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STROBOSCOPES GENERAL

TUE STROBOSCOPE is a device that permits rotating or reciprocaliJlg objects to be viewed
intermittently and thus produces the optical effect of slowing down or stopping motion. H, for
example, an electric fan revolving a1. 1800 rpm is viewed under a light whicb flashes ]800 times
per minute, the faJi wHi appllrcnlly be standing slill. A slight decrease in Lbe flashing rate 'will
make tbe fan appear to revolve slowly io the dirt'Ctiou of its actual rotalion, and an increase will
produee a similar Illotion in lbe reverse direction. Because the eye relains images for an appreciable
frRclion of a second (so-called persistence of vision), no flicker is seen except at very low speeds.

Stroboscopes with mechanically operated shutters for interrupting vision have beeu in use for
many )'cars but art: subject to the limitalions of slow speed and insulHcient illumination. Geoeral
Radio Stroboscopes usc the flashing lamp principlc as dcyeloj>ed by Edgerton, Gcrmeshauseu,
and Grier of lhe 1\lassachusetts JusLitule of Technology. Sllort. brilliant. light flashes are pro·
duced by a lamp filled with rare gases, and the speed of the flash is controlled by an electronic
switch or a motor-driven conlaetor. Flashing speeds up to 11,000 per minute. for visual investi
gation, arc obtailled by til is Illethod with the STHOBOTAC, and up to 90,000 per minute for
LiglHpced pilotography with the Power Stroboscope.

"'hen mechanisms operating at high speeds are viewed by stroboscopic light, in slow mOLion,
aU irregularities of the Hlot.ion prescot iJI the original motion are made visible, thus making it
possible to observe high-speed mechanisms under actual operating condilions. When the speed
of flash coiucidcs with the speed of rotation, motion is apparcnlly stopped. The stroboscope thus
becomes all I:xccllent mcans of measuring speed, and for this purpose the dial which controls the
flashing ratc of the STHOBOT;-\C is calibrated directly in rplll. Speed measurement by the
stroboscopic melhod absorbs no power from the mechanism under measurement, since no me
chanical contact is required.

For the photography of objects moving at high spet.'<1s, stroboscopic light provides a weans of
taking both still and motion pictures. High-speed single-nash [Uld muJtiple-Uasb photographs of
small areas can be made with the STROHOLUX. For photographing large areas, and for taking
ultra-high-speed motion pictures. the TYPI~ 62L Power Stroboscope should be used.

TYPE 631-B STROBOTAC'
USES: Tbe Strobotac is used for measuring the
speed of rotating, reciprocating, or vibrating
mechanisllls aud for observing lheir operation
in slow Illollon. I n the design and tcstinH of
machines and high-speed 1l1echauisllls, the
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Strobotac is invaluable. The operation of
motors, fans, pulleys, gears, cams, and other
machine element..s can be examined in slow
motion. Speed measu.remenL8 for overload and
underload tests can be made. rt is ideally suited
for rapidly adjusting the speeds of a nurober of
machines intended to operate at tile same speed,
as, for instance, textile spindles. In production
testing, it provides a means of rapidly aligning
mechanisms tbat operate under close tolerances.
It is approved for use in checking the calibration
of aircraft tachometers.

DESCRIPTION: The Strobotac is a small, porta
ble sl roboscopc calibrated to read speed directly
in revolutions pcI' minute. Tbe ligbt source is a
5t roootron neon lamp mounted in a parabolic
rdlector. The frequency of a self-contained
clC<'lronic pulse generator determines the flasb
illg sJ.lCed, which can be adjusted, by means of
a direct-reading dial, to any value between 600
rpm und 14,WO rpm. If desired, the Oashiog
SIX'cd can be coutrolled by an external con
taclor, by the a-c line frequency, or by a
vacuum-tube oscillator.

The Strobotron is desigued to give an ex
tremely short flash, and hence sharp images
arc oblmned even at speeds up to sevcraltime9
lhe scale values.

Speeds outside the seale range of the in
strwnent can be measured by using mulliples
of the flashing speed. The upper limit. is not
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sharply defined, but, in general, speeds up to
about. 100,000 rpm can be measured. Speeds
below 600 rpm can also be measured, but the
use of the Slrobotac for this range is not recom
mended, because of mcker caused by tbe in
ability of the eye to retain successive images
for a sufficiently long period of time to give the
illusion of continuous motion.
FEATURES: For speed measurement, the
Slrobolac has one outstanding advantage over
other types of tachometers: no contact with the
mechanism under measurement is required, and
hence no power is absorbed.

The SLrobotac is portable, compact, and light
in weight. Because of this, it can be used in
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places inaccessible to larger instruments. The
speed scale is on a drum-type dial, casily read
wheo the instrument is held ill the position of
normal use, and a slow-motion drive facilitates
precise settings of the dial. High accuracy and 4
a wide speed range are further adva.ntages for
general speed measurement. The direct-reading
accuracy as a tachometer is within ± 1% when
the calibration is standardized ill terms of a
frequency controlled power line.

When a larger area is to be ilIumjoated, or
sufficielltlight for photography is required, the
Strobotae can be used to cootrol the flashing
speed of the TYPE 648·/\ Slrobolux described
on page 4. 0lle... U. S. Pal- Oni"".

SPECIFICATIONS
Rang.: The fundamentut range of Illl~hing .peed ill from
600 to 1.1.,100 per minute. The .peed i. rcod dirOOlly from
"tlilll colibro.lcd in rl,m. By \lsillg multiplea of lhe Illl~hing

lpeed. lilt': rnrlgfl of measurcmcnl <.:"n be exlcuded up to
aboUllOO,OOO rpm. lind. h~' ",ultiple images. s~dlIl1Omc·
what belo.. 600 rl)lll can he IllC/lSured.

Acc:uracy: ±l % of thc dial rending nbove 9(10 rpm whell
the Stroholac is sl.a"dnrdiz~od in lerIDS of II frequency
conlrolled po'....·r jiuc. Cootrols for tbiB Blaudardization
adjuslment R~ provided. Wlien on external nashing meu'"
is U5ed, the Rccuracy iB rhut or lhl! nUBhing MurCC.

Du,.lion of Flash: Bclw~n fi oud 10 microsecolld•.

Ty".

631-8
631-Pl IStrobotac...

Replac:ement Strobotron ..

Power Supply: 105 to t25 voll.8, 60 (;~·(;llllS. PriOf!$ for operll
(;on frolll lines or other VOltOgCB and rrequ(;ncillll will be
'luotcd on requeat. Power Inpul: 25 wnUlI.
Vacuum Tubes: Oil" TYPE 631.PI Slrobotrou, One 6XS·G
ly!lC. aud 0110 6K7-G type "re required. A complete lICl of
tubes i~ furnished with the inSlrull"!cul.,
Accessorlel Supplied: Spore fusetl aud pilot lamps. Blweu·
root tiue OOl1l1OClor cord, ""d plug to fil contllclor jock.
Mounting, i\h'(al cubinet wilh CIlrrrillg hlll,dk. To f"cili.
Lnl" lUOUlll,Il!l the i,,~lru'''~nl On U IriW>(1. 0 h,PI....od hole
(I,,, 20) i.. provided in the IlI>lIC of the' rubilld.
Dimensions: 7}i x 8~:l" x 9* i"eheR, over-ntl.
Net Weighl: 8'''' pound...

Prke

S95.OO
4.50

'1', I'll (,:11-1\ Slrohol"c wil h TH'~: 6 Ill. \ Sirohol".....
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STROBOSCOPES

TYPE 648-A STROBOLUX

GENERAL

'I'll'>; 613-\ ::;lrl,holuI(,

USES: The TVPE 6 W*!\ Slrobolllx l'xl('uds Ihe
usdulnCi;S of the Strobotac 10 applications fC

quil'ing considerably more light thall 1he 51 robo
troll lamp is capable of supplying. Spccificall-y,
it should be used where larger areas are to be
illuminated or where photography is required.

111 pholography, it can be used for lakillg
high-speed Sillglc-llush or lilultiple-flash plloto-

gTaphs of limited areas. It has also found SOlllC

application as a light source for taking lIlotioll
pictures in conjullction with a conlilluolls-film
rccordt>1' (SOt' pUl!cl ;!:-).

DESCRIPTION: TYPE 618-A Sirobolux cOlisisl~

of n pO\\l'r supply and larnp. capable of pro
dllCill~ brilliant Ii{.\'ht flashes at speeds up 10
6000 pt'l' minute. Thc f1aslliug source is uTn'I';
6:H-1l Strobotuc and consequently can be COll

I rolled b~' (I) the sclf-colltainc.d pulse generator
ill Ihe Strohotuc, (2) the a-c line, (3) an cxlerual
contaetOl' (TYl'E 51!}), 01' (~) an external oscil
IntoI' such as 1'YI'l;: iI3-B.

The lamp. filled with a rare gas, furBishes
abollt one humlrcd timcs as much lighl as IhaL
of the StruOOlaQ.

The Clltirc assemblv is housed in a metal
eabillct wit h t he lamp' ami its 9-inch rel1<'Clor
011 Oil!;' side. The lamp housing is removable
from the case arid is furnished with al0-foot
e"tellsion cablc.

FEAlURES: The combination of the TY!'E

631+13 Slrobotac all<l TYI'~: 618~A Slrobolux has
all the advantages of thc Strobolac itself plus
Ihe feat urt} of high illumination, sufficient for
pholographic usc. No appreciable duplication
of facililies is involycd, so that the purehase of
the TYPE 618~A Strobolux is an economical so
IUlioll lo problellls requiring greater illUllLirHl
1iOIl than is providt'd by thc 51 robot at".

SPECIFICATIONS
Rong,,: Up to 100 f1ush~ I~r >IL'COud (6000 rwr ,,,inul,·).
Sil1gte n"shell for pholOj;r"phy C"U ol&! 00 "1.I1,,int~t.

Durotion of Flash: fl"lw~~1l 15 lOlld 50 ",icro"'QClfrd" ,lL~

Jlending "11011 nn~hing Sl"-~d "lilt upon Ill\' selling of O'l'
SPEEDS .""ge ,wilch. '1'1,,, sl,orll'. flush is ohtuinL~1 ut lhe
higher !I~.I!.

Aecuroey: Thl' uccuraey i, 11"'1 or Ih" wurt",-· oontrollin,loi'
Ihe flushing llleed. (See ~p"cili..... lion. for 1'Vl'.: 6:tl_B
StroIMlI"c. puge:1.)
Power Supply: 10;; to 12.; volr".;;O to 60 cyelt....
Power Inpul: 12:; wnllli. m,"rirnum.
Vocuum Tube: Onl! 5Z3 Ilee-lifier Itnd on'. T\"l'~ 6-18-1'1
l..3lUll. bolh of whiel, "'ll fur"i~hed wilh Ihl! i"sl.."nWIlI.
Mounting: The e<;>mlliele IlI<IIen,bly i$ housed in It sht...1
metal calle. The IBUll' IIml ils 9·inch rclt'.."lnr ...... ",olllltl~l

011 unC side.. Ihe flOwer sUPllty On tIll' otller. '1'1>•• rL'mo"/lbll'
1''"''1/ ui!IlCmbly is I,rovidrd with " I~.~ 20 IU'IIWII I.ole for
t.i,lQd mounting.
Acceuories Requi'ed: A Strohol"e i8 ..et'C88Il'y 10 Ol)er"tc
the Strobolox.
Accenori", Supplied: A power cable. a cable for ...,n·
nootion 10 Ihe Strobo!>lc. rrn extension ".. hIe ror the IU"III.
S,Htrc pilol hllUllS nud (UIIeS.

Tlli.• "rrrt!lu,,,,I"'d sirrtt\t··Uu.ir l,hur"*''''l'h. h,k.·u
"ilh II,,· !oilroholrr,. ~l,uw$ rr loom ~hottll' in ,",uli"...

Dim.mtlon... 13 J x II ~'8 l I:J Ii ;uches. oVt"-rrll.
Net Weig"l: 31~. IIOUU<!S.

648-A
648-P1 IStrobolux .....

Repl.cement l.mp
:'C~,.Y

Stlll.\

Prirt

$150.00
15.00

PATEN,. NOTICK So.. No,," 15. lI"lC" •
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RADIO CO. STROBOSCOPES

IS availablc separately as the TYI'I': 519-P~

Iland Contaclor.

FEATURES; Accural,ely limcd flashing rates as
low as 150 1'1'1' minute can be obtained. The
phase of tilt, flash. Le., its tillle in Ihe flashing
cycle, can be adjusted, This makes il possible
La arrest thc Illotion of a mcchanism at allY
point ill its cycle of operation. In many strobo
scopic invi.'Stigations this feature is valuable.

TYPE 549-C SYNCHRONOUS-MOTOR CONTACTOR
TYPE 549-P2 HAND CONTACTOR

USES: These coutactors arc inlClldcd for use ,-------------------,
with TV!'E 631 Stroootac and TYPE 618 SII'OOO
lux as soun'('" of accurate!) timed impu1':i1'''' for
flashing. A plug-in cable is pro\<i<!cd for {'Oil

necliolls between the contaclol' head and the
Stl'obol3C.
DESCRIPTION: The synchronous-motor con
lactol', Tv)'!': 519-C, when dr,jvl'lI fWIII (l 115
voll. 60--<:yclc line, is capable of f1ashil\~ a Tn-I-;
631-B Strobolue at allY rate bclweell 150 lind
360U flashes per minute. The cOllluelor is dri\'{'r1
L~ Ull HlOO-rpm self-start iug s~ lIChrOllQUS

Illolor. Flashing rale adjustlllent is made by
luntill!,\' tllC 1I11let] kllob. \Ihiclt cllUllgCS tIll:.'
ratio of lhe fl'iction-drivc Illedlflnisrn. A cali
brated scale gives the flashing rat.e in flashes per
minUle. Phase can be adjusted independl'ully
at the C'Olltactor head, Two mllg-es arc pro\'idcd.
oue covering speeds frolll 150 to 1300 rpm, the
other from 700 to :i600 rplll, These are fuuda
mental ranges; speeds which arc lIlultiples of
thclll can. of course, be mensured. Two discs
alld two scales arc provided, and the change
from Olle ranf,'C to L11e olher call be accomplished
in a few minutes.

The contaclo!' head cau be fCmoved and used
indcpcudelltly as a halld contaelor. A rubber
dri\·jllg tip is prO'idcd for this purpose.

The unc:alibraled head, filted with rubber tip
so that il can be dl'ivcu frolll a rotating shaft,

SPECIFICAnONS

$10.00
30.00

].50
~,50

,,~,.,... "
,,,,,0"'11
H"""
"1\lV. ...

TYPE 549·P~

oimlllUionl: (Lc"j,tlb) i " {rliUOlelrr) :1' lind,.,>!. ol'er·;,lf,
Co,d: COlll"'(:lilllot ,-ord i... r"r"i~hed.
Nd Wlligfll: ;!~~ I>ou"d~.

n lorkin/: tirnml<NIlcnt for holdin, il f;r1ll1y in the ,j('>iiffil
!)tJIl.itioll.
AccUlacy: Thc IIl'CUrIlCY is tlrterminl'ti by th" frclIuellcy
slahilily of Ihe llOwer lille and tbe amount of we.. r of Ih"
...bber rilll on th., driven Whl'(!ls. Whr" lhe Whl,<:ls lind
seul/'.8 un' :w.t eorrt.'ctly, the ,'rfOr witt i"c"'lIse a8 e;tJlt'r
scale elld is uppfOfld",d. "nd l1lay be oo,u;idcred 10 be "01
lot"'f1lcr th"" :::1::50 fl'''' ou the 10"'. ond :::I::HlO fiJI" on ll'e
hi1l'h sculCII.
Power Supply: 10510125 ,""Its. 60 cyrl"~.

Power Irlpllt: :15 WOlUl,

Mollnt'rlg: \Iolor 11,,,1 conlaelor "'" mounted (Jlllln alum;.
'1'''11 IlIull'. CIUIl'Killg 'rom tI,e h;gh 10 lire 10'" SJlet:d rllnge.
""d "i,'c ,el"8:'. lICt'eSllit",C8 ch,,"ginl!: the sizt' ",,,.I ])~il.ion
of thl' dril'cn di.!". Two ",'Is of mo"nl.inl; holCOl, two di8Ol.
""ot 1"·011<'1<1,:8 0.... pro"idrtl for Ihill Jl"T1>otJe.
oim.,rlJionl: (L.'"gllrl IU. " (width) 61~ x (hr'l/l>l) II;
i"dll'~. Ol'tr-tlll.

NIlI W.,ighl: 10'~ \)<>""rlll.

______~---'r.,,""""'-"c',"",/__~----,I'r"rr

Synchronou,_Moto. Conlllcior.
Hand Conlletor,
R.,pllc.,mllnl Oi,e (150-1300 rpm),.
R.,plllumeni oilc (700-3600 rpm),.

~ "",. l~, lillI'" ".

549·C
549.P2
549-]73
549·371

"A 'j ~:l\T l\IlTlCK

TYPE 549-C
Ranse of FlalflirlS Speed,; 1:;0 to 3600 1I""h~ l;.er millult·,
ill two rnllgc!l.

Control" Oue J,.noh for lulj"6tillR sl",..d u"d lJi., n";1,·"bl!'
l'(luLaClUr lu.od for "t1jll~lin!t plllllW. Elich is pr.wid"d "ilh
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STROBOSCOPES

TYPE 621 POWER STROBOSCOPE

GENERAL

Whell stroboscopic lighting of high intcllsit.y
at. a iJigh flashing rate is desired, considerable
power is required, since the power that must be
supplied to the light is djreclly pl'oporlional to
the desired. intensity, as well as to the frequency
of flashing. Thus, sllhaugh the TYPE 648·A
Strobolux Curnishes a light. intensity adequate
for illuminnlillg smull areas or for single-flash
photo~'Taphy, the ll1uxinllllll useful f1ashjllg rate
is limited by tile power supply to about 100 per
scoond. For applicatiolls illYolvillg very high

-I
•

-!-
H-

6

flashing rates or for taking higb-speed motion
pictures, a stroboscope of considerable power
capacity is required.

The TYPE 621 Power Stroboscope supplies
even greater light intensity per nash than does
the TYPE 6tI8-A Strobolux and is capable of
being flashed at much higher speeds. It is par
ticularly designed as a light. source for the TYPE
651~A Rcrorder. With this combirlaliorl, motion
pictures cao be takcn at speeds up to 1500 ex·
posurcs per second, permitting the study of
high~spccd transicnt or Dou-rcpchtive motion,
turbulcnce and cavitation iu fluid fJow, and
other industrial and rcsearch problems.

When the Power Stroboscope is used in ultra
high-speed photography, the flashing rate is
commonly controlled by a commutator on the
camera. Iu this way the iudividual exposures
arc accurately rramed for projection at normal
speeds.

SINGLE FLASH UNITS
}~or photographing extrcmely high-speed

phenomena, such as thc flight and impact of
bullets, a light. flash of extremely short duratiou
(of the order of one or two microseconds) is
required. Special uniLs can he built that. provide
single flashes of approximately a microsecond
duration.

The Power StroOOseope and Ihe single-flash
unit. described above are built. to order only.
Specifications and prices will gladly be supplied
by our Engineering Department.

This plot is an example of the type of

analysi, that c:an be made with the aid of

ultra.h;gh-speed motion pic:turlU. A

drum-type dial, numbered in sections,

was mounted on the ,halt of an automatic:

tapper and wa, photographed through a

pail of 0'0$1 hairs. Examination 01 the

fltm, frame by frame, yielded the da~

hom which the plot wal made.

l'ATENT NOTICE. s.... N"t.cs 15. 23. pOley.



RADIO CO. NOISE METER

TYPE 759-8

SOUND-LEVEL

METER

USES: The TYPE .a9-B Sound-Le\c1 \lcter is
suitable for all tJpe8 of commercial slid in
dustrial noise measurement. ~laDufacturers of
machinery and appliances use it for measuring
product noise both in the research laboratorr
and in production. Sound transmis,.,ion and
absorption and the acoustical properties of
materials can also be measured with it. It meets
equally well the requirements for noise measure
ment in survers of the psychological and physi
ol~ical effects of noise.

For the industrial plant, it provides a means
of measuring pr<Xlucl noise, sctting up lIoise
standards, accepting or rejecting products on
the basis of noise lests, and, fmally, analyzing
and correcting trouble in the rejected units.

In this last usc. as in manr others, a fre
quem'} 8ual)'sis of tile noise is usuall y valuable.
For this purpose, the TYPE 760-A Sound Ana
Iper (sec page ]0) has been designed.

The usefulness of the sound-Ieyel meter may
be extended to include vibration lDeasurements
b)' substituting a vibration pickup (see pa~ 9)
for the microphone. TheI~-fre<lucncy response
of the sound-Icyel meter is sufficiently good to
permit \ibration measurements at C.requeueics
down to 20 e}e1es. Such measurements include
the fUlldamenLal aod harmonic frequency ,i
brations of machines rotating at 1200 rpm or
higher. as well as many structural resonances.

For vibration measurements below 20 c)'cles,

howe\·cr. the TYPE '6l.;\ Yibration \Ieter is
recommendt.'() (sec pSgl' 11).

DESCRIPTION; Tn'E i59-B Sowld-u\'cl \Icter
is an accurate. portabte. 10\\ pric<'<1 meter (or
rrading. ill terms of a standard reference le\'cI,
the sound Ic\'el at its microphone.

The sound-Icwel mctcr consists of a 000
directional microphollc. an amplifier, a cali·
brated atlcnualor. and an indicating' mcter.
Il is battery operated and cotnpletel~' sclf
contained.

An a-c power suppl~ unit is also ilvoilllbh'
(see page 9).

This sound-level meIer complies with all the
tentative shmdards for sound·levcl meters
specified by the Alllcrican Standards Associ
ation,theAmerican Institute of Electrical Engi
neers. and the Acoustical Society of America.

A.II three frequency response characteristics
recommended bv Ihe A.S.A. arc indlldl-d. LIl
addition to the standard meier charaCleristic. a
heavily damped 1Il0n'IllCIlt, for reading mpidl~

fluctuating sound". is pro\-ided.

FEATURES: The outstanding features of this
instrument are its portability and ease of opera
tion. Weighing a lillie over 20 pounds, and
being completely self-contained (including the
batteries or a-e power supply). the instrument is
oompletely portable. It is so simple in operation
that it can be used by non-technical personne.l.
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NOISE METER

SPECIFICATIONS
Sound-Level Range, CulilJrl.llcd ;11 dllCi""l~ from +::1.\ db
to 140 db "oon' the $Iuudnrd rdNj:lIl"(! level of 10-16 wnllij
ell prc...~"re of O.UOO:! d}nell) \">I!r llllunTe l'1lnliruCl~r ill 11
r,pc, prnllrf'Miv(' "'live lit lOOn cyc!I"....

F,equency Charaeteristies: The frl>{lueuC)" "h"r"(;ttri~li!' of
the llOuud-Jevel meler ill ndjU$u,bltl to follow three tliffcrl'.nl
curyetl. The jil'lll lI"n oiCOOud of Lhes<! ....c, rt'llloe<Jlivd~. tht!
10 "nd 70 db ,.'qul.IJ-loudnCllll eontOUfl! ill net",.d",,,-,· wilh
Il,e t..,ll\uliv(l8wlldurd proposed by Lbo """,.iCIOII ~h\"dnrdll
ASIIOUiulioll. The third r't'(IUCIW:\, rclll .... tllle cl,arllc1urisl;e
Ilives /I sulosLllllLinlly C(lual resl)Qulle to llll fr"q"e."cie'!
within the ranSll of Ihe illslrument.. This dlllrllclerilll.ic i~

u&ed when measuriu!l' e>:lroU1c1~' hil(h llOulltllevcl!l or whell
""in!llhe instr"mcnt willi Tvrv. ;60-A Sound ,\nlllyzcr.
Mictophonlt: The micropholle mo".. IH on H foldin'l hrrtdct
on lOp of the inslrumcnt lind rold6 do"'" into u re~'t.'tllI in (lit.'
I"".cl,,·hen not ill "Ml. Il enn he remove<! rrOll' iL!l mountillg
hracketfor "lie wilh un eztellllioll C>llJle und trillOll (IW<'
l)rice list).

The microphon" i" of the cr}'llUlI, dinllhmgm. lnw. ... lIh
•UI _ntilllJy nOll-directional l'ClIll<JlL8e I)hnr"ct,·ri~tic. It iH
rul(f!ed .1Ild stable, nn,l its lIClIsitivity i~ Substantillll}' un_
Illk,<;lcd by ordinary chllUlll!ll ill teml'crut"rc and h"midity.

The rl!:lp(HlJlll of the microphone is _cnti"lIy ((ut below
"000 cycles, lIml lhn lIbeolul" level (of the !lOl"ld-levcl
meter) iJI oorroole<l ill llooordllllce wiLh tho AS,\ lenllllivc
standards to clLnccl ouLany millor microlllw:mc irrellulnril..ietl
whcn lIOunlls of IIverallO fr~'lIUellcy distribuLion nrc bei""
",easured.

The Ilb!lOlule level of nil mieropholletl is cl,ecked lit
!leve...1 freque"ci~'ll n!(llinsl" lll;.mll,rd microllhollC, whQ>ll}
calibrul..iou i" petiodiClllly che<;ked by the U. S. Burel'U of
Stllndllrds. I,} nddition llw imllednllC<: of the microl)hone
i~ held to dose 10Ietl"'~'(llI.

Vib,alion Pickup: Tho TVI'I': 759·1'35 Vihrutioll !'irk"I'
wilh II,,· TnI': 7:i9-1'~6 Cu"Lrol lloz Can he USl.u ill III"c~

of the 1II;(',ollh'",e {~'~l' " ...1 1'''II''\.
Metel plus Allitnualo" 'I'lIellOund I<'vel is reud os the ~UIlJ
of the ",eler readiulf lInd the rrudiJl~ of 0 ste'lllcd "tte"u
utor. A singlo kuolJ coul.ru(,J lwo "ttCllUIIW,.,. furuishiu/t II
lutul of 100 db nHcllu'llioli iu ,,'e'>$ uf 10 tib. Tl,e indiculinl'
IlIctcr is nl',>ro.:im"tdy li"r,,, in dtei!>elll, lind il-'l ""A<I,· i.oj
01)('0 nnd c,,8ily rellll. It ~'QvCI"S II III db rnull". thUM pro
viding " suti"f"ctory oV"r1ntl bclv..,oen Ihe "I.... '''' of lh,· nl
1""UlItor. \ SLOW-F\ST swil<,11 "",h", nvuillll,le t ...o
",elcr ap~'Cds. With lhe ('Ont rol "wilch in lhc FAST posilion
Ihe bnlJisticrh"rnclcri"litli of Ihe "1(·I .... r cl"""ly ltllllCh IhO<Ot:
of tho hurn,," cnr "wI ugrt"· ",il.l, t(·"llltiv,· ,.IAndurdli or IIU'
\mt.ic.ul Slnudnrds Associulion. In Ih.. SLOW IlOllition
lh,· meter is llhlJllled by II Inrll" oondcwlIlr. Th,' resultinlr
1I"t1vily ,Iumllt-'ll movement is collvcnienl ror ol",,'rving Ilie
"vetllge levl'l of rllpidly t1ucllu,tlnR llOun(k
CaUb,alion, ,\ 01"11"8 i" provided for 8lund"rdiziug 11",
llC"silivil~' of lh~ iU$lruIIlcnt. Au~ " .... power lill~ of lOr>-

GENERAL

\1"U8uri"l( th~ lIoi..., fn>HI " "",,'illlll"~ ("" ",ilh 1!l1l
"",,"d·h·vd mdtr.

"ruxiu'ult'I~' I Ii; volts ('un h<: ll",-,d uS" ""ur~,' of SlulIdtlrd·
i~ing V(,lt"!l'e. A ;revell-fOOl linC..(;<)nueclur ('Onl i! furnislled
(or this purp......, "nd ill sIQr,,<l ill It,,· OOHr uf III<' cnrr~'iull

M~.

Accuracy: The fr<.'<,,,elley rll8l>OU5(' l'urn'll flf 110,- Tn·v.
;59-B i'oulld-l.~vel i\lelt.'T full wilhin the lo!erlUlC<'3 iI"o,ci·
lied by Irw \S\ lcnt"ti,r lllllf"lordJl. Wh"11 the "",pli';'>r
!<Cllililivity i.oj I<1"ml"rdi •.ed Ih~' ,,!>solute """"ruey or suuro"
level I<'eosurenH'ntl4 is within ±I de<;iVeI for "v('n'l/e IUD·
l'hinrry "oi_ in Ilc<:ord'U1Cl' with tIl(· .\S.\ st"'lIlards.
TltmplUalul. and Humidily Effects: !lelld,,,,,,, "r<' inde
l.I<'"dc"L (wilhin I db) or telnll>llrnl"..' lind I,umidil~ "V\'r
I.hl' r""{WfI or room ~-olHlilious "ornll.lly e"couul('r~1.

Edension Cabllt end Tripod: An cXlell.'llon coble nud trill<Jd
(Tn'!! 759-P::!l) CIIU loe 8uppli",. for u8il11/ Ill<' u'i,·...l'holl"
(It U dishl" ...· fro", the ",,""d-level "'ctcr. \ ~'Qrn,<;lioll curve
is l!Ulllllird. Riving the ('Ahle ..orr~,<;lif)n UI rI f""~'lion or
le'''pl'r"tu.,·. This le"'llcr"l"rC "orr~'f'linll iii ofi"'porl'''K''(l
ollly nhov,' ll:i~ F"I ....·nl... il
Balllt,11ti: \ "ingle. LIOt'k Illlttery (BurJ<f"i18 I)J'" 61',\IIOj is
'""'ll uud \I"" IS slltJplil'd ",ilh II", i"sl",,,,'·"'* Th.. Tv""
;59-1':;0 Power f'uPIJI)' i~ "vnilllbl~ if n-<: opera lion i$
d,,~irt~1 (ill"· lIl'~t I',,!!,,).
Tllblti: Thr(.~· Inil.' I ":i_(rr ",,,Iou,' l)'11<' IOtl-n'!' "rl' ...
quirt·lI. J\ C<"l\I'I1~Il, >Jet i~ "UPI,li,..1 wiLh LIt(' intilrumen!'
CUI!' Th~' IlQlIlId-level "".'It·r j" "'011"1,,,1 in u ~hi,·ld~..1
e"rryilll' (;n!<C o( d" ... bl,. "irpli",r-I"!!"'''!l:C col\~tnJl'tion.

Dimeniions: TIll' OVI'r_,,1I dim",,,,,;0"8 am lIppruxi,unlety:
(h~jghl) t I I fI s (I..nj:['hl 13 l~ x (widlhl \0' ~ inchf'li.
Net Wilisht: ~~' ... ,llIumls. "ilh 1",11"f)': 17' ... 1>o",,,ls.
withoul I~,ttt'r)'.

T"".", _
759·8

759-P21
1',\1''':-'1' NOTIGl'.

Sound-lltvltl Ml2ler....
Replacemltnt Battery for abovlt ..
Edension Cebllt (25 ft.) and Tripod.

s.... l\ ..I.... J. 2. I"'~c v.

•n ...........,..

C",{p 110M

"O'l~n

"0'''''''1 "AT
"'" ""

{'rift

$195.00
3.50

11.50

r---"ll>UlI'\lI

........""....

."""." TI'l't.
~tTU_.'0."'••
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RADIO CO. NOISE METER

TYPE 759-P50 POWER SUPPLY
USES: The TYPE 759-P50 Power SUPI)ly has compact unit that filS into the ballcry <-ow
been desigllt'd for usc with 1he TYI'E 759 parlrncnl of 1he TYI'£': 759-13 or TYPE 759-A
Souud-I.A.'\'d ]\11.'1(-" W!I{'r4' all fH' power Jiue is Sound-Level l\lclcr. A selenium rectifier pro
available. vides the filarnelll supply. A conVl'lllional rcc
DESCRIPTION, This power supply i~ a light. tifier and filter prolidc the plate supply.

SPECIFICATIONS
Output: Li vollB m~"'OIlt8up"ly IImj 90-voll "llIle 'UPI,ly
r"r 'I'll'" 759-8 Sollnd-Levl!l.\1"I~r.Allernutivel)', 0 3-\'011
Illume'll ~ll"pl)" i8 llvllilnhl ... for u:;c wilh llle old", Tn'K
159·,\ Sound-Lenl M<'ler.
Hum end Noile Level: SunidI!IlIJ~' low 10 a;;aur.. Mlis
r"clory operation of the T,"n: ~~9-B Sound-Level l\l .. lu,
wh~" Ihe sUl'pl)'-li"" r....~IU~"l'y i8 60 c)'cll'\<.

On llic 'l!<kr ']',- n i,~9- \ Sou"d-1J'\('1 \l~t...r. OJ,,·rnl; ... ,,
;>1 Ii" .. rn'flnrndCti ""Iuw 1'>11 f'yd ..s i~ ...... "'·mlly 1_~ilfho.I,ut
i~ nul, rr., ....u"",·,,,lcd. \t 60 c)'~I,.... ~ul;~ru!'lory OI>t:",lio"
is Ohl"i"l'<l 011 1011 rUIl~'iO "X!:"lll nl Ihl' 6O-db IIlt"lImlt",

>Wit '''Il.

Input Voltase, 10510125 1'011&, .10 1060 c)·dell.
Input Powe" 1.(-'!lI! thon 11 W(lll~ III II:; ,·olt,;,. flO cycles.
Tubt: One l) IlC flH6 is ~"I'IJH ...I.
Termillall: An oulput auck~l fils th.. pi"" 0" lh" "nH.,,)'
collIe ur till' Tl"l'~ i59-U Sound-u,l'l'l \leler
Diment;onl: (I...·"lI"lh) 10 :c (" illthl :! It l: (deplhl ;j iuch~,

Net Weight: H a IJUlllu16

TYI~ r.otl~ II ord I'rice

759·P50 I A·C Power Supply ....1'TrY I $55.00

VIBRATION PICKUP AND CONTROL BOX

(1I"'r-,,1l fnotj''''ne} n'~II"n"" ch"rlll'l"r;.ti" "r tb,'
vihn.ti"" I'kkUI•. l'Onlrnl I"... "ud s""nd_h'\l_1 ,neler.

'1'1", ,ih... lion 1""\'UI' "",I ~u"lroll,,-,~ ••hllt inlO til.·
,.""".I.I.-\,·! '''''Ir'r 'n tllu'~' or II", ",i"I'l'l'hunl". "d

~ho"'n hen',

"riet

$39:.50
30.00

:"O~f:l

N .. ~~,

Vib.ation Pickup...
Conlrol Bo~.

759-P35
759-P36 1

~il :f-?lt£&1fjjj !:: m'0 _ _

........c. _ COClU pt...""""

Tlte TYPE 759-P35 Pickup and TVPI:: i59-P36
Conll'Ol Box have been designed for lise wil Ii
lIw TWE 759-13 Sound-uvell\lctcr. To llIukl'
vibration Illcasurl.:mClll!; willI IIII.' SOUlld~lcvcl

meler iL is merely llecessary tu replace llle
microphone h~' t.he control box ulLd pickup (sec
TYPE 759-B. page 7),

TIll! TVPE 'i59~P:15 Vibration Pickup is all
inl'rtia-op(:ralt'd crystal devict· which gellel'ates
i.I volltlg"<' proporliollal 10111(' aetdt'raLion (If llie
vibrating bod~. B~ tnCUtiS of ill!f>gnlling tlcl
works ill lhc COlllrol toox-, \'ollage:'l propol'lional
til vl'locil~ amI displaceHu'ltI {'all also 11(' de
liwrcd 10 tbe stJllnd+le\'c1 Jll,'tcr. The (\esil\'{1
n'sponse is seh..>('lcd by nlf'ans (If a llll1:'c·poillr
sl\ildl on till' (~ollll'Ol box,

SPECIFICATIONS
Calibration: The dlo n:udiugII of lhe orouuu-Iev<'t "'l'l"r ","'
~ IlQn\'\lrtcd iulu absolute. valuc~ uf digplllCCnl<'ul, \ (·I",'it~·,

or 1lCf*-lerntion by lIlC"IlS of ~lllihnoLir", lill,m<>l ~"I'I.lil·d

",ilh clld, pickup nnd ooutrol I>ox,

Range: The ronge oflllwsurcmenl of tloc pickullOllll colltml
hu,. when used with II", Tvp.: i59-1~ Souml-I..t:\,-l i\I"I~r i~

ol'l,rox;mntcly!l8 folluws,
AVl'l'ugc l)oulotll Aml,titud.'-IOO micro-iuchl'll (mini

"'Ulll).
A.v"rog\! Veloc;ly-1000 u,icl'Q-;nehCll per st'COtl<1 (u,i"i·

",urn}. The u",~r limit of velociLy snll dislltllt:.'rn~"t

rncasun:menls is delle",I.."l on lh" rr'-(IU('lH'l oml ;8
determined by the IUDximum uel'(:l,'mlion ''''rUli""ilJl~

I..·fore oon-linenril)' oceUl'lI (10 Il).
AI'HllgC ACl'd"r11lio" 1000 mi"rn_g 10 10 IJ

1l' "'3:.'.:.' ft.,6OC./&ell.
Frequency Characttristic: Tlw OV'lr-"lI I'CSIKlIlII<' i. AI,pr.. ,i
'''n ... ly Uul "I' lo IOliO ('}, ..kll. \ typicol 1"1"'1""''''' ,'"n.·;~
",hown ot lhe right.
Mountins, Bolh conlrot hOl" Hod I,iekuj) are h,,"'....d in
"'cl"l contain"..... liniRhetl '" black laC'lner. Tho c<'ntro!
box pluga iulO the sound·level meier. ,,,,d the lliek"l' ill
lurn 1,lul-OS inlo the oonl.rnl bol:. A tlexihle c"IlI .. 7 f......1 1001<
i~ "ui>plil'd.
Nt! Wtisht, Tn!!. ,:;9·1':15 Vibl"lltion Pickup. 8 OUUN'II
(pirkup ollly): pickul' 111"11 cohle 111111 lip"" I .",uurl: '1','.,.:
7:;9-1':16 Coutrol Bo~. I l)Ouod, 6ounOl!lr.
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NOISE ANALYZER GENERAL

TYPE 760-A SOUND ANALYZER

USES: The TYPE 760-A Sound Analyzer !la'S
been designed parlicularly for analyzing ma
chinery noises or noise levels caused mainly b~y

electrical or mechanical equipment. The fact
that the selectivity curve widens proportionally
88 the frequency is increased makes it suitable
for measuring noises caused by machines that
do not run at absolutely constant speed. The
instrument is particularly well adapted for
analyzing tbe sound made by automobile aod
airplane molars and industrial or household
equipment.

Although designed for use with the TYPE 759
Sound-Level Meter, tbe analyzer is not neces
sarily restricted to tbis appljcation. It may be
used in conjunction wilb any microphone and
amplifier combination that provides sufficient
output voltage.

A13 a gCllcrallaborat.ory instrument the Tn'!':
760-A Sound Analyzcr can be used as a har·
monic analyzer to measure components down
to 1% of the fundamcntal. IL is very useful as
a bridge-balancing indicator, since it can be
tuned to the bridge frequency, thus eliminating
errors caused by harmonics. The logarithmic
indicating meter is of particular advantage in
this application.

Another important use is the analysis of vi
brations in conjunction with the TYPE 761-A

10

Vibration tlleter or with the TYPE 759·B Sound
Levell\lcter and vibration pickup.

DESCRIPTION: The TYPE 760-A Sound Ana
lyzer consists of a selective amplifier, operating
on the degeneration principle and having a
constant percentage band width, combined
with a vacuum-tube voltmeter having approxi
mately logarithmic characteristics over a wide
range.

The principles on which the analyzer operates
arc shown in the functional diagram on the
next page.

The instrument was designed particularly for
use with the TYPE 759 Sound-Level Meter, and
Ulis combination provides all accurate and con
venient means for measuring not only the actual
level of sound, but also the relative amplitudes
of the component frequencies.

FEATURES: In the development of this ana
lyzer, simplicity and convenience of operation
were considered of primary importance. The
frequency calibration is rcad direclly ou a large
dial, which can be rotated continuously to cover
the cntire frequency range of Ule instrument
with a mitumUnl ofeffort. A push-button switch
operales the multipliers, so tbat it. is a simple
matter to scan quickly the entire frequency
range of the analyzer or to change the luning



RADIO co. NOISE ANALYZER

between two remote points in the range. A
stabilized circuit. eliminates the need of auy
batler~' adjustments, and a neon ballast lamp
provides salisfactory accuracy of the logll
ritllmic vollmclcr circuit, regardJess of the
condition of the batteries.

A volume control is included to adjust the
instrument. for usc at various input levels, bul,
in actual operation, no meter mu.ltiplicrs or
volume controls are used since the complete
range may be read on the single logarithmic
meler sculc.

The selective circuits used in this Rnalyzer

contain Dilly resistors find capacitors; no in
ductors are used. .Because of this, external mag
netic fields have no appreciable effect all the
operation.

Since (Jle instrument. was designed as a com·
panion to the TYPE 759 Sound-Level Meter,
small size and low weight were considered ex
tremely important. and the instrument is
smaller and lighter than most of the analyzers
which have been used for noise work in the
past. The complete instrument is mounted in
an airplane-luggage t;yope of case motclJillg that
of the sound-level meter in appearance.

SPECIFICATIONS

- "lY 'I--
f- , '1-

, ,
~

f; C=.- • -1". , ~

,\ fUlletion,,1 diegrotU of the genernl type of ein>uit uSl'<1
in TYI'H 160-'\ Sound Allnlyzcr. The system OOllll;SI8 of
00 PIllllliliet with" proPlIgutinu COl18ttlnt IJ Bud II ft'lltl
bnek network with n proplIII'ntio" con.'lLonLtl hn"i"l! the
frellUClll)Y chnrllclerisliCll ehown ahove. Tile degenertl
tiullllet.....ork i~ highly sell"Clive. eud III itd uullllOitlt the
nOrlnlll gllin of the llmplifler i~ obtuiued. Allp....er and
higher frt'qu~"eiea, degenernl.ion OCCUt'll. aud rhe gnin

of lh'l nml,litier i~ greatly n...lul:<'<L

TublU: Tltr~'e llJ.l-G und DIN lI"7-GV t.ul>e>l ...re r«luirf'd.
A noon n-gulotor lube (t)·po T4J.i) is olso uJl"d.'\ l;Ollllll~'t.e

set of lubell i, IlIpplied with lhe inBtrumcnt.

Bettlrie,: The batteries required orcfour Burg<.!$ll No. F1UP
3-volt botteriee, Or the e<'{UivllJent, lond thre(! Burge&! No.
Z30N 'l5-vol~ bIItteriCll, or the. C':luivolent. A oorupol"tmcot
i.'l provided ill the CllIIe of the 8nnly~er for holding nil
batteries. lI"d connections ore outOllUltieally mode t.o lhe
batteries whcn the. cover of this "(lmparlmcnt is closed. A
flet of bnlteriCli is i'ltluded in thll price of the instrumcnl.

Accesso/,ts Supplied> A shielded cahl~lllld-plull"!IOl<'mbly
for connecting Ihe ollal)"£er to the r.oulld-lc,·clll1~ler.

C.te: 'fhe o,Ilalp:cr is built into 8 shielded carryiu!; cnse of
lIirplone·llIggage COll~~nletion. III oddition to the handle on
the carry;uI ClIIIl, s t!Rudle i, provided On the [lOnd of the
iUlilruwcnt for oonveniCOl'e in moving t1n~ i,,"trumeut ubout
.... bile it " ill operation.

Dimension,: (Length) 18 x (width) 10 x (height) 11 J.i
iucbes, over-III!.

Net W.ight: 3 ~ pounds. with oolterie8;:::-;!<{ llUunds. with_
out butterie!!.

•

Frequency Range: Clllibrilted directly in cydell pcr serend
from:!S to 7SOO. Th;1I tolullllnge il covered in Jlveoomplete
luru. of the tUrling kl,lob, the rangC8 Oil the various dilll
rota lions being:!'5 1.0 7S, 7S to 250, 250 to 750, 750 10 2;>00,
And 2500 to 7,,011 ~ydCli. ,\ pUllb-bnllon mtcb allo....l1 illl
m"'dillW ChAnge of th" rIl"in control to uuy of tllese renges.

F,equency ClIlibultion: The llocurncy of frequeuey c"I;
bration ill ±l!oi% of the fnlquency 1.0 .... I,i,," the dilll is ut
or ± I M cycleol ~r l!t.',,:ond, ....mehe'·cr ill II,,, larger.

VoJt.tgt Renge: The nualyzcr will give uhhl" iudicat;o",
on input voltASe8 rnnginll' from 1 milli,nlt to 10 voll8. The
metcr IlCIlle ;s relibrnled for rending dil'Ntly colupoueut
tones do.... n to I % of the &Ound prCllllur" (or volLoge) of the
fuudolOenLoI or loudeet component. Acoordinsly, to make
full uae of this fcature, the input volwge 01 thc loudest
component Or fuadumenlal ,hould be 0.1 voh or higher.

Inputlmpltdenclt: The ;nput imp«!om:)e is between :::0,000
lind 30,000 obmR, dellCndillg UllOa tho setting of the ~el\

sitivity oontrol." 3-"r ltloclUoll condcWlCr is in 8I:ries wilh
the input.

F,'qultncy Ruponll: Thl'! resllOn!lfl is ITut within ±2 db
over the entire rougu. At po;nl<l when: two rllllgell ovcrlup,
the lIensit;"'ity is Ihe IIllUll! on either rIllIge, within ±I db.

B.nd Width; The IIvernge selt>cti .. ily ie such !J,ot the rela
tivo altelluatiou il 3 dlt Dt 1 % off the peak to w!,ich the
IInltlylcr is tunOO.

TImpcr.tur. and Humidity Effects; Under very IIllvere 0011
ditiu!Ul of t.emperalurc and humidity ollly ,light, Dnd gener
ally uegligible, 8hifta in calihrotion, se11lliti";ty, aud buud
width will occur.

Circuit: The circuit oonsista of 0 lh~-!llage aUlplifier 1l11Il!e
lIeled;ve by the use of degeneration, lIud nil IIpprolin,"tely
logurit.hmill vacuum-tube voltmeter circuit, whieb IIIlDWS 8
rauge Rlightly in ex~ oJ 40 decibelll, Or 100 to I, to be
rCBd On IlJe lneler &Cole.

M.l.,: The indicating meter ill calibrated uo ....n to I % of
tbe fuudllnlent.1 or louden OOlnpl)lle.nt of the llOund. A
decihel _Ic ,sallK! included. ex-tendinll' to ,~O decibels below
the fllndllUJI!Olll1 or loudest ootllronent.

T.I.phone,: A jock ill provided on the pnnel for plugging
in 0 pnir of head telellhollCll, in order to li.ten to Ihe Bctllal
component of the llOund to which the iUlltrument i. IUI.ed.
This is lllso IIseflll .... I,,·n uBing the onl1ly~r fl. II hridl:~

balance imliC/tlor.

TYf"

76O-A I Sound Anslyur.
Set of Rlpleo;em.nt Bette,ieli lor Above.

PATeNT NOTICE. See NOla I, 9, lOll&" Y.

Price:

5260.00
7.10
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D·C AMPLIFIER GENERAL

Tilt· T,pv. :l;;-.\E 1);I't·c!·Cur...."t \"'I,liIi~r "jilt" 5-\lu Il'......mler.

TYPE 715-A DIRECT-CURRENT AMPLIFIER
USES: The TYPE i15-A Direct-Current Amr1i
ficr is designed primarily for usc with 1he
"::StcrJine-A/lgus 5-milliampere recorder. This
combination of amplifier Ul1d recorder is capable
of accurately rl'Cording small d-c voltages and
currents. III addition to its obviolls usc as a
l\.'Cording d-c milliamllleter or millivoltmeter,
it has a number of applications ill process con
11'01 and in measurements in physical and
chemical laboratories.

Since the introduction of Illis amplifier, i I has
found application to a wide variety of industrial
and f(lscarch problems. I" has been used with
the TYPE 831-£ Eleclronic Frequency Meier
(see paf,'"C 170) for the rccoruing uf frequency
and with the TVPE i31-B l\lod\llation i\lonitor
(page 120) for rccording' the rnooulatioll lcvcl of
broadcast transmittcrs. Otllcr applications ill~

elude the recording of the insulation resistance
of electrical machinery durillg dehydration, lIle
llleaSllf{'rlWnt of the emf of eleetro-chcrnieal

12

cells, tlll(llhc rceonliug of sound alld vibration
illlellsiLies. The inslrurlll'lll may lXllIlllly well
1)(' used to operntc from photoclQClric cells, re
sislarlce strain ,gauges, resist ancc LllrrmOltJelt'rs,
aud similar df>viccs.

DESCRIPTION: Thc amplifier is a highly stable
a-(' operated instrulllent, and gives full-scale
output over a range of input voltages from
0.1 volt 10 1.0 volL l\lcans arc provided for
sclcctirlg input resistall('cs between 100 ohms
and 10 megohms.

TIle circuit employs one type 6F6-G and L\\'0
type 6.J7-G tubes for IIle amplificrs in a de
generative cil'Cuit arrangcmcllt gi\·ing high sta
bility of calibration. A bridgc~type balancing
network using a voltngc regulator tube providcs
for balancillg out the steady plate current in
the meier, so Ihnl the meter indicates current
change, Both fine and coarse 1.el'O adjustments



RADIO CO.

arc provided for selling- the lIleler fvr norlllal
l.C'f(J. Thf' circuit is unalfel'l('d by changes ill
1)lule vollol-\'C roused by lIormor variations ill
0-<.' supply "oltol-\t'.

III tIlt: desigll of a dire<:l-currenl ompliJicr tilt'
mosl critical poiul is tht' IClllperalure of lhe
cathode of the first amplifier. \ cry etrcctivc
111\.'011",11<1"1' beeu pro"idcd for ovcrcoll'lin~ IHI;>'
variations ill telllperature of this cathode. A
rCJ.;ulalilig IrallSforlllcr and a filament ballast
lamp a.rc employed. TillS sysltl1l H1aintaius the
heolrr \'oltagc constant for line \ ollage changes
frOIll 100 tu 1:30 ,·olts.

D-C AMPLIFIER

FEATURES: Particular care Ims been taken in
t he design ;] nd CUllsl furl ion of this IlI'W il1~

strumcnl to combine, wiLh hig-h gain ami sirn
pliei t r of opl.'ratioll, sl ability of l'atibrnl iOIl ,,-i lh
freedom from efrcc!.S of ambienl lCllllx'ralurc
and lillc \'0IL8::''t' mriatiolls-featurcs which for
so tong prevenled the dc\'dopmcnt of the d--c
alnplificr as a CQmlllcl'(;ial instrUlllCIII.

OperaLion frolll lhe a-<: power linc, convcnient
sizc and lllountillg, and a wide mnge of inpuL
voltage and resistuncc combinutiolls make this
amplifier a convcni(>nl and reliable adjunct 10
the graphic recorder.

SPECIFICATIONS
Ron~c, Th,' i"~tr"""'''1 i~ Ilnlviot,,<1 w;lh four ""Iiloru'l~l
rl"lil'l'll, ~Iecled I.) ftlellll$ of n~" ilCh. 1/;"i"l/;; "'illihlllllC......
li,,,.:,,ro,,lp,,1 j" Ihe n..:order "ir,'u;I of WOO olorn~. for iUll"!
""IIHIIC8 of 0.1. O,~. 0,:•• ,,,,,I L(l v"lt "1'1l1;,~1 Hl th~ illput
I"r",innk! with eill,,'r pol,,';t) Th" !l'!'i" i~ Ili'llt "~"rt_·,1

",' " t"",s<:<m<lurl""c,·; Ilw mll~im"", v"to" i~ ;;O.UOO
,,,kro,,,bOl!.

A<:<:ulo<:y: '\1111 culil,o.tMI ,·oltmeleT. tht "c<;urur)' "f CI,li
hralio" i~ "1'1"o.i",olo>l) 1% of rull SCllle. Ihill Ul~'llTH"Y
I>eiug lIIuint"inerl o"er c:ollili.I,·mhJe IlCr;()(b of lime.

Input Ci,<:uit, MI'"l\.8 "r(' I,ro"idcd for selloelinj: '''')' One of
" """,hc.r or i"pul Tl",ia''''''·'·~. "'-' Ih"t the i,u;;tror>lc[ll nol
0111)' hM un ",<ljo!lwble iUllUt rl'>listllut..... but en" IIer"c uS
" e"lil)Tul~~1 ",illivoltll\t:I"r or micTOrUlunetl'r. The i,,!,ut
..",i~IHnC<'ll n,,,K<' '" llO",cT$ of 10 rrom 100 ohm~ 10 Iii
"1"/fOh",... :ihort·circuiL "",I oJlt'Il--l~rc"il ~itio,1l' aTl' nl,:;u
~"I'I,li.~1 un the .el'·l"IM s",iLch.

Fur thOSl' 1l1'llliclltiO'1!l ",here rel.. li"" values onb' nrr \Or
inler",1 ""d wh"rc Ihe ",tl"ll" "vuilabla exl·(,,,,I~ 1 ,oIl,
,,",' of I,ll<' .",itch l>oIIitioll. nmuech, ti,e iUIHlllO" ,,,rinl,l,,
lI"i .. ,;ontrol, 1IO thut the voltu8" lIpplietl to Ihe lir~1 It.irl
,·'U' II<' IUljll.. tt~1 to It,,)' d.'liired vHl"e. The i"l,ul ri'Si~hH".""

rur this t>08ili()tl i5 150.ll0n oh", .. l'll,proxi",at.·ll·.

Grid Currcnt, The f(Ti,1 "UTTl'flt i" th,' inlllli cir"uit i.i h'!'l
ItulII .002 ,"i'·l'OIllllflt'rt'.

Outpul: The o"lp,,1 "iTt'"it ia d""iglicol 10 operlll... " ;>.
",illi"mpcre m.'ter mounled 0" th(, I",,,el "ud '''1 "x1l'n",1
",,,I"r Or <I,''';''u ,!U"I> M lIlI: Eslerline-I\ "lm5 5-rn;lIi""'III''''
ro:..~",I.'r. und i3 I.rovidl"tl ....ith u ",.. tlunlly lItljusll'd .'O"'~

l"",,,,,tj,,g n.'O\i.. t",,<:<,. The ""'Ulpeu!I"I;II!! rClli..h"'l~ i.. "d·
jU8Leti 10 ,,!low for the rni..tn,,~ of the exler",,' devi....·,
"" thllL the ill~lr'''''eul "I",n)'~ ",orl.8 i"lo II nMuml n'
8i~tnu~ of 1000 oh"",. Althouglo the i".. lr""'''nt r"'l('ti""8
IlCrrl,<,tl)' when 01)Crutillg i"to reoiMlIllcett from n to ~OOO

01,m8. its ('"libmLio" ill ..lre~lell Bli"hLly ;f lhe 101,,1 iUl
1)C<lnn<:e d...,,,i,,tes ",,,trfinlly rrom the ltlOO-()I"n \'nloe.

Tcmpereturc end Humidity Effe<:b: On'r lhe rnll« or TOOnl
.'(",dition8 "or"':lll)' ""l'>ll",t..... ·d (6;,· FlIltrc"hrit 10 9~

F"h,,'nhdt.; (1 to 9:'1'1" "'II,li,,' h",,,i<lill'), the "I>(OmLiuu
a"d 8l;1hilil)' ur,' jndet"'n'l""t or n'lIhi"ot 1'01I<Iiti,,,....

Powc, Supply, The i"8(r"",,·,,1 ;8 i"Io',.. I,'d rnT o(len,lio"
Ilirectly f"'III 10;; tu t;!:. or 210 to 1;;0 "oll~. 60 c)'th·".
Olher \'oll:llo:'es o)r olh"r rrcq",'''clC>l t.hn he ~"pplil~1 uu
81,,'ci,,1 order only.

Powc' Input, Th,· IlOw," do,,,,,, from the tiO--l:yclc ,,,,,i"8
is "I>\lroxitn/llcly :15 wnlt~. Nn baueri"" of UIl)' ki",1 "re
emploYl'd.

T.vJlf'

715·AE
715-AM l in Cui Me~1 COIC

In W.ln"t C.binet,

V.cuum Tobc", '1'111' t"I>C8 fur"ist,etl wilh tt,.. i''''I'''''''·'''
nrc: two tyJlt' 6J';-G.olle 61'6-(;. olle 6X;;-G. one V1I·10~-3(1.

00ll:4'\l.
Mountin!' The ,,,nlllilier is Ulouull'l.1 in II ""!II "'el,,1 ('1."1:

idenl;",1 ,,'ilh tbnt " .... 11 011 the Esterlioc-\ull"l>l recorder,
I" i" w..I",,1 ,·"hinet. " .. ,1C6iTl~1.

AcccnOlic' Supplicd: ~v,',,_f,~,t Ii"" ''('O''l~·tor ''0,,1.
~I"'T\' pilill 1""'1$ ond r"se;l, '<lld Iwo T\'I'I, ~7l-~1 PluPi
Dimens;on': T,,'E 71".\"" ('II'illhtl 1.;1... " (wi,III,) 'J ~
{Ienj:lhl n~t i,,<;hce. OHr-oll: T\'f'~ 71.;·'\1£. (h,'i"hll 15 ~

(,.-idth) II'~" (1""I.:Ih1 n', j"d"~.(,vl'r-,,Jl.

