.7079 .., 1.1 80 

.6111 S I., l.iOI!: 
.6761 1.7 l.'ll6 
.(W07 L' l. i30 
.G~.~7 I., l.iH 

.(,:\ 10 2.' 1.259 

.0 100 '. 1 1.2r.l 

.OOio ... l.i8!! 
.58S8 ,.S I .S03 
.$7,'><1 , .. 1. .3 18 

.56i!~1 2.5 1.::13·' 

.MIl.'! ,., l. :Hfl 

.5.370 '.7 1.365 
.SI!-lK '.8 1.380 
.5 120 ,., 1.506 

.5012 3.' 1.413 

.489M S. 1 1.*29 
A786 3.2 I.H5 
A 677 ,.S IA6!! 
.4$71 ' A I.Hfl 

.4·HI7 !1.5 1.4D6 

.4:363 ,., l.5U 

.4i66 '.7 1.5S 1 
.41G9 ,., 1.549 
.407 -1- '.9 1. 567 

. 3981 ••• 1.585 

.3890 .1.\ 1 .t1U3 

.3802 U ].6H 

.37 15 '-' 1.641 

.36S1 .., 1.6UO 

.354.8 4.' l.{I70 

.3461 .. , 1.698 
.3588 '"' 1.7 18 
.8311 ... 1.788 
.82M '.0 1.758 

POlCcr 
Rillin 

1.000 
I.OiS 
1.047 
I.on 
1.096 

l.J~!l! 
1.1 4!l 
1.1 75 
1.iO! 
1.!l!30 

1.259 
1.'188 
1.3 1S 
1.349 
1.880 

1.41 3 
1,-145 
1..179 
1.5J.l. 
LHO 

1.585 
1. 6~~ 
1.600 
1.698 
1.738 

1.778 
1.81!0 
1.86i! 
I.!)(M 
1.950 

1.995 
2.0n 
2.089 
2.1SS1 
2.188 

!l.2Sfl 
2. i!91 
I!.SU 
2.399 
tASS 

2 .512 
i .570 
2.GSO 
I! .Glli 
2.75" 

2.81 8 
2.884 
'l.951 
3.020 
3.0DO 

For nega lh'e (-) " a lu es o f 1 h e dedbel - Iklth 
"o[ta "e /lud powe. n t ios 1\...., 1 /!1I~ th,," unity. Use 
the two [eft·hand columns . 

--t9."i'"7[b 
- 0. 1 db 

"oJla!l~ 
n"lio 

.5(,23 

.5550 

.5-1-05 

.5433 

.5370 

.. ~!JOtl 

."i! -lf! 
.5 ISS 
.5 129 
.M70 

.50\2 

.495.i 
ASilS 
A8U 
.4786 

A 7S2 
A677 
A 6U 
.4571 
.45 1D 

.44ft7 

.44] 6 

.43(;5 

.43 15 
A iC6 

.4i 17 

.-II (H.I 

.412 1 
A 074. 
.01 027 

.398 1 
.39::16 
.S81)0 
.3846 
.3SOI! 

.3758 

.3715 

.367S 

.S6SI 

.3.'jflj) 

.3548 

.3508 

.S '107 

.3H8 

.3SS!! 

.3~MO 

.3SI I 

.3273 

.Si3a 

.3 199 

l'mcrr Voll"Jle 
11" lio /i"N .. 

8.U8 2.85 1 
0. 1't30 0.S50S 

-tlb+ .. ... 
" OIl;U ,f/, VtJ1olJ" 
Ilotio lIutio 

.3 162 5. ' 1.778 
.3090 '. 1 1.799 
. :m20 , .. 1.820 
.2!lS I 5.9 1.84 1 
.iS84 SA 1.862 

.28 1S ,., 1.8114 
.275·1 5.U 1.!1O:j 
.20!l\! '.7 1.928 
.i630 5.8 1.950 
.2 .. 70 5.9 l.on 
.25 12 ,., 1.995 
.~U5 G.I 2.0 1S 
. i 399 , .. 2.IHi 
.lI!SH G.' 2.063 
.2i91 'A 2.08n 

.!tiS!} 0.5 2.I IS 

.~11I8 (I.1l 2. 138 
.11 138 '.7 !!. l fi3 
.~JII9 6.8 2.188 
.110n 6.9 2.i 1S 

. 1995 7 . ' 2.239 
.1950 7. 1 2.2(15 
.19M 7.' Vt!9 1 
. 180l 7.' 2.3 17 
.1820 7.' 2.S44 

. 17711 7.5 ~.S71 

. 17S8 7.6 2.S!l9 

.16US 7.7 !lAlI!7 

. 16GO 7. ' 2AMj 

.16i!i 7.9 2.01.83 

. 1585 8.' 2 .5\2 

.154.9 8.1 i .. ~-I-] 

. Ili l -l- 8.' 2.570 

. 1479 8.' 2.600 

.1445 s .• 2.630 

. 14 13 " i .6U! 

.]880 8.6 2.692 

.IS.J9 8.7 11.723 
.13 1M 8.' i .75.J 
. 12S8 8.' It .780 

. 1159 ,., 2 .8 18 
.II!SI) 9.1 2.851 
. ] lI!OI! ,., 2.884 
.11 75 0.3 2.11 17 
.1148 9.4 2.9b l 

. 1122 9.5 11.985 

.1006 !Ul 3.020 

. 1072 '.7 3.055 

. 1047 9.8 S.U9U 

. 1023 0.' 3.126 

Poruf 
1/"';0 

3. 162 
!US6 
3.3 11 
:1388 
3.467 

~I.MR 
S.631 
3.71;; 
S.80ll! 
3.890 

3.98 1 
4.0701 
4. 11l9 
4.266 
4.365 

·IAU7 
4.57 I 
-1 .677 
0$.786 
4.808 

5.0 12 
5.llI!D 
5.2·18 
;;.370 
5.495 

5.023 
5.1.'>4 
5.888 
0.026 
(1. 166 

1).3 10 
6AS7 
6.(1)7 
6.76 1 
0.9 18 

7.079 
7.U4. 
7.413 
7.586 
7.7fli 

7.943 
8. 128 
8.S 18 
8.5 11 
8.710 

8.U IS 
0.1 20 
9.SSS 
9.SS0 
9.772 



 

" ol/IOg e 
/I "I io 

.31(.2 

.~H!(j 

.~m.IU 

.305.; 
.3QI!() 

.\!n~.~ 
,IW5 1 
.2U 17 
.I!fls" 
.285 1 

.281S 
,!l7tH; 
.275<1 
.27\1 3 
.1!(l9\! 