Nel Wei!It\: \\ ill, l·:'-.r,'rlilll'_ \'HlIl>! ",,!!".;1'; "., 1"""I.la: "itl,
wnluuL ,~,hille'. ~;11 ... l"lI",d~,

5250.00
225,00
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VIBRATION METER GENERAL

TYPE 761-A VIBRATION METER

USES; With the TYPE 761-A Vibration Meter
measurements of the vibratory characteristics
of machines ami structures can be made quickly
and casily. The excellent low-frequency re
sponse of this instrument, makes possible the
measurements of "ibraliolls at frequencies as
low as two cycles per second. Tbis permits the
study of the operation of belt drives and of the
effectiveness of mountings designed to reduce
vibrations in adjacellt structures.

For the manufacturer of machinery and
equipment. the TYPE 761-A Vibration l\leler
is extremely useful in research, design, and
production testing. J\lainlenance engineers will
find the instrument useful for checking the
operating condition of bearings, gear trains, and
other mechanisms. With this instrument ex
cessive vibrations due to improper adjustment
or design and to structural resonances may be
located and mcasured.

14

DESCRIPTION: The TYPE 761-A Vibration
1\1 eter consists essentially of a vibration pickup,
an adjustable allenuator. au amplifter, and a
clirecl.-reading indicating meter. The pickup is
of the inertia-operated crystal type which de·
livCTS a voltage proportiollalto the acceleration
of the vibratory motion. An integrating net
work cOIl\'erts this output, when desired, to a
vollage proportional to velocity or displace
ment. The type of response is sclecled by push
button switches. Thus the acceleration, velocity,
and displacemcnt of a vibrating hody may be
measured independently.

Calibralions are made in lerms of r-m-s
values. The basic units in which the inSlrument
is calibrated, illches and seconds, are tbe
simplest and least confusing of lhose commonly
used. Acceleration is read directly in lerms of
inches per second per second, velocity in micro
inches per second, and displacement in micro-



RADIO CO. VIBRATION METER

inches. Calibrations are made 011 a lUolor
dri....en precision vibrator, which produces CSSCIl

tially sinusoidal vibrations.
FEATURES: Like the sound-level meter aod
souud anal)'zcr this new vibration rueter is
small, portable, self-contained, and cX"lremcly
simple in operation. The instrument reads di
rectly the absolute value of the quantity under
measmcrue.nt so that uo reference La calibration
figures is necessary.

The indusion of three respoose chaructcr
iSlics-uUOlcly, Deceleration, velocity, and djs
placclllcni-and tbe extension of the rUJlge
down to 2: cycles per second with suhSlontiaJly
flat respolJse rltoraclerislics pl'Ovidc a degree of
lJexibiLity hitherto uWlpprouchcd io commer
cially avaiJahlc \'ibration-Illcasuriug apparatus.

O",r-t,ll r(Cl:lllency ch"rocU'ri~ti~ Qf lhe vibnHiou
,uctl'r, i"dudi,,!! rio... vihmliun piekull.

I

SPECIFICATIONS
RANGES:
Vib,.lion Oilpr.cement, Caliural"d din-cth' in r-tn-.s micro
inchl'li fro", 16 mi,'ro-ind,tlll 10 3(1 inches.
Vibr.tion Velocity: Cnlil.,mLCd din'Crly in r_m... micro_
incloe.! Jlcr AeCOnd from 160 ",icro-iurhes per ill."OOau to :t(lO
iod,,'.s fll'r !lL'a",d.
Vibr.tion Accelet.tion: Calil>mlcd <lirnlly in r-m-.s iuchel.
p<:r IlI'OOlld per 5I'COlI,1 fru'" .16(1 ,,,eh l>l'r 6l.'C<Iud p<:r lII.....oud
10 3900 illcht'll per &«:Ond per KtQml.

PICKUP UNIT: Tho vibru!ion pickull is of the incrlia_
operntl.'d /;ryswl tylJO.l, hotliled in 0 CWlt aluminum oou
la'ncr. Tlto ",,.,,imum vihrution acceleration ...hieh cn" be
'"'ll.--d unun 11111 Viokul' berOrtl Ilon-liol'arily ooc,,"' is
10 K or 3')00 inchCll ~r seoo,j<l lM'r Ilc/;o"d. Point o"d lll'lll
til'S uud "" II-iocl. eX'll'llSion .od Brtl lluppli~~l.

RESPONSE CHARACTERISTICS,
Acecl.u.tion Ch.r.et"rillic, Thl! over·ull relIIlOll5ll of the
vibmtioll pickup lind vibrlllion mct...r (or IIC1ldcrHioll
tflf'lISltremi'nls follo"s II IlulOrl.'ucul Curve or "e~'t'lern!ion

V8. rrellUo.:/lcy within ±IO% from -I to IQOO cyclt'8 pt>r
sceond. Bclow I e~-dC8 pr.r seooml the lCllJJitivity droJ)ll
gru,huolly, ><0 L1ll1l at ~ cycles PO'r llt'COnd it ill tlown HP
proxiluoltcly ~5%.

Velocity Characttriltic, TIlf' OVl:r-n1J rellp<llllMl o{ th.. vi_
brlltion T,iekuJl aud vi!tralion meter for velocity mell.!lur/.'_
mentll h"t .........n 1600 micro-ind,etl pcr1iC<:nnt.1 Ilnl! 300 inchh
pr.r lleCO,ltl follow. 11 thwrtlticul curVIl o{ villooity vs. fre
quency wiu,in ±IO% frum 5 to 10M cycl89 per lC<lOuti.
Below 5 ",dell per l\f'OOnd Lit,; llI'n~itivity droJlllIl'Tfldunll)',
flO thllt ot : cyoles IJoL'l'llI.'l:Outi it ill <lown bpproximotely
40'7..,. For velocity lIlllllsun,mentil blllaw 1600 lIliuo-inche.o
pcr ilI'Wud U".> rCllllOnsu i. within ±15% frout ~Q to 1000
cycles per SltOOutl, lind droJW olr opproximulely :=5% lit 10
cydf'll per &NOm!.
Oisplaum"nt Ch.f.delillic, Thll over-nil ret;pofl.'l(} of tll..
viuration pickup lind viurati(m meter for Ji~pIDC(.'ltlPnt

tuell~Urtllllentll between 160 rnicro_incl,1'8 ,md 30 iflchCll is
1I0t within ±IO% {tolD 10 to 1000 cycles poer :Ie<:Ofld. Below
5 Cycll:ll (ll<r lICCOlld the ileusitivity drojlil olf. flO tJmt nt
:! cycl<'/I pcr se<:Ond it ill do,,'u nppro:rillllllely 50%. For
melUluremenls bf:>low ]60 micro-inclH!" the roaporure is 1I11t

Typ<

""th,u 10% 10:0 cyclCll per IIOOO'HI aod tlrol'" ofT opproxi
mutely 25% ;,t 10 cycles pr.r lIelxmd.
Md"r: Thn i",liClltin~ Ultller htl~ 1I llCule whid, remls tli
ri'etl)' iu rhl' quonlily !leill/lmcosu.......I---r-IlHi micro-iuclle<!
for displllc,·lt""'l. r_rn-fl mic" .. '"d'Ni! llt'r llf'eOot(] {or velocity,
..nd r'lIl-l! inolWli p"r !l<'e'llld llf'r J;l>Wn'J fQr lO~'f't'Il'Tulioll_

AUenu.tolS' A IO~t<'11 ntt.rn"nlor is I'TOvitled which
ehnu/lCll the meter 1I<'.ale Cflliltrhr.ioll over 11 raub..... of :lO,OOO
10 I, J\<ldilionallllultipl'cr.l nre prt",idetl whi.,h illd'Qlle the
Wrrt:<:lunitll of JtWllll"rl'mellt Dud 'lJullil'lyinl'; f"cto.... for
('ncb " ....1101llIe cbtlrncteri~tic.

Ttmp",.tu,e and Humidity Eff"dl' U the 1081>""'H,nt ia
eXpolMld 10 prolouged. liC"f're, lemlleutU.... '!r,d humidity
conditions (95 0 Fl1hrcnhl~it, 90% rduti,·u humidily), the
r""llO~ cbnractcri8tiCR "'", vAry nhoul I <lb. MY!, lhe
lMl,U!,livily Illny ebange, but this clrcet ",ny be overcome
by readjusti"g the cnlibrolion control.
C.llb,ation, A cul,hrulin/! circuit is p,ovided in the in.
strument which. by rounl'Ction to nllY 0-<:' l)Ownr line, wakes
,t po&lible to ehed: the ovcr-nll colihruliolt (>r Ihe viLror.ion
nll'ler, e:rclutli.J.g tl", "ibr"tiou l,ickull. A 6lIveu-{oolli"e
oonllector cord is I'rovidlld for this purpO/l(",
T"Iephonu, A juck is provided OU lho l"IJlel for .,lugging
in 10 pu.ir of heud ldcphoul'l! in order to lilll...." 1(1 tb\l. vi·
brntions being Ulcosurcd. fo, «muectiog tho T"r'E 760-A
Soulll.l AnulYUlr, or for ~'Oo"eetiug 0 <Joth",lc-r"y oscillo
/lropil. Prncticall)' Bny lood illlll!!dllnce Clln be ilDprcMed
ocr,,*, Lhis oul,put It'lepholle j,,<:k withoul "lI"ecti"l: lhn
rcadi"g of the ",eler.
Tube1: l'loreo IN:;-GT t"I>.."II lIud one IDll-GT rube Pre
tequirl.~l.•\. oolOlplcte sct or 1"It..s i~ /lUl'(lli~'lI.

Batltri",; A. single buttery unit. Ourge'lll lYllll 61'A60, which
OOIll>.ius the llCCe!lllllr)· Il.bte and filnnwnl voltages, is
~upplictl.

CII'" The unit is built illln ... shieldell ....arrying <:I,S/' of
"lq.llU,c-lugglllCe COU81rucliOll. oovere,l wilh tluruble black
,..nterllroof ",,,teria', .lIld equi•.>pll<1 ,..ith chromium-plnted
romelll, elliS!"'. etc.
Dimtnsions: The over-nil Jitne,,~io'lli nre Jl.pprol<imotely:
(hf:ighl) .2H inches X (l,'ngth) 13}~ inclus l< (width) 9}i
iuchl:ll.
Nd Wtight, Appro:rimntcly 21 pounds ..·ith Lottery.

Code Word

761·A J Vibr.tlon Meter ..
R"pllnm"nt B.t1cry for Abon '"
PATeNT NOTICE. SeIt No,"" I. pll;jtt .

"",ue
VlI>tJllAOIlAT

Si6O.oo
3.50
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VARIAC GENERAL

VARIAC'

\ \111 \('n" in II lh~lll.<'r lil':l,li"l( oonlr"I,.:tnel "I
\lI"I,dw,,~ r;"II,'.o.:".

USES: TIlt' \AUIAe is U volta/.w ('olllrol Ihol
fillds applieuliollS ill shop u.lld lllboralor~

wlt('r{'\ ,'r 8-{' '011 agl' must IX' adju:'>ll·rj Silloot Ill~·

and (,()lllilluou",I~. Thou!>aud", arl' ill ll:st' for
mulor $1)(.'('(1 ('Ulllrol: for h('3t coni rol Ull t>lf'Cl ric
on"lIs and furnoC('.s: for illumination C1l1llrol ill
auditorium:;. pholop-aphic :,>Iudi~. and dark
rooms: as \nltaJ:.,'t {'Qultols ililaLoralor~ h·"tillg
and l"('S('orch: and a.. output \oltn~'t· ('outrols in
t rau1:>furlll{'r-rt"{'" ilicr ...) ,,(elll:;.

\lthou~h {k...if..'11t"d priBlaril~ for u,,-.(' at ordi
llar~ 1:lO\H'r fn:'{IU{,lIci~, \ \H I \C';; all' {'iIUall~

uS('ful a.. 'olta,....· ooulru!" in po\\l'r eire-uils
opl'rlllitlf( at hi!!,llI>r fre<lu{'l}cil''' .
• ,.... I :s ..... t)ft;,r,o,

16

III Illf' h~till~ ami c81ibrnliOll of \ollllU'leN.
81lllllell'r.., \\ at lmelt,..... and PO" tr-facl or lIlC'I('~,

thC' \ .\Ii 1\(' i.s a ton\t'llienl saum' of ad
ju,tabll' \tlhllJ..'(·, 8ml. b~ IIsill~ combinatiollS
of \ \111 \(~S. tilt' pha.'it· of the lest \olta~' call
Ill' \ari.od. u,., \\ell 8:> th(' lllllplitude.

Two 811(/ t!ln'('-gallg assemblies of\ Aill \CS
an' a\8i1ahle for u:;(' 011 three-phase s:o ... lclIIs.
With Ill(' lafj.,'(~t unit.:;. \olL-ampere load:; Ill)
1017,5 "\8 call be coni rolled ill this \\"a\. AI
thouJ!'h \ \HIACS un' buill for 115 amf 230
\ 011 sen i("(', tlw~ call be used on circuits of
higher or 10"C'r \ollage in conjunction ¥iit"
fl..~cd-ralio uuxiliarv trallsformers and auto-
lrallSfornlf'n;. -

DESCRIPTION: Tilt, \ AnlAC is a coni irlllllusly
variable 811lotr8IISfonllCr suppl~illg Ull output
\'oltug-c from Zt'ro to (lbO/'/' lillc \ol!u!-Ce. h ('O!l

sisls of a sillglt'-JlI~f'r \I illdinf(' 011 8 toroidal irou
tore, As lilt, diul is rotated a carhOIl-hrwil. COIl
loci trnnl".'>l'S thl' winding, "tuppillK oil'" a
portioll of till' lulal \'u!lUb'C across the windillg.
The bru...h j., 01\\ I.l)'S in contact with 11t(' \I indillg,
am! tlw \olla,J.,'\' )X't\\t'tll lurus is ulwu~s less
thall I \011. ('\'('n in Ih(' largcsl models, whilc
in lh(' c;rnallr..1 lIlodel it is ouly about 0.2 \011.
Tht' aclual ineI'CIllf'lIts or \·ollage oblained as
the dial is IUrlJ('d are 81\\3\s less Illanthe \'olt
ahoe IX'I \I l'('11 Iurns, IIII.' ui:tioll of tlJ{' carbon
bru~h Jx.ing ~Udl that th.. chang<> iu \olta~ i~

practicoJl) <:OlltinuOll~. The resist8.1lC'f' of Iht'
brush is so dl()S{'11 thai 110 excessin~ heat ing call
(}('Cur in thl' ~horl-('ircujled turn.

FEATURES: CIIlI\llRrtod to rcsisthe llIethod... of
\oltat-'\.' cOlllrol. thc \ AIHAC has Ihe u(han·
Lages of hi,eh ffficicllCY. smooth ('onlro!. ~I
\'oltajre regulation. alld CQmparalh'el~ sllloll
size, BecouS(' Ihe oulput \'ohagt' is csselliially
independellt of load, 3 lillcar \ariUliOIi of
\'oltage is obtained. \ AHIACS also furnish
output \'olto~Ns ooo\'c linc voltage, makill~ it,
IlOSSiblc to COlllj.lCIlSlllc fOf under-\ ollo/o((' lillI'S.

Fuul'liuual di""",,n of llo~ , \Ill 'c.

r-----------

LINE

LOAD
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S'nndflr"i~i"g lll~l~l'lf with th,- "ill of \' \I\IACS ill flw l"hon.\,Q')" Ilf" I'"ulic ulil;L~' oo"'I>OOY

GENERAL SPECIFICATIONS
Model8 ranging in C<lpacity from IjO "u 10 j k~" "r~

lilll~'11 un th" nul puge. Specillcntiollll lIre for 50 lo60...·ycJ~
lIeI""i"",

R.tcd (1Il1'cnl cnll be drown (TOIU the VAHIAC ", ,,,'y
dinl po8itioll. It ;g [imiled by heallOSll in the wi"di"".

Maximum CUlTcnl con be dmwn III low voltul'll$ Or "'
vollng"" nco. the input voltage. It ;s limited by 10!lle5 in
'.h.. CllrhOll IlrU$b. Currents liP 10 150% or this ""llle cun
be drawn for brief pcriod~ wi tholll dnrnag.. 10 the V,\ iliAC.

Input Vol~!IC ;3 the volWIlC thul should be lIllplied t.o Ule
illl'UI ler",juob 10 moke the dinl calibrntiOll correct. All
~30-volt 'ARIACS hove ceoWr-lOps for use On 115·yolt
liol'll. When Ii'O USl--.:I. therotoo current isretluced by a foelor
of 2. lind the regulntion is 1I0t quite n., good ll!l with"
nO-yoll input.

Output Volt.ge is Ihe range of yoltllge n""il"ble "t the
Oull'utlcrmi"olB. with roled vOIIBl(e III'1llied 10 Ihe ,,,pul
\.erminals.

Load Rating is the tllaxilllu'll outpul currcntmull.ipliL-d uy
illput vollllgc. A VAIUAC cau hondlc. DIIlU)' lower lIetl;ug.
a oonst,'ut impedance 10000d .... hich dl1lw, at iUlmt voltllge 1\

cur...·"t nO grenter thlln the "mnxi",u", eurrellt ..

Temperatlne Rile, The ratingll of V,\IHACS "re balw.<l 011

II !eml','rnlure rise of 50· C""tigTud,·. or less. al 60 c)·d"".

No Load Lon ill lll\:J.lsurc<l lIt 60 CydL'" with ruled inpuI
yollJlt:e. Th" vulut:ll quoled in Ihe tllble omlhe gUlIt""teed
lIlaxim...
Driving Torque is the torque rt.'(luirod to turn the VAIlIAC
.hufl.
Term;n.l" Tnl!: 200_U I.ud Typl< [O~ n1o<lel...re e'luiplI"d
with threaded terminal "tuds ""d IIOlrlt'rillg lugs. ~..."
2011-CU ,",,1 Tn'l; 200-CUII hllye 90hlerinll lUg!! only.
TYP" 50 u!lila hu"e 'Itee;t,1 Ilelf-lo<:ki"ll [ermin"l. ond
I'"",,·i.ion for ottaehing BX cubic.
Panel Thie!cneu is the ",,,xi,,,,,,,, lhick..""" of I"",e! on
whic.-h the VAlli \C ~art I~, ",ountod, "'ilh the ahurt
"ul'I.lie<l.
Oi41; A reyeniblc di"l. dire<:l re,,,lin,. in oulput ""Iloge, is
Ilro"ided On nll model,. 0"" side of the tIinl iJI used when
lhe VAHIAC i. oon"Locl.ed to give" rnarimum outpul
"oll"ge ellual to the line voll.oge; tlte other side is used
when the over.voltlllle connection of the VARIAC i~ ulled.
The 1.01,,1 lingle or rol"ti"n of lhe di"l i. oltoo! 320'.
Mounting, All modd. excel'l the Tvpl'.s 200-6. 200-CU,
und 20o-CUII are proyided wilh" llerforRled melol housin!!.
\'AnIACS are shil}llell read)' for lable mounling hut CUn
ea~il)' I", l'Ol\verled for buck-of-lllInel mounling.
Dimensions, O,'er-"n height for taltl", mounting "lid ,!PI,lh
behi"d 1..1nel for IJltm,1 """,nting are !riven in the IlIbl" On
pn!!e lR. c"m\ll... te dilttl'nsiQItll.1 ~keld'Mll""1 h.- furui_h"11
On ft..qUl'St.

FREQUENCY AND VOLTAGE RATINGS
The voltagc and power ratill!!S of all \ A

RIACS are based on a 50°C maximum temper
ature rise for 60.cycle operation ..At 50 c~'clcs
the tcmperature rise tria)' cxc('{'d tlm above
value slightly, but the \ AHIACS call safel~·I)('

operated at full voltage alld CUITCltt raliilb,'S.*
"or operation at25 cycles the \ AHIAC should
be operated at half rated voltage 01' cxcf'ssive

heating will I'csul1. Thlls thtl Tn·g 200-CII.
IQO~H. and 50-B \ An lACS call be used on
1I:'j-\'olt, 25-cyclc supply lines.

At frC<lueticies above 60 cycles all VAnlACS
can be used at full raled current and voltagc.
No-load losses will be reduced compared to tlte
60-cycle values, but rCVlllation will be poorer
because of Ihe incl'eased leakage reactance.
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RADIO CO.

The photographs on theui pogel
are apPloximately in p,opor.
tion to the actual liles of Ihe
VARIACS with the exception
01 that of th Type 50, which
il shown relatiyely somewhat
smaller. Dimension sketch., of
.11 VARIACS are ayail.ble on

request.

VARIAC

TlP~ 100 \ \111 \C.
MULTIPLE OPERATION OF VARIACS

Two and three-gang VARIAC asscmblies
arc available for controlling several eifel/jtg
from a single dial, or for COIl trolling 3-phase
circuits in the same manner that one VAHJAC
controls a singlc·phase circuit.

In polyphase circuits a large variety of input
and output voltage combinations is possible.
The Yand oJlCn-delta connectiolls listed on the
next page afC most frequently used, although
the c1oscd-dcha find occasional applicalioll. rt
should Ix: Holed that the assemblies arc shipped
with standard lerminal plates Oil each \ AHIAC.
Ilencc I he lise of any of the asselliblies listed
on the next page is not limited to the circuit
cOillleclions suggested.

Parallel operation of TVPES 100 and 200 is
not recomillended, as it is generally morc eco
nomical to usc the Ilext larger size \AHIAC if
more capacity is desired for a given application.
For parallel operation of the TYPE 50 VARIACS
the TVI'E 50-PI CUfl'ent-Equalizing Choke is
available.

Several combinatious for three-phase opera
tion arc listed in the table on the next page.
Thesc arc reprcsentative of Ihe mall)' possible
useful combinations and the ra1inl:,'s giv('n arc
conserval iVt'.
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VARIAC

(Ldll \ \\ l-(·..."'''necled Ihrl'e-I'lmse
lIrrnnj.[,'m""t uf \ 'HI \es.

(U"IIIO \ (hro~'-I'h",\(' "rmllll"''''''ul of
,,\ III \CS in 110(' oIK'n-<ldla cil'1C'u;L

i

\
/"1'''1

____-::- Ou'PIII ~ _

K~

'/"Yll~ oj
A hi""

, ". ,
""

,
'" "

, ClzUllum .""~
,

"II~ ~S{'III Y '"IH
230 I., 0.9·' Z.O 2.5 O-Z~O ZUtl-CLllnZ U,,,,"-Dcltn
:?30 3.0 3.0 5.0 'i.5 O-:DO :!lIo·Cl GJ \\ ~'"
230 3.6 4.2 9.' 9.' 0-2iO IOO-HGZ OI>l.',,·I),-.llu
230 ·0 7.' \5 18 O-ZiQ IOU-QG:l \\ )'P,..
230 " 11.5 3i.5 45 0-2,0 :'>0- \G:l \\ )'C

230 12.5 9.4 " " 0-270 ,,(l-HGZ °IW"·Ot'lI,,
16' , , Z.O 2.5 O-<I(iO ZOO-CUIlG:! W)C

\60 ·0 ·0 9 9 fH60 IOO-HO:! '\ )1:,.. ,..
\60 0-

" " 3\ 1)-1(,(1 :'0-IIG3 \\ yc.,

Three-l'halU: AI Input AI Mazi",u", ~illl: Curunt in Ampcru Thru-I'lmu
L' \' /I \' /I \ /I fI Iw \f' I' ,. II

VARIAC ASSEMBLIES

Net !Veigh!
r,.. lR~c~il'/ioTi ill Pou"d,. Code 1I'0rd I'rirr

5!OO·CUG2 Z-Gang ZOO-CU.,., 17 3~ IlA"~:Il(J .. ,"UU $36.50
2oo·CUG3 3-Gang 200-CU .. 26~.\' ,"''''''"CA!<TY 56.00
200-CUHG2 Z-Gang ZOO-CUll. 171{ lIA(H.lf(GA""t 44.50
200-CUHG3 3-Gnng ZOO-CUll. 25~. D\GIIF.G, .."TY 68.00
100·QG2 2_Gang IOQ.Q .. " B"'A'1YGA"Ul· 85.00
100·QG3 3·G,mg 100-Q. " JJ"'A"Y<':A'OTY 130.00
100-RG2 2-Gang 100·11. 59 IlF.AnOO.'NDl 85.00
100-RG3 :I-Gilng 100-1i 118 '-j IlEAIIDGA!<TY 130.00

50.AG2 I 2-G",," 50_.\ .. '" 'fO"I'_'G.... ,,1I 225.00
50.AGl 13'GUIl@' 50-.\. 26.; 'fO".:-....c .•"n 335.00
50-BG2 2-G'U1g 50·11. 1,5 TOI'A7.G......"U 225.00
50-BG3 3-Goug 50-Ii, 2.;6 'fO.'A7.G""'f' 335.00
50·P1 Ch"h,. p. .','H ••I.e ..O" 7.50

" 1-:-
'- !If!
1- O~

1

PARALLEL OPERATION

The T'I'I'E 50~P I Choke is availahle for parallel 01X'ratioll of
two TnI': 50 \'AJUACS. Conllt:diOllS for this ehokc un' shown
ill the ~k(.'lch. The choke serVl'S to cflualize the current.s from Ihe
Iwo \AHIACS and also to limit 11l(~ flow of circulating ('lIrr'('llls.
The use of a choke with smaller sizes of VABIACS is noll'l'CQIll
lllcilded, because better results can be obtained by using a siugle
larger unit.
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RESISTORS GENERAL

TYPE 602 DECADE-RESISTANCE BOX

USES: Accurate resistance boxes arc extremely
valuable wherever electrical measurements are
made. Such boxes arc constantly used in cir·
cuits where a wide range of resistunce values
is required or where variable dummy generator
and load resistances are needed. The accuracy
of TYl'E 602 Decade-Resistance Boxes also
pcnnits them to be used as laboratory standards
and as ratio arllls for dircct- and altcrnoting.
current bridges.

Although designed primarily for dirccl
current and audio-frequency work. they are
useful well into the radio-frcqucllcy range for
mallY appliea! ions.

DESCRIPTION: The TVPE: 602 Dccadc-Hesisl
allL'C Bo:\: is an assembly of two or morc
TYPE 510 Decade-Resistance L'nits in a siJlgJe
cabinet. l\lechtwical and electrical protection
of the units is provided by the shielded walnut
cabinet aud aluminum pllJlcl, which completely
enclose both the resistance units and swilch
contacts. The resistance clements have no
electrical connection to the shield, which is
brought out to a separate tcrrlliual connected
to the panel.

T",o-, three-, four-. and live-dial decade
assemblies are available. Each decade has
eleven contact studs and ten resistance units,
so that the dials overlap. A posiLive detent

mechanislll assists in setting squarely on the
contacts and so permits adjustments to be
made without looking at the dials.

FEATURES; By careful mechanical design
the zero resistancc of the TV!'E 602 Decade
Hes.istancc Boxes has been kept below 0.003
ohm per decade. 111 applications where a mini
mum zero resistance is desired, this feature is
very valuable. On the other hand, there arc
mallY types of measuremcnt, such as su.bsti
tution measurements, in which the difference
between two settiub'S of a resistance box is the
sigllificaot value. This differcnce is gi\'cn cor
rectly oilly when the indi\'idual resistors have
been adjusted independelltly of switch and
wiring resistanL'e. Accordillgly, the resistancc
ullits in the TYPE 602 Dccade·Hcsistance Boxes
arc adjustcd to have their specified values at.
their own terminals, ratiler than at the tCfllli
!lals of the box.

All resistors e.'(cepl the 10,OOO-ohlll cards
are wound with manganin wire; consequently
no difficu.lt..y due to thermal emf is elleowltered
in direcl.-<:urrent measuremenls, except.. whell
using the high-resistance decades of the
TVPES 602·M and 602-L. With these decades,
some attention should be given to temperature
differenccs, if maximum accuracy is desired.

At radio frequencies, the residual inductances



RADiO CO. RESISTORS

SPECIfiCATIONS

.s.., "Rndi" F~"~,,cy Cham<:tr.riIllir.tl or n-,d" n ..~."
Cenlll'alllDd'D Jo:~"",i",.,,,lU'. Vol xv, No. 6.

Type of Wi"di"g: Seo 5pceific"ti"n" ror TYPK 510 Dm,aue
ResiHulllCl,! Unil;i, page ~l.

Accuracy of Adjuslmenl, All cur<i5 nrC IIlljWlted within
0.1 % or the stated vol"" oolwccn Curd tcrouinul.<l. exr.epl
til" 1..:.IJDJ enrdll which ure ~ldjWlled withi" 0.2~% :lOU the
O.I-ohm unil;i whieh OIl'll ndjusted witloill 1%.
Mulmum (untnt, See 8!>"cifie"lions for TnI'. 510 D<:Clld,.,.
I\csillta",:e Units. pnllc 2-1. ""I"l'S for Ill' Cl'ntigr"de ri!le
are engrave<! on rmnel. directly lIhow switdl kuolu.
SWilchel: Quadrullie-lear, 1,IJWlI1IJOr-lJrOll~~ lIwilehl'3 Oen~

On co"taet Hnds ~ i",;h in diameler. S"'iteh brushes 11M

Oent 80 nS nol to !>c tangent to tbe lIrll of r.rllvcl. tll'llI
avoiding eulling. A <:lim-type dalent is provided. Therllll'"
eleven contnet I>oilll;i (0 to 10 inclusive),
Termi"als: JIlck-wll biudiug J)O'lts S<lt "II Gl'll"r,,1 Budio
8lnodard U-illQh Sl>ll.cing fur resistlln~ <:Q"",.,etiolls. There
is lin extrn po3t "t !I,c COrner or Ih.' pnr",1 for llO"neelinus
1.0 the shielu.
Mounting: A OOIII>cr.linetl wlII"ul enbi"et. with Dluminurn
Pilncl, completely endQ;l(;lt swil.d'6i! lind "",isulIlw U/l'ts.
The j)Il./Jel finish is hlu~k crackle lllequer.
Dimenlions: Pancl Il'lIKlh d,'pe"d~ On th" "",,,her of dials
<lie<: l>rice list), be,nl:: 7H for Z-di,~I. 101~ for 3-di"l, 1:\ for
-1-di"l. nlld \:;y. inches for 5·di,,1 box(J$_ !'and width,
S i"chCll. Over·nll height. 5 inch,."..
Net Weight, 3}:( for 2-di"l, I J4: for J-dinl, :; rur \--dial, ..nd
6 U pounds for ;;..dinl Ix>Xt'il.

satisfactory for lISC at high frequencies. In no
case, however, is the (((,'queney error serious
below 50 kc. The magnjtudcs of the residual
impedances are given in the spccificalioll8
below.

The maximum allowable current for eacb
decade. based on a 40° Centigrade temperature
rise. is engraved just above each decade switch
knob.

0.00-1-0.006 ohm
O.OOH.OO!l oh",
0.008-0.012 ohm
0.010-0.015 ohm

2
3,
5

T,p< .1- f- lO- 100· 1000. 10.000
oj Ohm Ohm Ollm Ollm Ohm -Ohm

Deellde Step Step Step Slep So, Slep..
in OhlO8 •., I., 10 '00 1000 10.000

'L
("h) .014 .OS 0.11 0.29 3.3 9.5
ct

",,,f) " 26-23 21-13

Zero R",i,Ia"cc: The direck"rrent ~ero rc:listalloo..,f the
Vlriou, bo::<es depends all the nu",ber of dinL!. nll follo"'8:

No. oj l)itJ~ 7..uo flail/ana

Frequency Ch8r8(I"risljO;I:~ A TTl'\; 602 l)eeade_Rcsi~lallce

Box oon be represented 'Iuite dooely by llill equivalent
cir<;uit u.,low. which represcnla one t1cClute of abo"" ",ith
the re,,'aiuiug decadCti '"'t to ~cro, Ro and 1-'0 are t.he '-'''0
~i~lonce ,,,,d inductance of the box. due to the wiring
n",lswilches. Tloew values nre proportionnl 10 IhCllumhcr
of d<'Codc8 ill the 00::<. !i.L ill the indl.letnnce u&IOei"ted "'ith
end, i"e...."'e"l of resistance, ~n. Tha ctfeelivll Clll/{lciwllcc
C depe",I~, ill I,'t'llerai. upon 1101' dial !!elling. the vorintion
b«ing IlPI,ro",iltllllcly lillear with ilt'Uing (lh" hillher v"lue
is for the lowest llCttillg). Th... ""Iues of the C<"18llWlS are
tabulakod !.>elo"':

Lo - 0.10 "h pcr dial
Ro (d--<l) - .002 to .003 ohm per di.~1

fro (I l\Ie) _ 0.0", ohm pcr dinl; proporlional to thc
llquare root of frr.quenlly at "II frequenciell
lI.bove 100 ke,

Tamp"'falu,,,, (o",lfil;i",ol: Less tlmo ±O.002% per d~groo

Centigrade nt roolll tefllperntUre!I. exoopt fOf the 0.1 n
decode. where the box "'iring will 1Ilfect the over-nil tcw
peruture ooelIleienl..

"See .. Radio .~ueocy Ch......eteri.tiaI or 1),,,,,,<1,, l\oi!iliolOf'lO,"
Gern:n,l H&liio h.':r/l",i"",nkr, \'oL xv. N". 6.
tl'he v"lue 01 tbe MpncitenO'l ,bu"ting a .ingle "<!elide ill " 00::<
<ie"end. "po.n the l"""tion or the <I_de in tl," bo~.... weU as On
the resiste""" <>f (10" d«ad... Th" v"lues jl:iven he.... lire (.... a TYP"
602-0 and ,.....y be tekell as "'I"'ft"nw!ive.

H Mve...l d"""d"" l){ a ho~ a", ill ci",,,it at th" .. rn<: lin.... (II"
in"""",,,n!"] ;nd,,<l\lI.nOl'$ l){ th" ....ver"l d_deo may 1.>0 added
directly. lind lLe Cllpncil1ln<l<l may 1><0 tate.. In 1.>0 npl'<o~imotdl'

tl'mt of Ibe biK...... ~ ,I"""d" i" u.oe.

and capacitances calise the effective series re
SiStW1CC at the terminals to depart from the
low-frequency value.· In addition, tbe reneL
ance component, w'hicb is negligible at audio
frequencies, may become signmcanL. The 100-,
10-, and l-ohm-pcr-step decades of the TypE
602 Decade-Resistance Boxes are the most

Typ<

602-0
602·E
602.F
602·G
602-K
602-J
602·N
602-M
602·L

11 ohms, lotal, in sleps of 0.1 ohm
110 ohms, total, in steps 01 1 ohm
111 ohms, lolal, ill steps of 0.1 ohm

1110 ohms, 101ar, in steps of 1 ohm
1111 ohms, total, in sleps of 0.1 ohm

11,110 ohms, tot.l, in steps of 1 ohm
11,111 ohms, lolal, in sleps of 0.1 ohm

111,110 ohms, lotal, in steps of 1 ohm
111,100 ohms, tala I, in steps of to ohms

NfI.QJ TYIl#: 510
Diul. f)""lu/e. l '~rd Cnd~ Word Pr;C/'
, A.1i ,,"'COY $25.00, n,C "EeIlY 25.00
3 A, ll. C "ELT\ 35.00
3 Ii,C,D "'CIT 35.00

• ,\. B,C, D lIE"!:1\ 45.00, 13, C, O. £ nllBlT 50.00, A. 13,C,O. E OK'ION 62.00
5 B. C, D, I~. F """liT 70.00, C. O. E. F n&:.. Y 58.00
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RESISTORS

TYPE 510 DECADE-RESISTANCE UNIT

GENERAL

USES: Because of their precision, cumpactncss,
and sturdy cOllsLnrcliOIi the TYl'E 510 DCClldc
Hesistancc { nils arc ideal for assembly into
special test equipment. bridges, and other
(Oxpcrimcntal 01' pcnnuuclll Cf.luipmcnl. Tiley
arc particularly uscful in applications whC'rc
only a single decade is desired, or where a
TYPE 602 Decade Box C3nllol be mounted
cOllycnicliLly. In rlHlIlY cases the IISC of these
unils will make availahle for gcucral labora~

lory work relatively morc cx!X'.Il!;ive dccadc
1"C:,istancc boxes. otherwise Lied up for long
periods of lillle ill experimental equipment.

DESCRIPTION: The general constructional
features of these units may be seen from the
photogTul)lIs 011 pa.!!'c 10. The I, ]0. amJ 100
stt'pS are Ayrloll-PelTY wound of mung-allin wi,'c
on molded bakelilc forms, especially shaped and
heal l,rcaLed Lo rllilJiruize ag-iug effects. The
O.I-ohm steps arc bifilar wound of ltlall~allin

l'ibboll, while lhe 1000 and IO,OOO-ollltl sleps
flrc unifilar wound 011 mica cards. the former
of rnanganiu wire and I h<.' latter of a ('ombi
naliuH of olunax amI nichrome which gives
p!'aclically zero IcnqX'ralurc cocfTiciclll. TIll:
1~O.OOO-ohrn steps are wound ill pies of advaJlec
wire.

Eadl decade is cllcloscd in an aluminum
sllield, ami a knob om] ctchcd~mctal dial platc
arc supplied. TIle Illccharlical assel1lbl~' is also
<.wailablt, cOlllplelc with shield. blank dial platc.
swilch slops, and knob, but without resislors.
as the TYI'E 510-P3 Switcb.

FEATURES: Each resislur is a.![l,..·d at a temper
uture of 1:1'iO Centigrade beforc being aSS<.'rnIMd
ill I0 Ihe unil s. Tile ('OII.~trlJcliOl1 is sud I 11131 rrl'
qlll'ncy errors are negligible below ."i0 kilocydcs.
Completc information is givcn in the spl'C'iH
caLiolis undl'l' "Fl'cq ucnc~ Chal'acleri:sl ics.'·

All rcsistors hove 0 temperalure coctlicicnt
of resistance uf less 111811 ±O.002% per degree
Centiwadc at room temperalures. .;\'Iallgallin
wire is IIsl'd ill all decades exccpt the TYI'I';~

510-F alld 510-G. Since the lhermal cmf's
gencrated aL 0 rnallgallin-t:oppcr jUlletioll arc
very small, no difTiculties arise ill low~vollagc

djrccl.-eurrenl mcasurcmcnts when these boxes
are used. The JOtOOO-ohm !:IlId 100.000-01Iln
cards arc lIoL WQUlld wilh mallganill. and earc
should be laken ill low~\'ollagc direci-currclil
work to see t1mL telilperaLurc dilfcrcll<:cs ore
kept at a millinllltll.

SPECIFICATIONS
A~~ura~y 01 Adjustment: ll"slHI"rs uri! Adju~"'d 10 he
ne<;urale U! L~",l 1,·.."i"uI8 ",ilhi" II,,' t"I.>.,."",." I;i,'<''' i"
Tuhle 1 0" 1I"~L I}I,~~.

Maximum CUllcnl: 5<..- 1',,1>1,-. I u" "e~1 I"'J«'.

Type of W;ndi,,!: 5N- T"ble I un ""xl I"'lo~'.

Freque"cy Cf>'flclerislics, I" Tnhle II i~ 1181"d lit,· ",,, ...i
UlU'" l",rL","I"~ t;1""'Il"" in "fT,.. -lh·,· ",·ril).~ r,,,,i.l,,,,1"- of
"""h <If',,,,,If' IIR n f"nelio" of fr('quf'''cy. Fur II,,· Tll'~
510·,\ ",,,I .~IO-B tl ... !'rrOr i. tlue "I",oal ""lirely 10 ~~i"

dTePl ,1",1 i~ i"dep"nd'·,,1 "r .wild, ",'Ilin~. FOr llw T,.,·",
;;10-1: lllt' ,'rror "lin"ge. ~lowl)" ,..ilh dilll setting an,l i. "
",,,~i,,,u,,, lit ",,,xi,,,,,,,, n'8ist",,~~ II(>lli"ll". For tile TYPtl
510-0 (lUO.....I"" Jill'l' dt·~,,,ll')" hroad ",;,~i",u", ocro,u""t
the 600-01"" Sl-lli,,~. "·I,il,, for "n Ihe hill'lI~r n",i.t,,,,,,,,
u"it$. lhe posit;"" Qf ",,,xi,,,,,,,, rrl"l"e"C~ error iR "I Ihe
"",x;"'u", rMIi~I;"H.-e 8,'lti"g. For tit""" lallt'r ,I<",,,d,,,,
Cl', ,'1'..1\ 510·1, ""d _F) Ih~ Nffir is ,I"e "I",oo;t '·"Iirdy to
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8h""t ""I'"eitnn/:e "",I is "l'l'ro... i",,,I,'I)' llt"OllOrl,ior",J til
II", Sll''''''' of t.he rc..i~I,,,,,"- SI-lLi"S.

The re,,,-I,,,,~"· "l uny (1'eI1Ue"C)' and I!('Uing ,nlly he
'IHerrni"ed 'lUill) "cc"..~lt'l)· from II"" ~'Qui,' .. I~l)L cir"uit
sho,.." 0" pall\! 2:1 for Ihe T'Pt~ (,02 I)c""dn-Hc._i.lan.,,,
fl.(j~. The v"lue8 ur Ihe OO'l$llln18. "R dnlermi""d by hij.:h
rr.,'tln,·,,,:y bridge "'cn~"re"w"'8. "rn IiRlt,d ill Tuble Ill.

The high- ....... ist""ce ,Ice",l"" (Tv"".!! 510·1" ""d 510-(;)
..". veryooun"o"ly used us 1"","lleJ rllliSI"n.... ,'ll',uent.~ i"
me".Ur"tnelll dl'l:ui1.8. and 110 th" error due to th" ~h""l

""I'""ilm,cc of the ,h~lld,." "III' rr~'(lnf'nlly he eliminated.
TIt~ ",mni"j"III"""lId rl'~iSl,mCf'dl""gMl by only" frndio"
of thl' amount i"dic:ated i" Tnble I r 1I. the lII'ries rCll;Hlonc,·
chnnlle. Th", 1',,,,1 i~ l'arti""l",ly i,,,por18,,1 with r~rcrr-uc,

10 lhe Twp. 510-(; whid, h,,~ 100.000-<)hm $ICI>$. ,\t "",,~i

rn"'"llCtlilll' (hia ""il h". a -I % change i" lII'riefl "-sislo,,c.'
III I kiluC)·de. hUl its p:mtllel rCllislullce i. cI,onllrtll>~'ouly
-1% "I lQ kilo<·)"dl'll.



RADIO CO.

/l~&i~'<Jnre
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RESISTORS

11".1""'''''' f'OI~r
/NT Ilrsi~for

:;IQ"_\ 0.\ U ±I.O%
51ll-1i I fI ±O.;!:>%
';IO-C 10 II ±O.l%
510-0 100 fl ±O.J %
510-E 100fl II ±O.1 %
51O-F 10.000 II ±O.\ %
510-G IUO OOU 11 ±O.l %

os,,,, J"''"' 10 rot" ,I_Till';'''' or "i"<li"II"",IIo,,,I•.

1Ii filar
\ yrlon-I"'rry
\~·rlon·l'~rry

\ )'rl"".I'~rry

ll"ifilur 0" "lie"
I uililur un \Ii .."
Pi(~

T\I3LE II

" 1.6 "
5:>0 ,m, .00 ",,,
\70 ,,'" 250 m"
5;; "'" 00 lUll

H, "''' 23 'WI

5 111<1 ''''I
1..-' ,,", 2.:; "'''

0.25 wutl
0.6 WI,II

0.6 ..."u
0.6 wall
0.:; waU
0.:; wlltl
O.b ... ,,11

50 if,-

0.1-010", step.
1.0-oh", .tcp"
IO-ohm ~h'lJ"I

IO{I...,I"" 8l"p"
1000-oh", olel'''

10.0011....1o'" "l(~I'"

"rr</ucllc.v ill lu
I(}() Ii.. 2011 if" r,QO R" IQ(j{I k.. WOO k.. :i(J()() ke

0.1% 0.11% .i%
0.1 'k O.,'i% Li% '%

0.1% 0.2% 1.5%
0.1% 0,2% 0.9%

_U.I% ---(/.:1% ~I,;;% -11,:;%
-8%

T .\ 111.1'; III
V"lu~ of Co"~t,,n~ for Ih~ E'IU;' "I"nl Circuil or" Trl'~ ~ 10 [),..:ad~-I\C8i~l"n"" ullil

(So'" d;".,rtllll un 11lIK" ::1)

"" • 1, L• c·
'fyfW of /.m:.u/~ Ol,,,,~ ,,, ,,, ",

:;10- , 0.\ IUlil o U~;I 7.7~t.:,

:;10-1l .., 0.056 O.O:!;} 7.7-1.5
310-C 10.0 0.11 0.0:!3 7.7--<1.5
:;10-0 '00 0.:!9 O.O:!;\ 7":_1.~

'>10-1-: 1000 3.:\ 0.023 7.7-1.5
510_F 10.000 9..; 0.02:1 7.7_1..;
.; I 0-(; 1011.000 0,0~3 7.7-U

"'Il,~ 1",1:('·' ''''I',,,,il'''''''' •...,,,. ht Ih~ 1.",'P.8~ 1t;,,~ "f 'h" d"e",I,~ TI", ,-"I",," Iri,"·" "'" f<lr ,,,,ito "it!>''''1 Ih~ .hi"l<I "II". i" 1'1"''''. II i,I,
the .bid,1 """. i" I~""". IIIIl .h""t ""I",dl""' i. r.....'" 10 Iu ~O IJlJ.f g<en",. \10"" ""1;",,, ...1 10"",. d"I,..",Ii,,~ On "I>~tl ... r II,... ,i~I,1 i. ri, ,I
10 Ll,e .... il"h or h' II", ""..... "",I ,,( th" d"",,,I,,.

Net Wltisht: T",~ ;;10 l nil;l. II o",[("e~: Tn'>': :illl_l'3
9H "UllC''''.

----r
I

SwitehC$' Quntlr"I,I"-I",,r. ph....Jlhor-hro,,~c .wilchCli be,,.
"n ['On I"", .. "1,,tI. % i"",h ill tli"rn"IH. S",i!<lh hru.l"',, un,
benl !IO II. "01 to IJIl I''''!!enl 10 Ih" "re of I.... vel. !I"l!!
nvoiding culiillj(. \ 0::..,n41'111· d"knl i. "ro'-;llt~1 Th,'ro'
lire el"vcu t'Oulucl IlQinl>l (0 10 10 i"clullive). Th" ll",ilch
rel!;.t""c" i. h"I" c'<!n U.Utl:! 'ltld U.H{I:I 01"". ""d till" ,·II'--",Ii,.:
cop"r,I""c" or the s... itch is or Ih,' ord"r or I; ,.,.r. w,lh"
dissipaLioll f"ctor or 6% 111 I k'IOt·~·c1e..\ "'olllt'(\ b"kdilc
• ",il<)h r..rIU is used. Tht: form rur T\'I'~ ;;lO-G i~ lIIolded
rro'" 10..·-IOM l",kdite,

Tltmplt,atu,e Coefficient: Th,' ""rnl~rnlurc o;;ocflki"nl ..r
resi81~nce i~ k-..s Ih"" ±11.0(l:!% pcr rll'j(rl."" C"nl;!,r,,,I(' "I
room leml~r"I"TP.S.

Tcrminal$: Soltlerin/; lull'! nn' provided.

Mounting, Enrh d""ude i. ''01111>1..1'' wilh di"l 1,lalc ,,"d
knob "nd Cn" I.>c '''ou''I''<.I 0" un)' panel hel ..',·.." l~ ;nd,
utili U inch 'n Lhi{'kuj"..

Oimenliol\$: 5<-<' sk"ld,: sh"rr diameter is h i"eh.

rr,
I
I
I
I
I, ,
LL - -l,'Ii

2 M~. holes -8 orill
c'sinlf for 10'32 F.H.t.t.S.

)

~.
I c

t
Oo, /..... __ ...... /

f~3~~
Iletis/u/lre

T.vfW- Tolu/ Ppr Sir" ea./~ \1',,,,1 Pri"

510-A 1 ohm 0,' ohm l-:LATI< S8.50
510-8 10 ohms 1 ohm ~1.1)~:1l 8.50
51O--C 100 ohms '0 ohml I<I.F.()\ 8.50
510.0 1000 ohms 100 ohml I:I.bOW B.50
510-E 10,000 ohms 1000 ohm$ EL>'L'T 12.00
510-F I 100,000 ohms 10,000 ohms ~I.VA:'< 14.00
510·G 1,000,000 ohms 100,000 ohm$ Y.:<TKn <0.00
510.P3 Switch . . . .. . " ........ 1<1",0\' 5.00
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RESISTORS GENERAL

TYPE 670 COMPENSATED DECADE RESISTOR

USES: The Tn·!;: 670 Compensated Decade
Hcsistor is iUlcndcd for use il.l a-c impedance
mCllSuremcnls \\ here non·rea('live increments
of resistance are desired. This type of decade
resistor made possible the development of the
first precision radio-frtlqucocy bridge. h is also
used in the TYPE 667-A Illduclnllcc Bridge and
is an important factor in determining the accu
rac)' and cODveuicllce of operation of this bridge.
Compensated decade resistors are useful in
tuned-circuh substitutioll measurements, as

variable resistance elements in 3nll'lln8 measur·
ing circuits, aod, in b'ClleraL for brid~ measure
mellts whcre\'cr the vnriation in inductance of
the <'-olwcntional type of decade resistor cannot
be tolerated.

DESCRIPTION: The T"l'€ 670-F Compensated
DC("adc ResiSlor is au a'iSClllbly of TYPE 668
Compensated Dl.'Cadc-Bcsislance nits.

The dl.'CUdc-rcsislance units usc a double
card s)'slcm, as sllOwn on page 28, and the
switch is so arranged that a copper coil is
subslilulcd wben a resistance coil is s\\-itchcd
out of circuit. Tile induclum:c of the copper coil
is ('qual to the inductance of the resistance coil
but its rt.'sist.ance is very small. Consequently.
us the position of the switch is changed, the
inductancc of the decade is kept COllstant and
ollly the resistance is varit-d.

The t1ccade units are mounted 011 a black
crackk-rUlished aluminulIl pallel Gnd encased
ill a walnut cabinet, liJlOO with sheet copper.
The copper lining, together witli tlle aluminum
paocl, forllls a complete shield for the resistors.
A separate lennina! is provided so lhal iude
pendcnt counection to this shield may be made.

FEATURES; The greatest advantage of the
TYI>E 670 Compensaled Decade Hcsistor IS that
its inductance is collstallL within 0.1 microlicnr)'
regardless of lhe resistance setl illg of t he box.
Furthermore, lin.: total inductance of the box is
but one microheury, and so litlle difficulty is
encountered in balancing Our this amount in
preliminary adjustments.

Higb accuracy and low lemperature co
efficient of resistance are maintained ill lhe
TYPE 670 Boxes. The current ratings for all
decades, based on a 40" Centigrade temperature
rise, ate engraved on the panel.

SPECIFICATIONS
r )fpe 01 Winding: The IO-ohm lind l-oh", IlepBllre Ayrto,,·
Perry resis\.l'nl~ cardl. while Lhe O.l-olun Iteve ure lJifi.lllr
ribbon "nitll.

All decndes Ore oon'l""n!lOled hy copper ooil8 01 100..... in
Ule diultflllll on I'a~ 28.

Accuruy of Adjultmcnt: Ht5ialflnce inen:mentll fire DOr
rt'ct within :l::0.1% ror the 10-oh", ,tep•. =0.25% ror the
1-01"" steps. lind ±I% ro)r tJ", O.I-ohrn stcps.

Zero Railtann, The ZI'ro rNliltnnoo il or the order or
O.lH ob,n.

Inductance: The uro induch''"oo is I.O~ mieroliellry. Thill
vullle remoi", COUllt""l resurdlCl!» or """ilIInU<:e lIt.lliuS
...ithin 0.1 microhcnr)".

Swltchcs: Douhle-lear, phoftpbor-hrouu. Iwit.chee beltr ou
conlaeULlIdl }. iud, in diiltneler. S..·ilcb bl'Wlbe8 urI! ben~

llQ as 1l0~ lO be wlllI'enl to thl! lire of \.nIvel. thUfi lIvoiding
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cutting. A oom_lype dettllt n. provided. There are eleve.u
coutuct poiuta (Q to 10 iudlUlivo).
Temlinall: StnDdaro M-inch llpacing i9 u9Cd ou lhp tenni_
n,,'~. A ground post oonllooler! to Ihidd aDd panel ill ll180
Ilt'Ovided.
Muimum Cunlnl: See s~ilication!l ror TnI\' 668 Com
pIll\llllted lXoc:ude-llClln.wnce Unit Oil page 28. VuluCII ror
40· Ccutigrode rile are ellgrtlVl'd nn tb.. puuels direct.ly
above Ih.. Iwitcb knob.
Frequlncy Charact<lrilticl' The £requene)' ehorllctcrisl.ica or
the Typ~ 67tl Compcn!tllted l>cctida l\csillwr lire similar to
those or lba TnI': 668 Uuit whicb ill liSt:'<! iu Ihn boUlli.
Howevcr. tbe bolt wiring und cornulIl Ihield IIlTect tb_
cblltocteristiCII IOfUt'",bo L.

TImpcralurc Coefficlent: LCB8 limn ±O.OO2 % ptlr degrell
Cenl.illtllde lit room lcOlpcroturCll, Cltoept at the lower
IlCltingll where the teml""nllufl'! ooellicic.nl or th", oop,N:r





RESISTORS GENERAL

IWHr\ indllcluflt't', and Ihis value rCrtl8111S ('011
slalll to within 0.0;; lIli('r(lItI'r1r~ regardl~~s uf
rt·.. islallc{' "l{'llirlg'.

Careful COl1slruelioll has mud.... it possible
10 kL't'p I h(' frC(lul'rH'~ {\rrors small. and so all
ullits aft.' uscful up to s{'\\'ral lllc!-\,ac~ch:s.

SPECIFICATIONS

T\IH.E I

0001-0010 "I""
II 1115-0 <r-;; uh...
O,OHl 0 ll:!O ohm

..... cclll'.cy 01 Adjllltmtnl: I\,'~i'l ,nt"" ;"Cfl'ln~nLl Pl'\' l'Or
rfoCI "'thi" ±I<"'~ rl'lr Iht! O.l-oh", 111'1". ±O~;;'1 for the
I_ohm ~1"llj. _lit! ±(U% (or Ih .. 10.olom 1<,\"

Z"ro R••i.t.nc.: Th.. UrO ......~I ..'~ of Ih.. ,Iiff -...tll unill
i Kiv..n in 1'.. 101. I

__ .I·C·P<",_,,_ZO·~"'C'"':,,""=,","~::;._,-_-,-'""J"'""C':·:~"' __..... ,
....."",..c

Inducunc", TI~ ;ndlldnnce of tI... diff"rent lInihl iIllri,t-t1
in Itwo lubl.. abo, .. 'n... ;nd ...... lIn<'t' n"';tin~ ,~"",,,... I rf"

,runl'- or~..I.nt'O' """inlf ""thin 0 O~. mi'"fOllf'nry_

Tcmpe'ltu,c Cocffic:itnt: '1'10" IO:-OllprfUh, ... ,:ornici..,,1 "r
"",",,,,net' '" 1.- than %O.o<r-~ per dl'l;fi"l' C.('ol'trrtld.. ,,1
n)(),ln 1f:ft'Ilt.'1llIUre8. uttpl (or til(! lo.....r 'l'ellinp or T,·p.-~

f>68.-\ a",1 66A-U .1....... 11K" 1f'!Ul'f'l·"tur" C'Of'n;~,,1 or II...
<:o'Inl_I"" ..i",1in~may ,,1fC<'I Ihe o>'('r.... 11 It'ml''''rtllu~

,ven"''''.,t

M..;mum (urr.nl, Tim f"lIuwiull ,,,Ill,, lI:i"':II 111,· "11(, ... ,,hl<·
""rro'ul for thl! dill""'ol II"il". Til" >'01",,,, of ""r...,,,l r"r II
lO" (:.,nlilln"l" lelUll"n,llll'l' ri"". I"'''''d On o,u'''I'''''\(''
"'Pit di!lllillHtion IIi'r ..",iblor. hN' ,·",:."",,1 'III 11ll' d,,,1 1.I"lt'.