.2(\01 

.I!U!IO 

.\!600 

.2570 

.25·1! 

.2512 
,1!4f1!1 
.!l<\.S ,j 
.2·P17 
.11399 

.2371 

.le:H4 

.23 17 

.2iW I 

.\!>!65 

.2239 

.U13 

.Il ISI1 

.i1G3 

.21311 

.ill :1 

.2089 

.i065 

.it04\! 

.11018 

.1995 

.IIITi 

.1950 

.1928 

. 1005 

.1884 

. 1861! 

.IN41 

.1820 

. 1799 

.1178 

. 1758 

. 173!! 

.1718 

.1098 

.1079 

.16GO 

.16.a.1 

.16~'l 

.1603 

DB TO POWER AND VOLTAGE RA TI OS' 

G' 

TABLE 

I'orn, ," If oJ/"lIe I'~II!C 
If/llio uoao /lolio --
.1000 19.0 3.162 10.noo 
.\I!)77 i 111.1 s. I !)!) llJ .\!!J 
.O!)S,;" IO.I! !I.I!!IG lU.47 
.Ull!l!}!1 10.:S !U73 IO.7'.!! 
.01)t'lO lOA 3.31\ 10.96 

,OS913 In.1i 3.350 11.1!i! 
.uH7 l n llUJ fUISK I I .4R 
.OS!; I ' 10.7 !1.4'l8 11 .75 
.0831 8 10.8 :U(J7 12.02 
.OSUS IO,D :1.!l08 H:!.30 

.07<)43 11.0 3.548 12.59 

.017GI! I L.I !"I.5SH 1'l.S8 

.00::;l)ti II .':! !1.63 \ IS. 18 

.0741:1 11. 3 3.67!1 18A9 

.OH44 I I. .. 3.715 IS.80 

.uill'!) 11.5 ~.75R 14.13 

./Hl91l:1 11.11 S.ROl! 14.45 

.0(l7(il 11.7 3.84(; ]4.79 

.()(Hi07 11.11 :umo 1;;.1 .• 

.lIli457 [ 1.0 :U3tl ia.49 

.06310 12.0 3.981 15.85 
.Ofi! [;H I'U ".O!!7 t o.>!\! 
. tUiO\!G ] 2.2 " .OH IU.IiO 
.05888 111.3 4. !!t l 10.911 
.057~H I>!A ... 1(;9 17.38 

.O.~6i3 l i.5 ".i I7 17.78 

.05495 I>!.O ·uoo IS.1l0 

.05370 111.7 ~ .3 1 5 IS.G2 

.os·us H.8 4.365 \ 9.05 

.0512' 12.9 4.416 19.50 

.05012 13.0 4 .467 19.95 

.04898 13.1 4.5 19 iOA\! 

.04786 1:1.1l 4.57 1 20.89 

.0·1(177 13.3 4.6\!4 il.311 

.045 71 1:1. '" 4.677 111.88 

.040167 I ~Ui 4.7S2 IlVlD 

.04:1(;;"; IS.O · •. 780 n.91 

.04it60 Ul.7 4.842 23.44 

.04169 13.8 4.898 2S.II11 

.0 -1-074 I S.II 4.0.!iS !l.a..5S 

.03981 14.0 5.012 25.12 

.03890 14.1 5.070 115.70 

.03SOI! 14.i 5. 129 \!6.S0 

.087 15 14.3 11. 188 i6.92 

.03631 14.4 5.U8 i7 . .54 

.03548 14.5 5.801) i8.18 

.03467 14 .6 5.370 i 8.S4 

.03388 14.7 5.438 il9.5 1 

.033 11 1·1.8 5.41)5 30.iO 

.fJ328G 14.9 5.559 30.00 

.03162 \ 5.0 5.623 31.62 

.030110 16.1 ,H189 31!.:i(i 

.030iO IIU! 5.754 33. 11 

.020fil 15.3 .~.8i1 1 33.810 

.()i884 15.4 5.888 8·,- 1l7 

.Oi 818 1$.5 5.957 85..,,5 

.01l7tH 15.0 6.026 3G.:U 

.02692 15.7 6.005 37.15 

.026!lO 15.8 6.166 S8.0i! 

.01!fi70 15.9 6.i57 58.00 

(continued) 

Vollage P otr.rr 

" 
Jf oIl ... ge P OKer 

lIalio n alio Ilnlio Uatill 

.1585 ,02512 16.0 6.3 10 39.81 

.1561 .024ii,; I G. I 6.SHS 40.74 

.1540 .Oi:.l!Hl IfU: 6.457 41.09 

. 153 1 .0ilS44 I(O. S 0.5:1 1 4't.1iG 

. 1514 .O\!i!!)I 16.4 6.601 4:.1.65 

.1496 .Oiitl\l 10.5 6.68S H .U7 

. 1479 .01! 1MI W .O 6.701 45.7 1 

. 146'l .Oi133 16.7 O.5S!I '1n.77 

. 144.-; .OI!OSn IG.R Il .fl i ll 47.80 
,1<129 .02042 \(ttJ 6.9flS 4S.98 

,1413 .0 19'15 17,0 7.079 50.12 
.1396 .01050 17.1 i. I OI :"' 1.29 
, 18SO .U I II05 17.2 7.2 ·'" ~1l. 48 
,1865 .0 1S6l 17.3 7.SiS 58.70 
.18.H) .01820 17.4 7.413 .H.OS 