Freq,ulnc:y Ch."dtri,tio: Tile rrl'(IlH'nl"Y d",ru('t(-ri~ti"

"r T ....K 668 Cornl",,,,,,,,,,,1 D'I"'nd,·-IIt«i~II..K.'l' l "irs "r..
>I,,,,i",r 10 tlooee or T""I! :;10 l>ffl,d,,-It''ll'~I<I,,<'O.' Lnit>-.
1llI"," :! I ~uM 10....1"" .'tInl~ n", II ...• I"r......,.' """,I. II,..
.. lfed'" or ",hunt ':llll."·il",,ao " ... .,,,Iirdy n"!lli/f'bl". un,l
Ih" "h'lIllfC '11 ...,.... I'Hl<:O:< .ilh rn.'l:I'''·'''·Y 1'e'tlllb nlr"<"'1
""tirdy rrom ,kill elf,"'1

\l1l1ou"I, ",ki" eIT.,." l'rool"L~" 1I I"""i">,.' err('1.·1 uti Ih ..
loUiI rtolilll'''w:e, III" ",Io.i" ,·tf,'<:1 ill Ih,· ro"'!"'''''''I'''],!' .. i".I.
i"l1 ilIl(n·"I.... til"n tl"'l in tl,,' rcsi"'h","'· ,,,,r,k \L"COrdi""I)
Il'e..' i. II net ''''!In Ii,'., d1Ulli«' ill .,<;<i.1"""., inr-r'·"Wrlhl.
That,", Il,e i"ere,uenl in ""';"'1"110:'1' between 'me ", ... ileh
IlOi"t "millie ne:tl high.·r 0"': will 1",1."", "I hil(h r".I"'·lIei, ..
lllllfl nllow TlI;~ """fI'l1l''''' ~ki" rlfl'('I." lIt..,,,1' ''''·gl ...~de.
'b 1,110111 -0.8<7" f..,r Ihe unilJl dl",,,d,, fUld lIhoul -0.(,,% for
Ihl' I"I\S dWII,It,.

Net Wllight: 7 ou"'_.

TYPll of Winding: '1'111' In..ul''n l1u<lI-oh", '·"rli. "r" \)'rlon_
Perry .. "und. wh'I.· ll", 0.1-<>1"" AI", .. nrt' bililnr ribh"".
C"II'\lI'n""ll,,1 "i"di"/h! .. ". "","-"I 0" "II d....·("I,,,. I" II",i",nin
'-0"110111 i",I""t.nllce. (So... di",!"r",,, OOOH.)

1'''1' oon,llrul'lion of II,,· Nlnll"-',,,,,,I.,,I ,1....~"If-" rt"_

fIi~ltl'll'>!;".o4ho"·" "b", ... 0l,,_i,,' ,·".IA "r IIll' "wild,
hI".I.. "'uJ.e 00011"d ""til ' ....'11'''''-... Or i"durl""""
.. ;"di",:IO. r......ed;' 1'1)'. \~ .. n"".I"",~·~I"I' ill ",lrk-d
10 th.· d~"il_ " eOIUI"'''lIo"ti''!I i,,,lu.·II,, ...,· 11"1' 'S

n·ulo,·rd. pn,l,ie.' >'/'•.,..,

Dimen1ion" Diu",,,"'r. 3'. i"l'h<:ll: ,1,· .. lh IM'hi",1 1"" ...1,
:I i"d":'S. v",r-all: "hurt din"'''I"r. I. ill"h.

Mounting: r"ten;hnlljtl"<,ble k~'~'pl ror ~""',el, "10,,_1 w;,I,
T\n•.ilO (II<"'" lllllll! ~lJ. \ ''()lIlbi,,,,li,,,, <lilll I'lu'" ,,,,,I ,Irill_
;nl: 1""'1'1" ... il ru'niah.:ol

Switch: \ ,I']III>I"-I,,.. f. l,h'lIlph"r-hru,,1.'· 1I"'ileh IM'nr~ ''''
l'OlIluCI "'Iud~ ' .. i"d, ill "i""'elrr. 5will"h I>r"~l,,.,. lire b,,"l
Ill". "01 ltl [", l""!,",,ul In ,I,,' lire vr lrn"el, 1h"" ",'vitli"l1
l"l'I'i"!I. \ e""Hyl'l' dr'll'''l i. pro"id"d "",I lh"r" ar<' ell"'"''
cont"el "o;nl'" (0 to lU ill<"l".;,·,,).

1.(' "
.iOO "'"
160 mil

Cur,..,.,,1 f"r
t"," C. Ri~

TAB!.": II

(;/lr,...,,/ jur
:¥!' C ftu#'

1.1I ..
300 Ill"
100 mil

668·...
668·8
668-(

lIu;~/""N:

Tolal I'"~ Sit" (:oar II tml ",in
1 ohm 0.1 ohm e Uti .. 110.00

10ohm1 1 ohm '._".' l!.SO
100 ohml 10 ohml "".UP l!.SO



RADIO CO. RESISTORS

TYPE 669 COMPENSATED SLIDE-WIRE RESISTOR

USES: The TYPE 669 Compensated Slide-Wire
Resistor is designed for use in bridge and oilIer
circuits re<luiring constanl.induclan('C resistors.
where it is desired 10 secure a closer adjustlllent
of resistance than is ~ihlc \\ illl a TYI'E 668
Compensated De<'ude·Hrsislance Lllil. It is
used in the '1'\,1',,; 667-.,\ IndueLance Brid1,'l.'.

DESCRIPTION: Thn.'f' parallel ,,-ires, t"'o oC
copper and one of ma.n~anill. are IIlQUnll'CI on
the drcumfcrcnc.· of a bakelite disc. The 1\\0
copper'" ires arc cOIllI('('Ie<1 at one end and a
short-circuiting arm COUll{'cl~ ol1e copper \\ire
and the manJranin ",ire, a.<; ShOWll in the diagram
below. As the aml rolal~, the rc<;islallCt' is
chalJ~d, but the inductUII(:t· of tile ullit is UJI
changed.

FEATURES: The TYPE 669 CompeusaLl-d Slide
Wire Resistor is a coutinuously adjU1;tablc
resistor and is vtory useful in obtaining a precise
balance in bridf:."C circuits. Ils illductslI(:e is low
and remains constant ",ill.in 0.005 Illicrohcnry.
regardless of .!!Clling.

SPECIFICATIONS

•

For B ,10' Cl"nlillTlnllJ rill<' " ",nxi"""n of 2." ... ,,11.3 elnl
he di!lol;lllth'd. Tht- v"h", of e".relll rOT thi~ rille is ,·ngnovl..-I
0" lhe dilll.

Th" COIdlr"elion of lhe OOnllICIWltal l<lide ",-;re it
aho..-.. "I the left. ,\. the "lille' if Oloved ,,10",-, II
ItnHUI or001....... ,,'ire" ..,hlllilulad for '''' elillivalent

\{>"glh or "'II"I'llnin ...ire. und ";00 "era..

Inductlllc", '1'1... i",I"cluIlCO' ill 0.1:> ",icrol,,·,ITY. Thill "lIlue
renl8;M OOIU1tuot .. ilhi" 0.00:> lUilTQlwury n'prdleM of the
Il'Uillg.
T"mp"r.tll'" (o"lfi(l,,"I, l.ea thn" ±n 002 % I~r dl'llt"l.'e
Centigl'1ltle lit 1'01)'" tl''''~IIUrCl_ l"XCI'lll thlll III "I'ry low
ilettin/:S lilt: ll'mll"",l,,.e llOemrl.·nl .. ilI 8t,prorwh lIu'lof
Ihe OOIII'C' oornl"'l\IiIlti"I' wilJclin~.

F,ltqultncy eh...cte.iltln, Shunl elll",du",ee elr.'ClJI u'e
nellligible. It"d Ihe 11l'l(I':!lt \'rnJl1I 0'" due 10 "kill etrect.
which llrotlllu.< IIIl "rror On lh" iller('rn ..nlo! .eailltillll'll or
-~% nt 5:;0 kilQl'ydCd lind -1% ut I 1111'11"111')'1'11'.
Termin.lt: Soiderilllf luI:" R~ IJIO\-'io!t..-I.
Mounting: Illlereh"llge<lble ",ilh TVI'~ 6611....~llt for 11m
U!l(j of diul ntlll slow.molion drtw', \ <li"l ;1I,liClIIQ' ;8
supplied.
DimllllJion1: Oi""1I'le., !I~; ind,~: ,1.'I)lh hel,;,ul I"H,d,
3 ;OChllll, ov,'• ."II.
Nit We;ght, 70UIlCl".

1.0 II669-.\

,,,,,,,,

•
0

.....C..NIN

0

~''''' • SE<;T'ON
lHIOU ,,~

Type of Winding, See dillgo"n bdo....
I"\ccllr.cy of C.liblilion, End, uuit ilIliUl'd ..ilh II dilll in_
d;viduully ~"gn!H..-1 lit 21 lIoi,,1JI gi,i"lr tl~ in.-remenlnl
..Iide_wire n'lIil!Wlla' "'il/lio ± I% of full-tl'llie v,.I"....
Zelo Relilt1nce, TI~ Ole.... r<:""i~t ... nct! i~ 0.01 lu 006 ohm.
Muimum Cu.rent .nd Powe" Th.. roUowill1! Inble I'in'll the
H,lues or IIllow-Rble ellm·"I,

\1":r;"',,m Cll'""C'-,---,--__
__-'71·"""'-_~-'~"'.~~",·C. /Ii~ ror IN.'· c. m.~

1.6 ,.

TIRol/tICrf'lnell/o1
IIf'lliu",,"

W>·A 1.1 ohmt Gu....· 111.50



RESISTORS

TYPE 654-A DECADE VOLTAGE DIVIDER

GENERAL

USES: The TWE 65 ~-A Decade Voltage Divider
will supply exact voltage ralios between 0.001
and 1.000 in steps of 0.001, and so is useful on
the input, of amplifIers and similar high-imped
ance circuits for reducing the input voltage
by a dcfinill'ly known ralio which can be varied
in vcry small steps.

DESCRIPTION: This instrument is equivalent
La a pair of TYPE 602 Decade-Hcsistance Boxes
connect.ed in scries and so manipulated thaL as
resistance is taken out of one box it is added
to the vI her to maintain the lolal resistance

constant at lO,OOO ohms. This action is ac
complished through the usc of two TY.'E 510
Dccadc-Hesislunccunits Oflcrated from each
control knob by meuns of a chain drive.

FEATURES: The TYPE 651.-A Decade Voltage
Divider covers a very wide raoh"e of voltage
ratios. It is possible Lo obtain 1000 different
ralios frOIll 0.001. to l.000, and each one is
known with excellent accuracy. The input
resistance remains constant regardless of dial
scuings, and so reaction 011 the input voltage
is elilninaloo.

SPECIFICATIONS
Rlngc, Vollagc raliOll frolll 0.001 to 1.000 in step!! of 0.001
om he· ubluiueu hy !leUing Ull the deo:ired >"I,lue on the
t],rt'C switch"".
Accuracy, Ew,:h iudivid,ml resislor is Adj"sted wilhin
±O.I%. so the error in "olta/l:c rutio i" "ever grellter IhAn
±0,2%.
Frequency Chlrlcterilties: If thr erll'rn,,1 cupllcitllllCll
which is phw.cd "croM the out I"'. termi""l" is lC$ll than
:!O I'+'f. the frequency error is lC811 thnn 0.1 % for all fre
el"'·ud.... helow 10.000 cyclCll.
Input Impcd"ncc: The i"pul ilUpetlu,,~..,is" t'(J,,,,lllnt rCl!isl
,,,,t'C of 10,000 uhuUl re/ltlrcllCM of lhc rnlio ""tling. This
vnl".. is "ngn,,'cd OU Ilw pIIucl.
Output lmpltdlnce: The voltllge divider i.8 Ilt'Curule ouly
wtwn the oul,,,,t i"'PI,."(llIllce is eM(mlinlly infinite.
M.,.'mum Vol"ge: The maxi",um lIlla'mble '''1>111 vollagll
for II 10· C"n1illrade lemperalure rise i8 :!30 volts. Thi~

v"l"c i8 ('nll"ruv~d Oil tJ,e panel..
Templtfaluee Coltlficiltnt: The tempera lure <:<Mlfficiclll of
Ihe relisl0rll is 1<'S8 than ±Q.002 % per degroo eenligmde
III normlll room lcmpen,tureJ.
TIt,min.l" J"Ck-LoI' binding po!It8l1rc pTOvidt,<lllUd 81and
IInl ~:-ind, spacing i8 used. The shield i~ OOllne<:tcd to one

terminal of hoth inpul nnd output which ;8 nmrh'<l G.
Two Tny. 2H-M Plugll urn fur";8hed,
Mounting: The der""dCl< "rc mou"led on aU "lumi"u",
1>;lllCl ...·Ioi(;h i8 cnclO.'!l.:d ill " shieldt...,j wulnul ctlbinel.
Oimltntiont: Pm",L (k'nglh) 13 x (width) 1 inches. Cabinet,
(depth) 5'.. inches. o,'cf-nll.

Nct Wltighl: 81>OUlId8.

l,-o
IN I OUT

I

J
I
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RADIO CO, RESISTORS

DESCRIPTION: The TYPE 249 Attenuation Box
is a constant impedance aLtenuator wllich con
tains a group of resistance clcments so arranged
that delinilc and known amounts of power loss

TYPE 249 ATIENUATION BOX
USES: The TYPE 2-19 Altcllualioll Box is uscrul can be introduced by operating the kcyswitches,
in power~lc\'el measurements, transmission- whell the box is used between specified values
efficiency lests, and ill gain or loss measure- of input and output impedances. The lolal
mc.nls 011 transformers, filters, amplifiers, and allenuation is given by adding the decibel vailles
similar equipment. It is also uscd as a power- engraved b:{ each of the keys.
levd control in circuits not. equipped willi other FEATURES 'I" I' r r [I'
volume controls. . :. Ie outstUIl( l~g ealures 0 liS

box arc Its Wide range und high accuracy. ILean
be used on frequencies as high as fifty kilocycles
without introducing any appreciable error.
Both the T-t.ypc section and the balanccd-H
section are available.

SPECIFICATIONS
Atte.nuetjon RInge: 110 de<:ibcls in stellll of 1.0 decibel.
BoXell ",ith other altenuation rlUlgClJ can 00 made On
spcc'ftlorder.
Terminellmp.dence: 600 ohms. BOXell for other iml>edances
can be mode on special order.
Accu'ecy: Eucb ind'viduul fC8istor is udjust.ed wiLhin
0.5% of it.!! correct valu". At frequenciCll oolow 50 kc the
",aximum error in Attenuation is 0.2 db.
Type of S.etion: Both the 1'-s4,<:I'on 8nd lmlanced-H·
sectinn modeisilre AVAilable, Both tYJ)CIIllrllllcnt Il oonstaut
irnllC<1u"ce 'II both directions. but the balanced-H should
he used where both sidCfl of the cireuit must be bol"uced
to ground.
Type of Winding: Ayrton-Perry "-,,,dings are ueed for tho
lo,,··rcs'sl.ance elp.UlenUl. wbile uni611ir wind'ngs nu thin
'nicu cards are u"",l for the high-rCllislance unil$,
Muimum Voltag.: The Olaximum pcrl"iMihle volrnge

"ariOll IIOrnewhat with ll,e DHennalioli. hut the 11O"'"r
hnmlling cap.neity of the boxC'I ... ill not he exceeded. for
any seuing, if the voltage ulllllied to the jupuL of tl", Tn'E
249-1' i.'! kept below 25 "Oll~ n"d Ihat nPI,lied to Ih" T\"l'L

249·11 belo... 3;; voila.
Switches: Eightlow-<:apncil)' ke)' ~",itchC!lcontrol the eight
altenuation sections.
Mounting: The lInil>! are 1Il0,",te.1 in "hi"ldllll wal"ut
C8binel1l with aluminum panch•. The I'n"el and shield lire
OOllnoote<! to lhe terminal mnrked G.
Acunories: Two TYPE 274-M PIUIo'8 are $uppli~od to fucili
tate input alltl OlllpU~ ooll"ootion8.
Terminels: Jack-toil binding IlO8l>1 wilh H-illch spacing.

Dimensions: Pune!. (length) 16 x (width) 5H inches. Cob
inet. (dcplh) 5)4 i"ch~-s. o,·cr-nll.

Nel W.Jght: 7 J." pounds.
Ty~of

&dif>11 Code Word Prie~

249-H
249·T

110 db in steps of 1.0 db
110 db in steps 0/1.0 db

'~' '-"'''00

,~.

600 ohms
600 ohms

Bal.nced-H
T

BI\UINC£O-11
SECTION

Nt:T\\OltKllOIl

NP.'r\\ OIlI<TO"

'~'
..f •
, .

$120.00
100.00
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RESISTORS GENERAL

TYPE 449-A ADJUSTABLE A nENUATOR

USES: The TYPE: 119-A Adjustahle Atlel1ualor
has ):>CCII desil!llcd as a COIl\ ('niCll! alld corn pact
unit to be used in broadcast spcedl circuits,
molio/l-pkture recordilll; chumlds. or allY other
audio-fn.,<!ucllcy circuit "hen- definitely hown
amounts of attelluation 3r(' to be easily inserted
and rcmo"OO. It also is useful ng 811 isolation
ucL"ork or 8 taper pad for chung1ug impedance
levels either up or down.

DESCRIPTION: Three Ic,"cr·ke) switches con
trol six separate balanced-H nct\'oorks. The

action of the first Iwo keys inscrts from 0 to 60
decilx-Is attenuation ill lo-decibel steps. The
third key 0IX'rales an illlpedance-tapering net
work, "hich lapers tile impedance from 500 to
250 ohms and inserts 10 decibels attenuation.
in onc position. and tapers from 500 10 50 obms
and illS('rls 20 decibels attenuation in another
pooition. The middle IXlSitioll of this ke~' inserts
no allCLlll3lion and allows the box to ,",ork from
and illto 500 ohms.

Tile.: keys and pads arc hOllsc-d in a small cast
aluminum case together ",-itll standard illput
and uut put jacks. -'Ioullting holes are prO'idl'<!
on the hase for us<: \\llcrc the allelwator is to
be permanentl) attached to other equipment.

FEATURES: The salient. features of the TYPE
119-A Adjustable Allt'nuator arc cOI\\,cllicllCC,
compactness, alld accuracy. FurLlwrlllorc, this
unit can be uscd as a Lapcr pad where changes
ill impedance levels are desired. Two pairs or
jacks are provided on both input. and output.
so that parallel {'OlIll(.'Ctions can be easily made.
Either cnd or the attenuator cao he used as the
input. Complcte shielding is afforded by a cast·
aluminum case. The unit will dissij:late up to
1.5 ",atts at the nominaJ input impedance and
can be used with no appreciaJ)le ClTOr at fre·
qucncies up to 20.000 cycles.

SPECIFICATIONS

Att.nu.tion R.n,., Wben Optl"ll.lillJl,' ~lweeu 500-0I"n
impt'd.n<:..... Ihl' ...n~ i"O to60d~ibelilin 10-f1rtibel,t~...
\Vhr.n opemlinK bc-h.t-eD ~;;O- aDd ;;OO.....h'" irnlJl'(lnllcee,
the rail'" i8 10 to iO df:\:ibo'!l.....hile IlI"tweoen ;;0 alld 500
ohm. il is ~O to 80 decibel•. al;\() ill IO...l"dhd 81r.p!I.

T.,min.1 hnp.d.nc.: Thr. iml><.'d"OlL'" ill 500 ohmll in onc
dirleCtioOl. l",d eilhe. 50. 250. or 500 011lull in lhe olhe. di
rr.ction. Either end UlUy 1,,- uII':,1 ,,\I 1he i"l'ul,

Accur.cy, E"ch i"dividllnl rt'l!i~lor ill UdjU81<'<.! wil hi" ± I%
of itll co.rect Vlllll". For r":<:llI"nciCII b,.lo... 20 kil<Jc)'ch!ll,
the i~Rl.cft l'08i'ible r.rror in lltlellulItio" il O.~ .lllCibcl.

Tvpc of S.ction: A blllauL"e'lI-11 !k-'('tiou ill uiletl. The centr.r
oonnectiou ia Dot grounded. but Iltovillion ill ,,,,,de rOr
ll'Oundi"K it 1.0 the el'Jle ir lhe Uller l!O dtJeirn.

Typ. of Wind,n,: All ca.da ll.C unifiln. wonnd on ookclite.

M...lmum Pow." 1'11" unil ""iliuM,. d;.wI>8I" 8 lU8zilllum
of 1.5 ...lIltll Ht the nooni".. l input imJlt".lau"".

Switch.., Three W""tern E1erotrie lev"'_"t)- ....itr.hcs are
u~ 1.0 oontrol the III'parate .uenualinl ""I.'orks.

T_in.t" Two peiN of j8r.U. pll ...U....1ron'K"Ct", "nd de
lignm to IUe tbe standard W""t.ern EI~t.~ T'f>1: 211-:\
P1up, .~ provided at both input aDd OUlllUt.

Mnllntin!l: Th", unil is lDOuntoo in • cut..luminuw c:8lIe.

An aluminum PIIoel u U$l!d_

Dimenlionl' Puu"l. (lenllth\ -: 'I x (wid lit) J'" ind~. Calle.
(depth) :; l:i inchell. over-oil.

Nd Wei,hl, III t""--",,I,.

00.".......
••

--
W'rin. di_,.-I1I111 or the fint switch of T, I'll 119-\
AdjUlllable \tI"''' ...alor. ConoectiOrlf for the othe'"

....itclw!A are identiOlI.

Ty,"

4.9·A

Priu

S58.oo



RADIO CO.

TYPE 500 RESISTOR

RESISTORS

USES: The TYI'!'; 500 Ilcsistors are parlkuJarly
recommended as resistanCt' standards for uS(' in
impedance bridg-es. Ther arc also yaluable as
secondar) standards for laboraloT) use. The
plug-In>e tcnninals make them collH'llieul as
temlinating impedances for allelluauon boxes.
lines. and similardrcuilS and ascircuit clements
in either experimental or permanent equipment.

DESCRIPTION: This resistor is an accurately
adjusted rcsislauct" card. scaled in a bakelite

case. Bolh screw-type and plu~H:nlC ICnllinuls
are pro\ ided.

FEATURES: In the Tvp.; 500 Ilesblon; both
convenience lind 8Ct'uracy are combined. The
lemlina] arrangemcllt allows either lX'm1811('111
or temporal') connections 10 be made in the
simplest possible manner. LoYl" 1('lIlpcralure
coefficient and excellent high-frequency char
acterislics make the&' re..islors suitable ror a
wide Yariet)' or applic8liollll.

SPECIFICATIONS
Rluift.nce: Niufl'land"rd ul"e.. IU tnbulllied bt:lo... lire
.toc:ked. Other .....Iuetl ...n be built 10 ~pecilll order.

Acc....cy 01 Adju.tmenl: Each resi~tor il ndju~tcd .. ithio
±O.I% of ita .lntM vnluc III lh~ terminlllll 01 lhe unil.
except lhe l..oh", unit which i~ ",ljUllted wilhill ±0.:!5%.

Frequency Ch.r.cleriflia, Tho llible ,iven 011 IllIge 2;; for
the Tv,oR 510 J)ec",.I~lh:llilllln~"ll UnilreIU'ese"b the beh"v
iot of Ihe Tv!'/!; 500 lteoli.HlonI (l"itll n<,:<:umtdy, PII.tic".... ly
fOt lhn lowe. rll!li~llIt"''fl unita (Ill' tu 600 uhlll"). Fo. ll",
1000- ond 10.000-ohrn tlnil!l Ihe errol'll lire II'M thon thO$('
tnb"lnted for lha TYI'H 5J O. 1"''l:llUIIe of Ihe t,·t"ti ...'.ly 'flmll
.h"nt ClllllU:ilouce of un iwluled r~'8iMtut.

Maximum Power and Current: All tmit.! will di>l/:lillllie one
..."It rur n l.emtw.r"lurn ri.." of ~O· Cl·utij(rHOh·. Tho VAIU(' or
current for II,i, rille ;11 Iliven ill Ih,' Lable 1\('low lIud i~

"ngroved On ell<:11 lInil.

Temper.tu.e Coefficienl: At normnl room h'ml\('tfIlllr~. the
tell1llCr"Lure cocflici<!nl. i~ jl~ Ih"" ±O.OO:!% pcr d,·gtc..·
Centigrr"le.

Type of Wlndin,: F",. tfS;'t""celI or II'M II",,, 200 UlllUB
.\)·rtun·~rry willllill~ ~re Ulle(l: ro. :!oo ohmB lIud high,...
VIIIuCll or r'('8i~lanw th.. wiuttinlJ ill ullifilur Otl "'icll canl~.

Termin.k lloth lermiunl Kn'WlI ond 1,lulll' lire ~"Ill,lied,
nod hoth can 1M. ,,$!d. E....h len"inullilud i~ _I lI~ II

jn<:k 10 B~~nll"ud"lr! u plug. Sh'n,lurd ·~.ineh 'I>OC'OI" ill
".,.,.

Mounlin,: Elich ."""i"lor i~ lII'lIled ill n enllr! or blllck moilled
halelile with 0" ilul>rel!'lIIlillll WII •. Two mounti", holel!
lire pru"idl'tl.
Oimenfionf: (Lel1l1lh) :'. x (...;dlh) II' ;ud,C". Over-ult
height. .,.<:Iulli,·., or plup. I inch.
Ne! Weight: 2I1un<:C:II.

NO.16
DRILL

T)'~ flU;6IunC/! .\I<aimu", CUT""II fAde \tord Prier

5OO-A 1 ohm 1.0 B 1I•.c.o;r~T"I"ll 12.00
500-8 10 ohm. 310 rna IIQ'.§l·Ut:lll( 1.00
500-C 50 ohm. 140 mn 1l~'J;T"'o"u 1,00
500-0 100 ohmf 100 mil ..ESUI,.rlU)(l 1,00
500-' 200 ohmf iO mu "~'''''GlIIL 1,00
500-' 500 ohmf .5 m.. ...;;<,nuo'T 1,00
500-G 600 ohmf ,,~ III':ll:'itTCOOD 1,00
500-H 1000 ohmf 30 m" "~'ST"'·"''''· 1,00
500-J 10,000 ohm. ,,- ft"....n»rLI( 1,00
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TYPE 663 RESISTOR

GENERAL

&lu;"lIlenl cireuil of Tn'!'; 66:1 Il{';l;~lur. mounted
} inch uoo"" " lIl~lallllH"'1.

COUles these disadvantages. The straight wire
is clumped down upon the flaL metal fillS and,
as a result, the inductance is decreased over
the free space \'ulue by virtue of the shicilling
effect. of the current. flow in the plates. By this
same construction the power dissipation is
greatly increased because the heaL is carried
away from lhe wire by the termillul fins.

The cquivalcllL circuit for the TYPE 663
Hesistor, when mounted approximately one
illch above a rnet3t panel, is giYC11 below. \calw:s
of th(' r('sidllal illductsnce, L, for the different
L1uit:; are tabulated ill the specifications.

Hcsidunl inductance and capacilance cause
two effects. First, Iltey cause the resislance
component to vary with frequency uml, second,
they create a residual reactive cOll1ponent.
If the resistance. R. is large compared to

. II where I.. is the efl'ecti\'e series resistance
Ve'
and C Ihe elTective shunt capacitance, the
resistive component decreases \rilh frequency;

if the resistance is smull compared to v.~.
the resistance increases with frequency lip to
a peak beyond which it dccl'f'ases. For values

of n large compared with . fL, the reactance isVc

USES; The TYPE 663 Hesislor is dcsigm::d to
have all aecuralcly knowil impedance at high
frequencies. It is particularly useful as a slalHl
ard r{$islor for tIlt' resislanCC-\'urialioll method
of iJupcdullcc meaSllrCIlI£,111 at rod io flOC<i ucncics
and as a circuit dement in bridgcs and similar
equipment. It is also useful as a terminating
resistor for matching radio-Irequf'ncy trans
mission liues and, gCllcral1;y. as a low-resistance
standard in high-frequency applications where
small residual rcactallc~, acclll'utcly known
resistance, and moderate powf'r-handling ca
pacity llrc required.
DESCRIPTION: A straight piece of resistance
wire is soldered Lo two l1al llIetal plates, which
are mounled clooc logel her 011 3 strip of insu
lating material. A thin piece of mica insulates
the wire from the !llatcs, excepl at the soldered
ends. This assl!Illb y is rigidly clamped together
with a top piece of inSlIlUIillg' materiaL The flat
metal plates extend Oil either side to forlll
sloHed terminals.
FEATURES: A rcsistor for high-frequellcy usc
should have an impedance which varies as
little as possible with frequcllcy and \\hidl is
as llearly resistive in nature as possible. These
requirements demand lhat skill cfl'cd be kepl
at a minimum ami that residual illductll,ncc and
capacitance be made vcry small.

The straight-wirc resistor approsc!L<.'s ll1is
ideal more closely than allY other lYIlC throu~h

the use of sltort pieces of fine \\"ire. In lhe
cOI1\'cnlional form. hO\\T('\ cr, lwo disad vantages
occur. First. the fine wire has relatively high
series inductance compared to its shunt ca
pacitance, and low-rcsislUlwc units conse
quently teud to haw relatively higll indu(·tive
reactances. SceoJl(I, the fine \\il'e callnot dissi
pate any appreciable power wit hout 0\'('1'
heating.

The design of t hI" TVPE 663 He-sistoI'· ovcr
os.", D. ll. Si"claic. "·rt." 'I''''K l.~3 11"",.1<>1'.'" Gc"",al Ihdi"
E~I>uimMl",. Vol. XIII. N". 8. 1"'41" 6. h"'I8<Y. 1939.
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ROlio of t.1f('Clive l'Cl!ist'UlN' to 1I-c rl'1li"ltuce Il~ II
function or frequency, ror ti,e TH'E 66:1 I\I'llj~lor

"'0",,1<,0:1 011 binding '1OlI~. os df:'llCribe<l in the
le>:t.

Hnli" of ....lul,·lllcni/leri'.. 'CDc-tanet' 10 d-e rMli$\-_
~n<:e 1I~ n fUllcl;On nf r'{'(lu{'ncy. for the Ttl'!: 6(.:\
Il~.,.i~tor ,,,ounto..1 Oil bind;,,!, polIleS. 08 d~rilJo'd

ill lhe te:tl.

capacitive; for values of Riess thall ~,

the reactance is inductive tip to tJte resistance

peak. It is desirable tOlllainlain V~of the Sllme

order 01 maJ.,rnitudc as the resistance ill order to
minimize both rt'Sislancc c!lange and rene'h'c
componcnl. The eOllslruclion of the THE 663
Resistor, whicl. gives low induclan('t' at the
expense of increased capacitance, fulfLIls this
condition.

The accolllpaJlying cun'cs illustrate the
behavior of Tn>E 663 Resistors as a function
of frequt'llcy '" hen mounted au a pair of Typt;
138·\ 0 Binding Posts with one end ~roulldcd

to a I .. -incll metal panel UpOlJ "'hich the
binding posts are assembled with TYPE 271.-Y

l\·)ounting PIHICS. Wilillhis setup, the effeclh'c
ShWlt capacitance t'DIISisls of the sum of (I) Ihe
direcl. capacitance of t he resistor. (::n the capaci
tance to ground of olle mounting lug, (3) the
direct capacilanCf' brtween binding posts, and
(I) the co.pacihuwc of one binding post to
ground,· The total C81lacilallce in this case is
approximatel) 6.5 pJAf and the conditions are
therefore more S('\crc t1lan would exist if 8

low~apa('ilanl'C Illount iug were used.
It will be !i{'('11 I hat the reactance is larfre

compared 10 lhr re:;:i~lance for low ,-allies of
resistance and 11igh frt'<lucncics. In most ap
plications, Ihis is nol important because the
reactance cRn lx, hlll(.'(1 out.

SPECIFICATIONS
Relist-nce V.I".,: Shllldard un'ts ore AVII,lubl,' in the
rOllOW,nK re~itll(tllt:ell: 1. Z. 5. 10. 20. 50. uud 100 oh",~.

Accuracy: All un;llIlIre udjullted .'thi" ±I %.
Residual P.tamtlers: Thll following tnhl" lIi"elI nPI,ruximu!.t.
val"r.~ for 1. for lhe d'!Tr.rCllL UI\'I.8:

C"rr~"I!or

R'~UI"fl""'_~---::-="':-:---_?!'-tO· c. lIi~~
1 olull 0.0065 "h 1.1 "
2 ohll\lI 0.013 "h 10 II
5 ol",.s 0.015 "h 0.5 •

100hlll8 0.029 "II 0,35 ..
20 ohm' 0.032 "h 02 a
SO ohlns OO:W "h 0.1 a

100 obmll 0.039 "h 006 II

Skin EK"e*: For ull ""ib th,' "ki" elTect is lea Lhun , % fOr
f""lUll"ciCll belo... 511 IIIPlrocyd"".
Temp,,'alllr" Co"ffici"nt: "I "orlUlll rOOIU telllll,'rtlLure the
",,,"perature c:ocllkiellt ill leM Ih"" ±lI.OO~% l)oCr ullgree
Cent'grocl".
Muimom Power .nd Currenl: The nllowuble power dill~illa

tion for II ,10· C""li!tl"ltl!t' 1"II11l/'rlllllrP riSl' ~'"riell wilh re
sistllnce, being 2 wlllt" for Ihe l-oh", unil "IllI 0.1 "'lIttfor
the 1ll0...hrn ""il. 'I'h., rliled r"rrelll fur tliis l!'II'I",r"l"nl
rille for the ,Wr"n'1l1 ""il" ill "i""ll in lh.. l"ble.
Terminall: l'hl' DUI n"'lul I.lplel! 10 .. hic·h lh~ reolistlluCl'
'Wire ilfilUlchcd lIr~ ulled "li terminold, Bud are. ootllilotl~
Itnd drilled ror co"yrni"ncc in ",u<",linl!".
Dimenlions: (Lenlflh) : 1,( .. (... ;dlh) 1\.( iurh"". Ovcr."U
bei,hl. ~ inch
Net W"ight:: OUIIce<

'" ",C
"ART,

PATT'
r.mu_
PE-·UI.

P~:"\

P~Y

TVfW"- ---'nui.r'Gnrr'-- ~---r.e,.,=r Wan!

663-..... 1 ohm
663-8 2 ohms
663-( S ohms
663-0 100hml
663-E 20 ohms
663-F 50 ohms
663·G 100 ohms

Prj€,<!

55.00
5.00
5.00
5.00
5.00
5.00
5.00
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RESISTORS GENERAL

Type 533. This is a heavy-duty uniL capable
of dissip:1ting 250 walls undcr COlllinuOIIs load.
Tllc rcsislance elemcnt is wound 011 all asbeslos
covered aluminum strip tllutscrvcs todistrihutc
the heal to bc dissipated lo on POl'tiOllS of the
elcmel1t for bcLler radiation characteristics. An
intel'l1al wipillg cOlllact is used. The '"JYI'E: 533
is designed to operotc aL ext remel)" high temper~

atures, and care should be takcn in its localion
willi respect. to assodatcd :1pparatus.

Type 333. This Ullit has the same general COI)
strllctiOllol features as the TYI'l' 533, but uses
a siugle-bladc cont~ct arm.

Type 433. This is :1 lafj,'t: UIlll, whidl is stocked
only UI tbe 500,OOO-ohm size. The large diam
eter (5 inches) allows a large Illunbcr of turns
01) the wiJ){jjng form, makJug possible cxtremely
high resislance together "With very smooLu
conlrol. Thc contact. llrlJJ is a specially formed
phosphor-brouzc blade. A protccting strip of
linen bakelite is provided to prOlect the high
resistance windings frOID mecbanical damage.

Type 471. This is a high grade unit. suitable
for usc in high-irnpedallce circuits where low
lIoise Icv{'! is dt,'sired.

The high resistance wimlings llrc protected
from mechanical damage or disturbance by an
cxtcmal protectillg $trip of Iincn bakelite.

An inside contact urm, bearing four separatc
wiping fingers. insures low noise level aud ex
t!'Cme!;y Sllloot h operation.

Type 314. The design features of tllis uniL are
llu:tse of the TYPE 1171; in physicul dimensions
it is similar to lhe 'l'ypl:: 2l l k

Type 301. This type is a small. compact unit
similor in construction to the TYPE: 211~.

USES: Variable resistors and potcntiolllcters are
useful in assclllbliJl~ experimclltal Cfluipmcllt
where tube voltages alld circuit clcmcnts are
to be varied until tbe fmal design is obtained.
III stalldul'd C'quipment, such as oscillalors,
bridges, lest equipmcnt, and industrial instru
ments. many lllllilufacturers fInd General nadia
rheostats extremely useful as fj]arnenL- and
plate..-supply coo trois. output potcntiOlll(>lcrs,
bridge anllS. and as pllrls of almost any instru
ment wbere variable resistances are Ilceded.
Ganged units can be used where simultaneous
control is desired. Units \I-ith special rl'Sislance
values or tolerances cal.l be made to order. 10
addition to the ordinary linear models, tapered
uLlits of both tile straight and logarithmic t.ype
can be madc to satisfy parlirular requiremenls.

GENERAL DESCRIPTION: TIle resistance wire
is wound 011 a strip of insuillting material such
as bakelile, which is lhen bent al'Oulid and
fastened to the molded bakelite supporting
form. All units are SQ constructed Ihat. Ille shaft
may extend through either 01' both cuds of the
rheoslat. Tcrminals and mounting holes are
providcd on all models. Terminals arc providcd
at butu cnds of tile winding. The cOlltact arm
is in continuous conlact wilh lhe winding.
There is 110 "011'" position.

FEATURES: General Radio rheostat-potenti
ometers Ute manufactured in eight bnsic modcls
under severnl different types of cOllstruction.
The essential features of each L:n>e of design
arc outlined below. The shufts turn in accu
rately machined brass bushing inserts which are
molded into the bakelite form (except '1'Y1'E 533

RHEOSTAT·POTENTIOMETERS
,....------------------, aud TYPI~ 3:33, where integrally molded Lakelile

bearing holes arc used).

Type 371.A. The resistance wire is wound OIl a
linen bakelite strip, which is securely clamped
Lo the supporting fonu. The contact arm is a
sl>cdally fonned single phosphor-brollze blade
that provides smooth and rlflll cOlltacL with
the edge of the windillg.

Type 371-T. In this unit the resistance form
is lal>Cfcd linearly, so thaI rhe "ariation of re
sistance wilh anglf' of rotation followil a S(luarc
la\\ (illcrcasillg willi clockwise rolalioll of tbe
knoh in npand-mounled lIuil). III all 01 her
respcf'ls il is similar 10 tile TYPE 37L-A.

Type 214. This is silllilal' to the TYPE: 371-A
in every- respect cXCl'pl 1hal Ihe wiuding form
is narrower.
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RADIO CO.

GENERAL SPECIFICATIONS

RESISTORS

from 50 to 60 dl'greee Centigrade for open shelr Or panel
mountinglJ. When mounted in enclosed spaCeIl slightly
higher tellljlCrahlre ri9C8 or 80nwwhat reduced ",tiuK$ "rll
to 00 CIpected. THE 333 lind TVI'E 533 ore rllted for a
ri!lll of appro"ilUol.ely 250· Celltig",dr.

T.~~ Poru, Jrfl/j'lJ}

Accuracy, All types are ...ouud 1.0 ltU accuracy or ±IO%
of the nomiual values listed.

Muimum Cunent, The maximum current is the current
..bich will produce the Tilted power di""ipation wben Oow_
iog through tbe entire winding. Thill currcut should Dot be
exceeded in ooy portion or the ",ioding.

r..mln.lf: Screw lerminals witb 3-fingcred tinned soldering
lugs are provided on all Illodels except Typ&! 53S Dod 333
which lire furnished with jilek-lOll binding posts.

Accessor;.I: All mod'lla ure provided ...itb the ueccsaary
IICf"'.... ' lIlId nute for mounting, as well as a wlDplut(l for
laying outlhll mounting bolCll.
Dimensions: Over_nil size nnd mountiog dimell!lioIL'l are
showll on the akeLche8 bela....
Power R.ting: In the tobl", below lire given lbllllpproximiltc
IlOwer mlings of the vllriOU8 models. TbCllll ratings, (U<:ept
ror the TVPElI 533 and 333) are for 0. temperature rise of

301
301 ("'ilh

protecting strip)
214
31.
371
371 (with

protecting strip)
m

3
333
533

I .... liU..

3 ....alts
10 waUs
a wlIlts

15 \IIotts

12 watts
12 walts
25 walts

60 to wa
250 watts

MECHANICAL SPECIFICATIONS

T:r~ of Shafl
Uuful Angle Nel lVeill'hl

T",. Type of Knob. of Rola/ion in Ounu,

371 K-ia. Steel 637·G 303" 8
214 J,·in. Steel 637-G 303" ,
m ~in. Bakelite 637-1-1 2!H" 8
31' Ji-in. Bakelite 631_L1 29'1" ,
301 }i.in. Steel 637·A 254" 3
533 ~ill.Steel 637-Q 305" 30
333 ~ill. Steel 637.1l 289" 18
·133 Ji-io. Bakelite 637-Q 322" 18

os.", 1"'11" 1M ror Q d-=ription or o.,*, knoht-

TYPES 214, 314, 311, 411, 333 TYPE 533

T"" A (JlUhr&) B(JIUIItI.)

21·I-A "3% I,.
31·t-A ". ,"371.'\' 8~ '"471-A 3' 2Ji
333-A ,

'"

~
'~/3"TGHO'ES~f NO 25 ORILL,-o ON,RAO.

I~ ~il Ilf Ii
~3~ LS-i hiTO&~

TYPE 301

" ,.

~
2 MTG.HOLES

~ . .~ NO 25 ORILL

I~ _lIL
~1\Ji:lIA~

TYPE 433



RESISTORS GENERAL

533-A 1 15.8 , MGl..AI\ $6.00
533·'" , 9.1 , "0:01"0 6.00
533.A '0 ::',0 " MOll.,. 6.00
5JJ-A 30 2.9 , MO'1O(l 6.00
5JJ-A '00 <.,

" )lUGC'" 6.00
5JJ·A '00 0.9 " ~Hm"'l' 6.00
5JJ_A 1000 0.5 , IIU811' 6.00

,\1u:;r;m"m /llu.I;;mum C<xl,

r"" Uuislallt:f: Cur,..,,,' lVord I)r~e

333.A 1 8.5 " \ "r.oll $4.00
333-A , 5.8 , ,.""til 4.00
333-A 10 ' - , ,"ENUI 4.00_.,
333-A '0 l.ll , >lOlL 4.00
333-A 100 1.0 , VIGOII 4.00
333-A '00 0' " VII.I." 4.00
333-A 1000 0.:?5 n 1t1J~IO" 4.00

371·A 1GOO J~O ,", ,,1(0";0- $4.00
371-A 2000 90 lOll 'U:l'lT 4.00
31'-A 5GOO 55 lo" "OTOll 4.00
371-A 10,000 " mn 1\0",,)\' 4.00
371·A 20,000 " lUll '''Jl.~:1\ 4.00

·371-A 50,000 06 "''' S.. TYII 4.00
*371.A 100,000 11 mil SIlI'OY 4.00

371-T 10,000 " "'" SULl.Y 4.00

Prke

Pri«

Cod,
Worrf

Cod,
Word

llfu:ti",,,,,, A!u1'imum
TY/~ Uesu,lunte Currml

AI(l",,,,,um ,\fax"'/Ii'"
Ty~ lluutrllln C"rn"t

,Hu.l;;"'u", /lfu.:imum
1y~ /luis/a"".. Curr~nl

214-A '0 1.0 , Illjll"'. n.DO
21-4-A '0 0.7 , lIAZOll '.00
214-A 50 "0 rn" 1I""Il> 2.00
214-A 100 320 ,", ,\IV"'" '.00
214-A 200 :?:?O '"" E>lf'Tl" '.00
214-A 500 .-10 '"" l\QSIN '.00
214-A lGOO 100 '"" ....N"CT '.00
214-A 2000 70 uH, SYIIVI' '.00
214-A 5GOO " '"" I\OWEI. '.00
214-A 10,000 " "'" IIUMon '00
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lI1azimulIl 1\1<12i1/lUIll coo,
T,,,,, Ruu(allU Current Word I'ri~e

*314./\ 1000 90 '"" DIVAN $4.00
*314-A '000 65 lUll EN ...... '· 4.00
*31-4-A 5000 ·10 '"" "_'1JOY 4.00
*314-1\ 10,000 " m. D1Hm 4.00
*314-1\ 20,000 20 Ill8 t:;</lOl. 4.00
*314.A SO,OOO 13 "" UONAJ( 4.00
*314-1\ 100,000 , lila OO,,"CA 400

Ma;r;imum ,\TuJ:imum COO,
'l'ype Ilt&i.rlanu Curt'",,1 Word l)ri«

·471.A 10,000 3S m. ERECT $6.00
*471.A 20,000 :!5 m. ItU)I,,'" 6.00
*471./\ 50,000 13 mil "nODF. 6.00
"471·A I 100,000 " Ill" "RUI"r 6.00
*411.A 200,000 ,

"'" E~"F.I\ 6.00

,HaJ:imum ,\fuzimllm COO.
T",. lluuhmt:e Current lI'orti Prire

301.A 5 0.' " I'A'.I'" $1.50
301-A 10 0.65 a ItE)llT 1.50
301·1\ '0 450 mil RF.Nt:" 1.50
301·A 50 280 Ill" '''I'l.F. 1.50
301·A 100 ZOO "'" "'GIO 1.50
301.A '00 1-10 "'" IlIWUS , .50
301.A 500 90 "'P Ill""'. 1.50
301-A '000 65 "'u II""!:[. 1.50
301·A '000 " mil IIE.">I' 1.50
301.1\ 5000 " ", IIO.IAN 1.50

*]01-A 10,000 11 "'" cunl\\' 1.75
*]01-A 20,000 " m. C'\lJ:<I" 1.75

Muzimum ,\'TI'..einWIlI COO.
Ty"" Rt,i4{Qllu Cur"-"I II'QI'fI PriL:t.

··413-A 500,000 , m" U'I\UE ]S13.50

.Sulll'liL~1 with liDL...·b.kclite 1"",,t,"'I'nll' .trill.
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RESISTORS

GENERAL INFORMATION ON PRECISION RESISTORS

In the prccision~resislorUJlils and assemblies
described all the pfCvious pages there arc util
ized a number of dilfercnl L)1:leS of ('onsl ruction
and Willllillg. These variolls ullits embody 1he
results of the General Hadia Company's mallY
years of c;\Tlcriclice in this field. Permanence
and stubility are acl.1ievcd by careful atlcntion
10 the m811ufacluring and assembling process,
as well as to design.

Excellent long-lime characteristics arc ob
tained by the use of carefully selected materials
in conjunction with proper aging berore alld
after assembly. These resistors have 110 signifi
cant change ill resistance over their operating
temperature ranges and retain their original
calibration over long periods of time.

The behavior of a resistor over a wide range
of f.requency is often as important as the sta
bility and accuracy of calibration of that re
sistor. ]0 the units described below, residual
reactances l\lld associated changes in resistance
'with frequency have beeo minimized. so 1hat
they Illay be used \dlh no change in accuracy
at aud.io and supersonic frequcncies. l\'laIlY re
tain thei.r accuracy well into the radio--fre<lueuoy
rll1l~'C. Their frequency characteristics are speci
fied in detail on the preccding pages.

Following are the: types of winding used:

Mica Card Method-Used for cards from 200
ohms to 20,000 ohms.

In this type of constructiou the manganin
resistance wire is closely wound in a single layer
on a thin strip of mica. Tinncd-coppcr tem1inal
strips are secu.rely fastened to the ends of the
form, which serve not only to anchor !lIC wind
ing but also to reinforce the mica.

After tho card is wound, it is beat treated at
135° Centigrade for several days before the final
adjustmcllt is made. Tliis proct'SS is equivalent

to a long period of aging at normal tempcra
tures and produces a stahle resistor that has
been relieved of winding strains both in the
wire ami in rhe form.

The higher resistance cards of this type
(10,000 ohms and above) arc wound in two
sections, the one of nichrome. the other of
ollrnax. so that rhl' negative variulion of rcsisr
once with teIH!X'rolurc for olle section practi
cally canecls thc positive ,'arialioll of the other,
to produoe a card whose resistance is essentially
independent of tcmpel'3ture over normal ranges.

Ayrton-Perry Method-Used [rom about' ohm
to a few hundred ohms.

A molded bakelite strip, aged at 1:\5° Centi
grade to insure mechanical and thermal sta~

bilily, is used as a fonn. On this strip arc placcd
two windinb'S. connected in parallel but wound
in oppositc directions. Cards wound by this
method have a very low inductullce, and the
distributed capacitance is also very low. be
cause adjaccnt wires arc at very nearly the
samc potential.

After winding, the resistol' is aged at 135°
Ccntigrade before the final adjustment of re
sistance is made.

BiBlar Method-Used only in O.1-o11l11 decades.
In this resistor a short strip of mallganin

ribbon. bent sharply back on itself, is cOllllccted
directly between successive switch points. At
tho low rL'Sistance values for which this type of
construction is used, the comparatively high
capacitance is immaterial. as inductance and
skin efrecL arc more importanl. in detcrmining
the high frequcncy characteristics.

Straight-Wire Method-The constrllction uf
the T\'I'E 663 Resistor, which is a straight-wire
type of rcsistor, is fully described on pages 31,
and 35.

Th<'lle IlI,otOlj'rllllli$ illllMl1lle the melhoo.'l l>r windi,,~ de&;ril)(."l! obovo. (141) Mir" canl mclhOl!.
(uu{pr) Ayrloll·l'orry IlldtllXI. 1I111t (riyhl) BiliJnr melhod.
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CAPACITORS

RESIDUAL IMPEDANCES IN AIR CONDENSERS

GENERAL

As a continuousl)' adjustublc sialldord of
impedance tbe "!I riahI!"' air condcoSi'r ap
proaches \cr) do&'ly the ideol circuit dCIIH'Ttl.
At audio lind lo\\-radio frt'<lut.'IWics tin.' I"el>idual
cornponcilis art.' wiuall) of'J:'ligiblc. aod it is
penni ible 10 {'(III!!oidcr the l'Olldl'lISCr as !la' ing
a pure, COIll'itant clIpacilan<"t'. IlowcYcr, for use
in preci.::-e lIleasurelllent,:; of illlpl'dance, espe
cially at high radio rl"('(lucnci~. it is n~~r)
10 tale account of the small ~idllal paronle
I....

In II \ariablc air ("Qlldf'llscr Iht"':Se residual
impedanct'S an' caU:-rloQ by: (I) 10SSl.'S in lht"
solid dil'Ie<"lrir ll1olt'riaL (2) IO:>&.'S in the
metallic SUul'tun', and (3) inducl8JIN! in the
leadsliud slacl.. ~uPJlorts. \ll ('(Iuhalenl circuit
rtpl'l..'!';t'fll iug II 'ariabl,' air COII<l('I1,;('( inrluding
tbt':-.C rt",idllal parnllwlc", is lsll(l" n brio".

Tlk' psnHlwtl'l"'. n. I.. and G. are all ~n
Hall) couslant as 8 (undion of din.! seltin~ flir
Tn>E 722 Precision Cond(,ll~rs. The dieIL'etric
conductance, C:, lila) be ron idert.'d as Ule sum
of lwo componenlS, one lhc d-c leakage' coo
ductance of lht' dirll'Ctric support~ and the
olher a eondllclallct' COrTl>Sflondinf to polari
zatioll Ios.-;rs in thl' bupports. The hrst 01 these
is constanl Il$ a function o( fl'('(rucllcy; the
second iIlCrt'lbf'S approxilllatl'l~ as till' ftrst
power of the frcqucllc). E.n'(·pt at W'f)' low
Cn--qucucics (order of 5 c~-dl's or less), the
leakage conductllllw is ne/ol:lih';ble,

The metallic ft"l>i3tam'l', R. is essentially
constant as a (UlleliOIl of frNJucncy for low
fre<IUl'ncics ond iOC~ll~'" upproxirnale1)' as
the St:lllBre root of tilt.' fn1111l'lltY at fn.·quCTlcit"S
sufficil'lltl)' Iligh so llmt skin elrccl is essentially
ooUlplete (above I l\lc).

The illduelanN,.·. I... I"('mains ver), closely
constl.lut as a functiOIl of frt'qUl'IlCY·

The IIlctallie r($istlllll'tl, H, 1I11d th(' diek'Ctric
collJuctanN', G, CUlllbine to couse a dissipalive

lu thioJ tire";l lh.........i>lUon...,. II. oor....llOntl' to
"-'s in III/' nK'1«!Iie lJOrtiorq or the cond..n......r:
110.. romluclllU<:'l'. (;.~.....pond~ 10I~ ill lbe
!IObd diC'I('(:lric 1_IKIt. or the rondt'nrr;.od tbe
iDduc'o~. L. C'JOr'n:OIponds 10 QI.l\IIICUc: OUl< JC'I
up by conduction rUlTeob 10 tbe .....,1101 portiooa
or the condC'MC'I'"_ TbC' ApII";'lOOCO', C. rC'llI'ttC'IIb

the 5b1tie ellpacitaDCl' or the roodeMC'l'

R L

c G

component approximatcly equi\'alent to u
n.'SistaU(~

G
R.-R+ (we)2

ill 5{'ril'S with a perfect cupucilance. or to a
conductallce

G. - G+ RCwCl'
in paraU('1 with :I perfl'Ct capacitance.

"nle corresponding o\cr-all dissipation (actor
is approximatcly

('
D = Do + DR'" ;.+ Rwe."y

The residual inductance. I... ('BUSl'S the
('Decti\'e terminal eapaeitanC't'. C•. to drpart
from tbe static capacilSJlct·, C. aceonling to
the law

c
C.- '1---",';"LrC·

At low (requencies the effect of the residual
parameters. Rand L. i~ Il('~li~ible. lind Ihe
condcnser acts li1..e 11 pure c81>acitance. (:, in
parallel with a conductance

C.-C

or in series ,,·jtll a resistance

G
He'" (",C,2'

Under this condit ion

G- ,.. He wC2 .... DC ... conslnnl

"
where D is the dissipation factor due to di
electric loss. The lIuml'rical \'alue of this
constant is a convenient lib"Ure of tllf'rit to
dc1illc the magnitude of the losses al. low
fre<lucucics.

At high frequencies Ihe other residual
parameters become important. The losses in
the metal paris of the COlldcnser increase "ilh
frequenc)' unlil thcy arc first comparable to,
and finally in excess of, the 10S:sCS ill the solid
diclcclriC. At high frct"luencics it is. thrrefore,
llCCessary to consider both compollcnla of loss.

A prroision condenser is used nonnally under
such conditions thai the dissipation factor
compoocnla, Do and DIl• alld the inductive
error are small. The expressions for the etrecli\'"e
tcmlinal impedance alld admiUUJI(.:c of UIC
condenser Wider these conditions are

Z R
. I

,"'" e-J-cw •

Y.-Ge+iwC.
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TYPE 722 PRECISION CONDENSER

CAPACITORS

USES: The Typt.: 722 ])rccision Condcll5('r is
a vanable air condenser intended for usc as a
standard of capacitancc.

It is widely used in a-c bridb'CS both as a
built·jn Slamlard and as all cxLerTlul standard
for substitution measurements. It is also used
as a tuning condenser in oscillators. ff'C(IUCllC)

meters, and other instruments ",hen' accuracy
and stability are important.

DESCRIPTION: The whole cOl'ldcn:.er assclllbl~
is mounlNI in a cast ftallle. which is llS(.'d 10 ~iYe

the unit rigidity. TIli;; frame, tile slnlor rods
alit! SPU("(·rs. and tbe 1'0101' shaft arl' madl' of
allo,s of aluminum which coltlhiuf' tll(' 1111..'

('liai",jelll strength of brass with the \\l'ij:('hl and
IClnlX'ralurc cocllicicnt of aluminum. The ('on
dCllscr plale.') 8r<' of aluminum, so lilul all parts
IJaYC Llu' SlIllIe temperature ('ocfTit'il.'nt of lilll'ur
cxpallsiolJ.

A worlll drivc is used ill this condcnscr 10
obt3in t he desired precision of setting. III order
to avoid tile slight eccelltricity which is ohnost
inc\'ilobie when 8 worlO g('ar is moullted all a
shaft, the worm ill the TYPE 722 Preci.'iiOll
Condenser i~ cul direct I) on the shafl. Tlu~ dial
end of this worm shaft rUIlS in b..'I1I be3ringSo,
while the other end is supported by an ad.
justable spring mountill~. Ball 1x'arin~ are
US('(! at both ends of the rotor shaft. Elt:ctrical
conncction to the rotor is mode, 1I0t through
thc bearing, but b~ means of a phosphor·brollz~

bru~h running on a brass drum. Tllis method
as.-,ures a po~itiH' electrical contact.

A prelimiuury assembly of the frame, shaft.
and I:-'Curs is driH~1I by H motor 10 grind in the
gears before finall1SSCmbly.

Inle,iu' \ie" or lhe Tn'l:: ,~2-D J'roci,iull Comlcw;er.

FEATURES: Both till' lllH!crials and IIII.' 11It.'·
chanical arrall~Wlll('llt used in the 1'\"1''': 722
Prct:isioll Condc'IS{'r Ila\'(' been carcfull) se
lected to !!,h I.' I he instrument a high dc~r(.'(! of
stabilit) lllldl'f ('OIISIolit laburalor) 1I:s<'. Thc
ell tire mounting is e;<lrclllel~ rih';d. and thc
brarinJ!S and driw Illt'Chanlsm hove 1X't'n ar·
ranged was to n:duC(' LI.c backlash 10 less Ihan
aile-half a "orm dh ision, and to gi\/' an /,"x
Irclll('I~ ~1II81l worlll ('OrrcctiQll.

The tl'lllJ}('rnture cOl'fficient of capadtallce
lias IJeeIl kepi 10\\ b) usinK metal parts which
all haYI' th/," sam£' tCllIptrnturl' rodlicil'llt of
linear cxpall-:.ioll. III order to keep Ihe dielectric
10tSSCS 10\\. a I(J\\-I)()\\('r~factor ceramic material
is used for II\(' wlid dide<.'tric. and the ('apaci
tallce associal('(1 ",itll it i:; kept vcr) smsll.
Whell it iii d£'sirt:d 10 reduce the dicll.,<,tric 10000s
still furthcr, quarlz illsulatiolt may be list'll

instead of the standard Cf'ramic,
Allmodell" CUll be seL to onc purl in 25.000

of filii sralc. a prt><:ision of selling whicb is more
thall acll>(JllUre for Illost measurcnwnl uses.
Stalldard (:alibrations arc accurate to. aud gi\'e
an internal t'Ollsistency of. ±O.I!!( uf full scale. A
Illore precise calibratiun with a worlll eorr('("tion
call be supplil'l:l, giyill~ corrections which pernlil
an internaJ consistclIc) of 0.1 p.p.f. The absolute
accuracy of eapacitallCl' differences, hov.ever, is
limit(.'tl to O.ll'f by LIlt' OCCUr8C)" of calibration.
and the u:.able aCCllJ1jC) aL the h'rlllinals fIlay
still b£' limil(·d to oJlProxi.matcl~ I II-J.'f h) the
lack of a staudard technique for connecting the
condenser into a measurill~circuil. (See Gcneral
Badio EZ/H'rilllt>rdu, \ 01. XII. No.8. JOIIUar),
1938. for a romplete discussion of connection
crrors.)
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CAPACITORS

SPECIFICATIONS

GENERAL

c..~ciwnce R...,.: Tbnoe Block '"lMll'b ure HYlIilobl\':
Tn'E 1:2·0. din~1 ~f1dilill in C/lJI'Il:it,m",· moe' Iw{) ..."gL....

:!5 to IIQ I'J>f, Iud 100 10 1100 I'#f: T,I'''' 722.F, ealibrutl'd
every ..-urm hllif tum 500 IOJlf ItIIl.,illlum: TYPE 722.'1.
'n!cudcd COl" brid'MllllJlLilution n>e'o~url'menllllnddin:el
rtadinJ: in CUpncillllll:e ~,,1Of'fd from lilt! ""'"dclllR.... o,,,r,,
t8n~ of 1000 I'I-'f.

Rotor PI,te snipe, Semicin:ulor for all uKldela, lo tr;"c a
Ii......,. C&pacilaoc'e ChBI'&Ct.eri lie.

St.nderd C.Ubr.lion A«VI'KY: 1'l-Pt: 722.0: TIle eoplOci
tt.nee of the IJIGII lil.'Cli<m. 100 10 1100 PIlf, is indi<:atrd
d,ucOy in Illicrotnicrofa...<b by II", lIi.I ....d drum midi"",
.ithin ±l ~r. TIMo C111l'cil.a~ of lhe LO\\ .ection. 2..
to I to ~. i iodi<:atal dire<'lIy in ",kromiO'l)fllntd5 by
one-~otbor lbe diul pod drom f'ftIdinp withio ±O.: I'jJ.f.

Tt'PK 7!:.F: TIMo eapKi...~ 81 t'Vffy ..onn h.lf turn
.. pveD io • moullted dlart to 0 I ,.,.t. lIocut11to. within
±0.5 ,.,.I. The c.Pl'citl'- diffrre- bd_em ~ing
..orm hnIf t .....- .. aha gi.".,o 100.1 I'I'r.•nd G M:ICU",k
lo±lwd·

TTI'II on:!·!>l: The ~PKi~~ at • reeding or zero rew
the dial aud druOI iJI indic.ted 011 a 111.... 11 <:.rd motIllt.ed
OD the pand. Tbilal.-eir.lloe.about 115(ll'l'rio .....gniIOOe.
ill ,iv!n to 0.1 I'J4 aod ill .ccurate ....ilhin ±l P1J. The
00Dd~ .. adj...ted 10 indiealil di~L1y in micmmicn>
f.andt the CIIJ..citanoe~ from !be circuit lo aD ace:tl
f'K)'oC ±I~
n- aew.raciM...e indi<:.ted DO t.he ~rljfiolLr 01" chart

.bicb aoeowpao;e. eIIch conde.-r
Wona-COfTlletlon c.libr.lion: Worm c:orr«:t>oM ClIO be
.upplied rew all thrft modeb a<:o>nJio, lo the price llal.
,10\lDted eharu ...e tupplied, .hicb rive the: oorrectiQm lo
at leul ODe more ficwe \bao the ,uaranteed _rae>e&.
.hieb are tr.t.ed hdo•.

Tnt: 1:!2·0: Wheel \hit ClCln'IIClioo ill uted. the capac
itance or eitbu teetioo eao be determined within ±o.lj¥r
01' ±O.I %. whiclwovet;' the grealet, and a1pt1citanee difftt
.._ eIIn be IDellIUud 10 an aecuracy or ±0.2 ,.,.r or
±0.1%••bic......lr it the .....at..r.....ith the IIIGII-=tiou;
and ±0.04111'! or ::1:0.1%. whiche...,r it lbe ~altt, .ith
\be LOW teelioo.

TTPE 7:!:l-r: The OIpa.cital>Dl! CUD be dcttormioC'd .ilhiD
±O.ll¥r ..... ±0.1%, ",hicbe..u i. lhe gTenUor. Call'"cir..oee
ditrerenas ean be melllurl!d ....ithin ::1:0.1 lIIJIew ±O.I%.
whichever i. the I"!a\.tr.

TTPe 722-M: Cllpm:ilallt'l: dJIFereDCClI. in captlcilanco
removed, ClIO be lUe/lOlured ",ilhi" ±O.:! I¥f Dr *0.1%.
w!liehever is the lJ"I'ot.er_
Muimurn Vol~g.: AlIlllotIcb. 1000 vollll. peuk.
Oilll.dric Supports: Two 00.. or IIIClllil<l'uPflOrt the .talor
_mbly. ond conical b\.lljhinp i,,~uh,l.e the term;"nl. frolll
the pone!. Quurll. in,ulalion CIIlJ bo BUIJlllicd 011 BIIllCiai
order. (Sec l,rico·li~t.)

- I I-, I I
:" .II.

I• _lIM_...
~ • • • • • •
• V

• '\- '"
Piol ol 00 I) 11i.c81 "or," oornK'"~ ror • T, ,'.. 12:!·D

~0I1 CoeId"DBef.

Dieillctric Lones: TIll' fi", ... ot ",,,rit. U..o.• 110'" fl1oI:UUrcd
aL 1000 eyelet ~ aPf)r'Dxill18lely 0_0.1 II: 10- 01 ror .teoIli~

in.rolation and 0.003 II: 10-12 ror qUlltb.

RClidwl P.llrn.len: The ~nr. induc:taooe and the aeries
metallic: r'OIiIllUloCe are riveD in the rollo"i"" tatHe:

T"p' f. __C'C' _

722-0
hi,h section 0.~,I&h O.O:! D
low sectiOIl 0.11 ph 0.03 n
722.F O.O~ ,I&h O.~ n
722-M O.06O ...h 0.0: n

T"mpct~I..." Coeff"teilllll: The ltmperalure ooefficieut or
Cll.PlIeitance it approllilnately +O.002C'j, pet de~ Cenli~

grade, ror _11 ttmpernture chaUIft.

Orin: A wortl'l ...nd-gear drive is used. To reduee i~l"u
larities and bed"''''' the _orm it cut inle«1'lli ....ilh tbe
abart. Tile bickluh i. I.. thaD ODe-bail worm di"wou
(there lire 250 divitioOi pet "eww turD ror the Tnll 12:-D
and the TTPII: 7:!:!.i\I; ZOO divWoOl' ror lhe TVI'll 122.fo').
H the detiTed tetting i. al"aY' .pproac~ in the direction
or iDCrtllling _Ie relldJo/l'. 00 calibration error rrom Ihi~

CDWle ..i1ll"l'llUlt..
T,"","inal.: Jack·top bindiD, potllll oro IlTOvided. Staodord
U-inc:b .pacing is used. The rotor terminol is oonllecled to
the ""nel lind llhield.
Mounting: Tbli condcllilCr i. ",ounled 00 on .lumimllll
panel finishl'd ill bblck crackle 1QC(lucr Dud ellclOlllld in "
,hielded w.lnul cabinel. A wooden .ton.\,-e CIOfl1 ...ilh look
lind ClU"l')'inll hllndle i! included.
Dlmen,lonl: Punel, 8 II 9» ind,ca: dCI'll" 61, iudK't.
Wllighl: IOH poundl; ill't IlOund~ ... illl carrying Clllle.

Typ<

722·F
722·0
722-M

Wo,m-(olT.dion C.lib••tion 10. Type, 722·F and 722-M
WOflfl·Co..ection C.libr.lioll for Typll 722-0 .• ,
\\'beo ordering. ute. COWllOUnd code .·or<l, C.. O!T.. OIII.... elc.

QUARTZ INSULAliON

f:11I1T

l.llLHL

COMIC

585.00
'10.00
100.00

35.00
50.00

Any TYPE 722 Precision Condenser can be obtained with quartz insuJaliOIJ.

Cotl~ 1\ III'd -tdrldiOllal Pri~

Qwrtlllluul.lon ...•
\Vbcu ordmo,...... oo<o!lOUod code word. (;1.-aITQt:ATS. f:le:..

1;I1]A"- sss.OO



RADIO CO.

TYPE 722-N PRECISION CONDENSER
FOR USE AT RADIO FREOUENCIES

CAPACITORS

USES: This condenser is a capacitance standord
which has be<-n designed parlicularly (or use at
radio fre<lucnc:ics in senes- or parallcl·n.'S01l8IlCC
methods of impedance measurement. It is also
useful as a variable capacitor in radio-frequency
bridges.

DESCRIPTION: The frame, bcaritl~, aod dri\'C
mechanism of this condenser arc identical \\ ilh
tl106C ust.-d on the other TVPE 722 PrC<'isioll
Condenser::;, The rOLor and slalor leads, how
ever, nrc not brought OUL in the convenlioual
manner. Inlhe TVPE 722·N PrecisionCondcnscr
COllncclioo is made at the cenler of both plate
stacks. sprillg-lclIlper silver alloy brushes ht:ar
ing on a silver-plated brass disc being uscd for
the rotor Connl,,"C1 ion.

FEATURES: The important features of this
condenser arc il.8 low metallic resistance and
low inductance. Both of these quanti lies arc
aboul one·third lhe magnitude of those in the
TYPE 722-D Precision Condenscr. The accurac)'
of calibration is as goOO and lhe dielectric losses

nearly as low us in tile olher Typf.: 722 Con
dcuscrs.

SPECIFICATIONS
C.P.U:it.1K1l R.ngll, 100 to 1100~, dif1.'Ct INdi0l'_
Rotor PI.III S1wpc, Semicin:ular 10 1P'"e Illioear C8llGOIllOOl'
chal'llClcriJlic.
SW.,o..d C.libr.lion AC:C:IIlICY: The CIlpolCila~.RWIl'.......t
at 1000 c:yds. is i ...licall'll di..,..Uy in ",i"'ufIlkrolnmd. by
the dinl and do.... readings to ±I wJ.
Worm-Conllc:tiOfl C.tibr.tion: \ worm OI)I'T(!Clion alII be
IUPlllie<i on '111.,<:;'1 order. (See Ilri~'e I;"t ,) \ mounll'<! chari

Interior ,>hotop;r1ll>h of II T,.PB ,;:!~.'i' l'recilIion
Condetlle1' _i .... half the .btor ...."IO~W ••l1.ooo'i ...
I.tM" I~d, lind till': melhod of ronn«tKm to tilt' IOlor.

T...

79:i.N ] 100 to l100~.dif'f'Ctrelldin"
Wo.m-(OITectioll c.Ubr.tion
When orderi",. ule rompound code .old, BOXE''''OJ\)lY.

is .upplied ,rivin(l: IIIf! ~Iioll' to.l!east DOe 11100"' lil'ure
U...o the S.........ul«.'d ....'Clint") .. llllo:d bduw.

When tJliI lXN"roction i. \lied, the capacitlll'Klll nlO be
determined _ilhin ±O,l JOJ<f ur *0.1%••hicl"'Yf'r iii Ihe
I'"'IIlcr. 1I11d C11llOlCilarM:f: dilf,,",noeI ClIO be _ured to lin
lIccuntC) of *o.:! I'Id or ±O.I '7to....hiebf,,"r is Ihe f;ffttn'.
Di.leclric Supports, T.o Loo... uf ,WlltiLeSUllporl the,"lor
_mbly, and II third bar i~ulale!l the hillh termiool from
tJ,,, panel.
Dillilld.ic Loull', Tl", lisu.... of Dlerit, R",CI. _hoe" 'OCII'Ute<!
1111000 <.")'cLc., ill OPI)l'Olirnlll"I, 0.05 x Io-I!. (See dilCUSlliOll
on "F1esiduul Irnpt"'nnnll ill .\ir Con..... l'\!lIi!:n .. (Hl Pl'1lC 4:!.)
Othll. Rillidl,loll P...met'rt, The IICri"" 1I'Clallic rm.tol>e.,
i~ pooul 0.0011 uhlll lit 1 IIlell"cyde and incr"u_ diroclly
ll$ th" ll(IU~'ll' root of lho rn..'(lucncy. The dideelric an,1
metalli,' 10801<.... 8fl' "l'pro~ill"HcI, equ,,1 lit " lICUing of
100(1 I'l'f m,d " r""(IU~lIcy or 1 l\k

TIl<' Ill·ries i"ducl""ce i~ lIPPIO_~i,m,tely 0.021 ph. The
inCreUIll! ill cUI',u'it"nce c"ullO..d by this inducillnoo rt'8cllCli
10% ul II telling of IOOU ""f lind II rrellucllcy or 10 l\1e.

Al Mmuller cIlI",<;ila"Ol scttinJ!!l t.he elfl"C1I or rCllidual
Plll'll"'N~'f'S lire ICIII. The ('(Iu"t divi~io" or I~ ()('Cun III
zo M" for P 8<.'lIing or 100 ~f ond Ihe 10'0 cllllllci\.llnce
rise occurs at 30 .\lr f.... till, &lUll!" Ildliol;.

M.uimllm Volllg", 1000 vut ..., 1Jl'1l1r..
TllmplllllullI (ollffic:i<tnt; Allproximately +0.0lr-% P"T
degree Centillrode, for .moll U:lllpcflllure c1'nnjl:l':I,
Mounting, TI~ conde,w.er i. mountoo On lin IIlt""i"u,"
paUl'1 finished in W-ek C'nCUe \ac(lucr .ntI ""cloooMl in •
,Wiekle<! ."lIlnul abiuel. A ...coden 1l1o.,I<:e abC .ith lock
.."d CIIrT)i,,¥ h".."II" i. i,,,,lud.,.).
Dimllnlions: Pa""l. 8 x 9' inche.; deplh. 8 1i inchctl.
N.t W.ight; II I. IJOUlwl.I::!O "'" pounds .il.h ClIff) i,,. CNe

Prin

5150.00
35.00
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CAPACITORS GENERAL

TYPE 755 CONDENSER

USES: TIH' TYPE 755 COlldcnscl' is designed
for usc as a frequency conlml in high~ and
ultru-lligh frequency oscillators and lUlled
circuits, nud as the standard capacitance for
rCRclUIICC and power-fuctor Jlleasurement by
resonance methods. Because of its small size
and low residual impedances, Ihis condenser
call be used in conjullcLiull wilh a coil-switching
system as the frequency control in an oscillator

at frequencies exceeding 300 IIlcgac:ycles.1 L is
used in the TYPE 80:i-B U-H-F Signal Gen
erator (sec page 96).

DESCRIPTION: The accompanying photograph
shows tln:l constructional details of Ifltl con
denser. The [rtllne is a four-sided aluminulIl
casting. Till' metal base forms a HfLh-side shield.
Silver-plated brass lenninal strips arc mounted
ou rnycalex insulators on the ullshielded side.

The drive is a spring-pressed worm and gear
combination whicll keeps backlash at a mini
mum. The gear ratio is ;~O:l. Ball bcarill~.fs arc
used 011 the main shaft. The total number of
scale divisions is 1500, 15 on the main scalc
alld J00 on Ibe worm scale. Ou the drum, which
carries the main scale, a blank paper scale is

jlrovided. so that direct-reading calibrations call
)C made. This paper scale is easily removable
for replacement.

The plates arc of hmss. soldered together
and silver plated. The rotor is insulated frolll
the frame by JlOI~'sl~Telle supports. Coniact
to the rotor is made by a '.-finger brush bearing"
Oil a slip ring.

FEATURES: Small size. rigid construction, pre
cision worm Uri \'e, and low residual parameters
are the main features of this condenser. The
ilJductance is extremely low (0.005 ~II), and
the capacitances of the rotor and tlte stator to
ground are only a few micromicrofarads each.

SPECIFICATIONS
Dirtd Capacitanu, Th.., 1lI""i",u", C/'I>Ue;h"'ce is 130 to
110 I'J'f: minimum cl1l",dlnuce is less Iban 5 ""r.
Grounding, Hoth rol.,r 0,,,1 ..t"tor ore insulated frou' the
frame. nolor to f"",,,, cup,,,,it,,,,cc is IIhoul 7 J>J>r: silitor
to f"unc ~'fIpncit''''ee is nbout 6 J>"r.
Rriiduat Pa,emrttri: See diilCu>sion on t,ug" ~:!.

The "<JuivnIPlll ""ri•.." irrdu"llmcc i, rrf1Pro.~i"llJtdy0.0{I3S
,n;crohenry (5.5 em.), nnd is indcpeurlelll of frequency "ud
llelting. 10 (I lirs!. "ppro~;n'"tion.

TIl<' lICrir.'8 ",,,tnllic r~'Sist"',oo is "haul 0.00:; oh", III
I tncgneycl". And illereo$Cll nll the ~'luurc root of th.., fre_
qurn.'y (10 Aboul 0.1 oh,n ul 100 lJleg"cYl:lee).

Tht, Ilunrllcl <liclt~tric oonducLllu<."C is or til., o.dl·r ur 100
",icr01llhOll uL J00 megACYcles.

Rota. Ptetr Shapt, The pllltCll nrc 8111'1><)d to spread out tl,,,
rn.oquenq· scnl.., on the high frequene)' end.

Shielding, COl1lllletd)' IIhieltlj'd On I;"" 8idCII: terminAls
broul.lhl out 00 u"shield,,.,t lI,tle.

Dill: Enj!'ru"ed aluminum drum u"d llenl" with II tollil of
1500 di"U1;OJ>lI.

Knob, A ~·ineh lmkdil" knob with" crank-pin i8 provided.

A"ct"o.itl: Windowll of dear ";I1)'lil" IIheet urI! pro"ide(!
for viewing Lhe dinl und drum through" pu"r!.

Mounting, The frame is drilled and threaded for a lhree

T,~

i\Ie"8uriUl! the dirlectrie COnslllnt und di'llipution
f"etor of '''electriC surnpll'tl ,,·ith 1) SllllteIlL,,"1:C vuri_

otion circuil u8;1111 lhe ""'I'H 1;;:,·A Condenser.

$40.00CAnCO

hole "',,\lilting. I J~ illd,~.." U1l eelll"t"ll. The thr...,,<l$/lre 1(}.-32.
llnd mounting ilCNlWS nrc furni~hed.

Dimensioni: (, x "I., x 178 i"'·h..... """~-,,11, indudi"l: dinl
8nd knobs.
Net Wtight: 2 11O,,,nlll, 10 O"UC<'lI.

I Condenler...
Sole NC>t<l3. POgfl ".

755-A
PATENT NOTICK
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RADIO CO.

TYPE 568 VARIABLE AIR CONDENSER

CAPACITORS

USES; The TYPE 568 Yariable Air COlldcnser
has been designed for usc as a tuning clement,
in high-frequency receivers, transmitters, wave
meters, and experimental cirClills.

DESCRIPTION: The rOlor and stator slacks are
('uch made up of several brass plates soldered
into a single unit. The terminals arc brought
oliL at. the center of tile sLacks to reduce in
ductance and resistance and Lo improve the

higll-frcqucncy characterislics. Contact 10 Ihe
rolor is Illude througll a cOllie-a] bearing kept
under bcnvy spring pressure.

FEATURES: This condenscr is specifically de
signed for high-frequency work. The losses are
low and the terminal arrangement is con
venient where short leads arc necessary. The
shafl arratlj,>emcnL allows several units to be
ganged for tandem operation.

SPECIFICATIONS
Capacitance Range: Fuur Block r"odds ~re ItV(lil"bl~ 35
listed beluw.
Dielectric Losses: The figum of merit, II..,C!, i~ approxi.
lllutely 0.03 x 10'[%.
Plate Shape: Straight-line oopneil"nce for T, 1'1'.1:1 5611-D (Iud
5611-1::; "Pl'roximotd~' straillht-li"e fre'l"ellcy ror Tnt::tl

o 0

3 MTG. HOLES NO 25 [)fl,ILL
c"SINK FOR 6-32 F. H. M. S.

568-K and ;;68-1., with (l fl'<.'<l"e"C)· rntio uf ollproxin.atdy
3:1.

Supports: End pl:rtCll are of isolnlltilt! lre(lled to llreven~

moisture ahllorplion.

Maximum Voltage: 5()O voltll. pcuk.

Knobs: KOlle "uPI,lied.

Rotation Angle: 180· for Tn.:.'! 568-D 8ml 568-E. ~70·
rur Tn.:s 568-K und 568-1..

Mounting: See ucoompnnyi"l>' sketch. Drilling tempillte
lIud 3 'h,l-heau screws ure rurnigh...d.

Truminals: Soiderillli: Ill,L;S are Jlrovided. These ure brought
out from the ccnters or the plalc sluc~ und of the main
POII[S connccted 10 the rotor.

Shaft: H-inch I."kdite rod. The III",fl is rcmovuble. and
when several unilil nrc gll1.g<:d. n single long shefl Cnll be
u.cd.

Dimension1: See (lcoompall~'illg Rketch. Depth (dimension
A) i~ =l~ inches ror l'nollS 568~D lind 568-K. and 31~

inches ror TVPKS 568·E lIod 568-L.

Net Weight: J:( pound for Tn&!! 568-D nnd 568-K;
I pound ror T1'l'.; 568·L; I){ pounds for TVI'~ 568-E.

Nominal Grpacilonce

'\/oximu", Mi"imr.lln Cod~ Word Price.

568.0
568-E
568-K
568·L

PATENT NOTICE.

175 1'1'1
360 l'I'f
50 l'I'f

100 I'l'l
See Now. 3, P81'l v.

13 I'l'l
18 I'l'f
11 I'l'f
14 I'JIf

CLOVE

CLOWN

CLOUD

CAOKD

$5,00
7.50
5.00
7.50
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CAPACITORS

TYPE 539 VARIABLE AIR CONDENSER

GENERAL

TIJ'& 539-'\ CondClilICr.

USES: Thr TYPE 539 \'ariable Air COllclcnser
is a general-purpose unit .... hich can be used
in experimental circuits or builL into standard

inslrume[)ts. 1\lanr IIHLllufocturers, iucluding
lllf' General Radio Company, have used these
condenscrs as th(' variable capacitances in
bridges. beat-frequency oscillators, slalldard
signal /-,'Cllcralors. ancl other measuring C<luip
rucnl. Different plate shapes are available rO!,
flifi'crcnl applications, and olle lIlodel is availa·
ble with Ull insulated rotor so that both rolor
and stalor IlHl)' be above ground potential.

DESCRIPTION: Three brass roos, extensions of
which sene as muunting pillars. rigidly support.
the two end plates. 0 .. each cud plate is
mounted a ceramic block, which carries thc
two rods to which the stator is attached. This
mcthod of lIlouolblg insures low loss(,'S and
facililates the IISC of special plate shapes.

In the mounted models, which are supplied
only with semicircular plates, a 100-division
dial. using a frietion-dri,,~ vernier, is provided.
Capacitanoo calibrations cau be furnished to
order on these units.

FEATURES: This condenser is a rugg-cd aod
stable tIJlil which is also low in price. The me
chanical design is such Utal it may very easily
be built into other instruments, and the fact
tJmt special plate shapes arc available makes it
very adaptable for use io oscilllltOrs, signal
b"ellcralors, and silllilar apparatus.

SPECIFICATIONS
C.p.,citanc~ Range, Fivl! llluuuunlcd 111,,1 three tIIounted
model>! hllving thl! nOlll,",,1 Cl'''''''il''lIc~'ll li8tlod on Ihl! Ile"t
!){Ige urI' .loek~..I.
Caliblation: No ",,,libn,li,,,, i, llormllll)' ~lllll'lie" with lIll)'

of tbe u"il6. llUl the "''.lunled model~ l~,rry tin I!ngrnnod
llulJlep!t,te which givl!ll the "etlllllllllllrillllllll"ll<llIli"imulJl
cul.......ilauce. lICt'u",te wi,hin 0.5% of full ilCl,I,·.

0" ~I>eciul Qrtler " lllou"t~'ti e"libnll.iQu (OlIn·c. ottllra.te
with,n 0.5% of full scull!. or" culibrlltion h,ble for 11 1'0i"l<I.
accurute ""iu,iu 0.5% of rull ~lc. C,tli be 9111'IIIied for the
W<Iuoteli lUodcl~. (Sl'c! the llrice li~1 Oil the uell p;lge.)

Dieledric Lou~s: The lig","" of lucrit. 11",(;'. ill lI11llrOxi
l1Iu\<.'ly 0.0-1 x IO·n.

'nsuilled Rotor Model (lype 539-TA), l>ir<'Ct ~"l'oeitu" ...·
loeJwl-eli rotor lIud ~t"lor i~ giv..u ill the Ilri~ lisl. Thc
power f"clo... of thi8 cn""dh"ll-" i8 I... th"" O.OOOO!!. TIo"
CIlI",cilullce !>etwl'l:Il rotor Dud rru,"e;8:N ~f: lhlll 1",1"'len
61ulOI ""d fTlllll(' i8 l~ I'J'f

Plate Shape: Semicircular rolor Idull<!! giving li"ellr <,I'III'l'i
lance variation with lICt\illg IIIll W\('d on 'I"""I'..::! :i39-J.
:;39-K, nnd :;J9·L ,,"d Oil nil lUo,mlo'(l models

!lolor 1,lolC8 for T\I'BlI 53'l-T lInd 539-TA of'(' rout h.
give 0 lineur frt"IU",IIey vuri"I;Oll wiLh ""lling ov"r 25:;· of
B )lOlISible 210· ""gill or rotuLion wheJl " CUPUCilUllt." uf
2!t Pi'f ill conneeted in l",n,lId ",ilh the C(JIIdl'u""'r. The
rBiio of IIlllximum to minimum fre'lulln..y thu~ obt(line<l ill
(Ij!Proximutely 3:1.

Muilllurn Volla!Je: 'I"n''' :;39-J i, rut<:d ot 1100 yoll>< I'''"'':
TYPE 539-K ut 8(10 ,·oha. pe»k: lind Trt·gs :;J9·L. :;39·'1',
and $39-TA III 550 vollJl. penk.

4.

Knobs and Di.lI: \Ioonled model, are ruruishl!d "'ith
friction dli"ll dilll~ ""viug 100 divi>lion8 ill 180·, but nuno
is 81111111;1!d ...ilh the un"lOIIIlI..~1 model~. Noll' thnt nil
mod"l>J I""'I! I.i·inch sh"f15 nml Ihu\ TYI'I'_~ 539-T "rul
539-TA requil'f' " lII!lll" sprell,l over :!'O·. in~IClId of tbe
180· requirr.d by lhe othcr t)'llCll
fermin.lf: On u"mo,,"I<...1 ,,'(od~18, soldering IUg$ lll't!
",oulll~'t1 on the 10..·cI cerumic BUPllOrt. The rotor con
nection for T",'':: 539·TA is bwul{hl out through ull iso
1,,"I;le bllShillj; in lhe ",>ar l'ud III"II!. Mounted models
hllvc j ....k.IOII binding p'OllUl mou"llod OIL the /lund.

MOllnting: T,·pt;S 5.1'J-.\. 539-0. IIIld 539-C lire 1ll0Ullied
on "u "Iumi"",n I"",el ",,<I "'1l'100l0'i1 ill " shielded w"lnut
cubille!. 0\11 Olher l1llJ(ltl~ ur,· u",1IO""[I...1.
Dimensions: 1'"mounl<...1 ",oo,·ls. 61'(' llc:eo"'l'ulI~i"g (lIIL_
lilll! dru",ing; depth IK'bi"rt Illlllrl {\l 6 indlol!l, ",·cr-un.



RADIO CO.

l\Io"llt~d UlOl!cl~, pull~l. 6H: x 6}i inchCll; height, 8'~

inchell, over_nil.

CAPACITORS

Net Weight: Approximatdy 2~~ pounds for unmounted
",od~ls; 7 IlOumb for ",ounted mod~la.

UNMOUNTED MODELS

Maximum !I1i"imumTy""

539_J
539-K
539-L
539_T
539-TA

500 ",,,,I
1000 ",,,,F
2000 ",,,,F

500"""F
500",,,,1

40 ,'"
4O",,,,f
40 ",,,,r
30 ",,,,F
18 ",,,,f

!'I{lit SimPI'

Suaight-Iine Capadu.nce
Stlaight-line Capaciu.nce
Straight-line Capacitance
Straight-Jine F,equeney. . ... . ....
Slfaight-line Frequency, Inlulated Roto,

Codt Word Priu

... Tl.oA& S10.oo

...TO~K 11.00

...TrIC 12.00
CloOSI;: 12.00
Cl.oTll 15.00

MOUNTED MODELS
Nr:m"',,al Caoodlum:e

Ty/H' ,\!rU'.imllm Mi"im"m Code Ward Price

*539-A 500 ",,,,, 50 ",,,,, ...gs... , 122.00
*539-8 1000 "",f 551'1'1 ... .'lJl>:T 23.00
*539-C 2000 ",,,,1 60 "",f ASTEll 24.00

Mounted Calib,ation (ulVe. CliltYE '.00
11-poinl Calibration Table .. CII ... "T 3.50

TYPE 368 VARIABLE AIR CONDENSER

USES: The TVPE 368 Variable Air Condenser is
useful as an auxiliary balancing or ll'immer
condenser in bridges, oscillators, and similar
equipment. It is also used as a tuning or trimmer
condenser in higb·frcquency receivers.

DESCRIPTION: Soldered bra."-S plates are used
in this condenser. The slator is mounted on a
single isolantite end plate. An angle bracket is
provided so that the condenscr can be mounted
eilher on a baseboard or 011 II. panel.

FEATURES: The TVI'I': 368 Variable Air Con
denser is compact. aud casy to mount. It has
extremely low losses and low minimum ca
pacitance.

SPECIFICATIO NS
Capaeitanc-e Range: Thnoe "tock 1II0001el~ ".., "v"il"hle "s
1i"t~'(1 below.

Plate Shape: All model~ 1m"" slmi"hl-liue-<"up"c;tu"cc
plll\"".

TWO-HOLE: MOUNTING 011 ONE ·HOLE MOUNTING

2 HOC" HO~~"AO<O HECK

~K-I-l<

Dieleetlic Loun: '1'1,,· ligur... of mer;t, 11..,(.". i.~ "111'1"0";
nwldy U.OO~ x 10'12.

Support: \ llill!:le. isolant;t .. eml Ill"le lllll'llOrts 1.h.. entire
oilSC1llbly.

Muimllm Volu.ge: f>OO volt... penk.
Knob: Tw.; 6:'17-.\ Knob ill 8Ulllllil.'<1 witllnll unil.i.
Terminal.: A MOldl"ring lu" i8 nro"idcd "llll 8Uttar terrninnl.
Conluct to the I"OI"r i8 Illude through tl", ""Ille brllck.. l or
shuft bushing.
Mounting: ,,- bu~hi"g i8 I,rovirl,-t! for a;nll"l ...-hol<: Wille!
mounting. lind" l,r"d.d illl'rovid..'(! fur ullll<;ll<>llrd ,,,ou,,l
iug. (Scl' ""'COnl].Jl\\I)·inll akc\nh.)
Dimen,ions: Sr'tlllcOOllll)lUlY;"1l ~kellih. DCI,th (dillleusion
X) is ~v"rl in the table hclow.
Net Weight: TYl,g J6K-A, 2··.. """ecs: T,·"t; MII.B. 3\"'f
o"nl~~: TnE 36tl-C. ,,1~ Ul"'~.

,I1{1zirrmm

368-A 15 ",,,,f
368.8 50 ",,,,1
368-C 100 "",1

l'ATl':NT NOTICK See 1"101,,3. \..ge y.

Afini",,,,,, &/llh(Xl O>dt 1V0"'/

2 1'",1 l~in. IIUI.I.,·,,'" ,%; ;Il. 11Il1llX

-4 ",,,,1 I H: in. ,ZUllO;

Pri~

S1.25
1.25
1.50
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CAPACITORS

TYPE 509 STANDARD CONDENSER

GENERAL

USES: These coudcnscrs are fu::cd standards of
capacitance for laboratory use. "1um they are
used in conjwlclion with a TYPE 722-D or a
Typt: i22-~1 Precision Condenser in a parallel
substitution Illethod of measurement, prt.-'dse
measurerof'nLs of C8pacitance up to several
microfarads can be made. !'~or condenser

maoufaclurc.rs who maintain II capacitance
slalldardizalioll laboratory, a set of TVN; ,:;09
Condenscrs, used ~-ilb a TYPE 716-B Capaci
tance Bridb<e. is recommeuded.

DESCRIPTION: Each TYPE 509 Standard COII

denser consists of two TYPE 505 Condenser
Cui Is which have been put through au addi
tional aging process. The final accuracy and
slabilil) arc thus increas<.'<! markedly. The
units are mounted in cast aluminulII cases and
are furnished'" ilh jack-Loll binding posts.

FEATURES; In addition to bcingwry accurately
adjusted and stable, the TYPE 509 Siandard
Condcnser is a compact plug·iu unit'" hich con
be used with extreme convenience. The termi
nals are 50 arranged. that 5('\ eral units Illay be
stacked one upon the other ",ilhout using leads.
Tbere is no cumulative connection error· whell
the condenscrs are so stacked, so that these
units can be lIscd in parallel in much the same
way that prt'Cision gauges are added in me
chanical measurements.
"See tL I' ........... ~COODedioa &-, ,.. CoP'l6u.- \1_..~
G-.noIltadio Kz_u-nI6. hDUarJ. 193L

SPECIFICAliONS
c.pKit.nu~; TO'n Itoelt u"iu 11M a ..oilablc ..llisle<l below.

Accllruy 01 Adjustment: Each ooooCnJler is cardully ad
jUllled ... ,110,,, O.:!:>% ...f tile nominol aol>acil.o"'~ "III""
"DgT.~ed Oil the Ctllle.

AccurlCY 01 Cllibfltion~ Art..r ..neh coodenser hM been
Ig!!<!, ,,<ljllJlted. "",I mounted. ilil cUpllCilltnt-e il "'eIl~U~

.. cnrefully WI pooIIlibl... oud lb" \alue of C"I}lIcituo~. fUlCU

rate wilhi" 0.1 "'. i~ "nll'r",<1 "" .. ttrtilicalc of ClIJi!>nllioo
... hkh il pocked with ""el, u"it.

St.bility; O..cr r""I'o"uI>Jo IlCriOt.b of Ii",.. (...g .. On" )'eur)
ellch culldcll.....r will ltloiului" illl oalilm.tl'tl \,111"" .,..ilhill
0.1%.

Temperltu'e CoefFlcIenl: IAI!I Ih .. n +0.01 % l>er dcgn'C
Ceuligrnde l.ct....een IO~ (Iud 50~ Ceuligr(ld~.

Power F,dor: The I>owcr fnolor of ull unilll. when ",e"!urcd
.t 1000 cycll'llnnd :5~ C..ntigrade, illClll l""n 0.05%.

Frequency Chorocteristics: The frcq"l'ucy churucleri,uce of
Ih...., u"illl "r... 'imilur to tho,", or Ihl: TypO!. 505 Conde""er.
(See pugc 51.)

L..k'ge Re,i.t.no;e; The lerokugll resilllunc... ""culIl<!<uurrd
ut 500 \'ollll. il greulcr thull 100,000 Ul~goh",.. excepl for

the Tna ;;09-U. S09·X. ""d 509·Y. In ,11elIe unill the
reoistoDl'e i! IJr1'1Ilter Ihon ~O.OOO. 20,000... nd 10.0011 m ..s
ohms, l'CllJX"Cli ..rly.

Mn:imum Vollog. and Frequency; The Illo",mulIl r",..k
~'ollulle i 500 vollJl. at freque"..i... IlClow the lilllilinl' rr"..
qu""..i.... tubululL.... Ido.... AI h'I\b..r r.....tu.."c1es th.· 0110"'_
able "oltafl:edec~ lind ill illn~raely IlrOI)()l'"ti<;lIllIl to Ibe
IqUllrC motor Ihe r.....IU'·ncy. Theaelilnilll OOrrl'8I>ond 10.
l,empenllure ri&e uf IO~ vllligrod('.

Mounting: CoJlllluminUIlI ...,JtelI nrc ..!lCd.

Te,min,I.: T"'<J jn<;lt-lOll hilldi,,!! 11UII11'llnct'(l '. of 1111 iuch
npurl ure mounted on the cnllC. 0".. Icru,irlJ'll i,grQundL'(I.
Bud Ih" other OUll it illll"luli"d by nll'O~ of a 10",·10lI8
IJakelit.e b""hi"g.

Dimensions: Small CO!tl!. (leullth) 4~ i"d'l"II x (wi,lthl
2~ inches" (hcil{hl) I~ incl,,,,,. ovo;r."II. I.>lor,w callC,
(I"nglh) 6 inchL'lI" ("'idll,) Hi i"d'N1" (heigh I) 2~ inches,
over-ull.

Net Weight: TYI"~ 509-F. -G. II{ pound.; TYI·O!.II 51)')-K,
-L. _.\1. I~ po""dl; TVI'Il!; 5119·1'\ .•T.:'!~ IlOunll.; TUlI
S09-U. :'! I. IlOu"ds; Tug 509-X. 3 J4 I",,,,,d,,; T'l't. 509- Y,
3~ pounds.

T",. Qrpaci/(,nu Pta. 101/& Frtqu~nc:r Co.. CM~ Word Priu

509-F 0.0011'1 '00 :!;,OO kc Sr"nlJ OOOllCO~DO' $15.00
509-G 0.009: "f '00 1:!50 ke SUloll GOOUCO'''IJO 15.00
509·K 0.005 "I '00 ;'00 kc Small COOOCONCAT 15.00
509·L 0.01 ,I '00 :!;;o kc Smnll GOOOCONOOG 15.00
509_M 0.09: ,I '00 l:!;; It" Small GOOOCO:O<lI"IE 15.00

509·R 0.05 '" '00 80 ke Lo,.. OOOOCONPIG 18.00
509_T 0.1 '" '00 40 Itc Lo,.. OOOOCOXIIOD ii.OO
509·U 0.' ,I '00 20 ke Lo,.. GOOOCOX!IN is.OO
S09-X 0.5 '" 500 8ko Lo,.. oooOCO:'(!1})Il 39:.00
S09-Y '.0 '" '00 Ho w,o GOOllCO:n"OP 48.00
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RADIO CO.

TYPE 505 CONDENSER

CAPACITORS

USES: The TYPE 505 Condensers arc con
venient and ac('urale plug-in unUs which ('un
be used as secondary laboratory siulidards alld
circuit elements in all types of equipment. All
assortment of various sizes is indispcllsable.
to allY communications laboratory.

DESCRIPTION: The condenser unit. consisting
of a mica and foil pile, is held by a heavy metal
clamp. This unit is placed ;n the low.loss
bakelite case and surrounded by sHiell. gel aud
grolJnd cork. The clamp is lIot connected tu
either condenser terminal but is left floating.
The whole unit is covered with paper and
scaled with wax.

FEATURES: In addition to being small. COII

venico!.. and uccurate, the TYPE 505 Condenscr
has cxccllclll stability and very low losses. Illdia
mica lias been CIJ06Cll because of its electrical
characteristics, and the mounting method used
makes the capacitance practically independent
of temperature and the power factor inde
pendent of humidity. Every piece of mica is
inspecll,'d for mechanical defects and other im
perfections, which might cause large dielectric
1=.

Each unit is carefully aged to increase

stabilit)· and is heat(..'tl to eliminate moisture
before sealing. Silica gel in the case absorbs
aay moisture which may collect on the con
denser after it is in usc for some lime.

Low-loss (yellow) bakelite cases arc used to
insure low power factor and low leakage C'OLl
ducLllncc. The phlg-tn~ terminals permit the
condenscrs to be stackt.'<.I ill parallel aod so built
lip 10 any required value of capacilance.

SPECIFICATIONS

C.~(it.n(c, Th.l.i1,N lined iu ~h(j prk'f! lillt IIr" bYllil ..bl"
rrom siock.
ACCUflCY of Adjuitment: All UD;Ulll.., udju.l.OO within 1%
O' 10 m;e.(>",icrorat1ld•. ",hicheye. i. the lurge•.

Temptf.ture Coefficient: The lempl'l'1Itllrt' oocll1cient or
C8I\<1cilnuf:e i. Il:lllI lhllu +0.01 % PC' degree Ct.ulig'lIfle
belw..·.m 10" u",1 50" Centiglllde.
Frequency Ch.faclefiitia: Th" cffectiYe «!rl1linuJ ~'lI!lnci

IIOfH:Jt. is ,~nli"lly CDustnol over II wide frcqucm;;y IlIn~.

A~ .tTy luw ff\'(llwncies II 'it.ry !iligh~ ri~ ill ~llllUllil.unCtl

OttUnI b"'CflllJi<l ur dit.lCdric ul:Jel)rptinn. At hi¥h frNI'w"ci.~

u rio.· i~ cuu"",l h.... u n;;sid"111 i"d"t:lll""'fl ur Ilho"t 0.0::;;; "h
which i~ elT..... li"..I)' ill 11(',;1:8 witl, I'w "und"ulle" The effect
of Ihi~ iud"elllll<:l' on lhe ctlllofIcilnuf:e (lr IIlW(:OlI '!'VI'F., 505
Conde,,"'·.... i~ IIhown in ,,,,. "cconlIN,ny;nll 1,101"
Pewel Factor: 'I'll" power factO!' uf <JIJ llnilll, eJ(ct'!'l the
Ilm'c fi"",llr~1. fii~.I!lI. lUl:WIurcd ut 100(1 eycl,'!I lI"d ut :!;;'
c..ulilfnld,·. ia letIII thnll 0.0:;%. 1it.'Cuu;w, ....r th,· iU~"'lIl1i"g

.. lfed of Ill" 10l»leli iu Ihe bake.tite C11l!e CD Ihe 1)(I"'rr f"C10'
a~ Ih.. Cfll~,rilunte dreren...... the 1>0"1'.' foelor. f,t 10110
,"y,·lr.lI lInd :!S" Ccnlilln,d... (If Ill<.' Tn',::!, :;0;;·,\. :;O;;-l\, ur,,1
r.Ofo-E ill 1~'lI8 tlmu 0.1 %. O.08%- "nd O.Oli%. ""'l"'l'livdy.
A "h'lfI~ of uooul +5% Of;ll YUille Q<'CUI1I ;11 111(' "",."e.
fudo. rUt u h""IICr<Jlll'" .ill(' ur I" C..nligr"dr

Ti,e chuugee iu l)Ow"r ruNU. with fr\'Queuey un: ~huy.....
f..... lltIUlI· "'''''lit.. oou,l"nlM·nl.;1I th,· "crolllllllnyinl/: 1""1. At
YHy luw f""IUNlci""" lh,· ri..., in 11<..""" f"ctur i. "1111.3<·11 by
1_ dlle to dielL-etrie "lwIQ.plion. ,H thllliigli fr"'l""nci.-",
Ihe rbe i~c",,~d I,y II16elf,:c1 or Ihe 1II,.i,... nlli~lnuc.; in the
lelld~ "",llermi""k Th;~r<.'Si8Iu"""" Ilr,,,,llClIlly i"d"III'ntlelll
of o;npocilnn~, "n.iCfi ,,~ ll~ l!fl,u.lr~ root or tb" fr<..~lu,·ncy

becf,u!It· orll~in .. ff.'<:t And;~ nho,,1 O.O~ oh'" nl I nlel1"cyc!e
uud "111.,,,1. 0.1 010", "t 10 ff'efl1t,·yck'l'. 1'1", "IT"~'I of Ihi~

......i.lllnOl' On till! power faclor is incre"JlI«ll\l:l tl,,' C8ll1lcilnnce
increllllCtl.

Lullag" Rellsl4nce, Th.. l"uklllle "",iSlullce, ..bell weaJlured
at 500 volll!. ill g."uler tbun 100,000 megohm•.

Maximum Volt.ge and Frequency, The "'''Jim"", peak
vollnge which lllOl QUndeullcl'li will IIlIfety wilh:i~"d ill 500
voliJI ror olll"'t. Ih.. tw" ."'Olleill "niUl. which ",ill wilMwnd
,00 "Ollil l>enk. All II,,· r""lllCUCy ur " o.mslanl ol,plil'd
yollnge increnk'll. Ih" IlOwe. di!lllil'"led i'l Ihe unit. lib<>
i"creo_. If "n lHI v(>lInlf('. ",ll(lOl(l mn.~imu", Y"l"e «t,mls
tbe ull"wllble IlClOk ,"UlllOl(" 1"..·yi",,~11' .,wcil;t"'. is "Pl'li,~1

lo Ih" ~mdClL'Il'I'II. tiL(' rol1owiull' tullte .how, tho f"Jl~;nrUm

llll"....·ahl.. fr<'11""nC). TI,i~ I..hle ill hlllled on Ih.. nhiJily of

i..f---f-+J-\ll.!;+-I-------+
•..

-
Thi$ 1I1,ow~ Ihe ;"""CHIIC in Clllll..:;;I"nce n1. high r.e
'Iuenei..." which ill "nllwl 1>)' l1h' lIer;..'8 ;rul"elnnce or

~h" oo"den~1"r 1I·.m;nnb nn,IIN.d~.
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CAPACITORS GENERAL

the uni\.ll to dissipotc l "olL For hi:;her frequencies the
allowable >'oltage deeren_ lind i8 irwcrlICl)' proportional
to the lI'lUllm root Qf lhe frcllucncy.

Ty~ F'fIIUMev

505-.-\
505-13
505-E
505-1-'
50S-G
505-11:
505-L
SOS-M

2000 kc
1000 k.c
930 kc
800 kc
400 kc
160 kc
80 k,
40 Ir.c

Dillllilllltion {tICwr nil B function of frequency for
TYPE 50;; Condensers.

TIf,min.ll: Screw term'''olll ~put>ed ~ .. iru:h UPlift. Two TYPE
Z74-P Plugs "re lluppliet.l wirh each oC,llldellllUl" 110 lhot it
moy be oonverted to a plug-l.enninal model.

Mounting: Low-IOll8 (yellow) bakelite casea.

Dimell$ion$: (Length) 2$~ x (width) I~ illChllil. Over-nil
height. excllL'livc of Illu!9I. I inch.

Net Weight: "ounces.

T,,.
S05·A
505·8
50S-E
S05-F
SOS-G
505-K
505-l
S05-M

100 ",,,I
2ool'I'f
5001'1"

0.001 ;<'
0.0021'1
0.0051'1
0.Q1 pI
0.02 pi

Code Word

COO'il>F.N"LLV

coxm:',";IlEI.I,
CO:<DRlSCOAT
CO:<D~"'(lllAM

CO:<DEN.:YIlE
CO:<I>I;:<I'ACT
eONIlI'_~OIIlL

COND.::<Il.:AI.I

Prju

$3.50
3.50
3.50
3.50
3.50
'.00
-4.50
5.50

(1,'11) AJlSC",lJlinl{ sheehl of mien "nd foil illto TVl'E
505 ColldenllCllI. Tile IllIolICmbly olll'ralion is curried
oul under" gl""", I:Ovcr to protool the collde,ulCllI
from dU6t, and lI,e foil IIlId mica nrc kel'l on "n
cleetricully Ire"led plow to Ilrt,vclll moisture frol"

(:ondell~ingOn their surfaces.

(fIe/ow) Over·nll dimensionll of T, "g 50:;
Condenser.

NO.16~ EJ~
DRILL ""~
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RADIO CO.

TYPE 219 DECADE CONDENSER

CAPACITORS

USES: The TYPE 219 Decade Condensers find
uses in e\Tcry laboratory as lUlled circuit
cJcments, bridge impedances, filter clclneills.
or as componclll:'> of any circuit, where a wide·
range variable condcnSIJf is llucesBary.

DESCRIPTION: The TYPE 219 Decade Con
densers are assemblies of three TYPE :U\O
Decade-Condenser units mounted ill u shielded
cabinet Each decade has clcvell posiliollS,
o to 10 illclusivc, so lllO.L the decudcs oyerlap.
A posil ivc dctenllllcchanisrn allows the switch
10 be set accurately.

FEATURES: The TYPE 219 Decade Condensers
arc direct-reading units covering a wide range
of capacilancc values. Although not designed
as slandards, Iheir accuracy is sufncient for
1Il0s1 laburatory wD.'k. The zero capocilallce
has been kept at a minimum alld its value is
marked on each box for ready reference. By
employing lIlica condclIsers 011 all decades ex
r..-cpt the (I. i-microfarad decade of the TYPE:
219·.1\.1, the power factor has also been held low.

TYPE 219-K uses mica dielectric throughout,
and has many uses where the comparatively
higher losses of papcr condensers cannot be
tolerated.

SPECIFICATIONS
Accu.acy, All ull;tllare accurate at the dl'Cfltle tcrrni""llI
.. ilhill I 'Yo. eXet'ptthe O,l-rnierofltrud dec:adeof the T\"l'&
219·1\1 which is within 2'70. To obluin thC8C accuracies at,
lIH~ box terminals. account Ulust be luken of lhe "ffeo:;ti"e
Xero capacitance of lhl" box. which is made up of the lrue
zero CllIH,citw'Cf' "lid lite mUlu,,1 Cllll"citance between unitll,
The "olnes for the diffl"r""t boxes follow,

T.,,!/« /<,]Ju/;,., Zen! Ca/Hld/llnn

219-K
:!19-M

Thel.... ,·... lllC!! arf' engrn"ed nn the 1n.'1lrurtion PIlltr. on
every hox.

rrn..... "'" lao _

HCII'dual 'UJlllod"lIcl:>< 10 the '[",-pt: 219 Dl'Cude
Co"dCtl~r.

Power Factor, The l>ower f"etor ror lhe ilillividuol del:pdes
is ~iven in Ihe tllC'Cifk"lions for lhe Tvpll 3$0 DCClld\....
ComlcuS"r U"ils. I'(,or the Ihroo low('lii SICllll of lhe tbou
8u",ltll.Hlticrornrod d''<:lHlcs, the lllhllltllf!d ""lues will be
exceeded bec"ullC of 10S8<"ll ill the l,cro ""I",,'ituu<:<!.

Maximum Vollase .nd Frequency: These valuC!I for tllu
dilTcrcnt de<;ades are given in lhe 81leCilicut;OIlS for lhe
TVPH 38Q l)cctu!c-CondClllw.r U"il". The l;mil;ng"oluCfl
ror lh" dilTcrent '["1'P'i: :!\9 Dl'Clldu COUlJ"ntll'rs nrr e"gruve<!
"" the 11lstrul:Iion I'lilic for enell oox.

Frequency Ch.racte,istic', The varilltion in c"lmcilaucc und
[lOwer rador with {re([Uelley is sin.ilar to l1r"t 8hoWli 011

page 55 ror 1'\'1'.: 380 Dec'ldc Coudcn;Jer Uni\Jl. modified
by II", Cllllraclcr;$liCll of the wiriu!:. coualrtnl3 for which artl

shuwtl ill the llCl'O",pUII)'inl' skclch. -
Terminal,: Shmd,.....1 jll.Ck-IOII binding pos\Jl .. illl ° ~:_inclt

.I',,,,ing ure u.",d. TIll' "h;eld is ...onnl'Ch~1 10 dw "G"
Irr",inll.l.

Mounting, The dccndCfl u~ lI,;serublt..1 on nn ulurninulll
1""",1"",1 IlHllI"t<...1 ill Illlh;\·lded willnul Cllhi",'1..
Dimensions: T"'o;:,, :!i9-h ond :!19-M, (leullth) \:P: x
("',dlh) 5'~ x (height) 5.14 ineh¢!.

Net Weight: TVI'.; :!19-1{, 10"" \lOundK; TVl'" 219-M, 8M
pound8.

Ty"..

i19-K
i19-M

1,1101'1 in 0.001 1'1 steps
1.1101'1 in 0.001 "f .teps

Type ,180
No. of /);(.I~ Duadct lfurJ Cod" Word, F. M. "I CIlO!!8

J L.l\I,N ""I~Il

Pri.u

190.00
45.00
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CAPACITORS

TYPE 380 DECADE-CONDENSER UNIT

GENERAL

USES: The Tnt<; ~80 Decade-Condenser Units
arc extremely useful as c1cmcllls ill 11l1l(.'{1
circuits, wave fillers, alld olher experimental
or permanent eQuipment where a rather large
variable capacitance is desired. They arc also
lIscful in oscillators. analyzers, amplifiers, and
similar apparatus, especially during the pre
liminary design period when exact values for
difrcrClll capacitances arc to be dclcl'minC'd by
cXj:lCrimCIlL

DESCRIPTION: Each decade is an USSClllbly of
four individual mica or paper condensers. A
selector switch is arranged 10 make pumllcl
combinations of the units so that anyone of
ten values lIlay be obtained.

The switch is of rigid construction and
carries a detent mcchanism for posiLivc location
of Ihe switch positions. A bakelile shaft is used
and contact is made by mCllns of cums bcuril1~

on ph<:k'>phor-brollzc springs. A brass shaft
hushing is molded ill. This switch together with
dial plate and knob is availa.ble separately us
the Tn'I,; 380-1'3. (See price list.)

All standard units arc furnished complcte
with knob, photo-<:tehcd dial plate, and slops.
FEATURES: The TYPE 380 Decade·Condcnscr
Units arc carefully aged and assembled so as
to be stable and rugged. The smaller decades
consist of molded miea condcnscrs while the
mica O.l-microfarad decade cmploys TYPE 505
Condensers, The paper eondenscrs \llat arc
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T"'E ;"IllO.F'.

used arc Ihomughly impregnated \\'ilh molten
ceresin during wimling, A Ilon-inducti\c t~pe

of winding is usc(l, with the foil projecting at
each end of lhe roll, thus a\'oiding the large
increases in power faclor nnd cJfcetivc capaci
tuucc which occur at high fre{Juf'llcies when
only the ends arc connected,

near V;,'w of Tn'>: 380_ \1.



RADIO CO.

SPECIFICATIONS

CAPACITORS

Acram,,;y: All lluite lire within 1% when 'lII'll!Iur...od lit
1000 cycles ex~l'L the Tv../!; :Iao-L. which iH Accuraw within
:::%. The u"i1.8 are ehl)Cked .. ilh the twitch Illl'ChtlllUIiU
higb, eleclric.. lly. "mllhe oomn,,;m I"ad nud CUlK' grQunded.

Dielectric: The Tn'~ 380-F i~ ma,lc Ill' of Tn-I! 50;; Con
de,,,,,.... which I",ve lIliIJU l.l~ the dicll-.;lr;<:. The TYPE 3110-L
u6eIl cerosin-impregn<l\.<ld li""n-po"e. oondcruwr unite while
the Tll'E 380-.\1 lOud TnF. Jllll-N u>lC mien condcll!lC1'H
",olde.1 ill hakelite CMt':8.

Power F.c1or: The power facle,. of the different "nitti, ...1..."
mClUIured al 1000 cycles lIud ~SO C<.-lltillr'nlc. will lwl ICllll
thrm tbe valullII in the follo,,-;ng lable. wilh th" CIl-eplion
of the three lowClllseUingli or the T\ I't:lI 380_~lnndJllO-N.
Ilerc. ~(lugeor the lo8Sl'll in theBwil"h IIml mouuti",.. the
tnb"h.ted pOWCI fRetor moy beexee<lded by II ~lightoll1o"nt,

POlCU Parlor

--.,,'-'-:J
Ovcr-llll dillleWliong of T, 1'''.11 3110-L, .M, "ud ·N
D~~/lde-ColLdclJscrU"ilil; dimellsion A is 3~" inches.
While TYPE 380-F Usell lhe gplllU ~wil<:h 1ll,~e111millll\,

eouden~cni aro mounted 011 bolh ~id", of ~he switch
anrl the pOllelllpocc r!:fluired iJI ,p. x Ih inehllll.