.1334 .0 1778 17.5 7.499 50.i!1 

. ISI8 .0 17 58 17.6 7.586 .n.54 

.1:103 .01(1 118 17.7 7.(174 5S.88 

.1258 .!.I101l0 17 .8 7.76t 6O.'l0 

.1274 .0 1622 17 .0 7.155!l 61.06 

.1259 .0 1585 18 .0 7,943 63. 10 

. 124!; .0 IiH!I lit! R.OS5 M.ii7 

. 1230 .llt.'i!4 18.2 8.125 (10 .07 

.!'lHI .0 147rl l S.3 8.2H 67.0 \ 

.1202 .01445 IS..! 5.318 09. 18 

, 11 89 .01418 \I~. 5 11.414 70.70 
.lIn .01880 IR.O 8.5 11 n,44 
.11 61 .01849 11:1.7 8.610 74.\8 
.1148 .018 18 1l~.8 8.7 \0 75.8G 
. 1135 .01288 \ S.O S.8 11 77.62 

.1122 ,0115'1 19.0 8.913 79.43 

. 11 09 .01230 HI. I 9.0 16 8U8 

.1096 .01!i!02 IfU 9.1'lO 83. 18 

. 1084 .01175 19.3 O.i2G 85. 11 

. 1071! .01148 In.4 9.!Uj 87. \0 

.1059 .Oll!i!!i! 10.5 9.H l 811. 18 

.Ion ,01011(1 10.6 1)..550 0 1.20 

. IOS5 .OI01i 11).7 9.00] 113.::13 

. I O~3 ,01047 10.8 9.772 U5.50 

.101i .01023 litO 9.580 97.72 

.tOOO .01000 20.0 10.000 100.00 

Vollag' 
Ratio 

3.162X IO- l 

10- 1 

S. 162X l0-2 
10-' 

3.16iXIO-2 
10- 1 

S. IGiX IO~ 
10-4 

S. 16iX 10-s 

!O-I 

-db+ ..... 
Pow,r 

db 
Voltag' 

n",'io /la/ill 

10- 1 10 3 .162 
10-' .. 10 
IO-~ 30 S.16iXIU 
10- 4 '" 10' 

10-' .0 3. IOi XI02 
10~ 60 '" 10- 1 70 S. IOiX IOI 
10-' "' 10' 
10-' DO 8. H.ii X 10 ' 

10- lt 10' 10' 

l'olnr 
Il ... tio 

10 
10' 
lO' 
10' 

w> 
Ill' 
10' 
10' 
Ill' 

10 10 

To find decibel va lu es out s ide the range of rh i!! tab l ~. see p;lge 207 
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AP PEN DI X 

Yolla~~ 
Rnlio 

I.' l.l 
1.' 
1., 
1.'1 

l.5 
1., 
1.7 
1.8 
1.9 

2.' 
'.1 ,., 
'.3 , .. 
,., 
' .6 
'.7 
'.8 ,., 
3.' 
' .1 ,., ,., , .• 
,., ,., 
'.7 
'.8 
'.0 

'.0 
' .1 ••• •. S ... .. , •. , 
4.7 
' .8 •. , 
5.' 
' .1 
5.i ,., , .• 
'-' 
'.6 
'.7 
,.S ,., 
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TABLE II 

GIV EN, { Volt.g. } R. tio 
Current 

TO FIND, Deci b. l. 

POWER RATIOS 
T o find the numbe r o f declbel s 
conesponding to a g iven power 
Tntio - .o\ssu(IIE': the given power ratio 
to be !\ voltage ratio lind find the 

' corre~rontling number of dccibel~ from 
the table . T he desired result is exactly 

.00 .'1 ." .os I 
.000 .086 .172 .257 
.828 .906 .1)lH ].06i 

1..'18-\ 1.056 1.7i7 1.798 
IU79 'l.S45 IlAll 2.477 
!Ut1l3 i .llS4 3.04 6 3. 107 

3.52'i! 3.580 3.687 8.694 
4.0Bi: ".187 U90 4.!B-I 
4.600 4.G60 4 .7 \1 4.761 
S .IO.~ 5.15·\ 5.i:O l li.N9 
.i.575 5.0'l1 5.666 5.7 11 

6.02 1 6.064 6. 107 6.150 
O,4,H 6.486 6.527 6.568 
6.fH8 6.888 6.Di7 6.9(;6 
7.iS5 7 .in 7.:nO 7.8,1,7 
7 .604 7.640 7.676 7.712 

7.959 7.998 8.028 8.0(;2 
8.!W9 8.833 8.866 8.899 
8.627 8.659 8.691 8.728 
8.1HZ 8.974 9.005 9.036 
0.24S 9.278 9.308 9.387 

9.542 9 .571 9 .600 9.629 
9.827 9.855 9.888 9 .91l 

10.1 08 10.130 10.157 10. 18 4 
10. 370 10.397 10..123 10,4,4 9 
10.630 10.6~5 10 .68 1 10.706 

10.881 10.906 10.931 10.9~5 

11. 126 11.150 11.174 11.198 
11.364 11.887 IlAIl 11.484 
I Ui96 11.618 11.641 11.664 
11.8i] 11.844 11.866 11.888 

12.041 12.063 12.085 12. 106 
1 ~.256 U:. i 77 12.298 12 .8 19 
12.405 12,4,80 12.506 12.527 
IUII9 12.690 IU IO 12.780 
H!J~60 !!l.SSO 12.908 IUi8 

18.064 13.084 I:U08 13.122 
18. 255 1S. 274 13.208 13.8 ]2 
IS.4 a I S,4,60 13..170 18,497 
13.625 13.648 1S.061 IS.679 
13.804 18.8n 13.839 18.857 

U.979 13.997 14 .014 14.03 1 
14 .151 14.168 14. 185 14.20'l 
).I.8iO 14 .887 U. S53 14.870 
14..186 14.502 14.5 18 14.535 
14.648 14.664 14.680 14.690 

14.807 14.823 14.889 14.855 
14.96 <1 H .9711 14.995 15.010 
15.1 17 15.188 15.148 15.1 68 
15.209 15.284 15.298 15.313 
]5.4 17 15A82 15.446 15 .461 

one-h!l!f of the number of decibels thus 
found. 