Flltqultncy Chulctltliitics: The vRrilltioD of CIl!'<'cilnncc IIml

power fuetor wilh frequency is ahown in the IICCOmflIlD)'illg
1'1,,1>1. The rille in coplICil>lnCfl at low frequen~it'8 iii <:0,,:1('(1
by inlerCIOCi,,1 lJOlorizntioD in the dielcctric, tllnt al high
frequencies b~' 8l:ril'll induelunce. TlJe d~;Plltiou factor
ri_ lit low f~qucneiOoi because of tho ItIll!I in U," dicl~'Clric,

a",1 "I high Cre'tul'lleic~ beclllL'l(l of series ",ellllli~ resi~tllnce.

Muimum Voll,glt .lId Flltqultl\ey: The maxin.um peak
voltage ..";"b tbe uuils .".ill nfely witblll.and ill 300 ~'olta

...ith lhe neeplioD of the TYl'l!: 380-f' whil;b ..iIl "'ithsl>lnd
500 vollii. A" the frequency of the Dpplioo vollllge inerellHell.
the ourr..nt ineN'!MCiI Dnd DlON'! po....r WUlIl be diuipoted
by the ""il. In order lh811hiil power dQC!l not becou,e ex
~_ive, the frequencies listed hero mual nol be ex,:ceded
whcll peak voltoge8 e(lual to lhll "'axin,,. just apecilie(l are

380-1-'
380-L
3110-M
3llO-N

0.05%
1.0 %
11.1 %
0,2;)%

(lllPlie(1. For higher frcqueuciCli th,., maximulD safe voltolle
dooll.'a_ lind 18 invcnrely proportiollul to the squaro rool
of lho fretlueuey.

'[ype

S80·f' 5 ko
380-L 1 ke
380-1\1 100 kc
38l).N 1000 kc

Telminals: Flexible, ruhber-i,,~ulpted lelld, IIrc provided.

Mountio9' Muehillc screws for altllehi,,!: lhe decode 10 0

panel are aupplied.

Dimeoiions: TVPE 3aO,F, (mnel Ilpsce, 4~~ X .~}. illehl'll;
behind ponel, 4. incbllll. TVPElI 3aQ.L. J80-i'II, IIl1d 380-N,
!ICl' nccompanying sketch.

Net Weight: Typl'; 3AO-F. :\ l)I)u",18. I:! OOllce&; 1'VI'....11

380-L a",1 380-"1. 1 JAl I....un'!a; Tnf: :l80-N, I pound,
6 ounces.

•

•

(/.,If) Chooge in copncilnm:(! liS II rUllctioll of frt.oqueney. The eaptlcit"nee eurvea lire rer<lrrod 10 the value tho
oondellser would hove if there were nO interfllL-ial II0]oriwlion ond nO !Wriell illduclllnee. Since lhe oo"dl~n!iC1'8 nre
pdjll~tcd to lheir ralcd accuracy nl 1000 cydCJI. tbe IOOO-cyele volue 011 lhe Iflols should be tIlled llil a bu~is of reference

in e.tiu'litillS lhe frequency error.

(llia"f) Di<lliptltion factor na: n fUlltlion of frequency.

TY/lt

38o.F
380·L
380_M
38o.N

380.P3

Q,pacilcIfln C.ode Word Price

,.• "f in 0.1 ",f stepi ACUTE 558.00
1.. ¢ in 0.1 ¢ iteps ADAGE 1!tOO
0,1 Ilf in 0.01 Ilf ,Icps AI>DI::I1 15.00
0.01 "I in 0.001 JJI ilept AUllLE 12.00

S..... itch Only 5,,',TCnVOIlI) 5.00
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INDUCTORS GENERAL

TYPE 107 VARIABLE INDUCTOR
USES; The TYPE 107 Variable Inductors find
their greatest uses in the laboratory as sland
ards of moderate accuracy for measurements
of sclf- and mutual inductancc. and as com
ponents of bridges, oscillators. and similar
equipment where a variable inductor is needed
as a circuit element.

DESCRIPTION: Two coils, a 1'0101' and a stator,
arc mounted concentrically. As the position of
tbe rotor is changed the coupling between the
two coils changes, and the inductance is varied.

JII lllosL models stranded wire is used, in
which the separate strands arc insulated from
one another. The coils are irnprcgu81ed and
baked ill a high-mclting-point. material before
being securely mounted 10 the bakelite palle!.

FEATURES: The Tn'" ]07 Yariable Inductor
is direct reading in inductance for both series
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and parallel connections of the coils. The in
ductallccs of the rotor and stator have been
carefully equalized, and the coils arc so mounted
Ihat Lim inductance for tile parallel connection
is enclly one-fourth the value shown by the
dial for the series connection. This equalization
of the two coils also eliminates losses from
circulating currellts whell the parallel con
nection is used.

Separate terminals arc brought out for both
rotor and stator so that thc~y may be quickly
connected in either series or parallel as a sclf
inductor, or used separately as a mutual
inductor. The formula for the mutual induc
tance is given on the nameplate together with
the value of d-c resistance and maximum
current.

Other features of these inductors are their
permanence of construction, low losses, and
high current-carrying capacity.



RADIO CO. INDUCTORS

SPECIFICATIONS
Self·lnd"danCll R.n91l: tlvc sizes arc nVlIil"hJc ;11 1I10l,k
covering 0 lOlal mllge of "1}llro:<imlllc1~' t.7 luicrohCllryli
10500 millihcllr)'lI IJ)' the U~ of bolh the tIC,jell o"d t,uraJld
oolinecliollll. :\t:uimum nnd minimurn Vlllut:S ru. hUlh con
nectiOlls are 8110wn in the priCtl list.

Mutual tndudonee: Either posilivll or ncgulivll ""lu('ll of
mulllni irulllclu"CC Cllll l>c ohtuincd. The cx"el formuln for
lh... mUlual inductanCtl is engr,,"ed on cilch illdividuul
;ll.lllnltl1cut. The npproxi"'"le rnn/WI ure I;iven in T"bl<, l.
C.,libration: The ;lI<lUClllO..... ror t.l".. ><eri"", oolllle<;lio".
",eoSllNld ot 1000 eyel~ lind llCCllrRle .... ilhin I % of full
lICQle reading. i8 cng.,.vcd On lhe dinl. Th" ind"cl"nCl' for
Il,e l",roJleJ oollllccLion is .... ilhi" 0.1 %of O"ll-fourlh of t.h"
l!erkos i"dllctnni:('.
Frequency ErrOl: Disregurding errorll dlle 10 skin elr..~,l. II",
fractional dmlll;o ill il1duct,,"ccwilh frequen"y will bep/J;
.... h"r.. J is Iho opcrllling frel-IUCoey Dnd /0 ll,e .."lllmJ rrc
'Iu"ncy. Accordingly. ut olH'-hmlh the nuh,r"l rn!qu"nc)',
the fretIUe"..')' error ia b"t I %. At higher fl1,.'q"enei"" skill
elT"CI error'!. "'hid, fire different for L1,e differ"nt n"ihl. mo~'
IJN:<Jn'e upprcci"bl". Tnhle I giv,'s Ihe ,,,,t,,,,,1 f....~]n""l'i.".
for th" lliIT"r""t slandlOrd unil$, for full !!Cllillg with series
conucct.ion.

loslI's: The mO)l:imuJU VAlue of the 810rnge flletor Q_!!..
"for f"II_"le setling with the ilf'ries oonll,-'Ction is gi ...·" ill

'r"ble I for eoch i"d""lor together with tho frt:<lueocy "t
.... hich t,his vulue of Q is oblni"....!.
Muimum Power end Currenl: Thll total ""'Olml or l""wer
which eoch inductor is c"pllble of lIi!!!!i]mting is IS wnll.i.
Thi~ "mount "",,_ n lcmperot"re rise of 40 0 Ccnli"n.d".

The "HI)I:,"'"rn ollo....nbJc current. for th" seriCll CQn_
oecliol\. ill given below in Table I ""d is engraved 011 each
"'''''epillte.
Direct-Current R.liltence, Thl! nPl'1'O~jmale VIlI"Cil of d (l

reJist ..noo for the differenl unila on, give" ill T"bl" I lind
ure 01110 ellgrlly,-~I 011 Ibn "um"lll,.lo.'8 or the instru"'clll.ll.

Terminel" St"n,larrl Sf·inch spn<'ing.jack_lop hindi"" P<J81$

nre provide'" whi"h "lIow ""purllt" oon"l.'dion8 to rOlor "nd
8L"lor. Connecting li"ks Orl! snllplied so ll"'l either 0 SJ"ries
or l>ur"lIc1 ~'OJlII,'Ctioll of thl.' rolor Ilnd Sl>Ilor en" 00 mode
Ilvnilahle lit 0 thirt! puir of binding 11O!It.!.

Mounti",!!, All u]lit.! are ",ollnl<.,,1 011 Imkdite [JIllleJs am]
enclOoll.,,1 in "·,,hlUt cnbillet.s.

Dimen,lont, 6~)I: 6)1)1: lI'.\' inches. over_oil.

Net W.i'!!ht, :; [lOu"ds, 011 runge8.

TABLE I

D-C j\ll,~;mulll llfa.. illlum ,.'requt'I£Y for !Valuru/
lIe.•it/<llIu Cuuenl Q. j\!o;r;",,,,,, Q- P~q"ency·

0.17 11 11.5 , 110 .~OO kc 5000 kc
0.7 n -l.n " 110 ~OO kc 1500 kc
<., n 1.7 , l"~ 60 kc 500 kc..

.10 n 0.60 " 65 ZO kc 150 kc
660 n 0.1-111 " 7 kc 30 kc

Mulunl
TYM /m/uclnflu

107_J O-IO.II h
101-K Q-110 h
I01-L 0-1.1 ",h
I07_M O~II mh
107-N Q-IIO ",11

"F(I<" r..II.-.J~ aelu,,,,. om... 000.....1;00.

&/f-fnrJudlllU:C

Typ< .';,riu Purallrl Code Word Prier

107·J 7- 50 "h 1.7-12.5 ...h ll ...nE~l $35.00
107-K 60-500 ...h 15-125 ,h lJ"npy 35.00
107-L 0.6- 5 mh 0.15-1.25 mh ""nny 35.00
107·M 6- 50 mh 1.5-12.5 mh nO'rEL 40.00
107_N 60-500 mh 15-125 mh lIon:1I 40_00

PATENT NOTICE. s... N"t<> 17, ""88 v.

OTHER INDUCTORS
TYPE n9 R-F Chokes are described on page 191. Because of their

low capacitances, Iligh inductance, and high Q, these chokes are
usefuJ as inductance elements in rulers and tWled circuits.
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INDUCTORS

TYPE 106 STANDARD INDUGANCE

USES: The TVPE 106 Sta.ndard Inductance is an
accurate standard of self·inductance for lISC in
bridge all(1 olhl.'r measurements at audio
frequencies.

DESCRIPTION: An astatic fonn of mounting
is used whcrcilllwo D-shaped coils are mounted
parallel to each other. The coils are fonn
'Wound. bound with tape, and impregnated
with wax before being mounted. A minimum
of metal is used in the mounting, thus mini
mizing variations in inductance with fre<IUN1CY.

FEATURES; Low and nearly constant resistance
at audio (mlucllcies is insured by the usc,
wherever pract ieo hIe, of stranded wire ill \\ hich
the separate strands arc insulated frOIl1 one
anal her.

The induclollcc has been made independent
of surroundings by using an astatic fOfm of
mounting in .... !lich the Helds oC the two coil
sections neutralize each other in regions
external 10 the case. Thus. inleraclion between
external fields and the field of the inductor is
reduced to a minimum.

SPECIFICATIONS

Typ<

I06-L
106-0
106-J
106-'
106-101

l\omil1oll)..C Mtlzimum lllozimum FtqutllC!' /or .v"tUNt
Rt~UUIll~ Cu,...1l1 0 .U.....imum Q FtqutIlC.Y

0.18 a 3.5 • :!l0 JOG •• 6000 ••
1.80 D 1.0 • 190 1:>0 lc 2000 Itc

12.2 0 0:; a 1.0 .... 500 kc
85.3 " ~:;Oma SO :!O ,"C 1:>0 kc

S15 0 150ma .. 7 Itc 35 kc

ACCUIKy: TIle 0.1 m;niltenry unit it ItdjWlto.'tl .t 1000
c:yeles .ilh'n O.~% of its labclOO value. Allllle other uuiu
are .djUlited .'lhi" 0.1 % d 1000 c)·clcs.

Rouiit.-nclE: TI... res>..t.n<'e 1111000 cyell'll" tbe "'Ole .. the
doC m1i~tll'~e. Th,s n'l!istan~. togell",r "',lh lile tempera
lure. 'R enlerMI On n ~rlificule mounted on Ihl' 00110111 of
lhe cuhind ...111'" the iudllctor 'S "'en811.....,J in IIIIl Stnndllrd
izinli: I~,bomtory. The lIowim,1 ,-oJuCll lire gi,en in the
table Illl\lv<l.
TIEmplEr.-tlirlE Colrfficient: The tcrulICroture oocftieicnt islCllil
IhHD ±O.OO,j % IlCr degree CenliBrodc.

Mulmum CurrlEnt: Soo 13Lle.
LonlEs; The lUllximum volue or lhe swroge foctor Q - ~,

lind the frequcncy for ","ich il occurs (or each s,~e u", given
in the table.

FrlEqulEncy Error: Diliregarding slin dr~'CL 11M! fractional
cban~ ,n ioourotaDCe ...ilh (~ueocy it ph: ...b«e/ ill
011<l1"&1i"l f_IUI'M')" aoo/. the nalural r~lICDCY. \L 0I.e-
tenll, tiM! 'lOIlu".1 r~uel)cy. lberd"ore. the error .. I~

Tamin.-ls: Dindi"l pnals are provided.

Mounting, .\11 unitlue a-.embled in ...Inul ClIbinell ... ilh
bakelite llanelli.
Dimensions: Pllnl'!. 5'.x :;1" inclwos. eftbim,t. (1\(';ghtl31"i
incbes:. on,r-l,lI. U~"Cllt T ....~ 106-- \1 which i8 5.' inch".
g"er-llli.

Net Wltight: \1'"ro~i",,,I~ly :!H pn"llll~. c¥''\'l't T"'1l
106·~1 "d,id' i.;; lIuu"dl.

T'!", lrKlucllUla Codt 1I'0I'd P,i«

lQ6.l 0.1 .h I:>"'''.. S25.00
lQ6.G 1 .h l"'f;JIT 25.00
,Q6.J '0 .h '''ATt. 25.00
lQ6.K 100 .h I1:iLIrr 25.00
lQ6.M 1 hlEnry IMlIir: 30.00
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BRI DGES GENERAL

IMPEDANCE BRIDGES

The four arllls of thc bridge are not neces..
sariJ)' simple. illlpe.datll'CS, but are freqUCllLl)'
series and parallel combinations of rl'Sistancc,
inductauce, lind callacitancc. Ileuet' tile brid~

arlllS reprrscllted b) the srmbols used ill
Equation (1) arc, in generaJ, eomplcx impcd..
anct'S, aud t1ICrc arc two balance conditiolls, olle
for the resistive oolllponcnL and the at her for
tile reactive COIllllOlll'nL The principal balance
COmpolll'lll of bridgt.,s dcsi/{lll.'d SIlf'<:ifieully to

For the measurement of all types of imped
ances, resist ivc or reactive. inductive or
capacitive. Ih(' Wheatstol1e brid,::e circuit ill
its many modilicalioll,;; has pro\cd best filled
on ,lrrounds of both uccuracy and coll\'cniCllcc.

TIle balance of tile bridge is nllailJ~1 by a
Dull method. tbal. is, b~' reducing" to zero the
vollUb'C betwccn two oJlposite eorner'S of the
bridf!'c. The precision of balallce is 1I0t limited
h~ the scale Icn~lh of a dcllcclill~ iustrumcot,
bul only' b~ the "ohaKC which call be applied
to the bridge and by the !lCllsiLivily of the null
detector. It is. therefore. po&.ible to utilize
completel} the Bl'CUracy of the siandards.

8et'ause of the variety of possible bridge
eire-uils, 8 bridge ran Wtually be devised tbe
controls of .... hich can be made din>cl rcadjng
in any particular impedauce or circuit char
acleristk. The direct~rcadirl~ feature adds
l,'11:'atl)' to con\'{'niCllce ill 1II{'lbunouu'nt, sillce
it ob\'iall laborious ('alculations '" hich are
aIW8)S a bar to rapid work.

The fundamcntal bridge lIct~·ork is shown
in Fi~ure ). Thc condition of balallCC is thallbe
\0110[.."(' ot:r( tlU' dC!{'Ctor IJl' Zl'ro. This Yo ill
occur ",hell

A \'
Boop or AP-HY (I)

measure inductance or capacitalloo should
preferably be illdependent of (retIUClIcr.

Usually, al least olle of luesc balance COil ..
ditiollS varies with frequellcy, but no fn.'<lueocy
limitation on the use of the bridge is inherent
in the variation. Alternating currenl bridges
can 1X' used at fN.'<lucll(·ies extl'nding to tl'ns of
megac)c1~. Th(, uppcr frc<IUCIlCY limit for all)'
particular di""igll ;.~ 8('1 h) the ill('N'asin~('ffed
of residual impcdull('('S in the \ uriOIlS impedanCt'
~talldards and in t hc \\ irill,C.

BRIDGE CIRCUITS: Impedance bridges can be
divided into two classes, the ODe iu Wllich like
reactaoces are com pared, aod the other in
which unlike reactances are compared. Botb
classes are illustratL-d in Figure 1. In bridges
of the fll'St class, referred to 83 iuductance
or capacitance bridges, anllS " alld B arc re
~istauce arms. \\ hile anus Sand P are eiUJer
both inducthe or both capacitive, one ann
colltaining tue known standard. the other the
unknown reactance. or the bridges described
in this section, TYI>ES 7-10, iJ6. and 667 are or
this kind, the first two being Cap8Cilanee bridges
and the last all inductanoo bridge. The TYPE
650 also fatls ill this class for the measurement.
of capacitance.

Bridges in the second class carry the names
of their discoverers, Maxwell, Hay, Owell, and
others. The inductance and Call8citanoo arms
are oppooite one another. Theoc circuits derive
lheir greatcst importance from the fact. that.
lhey permit the mellSUfClllcnl of induct8Jlce
in terms of capl.lcitance slaudards, which are
gencrall)' superior to, and morc. convellienL than,
inductancc stalldnrds. The TVI'E 650 IlIlpcdnnce
Bridge utilizes both thr .:\Ia,x\\cll aud lIay cir
cujts for the IllCIl:;un'lIlcnl of inductance.

t'm!.;"," I. l..,n, lloc ~rlll'rnl \\ hp"lI<lone bridlre l'ircuil; ct"t~'r. cirC"it fur II. t:0I}lJ':;t""rAl hridge in which lik,'
r~"Cl(,,)~, IV ntld /', fir,' ''tlll'lJlm'<!; "",I, ri(:I,1. " circuil ill "hich ""like rCHcl"u,-'t-'tI. II "lOti P, llI'~' t:uU>l'urI'd.
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FIGUlu:::=. Pprlllld_T ..ir~lIil for 1ll~1l~\IritlloC

illll'"dpllcc I'l rn<li" fmqu\lllci"".

compOllellt of the unknowu is measured in4
lcrms of a fIxed resistor and a variable capac-
itance, tbus avoiding the errors inherent. in
variable resistors at high frequencies.

Dissip.tion Futor .nd Stor.ge Factor: An
important characteristic of all inductor or a
capacitor is the ralio of reactance to resistance.
or the reciprocal of this rat.io. For au inductor,
the ratio of reactance to resistance, which is
proportional to the ratio of energy storage to
energy d,issipatioil and is cOl1l1llonly called the
"storage factor" or Q, is most often used. For a
capacitor the ratio of resistance to reactance.
which is proportional to t.he- ratio of energy
dissipation to energy storage and is called
"dissipation factor" or J), is most often uscd.
TheSi' ratios muy bc writlen as

X wI.. R
Q = R = If and D = X = RwC,

respectively, where R, L, and C arc tlte cl..(uiva.
lent series values for tbe resistance. illductullce,
and capacilance of the impedance ill question.
for values cOlllmouly encountcred, the dissi
pation factor (J)= taJl e, where 0 is the loss

0---1,

"

~

DETECTOR

"

'.

"
•

•"

,.,
POWER SOURCE

•!---~CD--4<C:----<5

The TYN: 54.4-B Megohm Bridge is a d-c
Wheatstone bridge for high resistance measufC
ments in which the detector is a vacuum~Lubc

voltmeter. which has au extremely high input.
resistance.

T.Networks: In addition to the bridge circuits
described above there arc a number of other
networks which can be adjusted (0 givc lcro
transmission for a particular configuration of
circuit clements. Several of these. particularly
the Twin-T or Parallel~T illustrated in FigufC
2, have proved to be of great vailic for imped
ance mea<;urcmCIlLs at. high radio frequencies.
This circuit is used in the TYPE 821 for imped
allce measurements f!'Olll 0.5 to ·10 megacycles.

Resistive B.I.nce: AU impedances have resis
tive components, and the bridges used for
impedance meaSUfCmcnt must be capable of
measuring this resistall(,'C in some manner.
Three methods are in general use: (1) Series
resistance. in which the balancing resistor is
placed in series wilh the standard reactancc;
(2) parallel resistallcc, in which the balancing
resistor is placed in parallel with the standard
reactance; and (3) the Scherinl{ bridge ill which
a balallcing condenser is plaeed it! parallel with
the ratio arm opposite the unknown condenscl'.
The series resistance mcthod is used ill the
TYPES 650, 7,10. and 667. while lim Typ~~ 716
uses tile Scherin~ circuit for balancing the re
sistive component of impedance ill terms of the
dissipation factor. The TYP1~ 916 resembles a
ScIH~rilig bridge but uses a series-substitution
Illf'thod, with a fixed condenstr in the iV-arnl
for rcactaucc IU('usuremeIlL, whith makes pos
sible the calibralion of the condeuser across
the A-ann ill terlllS of Lhe series resistancc of
the unknowlI, indcpcndeut of ff€'{lucncy. The
TYPES 7[6 and 650 arc so constructed that the
parallel resistance ll'lethod can also be used.

III tIll; Twin~T type of null~balance circuit
tlmt is used ill the TYPE 821, tJle conductive

FIt" I">; :~. I.en • ..eries r'lllIi~h,,,ce lJridl!(!: (!C,,'~r. "nr"ltd rC\l;slnncc urid,...,: Olltl. ril!l.l. Schering brio!>,'.
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FIGl nil 4. V~1.or dingtllnl abowin.-- lht· fl"'

l"lions IImoug II, X, Q, /lnd J).

Angle) is praCI ically equal to power factor

(
Sill A == ~), for values of f) less than

, 1 +D2
0.1.

Where the Schcring or series rcsislallee
method of rcsisliyc balullcc is IIscd. tht: bridJ;'c
call b£' calibrated in dissipation fuctor or ill
storage factor, for a given frequcllcy. The
TyPES 140 and i 16 have dials calibrated in
di 'ipation fador at 60 c)"cles and 1000 cycles.
respectively. The TYPE 650 reads dirc<:t1y the
efusiJ>ation factor of capacitors and the storage
faclor of inductors. at 1000 cycles.

The TVI'E 916 reads din."Clly tbe series
resistancc of the unknown, independent of
frcquenc). while the TYI'E 821 is calibrated in
parallel conductance for 1, 3. 10. and 30
megacycles.

ERRORS: A bridge circuit provides a means of
comparing two impedances. an unkno\\ 11 and
a standard. It does not pro"ide an absolute
measurement. Tbe possible error in thc meas
urelllent is always greater than the error in the
standard itsclf by the errors in the 01 her bridge
arms entering into the comparison. If, for
instance. the error in the stnndard and in each
ofLhe two ratio arms is ±O,l%, theref'on thell
occur in the most unfo"oroble caS{' Elll error of
±O.3% in tile meusurcrllcnL This 8C:Cllmcy
limitation is common to all dircct-rcudjllg
bridges ill which a result is obtained from a
single balance of the bridge.

Substitution Mtthod: The errors in three of tile
bridge anns cau be eliminaled from the lIIeas
urement through the use of a substitution
method in which the unknowlI imJlCdancc is
connected in the standard ann. T\\o readings
of the standard are required. aile .... ilh the
unknown disconnected and Qllotller \\ itll it con
nected. Wi th an error in the standard oC
±O.l%. the maximum error of measurement is
±O.2%. If auxiliary balances are pro,'ided so
that the standard can 0.1 .... ays be set initially
at the same point, the error cau be reduced.

GEN. 0------,

FIOUI!:;; The suhHilulion mdbod (Ihown
ror I (lpecita~ mea;;ut'enlCnl .-itll I
Sebo.'"riur lIrid~) ~~ the PI'TQr to ..
Itnti:l1l1 the lCl':umcy ...ilk! ...hi<:h the etllW!oC
it.noe JiIJ"'~nff hdwl'e1' two aelliry;lJ Qr 11""

Itlflllon! oon<l"n!ier .. know...

RtsidUII Impcdlncts: The bridge l"'Qualions
derived from Equation (I) presuppose an accu
rate knowledge of the behavior of the imped
ances in each arm. No impedance clemcnt.
howe"er carefully constructcd, is free from
residual illlJ*danccs. Resistors have series
inductan~ and shullL capacitance. Inductors
have relati"ely large scries resistance aDd shunt
capaciLance. Even air condensers, while morc
nearly JX'rfcct than other impedanCf' standards.
have rcsisti"c aod inductive residual impcd·
anCl'S. All at these extra impedances must be
included in the valucs used for calculation in
order 10 avoid error. The o\er-all residuals are
greatly increascd by the various connections
forming the bridge circuit.

Shunt capllcitallcc across the various arms
is all illlporlullL sourcc of crror evcn at audio
frequcncies. Whcn capacitance occurs across a
resistive arm, its effect on the resistive com
ponent of balance varies direcllyas lite mag·
nilude of the capacitance aud dircctly os the
operating CrL'quency. Errors arising frolll this
source account for the large differences be·
tween the listed errors in dissipation {actor
given (or TYPE 650 and TYPE 740 Bridges.
TYPE 650 Dot only operates at a bigher Cre.
quency but ha<; unavoidable switchin~ capaci-

D~tQn(J:.!!..
X

Power Foctor =
sinS :.:.B..

Z

Q: cot 8 :'~

X
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Flau"" 6. Sehe-mlltie r"presenlntioll of c"l>!lcil.aIl~'e. i",luctnnce. n",1 rCllistnncc 8I.n"d"r!h. ~howi"g tloll IIloot
imporlant residual i",ped(JJlc~"I.The olllllie rC1!istnllw nod illdudan~of Ihll51ucks nml l"lId~ of tbe CnlNlcitor (Idt)
lin' rCjln=tcIlIol(1 loy ;j./!riCtl rC>!i~tanac lind indllctli!l~. while Ih~ di...l~tric 1<me'I nrc rCIJrllllCnl"d I,y n shunl COn
dllcl"nCl'. For llll i"dnclunce (~nlcr). the ooPlwr 1000000000lilld lh~ disLrilolltcd cnI'IIcitll"~""lIf th" I.vil ur" the iDl(lOrwnl
residuum. A rP.8ijJlor (ri"hl), to u liJlltllllIJro~i"'lItill". i~ tel'Te!lClllcd loy .11. illducluuec ill 5<:ri"". and I.L cupacitanct:

ill shullt.

tances because. i~ is desigllcd for such a grca~

varie~y of mcasurements.
Shunt capacitance across a reactive arm is

roso serious. In the TYPE 66i~A Inductance
Bridge it iocreases the inductance error from
±O.2% to ±O.4% 00 the highest. multiplier.
In the TYPE 7]6~B Capilcitaoce Bridge com
plete shielding of tIle ratio arms reduccs it. to
less than 1 ~~r (see Figure 9). in the TYPE
916-A Hadio-Freqllenc~' Bl'idge the cquivalent.
shunt capacitance across the resistance al'm has
been reduced to less than O.41J~f. This residual
capacitance docs not alfccl the resistive bal
ances, and affects the reactance balauce only
slightly at 00 Me; aU other stray capaciLances
arc cit her incorporated into tlte bridr,.'l' arms 01',
by means of shielding, placed across tlte b'CUCl'
ator or detector terminals where they !JI.:come
hal'mless.

At high mdio frequencies the limiting residual
impedance has been found to be the residual
inductallce of variable ail' coudcnsers. Thus, in
the TYPE 916-A Radio-Frequency Bridge, the
residual inductance of the resistance balancing
('Olldellscr is the lim.iting factor on the upper
frequellc~ range of the brid/:,'C, in so far as the
bridg(' elements tlu..'tllsclvcs are concerned. III
the '1')'I'g 82'1. on the other hand. lhe residual
iuductallce of tlte susccplaJ1C(' bUlanciog COII

denser is the faclor which detennilleS the upper
frequency limit at which accurate measure
mcnts /lIay he made.

Residual series inductance in bridge 31IllS
is ordinarily negligible at audio frequcncies,
except in Olcasurements of very small in
ductors. The TYPE 667-1\ Inductance Brid/:,'C
uses TYPE 668 Compensated Decade Resistors
in order to avoid change iu residual inductunee
as the resistance is varied. AI radio frequencies
the elfocl. of inductance is much mol'C sl'rious,
and \'ariable re:;istors arc 1101. suitable for use
above a few megacycles.

SHIELDING AND GROUNDING, The ".d
ings of allY bridge should be sensibly independ
ent of its surroundings and lilt, position of tht,

operator. To satisfy tbese conditions, bridges
are completely surrounded by a grounded
shield. and care is taken to use either grounded
or insulated shafts on all conlrols. ] t is also
common practice to ground the junction of the
unknown and standard arms to this sbield.
Residual capacitances of the bridge arms to
Ule shield are placed across the two arms thus
grounded. Although a relatively large error may
be introduced by these capacitances, it can
oflell be eliminated by all illitial zero reading
or by making the residual capacitance part of
the capacitallce standard. A bl'idge wit.h OIlC
unknown terminal gl'ounded in this manner
willilleasure thc "total impedallce" of lite Ull

known, which includes its tCflninol impedance
10 ground. The TYPES 716, i40-BG, 916, and
667 are of this Lype, placing oue tel'minal of tlte
unknown at ground polcllliaL If, ou the other

Frt:JlJlIE 7. I" 1.h" TYPE 'lln.-A lladio-Fre.
'luellvy Br'd.."C Il 81.'r'ca-suhlstituliou method
or 11ICIl~ur<:/I1r.nt ~~ ui>lld. III lhis tnloC of
",ell~ure"'Ctllstray Cllplleil"'lllc to llround in
the ""known orlll CUll 00 particulnrl)' troublo
!lOme. Trivle shieidilll< is ullC<! in this urlll to
~'O"lrul lhe strll)' cUI'acit.unCelI, us illl.llltruu.,.j

III Fig".... 8.

••
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UN~NOWN

FIGl.l'K 8. Sho.. ing tm, shi~I'litllf of Ih.. ""I."o...n
arm io the TVI'I! 916·\ IIndio-l-·r~l...,ncyUridge. 'n
lhill D~",bl)' tloll iDrK'rTllOlIl .hi..hl locllli«:ll th..
vnr;lIhle @lruy "ulw,cilnnce of the rotor of G,. "",I
prev"nU it froID r"lliog "cr~ C',. whero it would
ClIlllill i"lerlo.;king of tim IWlliul!JI of til/' 10m OOll'
dcnKI'II. The middle shield Ihr01'~ II'" tilrny (:1'1""'
;1l,"00II of tho two ''OlId"""""" 10 the ri"ht_hllnd
corner of til.. bridge, ,...hil" Ihe oulerlUOOlI tihidd
1)111~ the ClIlHlcOtnnce of 1.11... right-hllnd ODrl\("
IICI"OII8 tho lIenerul.Ol', ",h......, it iIO 'umlll_.

This I",ta 1.1 ... Cl11)/lciww·..• from l~ Oull', ,hi.·M 10
"1'O\.I"tlIlCl'O!Of the I' 1Ir111 of the bridllf!:. ,'dually. the
phplC:llllIlTMngl:<M!nt of the bri,llf1: j" 8uel, Ihat thill
ca.-cita",:... .,..,...titul.ell the briel¥" Ia'''', with only a
'rin,not1' eo'MI('""",. oou.-,Irtl M:roM it to f'UoI'TKl for

Illl.nll varillliollS bl.'lwt'f'1I iU!llru",,,nhl.

Il8l1d. neither of ILl' uIlkllOWIl terminals is
p-roulldcd, thl.' bridge .... ill IlIcasUN' the direct
irnpooance acrt):,S these tenninals, pro\ ided
that the tennina] impedaoces 10 ~rolllld are
18r~' rornlm!1'd to thc bridge arlll1ol. TvrES 650
and iIO·B IJ8VC neither un.. llO .... " tcrmillal
.wounded unci hellee mc&uN' dif"l'("l impc'(hul(,(,.
l nder certain conditions. ho.... ('n.·r. Ihe TVI'£
650 can be adapt<.'{j for IIll'asurillJ; ~r{lullded
impedances, aud Ihe TYPE 710·8(; for me8S·
tiring din.ocl illlpcdalJce. The TYI'., ;d1·B ~leg·

GENERAL

ohm Bridge call lX' colmcctcd either wa~ and
caH. therefore. mcasure either tolal or direct
resistance.

SHIELDED TRANSFORMER, The b,;d.e bal·
ance should be independent of the l)'pe of
generator and detector used. This condition is
met by the Ul>C of a TypE 578 Shielded Tran9
former. Que trandonncr winding is COllnected
between t\\O oppo5ite corners of the bridge,
neither of .... hich is grounded. It is immaterial
which side of the transfonner is conoected to
generator or detector. except as the sensitivity
of the brid,,-e is affected b)' the transformer
ralio. fo~or bridge balances, Ule small. coostant,
and kno.....n lcrminal capacitances of the trans
fonncr are then substituted for the large, vari
able,aml unkno.....n capacitanccsof the generator
or det.ector.

DETEOORS: To obtain the ma.ximllllJ pre
cisioll of balance with any bridge or Dull-balallce
circuit it is nccessary to obtain a virtually com
plete null balance. With modern vacuum·tube
circuit. however, sunicient seositivity Call be
obtained. to utilize all the potenliaJ precision of
all)' null·bala.nce network.

In some bridge circuits the balance is de
pendent upon frequenc)', and lhe value of the
unknown impedance usually varies wilh (re
queuc),. COIlSt.'quently. the presence of har
monics in the input to the bridge or their
production in a nOli-linear impedance within
the brid,!re rna)' obscure the fundamentaJ
balance. A lIull balance may also be masked by
the residual Iloi"e lcyel of the oscillator and
amplifier uS(.'(1. For thCS(' reasons it is usuaJly
advisable to employ a selective detector, tuned
to the f«'(luelle)' at which it is desired to balance
the bridb'C.

Audio .nd Sub.Audio Frequencies: At lIudjo
fn.'<lllcndes, the com'cutional det<:clor is a

OfT.

FlGnur. 9. IlJu~lrl,li"" the ijhichlinil arrnnlf""wnl
of the T~I·K 716-11 Cop"cit"OlOO HridllC. Thc TUlio
"""8 w;lh lI"'ir """'I""",,,I;,,!! CQUd"'L""'''', th~ dill
~i pu Ii,,,, f,u·tor 'ou"dcn""r, und the. ,npul trun~f"rro'l'r

nrc nil onounlcd n" ;'L~"IIlILod 8u"pun"I~ It"d lOU"'
JI"·t~l)' 8h'd,I..'(1 Tho 8h;eld i~ (VIlUl'l)b',1 .." Ihe
juno,;tion of the rulio Ilrmll, therd.)' "luciog itll CUI'"C'
iln".." 1.0 ,rou",1 UCI'Ollll Ihe detl'CIQf Icr",i"nlA.

TIlt' 8h~ld "round rI.eh In"",rOrtll('T ... i",liull i~

,"",u_l~! 10 thll w'Il,I;nj:, climi'lalin(( tll<, I<',m'n..!
rnl'll<:'huK:f"I. \ Ihird hit'lI!. ~I.. "",n III<" .. i",li,'I:
.1Ii"'.I&. ill ('Un'II't'led l'.llill" jUIlC\'OO of 'I~ n,ti.., ar","
The ."'I.....jlltllN' lIC'l ......'n 11W' third iJ'idd IIl1d tIll'
"'-......."lar) or;n,l,,,,,, "h;,,"1 ill Ihlt5 1.1,,",,1 ""rMo; 110.,
Ir:fl-hn...l ... Ii(> linn. nod i~ f'1f~d c." boo ..li,ninnl ...1
ill II,,· inili.,1 hnlJIIWY. $,ltil"rly. lbe' .... J-.rilnoct' bo-
I......... 'h",,,;,",,,,, "hit-ld lind the ;olrr.. i ...lil\J! !lhi(>l<I
.0:<1'.. "'.....- Iltc ocl""l.... Icrm'na!.5 ",id 'k>ctt nollllT......
IIH' l",hmc)C.

'\0 1"1I11lO,;I\I'","" .... I~",....I ftCl"Ol!Il< II>!' .,,,,,I,,rd
.. ,,,I u ..l",oor" ..n".I otbto" than th.. t of LIlt' It..oa". 11",1
of II... 1""11"1 l,;n""'1; I_b. TIlt' .,..... I1I1".....nl 1~1K'C<l
",'<WI< II..... tn .... lnrll ro"dc"'!CT ill laken iulO ,"Tounl
in IhI' C'alibt1llion. while lhal IM."I'O!OIi tho unl.'l(twll

..·..",ill"L, ill I...... II,;", 0 ....• ",~",,,,icruf.. r.ld.
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vacuu/ll-I uhe am plificr such as Ihe Tn'lf.: 8l.~-A,
and a puir of IIC!HI le]cpllotlt:s. Where a visual
ind,icarioll of balance is desired, as is necessary
at frequencies below about 300 cycles, a recli
fler-type voltmeter or a vacuum-Lube voltmeler
cau be substituted fOI' lIle head telepholles. The
TYPE 814-1\ Amplifier can be made selective
(20 dh to second harmonic) by the addition of
Ihe TYPE HU-P TUlled Circuils. TYPE 830
Wave Fillers may also be uscd 10 obtain sc
ICCli\Til,~r.

The TVI'I:> 736-1\ Wave Analvl':cr alld the
'TYPE 760-A Sollnd Analyzf'r, ifI conjunctiotl
with the TYPE 81 I-A Amplifier. arc also very
satisfactory sclecl ivc bridge detectors. The
wayI' analyzer is particularly useful when ex·
lrcmc selectivity at the higher audio frequencies
is required, whill' Oil' SQlllld anaJy:o:cr provides
exceptiollally good SdeCli\-ity at 10\\- audiv fre
quencies. For IllNlSUI'Clllents over a wide range
of frcquellcics, these illstrUIlJCllts have Ilw
advantage of being continuoll.sly variable in
frequency.

For SOllle meaSUfCments it may be desirable
to have Sf'pnratc indications of balaucc for the
rcsisl ive and reactive balauces, and for this
purpose the Tn'l-J j07-A Cathode-Ray Null
Dclcdor i:s recOlnmcndl'lI,

Rlldio Frequencies: Al radio frequencies, the
TYPE 61 ~ Ileterodync Detector call be used, as
CQn any well-designed commercial radio re
ceiver, Head telephones, u loudspeaker, or a
mctcr can be u1iCd as the nclual balance indi
cator, Sin()(' tuned radio-frequency devices are
inherently selective. the problem of radio
frequency harmon irs is not significant_ I f a
radio receiver is used, it should preferably have
an r-f scllsitivit,y control and provision for dis
COI1llt'cling I he a-v-{; circuit, in order to facili
tate the approach to balullce.

SENSITIVITY: TIll' pl'cciz;ioll to which [I bridge
CUll be bulanccd dept'mls primarily upon lhe
\ olt8.f:'c applied to tIll' bridge ami the SCllsitivi! y
(If lbt' detcclor. I~ also depends upon til(' rati"
\If impedances uf tile I \\'0 arms across which the
generator is ])Iaced and the ratio of tile imr>ed
anN' of 111(> detector to till' bl"idg-e impcdanCI'.

If lilt, gl"li.'fator is cOIII,ected £Icross two si'll i
lnr brid/!C' unus. 1111' rali() of ouipul ,'ollage 1(1

inpul yollllW' is ,
,~~ '-'-<I (.!)
I~'l (1 I)'+0

where .\ a.ud n (lJ'" the arrrlS 3lTOSS widell tll('
f!('lI{'fUIOr is {,olulf'('ted, [llld dis lhc fractional
precision desired in balulll~iJ1J.: Ill(' r('acti VC' CfJlfl

PClIlCIlI, 01' L1H' minimullI \"tllue or dil'Sipatioll
raclur to Ill' dekrtC'd.

BRIDGES

If Ihe two bridge £11'11110 across which Ihe
g-ellcl'atllr is connecled ar.. Hul alike, but om: is
l't~f:if;l i\ l' <llld 0111.' I'eac!j,·", I"l' CqllaLiOIl bet'omcs

(·'1

BUlh c.xpr{'ssilll1s are dewlopcd on the as
sumplioll Ilia! the impcdullce of the detector is
high compared to tlml of thc hridge arms. Thii>
cuudition i:- met by the liS(' of a vaculllll-tube
amplifier.

From the alXl\rc equali(lllS and the kIlO'\1l
ilJplJl vollage, t he output voltage eorrcspondillg
to a given value uf d can IX' calculated. TIlt'
mtio of thi.s voltage tu till' lllillilnUIll votl:J~e
which will actuate the (/(>lcl'tor' is the aruplifi4
calion required,

As an cxam ptl" COllside,' the TYPE 'j 16 Cu
pucilUIlCC Bridge. 1"01' 1.,'(lw'd ratio ar'ms 100
\"011$ can he upplipd to IIlc brid/!l' from a 0.5
waU generator. To make u capacitance balanc{'
to ±O.l,flTp dClllands Ilic delt'cliolllif 25 Inv. To
rnakl' a dissillal ion factol' halance to ±O.OOOtl t
requires a sl'llsiti\-ity of 250 p.\'. The Jirst volta~l'

is l'asily wilhin the ra.rIW' of head tclcphollC.s
wilhout all amplifier, wllih.. tIll' 81'('Olld is lIot,
'1'11(' Typ" HII-A AmplifJt'l' JlII!; a gain of 77 db
or 7000 \\helJ warkin/; witll lu.:a.d !I'lt'pluJIlcs or
a rcctifier voltmetrr such as till' TYI'F. 483-1"
Outpul .\Ieler. With Uti: tdt'phones 111(' gain is
lllore than sufnci('nl. With lIll' rectifil'r mdl'I'
(miJlimulIl ddlectioll = 0.2 "011), IIle go:lin i,'\
also sufficicllt, sincc ('\'('n for the di<>sipatioll
faclor balance a gaill uf (111)' ROO i.s needed. Now
SUPI>OSC tlll'sc sanlc llwaSUI'('IIll'IIIS 10 be Inade
on a I p.f t'tllldclIscr for \dlich Ihe ratio arllls
must 1>t:1 WOO 10 I. l-sil\!l' Ihe full /!ain of lilt,
nmplifi("r, thl.: rcctifir'r meier ("fill only balallc\'
for dissipatioll fador to ±().OuO;~, till Ihat 1(,1,,
phones must be used 10 obtaill llll' n'quirl'u
sensitivity_

POWER SOURCE: Tile Inaill eOIl.sidcl'atioll8 ill
Lhe se!('elioll of a l)lIwtr suurcr for a-c hridge
rncasurcrn('JlLs arc fn'qlll'IICY stability, power
output. and Ilarmonic COlltt'lll,

The TYI'I,S 7,10-B and 710-I3G arc delii,l"!'Ilcd
ror 60-c~'cle "1I~a.surem!'nlsalld UpI'l'atc directly
from the <I-C power tine. The Type 650·A has
a sclf-coutailled lOOO-cyclf' microphone bum
Iller, and no external oscillator is required unless
il is desired to make measurements at fre
quencies other than 1000 Cyell'S, All the other
hridb"CS described in this seclioll require some
I ~'I)(' of rxlernal oscillator.

For sing-It',frequclley rnCll:'UI'!',n(·llls at 1000
C~dl'S. llll' Tnh 57:2-13 \Jicrophulll' JIIlIIllW'I'.
till' TYPE S I:14A A mHo Oseillat or. nlld t I\l' TYN~

6S
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723 Vacuum-Tube Fork arc satisfactorr pro
\'idec:l the power requirements arc low. All these
operate frolll batteries. aJtiJougl.a the TYPE 723
cao also be ohlainctl in a.e operated models.
A tIOO-c~..clc model of tile TYPE 723 is also
available.

When a highly precise balance is desired,
more power is required lilan call be furnished
by small hattery-operated oscillators of the
t)tpe mentioned above. For measurements at
1000 cycles or at a number of fixed frequencies,
the TypE 608-A Oscillator is recommended.
Tbis oscillator is a...c operated and delivers at
least 31 walL witb C-'TI rcmcly good waveform.
WIlen a continuously variable frequency is
needed the TYPE 713-8 Bcat-FrequenC)' Oscil
lator or the TYPE 913·A Beat-Frequency Oscil
lator is recommended. The TYPE 7l3-B covers
the frequency range from 0 to 40,000 cycles
with ooe-watt OUlpul, while the TYPE 913-A
covers the audio-frequency range to 20,000
cycles with an output of approximately 0.3
watt. Both are a~ operated.

For mensurements at radio frequencies with
the TYPE 916-A Radio-Frequency Bridge, or
t he TypE 821-A 1\vin-T JOlpedancc-Measuring
Circuit, a radio-frequency oscillator is rl.'quircd.
The TVPI;: 605-B and the TYPE 80S-A Standard
Sigual Geuerators ore suitable.

MODULAliON: For radio-frequencymcasuJ"c
mellIs, it is preferable that the power source be
uDmodulated. Distortion in the modulatillg
syslem and assyllletrical side-band cutting in
the receiver can produce appreciable errors in
tbe balance point. In addition, maximum sell
sitivity is obtained with an unmooulated signal
and un oscillating detector.

CONNECTIONS: To acllie-ve maximum free
dom from electrostatic pickup alld body en'ecls,
it is desirable to usc shielded leads oohn.'Cll
generator a.nd bridgc and betwel'n bridge and
detector. At audio and low radio frcquuncies tile
reactance of thc leads and tcnninals is lluilll-

GENERAL

portanl, ali(I it is merely I1cc(:ssary to prevcnt
the inl roduction of extranCQus vollUl:,'CS into the
detector or the UnklJOWIi impedance. At fre
qucncif>..'; above a few mcgacycles, not only does
the Ilroblern of shielding as5UlIlC great('r illl
porLance. but also the reactancc of the illter
connecling leads becomcs a potential SOUI'OO of
error. "l'Iiis is illustrated Ly the block diab'ranl
of Figure 10.

A small amount of series induct alice in tile
ground side of the generator cable is designated
as 1..0 , a similar inductance in the receiver cable
as L th and the comlllOIl ground lead as L.II .

The voltage drop ill 1.0 produces a flow of cur
rent around the loop consisting oj' lhe cablc
sheath. the ground lead, L.v, and (the growld
capacitance of the oscillator. Similarly, current
flows in the right-hand loop tbat includes LB.

The voltage applied to the receiver has, there
fore, two components, onc from the Twill-T.
th<> other from the drop across LB' When a null
point is reached. lherefore, the Twin-T is out
of balance by an amount necessary 1.0 cancel
the effcct of thc extraneous voltage from LN,

that is, to make the \'cclor sum of lhe Twin-T
output voltage aud the exlraneous voltage
C<Juol to 7.l'ro.

The I'rror ill measurelllenl causcd by 1his
serics inductance is one of the lIlust serious
Cllcoulitered ill null lIleasurernellls at radio fre
quencies, and. in order to avoid it. coaxial
lerminals should Ix: used 011 both generator alld
reC'civcr.

The TyPES 916-A ami 821-A an: cquippt'{l
wilh coaxial lerminals, and coaxial leads are
suppLit.'d to plug into the signoJ gcuerator.

CLASSIFICATION: The table on lheoppositc
page briefly sulllmari ....es the operating ronj,'CS,
accuracy, and other pl'rtinent data regarding
the bl'idb'CS listed in thjs seclion. From thi~

tablc I!IC most suitable instrumcnt for any
j.,';vell Ineasurcrncnl call be del ermined at a
glance, Wllilc detailed spccilieatiolls for each
hl'idf,'C are gl\'en on Lhe following pages.

FW'lI"~ 10. Showing 100...• series ;"dUCI,ltll" in II", gcncrllwr lind delt'Clor I"lldg Clln CliUllO "rrors;1I
lD~""""'enlnl radio r...quenci<:ol.

TYPE 605-8 TYPE 821-A
STANDARD • TWtN-T • , RECEIVER

SIGNAL

~L,
IMPEDANCE

~GENERATOR MEAS. CIRCUIT L,

I. L. I
'" '¥"

~V
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BRIDGES GENERAL

TYPE 716-B CAPACITANCE BRIDGE

USES: This direct-reading capacitance bridge
can be used for a wide variety of capacitance
and dissipation-faclor measurements. \\'ithill
its S<'opc arc the dclcl'tninaliotl of dielectric
constant, loss faclor, power facioI', phase angle,
and ot l.cf dielectric properties of insulali ng ma
terials, as well as their change wilh such faclors
as tempel'uture and hllll1idiL~'.

III the General Badia laboralories the TYPE
716-B Capuciluncc Bridge is used for all ca
pacitance standardization measurements. In
production, it is llsed for the Icsling ami adjust
ment of TVI'E 505 Condensers and TVN; :~80

Decade-Condenser Units.
By adding an external decade resistancc box.

the bridge can be converted to a scries- or
parallel-resistance bridge. The latter is e:;·
pccially useful in measuring the resistance of
electrolytes.

DESCRIPTION: The TYPE 716-B Capacitance
Bridge is a modificd SchcrillA' bridj!c, direcL
reading in capacitance and in dissipation faclor
at 1000 c~'c1es.

68

A wide capacitance range is obtained by pro
viding four sels of rat io arms ,giving multipl ying
factors frOIl1 1 to 1000 in decade steps. The
standard condenser is a TYPE 722 Precision
Condenser calibrated to read directly in total
capacitance. The zero capacitance across the
llllknowll terrninals is not grcater than I /llJf.
All capacitances to grouml of the input trans
former and ratio arms are removed frOIll the
capacitance arms by placillg them in a shielded
compartment insulated frOIll the grounded
panel and COllllccted to the junction or tile
ratio arms.

This bridge di/rers frolll the older TYI'B 716-A
in that the dissipulion-factor range has been
extended to 56%, ond a ,\I ETJ LOD swilch has
been added.

Dissipation factor is read directly ill per lX'nt
from the seLling of a TYPE 5;{9 Condenser and
a decade step condenser connected across the
fLxed ratio arm. The 12-ineh seale of the air
condenser is approximately logarithmic, so Ulal,
while having a maximum reading of 6%, its
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smallest division u{'ar zero is 0.011.:"(. tlius
allowing the ctililllalion of 0.002%. The accu
racy of the dissipation faclor reading over the
wide capacitallce range is made possible by
adding capacitance across the lower-valued
ralio arms. so that the product HC of all tbe
ratio arms is tbe same.

Tile sl'tLilig of the \1 ETHOD switch de
It'rllJi'JCS llle nll io arlll across whicll the dissi
palion-factor condenser is collurctcd, so thai

BRIDGES

the dissipation-factor dial is direct reading 1'01'
cHher direct or subslilillioll meaSUTCments.

FEATURES: Three highly desirable properties
are combined in this bridge: wide range. high
accuracy, and direct-reading dials. O!>cratioll is
simple, und both terminals aud controls are
arranged for convenience and flexibility of
operation. Because of these fealures, il cau bc
used for practically any I,ype or capacilance
measuremenl.

SPECIFICAliONS
R,n,,,!: Direct lIe",li"g--c"p/lcil1IU"", 100!'Pf 1.0 I "f: dill
"i,muon f ..cl.or, 0.002% '0 56% (1I.0000:! 1.0 0.56 "~l"I'&Il('<1

Il/j n rutio).
Sullfllilution /'.l,,'hod-<:ullueib"'~,0.1 IJ.l'f 1.0 1001l"lJ.f

",ith int.ew"l slnl1llurt.l: to I I'f wilh external sltl"t.lurda:

di8llip"lian f""tor. 56% X C' ",h{'re C' i.'l the "u,llleilnll""
C.

of the stnudurd ,"Ondc"ltCr nn,l C~ lhnl uf lhe ""knnwII.

Aeeu'.ey: Vin....,! n"..di"b~'l'aeil1"I(~·.±O.:!% ur ±21J.1'f
X multi"lier rending (O.:!% of full !lCl,le (or ea<:h r,,"g"l
when lhe di3!li,ml.iuu r"elo. uf til<' IInknuwn isl,:sll thnu 1%;
di!ll!il\J.Iliun focwr ±O.OOO:; or ±:!% of dinl ...·lIdilll;. ror
vul"ce of D llelow 10%.

SIIholitlltion \I ..lhOtI~up/,cilllllt ... :l=ll.2% .>r :l=Z 1'1'(:
di....ilmtioll fuctor. ±00000" ur ±~% rOt l,h"n,,'· in di""i_
Jllltioll fncto, oll5t:rvNI, whell U", et"'lIlll' i~ le!jil thlUl 6%,

Wlwn the diSllilHltion r..ctur or Lh,' II11k"u"'II I'wel,,1!0 Ille
I;",ils lIiw'" ulll-,,·e. mldil.ional errol'll Ol'Cur in bUIll C"''>l1cl
11l1lCe unrl di!l>lipnlion-f:It:lor rl'lldi"l-"'" Corrl'"linn~ "1"<1
~IlI'Plit,.~I. h~· '''''.. "sof whirh lh,' uCCllrucy tIiv"n "hove e,lII
Ill' rn"inluinlod over the ellli.e nlllllt: of the bridgl:.

Rllio Arms: The /t.1ll "ero&; which th" <IissipUliun fuelo.
t,.vllde">l<'r is uurmully oonu,'Cl..'ll bllS n rC'llistunl'e of 20.000
ohms, The olher lir", hns four vnlul"" 20.000 oh",~. 2000
ohms. 200 ohnl~, :!O ahltl~. Iltllvirling tl", fo"r Ul"ltil'lrinJl:
(ndon I. 10, 100, 1000. :O;u;luble co"dellll<:nl nrc plu.........
ac ........ lhde nrrn~. "" Ihnt th" 11H>d"d ItC is const",,1.

A ~wildl is p.ovided for shirtiuK Ill" di""iVUuOIl_rn"tur
co",I"n.senJ 10 the olher rntio ur", wlorn lhe ."b.!Lilulion
Plclhod of lllell~llrernenL is used. so Uml Ihe di39iplllion
faclor dilll will reml u~alc.

Stand,refs, Capncitnnce, TnI': 722 1'n.'Cision Condt:1l8O'.r di
reeL re..din!! rrom 100 !Jl'r 10 1100 I'l'r: dillllipaliou facto••
TI'I't! S39-T eotlden$t'r "'itll ltemi_loJll"o.ilhmic iICIIle und
decude-it~I' eo'llll·use. cnliurnled dire<:lly ill .liS1lil'ution
f..rlor tiL 1 ke.

Shilrldin" llntio MillS. di~shJ"li""·r,,clor wndeJlfletli. "nd
shi .. lded trullsforu'e. lIrr enclt)Kl)d in on i"s"l"tt,.~1 ~lrielol.

The nnknO"'n lerlllinlli. lim .hielded ..... lhut tbezcro o;.Il'uei
111111" flCroM them is nol Il"rcnter lllOn I !'P(. A "'clal <1"111
,,,v"r ",,,I the nl"",;n"", ..uncI ro.n, " ool"pll!tc exlerl1uJ
~toi(Old.

F,lrqutnc:y R8ngt: All culibr.. tiun udjuSlII,,:nLl arc nl",le at
I kc nud the lIccumcy swtemeullI "buve hold for un Ul>e.
"tiul: 'requener af 1 ke. Tlu~ hridllll elln be Illit!rl. howeve.,
:>1 ""y freqlJeney l>elwcen 60 c~·el"" And 10 10.". Vi""lJllILi01'
f""lor .codil1g8 lUUilt be <.'Orn:clcd by lUultiplying tbe dilll
relldinK hy the fn.'quency in kilocycllJ!!.

Voltlglr' Valtn~ nllplicuullhe GENEH,\TOH Icr,,,inul.<1
is ~Iel'~l UJl by " \-10-1 mliQ shielded lrundorme•. A
"'Ilx;n",,,, of 50 voJUt eon 1>0- AppiiNJ t.o Ihe trnn~ro.",rr, If

1'ylW

d':l!ired, power cun he "I'pli...~l lQ the bridJ.'{l heb"·,,n th"
junctiull$ uf tile pO;'8 or rCII;sl,,,'ce ulld eOllllt:itulloo (trll'''.
With Ninnl rIItio firms. " 1lIlu:imurn or iUO volts CAn be
applied,

Mounting, The bri,lgc ill sUPlllied for mounting on II 19-i"ch
.dny r"ck Or ror eubi,IH rno""li"g.
Acees10riu Reqllired: OilCillutor, amplifier, nnd tdcllhon""
or f<'Clilicr IU{'le'. '1"1"1'1'0 611!l·\ OS<'illlllur (lWC I~'f,.'f' 10:1\,
TYI'IC 61 I-A ,\ml'lifil'r (III:C I'''I;"C 119). ulld W/'iOlern t::l..'t:lrie
-r, I']. 100~·G Tcl"l'huII'''l "re ,,,,,rull,,,,,,,dcd. IF" vi"",,1 ,If'_
le<:tor ill "'~llIir"d, 'I'll'S 1:l:\·F Olll,)"t \I"ler (ll('C plll;"
t:lll) or T,,-pll jO;- \ CnlhOlle·ltul' i'i:ull l)eleda. (lIC" JlIlg<'
lU,l i~ rew",ulendl..1 (Su,' al"" Ihe di"C"""iou of bridge
,1~ll'donJ UII 1ll.J1C" bl.)