Example-Oh,(,,,: II I'ower ra t io of SA l. 
f'illd: S.41 in the table: 

3.4 J->lO.655 db X Y!1 = .~.328<lb 

." -" .00 I .07 ." 
.341 .424 .506 .588 .668 

1.1S8 1.214 1.~89 1.3M 1.438 
1.868 1.938 2.007 '1.076 2. 1"-'1. 
!l.542 2.607 2.671 !US4 2.798 
S.1 67 3.227 3.287 3.346 SAOI> 

3.750 3.807 S.86i 8.918 8.973 
·\ .i!l7 4.350 4.40i: 4,4,54 4.500 
4.8 11 4 .861 ·l .910 4.95t1 5.008 
5.290 5.848 5.890 5,4,87 5.4 83 
5.750 5.801 5.845 5 .889 5 .933 

6. 193 6.235 6.277 6 .319 6 .361 
G.608 0.649 6.689 6.7i9 6.769 
7.008 7.044 7.082 7. I 21 7.159 
7.384 7.4il 7.458 7.495 7.582 
7.748 7.788 7.819 7.854 7.889 

8.0il7 8.181 8. 165 8. lil!) 8.i:32 
8,4,82 8.465 8,4,98 8.580 8.568 
8.755 8.787 8.8 18 8.85il S.881 
9.066 9.097 9.li7 9.158 9. IS8 
9.867 9.896 9.426 9.455 9.4·84 

9.657 9.686 9.7 14 9.743 9.77 1 
9.989 9.966 9.994 10.021 10.049 

10.2 11 10.238 10.264 10.2!H 10.317 
10.475 10.50 1 10.527 10.558 10.578 
10.781 10.756 10.782 10.807 10.88i 

10.980 11.00~ 11.029 11.053 11.078 
11.222 11.246 11.270 11.293 11.317 
11..157 11.481 11.504 11.627 11.550 
11.687 ll.709 11.782 11.754 11.777 
11.910 11 .982 1l.954 11.976 11.998 

12.128 12.149 12 .171 run 12.213 
12.840 12.361 1i.8S2 1iM08 12,4,24 
12.547 Ii.SG8 1i.588 12.600 12.629 
lUSO IU70 12.790 12.810 I i.SiO 
li!.948 !!l.967 I i.987 13.006 13.026 

18.1 4 1 13.1 60 18.179 18.198 13.217 
13.830 13.349 18.368 1S.886 IS,4,O ~ 

18.516 18 .584 IS.552 IS.570 IS.589 
13.697 13.715 18.7S8 13.751 13.768 
13.875 1.~.892 13.910 13.927 13.945 

14.049 14.066 14.083 14.100 14.11 7 
14 .219 14.236 14.i58 14.270 14.287 
H .SS7 14,40S 1·1,420 14.4SG 14.453 
14 .55 1 14.567 14.IiS3 J.I .5f19 14.616 
14.712 14.728 14.744 14.760 14.776 

14.870 14.886 14 .902 14.017 14.933 
15.026 15 .04 1 15.056 15.072 15 .087 
15.178 15.193 15.208 15.224 IS . 'lS9 
15.828 15.843 15.358 15.373 15.388 
15.476 15.490 15.505 15.5J!1 15.534 

.Oll 

.749 
Uti 
UU 
2.8(10 
3.464 

".0i:8 
4 .. ~58 
5.057 
5.5i:9 
5.977 

6.403 
6.809 
7.197 
7.5GS 
7.9210 

8. i:66 
8.595 
S.9 12 
O.2IS 
9.1i13 

9.799 
10.070 
10.M ·~ 
10.604 
10.857 

11.102 
II.S41 
11.573 
11.790 
li.019 

12.234 
12.4·\4 
12.649 
li!.S49 
1:.1.045 

13.230 
18.US 
13.607 
13.780 
18.lI6>! 

14 .134 
14.30S 
14.469 
14.682 
14.791 

14.948 
15.101! 
15.254 
15.402 
15.5<19 



I' nilUg8 
.00 1l~,l io 

6.' 15.563 
6,1 15.701 
6' 15.S-IR 
6,:1 la.nll1 
0.'1 lti.l ~H 

0.:'1 J(I.!i!!.i8 
1>.6 IIi.S!H 
6.7 to .. HI 
6.' 16.650 
6. ' 10.777 

7.' 16.902 
7.1 17.01!5 
7.'1 17.147 
7.3 17.2M 
7A- 17.385 

7.;j 17.50\ 
7.0 17.6 16 
7.7 17.730 
7.8 17.841! 
7.iI 17.9[;3 

8.' 18.062 
8. 1 18. 170 
8.' 18.276 
S., 1 8.~1! 
S. ·~ lS,486 

8.5 18.S88 
8.6 18.690 
S.7 IS.790 
8.' 18.890 
8.!l IS.flSS 

••• 19.085 
9.1 19.IS 1 
9.2 1\).27 6 
O.S ltl .S70 
0.' 10.463 

0.5 11).55'" 
0.6 19.645 
0.7 19.7 3t. 
9.8 19.8'15 
0.0 111.913 

V oJl<JI}C 
0 Ratio 

10 29.000 

" 2(;.01!1 
S<J 29.54i .. 3i .04 1 

50 33.979 
6' 35. 563 
70 36.902 
80 38.002 
90 89.085 

10. 40.000 

.01 

IS.5i7 
1 ~.1'l 1 
15.$62 
Hi.OOI 
10,137 

16.272 
10.404 
16.5~H 
16.66~ 
\11 .790 

16.9 14 
17.0:17 
17. 159 
17.2711 
17.396 

17.513 
17.6\!8 
17 .741 
17.S.~S 

11.964 

18.073 
18. IS0 
18.iS1 
18.311 \! 
18.·ll) (I 

18.599 
18.700 
IH.SOO 
18.900 
18.998 

19.094 
19.190 
19.iSS 
19.370 
19.472 

19.56'" 
19.654 
l!l.7H 
19.53:;1 
10.92 1 

I 

20 .828 
i6.4U 
29.S27 
32.256 

34.15 1 
55.707 
n.ov. 
3~. 1 70 

3!1. 181 

-
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G' 
m 
z 

TABLE II (conlinued) m 

'" » .0' ." .04 ."' 
15.5'12 15.606 15.62 1 15.635 
IS.i35 15. 749 15.763 15.718 
lli.RiG 15.800 15.904 15,918 
lU.O I4 IELO I!R 16.0·12 [0.055 
10.1 5 1 ]6.104 lO, t7S I G.1!1l 

1 6.~5 10.298 16.312 HUH5 
InA!7 16.430 16.44:1 16.-156 
In .. Hi ]O .. ~60 16.1i73 [6.580 
\6.67t; 16.688 W.70 ] 111.7 14 
10.802 16.S15 16.S27 lfl.8 4-0 

16.927 16.939 16.9S 1 16.9tt4 
17.050 17 .oO'.~ 17.074 17.08/1 
17.171 17.1 8.;1 17.l!)S 17. i07 
17.290 17.302 17.S 14 17.326 
17A08 17AI!0 17..13 1 17.4·' 3 

17.624 17.5:16 17.60'7 17.559 
11.63H 17.650 17.662 17.673 
17.75,! 17.764 11.775 17.780 
11.8G·' 17.875 11.886 17.897 
17.075 17.085 17.996 18.007 

18.083 18.094 18. 105 18. 11 6 
IS. HlI IS.201! IS.t I2 18.223 
IS.297 IS.S08 IS.5 !!) 18.329 
18A02 11'1." 13 18.4t3 ISA34 
18.506 18.5 17 IS.527 18.537 

IS.60fl Ut0 19 18.6il) 18.039 
18.1 10 IS.7iO IS.730 1S.140 
IS.S I0 IS.SiO 18.S30 18.S40 
IS.909 18.9 11) IS. l)iW IS.939 
1f/.007 H).OIi 19 .027 19.036 

19. 104 19. 11 4 19. 123 19.133 
19.iOO I I). i09 19.i19 IH28 
19.i95 19.30'" 19.8 1S 19.3i3 
19.8SS 111.30S 1!l.407 W AU) 
19A81 1!)A90 10.409 11).509 

19.575 19.582 111.591 19.600 
19.664 10.673 10.682 lU.691 
19.753 19.762 1\).771 19.780 
19.5H 111.85 1 1!U:l60 1!).S69 
19.930 19.959 19.948 \9.9,';6 

• , • 6 

21.584 22.279 22.923 23.522 
26.8"'8 27.235 27.60'" 27.959 
30.103 80.870 30.630 80.88 1 
32.465 :li.669 82.S69 83.064 

3· •. 320 84.486 34.648 31.807 
:H.848 35.0R7 36. 124 g(i .2 .~11 

S7. 147 37. 266 37.38.5 37.501 
3S.270 38.382 38.486 38.588 
89.276 39.870 39 .... 63 39.5.5-' 

- - - -

.clO .07 

15.64" 15.1164 
1;;.71)2 15,S06 
I.; .!)~ I 15.!H 5 
16.0(l[) [11.083 
to.iOii HUll S 

10.338 16.35 1 
16.460 16.483 
16.509 10.0 1'1 
IO.7 iW J6.nm 
IG.S:; l! 16.1165 

16.976 16.988 
17.098 17.110 
l7.ilO 17.23 1 
17.338 17.341) 
17A55 17,466 

17 .,~70 17.58\! 
17.0115 17.096 
17.797 17.S08 
17.9011 17.91!) 
18.018 IS.021) 

18. 121 18. 137 
IS. i s'' 18.i44 
18.340 18.350 
18.444 18A55 
18"H1 18.5.58 

18, 049 18.660 
18.750 18.760 
18.850 IS.860 
18.9,19 18.958 
19.0 <106 19.050 

19. 143 19.152 
19.238 19.247 
1Il. 53i 19.5"'2 
10.420 19.'135 
19.51 8 19.527 

10.609 19.61S 
19.100 19.709 
19.1119 11.).71)8 
19.878 19.580 
10.965 19.97'" 

• I 7 

24.082 24,609 
2S.299 28.627 
3 1.126 31.564 
53. t aa 33 .... 42 

9-' .tlM 35. 117 
31U!!) t 36.521 
37.6 \6 37.730 
38.690 38.700 
89.6 15 89.735 

-

.OS 

15.678 
15.8iO 
15.959 
to.OUO 
HI.23\! 