Fo. 8obiltil"t;<n1 U"·~8Ilr,·",enl~. " to"lnnclug I~ndt]l8e' iJl
Ill..,d"o. Tlii~ "'''I' h" ,·ilh"r '"' "ir_did.,ctric ,,10<1"1. T ..".:
5J9-C. or II ti~~",1 mit" oo"dCIl$Cr or tile T\'t,g 505 8t'ril'll.

Af;UISOrilrl Supptilrd: Onll '1'\"1>1'; 271-.\1 Plug. 0"" T ....v.
:!7·l-NC Shield,~l Co"d"elo•. "ud un" T .."" ~N-NI~
Shielded Plu,I( un,l Cnhill.

Dimlrnslonl: (IA'rl,l(Ih) 19 x (hrigll') 1,1 x (d""th) 9 incl'e:J,
OVI·r_lIl1.

Net Wlri,ht, II '<2 IlOunds. relu)··ru<:k lUodel: :;:H.! "0,,,,0.18,
CI,bin.'L ",,,del.

\ lj,-.l"~,,,nlir circuit <ti;.g'"'" or the 1'''''1' 716-B
C"I'"eil'IlI"''e Bridlle.

Cotlt. Word

716-BR
716-BM

PATENT NOTICK
I For Reily-Rick Mounlin,

C.binet Mountlrd .. , , ...
See N"t<I 17. JlC'tr'" v,

$335.00
360.00

69



BRI DGES GENERAL

TYPE 821-A TWIN-T IMPEDANCE MEASURING CIRCUIT

The value of conductance is given by:

Gz - w2C'C"R~S~ = kw2~Ct;,

aod the dial of Co is calibrated to be direct
reading at 1, 3, 10, and 30 .Me. For other fre
quencies, dial reading is multiplied by the ratio
of the squares of the working and direct-reading
frequencies. For the initial balance, the con
ductance dial is set at zero.

The set.ting of the condenscr CIJ determiocs
the susceptive balance. The condenser dial is
calibrated in micromierofarads and is direct
reading in capacitance. Condenser capacitance

,. "

b---j.

,.,

•

,.

.I-----{D----"'~----<

USES: This inslnuneol is used tor impedance
measurements at I'3dio frequencies between
0.46 Me and 40 Ale. Il is calibrated in capaci·
lance and conductance and can be used to
measure directly the capacitance and power
faclor of condensers, the iuduclance and Q of
coils, the resonant impedance of parallel tuned
circuits, and the magnitudes aDd phase aogles of
h.igh resistances. Through the use of all external
fIXed condenser, low resistances. grounded an
tennas. coaxial transmission Iincs, and im
pedance-Illatching networks cun be measured.
Jt is particularl;y useful for measuring im
pedances having small phase diO'crcnccs from
zero or 90°, such as dielectric samples, low-loss
condensers, high-Q coils, and r-f resistors.

DESCRIPTION: The instrument uses a Para!
lel-T null circuit, as sho\'! n in simplified form
ill tilt' schematic diagram.•\IcasurclIlcnts are
made by 6 parallel-substitlltioll method. An
initial balauce of the cir<'uit is obtained witll
the ullknO\\1l diseonncctcd: the unknown im
pcdallC'C is then conllccted and the cir<'uit re
balanC'C<1 for a null. The C'Olllponellls of the
unknown impedance arc determined from the
changes in selling of condcn*rs CIJ and Cc;
The measurement is made in terms of the ad
mittance components of the unkno\\ll, sus
ceptance and conductance.
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RADiO CO.

Cllll IhercfoIT' Ix- mNtSurcd directly, For 011lel'
Iypes of unknown, it is generally l!lure COll
'cHienl 10 liSP IIH' sllSC'('pl,lJlC'l',

Bz = w..lC/I·
Impedance components, rcac!anec tlm! re
sistance, can, of COlln>e, be calculated frOIl1 llw
admil1311CC component!'.

The Twin-T is mounted in {I shit·ldcd. ail'
plallc·luggage type case ami is cOlllpll'lcly
!Xwlable, T\'I'E 771 C{,axillJ PIIll:,"S ami .hlf'k"
arc used for the ~nl"raIOr ami delt'ctol' terrlli
nals. The Ul1koo\l n connl'('ls directh 10 It'rrni-
nals on the panel -

FEATURES: The null mcthod used in Illcasuf('
ments wilh the Twin-T yields hig-Illy rm..'Cisc
settings. The circuit 8l"l'llugcmCIlL also COll
tributes to accuracy of measurement. at lligh
frequencies by elimiunling the ci1"c{·ts of som!."
of the residual capaeitallcc.1O; lhat. limit lligll
frequency pcrfOI'llHlIwt! in bridge cil'ellilS. III
parlicular, no lransformer is necd('c! 1X't'311~l.:

1Ilf' generator, til(' drteclor, IIIC IlllkIlO\\ll, and
llll.: two standord CQm!l:Il!:iCI'S arc brought to tl
cOlllmon ground point. Lead impedances are
minimized by a mechan.ical al'l·altgl..'lIl(>ul ill
wllkh leads arl' short and dirt'ct. The eircllil
{'lclll('lll~ lIwlllsch-es an' desi/tlled to havl.: lo\\'
residual illll"ICdwlces. c.:,usc('ptall{'(' is 1I1Nt<:llrcd

BRIDGES

MIll

•

r:"I'",,;llllI"" nlld ~o",I,,,"ln,,,·,· of (, Tv," \ 11)_ \
II-I" ('ho~,' n~ ,,,,'a,o ...~1 "" II\!.' T"in-T.

ill 1(:1'111., of un ('.';p('('illJl~ d{'siglled variahlt' ail'
c(mrle-uscr, £Iud t'olldutlIHI{'{' in tel'lllS of H \'al'i
ubk- air eOlldrJlscr alld a fixed resislor of the
663-t)pe, Ihus 3\"oidillg" errors inher'f'lIt in \'uri
oble n.'sistors at high frcqIK-llcies.

SPECIFICAnONS
F.lIqulIncy R.n911: 460 k" to 10 \Ie.
(e~<;itonf;ll R.n911: TIJt' 1l~~1 of lhe IIlnll,lurll ooll<lell!ler is
CIIlihrOled from [0010 I lOCI I'l'f. and tll" rf"'se or cnl'od
InllN' "lP"~"rcnll',,tlJy Ut<· III.rnlJel-sullsliLtllinll ""'rhod ;<
lI'ert'fure 0 10 1000 I-Il'f.
Susceplan<;l1 R.ngll: - 6000 I'rnho 1.0 +6000 ",.mho lIt [ ,'I".
'1'1,,, nUll'C VflriCll lli"L>cII) ll. II.,. fre'!ue"ey. "wi nl ulllrr
"t'(l"e"cics Ihll .Iial .(,tlliing "llIsl I~' nllLlliplk<l h~' Ihe
(r.....1UN'q· in ""'''"''y<'1'''~,

I"h·d". ,i,·... of Ihr Twin_T. ~howi,,"

<~)l,"I.u,·tio,,,,1 ,1"1;,il_

Condu<;tenu Renge,
o 1(IlIl-lmhont IMll)
(1- 3011 I'u,ho ut 3 Me Dire"1 IIllUdilll'
(1-100\1 I'mbo llt 10 1\le
0-;\000 I'mlto ,'L 301\1"
lIehH'('n Il,~ t1ir£l('L-rer"lilll' 'UIl"'" til,· rnuge (,f Lltr ~«)ll_

<lu,'tm",' <li,t1 vllr;•.,. (1M II'e S(JU"'" of rht rrftlue"ey_

Ac<;ure<;y, ±-:: I'pf ±1l.1 % ror N'llllcila""o. For con
durl<lll(".l', ±O.l ':0 ot ruJj _It' ±~':f: of 1Ie1''',! tJi,,1 n:udilll'.
\L rhe hillller rrc'I",·"ei('><. ("I),.,·"lio"$ ror .,'Sidulll (In
.,,"'el,,'" "",,,[ I,,· """li("1, nnd Ihe \,o"'",,li\lll (lulU llrt'
i"dud...1 '" Lit... in"lrlO("I;IlU 1M"'\'.

Aeellsso.ie! Supplied: Coo~i"l ,,::oul.\II Fo. l-.;l,u,«,·I;o"" 10
lI"rlerlltvr u"d dctL>ctor.

A<;clluorie~ Requiled, A suitable .:,llio-trL'l\UCllq' Il"ner
ato. und dl'll'Cl.Or nrc re<luirt..1. The TV'-I! bll;;·U SI,mdor<l
:'-'l'IInl {'e,,"rlllor;$" 81l1i~r"dor'yl:","'mlor_ A "ell ~h' ... lllcd
""Iio "."..iw', cov"ring Ihe d"",I'l....1 rl'1-'<tutJU'·y .nUIl" ;~

r""L"""'~'ndcd for the ,Iclo:-"tor. Tll" I-(lR"i~1 ..,llhlE' ~uPlllied
r"r ,'o,,,,,·,·.,,,n 10 Ihe rf>c""-"r;~ filll..1 w;l.h ~1l",ll' !<·rll""ab
nl 'lll!' ('''.1 for <:otl"ecli"l( 1<,> lit\'" N'C."l"er i"I,ut h·rt";",,k
For 1..."'1 rf'Slllt><. however. il i~ ......,"'"""·,,(1,,,1 thut llll! rt.'

.~·i,t'r I.,. lit,,·.. ,,-illt 11 Tn'" ":"71-(; P,.. ,e1 Pill;: ntlll tho:
",,1.1.- "ith" 'I'\-"B 771-'1 Cuhl.· Ja<:\'. '1'111·..• e,)l,~ilJl 1" ... ,,;_
"Ills nrc delOCril.ed ul' plll,(P Ill •.

Mountin9: '1'1,,' i""lrutllcul i. mUll"L,,<I in " ~lticlrlr,l.

l,i,-pla,,..-lullllnl'" In'" or Cl'~(' wilh c-ntr)i"'t hundl,'

Dimen~ion~: 17'., x I:', lJ',j i"dl<". o~'·r.... Il.

Nd Wei9ht,::ti pound~.

821·A
I'\"t'~;""l l\ClTICK

Twin_I.
~ {\Ol... ~. I. I •. I"' .... ,.

5340.00
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BRIDGES GENERAL

TYPE 916-A RADIO-FREOUENCY BRIDGE

Sel,en"'I;C Cir\:llil !l;;ol'rll.lIl of lhc T\ ".: 916- \
1I,,<lio-Fre<I,,~ncy Brid,te.

USES: The Typ!;; 9l6-A Hadio-Fre<luency
Bridge is designed for impedance Illeasurements
at frequencies between ,100 kc and 60 Me. It
can be used to measure directly the reactancc
and resistance of antelluas, transmission lines.
and circwt clements. Through the use of au
external parallel condenser, parallel t lIlled
circuits, high resistances, and other high im
pedances can be measured.

".

X _.'.(2.. __' )
" - W C['2 CI'I

where the subscripts Land 2 dcnote tbe dial
readings for the initial and final balances.
respect ivcly.

and the rcsistance by

This iuSlrUlllcnt is intended for measuring
low iml>cdanccs and COllll)!cmcnls the TYPE
821-A Twin-T, which is best suited fot' measur
ing high impedances.

DESCRIPTION: A new type of bridge circuit is
used, which is shown schematically in the dia
gram below. Measurements arc made br a
scrics-substitution mcthod. The components of
the unknowil impedance are determined from
thc change in scLLinb"S of condenscrs CA aud
Cpo The unknown reactance at 1 1\lc is read
dircclly ill olnns from the dial of Cp • and the
unknown resistance in ohms from the dial of C,j.

In making measuremcnts the bridge is first
balanced br means of condensers Cp and C,j
wilh a short-circuit across the unknown lenni
nals. The short is thcn rcmoved. the unknown
impedance connected, and the bridb'C re
balanced. TIle resistance is then givcn by

n~ = R
II

(C,j2 - C,j\)
C.•

DET.
GEN.
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T)·pl,·nl ""'''SU'''IIll"l'Cll "md~ "ilh 11ll"
T'I'1> 916-,\ Iin<lio-FN"<lllcncy !trill).".,
II",..... r~ol'l''''OO 11".1- r....i~t,,,,,,,· or '"'

uoHmt'" IlYHlcl1I. Riglil. input r"Hl'ltll'l\(."
o,,,l rel!IHtun'"t: of" Irtllll<",iOlSi,)n line. Th,·
.<olid lill"" Hllow cnlcululcd ,al"I'~; Ih.·

eir<;l""" ""!Il~ltrtd '·Al",'~.

"•,,
.. ,GO

~
!

FEATURES: This new bridge circuit with the
usc of a substitution method of mcostJ.rClllcnt
makes it possiblc to rcad resistance in ohms,
independent of fre<luellcy, directly from the
scale of an air condenser. This and the faetthat
thc dial of Cp is calibrated in ohms reactance
at 1 megacycle make the bridge IJUrlicularly
casy to lise for antenna measuremcnts.

The resistive component is measured ill tcmlS
of a fixed resistor (RQ ), 0. fixed cOlldcnsl'r (GN),
aDd a variable condenser (CA ). This irnportant
feature makes possible the bjgh~frcqt1clley per~

formance of the bridge, because residual pa
rameters can be made much smaller in a fixed
resistor and a variable capacitor than in a
varia hIe resistor,

SPECIFICATIONS

Fr.queney Ringe, 400 ke 10 60 Me.

RClct4nee Rln,e, ~OOO (} at 1 Me. This TIi"llol Yllrit:ll i,,
versely u we rrOXlueney, llIId at other fl'C(lUeneiell the dial
reuding mu!t bo divided by the frellueney in llleKneycl~.

Rc5istance R.nge, 0 to 1000 n.
ACCllIICY, FOI' rc"f"l.o"cc. ±2'7c ±l fl.

For resi!IlIt'IJl'. ±1'70 ±O.I fl, ~u!ljt..,t Co rorrt.'<:liOll ror
,,-...idllul pDnnnt'lcl'll, ,\ llJillh frc'lurmciCII thu oorrtlCtiotl d~_

llendb upon I.hu frequ~"ey 'Illd UllOn Ihe ",nllnilude of tI",
unknown l"il8i~IUoOl'! component. At 10'" freqll<:Dei~ tll<'
,.'OrT"<:lio,, depends uJ>on the freq""ncy lInd upon llle mUKni
tude of the llukuoWll n~lIet""<J(" COlllJlOnenl. Plot.! of both
IhtlllC COrr(!Ction~ Arc "i~etl in lhe in~trlletjoll 1>001. thal i~

"ul,plied ,,·illl lhe bridge.

Acccuoliu Supplied: T"·I} iUltullrul}!forluens, one co,·cr
;ng the runge from 0100 ke 10 3 Me, the olher from 3 Me
1.0 60 Me; two leads or diffcrentlenglhs (for connecling lhll
unknown imllCdunce): two COlUinl cublt.lI for connecling
llellernlor nnd dNeclor.

ACCCSSOlicl Required: A rmlio-fre(luenC)' g""er,,tor und
,lelt-.;Ior "re 1'C(I\I;red. The Tnt: 60;;-B S"",dnrd-Signut
Gem:llIlOr i~ Uwli:lrottory geuerutor. A. well-sltield..d rudlO
recei.·er co"ering the dCllirud rOl<lueney r""ge is recum_
m"",led us tIll' dct~'(;lor. Thll ~'OllJ<i,,1 ~'l,hle oltpplied ror
oollncct;on to the nl.:... iv"r I! fitled -;111 "Il'ule Ler",inul~ tit
0111' end ror ~"tl"II!":lion Co lIw rN:<>i r illjlul CennlnnlB. For
h.....1 r~,,1t.;;. how"",.,. II ;8 rc<:<l"'Ul"ndNf LhuL Ih'l n:<:<:iver
bo' Iii ted wilh " T, P': 171·G l'"uel Plug "lid the cubic with
a Tn',: 77·t-\1 Coltle JI.d.:. Th~''''' <:oati,,1 termillliis lOre
described on I"'~ 1117.

MOllnting, Airplnne-lugguge t)"lJe calle with cnrT~ing

hUlldl"", Both input lMl'lSforUlc.... ur" "10'",led i'\lI;de the
C"'le. Coo,.i,,1 cnlJI~'II, I/'o<ls. ,md instruction hook nrc sl"rt'<i
in the OO,er of thl: illHll'ltl""ul ...·hell 1101. in ";le.

Dimenlions, 17 X 13 h ,. II 14 i"eh~, over.... ll.

Cod~ Word

916-A
PATENT No·neE.

1 Radio-Frcqu.ncy Bridg•.
51,,, [\o'",,;l, 4. I~. ",,~e ...

Cl\'" $350.00
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BRIDGES GENERAL

TYPE 650-A IMPEDANCE BRIDGE
USES: Whether in the laboratory or on the lest
bench, tbe uses of the TYPE 650-1\ Impedance
Bridge arc aJmost numberless. Hapid IIIcasllrc~

mcnts of resistance, capacitance. and ;nduclUIICC
are conslanlly required in any cleclricallabora
tory. With the TVI'E 650 these lllCasurClllcnls
cIin be made comenicntly and with sullkicnl
accuracy for all hill \ ('r~ precise work.

This bridge \\illmcasure the induclallcc alld
storage factor, Q, of coils, the capacitance and
dissipation factor, IJ, of condenscrs, the £1-(, I'C

sistallcc of silty-pes of resistors. In rhe labora
tory it is extremely useful for measuring the
circuit constants ill experimental equipment,
tcsting preliminary samples, and identifying
unlabeled parts. In the shop and on the test
bench it has mallY applications ill routine

74

tcsling and fault. location. Hundreds of these
bridges are ill use all over the world, in govern·
ment and industrial laboratories, educational
institutions, electric generating stations, und
radio hroadcastiug stations.

DESCRIPTION: TYPE 650·)\ Impedance Bridge
is a conventional I·-ann impedance bridge. It is
entirely self--<:ontaint.'<i, including standa.rds,
balleries, ami tone source. and is dirt.'Cl rcadjng
OVfr wide ran~ of d-c resislance, a·c resistance
al1000 cyclcs, capacitance aod dissipuLioll

factor D = 1- al 1000 cycles. and inductance

X
and storage factor Q = R at .1000 c~'eles.

HfSUlls arc read directly from dials having



RADIO CO. BRIDGES

approximately loganl hmic scales. The POSI\lOIl
of the decimal point and lhc cJcctrical unit ill
terms of which the measurement is made an:
indicated b)· the positions of two selector
switches.

HcsislaliCC is measured in terms of a standard
resistance arm: inductance and capacitance arc
measured in terms of mica condenser standards,
similar in coostructioll to the TYPE 505 COli
dcnscrs. Power is supplied from dry cells, which
operate a lOOO-cycle hummer for (l-C measure
ments. The bridge may also be used with an
external generator of any audio frequency.

The detector for d·e measurements is a built·
in galvaoometer. for IOOO-cyclc measurements,
bead telephones arc lIsed.

FEATURES: The particular value of this bridge
lies in il.s complete availability and the speed
with which the resulls call be oblained, Self
contained, including standards and powcr
source, it is always set up ready for lISC. The
ouly accessory needed is a pair of lu:md tcle
pIJOlICS, Direct-reading dials make ils operation
simple and rapid, The panel photograph shows
lhe simplicily of the controls,

SPECifiCATIONS
Rangc: Th~ rllugC6 of [J,e illlllrullIcnl "re given in the
following tahle. The "Ulllerlml "uluCli Me the readiugtl of
the clllibrntcd <Iinls multiplicd hy the ktling!! of the dCClltl"
84'lecuor switches.

E~lv,"al Genvrator, Provi5iQn llU8 Ueco made for usillg ""
eX\.eruulgouerator, although illl cupucitnnee t.o ground roll)'
inll'OlluCil IIOllIe error. Subject to th,a limlt.ution. lhe fre_
'[ucncy mllY he ~'nried over {\ widc runge fro", n rew cyclllll
to 10 kc. 'l'h~ effect uf gellcr"tor ~roulld c"I>",-il""<:<: c,w
00 retluced by umng " Tn'!': 578 Transformer between
generntor antl I>ridgt':. (Sec page 87.) The reuding of tt"l
"'w" dial is iudclllludcnl of {re'luc/,cy. ""hile lhe rendin!!,
of lhe 8!Qrage fUlllor dial olU,,1 Ikl nlUltipl,ed by, ulld llmL
of the diS!lipnlion f"ct.or dial divid~~1 by, the generator
r_lucllcy ill kilocycles 10 give Iho oorreotvnluCII. Provi8ioil
18 mude for "dtliug cdernal n~i8tllnce if it ill nCCCtl!lItry to
i"crease the rllll8'-~ of tJ.'-'lIn ui"b.
Power Supply, Four No.6 dry ~,'lIs ror the d-c lIIeMure·
tIIetlt3 nnd for drivinlllhe microllhOllc h"mlller nre required.
Slmcc ror them i~ Ilrovlded ill thl) cabinet, "nd they "re
supplied ....ith the instrument. A higher d-c voltllge fIlny be
eo"nl'C'~'d to Ihe hridl,'e for high·rcsiU""cc mCll~urCOleIlUi.

Accu'Qrie. Supplied, Two 1',.}'", ~7,l-:'1 PI"!!,, tIC'" r"r
lIishl'd.
Other AccelSorleli RequIrcd: 11""d t~lellholl"": Wl'lIh'rt1
Ele<:lr;c No. IOO::-'C ore recon"ncndcd. To inCl't!&I<l the
"'''!l,t,v;ly, n Tv,'!,: 1I1'l-A Amplilicr i9 r~c()lI\rllr.lldcd.

Mounting, Bl"ck cn.('klc-linish I'llItllinum p""cl ",ounle,1
ill II shielded walnnt euhillcl.
Dimenllons, (Widlh) 12 ~ (dcl,lh) 20 ~ (hei~hl) lIa",eh"".
u,,·r_,,11.

Net Weight: :U1{ IlOrlO"!, llldudillg butt.·riCll,

'0'10

I megohm
100 lf1i\1fO

famds
100 henrY8

milliol""
lll;croluicro
farud
rnicrohcIlry

.OO~

.02

lfe,~I(Jllce

Cupucil/lnu

lnduelulH:e

DiuipaliO/l Faclor (~)

Siorugc "'"c/or ( ~ ur Q)
Accuracy, The lurgewret:l<-rcudillg ,liol OOVl'r8 Iwu dc.:..dCll,
the tllilio dCCllde lleitlg 51lread 0 .. 1 ovcr l~ inch~ (lhre<:
quarters of the tll"l), It WilY be set 10 0,2%,

,\ccnrncy of l'Clldilll."S for capaci'all~'C amI d I't'l;istillll'e
i8 I % for the iuh:rlOet!illte multiplier dee."I ; fur ill·
duct"nce, 2%, Thl) accur"cy full.. 011' in tlo.., lower rlllllles
bcc"use of the edrlltUcly 811I,,11 voluC8 to be Ineasure<:1. Tuc
error increalle8 to 5% for ..cry lnrge vnllles of eUp"cit>UlW
"nd d..... rCll;$llUlllll.:md tolO% for I"rgll ....luCllofindlllll.llU~'C.

A~,<:uracy of reudiug fur tliS!liln,tiull f:,ctor ur fur 6lOr,,~e

flletor in h~rtn' of ito< rt,c;procnl i8 either 20% or 0.00;).
whlche..er I, th.., largcr.

Tbo frequency of till' ,,,i<)l'OlIholl<l hutu",,'r i8 1000 qCh'8
withiu ±5%,

Jlfinimunl

'r,vpt

650·A I Impedlnce Blidge.
."'lhOl,t l.elel'to""... hili i"t:l"di"" b"rWrios.
I'ATl-:/o.1" NOnC~:' 51... 1'10\" n. t ..,1lI' ".

... . .I 1l>:~.'lT 1:175.00·

RESISTANCE
(WH(ATSTOltf) CAPACITANCE

,--~----,

INDUCTANCE
lMAllWEW

\NDlJCTANCE
IIlAYI
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BRIDGES GENERAL

TYPE 740-B CAPACITANCE TEST BRIDGE

USES; The TYPI~ 710wBCapacit81lce Tl'SlBridgc
is a 60-cycle capacilanro and power-faclor
brid~ for use in both laboratory and pro
duction lcstiug of P81)('f. mica. and clt.'<:trolYlic
condensers. The condenser manufacturer can
usc it for production tests, the condenscr user
for 8cC<'ptanoo tests. JLis particularly useful in
testing electrolytic condcllscrs because the lest
conditions approximate lhe !lormal operating
conditions for Ilie condensers.

DESCRIPTION: TIm circuit uscd in this instru
ment is lhut of n series-resistancc capacitance
bridge. JL is similar La the capacitance portioo
of the 'j'YN: 650·A Impedance Bridge, but
adapted for 60-cyclc usc. One ratio arm is
variable ill decade steps, and the other is COIl
tinuously variable and calibrated dirceLly in
capacilance. The bridge measures the direct
capacitance of ungrounded condenscrs.

Dissipation factor is measured by meaus of a
dual-range variable resistor in scriL'S with the
standard condcIlSl·r. The dial is direct reading
in dissipation factor (RwC). Because the switch~

iug: capacitanCt.'il of TYPE 6.50·A Impedance
Brid~'{' are climinatl"(l in this instrument, a
considerabb hi~her a(:~urocy of dissipalion
faclor mC3SUfCment is obtained.
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Provision is made for introducing a d-c polar·
izing voltab't" in series with Ihe condenser tinder
test.

A visual lIull indicator is used, consisting of
LUlled amplifier and an electron-ray lube (the
so-called magic eye). A sensitivity control is
provided. With this type 01 null indicator, il is
possible to usc the bridge as a limit bridge in
pr<lduclion testing.

Power i!> oblained from lhe 60-c~'c1e line
through u shielded isolating transformer.

The complete bridge assembly is mounted ill
an airplane-Iuggagc type of carrying case. Oper
ating instructions arc conveniently moun led in
the cover of the instrulllent, and a complet!'
circuit diagram is attached to the base of lhe
cabinet.

FEATURES: For production testing, this bridge
has many advantages. Power-line opera lion and
the visual indicator make it completely sclf~

contained. It can be used in noisy locations
where headphones wouJd be useless. Its small
size aod light weight are important feature...
since it call be mo"ed casily and set up" hl'rt·, (or
Ilc<:cssary.



RADIO CO. BRIDGES

The rallge of lUl.'USurClllCIlL is wide, tile oprr
alion is simple, and the construction is rugged
and practically foolproof.

Care has !)C('u laken in the dcsigll of the
power-supply transformer to iusurc a minimulli
of caputil allCe bclwe..:rl generator lei'll Iinals ond
IZl'oulld. As a result of this anu other drsigll
features, an accurac~' of 1% for capacitancI',
and 1.5% of full scale for power factor. has Ix-cll
obtained over most of the range.

For testing ch:clrolYlic condeusers, IIOl'llla!

operating condiLiOll5 can be rcprodlU,'cd b~
using a polarizing voltage. The u-(: yollog't'
irnpressed by Ihe bridge itself is smull aud siull!
lales lile ripple usually encounlered in power
::;uppl:-- filters. Produ,'I;on lellllHl (,of d,'I'lrolyl;t: ,-on<l,"""·'" with

the "lItllwit"n~~> h"'l hri"!:<'.

SPECIFICATrONS
c..~ul<;itanelt Range, ~, IJJ'f Ii> IllllllJr i" ~i., r"nl;'''' Cnt~'.-i·
I""toe VlltU('S Il~ re",1 olirel'lly f'otH II 101:"rill,,,,i,> di"l ,,,,,I
multilllil" ~"ilo;h.

Ca~citance Accuracy: Within ±I %Ov,'r Ill!' mui" lIt'!'"lIl'
(I to II) of the CAPACITAl\CE <liul for ,.11 "'''lIiplicr
,;clli",,'lI except .0001. \\ ithi" ±1.5% I,)r ±:}lJlJf. whi,·h!,wr
i~ II", lur~cr. un Ih...OOlll multipli"r 0" llll' lIwi" drcnd,'
of tlle C\PACIT\,\CE di,,!. IIdow 100 .l'.l'f Ihe error
j;rod,,,,lly illl'rell~ 1(> ±7; w<-f ,,~ ~('ro ix uI."roul;h",1.
Dissip4lion flctor RanglJ, 0 1050% ill lWI,) o'llgCll. Oi>lSi·
I,uliou foclor "olu"" an! .,',,,1 dir~-elly froUl 'til '·"l!ru",'<.1
Ileule !lull ll1uUiplicr switl'h.
Dissipation Facto. Aceu,acy, Wilhin 1.5% of full ...:ulc
readinl: for n1l eupueiluuCc multipliers exc..pt .0001.

0" the .0001 elll'uc:it.lInoo "'Ullil>!ier II ~'Orn.-etioll I,)f 0.3 %
~hould IJC subtrlletcd from Ihe dilll l'Cl,ding. Whel< this
wrn.-.:tiOll is "'ade tile calibrotion i~ witlliu ±2 divisions
On thl! "I Dlultil.licr Imd within ±I divi~ion On 11m ,,10
multiplier (sec pholu{:rlllllo).
Templtratu..~ fnd Humidity EffltCb: For meas"re",cnlil
abo,'" 100 ~~r th.., <lL'llUracy of Illeluurefneul is OOllllll"tt'ly
indelJemlenl of ternpemture lind humidity ~'OlJ(litions o,-.. r
thClmngc 6~' Fohr~nh.'it 10 95' F"hrc"hciLO 1095% re111tiv..,
humiclity. For "cry 8nu,II c"pllcit.nn<"<'tl Ih" rc"diu" of th..,

!IillO'i"llli"o f"etor diu I "ill II<l ,,If,-ete,1 by IIC,,/:rc humidil)
tOllllilion~.

Volta'3lJ Applied 10 Unknown: 'I'll" v"It,,!!e il1'l'r<""ll'd
OCmlI!l the unknown lcrminr.ls vrlriC$ oo"tinUOlf~I)' wilh th(·
Lridl;U ~ttiul!'. For 'cry 8",,,11 ""plll,illlnCl'" in 11m low.... !
m"gc. Illis voltagl! is Ot>llro"ill1uluh' 3;; vollil. lInd it d,>·
crellK'" wilh illl'TClI$inll call1lcilonce. SO th:.llll 100 1'( il i!
ol.pro"illl/>I<'ll' One volt.
Pol..i1ing Voltaglt: Tt'rnoinal. for ooll"'''Cliug " poluriti"l!
voltll!,:" ure llruvidcd Oil ti,e paue!.
Power Supply; 10" 10 12:; VOlUl, 60 CydCll. The power iuput
ill 15 "',,1I.~.

Control.: Cllt'llcilllncc diol ""d nlultiplier. dillllipolion {uctor
control II"d multiplier. sensitivity control.
Accessoriltl S~pplied: .\ si ~.foot li"r Cllunector .,ur,l. St'llfe
fU!IelI lIud 1.i1olln'''Ill'. Ilnd " Tv".; 2,1_ \1 Plug.
V.cuum Tubltl: O"c e"ch of lr!leJ 6X5. 6Ji. 6E.:>; llll :ore
supplied "'ith the brirlg'"
Mounting; Porl,,!>le etorryins ~~'lIe. Clf "irlllnnU-1ullll'ug"
WlJslruClion.
Net WlJlghl: 19 (XIunds.
Dimll:n,ion': (Length) IHi" (widlh) 15" (height) \1("
incl,,·~. ov<'r.oll. i"c1udinl!' <:o"er ond haml1c..

740·8
l'ATI';i\'T NOTU':K

I Ca~citanCit Tltd Bridg",
Sre l"Ctu:. L I;. 1"'11"'.

$140.00

BRIDGE VISUAL
INDICATOR

AMPLIFIER

STA:~~N 60~--""",
I

DISSIPATION
FACTOR

ET" @
t.L
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BRIDGES GENERAL

TYPE 740-BG CAPACITANCE TEST BRIDGE
USES: The TYPE HO-BG Capacitance Test
Bridge is designed for measurements where it is
desired to ground one side of the test specimcll.
Ilmeets the requirements of the electric power
industry for shop tcsls on insulation, particu
larly the measurement of the power (aelor of
bushings, insulators, transfonncr insulation,
and cables. It. is also useful for IIlcusurCIllCllls
in the field, where the adju(:enL bus potentials
are not greater than a fc\\ UlOllsaud volts. "
booklcL describing these uses of the bridge will
be sent on request

Manufacturers of electdeal equipmellt wilt
also find this bridge useful for production tests
of insulation. Typical of such tests are the
measurement of bushings and insulators, of
shielded cables, and of winding-lo-ground
capacitances of transformers.

In the communications industry there arc
maoy capacitance measurements that require
one side of the unknown to be grounded, among
them checking the capacitaIl<:e of circuit elc
ments to chassis in radio recci\'ers, and the lo
cation of breaks in the inncr cOllductors of
coaxial cables.
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DESCRIPTION: Thc bridge is similar in gellc1'8l
design to the TYPE 740-B, but the circuit is so
arranged that one of the un.known terminals
is grounded.

FEATURES: In the measurement of small ca
pacitances, the groundcd tcrminal climinates
the disturbing effects of moderate 6O-cyclc
fields, such as arc usually encountered in labo
ratories. For power-factor measuremClll.s on
bushings, VIC facL that the bridge operatcs at
low voltage gives it a considerable advantage
in cost and sizc over high-voltage equipmcnt.
Comparative tests have proved that thc oper
ating voltoge has practically no effect 011 the
accuracy of the results.

This instrumcnt is quitc usoblc in Ihe
presence of moderate electrostatic fields such as
might be encountered in laboratories with o\'cr
head voltages of the order of a few thousand
volls. For measurements of bushings and insu
lotors in the neighborhood of high-tension bus
structLU'CS or lilIes, however, the bridge canllot
be lIsed satisfactorily unless sufficiclJt external
shielding of the bushings is pruvided.
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SPECIFICATIONS

C'pldtenu Rlnge:.5 I'I'( tu 110l'f ill Ii,'" ronlll~. Cnllud
tall"" ""luCl! "r~ Ill"d di"'clh (rUlll II loguritilltlir di,,1 lImi
",ullil'li~r ~",itdl.

C'plldt.lnc:e Ac:c:ut.ey: Within ± I % over the ",nin dcclilin
(l to II) of the CllI",cittlnctl dinl for all "'ullilllier"s "~ce,,l
tl .., 0.0001. Jr the z~ro cupllcil"'JIl:e of Ll,,' IIridge {OPI,roxi_
"wh'ly 1~ ''}If,8 tukl'll i"lo (.,o"~idcroliu,,. au lKCUrtlC~ or
±l% <I. ±:! ..."r en" be obU"ncd on this 0.0001 mulli,.licr
"''''I:e. Bt·low 100 w<f the error J;rt"lually illcr<'''~l\ 10 ±·I I'I'(
as zero is "IlProach~~.

Beclluse the scmitivity i~ 10" at high "ulues of ""k"o..."
"uPIlcitunee, the bridge: is nol reco"""cndcd for """,,,rule
,[IClllu.emanla above 10 I'r.
Dinipation Factor Ranslt: 0 to 50% ill ''''0 ruug""'. Di!llli·
pulion facwr values ate fClld dir~lly fro'" an engraved
"Cale Illld multiplier ~wikh.

Diuipolion F.dor Accuracy; Within 1,5% of ruH-lleulu
rellding Cor 1111 CIlp.!lciwuC<! llIultiplicn cxcept 0.0001, 0"
the 0.0001 copacilance multil,lier IllCltSUre",enls to within
1.5 % of full-llcltle rtllujillg ellll be n",inwi,,~od, provided thu
initinl di6llill·lltioIl fnclor reading i~ taken inlo oonsidcrnlion.
Tllll opproxiluate IJC product of the initial balance is 60.
where C is eXllreo;scd ill micromierofarlldSllnd IJ in l'llr <:cut.
Thl'8e 8!atcmenls hold onl)' ovcr Ihe main dccude of the
eupucitancc dial (I to I I).

Temperature and Humidity Effects, Over the Ilorlllnl rullII'll
of room conditiooa {bS' Fllh",,,hei! to 9S' Fahrenheit.
o to 90% relutive humidity) the a(:CllrllCY of e"pUCiu,llCU
iudicolion is OOwplClf'ly independent of tcmperaluru lind
h"",idity. Ur.der severe humidity conditions, however, II

al11ulJ error ill dissil,ntiOIl fllt:tor rClIding IllIlY DeC"r. The
error due 10 this ClIWIC, however, will be less thun the
"uminallimils defined above.
Voltage Applied 10 Unknown, Th.., vohnKe illlJlr¢lSl!d
ncl'O!lS the bridge i~ upproximuICI)' 60 valls. llud the IlOrtion
of thnt vultage Iltut i8 imprC$llCt1 aeroas the u"k"ow1\ 001\
denser Can be oblnillcd fronl Lbe rlilio 'If Ihe uukno"'l1
c"l'acit.auce to the sllIlJdnrd CIlpw.;ilnn,:". The ~t,,,](lllrd

condenller hll8 II clljlUcitunce uf 0.01 lIlicrof(,rad, >lO thut, fur
IImall CIIp<1citallC<':ll of lhe order of 1000 micromicrorltrll,/$
ur t.elow. esaenli;,lly 60 volll! are iml'r~ed "erOSll tile
ulIkllowtl termlulIls. wherell.8 for I"rger t'tOllIlcituncC8 the
VOIUlll'c IICf088 the o"k,)(,,,'" rllpidly dccn·ll!l<.'8 wilh ill
cr/'asilll! '·;)IJ"dlu"cc.

l\1en~nring b,,~hinl'" (>II II $I"rull" rucl wIlh .l,e
TVI'K 710-BG C"lJllcitmLl't: Tl"l' Jiridgtl.

Power Supply, lOS 10 l~'; vullJl. 60 cydez<.
Power Input: 15 "-Illls.
Controls; CUjlllciwnce diul nllll lUulliplier. di.ll>tiplllioll fnClur
diul and mulliplier, lUlnsilivity oontl"Ol, lIlId 11O"'cr-sI1Pllly
revening swil.(:h,
Acceno,iel Supplied: \ ~IX .fool Ii",· ,'o"ll"clur cord, sp." ...·
fU'l<llIllUd l,iIOlI''''lllII. un,1 u T'I'K ::71- \1 1'1".11.
Vacuum Tube'!: On" ,-,,,ch lyp..", 6XS. bJ,. 61~5 ,Ire "U
S"pplil,.j .....ith the hridb"~.

Mounting, Porwble c"rr~ing CUll<) of nirpl"'U'-luggllse OOn
,lIruclion. Carrying L'a,re irl lined with COI'l:>cr 10 iusure
rrct...lorlJ frolll ck'Ctro.wlic piclup in lh.. inslfllm.'ul,
Net Wei9ht: :!o l)Ounda.
Dimensions, (Lenllth) 1.11ii x (width) 15 x (hr'i/;hl) 9 14
iDCh~'l!. ovct-all, including l'O~"r lind h",,<lI..)<.

140-BG
I'An,NT NOTICE.

I Capacitance Ted Bridge
s..", N"lr.Il l. 17, I"~"

Cod~ Word

11\>4',

Prire

$160.00

BRIDGE

AMPLIFIER

VISUAL
INDICATOR

V-2

o+

V-I

%0

~---<¥-----'"H§l~
UNK~OWN t~j STANDARD

•
G
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BRIDGES

TYPE 667-A INDUCTANCE BRIDGE

GENERAL

USES; This bridge is designed for accurately
measuring the inductance of small coils hU\'ing
a low value of storage factor, Q. at audio fre
quencies, such as are used ill radio receivers. It
is used by many coil and receiver manufacturers
for all audio-frequency measurements on lim
tUlling coils for radio receivers. 1 t is capable of
measuring higher vaJucs of inductance (up to 1
!loury) and hence can be used as a gcncr'al
purpo!;C inductance bridge. When connected as
a Campbcllmutual inductance bridge, itC8n be
used to measure mutual inductance in terms of
the internal standard. Terminals are provided
so that the bridge call be connected as a reso
nAnce bridge for such measurements as the ratio
of a-c 10 d--c resistance. The d-c resistance call
be determined by using a baLler)' and galva
nometer ill place of the usual a-c generator and
detector.

DESCRIPTION: The schematic diagram of1'Yl'1;;
667-A Inductauce Bridge is shown on page 81.
IL differs liLtle from that of the usual inductance
bridge. Certain design features, however, have
been introduced to eliminate residual sources of
error and to make the bridge dirccl reading.

BO

The variable resistors in both the standard and
the unknown arms are iuductance compensated,
identical in construction with TYPE 668 Com.
pellsat.cd Decadc-Hesistance Units and T~'I'E

669 Compensated Slide Wire.
The variable inductor, L", in series WiUI the

unknown makes it possible to obtain a final
inductance balance independent of the resistive
balance of lhe bridge. The slandard inductor is
wound on a ceramic toroidal form in order to
minimize magnelic coupling with the variable
inductor. The switch, K, is used when the
bridge is connected as a resonance bridge.

FEATURES: High accuracy (wiUlin 0.1 ~h) for
the measurement of small inductances is one
of the outstanding features of this bridge. Coils
of a few microhenrys inductance cannot be
measured accurately on the ordinary bridge.
owing to tbe errors introduced by tbe (1) sliding
zero balallGc (reactive and resistive balanoos not
independent), (2) variation of inductance with
settingof any decade resistors used in the bridge,
and (3) capacitance across the resistive com
ponent of any of the arms. These are eliminated
in the TYPJ': 667-A Inductance Bridge.
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&hcm"lic drcuit di'Wr:ltll uf II,,· '1''''''; (,(;7·'\
I"d\lcltlu~~' Britlgp.
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SPECIFICATIONS

Net Wtighl: 33 IIOU,\d,.

T.Yf~

Dimtnlions; (Length) 17'2:< (.... idt1l) 16 x (height) 9H
inclles. over-all.

Range: luducUIllCC. 0.1 "',croll"uf)' 10 I henr)", TI... "'''lie
can 00 extended 10 1111 henrys by using Tyl'~. 106 Slundar<l
InductoI'llIlACl"l.efllnI8tnntlnnl.'l. WIll'n tlw ,nlcrnnl Mln"dllnl
is "s....d. tile bridge will balunc" for Btoru,." f"rlor8 IJclwc",'
0.06 oml infinll) "I I lie.

Accuracy: l"ducwnc<:, ±O.~% or ±O.l 1-'11. ",hid,,,,,,,.;s
the j<'Tt:utcr. for thrllil 8",,,11,,. ",u1til'lit,. Il<;llin!li! lInd "I
I lie: ±OA% for the lorgell! multil,Li". "t I kc. Tt",lnrl"'r
"fror i8 c",,~l h)' thu (·uTmcitl"le.· UCfOOf,S the nuknown
I"frni,,,,]s Dnd •.'1 rcduL~~1 ul low," fl"f"ll""nciL"f.

Frequency Range: \11 enl;l""L;on lldjuJlL"",,,ls urI' "",,1,- 01
" r.......lucne)' of I le. Thll hridge Cl'" be u~'(l "I nn)" fr('(lu,,"e)'
bcl"L"'" 60 eyel"", nud to kilocydt.'tl. hut, errOI'l! rcs"lling
froll' 81noy cup.1cil,,,lCC illcrcllllC .... ith rr~tUCIl(,Y.

St.lnd••ds: Tllp standard inductor i~" I-",illil,pnry lore"l
wound 011 II cera",ic for.lI. IlesistlllH.... Iml:u,,'" or lite hridll"
is ,,,,I(It· h)' "'e,'llS of I' lltr~~-di"l iuducllllll'('-l:OIl1I)<)'UI"l<'d
"",islOr.

MOllnlin!!: The bridge is SUI'lllied ror c"hinc~ ",oullli"",
o"l~·.

Acussorits Rtqui.td, Oo!<:iJ1"tor. "mplilier. "ntlllc"d tell"
phonCll. '1"'1'1: 6011-\ OllO::ilI"tor (soo 1"'1''' 108). T'I'E III I-\.
\mjll,tier (1IC'e puge 119), und Tn't; !lll-!' Tu.wtl Circuils
(~C Illlll''' 90) ure re<:Qnll"l'udcd. For oth,'r tYl1'1lI of ,Ie
1,'Clors, see tllll discussion on I"'ll''' 61.

Accesso'ies Supplied: Two Tn'I': ~:-I-'\C Shirl<!ed (AII
,tuctOT!l.

667-A
1'\'rENT NOTICK

Ilnduct.lnCIl Brid!!ll.
50" i\"tr 17. I"''''' r.

AEIIlt': SJ~5.00

TYPE 610-A RATIO-ARM BOX

SPECIFICATIONS

DESCRIPTION: This box contains a pair of
ratio arms giving ratios from 0.001 to 1000 in

twelve stcps, ranging in "Value from 1 101000
ohms, The switches, as well as the iudividual
resistance eards used in the ratio-arm box, are
similar to lhose employed in TYI'E 510 Dccade
Resistance Units. (Sec description on pages 2·~
ami 25.)

Price

532.00"."'"610.A

R.,i,lanns: Elich arlll, 1,3, 10.30. 100. 300. IIJ~O ohms.
Typ. of Winding: Ayrlon-Pcrry. ",ang,,,,i,, wire.

Accll'''cy, Corl't.'Cl at hox lerrllinal~ to williin O.:!5% for
l-ohm, 0.15% for 3-011111, IOlilt 0.1% for fllhcr \lllit..~.

S.... itchlts, TYPE 510-l'1, 7_poinl.. EnclOll<.'d '·ollt"el8.
Mountin!!: SwilcltCll nnd terminals mounted On blad;
cmckle-finish nh"lI;lIll"\ panel .."tI enclosed in II ahieldcd
walnut "abinet.
Tltrmin"l" Jack.lop binding pu!llJI wilh llCparnle I{TOlmd
ler",in"l.
Dimltn,ion" (Length) 7 J.. x (,,'idth) 5 x (hl'ighl) ~ \i inches,
oYer_nil.

Nd Wltight: 3fi pounds.

USES: A ratio-ann box is a suitable nucleus
around whieh to assemble any bridge circuit.
When combined with suitable capacitance and
inductance standards, any of the conventional
bridge circuils can be set up.

B1



BRIDGES GENERAL

TYPE 561-D VACUUM-TUBE BRIDGE
USES: This instrument makes possible accu
rate measurements of I he Ihl'CC fundmncntal
vacuum-tube parameters: amplification factor,
mutual conductance or transconductance, ami
plate resistance; over wide rarl~S of values. The
accuracy is sufficient so I hal the bridge has
fOllnd acceptance among lube manufacturers as
a standard of reference for tube measurements,
particularly where extreme values of the pa
rameters arc encountered and where ordinary
measuring circuilS become untrustworthy.

In the field of dcvelopmclll and research the
instrument. in addHiou La providing accurate
measurements of the usual tube parameters,
affords a meallS of studying the behavior of
lUbes used in tlllconvcnlionul alld special
circuits, when allY one of the f'lectrodes may
be uscd as the operating electrode and where
the parameters may hawl Ilegali,'e values.

Tile tube circuits have large enough OUITCnl
carrying capacity and sufficient insulation so
that low-power transmitling tubes may IXl
tested in addition to rccei"ing tubes.
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DESCRIPTION: The bridge makes usc of im
proved alternaling-current null methods of
measurement, in which phase shift and capaci
tance errors have been given special considera
tion in order that the operating range of the
bridge may be as wide as possible. Each of the
I/m~e coefficients is obtaiucd in terms of the
ratio of two alternating Lest voltages. A third
voltage is employed in thecapacitanee.balancing
circuit, but its value does not ellter into the
rcsulls. .A complete analysis of the bl'idge
circuits will be fouod ill the paper "Dynamic
,\Icasurement of Electron-Tube Coeffici('llls"
by \Y. N. Tuttle, Proc. U?E., Juue, 1933.

An extremely flexible arrangement of (he
tube control circuits makes it possible to
measure the tube parameters referred to any
pair of electrodes. Connections from the lube
under test to the measuring circuit arc ruade
by means of concentric cables and jacks, con
nected to an eight-lerminal jaek plate, mounted
on t.he panel. Sixteen cOllccnt.ric plugs are
mounted on the panel, permitting a wide '·S·
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riet)' of inlerconnc<:liolls bclwccll the jack
plall" the measuring: circujt, und external baL
Il'rics. Eight udaplcr plug plates. each currying
one of I he standard lypf' lube sockf'l.s, arc pm
\,jdcd, so that any comTllercial rccei\'ing tllb('
can be measured.

FEATURES: Tlie proccdun' ill makiJ1g llIcusurc
IllCliis is simple and sll'tlightforward, and is
exactl\" the sarne for lIlC throo codfioicllls: am·
plificu·lion faCIOI', plate rrsislnl\cc. and trans
conductance. A thn..'C-P06ition switch is turned
Lo whichl~"cr quulIlity is desired, tllultiplil'l'
gwikhcs arc set. at the appropriate '-Itltle for
the lui)!' bcillg' tested. aod ba[ulIcc is oblainpd
b)' adjusting a thrt.'C-dccadc aUclluulor and a
variable cond'·llscr. At baloll<."C the dccudcs rcud
directly .. 10 tlll'CC signiGrant figutl~, tlw quantity
bcin,L: IlI('u",ure<L

Tile threc maintubc parUI11ctersarCllleUSUrl'(!
independently, i.c., none of the bulul1ccs de
pends in any way 011 any other so that indC'
rendellt CfOSS checks can be. obtained frOlll the
kllown febtiunship among the tllrCt:cocffidclllS_
Negative values of tllc tube coclliciclltS llIay be
measured as readily as positive volues.

The method of balancing out the effects of
the lube inLcr-eleCLrodc capacilances is a morc
satisfadory onc Lhan has herctofOl'C heen
available. Not only is the accuracy of the
measurcment LLtcrcby considC'rahly improved.
Lut all three of the usual parameters lllay he
meUSllfcd independently over a much wider
range. For instance, the Illutual conductance of
a t.ube having a high value of grid 10 plate
capacitance con be measured wilhout any error
frolll this capacitance.

BRIDGES

~j'''l'lifi,>(1 di""Mm, of tI,,- ~~rc"il o·lul'k,y..d fur 110..
n,,,,u~"""m,,,,l or lnHlSl....llflu<'t~u('(, will, tl", T, "II
:;lil-D \I'cu"",-T"l~ IIridll". Th" ll-o' ill".;., CIlrr..:,,1
",·~"lr'nll rro", Ih.. 1'1'1,1i""'i",, or" to Ih" Ilrid i~
blIh",,;o('(1 uy lin ('(llwl lind oP1'0,>i1o' cur...-',,' "lwli".l
I" 110.. 1,lalo" fro,,' the >lOUr(:(' "'I. Ihruu/l1. .he Rt"ndtlrd
..",i~IIV"~·_ TI... ".-IIi"", "f th,' ,1o'ei",,,1 "U""u"tor ",
the hoi to'" Qr Ill .. pllnel giv,~ L1'''flil'"ilk'll"IIi,,''r(~
'n tt ... re""U. ",,,I Ill{' !II" tin~ or 'h" ~t ..p 1OIte"u"luN
k, ""d "'11 i"dirlll" Illullil,lyi"l: r"el"n< ("Ul.~tl".,

11'- ,,,ul ",vn",: l>Y 011 the IWlncl flwilcht'll).
\"y 'l",,,lrutun.- colO",,"""l thro,,/;h the outpul

trm,.ror",or rI~\lll."g r.m," Iht! IUl),' i,,1o:1"',I...·.ro4"
"'I"H;itk... """ l~ 1... lnn"etl out 1'1 rhe ,ll1tnJ,'e of lh"
"~l.,, Rlllil 8('«Ood"ry, "cli"l> rhro,,\;11 rhe doubl.._
~l,,'or \'(),,,k'lBer_ This 1xI1,,'ll>(' ,10M 0101 "lTecl 110..
1",lr",,:.' oonditioM for th" iu-phu:!e ..(nlll);)Ueul$ ,,"(i
'~"Illl'\.u,'"lIy h,,~ "" ,·Ir,>(·t n" I,he ""-"b"",,,,,,,,t.

The l>oinl~ of i"trOll".:I;O" .,f t},t' te:ll "ullu~~ r,
"'HI.,. ore "haUI:>,,1 b) n 8,,'il,'h wi ..." t I,,· olh.'r 'lUO)
Mltll)lS or" lUCIOBUfl.'tl. \"011,,_" ""itch ...., ........'" th,'
ll/.>l"rity of '" "I",n n,·~"ti,·,· ..olu~ uf 1110' 1~>ef1i ..i~"r.

",.,' 1<> I~' ""'''~"r<-,1.

SPECIFICAnONS
RIIlSI, ,\nolllifi~hliun foNor Vi); 0.00\ to 10.000.

D)·nlll"'" inlernol nlnh' re..i8t""~ (rp): 50 Qllll\~ 10 20
""'1,.."1",,....

~lullfUI t'Onduulollce (I",); O.O~ to 20,000 onicrQ",h08.
Undcr propor """,Iitions. th,- nlMln' rlUO/l;"1 cun I,,' cr·

eceded. The vurions IllfrlUllcl,''''' elln "hK> IjC ,"eDsured witl.
rCllI".'Clllo '·"riou8 cl.,,,,eu"'. 811.:h lOS ~l'(.~01 gr'ds. ,~Ic. N"l(u
r.i ..... I)~ well II~ I"..ili .. ,·, vol""" ..."'. Ill' "'.:"8U....>(!.
Tubl! MouIlUn'3: Sock...Latinplers Dr<' pro,-iMd. 88 fvlloW1l:
+Ilronj(. a-prong, 6-pro".,. sn",1/ ;-1'""'.1.':. Ill..di"", ;-1'"'''1/.
oou,l i'ud lootnl. TI,,1.$ "Il sr,,,,,I,,r" co",,,,e....,',,l rco:d"i,,!S
tubeil enn be mcasu.....!. In addition, a "uoi"etlll\l" atl"" .....
w.th ,·i!S1Il s<)I<!"ri"l1 IlIgIl. j~ pro"ided so tll"l ,,,,mollnINI
t"I_. u' luh"s ",,'itl> IIUlO-3tll,HJ(!,o.l \>a!l<.... , "u" he "'e,,~,,,,·d

(.'OIIv,·"i"'"lIy. Till! l)f'nel jnck plllle lI"ti the ",11I1,tCfl) ore
",,,de of low_IO!;lI y,'Uo,,' hnk,-liW. rcduei,," to" mi"imum
the ijliunling e(f,~l uf dicl."Ctric 10Il0l":~ "" t1l1' dY"81"ic
rL'>!u.ln"ce be;,l/: mM~ll,,'d.

Accessories Supplil!d: Two T,I'''= 27<1-'\ r: Slii('I<I~>(1 Con
d"cturs r..r ron"eeli"" hrid/;.. to OOICilJulur "".I ,le\<..'dor.
t,,·o grid-lead oon"e<·to~. sl'{'ci.~l oonOlcclor.

Currenl and Volleg. Ralin'3l: Tht> lul>(' .:'rt"uitll hllve largl)
.."o"gh rurrc"t ..·orryi,,1l' ';>II",eily ond 8ulli,·',·,,\. i"lIululiOll
!to 111111 IUw-IMlw"r t.llnsrniUi,,'l tulx"! "Ju)' IIQ test....l in
addition 10 "'""i"in/t tubes. \lnxi,nnrn ul10wnblll "lllte
currcnl is 1:;0",(\ lind "18X;"H"1I Ill",.· vull""... i~ 1500 "oils.
Etl!c:bodl! VOlla'3. Supply: l.\nltcril'S o. flOlitabl.. "ower
8upplif~ lire ,\....,~,ry ror p"lYidi,,~ 1.1,,- vurinll" "nltngdl
~1\lir~~1 by thl' tube uml,:r ltl!ll.
Brids. Sourcl!: ,\ lI(>url:e or l{loo cyl'ltlll '" floquin'd. The
Tn'K llll-,\ A"dio O:.cilli,'.or Or lh~ Tn'F. 723·.\ Vacuum
T,,1Je Forl.: is 8"it,,1.Ie for Ilus I'ltrl'osu.
Nullilldicator: Thl- 1"."1': 81t- \ \nlllIiO.. r ill colljunt:tiur,
w'lh u .;e'l$ili'-e l}<lir or 1,,·,,<1 Id~-I'hollell i" ""'lV'''''''''''''''!'
Mounlin'3: The i'llItrunlrnl in mounk'tl Oil n hlllCk crDrkl......
lllCf1"cr~d IIl"",i"",,, IHlnel nwl ill furolished in II polished
\O'nl",,1. Cflbillul. A ,,'oodcn ~torl'!I11 cnfi(l is l'ru,"il!cd fu. the
plug plolC!! ond lentls.
Diml!niions: (l,l·lll.:lh) Ill"'" j (,,-;,Ilh) 1:;1: r (hcil;hl) 11
i"d.1Cll.
N.I W.ight: 51 pu,u,,15.