16.34;5 
IO.·HIO 
16.625 
JG.75'l 
10.877 

17.00 1 
11. l ii 
17.11-13 
17.361 
17.4711 

17.593 
17.107 
17.81l0 
17.031 
18.040 

18.148 
111. i s:; 
18.361 
1SA65 
18.uGH 

IS.670 
18.770 
18.870 
18.968 
10.OGO 

19. 162 
19.i57 
19.351 
19AH 
19.530 

19.627 
19.11 S 
19.507 
19.895 
19.9S3 

, 
25. 105 
28.9·13 
3 U!)O 
53.625 

35.269 
36.050 
37.842 
38.S90 
89.825 

.00 

15.692 
15.8:H 
15.973 
HUI O 
16.245 

to.3711 
10.500 
16.637 
16.7(1'1 
lij.SOO 

11 .013 
11.131'; 
17. !l55 
17.373 
17.4!)0 

17.6005 
17.7\0 
17.831 
11.!l4\! 
18.05 1 

18. 159 
18.i66 
IIUI71 
18 A75 
18. 578 

18.680 
IS.780 
IS.88O 
18.978 
19.075 

19. 171 
19.206 
19.560 
1!),45S 
19.54.'i 

19.65G 
10.126 
10. 8111 
10. 904 
19.991 

, 
25.575 
29. 1!48 
3 1.81!1 
33.804. 

35 .417 
36.777 
:17.953 
38.988 
39.913 

r-

'" » 
'" 
o 
o 
o 

T o fin d ratios outs ide tbe r3nge or this rabie, see page 207 
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• INDEX BY TYPE NUMBER 

o 
o INDEX BY TYPE NUMBER 

o .. 
c( .. 
.... 
c( .. 
W 

Z 
w 
\!) 

T,,. 
70 
80 

90-ll 

100 

lOti 

107 

119 

138 

138 

] :;.t 

"'" 'lIH 

(!02 

214-:\ 

21U 

246 

247 

Nil 

~74 

~74. IU 

~7+ 

IW3-A 

~9g- P 

30 1-;\ 

:l1 'l-A 

318-0 

329-J 

:133~A 

334 

335-Z 

339 

358 
368 
371 

976 

380 
4 JU-A 

-H8-G 
41fJ_A 

43·1- 13 

<f..l!)-A 

471-L\ 

·175- 0 

212 

lI~m 

' -nriac Transrormer 

\'nri;~ c Tral tSrorlll .;r 

\ 'ariuc 

rari,, \.: 

Stamlarol In,llldiLllcc 

\ ';Hiall!l: [ Iuludor 

Ha.liv· Fr(''lIlCIICY t:hok\.: 

Binding Posh 

Switdl Conlacts and St"ps 

' ·ollu:.:.., I )j,·i,I."r 

, ':trio' \.: 

:;wilch 

Switch 1\1101. 

IUwostal- PolcnliOlrl(' I'-'r 

neclulc CI/lldc liser 

, 'ari]lilie Air Coru lcl1Si.'T 

"ariahlc Air Condcns<.:r 

.\Ucnuation Uos 

I' lugs allil Jacks 

Mounting Hase . 

['anel'l'CTminallnsulalors 

Slliddcc.\ Plugs and ('nhles 

Universal Britlgc 

.\ c(;cssories 

JlJ Icostnt-I'oh:u l iome! ,~ r 

1l1leosta \.,.1'01 ell l iomcter 

Dilll Plale: 

AU.cnlll1lioli Box 

It heosLu t" Potentiometer 

\ 'it rif\hle AiT Condenser 

Yariahle Aif Cond('n~~r 

SlI'itch 

\Vnvemelcf 
Varianle !\ ir Condenscr 
Ithensl .. l-Potentiomcter 

QUart)'; P late 
nccallc-Co llllo~llser Unit. 

llIIL'QSlal-1 'utcn liomctcr 
Dlllllllly :\nlclIlI;< 

Itcdificr-T ypc \YI1\"cmclcr 
,\ulliu-fre(\ucnc,\' l\.ldcr 

AJjllslahlc Attcllilalm 

HIIL'Osta l-Potcnt iomcler 
l" rcqucne~· !\Ionitnr 

P(Jtft Type 

H -i7(l_A 

1,1 4S0 

13 483- F 

H 4S7-A 

M '192_A 

ll,! 4!l:! 

'101 5U(l 

I llS ,:;0.:; 

108 ,.on 
·u :;10 

I'.! , 1:\ 

\!O~ 

HW 
:IU 

o· _. 

iH 
,+ 

202 

'" ,. 
30 

1 ,;9 

GO 
'II 

:; 1(; -(; 

,jW-1' 

5HJ·A 

:;20-A 

5'.!'l · :\ 

;}'l"-' 

5~(; 

5:30 

:;3!}-A 

5:l0 

53t1-1' 

544- Ll 

:H ·l · l' 

ii-Hi.:\ 

54t1-C 
:HO-I''! 

561-C 

MiS 
5i.2- B 

5N 
:)7·S 

5Sil-A 

586 
jSS -A~ 1 

60.2-
6Os-H 
60S-A 
610-'\ 
(;\ I -C 

lin (; 12 

163 OI3-B 

15S ti IS-V I 

!!8 G] 4_B 

40 0 1ti-C 

153 

I ff'" 

Quar tz J3ur 

Hclay TIaek 

Output Meter 

i\lcgoiliullicter 

Oxide R ectifier 

\ ·acUlIIII T lu':T1lIO(."Qlll'lr 

Ik sistor 

Coudenser 

Stamlard CorHk"lls.·r 

I.kcade-Re~ist.an ~ -e l ' lIit 

Page 

159 

.2U~ 

118 

1'lS 

I Q,; 

'" !!1l 

H'lI lio.FrCllllCIWY Ilri.lg.: i t! 