561-0
N"TI,NT ",OTICE.

I Vacuum·Tube B,idgl! ....
s.,., ",,,I,,. 3. I;, poo"" Y.

Code WnN/

DKIC:E

I',iu

$375.00
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BRIDGES GENERAL

TYPE 544-B MEGOHM BRIDGE

USES; The megohm bridge is vcry useful
for Illcasurillg cartridge-type resistors in the
megohm ranges, such as those used as grid leaks
and coupling resistors in vaCllUIll-1 ubc circuits.
It is also capable of IllCaslll'illg the insulation
rcsistance of electrical machinery such as gCllcr
alors, molors, ami transformers, of electrical
equipment such as rheostats and household
appliances, of SillJ{lc conductors, cablcs, and
cOlldcllSCrs: of sumcicntly long sections of high
vollage cablcs: of paper coudcuscrs: und of
slabs of insulating materials. Volume n:sislivil.y
can be determined and its chullge with tcmpcra
!me and humidity. Guard cOllnections arc
provided for the measurement of three-terminal
resistors such as multi-wire cables, three
terminal condensers. networks, and guardcd
specimcns of insulatillg malerials,

This bridg-e has been widely used for meas·
uring t he dielectric absorption effects in the
iIIsulat ion of eleclrical machincry, transformers.
and cables. Charging-current. curves can be

{'asily ubtained, O\'cr time intervals frOIH oue
second to Illally houl'S.

DESCRIPTION; The TYl'E 5·J.tI~B l\lcgolull
Brid/,'"C is n combination of WbeatstollC bridge
and vacuum·lubc voltmeter,

The bridge is composed of the four arms,
tl. B f N, P, as shown for the OPERATE po-
sition in thc diagram at the t.op of the next.
pag:e. with the power applied across the amlS,
A and 13, and the vacuum-tube voltmeter con
f1ected alTO&! tliC conjugate pairs, Jl·N and
B-P. For cllI.:cking- the galvanomet.er l':ero, t.he
lube is isolated from the bridge voltage as
sllOwn ;11 1IIe CHECK position, with the hig-h
resistors, IV and P, connected \0 the grid exncllr
as in Ihe OPEHATE position. The efrects of
auy voltages. alternating 01' direct, in the un
known resistor, P, and of any grid cunent of
t he tube will lIot appear ill the bridge balance
because they arc balanced ouL in the ¥.era
adjustBlcliL Thcl'C is also a CHARGE position,
ill which thc unknown resistor, P, is placed
acrOSS the al'll1, 13. This is ,'aluable in measul'illK
the rcsistancc of large condenscrs because full
vollage is applied direclly to the condenser
which C811 tllCll chrn'/,'"e aL a maximum raw. Tile
zero of the galvanomeler can also be checked
at allY time without being afrected by the
I'('sidual charge in the condenser.

FEATURES: The use of a vacuum tube detector,
whidl aooorbs a negligible alllount of power,
makes possible the direct. rneasuremcnL of 1'C-

The "'''(;011)''' diul of Ty,'¥. 544-B i\lCg<)hrn
Bridli'I!. The ~ml,,;~ llpproxillllllcly lognrilh_

,"i.: oVI!r III.. runi .. dcc>ld .. fro", I 10 10.
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sisLanccs up Lo 1,000,000 lllegohms. Tbe re
sisLance scale is approximately logaritlllnic over
one decade, which gives a consLant fractional
aCCllrac~', regardless of seLLing. The effective
scllic length for the l"dnge of 100,000 ohms to
10,000 megohms is 35 inches.

Approximately conSlanl vollab"C is applied to
the unknown resislor, a n<:ccssary condition for
the proper mcosnrclllentof insulation resislance.
TIm a-c power supply is voltagl! stabilized. Tllis
e1iminales surges in char[;ing curren I wllf'n
measuring LIlI' leakage rcsislall('f' of cor](lcnscf'S,

SPECIFICATIONS

RGnge: 0.1 megohm to Jo.noo 'Ilegohn,s. ,,.,verecl l>y " dial
"uti a E)_position ", ...1Li"lier 8wilell. A relIisla"'"l or I.OOO,QlIO
megohms <!un be detected,

Ac:cu.acy:

,I l\IG- lOOMrJ ± 3%
100 1\10- 10001\m ± 6%

1000 1\111-10,000 l\Hl ±IO%
AllO~tl 10,000 mCIl0lrffi!l. l.h" error i8 t'S8CJllilllly th"l "illl
which tho 1lC1l1" on th" 1\1 EGOIIl\IS di,,1 con 00 rcod,

T.,minal" All high-yolh.g" It'rlll,uol8 lire in8ul"letl ..~ II
proll'Clioll 10 lh" (lIler"to" A ",;ui", ... ", or lZ run C"" be
dmw" On 8hort eirc"it.
Power S"pply, T ..." Lyp<'''l "r power 8uPI,ly "rt.. nvr,ih,I,I,·:
(I) 11" .. -c ""iLdcJi"c,iug:;OO ,'"Il.s "r,,1100 volls. oml (:!) 0
bottery pow.'r ""pply of 90 "olllt. Th~ o-c u"il "1",nILes
rro'" 0 10:; tn IZ.'.volt or 210 10 :!:;O_v"lt, 'IIJ Lo M-,'yell!
li'll·. TIm Iml\<'ry power ij""J11)' L'On~i~11t of :! ',\", 6 Dr)"
Cell.. (",d ~ H"r.l:eM '\'0. ,.~Oll 1:;-"011 bnU....i•.s.

OpefGtin9 VOIUge: T(~rmi"nl" Mil 1'10";,lell "', II,nl 'Ir"
l ..id",,, volln,,-e CUll l>6 ohloincd fro,n "n ~~te,,,,,llIO,,rc,, if
df'$ired. Up 1.0 500 vol lit 0':0" be (jppl;~,t.

Vaco"m Tuo,": Witlr I".tt<-ry llO"er "ul'l,I)", II 11):;-(: d,,
le,·tor lnhe is cHl"tl; Ihe :,OU-,oIL p(>I""r s"pply "".'" ,,61,7-(:
delector," 6X:i-G rt.'Crilicr. u :iUI-G ret·til;e, • .1,,11, in th"
,·.,Itlllfll r('I("I"to",," 6J:i-G." (,K6-G. n ryPl' IAI Ball"st
Tuhe. uutl two T~I'~ """" 10,,"1.... All 1"I)ot'8 um 8"1'"li"([.
Accuso,ies Supplied, Two T1'I'R 214_l\l PI,,~: wilh Il-C
power SlIPI.I)", I. l!Cvcn-fool Iilll'-Colllwclor cord nml 81/1,m

r\lllCll, IJnltcrie3 "rc "",.pH,·,) "illr the h"lterY-tJllCrull~1

,m)lI~1.

Mo"nting: Shielded ollk c"hi"lll.
Dimen1ions: C"ll'n.'!. willr M,','r "1'''''',1. (width) Il'.'.! 'C

(It'''l(,Ir) Z~h x (heil(hl) tl i"ch''>I."~,,,-,,lf.

Net W.ight, \\illo bntw.ry IlOw"r "uPl,i). 29'2 I",,"nl,,;
with JI-C 'lOwer "... ppl)'. Z6 ' ... I"""ul .. : Tyo'p' :; 1·1-1'10, 11
po"nd,,; T1 "p. :;11-1';1, Ill ... IIO"ud",

::'ch(''''uti" circuil dintrn,," nr til(' ~lr'1l01,,"
IlritlJ,!c.

(:o,lr 110,,1

544-8
544-8
544·P3
544-Pl0

BGlte.y Ope'Gted (Incl. Balte.ie$) ...
A-C Opelated (with 500- and 1oo.voh A.( Power Supply)
A-C Power Supply Only.. , .. , ,.... . .....
Paltery Pow., S"pply Only

.. ,.00"
..c,"w
,,,,,'t<I<,"M'"
\ r.u"l'.. I' ,~'"

S115.OO
235.00

75.00
15,00

Tn"" 729-A and TYI'E ·1l1';·A l\1cgohll1mcters, dlrcct-rcad.ing instruments operating

011 the ohnunClcr principle, ore described on pages H6 and I~i.
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BRIDGES GENERAL

TYPE 707-A CATHODE-RAY NULL DETECTOR
USES: This visual !lull indicator is intended for
use as a balance detector in bridge and otber
null-melhod measurements at power-line and
audio frequencies. When calibrated for a given
frequency, it can be operated as a limit indi
calor. It call also be used for comparing fre
quencies by means oj Lissajous figures or, when
calibrated, used as all a-c millivoltmeter.

DESCRIPTION: The output of the bridge is ap
plied through an 80-db highly selective ampli
fier. operating on the degenerative principle, to
the vertical deflecting plates of a one-inch
cathode-ray tnbe. The bridge generator mltage
is applied through an adjustable phase-shifting
network to the horizontal plates. The tilted
ellipse 80 formed is reduced to a horizontal
straight line at balauee.

FEATURES; IndepencJcllt imlicalions arc given
of the efrcct of balancing cit her the reactive or
the resistive bridge conlrol separately. This
adds considerably to Ihe speed und convenience
or routiJle bridge mcasurements, and permits
either bridge control to be balanced accurately
without necessitating an accurate balance of
the other. Indication is also given or the di
rection olT balance of either one or the bridge
controls, chosen at will.

This null indicator cannol be injured by over
loading and is instantaneous ill response aud
recovery. External fields do nol all·ecl its oper
ation, and it radiates no appreciable field.

For bridge balancing, it is less fatiguing
than headphones and can be used in noisy
locations.

SPECIFICATIONS
ACCCSloriel Supplied, A 1-foot line oonn<:ctor cord, II)lHe
I'ilnllalllpli and rUIle8. one T'l"PH 214-M Plug, nnd One TVI'II
21·I-NC Shield~..1 COllduclor.
Accenorief Reqlliled, One plug-in phasing circuil is uoletl
al an)· frequenc)' helow 400 cycles: one plug-ill tuning ,,"it.
Thl1!C nrc not included in Ihe prioe of the instrument. (&-e
IlriCf: list 011 plIge 117.)
Power SlIpply, 105 10 1~5 \"oIUl. 10 to 60 e)'c1Cll.
Power Input: 20 WlltUl 01 60 eyelCli.

V"cuum Tabel: One 61\ joG ["/Clliorle. onll 6FR-G lwin triode,
Ono 6JS-G triode. O'H, 913 cllthorlc_rll)' !l,b!:, IIIHI one 6X5
reclili.".; "lIure aUl'l,lied wilh the instrumenl
Maunling: Sloudo.rd 19-inch J"tlla)'-n,d; 1".I1lel. W"luul end
brnckel8 are 8UPIllicd fur '"ble mounting.

Dimenfionl: Panel. 19 x 1 inchl'll; dClltb khino,l I'nud.
9 iucJ'e!I.
Net Weight, 29 llounds.

Codr Word Pr;..

Inpullmped~nee:One m"gohm.
Senfilivity: ISO /,-V lit 60 cyelCli: 200 10 300 /,-V lit 1000 C)·e1"".

Selectivjty: 40 decihels ngllinsl 8~'(lllnd hllrmonic.
Flequency R~n!Je: Plug-in unibl tunc the 1I11illlifier for UII)'

o,I""ired olJel"llting rrClIUellCY betwecn 20 lind 2000 c)'c1es.
Continuous luuing runge ±S% for cad, unil.
Temper.ture .nd Humidlly Effects: Whcn this instrument
is opl'mted under severe oonditiorul uf temperature rUIlt
humidil)' $Offie decrt:1Ulll in se'lllitivity nml eel""li,·il)' IIlo)·
be .."peeled. For lb.. low frequeut)' tulling unlUl the 5t'II

siliv;ty luay be rClluced b)' ns ll1uch liJI 6 db. while for nil
u"ils lhe eeloclivil)' to the IICf':(>nrl harmonic mny 00 reduc",l
by S rib. The nhove ligure8 Dre ror a relative IlU1l1idily or
80% alliS· Fuhre"hcit.
Control,: Panel oonlrob aro provided for adjusting O'e
r...."8 nnd I>rillianoo of tl"" CIIlhode_rn)· plIltem. the I'basc
nud o",plirude of the horizonlnlswCI'pinjl: volloge. IIml the
gain. eeledivit)', uud lu"ing or Ilu~ ,,,,,plllie•.

Ty~

707.A IC~thode R~y Null Detector'
01..".. i'h...in~ Ulli' "nd T"njn~ Ullit (...... ""'~, fl'll<e).
I'ATENT NOTICE. s..: No,... I. 9. flOIl'! v.
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PLUG-IN UNITS FOR TYPE 707-A CATHODE-RAY NULL DETECTOR
These units are fC<luired for use with TYPE

707-A Cathode-Ray l\'uU Detcctor and afC not
included in the price of that instrument.

A phasing unit is necessary for operation at
any frequency below 400 cycles. At 400 cycles

and above, none is required. A tuning unit is
required for each opcrating frequency. The
tuning range is ±5%.

All units plug into mounting jacks provided
inside the null dctector.

707.Pl
707·P2

PHASING UNITS
f)tM'riplwn

I For Flltqultneilt. Below 100 Cyelfl. . . .. . j
For F'equencie. Between 100 and 400 cyel"•....

AMPLIFIER TUNING UNITS

Code 1\ orJ

NlJI.I,Tf.CAJIi r
,," 1.I,TKC",U\

$7.00
1.00

TYIJt /-'rtqllellry Ctl</e II orJ PriM

707-P42 42 cyelu NUI..I..THCCAT S5!5.oo
707·P50 SO cyel". NUI..LTF.cOOG 25.00
707.P60 60 cyellt. '<U'.I.TI::C1H·P; 25.00
707.P1OO 100 eyelt. NULLT>:(."TAI' 25.00
707·P400 400 eyelle' NULLTBCF1G 25.00
707·P1000 1000 eyelle. NUI,LTI::CCU)I 25.00
707·P2OOO 2000 cyel,u .... Ul.I.T!\CIIUI 25.00

TYPE 578 SHIELDED TRANSFORMER
USES; A shielded transformer is necessary ill a
direct-reading a-c bridge to isolate the bridge
from changes of electrostatic potent.ial in the
external circuit and to reduce the effect. of the
capacitance of this extemal circuit. to ground.
Obviously, the transformcr can be used to
isolate the bridge from either generator or
detector.

TYPE 578 Transfonller has becn designed for
tbis application. It is also useful in other types
of circuits to isolate measuring circuits from the
generator and to produce a balanced output
from a grounded generator.

DESCRIPTION: This lransfonner is provided
with two shields, one around each winding. A
third shield effectively grounds the core lami
nations. The accompanying diagram shows the
arrangement of shields and the capacitances
between clements.

FEATURES: The direct. capacitance bctwccrl
windings i~ less than 0.3 ",,,,r. The capacitance
placed across the bridge arms Ly the inter·
shield capacitancc is only 30 f.lJ.lf in place of the
larb'C generator-to-ground capacitance whicll
exists when no transformer is used, and is
balanced to ground. This small value of capaci
tauce is obtained by maintaining an air space
bet.ween primary and secondary shields, using
eight hard rubber spacers OJ-inch thick.

Each lransformer covers a wide range of fre
qucncy and load impedauce, und can be used

in either direction, i.e., can be used to step up
01' step down from generator 10 bridge. Used
thus, the frequency rauge is 200 to 1 and the
impedance rang-e 100 to I.
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(Aoon) This diagram shows tI groulldNI
bridge ~"]lpli,~l through u doubill-shi,·ld,·d
trnl~rortller. \VhCll Lhll CIllie is grounded, the
Ctll)l,cit,,,,,:l' plocell "cross cueh eupnc;IUllOO
arm is to!'}!f. This '"nlue j" known lInd is OOn
sidernbl)' smaller thUll the ullkllown gel"'r
lItor-tn-ground clll'ucilullce which lliIunlly

cxisll! when II tr"usrormer is nol IIso·d.

(ftig/,I) ThislI.hoWli 11m windin/t" used ill T,.I'.;
S711 Shiel"eIl Trnnsformer. The cnlm<:itnu<Y
liN ....,,,,,, 8h;dd~ is k,-pl nl " low ,,"lue h)'

slmci"", thl' wimlinl-"8 Il_" shown.

GENERAL

SPECIFICATIONS
TUlns Ralio; ,\11 models have" turus mlio or I to 1 nnd
m"y Ill' ,,8<,<1 \llluall)' well in either dirC<:lion. The nelunl
IIu",I>('r of lurns for cndl winding is given ill the will..
below.

f'cquency and Impedane. Rinse: Seu wble lJelow.

C.,paeitaneli!: The direct COllf\cilancc bet.....ecn primllry 1111<1
sN:ondllr}' winding;, is less limn 0.3 I'l'f; Lhlll bet.....een the
wirna.ry and IleCOnd"ry shields is less Ihlln 30 I'l'f. Averoga
v"h]('l1 for Ihll clIl'ocil""<:'elI iu tlo(' di"lIrll'" "t the right !lr(':

CI. Ct. C~. CD.. cod, ~OO I'l'f
Ca....... . .. 0.3 jJ.JJf
C7. (;8. each 70 IJ.Il.f
(4.. ... .. JOlJjlf

Windin9 Inductaneli!: The ""proximnle i"ductonce of ,m)'
.....inding is ('qu,,1 10 Lho:: 8(IUllrt: of the II"mbfor of IUTns
",,,lliplicd by :1.5 x 10.(1 h('nrYlI.

Winding R"liltllneli!: The t1-c l"C!Iisl"noo of an)' winding (in
oh,"s) is "lll'ro.~in"'LelY 30 li"'~"lI Ihll i"d"c1"n~(: in henrys.

Applili!d Vollllg,,: The high-impedance winding or TYI'P_~

5711-A or -8 may 1M> connected directly llerQll!j 0 liS-volt.
SO 10 6O-l'yde line if the impedance conneckd to lhe otlrnr
windin!! "'luals or rXCC!.'tls tlle lowe>ll value gi"en "mler
"pri"rory irnl'edll"Ct:" in the Illhle below. The '1'\"'0; S78-R
""')' he "scd 01 2;. e)'d~'$ lIlIder Ihe Slll"e conditio"".

For TYI'1>S 578-A Or ,13. the lo ....-impedancc winding mil)'
he oonn,:clcrl diredly 10 " 115-volL. 50 to 6O-cycle line.
provided Ihul lhe r~.,.isllln~'e lIerO&l lhe high-i",pedlln~'e

wi"d'llg u~""'.lds 10.000 oh",s. Tllll '1',.... .-. S78.8 mllY he use<1
IIl~;; eyclCll under lire M,lle C()lI(l[tiorls.

In~ulation: Tire ills"latio.. fro", winding to winding "",I
rro'll .....inding;, 10 elise will withslllnd 1000 vOllll.

Mounting lind Dimen~iono:Tlr""" tru,,~fOrn'C'lIllreIIloUllled
in \lodd Il CHS<.'lI (1K.'tl IlUge 130 for diUlell~ions).

N..t Weight: :?!'f poru,ds.

578-A 600 In 2 100 Iso eyclC!l to 1(J kc I aU Q to ;; k\1 I l HI 10 100 k[/ TAil',", $15.00
578·8 lOllO to 1000 ~O eyell'll 10 :; k\' (.0 !l In (, boll I.:? kll 10 I:?O kf/ '''0;:<01\ 15.00
578-( 601o 210 2 ke to 500 kc 20 fI Lo 2 kfl 0..1 kf! 10 .10 kll ....:1'11' 15.00

"n- rallll""l lire r", tn""f\I....i<l" "iv,in 6 ,I~. AI ~.I ...",<)O of botlr ;mp"d"".,.. ""d r"",,,e'>CJ "'o~"",. llrr 1m".",;,..;"" rrLOJ h~ d,,,,,,
bJ I~ ,Ik
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TYPE 814-A AMPLIFIER

AMPLIFIERS

TlI'K 811-\ \"'I.lili..r ,,-ilh TVI'~ 811-1' TU'>el1 Cinuil

USES: The TYPE 81l-A Amplifier i.-s a high-gain
amplifier designed for p;cneral.purposc labora
tory use. It. is particularly useful for increasing
detector sensitivity in bridge measurements.
Means have been provided for sharply tuning
Ihe amplifier to certain frequencies commonly
used for measurements. It may also be used as
a pre-amplifier for crystal microphones and
vibration pickups, as well as for O6Cillographic
work.

DESCRIPTION: Th(' TYPE 814-A Amplifier is a
thrce·slagc scrccn-~ridamplifier which 0l>erates
from batteries which are contained in the
cabinct. A switch is provided for attciluating
the input by aboul 20 decibels wilen lite input.
vollage is !Jig-h. Blocking condCllscn; are used

in both the input. and oulput circuits for pre·
venling the flow of direct current.

FEATURES: High gain, e..drcme portability, a
logarithmic gain control, and good frequency
response are the important characteristics
which make lhc TYPE 814-A Amplifier out
standing. The high gain is sufficient to increase
Lbe sensitivity of ordinary headphones by about.
80decibelsat 1000 cycles. Furtbermore,asimplc
and efTecli\'e Illeans has been provided for rc
strictinA' the amplifier response to a narrow
range of rrc<!ucncics, thus eliminating harmonic
and noise when balancing a bridt,'C. A jack Oil
the panel is connected to the grid circuit of thf'
last slage, and it is only necessary to plug ill
anti-resonant filters such as the Ty!'),; 814-1' (sec
next page) to make Ihe amplifier selective.

SPECIFICATIONS
F,.quC:IKY RupontC:: See NH" on m·d I"'....
.....mplillulion: The voIlale 8111plilicalKln ill plotted .. II
funclion or frequency fOC" 8 uumbo;r of Iood Dud Ope1'1ltiull
oooditiona.
Gain Control: The If'Iio cha~ by aOOut " t1<lcihMs fOC"
-.:h larp diy~ of lho! dial
Input Volt.,.: Tho! OUI(MII voltage will be tIioItOl'l«l it the
inPllt volillge exOl:'edo! 1 milli,·olt ou LOW ~ 10 milliyoll.l
on IIIGII. ,.-ith the Illill ooulrolllet lit mll~i",u,o.

Olllput Volt.,.:T~muimlllD IIntl~torttdoutput v,xta«e
tor II :0.000 ioIod i~ 0l'proxi ..... teh 6 >ollll. IIntl for 0
I meeohm kNod is about:;; ..oh••
Inpullmpedene.: \\ ith lhe Ii"PloT \ OI."I""(;E ... itch 011
LO'\, lhe i"l.ul iml"",lll....e is 1I''1ll'O.u'''alc!l thlll of II

;; II1PltOhm """..tor IIh"nl>.~1 h~ 35 w<f. \\ itll Iho ..... ileh On
lho! IllGII l><I8ilioll, the ,h"nt eapucitance i4 ..ppro"i'"ulely
22 I'I'f••\ ..rie. aopl'cilllnce of 0.02 I'f is provided in II...
in(MIt ci ...."'il .. Ihllliloe 811plation of II direct yoltal{Ol 10
the inpul knllinllls ...ill nol alrect the oper8tioll of the
8ml>1ir>er.

Output Impeden".: The output impedance of tile amplifier
d approximaklJ' 10,000 ohms. A blocli"l <'Oftd~._ror Il'f
d included in ..rim wilh the. output tc!rmina.ls.

Tunin,: .\. IX'nollcl l"IMOnAol cireuil o:an bf, p1u.~ illio a
jllc:k on It>e pancllO ...odif)· the treq,",nc~cluanocterislic: of
the IInlpliroer. ,..... Tn·1t 811-l'3 {60 cydeal and TypO!
811-1":! (100 nut! 1000 cyo;b! 1'"""",1 Ci.....it.. (~ nl'JlI
p8~1 ..roe tkooill:",ed for thi:lI'U.po;le.
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AMPLIFIERS GENERAL

Mounting: Th<'l DlI1p!ifier j~ 8Ullillied in l"'o \}'[lC:!I or IIIOunL_
ing. The TYPE 814.AJ'1 Amplifier is mounted ;11 n Wl\lout
enbiue1 having 8pnce for ooUeri('ll. The Tvrt: 1I!'1-A II
AlIlplifier is provided with II r>Jlllel exteosion for reJay_rack
mou"tinl;. This p"nel cxtellsi..,,, incl"des baUery lll"'ce and
provision is ",,,,Ie for mo"nting 11 reclilier-lype rnet.er.
Dimension1; Panel si~~, (width) J~ x (height) 7 iuchell.
Cnbindlli~.c for Tvpv. 81.I_AM. (width) 15 x (height) 8J.( x
(dCllth) 12M inches. OVeNIII. Size fllr TYPt: 814-A n. (width)
19 x (heighl) 7 x (dcll1.h) 10 inchell. Ilver~lI.

Nit! Wei9ht, Tnt: 814--AM, 17M poundll; necetlllU.ry bat
t~riC!!. 13J.i polllld~. TYPE 1114--,\ R. 14 j.( p<)"ndll: ne<:CSJl.lIry
haUcriell. 7~i [)(),md~.

Tube1: The lImplifier re(luir~ lhn'fl 3-1-1)'11" lul)l~. ,..hi"h
lOr.. i"dulled ill tl,.. price of the i"~lr"m"nL

Power Supply, B"l~ri"" lire $llflillied. The following 1>81_
If'rics ""e r"rnished for the Tn'E 1l1.I-AI\! Amplifier, \ ...."
l.a_vOIL No.6 dry ~'('1l8. three 45-voh ballc.iea, Burgesll
!'in. 5306, (Iud O"e Ever"ady ly!*- 950 1.5-volt batlery

For UllC wilh Ihe rclay-rack mOllllled Tno; 1114-AB tIll,
following bOllcril'llUre u>led: two BurgC8!l No.•IFA (Little
6',,). lhree BurgC8ll No. 7..JON 45-voll bntteries. and 0"':
Hurgeas No. 2370 4.5_voIL ooue.ry.

AC<;C:SlO,j~ Supplied: Onll 1'yp~ 274-NE Shielded Plul!
a",1 Cnhle lIod on.. '1'\ I'K :?74-M Plug nre rllruishcU.

7:,,/"1(' I)e&rr;plirm

814·AM ICabinet Mounlins .
814.AR For Relay.Rlck Mounlin9

~I'ri"" indude. b,lIh tu_ .nl! bo1~...
l'A1'f::,'>;"I' NOTIC":' See Note J. l",ge Y.

.··1...
"1'1'1••:

",-0:-.:

p.irr

$97.50*
97.50*

SPECIFICATIONS
Frequency: T ....o "nits arc lltocked. olle ror 60 cycleti and
lhe oll",r for bOlh 400 "",I 1000 cycles. The uccurucy of
I"n;nl' is ±2%. Units for olher freq"CllCiC!! C/H' .,." made
0" lll"Jl'l.:inl order.

Attenultion: 8<'1.' {lCl'Ollll"U'}';Il!l' curVeli.....ote thut lI'l:
Tv,'~ IIH-I':! is elIcetive ill n~lllovi"g 60-cycle hunt II!! well
U~ hllrl1lo"iCll or 1he rC80Ulml fre'lucIlCY.

Mountins; St:mdard (lrnw".... t~...,1 Cili\I! •.l\Iodel C (_ page
130 fur lIi'''''''6;0"s). A plug ,IUd 21 in<,hes of ~ltie.ld,'(1 cable
are provided ror coonccting 10 lhe Typo: lllo\--A A",pliJicr.

Nel Weight, 3}i pounds. both nlOIleli!.'

TYPE 814-P TUNED CIRCUITS
814-A Amplifier for suppressing harmonics.
noise, and hum in single frequency mcasure
ments. such as bridge balancing. The insertion
loss of these "filters" is onIy a few decibcls, and
the fl'e<luency characteristics are independent
of the terminating impedance of the amplifier.

.\ It.,n,,ntio,, .;hnru.,1c.is1iUl of "\'I'~; III \--P
T",wd Cirl'O,it!l.

".

The TWE: 81'I-P TUlled Cireuil.s are parallel
n:sonallt circuits designed for usc with Ihe '1''''''':

814-P2
814.P3

",,'\u:
AM'·'.t:

1'.;(1'

$17.50
12.00
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TYPE 714-A AMPLIFIER
USES; The Ty)'!,: 714.-A Amplifier is a high·gain
and widc·range instrument which has been de
signed mainly for lISC willi cathode-ray oscil
lographs. It is also useful as a bridge amplifier
and for general purpose work.

Its excellent pcrformoncc characteristics
make it suitable for ncarl)' any laboratory appli
calion fC<luiring a high-gain yoltagc umpli.Hcr.

Because its low·Crcqucncy response extends
to 5 cycles, this amplifier has a number of ap
plications where ordinary amplifiers are nol
suitable, as, for instance, in amplifying the
voltages encountered in the study of vibrations
in machinery and other mechanical systems.

DESCRIPTION: A Ulrcc-slage resistancc-ca-

pucitullcc-<.:ouplcd ampliHer circujt. employing
pelllode tubes, is used.

FEATURES: A-c operation, high gain, and a
wide frequency range are features of the TYPE
714·-A Amplifier. The power-supply filter has
been carefully designed to prevent low-fre
quency "motor-boating" as well as to keep the
hUIll level very low. The hum is equivalent to
10 microvolts on the grid of the first tube. All
stages are completely shielded, and microphonic
effeets have been lninimizcd by the usc of tubes
with indirectly-heated cathodes.

For a given output, the amplifier can work
over a range of 65 db in input levels, or, for an
output variation orlO:1, the input range is 80 db.

SPECIFICATIONS
Gain: The gain is o;<)lllillUQll$ly adjustuble 1)elwocll .20 db
and 80 db. by meaos <>f II gain controillod a 8witch. With
tho s,,·iteh lIet 01 SO db. lue runge of the gain COlltrol is
frOUl.20 I.<> SO db; with the switch on 811. the range is from
SO 1080 db.

Frequency Chalade,iitics: TIll! glli" at ;:; "yel.... and at 50
kc is down 3 db feQ'" the nul portio" of the chorllcleristic.

Maximum Input VOIYge: With the gain lIel for maxitlmlll.
an input of nb<;>ul " m;ni"olls .. ill produce the ",nxi",u",
undistorted <",llHlI or 100 "oIls,

Maximum Output Volt.ge: An u'l<lisl.<>rled peak Qutl'ul
of 1·10 "oltscnn Deobtnin~,<l (100 ,'olts r-!1l->l. on n tiuu!IOi,lal
wave).

Load Impedance: AIII,ouglo the inLern,,1 output impl,dancc
i8 aboUl 20.000 ohms. the load r....iIiswnce should IlQl be ll)$ll
tbun 100.000 ohms for llll ulldisl.<>rleu output or 100 ,·ollS.
As II bridge !lull <Ietocl.<>r this is not important. "ud "'llxi
mum power gRin witt be obt.~incd inl.<> a load of aooul
20.000 ohms. One oUlput termi",,1 is gruunded. A blockinll"
conrlCII~r Qr I Jlf is iucluded in >!Crit>! with the Qutput
termillllli<.

F....~lucne~· churnctcristi,' of Typt: ';-..1_ \ ,\,nlllilicr.
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[0:::
"
l

+ + +

'"

Schcmul;<: w;rin~ dip~ram (If '1""'1;: i 1·1-0\ Amplifier. PO'H,r slI.,ply ""d ltll filleMl nrc not shown.

I

Input Impedance: The input rt'1!i.!Ilance is over 0"" megohm.
The shunt. CnJlllCilnnce is ahout 15 /*f with the gnill swilch
on 50 nnd nbou. ·to/JJ<f wilh t!les"';l",h lIet III 80. The ;"Iml
;5 COIlI,leo 10 the fil'1lL grid through" 0.01 "r condcnser.

Power Supply: 10;; 10 l:!5 ,"ollll. ·lO to 60 cyclell.

POWI' Consumption: 2;; wnUlI.

A·C Hum Level: E'IU;Vlll""t 10 Ollll.oxiumicly 10 micro
"olls 0" the grid of thl! Ill'llL luhe. ut 60 cyell'll. At 10"''''
lI"pl'l)' f.e.:,uencies th" hum is IlOrncwh"llll"Cnler,

Vacuum Tubel: Two 6C6, Onll 69. nnll One 80. nil of which
ore 8ullj)licd wilh the iuslrulll""L.
Mounl;ng: Wooden "nds lire used for toble mQuut;"g lUlll
IIrC removlIble if Ihe nrnplifier is to be u!ll.!d On a relll)' rook.
Acces10fiu Supplied: Spare fUlleS. !lCven-foot power eonl,
spare .,ilQllalllps, TnE 2io1-NE Shielded Cable.lIud Tv!'"
274-~1 Plug.

Dimension1: (Length) 19 x (dl"pth) 10% x (heighl) 7 juchCll.
over--oll.
Net Wei,ht: ,~2% pounds,

714-A I..
!'A'rENT NaTICK Seo N".... 1, ""Il'l v.

I
Pri""

5190.00

TYPE 715-A DIRECT-CURRENT AMPLIFIER

TYPE 715-A Direct-Current Amplificr is de
scribed Oil pages 12 and 13 in the section on
Tndustrial Devices. Designed mainly for usc
witl. h'1'aphic recorders in industrial applica·
t iOlls, this all1 plilier has rnal.l)' uses in tile labora·
tory. It is particularly uscful in amplifying to
usable levels the smull d-c voltages obtained
from photo-<'lcctric cells, resistance tllerlllollle·
lers, sOlltld-le\'el meters, aud similar instru
menl s. In conjullction wit h tile gl'aphic recorder
it ('all be uscd as a recording d-c lIlillialluncter
or millivoltmeter.

Some of the features of this amplifier arc high
gain, simplicity of operation, und stability of
calibration. It is essentially unall'ceted by vari
ation" in line Yoltage and changes ill ambicnt
tClrlper'atllrc.

The alllplifier is available in either the walnut
cabinet shown ill the photograph, or ill a case
lo malch the ESlcrlinc-Angus 5-lllilliampere
record!'r, as shown on pagc 12.
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are mouuted 011 polystyrene strips. insuring
both low capacitance and 10\\ dielectric losses.

The main tunil1~ coodcnscrs arc exceptionally
rugged. utilizing the cast frallle type of con·
slruction, .... il h hall-bearing supports for the
rotor. The plates arc shaped to gi\'e a logarith
mic variation of frl'<IUCIlCy with angutar rota
tion. Tile Iwo condcllSCrs arc driven throu/:fh a
set of gears, \\ hich also drive the dircct-readinK
frcqucllcy dial. A gear-reduction vernicr drh'l'
is provided, which permits an accuracy of
seUing of beller Ihan 0.01% for (requcue)' in
crCIllCIll.s. Backla:;h in the gcar trairlll i-"l k('pt
to a minimulil by autolllatic take-up sprirr!-'S.

The modulation level is indicated directl"
in per cenl on a lincar mcter !>Calc. 130tll 100
cycle and 1000-cycie intcrnal llIodulation Me
available, cont inuously adjustable from 0-1 00'1.
An extcrual oscillator cun also bf' ll-"ll.'d tu
modulate the generator.

Thc output syslcm consists of a vacuum·
tube voltmcter, a rcsis!i\'e atlemmlor 11('I\\orl..,
a 3-foot. 75-ohm output cable. alld II IL'I'I11inttl~

ing unit. This unit tenninates the ('(Ible ill it~

characteristic impedance. It pro\ides, ill addi
tion to the normal output at 37.5 olrms, outputs
reduced by 10 and 100. with corresponding (Hlt

put impedances of 7.1 and 0.75 ohms. A stand~

ard dummy antenna outpul is ulc;o prO\'i<h..d.
J~IL'Ctrollic stabilizer drcuits are Il$('d in Ihc

plate powcr-supply circuits, \VIrile a ballast tube
is used in the filament supply of lhc \'OCllum
tube voltmeters to inSllrc stability of opc·rdtioll.
The stabilization eliminates the efreel of ordi-

TYPE BOS-A STANDARD-SIGNAL GENERATOR
USE$;'~Tht' '1'1'1>1:: 805·1\ Sl8mlard-5ifZual Gen
eralor is t1csij.:'llf'd prilllaril~ as a precision labo
ralor) in~lnlllll'lll for rapid and 8L'Curalc testing
of radio rt."("('h(·rs. Becaus.... 01 il,(l. 3rt'Ur3C)·. ",,-ide
rrt>fJllt'II<:~ rull~l', al)(I Iligh ,olla~\' oolpul. it
is 811 aJlIlosl indispCllsnblc ins1 rUlIU'lIl for labo
raloril'S ('Ilgu~t.·d ill rt'St'arch and desigll on
radio n,:cci,·crs und allkd appnrntus. while its
sJX't'd and sill1plicity of o!:k'ratiorl make it .... ell
adapted 10 production Icslil1H.

DESCRIPTION: FUllctiollally Ihis illslrurnCIIL
('(Insists of (I) a carricr-frl'£llll'IICY oscillator.
(2) a luned radio-frL'<IUcllcy amplifier, (3) a rc
sisti\(' oulpul ullcllualur ami a \ollllll'lef Lo
rcud tIll' 011\ pili l"vf'l, (I) 0 modulal ing oscillator
(100 c)'eles ami 1000 cycles) ,lith a voltllleLcr
for reading !x'rcf'nlllgc llLodululioll, and (5) a
\Idl-reg'ulutcd power supply.

The o:;cillalur and amplifier assemblics arc
virl uully i(klllical ill conSlruction, and the coil
s\\ildliug as,..."lIlhlics.ll.'l well (IS Ihe tUlling con
densers. arc gUIlJ:cd and drivell from common
pand controls. Sc\'f'll roils covering the fre
qucll('~ rall/o,>C from 16 kc to 50 I'll' are carried
on a selector disc in each assembly. An eighth
("oil position is also provided. so thai lUI extra
set of coils may be installed if desired. The
discs 3J'(' driven frolll a panel knob through a
gear Illl'C!lanisOi, which also brillgs into paoel
yjew a frNlu('J1('y ronge idl'lllification dial. As
e8ch coil is rotaled into I~ition. it is conllt..'Cted
illto circuit through silver-Q\'erlaid cootact
blades, \\ !lich n.rml~ engage siln'r alloy brushes.
mOUllted 011 the tllning' rundcnscr. The coutact.s
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nary Iiuc-voltage fluctuations ovcr lhc rallgc
(rom 105 to 125 volts (or 210 to 250 volts).
FEATURES: This signal generator pro\·ides
signals of accurately kllown intensity at the
end of a properly terruinalcd low impedance
cable. The voltage is thus known at Ihe point
01 applica.tion. and the necessily for computing
or cstimatillg lead eO'ccts is eliminated.

Tile frequency is given by Ihe dil·cct-rcad.ing
dial1; to an accuracy of bellcf 1113111% ovef the
entire range from 16 kc to 50 Me. The. frequency
can hI:' varied aboul an:, nominal set ling in
direct -n:ading incrernCllts of 0.0 IfJc, permit ling

SIGNAL GENERATORS

accuralc lIleasufClllCJlls Qll exlrcilicly selective
circuits.

B~ unusually careful fillering and shielding,
radio-frequcllcy leakage and slray lields have
bccn reduccd 10 a Illinirnulll: IIl1'asurcrnenls
may be made at output levels a'i low as 0.5
microvolt. The IUlu·d llrnplilicr stage reduct,s
reactiuJl of tlIC oUlput 6r('uil orl C8rricr fn~

quelley. ami side-band cull ing is "('pI VNy low
by- hea\'~' uclillpiug' 01' IiiI.' lunl.'d plate circuit.
Sinee lHooulalioll ii; dfC'clcd ill the plalc circuit
of the amplifier slage, the n'slliling fn'qulllcy
modulalioll of the cUl'rirr is extremely IO\\.

SPECIFICATIONS
Carrier Frequency Range: 16 kilo<:ydllll III ~O 11l(·I;IlCych.",.
cU"crcd in ""VCll dirt'Cl-r"",li,,~ r""g''''. lL~ rullow~: It> 10:;0
kc.';O 10 160 lie, 160 10 ;>00 kc. 0.'; 10 1.6 \le. 1.6 Lo ';.0 ,\Ie.
5.U (" 16 .\Ie. 16 lu :iO .\1". A ~p;lrr ru"Se llOIi'llou i~ pro
vided IOU 11",t " ~11L'i:i"ll;I·t of cu'l~ c"" be i"3t... l1cd if dl':!i~<I.

FII:quency Caliblation: E"d, ntugc i~ direcl rCl,d'"G" to An
llce"...cy of ::I: I% of the illdicntr<t frcll""ne)".
lnC'l1;ml1;nt.ool F,l1;qul1;ncy Dial, A SI"W-IIH,liorJ >,cr"icr dri>,e
oI'lll ~ l'ro,·'dcd. by meUn5 of which fre(lu"ncy ineremenls
"3 ~",,,II "S 0.01 % "u,y he oht"'ued.
Output Volt.oogl1; Range: Collt;nuously ndjustuble frorn 0.1
mierovoll (0 2 >,oJ~. The ouillut voltnl;(' (nt the terminAtion
of the 75-010", outpul euble) is 'ndi""roo b~· " p,me! ,nelcr
und llC"ell-poi"t "",ltlt,lier.
Output Sy~tl1;m: The oulput i,,,pedllllfe "I the rmneJ jnck
i~ 75 ohu,~, fl"lisli.·e. A ':;.....10111 "ulpuj c~,ble is provi,kod.
logether win] u rcrminut;ou llllit Lh"t furni5h~"l ~'QIl~talll

output imp.:<.lnncl'S of 3,..•. i.1. ""d 0.75 ol"n~. The culi
I.>rulion of the punel "ollmeter-multiplier oomlJinut;oD
i~ in lenus of the v"lluge uCrtllll! llie :li.".....I"" oulput. When
1he 7.1 (lnd 0.75-01 .." I",.il.io,," nrc """01. tho i"dica(.."l out
I,ut "oltage lllUlIl 00 divide,1 by 10 ond 100. rCSpet:I'vely.
A stoutlo"l du"""y nnle",,,, uutpul is uhlQ "v"'lnolc nt lhe
lerrniu"tion unit.
Accuracy of Output Calibration:

Below 3 l\lc ± :1% ::I:O.J microvoll
3 W 10 pic ± 5% ±O.Z ",;ero"olt

10 to 311 "Ie ::1:10% ::1:0.4 microvolt
30 1.0 50 Me ±~O%±0.8 microvolt

Modulation: Continuous!)' >,orlal.>le from 0 to 100%. Tbe
percen("fle or II,o<I"lulio" is i"dicutrd by a panel meter to
an nl'Curucy of::l: 10% of the mewr reading UI' 1o 80%.

lnte..",l roodulution iJI ,n'ni!o,h!e III 0100 eyel~ lind 1000
C)·ell>!!. nceur"t.e'n frc'lucnC)' wilhi" ::1:5%.

Thcllc",'rator "IUl 1)4' ",odulatl'<l hy Un Cytc..",l OllCiliotor.
ApPro1<iuHotl·ly ;; vol,", "cross 500.000 <JI",,~ 'ore fl'lluired
fur 110% modul"tio". The ov.·r·"l1 ,uodul"riu" e1"lfllClA'risli,>

ill Unl "itl,in::l:2 db fron, ;;ll C)·.-tl':! 10 ,000 c~de~. "I curri,'r
f .....'l"Cnd,'>I ul",,,,' 0.5 rncllllq·d~.

Frequency Modulation: N"glillible for ,,11 I'n,die,,1 p"r_
llOSf'!:'·

D;stortion and Naill1; Ll1;vl1;I, Thp. ~""el{>Jle didortiou JJI "
modult.tion level of 110% ijJ Ie... (lollU 5~ At 1 I\le "'urri"r
rrt.'(luenc~·. C,tfrier uoil!/! level ,s ut IenSl40 db Iwlow 1l0%
llIooulut'ou.
Stray Fil1;ldl' R"dio-fl"(.'(l""n<'y lel\bge fields Il~ oompilltel)'
""lll;giLllI ",illt resl'llCl to the cljIlibr"l.cd uutllut vol("I1'" at
"II levels dow1l 100.51'.·. \ t Ihp. higl'er r.......IUClll~t'!I. It"d for
0"1 pUl6l'ltin~ brio.. 0.5I'v. u very slIlull ""10",,1 of l"uka"",
"'"y he del.<.«,:ted within" f",..· i'H.:ItCS of the PlH)c1. but 110.' 4
3-fool output c"LI~ .. lIow$ the rt.'t'eiver ullder te!( to be
kept "'ell (>e)'ond tillS lil'ld.
Power Supply, The ~uslrurnp"lOlw~rutl'" fro,u UllY 40 to 60
cyda, 1I5·,·olt (or 230.volt) Ii lie. .,\1\ electronic ~'ollnl;e

regulator OOUlI""u",'(M for line voltago nuctu"tio,,~ from
to5 to 1:!5 vollll (or from :!JO to 2;;0 "01111). A 1lI'"';"'"'"
inputl/ower of 1110 "'>lUa is required.

Tubel' 5UPl,Iicd with iH8trun"'nt:
:!-Iype 161 ~ I-type 65F:;
I-(ype 6ClI·G I-Iype Vll-150-30
l-lYllC 6L6-G l-t~·pc 9:J5
I-typ" 5'1'-1 l-tn>e 6116
~~type ~.\:! 1--5yh·"n;1I Unllll8l

I~"np No. Z

AcceIIOr;ll$ Supplied: Seven-foot 1;11\1 conlll'etor ford.
!l)ljfe pitol IUHlp! n,,,1 r,,:reo... 5hiclde<l outl",t cHule ""oIler
",inatio" ""il. u"d 011\' Tvpp. 274-,\1 1'IUII.
Mounting, Tho 1)IHle! is blElek ~raekl" li"ijJhed nil" the
eubinel i! hluck wri"kle fini~h.

Diml1;ntion~: (lleil!"hl) 16 x (width) 33 x (depth) I~ inch~~,

o.·(·r-"I1.
Net We;';Jht: 12U 11O""tl~, npproximalrly.

Coll~ 11 (1m

805-A
l'A'n:NT NOTICE.

I Standa,d-Si';Jnal Gene,ato,
So'<> ~"t.e t. I",ga v

I.Il'f.n $850.00
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SIGNAL GENERATORS GENERAL

is CQ\·en.·d in fixe bands. Each band is (UrccL
reading in frecluency, and the desired band is
selected by mcuns of II band-dlWlgc switch all

thc panel. The Luning inductors arc mOlulted
all this rotary switch. As each coil is moved
into position, iL is connected ucross the tUlliug
condcnser through silver-plated contacL sur
faces, .....hich cngaf,,'C three-fulgcrcd brushes
1Il0wltcd ou the condenscr. Within each band
the fre<luellcy is controllt.'<1 by a worm-drivCIl
lUning condenser, L'Sf.It.'Cially designed for high
frequency work. Tllc driving shaft cnrrit::> a
lOO-division dial, fifteclI lurus of which arc
required to cover each frequency range. Geared
lo this tWling dial is a large indicator dial.
whiclt carries on the outside a scale with 15
uniform divisions in additioll to fivc direct
reading frequcllcy scales, OUll for cach frL'l1ucncy
band. The band-<:hangc switch is located at the
center of the indicator djal alld actuutes a
mecl18llism which lIlasks the scales 110L in use.

til addition lo thc flvc frc£luency bunds, a
sixth position of the rallge switch has been
provided for the con\'cnience of thc user. A
blank plug-in coil form is furnishL'(!, which lIlay
be wound by the user to co\'cr SOllIe specific
frequency band. such as a television or F,;\I
baud, or to provide a low-frequellcy output
band.
FEATURES: Tile TUE 80l-B U-H-F Signal
Generator extends to the field of ultra-high
frequencies the tcclmjques and melhods which
ha\'e become so universalJy accepted aL lower

TYPE 804-8 U-H-F SIGNAL GENERATOR
USES: The TYPE 80 l-B l-II-F Signal Gen
erator ftlls the Il('('d for n laboratory signaJ
!.ocllcraLor in the high and ullra·higll fro:llICIiCY
range. DcsignL'd for tile t(!Stilll;' of IJig-1l fre
quency recehers both ill IIJ(~ Jaborator) and on
lllc production lillC, it prO' idt"S a wurcc of COIl
tinuously-variable culibrutcd output voltages
in the frequency rall~W from 7.6 m€bracycles (0
330 IIlcguC) dcs.
DESCRIPTION: FUllctionall). Ihis sigllal gCIl

erator consists of u carrier oscillator. a modu
Jating oscillotor, a ('ali bralNI oul pUl attelluatar
of tlie copocii i\t~ t) pc, U low-impcduJlcc output
cablc, and [l stabilized /JoC operated power
supply. As indicuted by the accompanying
schematic diagrnill. both oscillolors employ a
cOllvcnliollUl Ilarfley circuit. The carrier levcl
applied 10 tbe utlcllualor illput is indicated by
a gl'id-<:urrcnt lllcler. arranged 10 Kh'e all
illdicatiOIl of the amplitude of oscillation.
Modulation is accolllplished direcL1~ in the
plate circuiL of the corrieI' oscillator. and the
percelltage of lIlodulatioll is indicated by a
rectifier-type vohmclcr connected across a
portion of thc modulating choke. .Because thc
platc yollage of tlJe carrier oscillator is held
constanL by the voltQb>e-regulating system, ulis
mcter is direcL reading in modulation percent
age, with a range of from 0 to 60%. Both tbe
carricr level meter aud the per cenL modulation
Ilwter are the new fan~hapcd models with
opeu, easily-read scales.

The frequency range of 7.6 .\lc to 330 ..'Irc
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RADIO CO. SIGNAL GENERATORS

radio fre<lucncics. Outstanding features of this
instrument are the easily rcad fan-shapc meters,
the continuously variable modulation, and the

wide frequency range ('overed. made possible
by the unique design of the oscillator circuit
and Luning condenser.

SPECifiCATIONS
('!rier f,equeney R.nse: ;.6 to 330 Me in five Irmlj:l'll,
II~ follows: 7.6 to ::2, ::Z-Io SO. SO 10 120, 1::0 to 210.
240 \0 330.

Frequency C.lib"lion; 1~IlCh range ;s direct rending lQ on
nc<:urllcy of ±Z%.
Output System: TIl<' ,,,wrnul ou1pul impctl,mce at the
punel jm:k ;s "qui""l"n! to II resistance of 7:; ohms in
lICr;~ wilh II CIlf\acilUllOO or 100 >l"'f. A three·fool. con
cenlric oUlpul Cllhl,. with (I chnn..:.:tl'rislic impedlluce of
7501,,"8. Il 10:1 ..~l.crl",lllttcllUnlQr, lind .. tc.millllE "nil
OTe provided.

Output Voltage Ra"ge: One microvolt to 20 II,ilJivoltli 011
to 100 :\Ie, "nd I mi.-rovolt to 10 millivoll.. frOll' 100 to
330 Me. A correction eurv!.' ;~ supplied, which givtlll the
voltnl!e ol lhe end of the three-fOOl t."Llc, Thi~ correction
is not 100rllC for frequcnciCIJ nbovc 100 rnegflc)'clcs.

Accu"cy of Output Calibration: The diul of Ihe 1)1I1'''ci
trmcc nUcmu,tor i" cnlihrlltcd from I microvolt to:!O milli
voll.ll olld is nccurnl1l wilhi" ±IO% ±O.5 rnicrovoll nl
25 tllcgncyclcs. At the highest frcqucliciCll lhe nlLPmmliolJ
rntiOll "re muinlained, bllllhc flbsolule lcver of Ihe oull'0l
vol wile is nol nccurutely known.

Modulation: The generator is amplilude 1U00Iulnl('d,
Continuously adj"swble 0 to 60%, lntemal: .100 cyril'''
±5%. Ext.<-rnal: "lo.l "Hhi" ±l db froll' 200 10 10,000
cycllJ8; within ±3 db from 100 to 20,000 "'yell'll. AI'pro,i
malely !evcn 0'01111 are rC<loired for 50% mod"lnlion,
Tbe inpul ilUlJ.C<!anoo is 0.2::; IIIel;Ohm. Fre<luency mod,,
lotion is present, Imrliculllrly olthe higher frequcnci"",. For
testing selective rece;vers, thcrefore, il is recommended
lhat lhe genemklr be used unruodulutcd.

Sbay Fieldf: StrllY Ileld" ....ill not he noticeoble .... ith
reccivel1l of l\Cnsitivily l)()Qrer l.I,on (microvolt.

Powel Supply: 105 to 125 or :!IO 10 250 volls, ,10 to 60
cydes, 25 wllltli.

Tub",: 955. 6G6·G, 6X5·G, VR_150; $uppli...'(l wilh lhe
instrumenl.

Acccuorief Supplill'd: Three-foot output coble, 75-.ohm
impedance; 1lC"cn-rool cubic for line connection; one blo"k
coil forlll for additional fre<luenC)' rBnge. One term,nul,,"il,
774-)'A-1. One e:ctern"l otlcnulllor 774-'X-1; "I",re piloL
la'"I''' ,",,1 on" Tv...~ 27<\-.\1 Plug.

Mounti"g: Black crucklc .. Iu",i"u", pond. ",alnut c,,"iuel,
hinged cover.
Dimenfionf: (Length) 19';i x (tIl'pth) 9 , (Iwight) llH
inchC:fl, over-nil.
NII!t Weish!: 3\ I{ I>DUOO".

ncar vicw of the coil swilching ",ed",,,i,,,",, A llOS;
live wiping oontnn ootWC('II "aver_l'luted surflices
ijj ohll';"ed, l"cutl" ore ",,,,Ie "hort ond direcl in order
to keep rUJIidu(,1 inductance lind cnpucitm,ca low.

804-B
('ATENT NOTICE.

I U-H-F Signal Gene.ato.
Soo Notes l. 3. 1"'1;'0 v.

......I uY-NSE

Prif(

$350.00

MODULATING OSCILLATOR CARRIER OSCILLATOR
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I

L- J
TYPE 605-8 STANDARD-SIGNAL GENERATOR

USES: Tid.., :-Iuudard-sigllul ~"cllcralOr ilupplil'S a
(,OlllitluOllSI~ adjustable and u('('uraLely knO"'11
radio-frt'<IUl.'Il<') \"olta~'C for making perforlll
8l1Ce Lesls Oil radio recch'crs. Otlter ust'S include
the IllcaSllrcllwn! of field intensity and general
laborator~ lIlcusurelll('nls.

DESCRIPTION: TIle TYl'E 605-B Sl8lldard
Signal Generntor COrllbincs excellent electrical
characteristics witll (I lllllllbrf of operating
cOllvcniclll'{·S. Tile schematic wiring diagram
below shol\'s tllc essential", of Ihe ('J('('I rical
cirellil. 'I'll(] dcmcnls of the generator arc (I) a
carrier-frequency oscillator, (2) un oulput
8il1plilicr. (3) Ull aUenuatar. (I) an audio
fI"C(IUCIIC~ oscillator for internsl. IOO-cycic
rnodulalioll, and (5) \'ucuurn-tubc \'ollmeters
for measuring outpul. \ all age and pereentage
modulalion.

The direct-reading carrier fn:.'£lucoc)" range of
9.5 kilocycles to 30 Illcgucych.'S is covcred ill
scvcn bauds. selected by means of a s\\ itch. An
adclitional range. 1I0t direct reading. extends
from 30 1\lc to 50 .\le. for w!lich lIeither fre
quency nor Oulpul. is guaranteed. although a
frequency calibration is supplied.

.:\Iodulation. Vihich takes place in the ampli
tier tube, is adjustable up to 8 maximum of
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aore.-. All illterllal IOO-c~d(' l1tiCiliutor is pro
vided. For otl]('r fl'1."'(IUC'Il('il's an l'xh'rnnl source
call be lI5Cd.

TIlt' output 1t'\(·1 is coni rolled b) a resistive
net\\ork consisting of a eOllstollt-impedallce
Ayrtoll-Perry-\\ 011 lid slidt'-win' tim] a ladder
1)'I>e a1tclluator,

An internal po\\(~r sllppl) with automatic
voltage l't'gulalor pro\'idCll for opcrulioll frolll
the a-c power line. Since a given design of tIl('
vollage regulalinlo; trallsformer is suiluble for
ol>eratioll ollly frOIll OIl(' supply frCl:IUcncy,
separate lIl<xlds are uvuilublt' for liSt' 011 60, 50.
or 12-<:)c1c supply.

If desired. bntli..·ry I)()\\ l'r suppl) ('[Ill 1)(' used.
For this scn'icc, tl cOlllrol paul'! l'urrying the
Ilcct'SSary IIlcters, rlleoslols, allli Il\\ilrhes is
suppljcd in place of lhc u-{' powt'r uHit.

Exccllelll. over-all slJil'lding is provided and
all power lends are adC<Juately filtered to pre
vent radio-frc<IUCllCY It.'akab'C.

FEATURES: To facilitale selC<'th it) measure
ments, the din.'Cl·rcading logarithlllit' frequl'llry
dial is supplcmclltc<! b) a gcarro slow-motion
dial with which frc<lucncy illCfCllIculs as small
as 0.05% call be obtained.