, \(X!c~sori~'", 9~l 

I) illl 1.(!1I" !1J:J 

Dial Luck I fj(] 

\) ial Plate IOfl 

Ht'sis lor :Ij 

l\I Ol1 llted Ilhco.~t1lt-I 'uh: lltiulUe1(' r gl 

Ikl1ul-I' as-'i Filh:r lig 

I UlCo.~tat-I'olCtlt,ionwll'r '~ -2 

Yariah)c ;\ ir Cowlcns(: r 48 

l ucrclIlcubll- I'it ch COlld.'n~.:r lOS 

lUcgohm Bridg(: ~)() 

l 'ower Supplies . !}J 

i\ l icrovolter Ii!I 
S~' lIchrollolls -'!\jot or COllt:wlur .; 

Ihmt! COlltaclor tl 

\ -"eullm-Tube Brid ge SS 
Yarillhlc Air C"lIdell~~r .:;:1 

) l i(:roplloIlC 1I 11111111Cr 108 

\\'11 \'emet.er 1 (J~J 
ShielllcJ'I'rallsformt:r !I-I 

Olltput P ower i\lclc r 11!l 
Power-Lc,·cl l lll liculor 1.20 
Direct-Current Mcler 128 
Uccade-Hesiswnce Box 18 
Sl!uHlurd-Signal GClI<,rator 180 
Oscillator 102 

Halio-Arm Box fiG 
SYllcro-Clock 1 GI 

I:li. I!J9, 14(1 . B7 

J3c:~l~Ff{."(t\lcnc.\" Osrillator 

Power Slipply 

Selective AIIlI)lincr 

T-T etcrod~'nc Frcl"jll,'nc,'· 
M eter 

lOG 
lOi 

137, un 

13i, l S9. 1-12 
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INDEX BY TYPE NUMBER· 

" INDEX BY TYPE NUMBER (continued) 
m 
Z 

T,~J~ ftvm /'''I1~ 'rYf>!: lIem f '''ye m 
617-C r lltcrpolal iull Oscillator l :n, l ·H 11{1(;. 13 .\·c I'ower Suppl.\' . I:!.; '" 
(; UJ-E ll cl~rOtlyllc Detedor 1!f7. J:I!J. I·U; Ui/S-:\ J)ul,1es ) 11111i"il;rutvr 1:1;;, u n I> 

(I~O -" J I ctcrOOYl1e j"rccpICU('Y )ic\cr fIll <1 unO-A CompariS(ln Olicil1oscope . 1:17 . ].11 
,... 

Calibrator 1.;0 700-.\ \\,j.le.n o.lIgc UClll- FrC(lucncy Os- '" 
t:l~ 1 Power Slrol~/SCOI~ " cillator 10. I> 
(j~J _. \ Uri,l!:e , ;; 70'l Fricl ioll- lJrin: iJ ial 111.1 ., 
u:J l-11 Strohotac , ;O~I Friclion_Dri\'c Dial IfH 

0 
1i:!7 Fll1tCt.l Knul,s lUi 7tH ]' ro,;dsion Dial I !h! 

(H I 'I'rnll~rorm~ r I Sf, 711,', Frictioll- Dri,'c Uiul IfH 0 
fi ~ \!- I) \"olll llle CUlitrul :m 70u I' rt.'<: isioll Diul I ! ~,! 0 
t.an_A 1.('KnriUlruic Hr::sisl" r "l!l 707 •• \ Cat hode- Ha,l' Null 1),·I,·ct.)r !H 

tj~8_A :;trulJolllx 4 707- P I' lug-in IIlIits !I:I 

O,;O-A Impeo.luncc Bri4 1ge 70 i 10 Oiret::l- Dri\"c Dinl I !H 

051 -!\ - F. Camera Assemhly 1i7 it'! Direcl-Dri\'e Dinl I!H 

051-,\ -) 1 Camera Assemhl,\' l i8 71 j_H Bcnt.,. FrC<tll t'licy O~ci llllt ... r " O.:;j Volume Control !l7 714-A ,\mplifier 11 :1 

f,':; -~ _, \ I)(.'(;:ulc \-ullage Divider :10 7I5-A Direcl_C urr"nl l\mpl ifh'r (;,tH 

uti:l I{csistor :!'! 716_A Capacit:uwe Hrillgc 7< 

Go~-A ' l'herm()(;o uple J 8~ 7 Hi-I''! (;unrd CircuiL H 

Got;-A Vuriahlc Trallsfoflli cr 19' 711 D in.'CI-Oril'e lJial I!).I 

1;07.:\ 11ll1uctancc Uritlgc ., 7'! I-A C(.Iil Comparat.or 8(. 

f,OS Cornpcnsall., \ Dcc:u lo.:- Hl!.'I ililulI,;c N'! I'redsion Cun,lel1J!(.'r .~,), ... 7 

iJnit " 7'2"'_:\ J' ri,,'Cisioll \\'uvc.'mclC'r 101 

GO!) CO" 'J)c,tSUtef] ~Iidc-Wir~ H~ .. !; ist"r .2:; 7'26_.\ \-acLlIlm-T ube \ 'ollmdcr 11(j 

G70 Cumpcllsutc<.i Decade Hcsistor "!'! 7:J t-U Modulaliou l'<lonilor IU' 
071 -.\ SeILcring Bridge 70 73'1_ 11 Distnrtion and Noise MI'1N 170 
tiH-.\ I'ower Suppl,v 183 73'l· I" Ha 1'IW-Es t.·L L .~ i nn Fill{'f.~ t , I 

117 :.\-.\ I>O ll"cr Su pply 184 73:1-:\ O.ici11:ltor Ii-.! 

u .... I'lugs und ,lacks ,!OO 73G_.\ ,,";1\' (' ALLul .v)",!; r ltiU 

U'.j-~l Pi~7.,,- Ek"Clr it: O~4 'illalvr I:IH.I:IO 7j!J i.ogariUL mic Air Cvml"us"r " G'6.,\ QUllrl~ 1l:l r 31141 7 ... 0-B C1Ll'lieitntK"C'I\-sl llr illg" 80 
!\iOlllLlinll ] ~\.;, ] ~!J. I.HI 741 'I'rul1srorm~r 100 

un Inductor Vorlll ~O l 7j!J-.\ SoIll141- 1".e\·C'1 i\ lclcr 8 
G7S I'lug and Jack Bnsc '" 7(jO·A SoU tl(! An:tIY~('r 

,. 
(is ] •. \ Fre'lucnc.\,- n cvial iuLL l\ lct.er 1':;::\ 77':;-.\ Freflucncy- I,i rui t i\louitur ).j] 

GS'l-l1 Frcqllcl Lcy-Dc\-ialiun )o l l'ler I,ii 
8 13 .\udio Osci llut" r 100 

tl8·]_. \ i\ '-udulutell Oscillator 10·] 
8 1·1-:\ Ampliner lilt 

(i8G-,\ l'owcr- r.e\·e1 I ndicator I ~ I 814_1' 'I'L111C11 Circuit I I\! 
OOO·C I ' ic~o- Jo:lec lr ic Oscillnlor 135 8] 5·:\ I' rreisioLl F"rk 100 
(iOI -C 'I'cmpcralurc-CulLl ro] Uni t ] :1:"; 

830 ,,"live Fill"r 1i·1 
(j1'h? B ) Iu\li\' ibralor 1:1':;. Ij !l, 1 ... 0 

li93- H Syncronornetcr . 13,; 8:1·1-.\ EICt--tronic Fre( I UCIIC~' .i\.lder 1.i(j 

(j!l l -C Conlrol Panel 13:) C·'l l -H LD Primtlry Frc(lueucy SlatLtJar,] J:.I.' 

GO.;-B Charging P anel 13':; C- IO-H See(.lll(lnry J<'req llelLcy ::itanl!:ml I:J8 
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o 
u INDEX BY TITLE 
o 
a 
« 
'" ... 
« 
'" w 
Z 
w 

" 

,\djllslat.l" IIU<,,,,olo. • 
' \ "justllhlc trnn<forll"" (\ ·Hri~,.) 
.\lI.('rnlltin~-<"lItrellt lIlel". 
:\ rnp1i!icr . 

,ji r,·et.-Clirreli l 
,>S(·jl,,*t~ "I. 
""k<..1.i'"c . 

1\ IIl,JY~t:r . .... un.1 
"-n,1': • 

,\lIicnna, <1"',,"11." 
.Hhmnntiou Iou..\: 
.\ tten,mt"., ,,,ljll'ln"/t, 
,\ udio-fr<!(,lIcllt'\' mdcr 

nscin~lnr . 
tr'lnsf","'er 

JI:IIl<I'I~'''''' lilter 
H.~"'" qu.ul.r. 
1.1.1"", j,,<!k . 
llent·fl'(!(lllClIC'Y Ol!t"iJbtvu 

wide '''''!;e 
lI i"ding r>O>!ls ,.1101 nS!«'!IIl>lics 
BridJiCS • 
Bdolb'f: :u.tt:s!O!)r iCl! • 
II ri.lg(>. t'llpacitalltJ! 

e-~ p(\citan<:e tt~l 
d()(1U.k: 
frequeocy • 
l, igh'l'Cl<istnll~ 
iUllletlllu('e 
inrlll"lIon~'e 
1I1{'801,m . 
IlOwer-f,u'lor • 
rll(rio-f~IIl{'II(y 
rcs isUlnt.-.:: 
Schcring . 
sL:eleton-tYIIe . 
tmnsfnrmer 
uuil"<:f'S/lJ . • 
\"ncuum- I"be . 

('lIvle. s hi('kl~~J 
CILIII(!Tl" hi8h-~I~,1 
CII!ll,eiUlnl1! l.ri,l)!c 
C",w'C;l n""" ' '''' ' 1.,;"111" 
CallCldtul'$ . 
(,1,(,1.:", .'It! !)o·r ncr!" ~ "1'." 
( 'Iock, ~)'ncro •. 
<':ulnl",t:lt...,.. L"jI 

J'ugc 

'" 1'l- fG 
I Hr, 11 ~ 

110-11 ,' 

" II~ 
1 HI 

" lOll 
ISo! 

-2Q-..iS 

" l,;(i, IMol 
I)S, W~, II~J 10{) 

· liki 

173,17-1 
• 1511 

19!) 
m~. 100, II)G 

_ HIO 
illS 

(~i-j)G 

0::1-00 
N, 7(1, 7S 

SO ., 
1,;8 

"' 70 

" "' 7~, 7() 

" 70,00 
j!l. j(j 

7 .. 

" " S8 

21m 
. 17U, 178 

N . 70, 78, 80 
80 

·1:'\- (;1 
!!Ol 
161 

" CUJUl)II riSQIl I-"'II:i!! ....... ,ope 
( '<)ll1 ! >l:Jl~"tcol dcc,d,,·rc.,i~tnlll'fl 1I"it 

In, I4 1 ,., 
decade resistor 
.slide-n'ire resino. 

CU."leIt.1cr, nir (Iicleo-L.il." 
decad" 
hal 
iucre" tenta l'l)itd, 
logarithmic 
Ilrecisi<.111 
~tnlldn rol , _ 
str,. igl, t ·1 i ne-f r('(1 U(!" I'Y 

( 'vn lnctur. ~trol .... ~~,pc 
Contact,s. swikh , 

(.'0IIIJero{lxille ",diGc • . 
\'Qllrnet('1' , 

CQUllling I),,\nel 

214 

" 'l,; 
H- 3.; 
,;9-HI 
"Il-:,~ 
· ,os .,. 
'I :i- li 

1,;- 47. !,6 
411, ,;3 

,j 

tuS 

l'l.-i 

"' I::s.~, 137. 1 ~9, 14G, 147 

D~dc ori.lgc . 
L'(tullenter . , 
-L"(III"en~r m.il 
-re,.i~tA"ee I:H>x 
-rC!ist;lur.cl "Hit 
volln,;-e dh'i"~r 

Dctcrtur. hcterud.,·,~ 
D ial, .Iired .. lril~ . 

'riel ion·.lri "c 
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