Both the inductors alld the {'QlldcnS('I'S ill the
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luned cirelli! of the carrier oscillator are pro
\'idcd with trimming adjustmenls. makillg it
possible to compensate for long-period drifts in
Ilie calibration, if necessary. The balld-chollge
switch is provided with a I>ositivc detcn!. IIlceh
ani:;lll. Silver conlaels arc used to assure pcnna
IlClltl~ low eoulael rCfiislaJlec.

F'rcqucllcy modulation, side~band cutting,

and reaclion of atl,eJ1UaIOr scLling on carrier
frequency have been practically eliminated
through the IISC of an aperiodic amplifier as a
buffer and modulator.

Both carrier level and modulat.ion percelltage
arc measured with a vacuum-tube volLmeLcr
a £list inc!. improvl'll1l'nr OV!'r rhI' fragile tlwilno
couples frequently used.

SPECIFICATIONS
Carrier Frequency R,nge, 9.5 kilocyel~.6 to:lO nJ~l!'U,·yc1('.'I,

,Iir.....,t rI'udi"ll' nil n,hlition"l rung~. noL direct r"lIdi"l!,
,·.~tl:lldJ; tl> 50 lll<'gncyd,'lI.
Flequency Calibr.tion: The di ....-l-re",jinft dinl i~ logn
rilhlllk ill fn~l"eIIC)' "nrt uccu'l1le 10 ±1% UII 1.0 30 Mr.
\n in,li"irtu"l elllib.... tion ror lhe 30 10 50 Me rnll/l:~, ill
I,ro"i<l~<l ill Iht> i"Mlrllcl,ou !>!lok.
Oulput Voltage R.nge: Conti"uous1)' ndjusluble rrnUl
0.:; Ul,cro~(jIL 10 (l.1 '·oIL. At llllother ,,,ulcl jfu;k en OUlllllL
,'oll~ln"l at I ~olt i~ 1'",,,idl)(l. ,\ho"e:; IIIeg"cyclCl<. Ihi~

"o'l(l~ fulls otT nnd is ubout 0.:; volt tot 30 tile.
Output System: 10-oh", cousl<'lnl resisti"c oUll,,,t (rolll
o to 0.0\ "olt ulld cousl.<Il,t :ill oh"'5 fro", 0.01 100,1 volt.
TIl<' illll·r"... l o\llpul i"'ll<orl"'n~ nt Ihe \.,,<)It jJ\CJ,; ill
:,00 ohms.

Accur.cy of Attenuato! Outpull
lI..Iow II Me: ±:I% ±O,J ""erovolL

3 In 10 Me' ±5% ±o.~ microvolt
10 to 30 Me: ±10%±0.4 luicro~<)lr

Modulation: Conlinuously vnri"hle up tu 80%. Selliu(;
u<.'Curucy, ±IOo/" o{ Ihe iudiclll('(llIlodlll"tioll l'en:el1lllj,"".

1"ll'rll(,] 1110lIu1rll.ion---<100 eyclell '«:eun,!e wilhill ±5%.
E~tcrn"l "'o<lulaliOll-modulnLion ch"rncu'rislic COn

"llInl wilhin 1 deeil",l from 30 10 15.000 uyelCll. t"um".l
input illlre<l"nee nllproxi,,,nldy 4000 <)h",,,. Fi"e_"olt
lC~t.ertllll ",0<1,,16Iiol1 "ollu~e 1l~'<l,1t'd for :10% II1OOul"tion
(b milliwntlll).
F,equeney Modul.tion: UuflC!l,red frl'\lU!'"ey llloollilltion,
lind sid('-hllu<l cUlLiug nre negligible.
Fleq\lency Modulation with Exte,n,1 CondtMtr: A j"ck.
lIC'l'ellllihlc (rom lhe lmlld, 'S provide.l for connecting n
shie1doo chbla UCI'OlIII the luning oolldamler of the currier
U!lCilJ"lor. for rr'''lu''nry nwd"l"tiou witlt n n.olor-driven
,",,,,,I~,,:ocr.

Str.y F,ttd" l~lt'(llrOlllnl,c 1II\d uHiglH.'Lic etrn)' l,chln lIre
nellligiut" within lhe oulput voltnge Mnlgc lit more I""n
""" inches dilllllJlI (ron, the intl,runlcl1L
Powtr S\lpply: Four n-<: "1I"ruIOO '"11deltt ure """il"I>I".
(5<'e IJr;CII li~l helow.) A. huilt-in vollllgc r~gullllor OOUl

t>l1118ll1es for Ii"., "Qlluj(c nUclulltioll~ ootwoen 100 "ml 1:10
Or 2Un "nd 260 "oIl<!. PowcrtOt'ulllllllltioll ill nbolltlll wults.
Battery Operation: The n-<: I"'.....·r 8ul'pl)' pnnel CllII Ill)
rep1u''<l11 by" oolllrol lI<lncl with plnle Imd m,,\U~nt Ulcl"Ml
nlHl ~"Ofltrols for huttery 0llcrntinn.
Battery Powet Requiled: Filnment "lIlml)' 6 "olts. 1.7
"ml'l'r"",.!'I"t" BUI'I,I)' 200 "011<1.40 rnilliumpeTlllI.
TubeJ: Tlte following lul)('" ure tt'tluired lind furnished with
lhe instrument.:

276-1)'I'C I 9;i5-Ln>e
I a9-IYIJl\ ~ Ill-In'"

Tllbell for tbe bnl!<'ry ",odd ,.... 'he sume (,lCCI,1 tJ'llt onl)'
onll II \'-Iype tu~ is U'SC<1.

Aee.eJJo,ieJ Supplied: Thrl'll-f,)(jt Hhie1d,'t1 ""ble 1I,,,1
two-rOOI 011<'0 l,,"d ool1",·"l.or ror nulput conll'.... ljnll.

On" Twt: 27\.-\1 Plug for eonn,'Ctinl/.' to "'laD"
tenn"Il.ls; one Tn'p. 774-:\1 Jo.ck.

One $IWJre 95:>-typc tube (or vacuum-lnbe voltmeter.
One B<lveu-foot enble for line connection o( u-C 011Cr8h~1

Inodels or one ten-foot sl>ielded cable for buUery tonnectioll
on d-c operuled m<)dllls, Ipll«: fu!lC!l, nnd pilot I"IIlI""
Mounting: Ponels nre of nhuninu,n fini~hed ;11 billek
crackle lacquer. Thc 'Utlltun,(Int lInd IIOW.... sUI't)ly tire
ellll10lled in Il shielded tWlHlllClion wulnut cuhinel.
Dimensions: 23 illehCll ,..ide. ISH ind.~ high, 10~ .. ;lIeh<;lJ
deep. o'·er-nU.
Nd Willight: 70 l)(}u"d~ ror II-e OllCrnwd n1o<lel~: 63 ""u"ds
for h"ILcry "'0<1<,1.

Pou.~~ SUPP{"
t 'fI/la~ flrequtllcy COOt Word P~iCf'

605.B 100 to 130 60 eydl!J ANNUL

605-B 100 to 130· 50 eydlllJ ... nuOT
605-B 200 to 260* 50 cyde5 Al'<OU~
605-8 100 to 130 42 cydlll5 .....""}I.
605-B B.ltlllly ",PAnT

·E'lht< SO-eytk ,",,,dd "'0 10" """verl,,,,1 lu U", oll><:r by ch""~;"1 "",,,,,,,,,I.,,, .. "" the tfDWcr troWlforltll'r,
"ATENT NOTICE. See Not" 1. Piliit' v.

$415.00
415.00
415.00
415.00
415.00

I
"rrENUlTOA

".... m~·:~""SCIlL.olrOll

. - .
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SIGNAL GENERATORS

TYPE 418-G DUMMY ANTENNA

Cir~l,Iil Constants, The eircnil clc"'''"l ",,11,11$ nl"(! !i""cn ;1\
the nccolilpollyiug di"grnlTl.

tmpltdanclI: IIClj;stlluce. rcacl:lUct', IIml in1rcdo,,~-e M II
function of frclluellcy nre sho"" ill tl,,· u<:c(J"'p!1I1)'ing plol.

MounUns: The dumm~' ""1,(,,,,,,, is llIotlntcd in n C) limlricnl
Illet:>l Ca!J(' ,,·jl1o cOllx,,,1 1l1ull-n"d-j"ck Ic,,,,iuuls III fit the
T,'I'E 605-B Stnmhmj-SiJ;1Il11 (:""c,,,\or uud ils output
cubIc.

Dimensions: (Length) 4 J1x (diameter) 1'" jncht'lJ ol'cr-all.

Net Wei'Jht, 6 ounces.

USES; In Ihe measurement of Ihe IXlrfonnancc
characteristics of radio r('ccivcrs, the known
test voltage from lllO standard-sigllal generator
is applied to Ihe receiver through a dUllllll~

antenna, which simtllates Illc eh31'aclel'islies of
a l'ceei\'ing anlenna. The TYPE 1l8-G DlIlllm~
AlIlcnlla is inlcnded for use wilh TYPE 605-ll
Standard-Signal Generatol'.

DESCRIPTION: The TYPI~ H8-G Dummy An
lenna /lleets the spc('ifientiolls adopted in J9:38
by the Slandal'{ls Commiuce and lhe TL'Chni('al
COllllllit tce 011 Radio Hecei \'crs of lllC Illslilule
of Uadio Engineers. It cOllsisls of a network of
rcsislive, capaciti,'(', alld illduclive elemenls, as
shown in the accompanying diagram,

Prj""

510.00DITCHI Dummy Anten"•... 1418-G

SPECIFICATIONS

100

C"libruli"g lInd lClllin~ Tn'" 6Q:;·1l SlltlHlurd_l"igtllll Gc, ... r"lOOl in till'
G,'ncr,,] IltHlio SIHlld"r<li~i"g t...,hon'lOr)·.
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OSCILLATORS GENERAL

TYPE 713-8

BEAT-FREQUENCY

OSCILLATOR

USES: The Tn'>!:; 7l:l-B Heat-Frequency Oscil
lator is a convenient souref' of power at audio
and supersonic frequellcies for studying: the fre
qucllcy characteristics of transformers, trans
mission lines, alllplifiers, broadcast transmitters,
and similar ecluipmcllt. IL is also an excellent,
generator for bridge measuremeuts and general
testing. Its power output is sufficient for use as
a modulating source for signal generalors where
over-all fidelity tests are being made.

DESCRIPTION: In this instrument. the oulpuls
of twohigh.rrequcncyosciJlators are fed through
a buffer amplifier into a balanced detector frOIll
which the di/Terence or bcalArcqucncy is
obtained. Tbis beat f-requency is then amplified
ami is the low-frequency output of the system.
The frequency of one of the oscillators i:; varil,.>d
by means of a speciallydcsiglled condenser, the
plates of which are shaped to give a logarithmic
variatiolJ of [n,'(luCllL:Y willL dial rotation.

A frequency range switch is pro\'ided so tllat
the frequency of the Hxed oscillator lllay be
changed by 20 kilocycles to give an output
frequency range from 20 to Ito kjlocyclcs. A
CYCLES INCfiEA'IENT djal also varies the
fixed frequency over a Ilarro\\' range. This
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eOlltrol allows slllall changes in frequency to be
made easily at allY freqm·llC)'.

A degclleralive audio amplifier is used. with
the output tubes coupled through a doubly
shielded transformer to a constallt-impedance
altcnuator and a tapped aUlotransformer. The
autolransforlller provides three dHferelll out
put impedances and is enclosed in a shield to
prevent hUIIl pickup.

FEATURES: Among the more important fea
lurcs of this oscillator are iii> wide fl-cqUCllCY
range, 5 to ,10,000 cycles, excellent waveform,
and very low hum level. An improved output
cireuit with three illll>cdallccs, which remaill
practically constan\. regardless of ~ll ing of Lhe
volume control, is also an outstanding feature.
Furthermore. tIle output circuit Illay be
operated either grounded or ungrounded.

Slightly oycr onc watt of poll cr may be
obtained into a matched load, and the output
voltage remains constant oyer a wide ranb~ of
frcc:luCllcics. A vacuum~tubc yolunctcr is pro
vided for measuring the output voltage.

The large logarithmic dial facilitates tl1£'
taking of frC<lucl1CY response data. The dial
may be geared directly to a recorder using
logarithmic or scmi.logaritillnic paper.
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SPECIFICATIONS

OSCILLATORS

FrequellC:Y R,"ge: ;; to '10.000 c)'des.
F,equlIncy Control: The 't1;I;n control is en",uved with
" lognrithmin fretlUCIH;Y ~calc cxlelldinl! from ~o cycletl
\.0 20 k iloeycJrtI, the lotlll scale Icugl,h lJci Ill\' ~'Pllro.~i ,u" Lely
17 jud,CIi. " switch cl\Owruh tLot, ,"",ge to '10 l;.i1(lC)'c1Cl:\.
There is nlso fin ;ncrem!)nt,,] rr(.~luellcy control.
Frequency Calibration: The clllibn'tioll en" !.xl aLnn,lartl
,1.(><\ within I cyde lit nny limo b)' ~lLiIJK the i,,,trumenl
to u'ro boo!. The colihralinn of the rrL~I"""CI'-<"'''lroldinl
C('" lJc reli...lllflOIl within ±:!% ±I eyde urter riot" 08(;ilIulQr
hll8 bo.'<lll oorreeLl)' i!IoCl to zero hent. The ,nere"wIII,,1 frc
<1"CflC)' diul ;S lIlUrked wilh 0111' divig;on for every l ....ydu
i"terv"l o'·c' II rllllg.. of -50 to +50 l.')'cks. 11.:1 cnlibrution
i~ IXJIT>'t:I to ±~ c)'ell:!! or helleI'.

Frllqullncy Stability: \,lr<IUl\U~ therm,,1 iR~"lntio" ""d
Yl'"tjl"tion "rtJ PrQvidl'd to milli",i;.w r""l',rucy drifUi due
10 tcltlll.:r;.tu", c.t""'l'l'll. The Oo'Ci11nlor lIlfly he llceumtP.h'
r,"",,' to ~cro bellt ut "n)' tim,'. eli",inl.L;ng "HOI'l! c"u!II'd
hy uny 8nl,,11 re",,,i,,i,,!!" frNtUcnc)' drift.

Output Imped"nce: Three outlHlt imlled""ces: :>0,500. ""d
.-.000 ohms ,Jr<' i>ruvi<l,~1. 'I'll" OUllJuL circu;l is 8ufficienll)'
,.-dl bul""ced for OIJduL;ng ;nlo Lhe l\vcm/,-e o"di,,
frL~"e"c)' In'''~llIiSllio,, tinl'!l throughout the ellUl'" fr,'_
<illCllCY rlmllC of !l,u ~illlllor wh<'11 USillll lhe :>O-ohl1l
output Icrlllinlll~. Wheu u~ing the :'00-01010 o"tpuL
h·rmiunls. th., h"lm",." i~ ""ti8f",·tory up to I:> kilocydes.
\\ t"," u~il111 [Jill 5000-o1"n output tern,;nilI8. the IJal'Ulee
;s 8:o1isfl,dory Ull to 3 kiloc)"cl,~s. Ohvio",dy. the out"u~

('ircuil ",.~y hft ol"'r"t",1 ""tlro"nde,ln~higl,er fl'C<I'.ellciCII
provided II cle>:;o bnlnnce to grouud is not llec<.'6:Sary.
Output Powe" Dlln w"tl IIIn:l:i"'OIll wlH''' lhl' oolput
control is ill Ihe HIGH I_ilion; in lhll LOW posilion,
npPrQ~illllll.ely0.02 wun 'Jl!U:illllllU.

Output VoltaslI: ,\pproxillllltl'l)' 150 volli!, 0l>en circuit.
For " "'Jttdo~d ~i~live loud the outllut voltnge ,'nriL'll
by 1C81:1 thnn ±0.5 rib helwL'CII 30 und 12,000 cycl\'11, 1111<1
uy leol<l thll" ±I db hetween I~. nud 16,OOlJ t:yeh.\S.
Wlvllform, "hl'n Lhe Ol1TPIi1' switch is On the I.OW

pu;lition. the LOllll harmonic <:onl"nl i~ lc.'lll 11""1 0.2%
l",tw,~,,, ~50 lind ~OOO ~ye1"" ,.."I I,..... tI"", 1% 1.... lw<:<·n
10 And 10.000 <'yrles. At ~O <"yd''!!. the h'....1I01l;'· l'O"t.ent
is nl'l.roxirnnl.ely 3%. On th .. LOW output I_ilion, the
wovc(orUI is prllcticully un"U"<-'Ctl~1 h)""'Y lood i"ll",d80,'<'
belw"C]l one·loulr of the ruLed "u.hltlnnd a" O~1l cil"\;oit.

Wilh the outl'ol ~,,'ildl on LI", 1l1Gll t"",iLion llud with
" m"tched lond. the 10t,,1 disturlio" Us l~ Ihu" ~% of the
OUlput '·olu•.l':<' ill th~ u"dio-frc'IUl'n<!)' "Ull!'" nbov" 'i0
q-d,·s, ,..,g"r1l1...... of l!J(> "'·ll.ing or th.. volum.. COllLN!.
The lu,rmooiCl! in{'r""i\t' 10 nooul 8% ut ~O eyt:ll'S.
A.C Hum: \\ hcn th... mcillnlor;s Ulloerntrd froUl II 60-<:~'ele

line. Ihe 1)()"'cr-~t1[lpb' ripple is I,,,,,, II."" 0.1% of the
ootput "oll"g" for rilher t'>Oililion of th" Ot TPUT ~wilt:l,

and for uny ,-"Ioe of outpul ,·ollu!l"C which cun loe rend
...u Lhtll""It'1 voltmeh·r.
Voltmclel: A hallillced vPcllum-lobe voltmeter i6 IJrovided
On Ihe. pllnel for indicuti"..: lhl: olllpuL ,·ollnge.
Terminals: Jnd.•I.oI' binding !'Olll<! ....,illl stundlll'd ~;j'-i"ch

Sl!'.ciUII are pmvid"tl for tIl!' OUll)ut CQn"ection8.
Mountin9: Thi8 illslr"rnc"t is "vuilllhiu in eitloer nil ou.k
CfJOill"l, with cIJrr)'ing hlOndl...'. or .. Ill('l<il dust CQver lInd
"hield for rdlly-r"ek mou"liul;.
Power Supply: 10:> lu 1:!5 v"ll>l. '10 Itl 60 I:)'cl"" III:. ,\
~irnille ehlllllj1! in lI,n l"()UlIl'lltiull", hI the power tr\lnsformer
nllo ....·., Ihe i"slrnmt:nl to Ill' "sed on ZIO to :!;';(I vol Ill.
The tol.. ll"Ousumptioll ill nhOllt II:> Wlillll.
Tubu: The fullu.... ing Lubo'8 llrl: 8upplicd:

:!-IYPI1 II ~-tYlIl' 61,(i
I-I~II\' (1)(, :!-tH'" 6116
~-I~l'e 6C6 I-typll 5T·1

Aceeslories Supplied: \ Jleve,,·foot lillll cord. "I\IIre fll~

,...d pilol 1\111I1""1. one Tn'!': :!H-\1 Plu".
Dimllosions: Pu",,1. (widlhj 19 .l (hci"ht) :! I '{ inches, 4
ovrr_aU. C"hinl'l 8i~c. ineludillg IHlndl"", ("idlll) ;!O!i x
(height) :!5:< (dcpth) II ind'<:8.
Nd Wei9ht, T\"I'~: iI3-HH. 'iil~ llO""d!!; Tn·f; 71:1·B\I.
89 ' ~ I·..u",b.

Olm~u

UI.:TEfl

___--'T2'""' , __, -,-- r:tI</~ U'nrrl

713·6M IBIIII F,equency Oscill"lor, ("bind Model I
713.BR Beat Frllqullncy OKilllto" Rlllly-Rlck Model .

PATeNT ~OTICK 8M N""", I. 3. IlItgtl V.

Pl'ir~

$485.00
510.00

VU'ABct
05CILL"TIJIl
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OSCILLATORS GENERAL

TYPE 913-A BEAT-FREQUENCY OSCILLATOR
USES: This is a general-purpose beat-frequency
oscillator that. is particularly uscfuJ as a power
source for tests 011 audio-frequency lines und
associated networks. lt is also useful as a
voltage source for bridge measurements and
for modulatiug signal gCllcratOI"S aud lest. oscil
lators. The oscillator can be used on either
balanced or unbalanced s)'stems.

DESCRIPTION: The TYPE 913-A utilizes the
conventional bcalArcqucncy oscillator design,
but. has a number of unusual dcsij:....l1 (t'atures
that contribute 10 improved performance and
ease of operation. Two radjo-[rcquCIJCY oscil
lators, one fIXed and one variable, feed a
pelltagl'id cOllverler. The resulting difi'ercm.e
frequeuey. aftcr passing through a low-pass
nJtCf, is amplified in a balanced, degenerative
ampliflel'. The output lcyel is controlled by a
constant-impcdflllce T-pad attenuator that is
calibrated in decibels with rCSI>cct to all output.
of one milliwatt into a 600-ohmlinc. The uutput
impedance of 550 ohms is chosen so that Ihe
oscillator Illay be used equally well with either
500- or 600-olml equipment.

For permanent or relay-ruck iuslallaliou.
duplicate output terminals arc provided at tile

rew' of the instrument, througll siandanllllulli
point connectors (Jones plug).

A neon lamp bcal indicator is provided to
ass.ist. ill standardizing the fl'(.:quency calibration
of the oscillator by setting to zero beat. The
frequcucy dial carries a logarithmic scale, and
is driven by a vernier gear-reduction drive.

FEATURES: Because the output YOltab'e is
practically constant over tbe entire frequency
halld and the output cootl'ol is calibrated in
db, it is possible to usc this oscillator to take
[requeucy cbaracterisLics direelly withollt a
dummy generator rcsistam:c and oscillator
vollmctrr. The use of temp<:rature compensated
elelllculs ill the oscillator circuits, as well as
stabilization of the power supply, contributes
to u high degree of stability, in output voltage
as well as (requene)'.

Careful dcsilJu of the fX.Iwcr-supply filter has
reduced the power-frequency hUIl,l to a very low
level, while excellent waveform is achieved by
improved oscillator circuit design in conjunc
tion \\ith degeneration in the audio amplifier.

Small size and light \\cight facilitale moving
the oscillalor about the labol'lllory or rad.io
statiOIl and contribute to ils general utility.

SPECIFICATIONS
fll~quEncy R.ngE, 20 to 20,000 cydes.

frEqUEncy Control: The mnin oonlfol i~ eogmvcd fronl 20
to 20,000 cyclea por IIIM:Ond nud hllJll\ true logarithmic fre
queuey _Ie. The lolal ICDlc Icngth ill approximately 12
ioehCll. The elTcelivc auglc of rol<ltioll is 240·, or 80· per
dL'Cllde of frequ"ucy.

freqUEncy C.libr.tion: The calihrntion can be slamtnrtlizcd
within I e)'cle nt nny time hy setling the insuumcllt 10
zero beat. The cnlihrution of the r~ucney oonlrol dial
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cnn be rcl'LoO upon wil,hiu ±2% ± I c)'du after the OIIciUalur
has been eorl'L'Clly Hel to zerO be.at.

ZErO Butlndiutor: A llcon IUlnl1 is ll!l!.'tl to iu,jieulc zero

""".FrEquency St.bitity, Improved design or the oscillator
eireuill! and tht! u8eof \.emperutu.re-coruIJell!llltcd cnpacito~

and imlucuulCCll result in an unusullJJy high degree of
$wbility.
Output Imped.neE: The. oUlplJl impt'(IIlIlL'e i6 :;50 ohm6,
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eitber grou"detl or b.~lall('f)d-lo-ll'l"Qutltl.IIml ill eIlIleutilllJ)"
COmltnlll f"ClI"o.dll'lll1 of \he OUlpuloolllrolllCtting. Willi loud
i.upedltnc:es of ~OOU ohms or IClIlI. the output ;5 hrllanced
for uJJ lIlluin!>'lI of tIm oulput control. With higher load
impedllllOCS, unoolnnce lUa}' o<:<:ur lit low scUi"p of the
output control.

Output POW1Ii1: 0.3 wntt maximum.
Output Vo1ta911!: Approximately =;, "oils llioell cireuil. For
b mlllcbl'<1 '\lIIiStiVlllolHl the OUlplll voll.nge vuriCll by lesa
lbl1.1.l ±O.:::j 0.111 bet"'C!'l1 20 Dod 20,000 cyclCll.

Oulput Control: The olltlJUI mulTol is cnlibrated in db
referred to I milliwatt into 600 Oh1l13. The tuLaI range is
from +25 to -Z5 db.
W,v!rfo,m: "'hell II", o,...m"lo. is ul",rptin8 inlo" lUlIleh",j
loud (Or 0 loud of high", imp'·t1llm:e. till! lot.:!l hltJ'IlHllIic
coot.enl ill OPllroxilllntcly 0.2% from 150 to 7000 cycles.
Below 150 cyclC1l the harmonic oonl.ent ;Ilcrc_ ~Iighlly.

reaching about Z% at 50 cycles. With tl.o volurne control
tnrned fully on, the hnrmonic content i.'l upproximol.ely
dnub.....1 ... h('11 the O8cillnlor is 0llernl.ed into all extremely
10.... i"'IlC<law.:e. If. Ioowe""r, the ,·olan.u ~'Ootrul ia turned
3 db or fUOro below thn lI11uirnum setting, the load im_
pedance 111I.8 no "ffect upon the "'"vdorm.
A·C Hum: Tire It..., hum ill IC8I! lIum 0.05% or the oUlput
voll.1lll" at a line frequeuc)' of 60 cyelet!. nml ill 1(,-lIlI tho.ll
0.1% 1l1·1~ c)·dell. Since the voluu",oontrol is in the oUII,ut
cireuil, the htu.ll pcr~'tlulugil d0C8 Dol increw;e for 10.... oUlput
voltoges.
Tempelature and Humidity Effects: Large c1mllllea ill

OSCILLATORS

nml,ieut ''''''l>crat"re "",I h"midity llect'Sllil'IUJ a rend
justmeul of the zero-lleul lllllling. Iligh telllpel'lltUI'tll lIud
hUnlidity Oftllfte '" alight iucreollf: in dislortion nud II slight
decrwlle in oulpul.

Terminals: Jack.lop bluding IlO!Ita wilh ll.Wodard *.locb
SllOciug IIrC provided On the pI"",l. A Jones /lIICknlaud plug
llrovide duplicul.e "ulput wrmiuflb Ull Ihe bnck of the
instrument for relll)'-rnek instnll"'lion.

Mounting: Tloe PlIoel is delligll<:<1 for mounUng 011 0. 19-inch
..,lay rock, hut "'lllovable wOOtlen e"d~ lire sUIIIIlied 80

thul illlluy he lI:I<ld <:'IuulI)' well on II. llible.
Powel Supply: Ul;i to 1:5 >011.8, 40 to 60 cycles aC. A
",ill/ple ChilliI:'! in Lhe oollnl-clions UJ the po....<;:r transformer
allows \.he lnlltrulU<:nl to be uscd uu :!10 lu ~:;O '·ollll. Th<:
10101 con•.,mvti"n ill about 100 wllita. Sinre u,.· wcilliltor
circlIilll II.re "'tU;lllM"d with volll1J!l: regulutol'll. lhe chunge
in o.,tput WiUI fKIwer-I"IJlply v"ltug<: i~ lhlgligibh'.
Tubes:

:! - type 6SK7 :! -In>e 6V6-GT
I - type 6SA j' ~ - tHie 6X5-G
2 - l)'lXl6SFS 2 - IYI'" VIl-150.:10

1 -139·9·~9 N~'OlI Lam]}
All ure '''Ilplied ....ilh Ihe in,trument.

Accessories Supplied: A ""vcu.r....,t eo'mootiral: ,--uro. II

n'ultillOiut eonul>Clor, nlld sllI,re f.,,,,,,, unJ p;lo~ 1ll"'I> Itrll
supplifld.

Dimensions: 19H: :r 14 14 _~ :: \.-S in"'"."" over->lll.

Nd Weight: 35 pou"ds.

913·A
I'ATENT NOTICE.

I Beat·Flcqueney Oscillatol ...
So.. No.... I, 3, j'Iq<> v.

c~nOI.

Price

$260.00

OTHER BEAT·fREQUENCY OSCILLATORS

Olher types of beat-frequency oscillators are described on pages 102, 106, and 158.
TYJ>E 713~A (page 102) bas a power output of 1 watt and operates at frequencies up to
40 kc. TYPE 700~A (page 106), with an upper freql1ency Umit of 5 Me, is designed for
wide~b!lnd measuremenls. TYPE 6J 7~C (page 158) has a linear scale from 0 to 5000 cycles.
aod is used as an interpolation fJ,~vice in [rcqucncy measurements.
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TYPE 700-A WIDE-RANGE BEAT-FREOUENCY OSCILLATOR

USES: This oocillator is useful for laking" 8('1(,('
livilv cu/,\,('s on luntd circuits OWl' a wide
nHlge of frequencies, for measuring I he Irans
mission characteristics of fillers. <mel for ll'stillg
wide-baud systems sueh u.s tcll'visiou all1plifiers
and coaxial cables. The inslrullH'llt is also an
excellent gCllcrallaboratory oscillalor for usc as
a source for bridge mcasurcltlcilis and as a
IIloclulator for standard-signal generators.

DESCRIPTION: Two high-frequency oscillators.
olle fixed and the other va.riable, feed a detector
from whicb the difference frequency is obtained.
The dclt'Ctor is followed by a low-pass filter
and a two-stage "'ide-hand amplillcr.

Bolh oscillator circuits arc mounted in a
heavy cast-aluminum box to assure uniform
heat distribution and practically perf<.'Ct shield
ing. 1\\'0 ranges arc provided for by changing
the frC<lucncics of both tlte oscillators by a
factor of onc hundred. A single switch on the
panel changes from one range to the other.

Degeneration is employed in the amplifier 10
minimize hum and distortion, and to equalize

the frequl'llcy I'CSpOIlSC, Low-pass fillers are
provided 10 Illaintain a high ratio of desired
oulput voltage to bealing vollage. A JlClltagrid
mixer tulx' and a bum~r l.llllpliflel' arc used to
isolate the two oscillators doctl'icaJly,

FEATURES: The outstanding feature of Illis
oscillatol' is the wide range of frequencies wldcll
is covered with 0 single control, direct reading
in frequellcy. The frequency vorialioll with dial
scLl ing is aPPl'Oxillllllely logarithmic. Slilall
variations in fn.'qtlellcy call be Illade at any
point by the use of an incrt':mcntnl frequeucy
control which is also direct reading. A low
frequency range has been incorporated in tile
TYPE 700-.'\ Wide-Range .Bcal*Frequcllcy
Oscillator for conveniellce in working in the
audio-frequency range. A delayed automatic
volume COl.ltrol circuit maintains a high dCI,,'TCe
of constancy in the output voltage. Sim:e the
delay voltag-c used is essentially constant, it
tcnds to ll1aiutain the output, level constant in
t he face of line voltage variations.

SPECIFICATIONS
Ffl~qultney RanSll' Two rllIIlll'll ure pruvided: 50 cycles to
,~o kilocycles. and 10 kilo('ydl~ to () Ul\'gllc)clCll,

Frllqultnc:y Control: The '''llin dilll is dirc('~ reuding ill
frequcncy !llld cnrrillll IWO lI11pro:<imuldy IOlrlrilhrnic
frL'<luenc:y !lCal,'ll covering thc rlIllg<'8 lllM,cilicd nhuvc. A
frequenc)· ronge switch is provided for rl,pidly changing
from One runge In lhl" other. Thl're is pl~ 011 i"crellu'llt"l
fl'i)(llll"llCY ooulml which is clilibmlLod 1",1.",·cell -100 and
+100 eyelet! On the low runge lilUI -10 liud +10 kilo
cyclCll On the high rlinge. Any frequcncy elumgc mode
... ith this L'Ontrol "dtls 1I1gebmiClllly to the fro(lllency of the
mllin oontrol.
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Frltqllltncy Calibration: The c"libr/llion OlllY be stnlld"nl*
i7.L'<1 nt IIny time by seUing the inslrument to z,'w IM'"I
with the Zl'ro IIdjo~I."'Cll~ L'Olllrol. This IIdjllJHmenl ClUl
be mude within 5 tydCII Oil Ihe low rnngc or 500 C)cl(·B
Oil the hi/l'h r""/l"c.

After the OlIcilllltor IIn~ been l'QITCCl1y y-t to 7.('ro bent.
the L'1Illhntion of the mAin frc'lucuoy-conlrol dinl run Ill'
rdied "11011 within ±:!% ±5 C}'C1Cll ou thu low m"lIe Ulld
±2% ±800 c}'cle8 011 the high rll~C. The cnlihrutioll of
the illCT<!IllCnlOI f~(IUency dinl is within ±~ cyclCll Or
±500 eyele;l on Ihe low ..nd high rlUlgell, rellIM'Cti>-eh .
F,ltqllltncy Stability: Through cOn'f"l dr:sign ode'IIIllle
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tl"'fUllll distribution ,,,I<I """,;I"lioll are provided for
",i"illli"inll fn,quency drifh,. Ttw O>M;illalof C"" he HCCU_
'''h'ly rCt'!'i to z"ro b<:ut "tullY tim". lllf·.d»)' eliu,illllliu"
,-.rOni CUlli!e<1 h)" nny sl1lull ~"'fljn;"!l frl-'qurucy drift.
Output lmpedlnc.: Thl" oulplIl;8 r"kf'1l from R 1500.....hlll
"~-rto"_Pf'rry_ ..·o""d pall'"I;o,,,,,I,'" One OUII),,1 tefmi"..!
is "roundl"l.
Output Voltage: The llln~ir""tll o,,,,n·d,c";" OUI,l,,1
volt",\," fIr It,.. ,~illlllOf ia hN..'ccn to ,.."I 15 "ollll. Il,'<.~.u.c

of the ",,1011101;(' ",.IUl"e {'Qulrol circuit, llti. vollujre
re",,,i'lIJ <'OlIoluIlt with;u ± [.:'> "t~jll/"ll1 0\-". ""..II cutin'
rrN1UCnC)' 'U"I:t'.

W.vltform: The ''''Ill hnrlll(",ic l'QIlt,'ul or lh,- tll"'''''''';'''U;'
""llng'- is le8!l !lu.u J% for rrel."",,";." ,,00,'1' :100 ")"'I~

Oil the low runge 1IH<lllhov~30 kilocydCll 0'\ lh" hi"h f"n~..'.
A·C Hum: Whe" tIl(' .lIICillnlor iR or«'full...l ut "nl' ~"l'llly
fn''1'''''''':y from 10 III 60 eyell'll. tlo.. lJoOwer-lluppl)· r'Pllle
i~ II'll!! Ihun 1% of Iheoulpul ~·OllulW on ,';Iher runge.
Voltmeter, A v"cuum·llIbe '·lIllmeler eift'uit i~ 1I:!C<1 in
th,· o;\{"ilIulor for lIlell8uring the oull,,,t vollllge. The iudi.
clilinJ.t melcr 011 Ihe lmlld is culihrut .... l <Iirecll~' in "01", "t
Iheo"ll'lItlefl"iulIltI.
Conlrols: In "dllilioll 10 Ihe muin fre'lucllc~-conlfOI dinl
"",I lh,· i"eren",,,t,,1 frc'l"ell"Y <Iial, there is " frellllc,,"y
rU"I,;e ~witd,. ""d II •.crt> heul "djllslrll{:"t. The output
>,o1131!:e i.$ vUfic<l ,,~ " polcIlliuuldcr ,.."'I«,ll'rov,d.....l "eur
!h,' ullll'ut, u,r",;""liI.

Typ<

Termin.ls; The oulllut terrninul~ >lre juek-lop hindin!!:
rlOll1.8 with sl"ndard H'-illCh spudng. The lower lcr",iu"l
is ground..'l.l to IIII' p"nd "lid ijlJ.ield~.

Mounting, Th" inJltrument is norm;,lIy sUlll'lk'l.l ror whle
muuntiul!:, bul Con be ..usil~· adopll.'l.l tur rduy-rock mount
ing by ~nlo,inll two wol"ut brm:kc1.8 ~l Ihe 1"",18 or LIm
pan(Ol.
Powe, Supply, ,\.c 11ll""Cf suppl). 105 to I::; \011;1. 10 to
60 C~·cl'·8. is n>ICd. " ~illlpic ChAllgC in tht) (~lUnc"tjQ"JI to
lhe po""'r lr",,~former uIl0 ...·8 the instr""'c"t to be lIsed
011::1010:::;0 volts.

Th(O loh'll power C01lsuultlUO" is "llpfulimAt,·ly II:> WlOl Is.
Tub,n; Tile following tullllll " .... use,l:

~-I)'pe 1iJ.;-G 2-t~'tK' ::;1.6
1-ly!,.' 6J7 I-In'" 6116
I-lnle 61.7 I-lYrIC "Ti

I-noon I"u'll T-·lh
All tlJllCII lire UI>Plil.'<1.

Acceno.i" Supplied: A !\CvfJl·root IIOWl'r cord, Slnlf(, fuses
""d l)ilfl~ lighlJl, "IItl "TvI'.' 271_~ D I'lng nre 8"l'lllieli.
Dim.nsions, Pllnd. (... idlh) 19 x (height) 10M inchCll.
ov(Or_ul1: oI,·pLh lJl>h,"d pand. II i"chell.

!krt'w huh~ in the punel nre thc sh.. ,dur<l spud", for
mounting the i"Mru'"Nlt in n stundurd 19-illch rl'lay
mel;.
Nel Weight, S6 llllundli.

Code W.".d

70Q.A
I'ATI;NT NOTlCI::.

I Wide-Range But-Frequency Osdllalo,

~ 1'1,,_1. 3. I"'~'" v.

S555.oo

TYPE 700-Pl VOLTAGE DIVIDER
The TYPE 700-PI Voltage Divider extends

lite readable range of the output. voltmetcr
PUlcllliotlleter combinaliOll of t.he TYPE 700
Oscillator duwll to 100 microvolts.

The fre<lucncy characteristic is flat. withill
10%, on all settings, at. frequencies up to 5 1\lc,
permitting measurements 00 high-gain, wide
bUild systems.

DESCRIPTION: Jt consists of a ladder-type
rcsisLive network in a metal container. The
input. lead and plug arc shielded. By meallS of a
rotary Swil('I1, multiplying factors of 0.1, .01.
.001, and .0001 can be selected.

Tvpe

SPECIFICAliONS
Accurtcy, TI", ,,,...,ur;,cy of IOU"llllul;on is ±:I%.
Imped.nce: Tl'e input ;mlX'dllllOO i~ :WOO ohms: thl' outllut
i"'pcdlln..... is :!O\l ohm8.
Dimensionl' (1leighl) 13-i" (di(lUlC[('f) 1'4 ,,,niles.
Net Weight, In. ilOund.'l.

COIle 1\ .ml J>r;l'~

700-P1 I Voltage Di"ider OTTt:n S35.oo

F"nctionul <sc1o"",utie diUJln"" or the T, I't: ,00-' Wid~-H"n...., Be"t-Fft.'lluenC) O""ill"lor.

VARtABLE
OSCILLATOR

o
OUT""

o

V.T.VIII.

BUFFER
AMPLIFIER

"Zefo Se\

FIKEO
OSCILLATOR
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OSCILLATORS GENERAL

TYPE 608-A OSCILLATOR

USES; The TYPE: 60ll-A Oscillator was designed
particularly for use as a lone source for distor
lion measurcmCIlU! and as a power source for
bridge measuremcnl.s at audio frequencies.
Because of the large number of fn..oqucllcies at
which this oscillator will operate, it is also
satisfactory for measuring frc<lucncy chQl:acLcr
istics and for usc as a general Inboratorr
osciJIator.

The output frequencies include those reCOlll
mended by the FCC for distortion measure
menLs on broadcast trnusmitLers. This oscillator
is thus ideal for use with the TypE': 732-B Dis
tortion and Noise .i\leter and TYPE i32-Pl
Range-Extension Filters for rapid distortion
measurements.

The unusually pure waveform delivered by
this oscillator allow frequencies makes distor
tion measuremcnts possible at considerably
lower frequencies than have hithcrto been
practicable.

DESCRIPTION: This oscillator operates on tbe
inverse feedback priuciple. By means of a
resistance capacitance uetwork aU frequencies
exccpt the oscillalion frequency are fcd frOIll
the output of an amplifying circujt back into
the input in such a manner as to cau/Xilhe I?aill
at all but the oscillation frequency. SuffiCient
regeneration is introduced into the circuit to
produce self--oscillation and, sincc thjs is con
trolled by tile rcsistance-capacitance network,
no inductances or transformers are required in
tbe oscillating cireuil. A functional block dia
gram of t.he circuit is shown on the llext page.

The amount of feedback is controlled from
tbe panel, and an electron-ray tube is used to
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indicate the strength of oscillations and the
harmonic content.

The desired frequency is selected by push
bullon switches. Another push-button switch
determines tlte output impedance. An output
conlrol is provided for regulating the output
voltage.

FEATURES: Both electrically aod mechanically
tile design of this oscillator is new and repre
sents a considerable advance over previol18
practice.

In the electrical circuit, the principle of
inversc feedback is applied to thc production of
electrical oscillation with the result that a high
power output is obtained with extremely low
distortion. Since the feedback cireuit is highly
selecth'c, the frequency of the oscillator is
unusually stable. The absence of iron-core
inductances minimizes the amount of powcr
supply hum picked up by tlae circuit elements.

An outstanding mechanical feature is the
push-button system for selecting the freqnency.

The TYPE 608-A Oscillator will produce
voltages of excellent waveform at aoy onc of
27 frequencies, ranging from 20 to 15,000 cycles
per second, and the frequency can be changed
rapidly and simply by mcaliS of tbe pusb
bULLon switches.

Jacks are provided for plugging in external
resistors, thus allowing operation at any fre
quency 'within the normal operating range. In
addition, satisfactory operation can be obtaincd
at frequencies outside of tWs range, at a slight
sacrifice in purity of wavefonn. Good wave
form and adequate output can be attained at
frequencies as low as ooe cycle per second.



RADIO CO. OSCILLATORS

For any additional frequellcy three resistors
are required, and for any set of three rt..'Sislors,
three frequencies, in til,,.cade steps. can be
obtained.

A harmonic control and electron.ray tube
arc provided so that the llltit can be adjusted
for minimum distortion under all condiHons of
operation.

SPECIFICATIONS

"IT

~

'I V
f-----

,
IlMPLIFIER

f----- l ,
OUT,

I
~

REGc~T1VE f-----
C TROL

I

OEG(N(RilTIVE
NETWORK

Tempe,ature Ind Humidity Elfeo:b: Over the norm,,1 rnngo
of room lX>lILlitions (650 Fohccllheit to 9:>" F"jw'nheit:
o 10 95% rclulivc llUmjd;ly) I he opemtion of the oscillator
illlul",l"ntiIl1l)' independent "r t.empernture "nd humidity
oo",lilioM.
Control.: In additioll tu the push·button , ... ilches for
Ildjusting th... frt:llucncy nIHI thc output iml>l-'(Illnce.
harmonic oulp"l controls lIrl' ]lro,-id~'(l on the pal'cI. An
c1""lr<I,,-ray I.ul", proviti..,. " '"CIl'>9 ror ",Ij..SI;llg thc hor_
monic control correclly und"r nil oondiliOllil of oPl'ml.ion.
E%CCIiI whcre ",iniumu' hnrlllonic dislorlion is all (I~lule
n(.'«'l!ollit)'. the h"rlllon;c (.vlIlrol ueed uot be "",dju~lcd.

Te.minllt: Jock-top binding ~18 with ~to",llIrJ l:;"_inch
sl);lcing 11M Ilrovided for thc 0,,1 put ",,,,u,,,,lioll. A ground
t.ermin"l is alw pruvilk..L
Mounting: The inslrument i:'I dCllillllcd tor either table or
relu)'-rock mou"ti,,/;". The ...ooden ends llupplied with the
oscilililor ure rcmoved wlo..,n it is used On 0 relll)' rack.
A perForated metolshield i! provided.
Power Supply: l05 to 125 voll.!!. 25 to 60 c)'des ac. A
simplc chonge ill Ihe oonnc<.,tiOl18 W the power transformer
allows the inllrume"t to be u'l\!<l Ul' :!I0 to :l50 voll.il.
The total llOwer oon3uUlIItion is apwoxilllately 50 walta.
Tubel, The rollowing lllblls oro ,,>led; 1 6F5-G, 1 6Y~-G.

I 6X5-G. I 6E5. I\. complete !let or tu~ is 8upplilld with
eaeh in~Lrumcnt.

Accclto,iel Supplied: A lleven_ront eo"".Wling coru, spare
fllllCll llml pilot. lllnlJlll, 0 multipoint I:Olllleclor. lind 0

TYI',\2;_I~M JlI"g.
Dimensions: (I.H'ltt") 19!1 lI: (depth) 11!j x (hd~ht)

7~ i"c!,Cfl. over-1I11. Punel, 19 x ; illeh<'II.
Nt! Weight, 36X llO"nd~.

Functional sehclUplie djogum of Ty,'!> 6011-A.
Osr::illlll-Or. The alllplifier. which hU3 a prol)llg",tion
collitunt p. ill Uludo lIegcuerativ..., except ut the
fce<luenc)' of Ol\Cillutiol', b)' nl!'a'U1 or the uIlI"'ork
with I!COpug"tioll con9t""t fl . ..hUll providiull' ...
shilrply .;elective circuiL Sufficil'nt reg"ner:Hioll is

provid~l to ('.llll:ftl!lClf-ll!)C;lIl1tiol'.

f.eq ...en~y R.n!le: 20 to 15,000 cycles.
F,equltncy COntrol: The frequency is oootroJleu hy two
I',,~h-blllton 8witche&. The lin<t proviun frequeucil:B of 20.
2~, 30, '10, ::'0, 60, 75, 100, llIIU 150 cyclCll, wllile the second
multiplies these frequencies by I, 10, and 100. The fro
<1"e"c;C!I included cover praclically the rnl.ire nutlilJle rougtl
in increment" IlIDnll enough so thal the osdUolor !Dlly 00
niIJd for IIl(\UllUri,lg fretlUCllCY chnrllcwrisl'cs. Furthermo.",
tlullI/3 rn:qllcuciCll ;"clUlle 1111 irnllOrlllJl1tiU1l,uoT<1 bridge II1lU
brOlluellsl t~t fretlu(';nci~.

Olher frequem:i<l8 within the operating runge of the
iJlslrurr'cllt mu)' be oblllilled by plugging in e%tecuul
resislanCCll.
F,equeJlCY C.Ube.tion: EAch inslcument i Ildj".sled within
±2% or I cyele, whichever is the greater. of the frequency
"ugroveu OU 1I11l (HIllel. The best "ccurac)' iB lICI!ureti when
lhe 1I''''llonic control is ndjus«:d for 10'" distortion.
Frequency Stability: When tilL. Ollcillntor is opernteti al
nonnnl roo", tcrnperatllCllll, the frequency will not drift
b)' 100M UlllD I % over " I",rio<.l of /lCveral huu",. The
hormouic oontrol Ilro,·itiCll B "'CUUI .... hcreb)' the opcruLing
oonditiollB of the OlICiUnlor InflY he hrought bllck to the
oorrt:"l v"luCl! n:g$rdlOil3 of ordinury chang"" in load or
line voJtoge_
Output lmpedlnc:e: Thrte output drcui18 nrc provided..
Scloctiou ulllOllg them i~ Obtllill~'(1 b)' ",,-,HUS of 0 push
button Ilwiteh on lIle punel. Tl", output impc<lanc<!8 nre
a' follo...s:

L 500-ohm baloneed to ground.
2. 500-ohm unblllll<1ccd.
3. 5000-olnn ullbnloueed.
The volUIUfl control ill a potentioUltl!er in the 5000-ollm

cirenit. The aelual oUlput impeollnoo of the 5000-0111"
output ciruuil will vury between \000 oud 6000 oIJln~.

depending upon the II<lHing of the volmBe oontrol. Suitollio
resistance pads keep tll" impedonce of the 5110-ohm oullJUl
circuit I.>etw~'ell -100 aud 600 ohms rej,;urtilcss uf thll VOIU'IlC

controillellil'''.
B/Ilineed Output, The 5OO-o1lm ballln(.'()ll OUtllllt circuit
is balonced oL all fl't'qucoeiCfl .... heu operatinll into a bI,l
onced 101101 of 'Hl)' in'pc<lnnce.
Output Power: The 5000-oh", output circuit I,,"o,'id<.'ll '''I
output power of ollpronmnlel)' O.~ wott iuto a lIIUUlht'<1
load when the instrument il opemt.e.! on II II:>-\'olt line.
The m;u:iullIUl rower oIJluinllble from the 500-oh". oUlput
circuit ill approxiUluw.J)' 100 milliwllt18.
W/lvefo.m, Tho hnrmonic oonLrol l,coviolCil II means of
obtoilling" ,wLllIuulb' pure "'avefow.l. '\-itll thc harmonic
control 110 llCt thllt the output volwgo:> ill obout 90% of
UloximuIU the distortiou will be npl,roximllu:I)' O.~%.

Bya furtber reduction of the outllut \'olulgc lI,e distortiun
will I.>e rt;duecrl to 1Cfl8 LluUl 0.\ %, un tlle 500U-olnn output
cin:uil. Because of di3tortion in L1,C output l"maror",cr tho:>
Iul.rl,fl(loic <.lOuteul in the 500-ohm OUlput. circuit "'liy
ueeed the above voluC8 llligbtly at frequcncies helow
50 eyclel!l.

With tho harmonic control turned full on. eno Iho
OliCiliator delivering its maximum power outpuL. tbe
di3lortioD will be of the order of 5%.
Hum Level: When the Ql\Cillator is properl)' grounded ami
operated. fcom a 25 to 60oi:)'elo line. till! hum level is lCllll
lhen 0.05% or 0.1 millivolt. whichever i, the gre"ter.

608.A
PATENT NOTICE.

IOscill.lor .
g.,., 1"10_ 1,9. PIP .

ORBIT

Priu

S260.oo
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OSCILLATORS GENERAL

TYPE 757-A ULTRA-HiGH-FREOUENCY OSCiLLATOR
USES: Since the fl'Clluency of lIds os<'illator is
continuously adjuslablc from 150 to 600 l\lc (a
wavelength rangi,! of 50 Lo 200 CIIIS), it is par
liculal'ly useful as an eilergy source for the
measurement of frequency..·dcpcndclll p!tCIlOrll
('na at. ultra-high frequencies. Allhough a wide
rallge of frC<lucllcics is cow'red by the oscillator,
the lead SCI'CW drive permits small, knowll
frc<lllcncy increments 10 be obtaiued. Jt is also
sujtabll' as a powe/' souree for impedance
measurements in ils freqUf'llcy range. In a<ldi
lion, because of ils IJigh power out (lut, it Sllould
prove useful as a source for propagation
measurements.
DESCRIPTION: The oscillator tube, a WE
:n6-A, energizes a rcsonant coaxiallillc, which
is the frequency determining portion of the
circuit The effective lenglh of the coaxial line
is varied by rneWlS of a short..circuiling pislol.l
driven by a lead screw along the length of tlte
coa~ial line. The variation of effective lengtll
produces the desired change in wavelength and
frequency.

Energy is taken from the oscillating circuit
by means of a coupling rod plact..-d parallel to
the main axis of the oscillator, a short distance
from the inner edge of the outer cylinder. The
location of this rod is such that the output
impedance is of the order of 75 ohms.

The power supply required Cor this oscillator
is 2 volts at 3.65 amperes for the filament,
which may be obtained from the a-c line, and
up to ,150 volls plate supply with a maximum
plate current of 80 milliamperes. The plate

110

supply ItlUst be olle Ihat permits the grounding
of the positive side, siflcc the positive sidc of
the higll voltage cin::uit is connccted to the
outer brass container. The use of the TYI'I~ i57
PI Power Supply is rcconll.llended.

FEATURES: The tuning dial is adjusted to read
the approximate wavelength in air of Ule
gCllcrated oscillations ovcr tile rUllge from 50 to
200 CIllS. A cOllversion chart atlached to the
oscillator makes simple tbe convcrsion of thc
dial reading to frequcncy. The frc<lucncy thus
determined is accurate to 231%, when no
load is connected 10 the oscillator. Although a
reacti\'e load coupled curcctly to the oscillator
sllifts tlte freqm'llcy ofoscillation, Ihe frequcncy
can be relied upon to be within the above
limits for the usuol collditions of loudillg.

Whcn the ma\"imum allowable plate voHage
is uscd on t.!IC oscillator, ttt flOCqUCllcir.:s lip to
400 .Mc (wavelengths down to 75 Clll), a power
output of about 4 watts can be oblained. The
output at high!;:r frequencics decreases gradu
ally ,":ith frequenc)', but considerable power is
still available at 600 1\1c, This available power
is much greater than normally required for
mcusuremcnts, but it permits the use of high
voltage levels at the lIleasmillg instrumcnts
with the concomitant simplification of detcc·
lion problems.

A coaxial oUllet jack, with all impedance
levcl of about i5 n, is provided at the lube
housing to facilitate the connection by lllrans
of a coaxial line to the instrumeut using tbe
high-frequencyencrgy,



RADIO CO. OSCILLATORS

SPECIFICATIONS
of Ihi.'! dilll coUlililutes the diaJ reudinG used for the ehorl
to convert dinl reuding into rrequeney.

Tube: A WE-316-A is rCIlllired and ill rurn~IH.~1 witlo tho
iostruOlent.

Power Supply: Filamcnt: 3.65 nmperes ot :? vol 111. Plule:
·150 volts (",ax.). 80 rna. Tho Tn.: 757_1'1 Power Supply
(lICe below) IIllly bo used ill plnco of b"lIeril'll.

Acclmories Supplied: Ono power cable ,"'.. one "1", "K
Ii"·1\[ Cubic Jnck.

Mounting: The Olf()i11alor is mounted 011 " walnut hmlo,
Dimensions: (Length) 21 X (width) 6 x (l,pighl) 6 iltd,~,
ovcr....'Il.
Net Weight: 13M polllUlll.

F,eqURnCY R~nge: 1'>0 Lo 600 Me (:!OO to 50 em W{lVI!_
l~llglh).

C.,libr.tion: The frequency tlct"m';ucd from the c1l1lrl
....."'v{'rlilllr dilll rcuding to f"''1uclley is "<:curale to ±2.!1%
wilh 110 I(}<.tl l'<H,uecll'(l to tLI! 03CilJulor.
Output Powe<: With IllDximum plllt/! volt""". :J to 4- wolls
UI' to ,100 "'e (75 CIIl) decreasing with increUBill,lj' fn'(lueucy
tu uhout J wI,tl nl (,00 \Ie.
Oulpullmpedlnce: Elfe<:li,'cly of the order of 75n.

F'li!quency end Wendl!ingth Conllol: A slow-motion
dri,-,'. "lIieh enrr;,,!! u dial L'1llibratcd in tliviBiollS rel'Te
il<'"rin" ""l"O,,;,,",[cl)' 0.01 em eh"ngc in wuvdClIlllh.
is u'«'tl for cl",,,ginll tl,,· ",,,,,dength "ud f~""CIlt")'. A
,",ounll'., 10 til... Idr of t!lis dial. tOjl"l!ther willi the re"ding

'f.vpt' Cod~ l\ '>rtf I'rirf'

757-A IU-H_F OsdUator.. $195.00
I'A,.!';..T NOnCE. Sot! 1\0.... l. IJ8g<> v.

Output: :! vOILs HC, Hud 300 ,"olts dc, for the TVPE 757- \
U_H_F Oscillalor.

Power Input: 105 to 1:!5 vol'" or :l10 to :lSO vollll, ,\0 tn
60 cycl':ll. AL 115 volt.., 60 cyclcg, , he I)(}WH drown i.. leslI
U'lln 70 w"ll".

f'rj(;~

(hciglJt) 6";[ inehl'S XDimensions: (Width) 53i inch"" X
(lcngthl ')~i inches.

Net Weight: 11X-I>llUlltiS.

(A/<.!f Word

Tube: I tYrol' 5Y3-G is s"PI'I.ir.<l.

Accessories Supplied; A IIl:veu-fOOL Ii"" t....n"cdor cord.
Un interconnecti,,!: I;ord oud plul<. nurl 8l>llre [JiloL h""l'lI.

TYPE 7S7-Pl POWER SUPPLY
SPECIFICAliONS

1'.vpr

This o-c operated power-supply unit fur
nishes lhe nccessary filament ami plate POWCI'

for tllc TYPE 757·A U-l-I-F Oscillator. The
plate voltage is fixcd at 300 volts, n value
below thc maximum allowable for the oscillalor,
which insures that the oscillator tube will /lot
be damaged undcr any conditions of output
loading.

A meier is furnisbcd to indicate grid cmrent,
and a potcntiomcter adjustment foJ' the llcga·
tive plate return is provided, to minimize any
hUIIl introduced by the a-e filament supply.

The power supply is shown jJl tll'-' comcr of
Ill(' pholograph on the preceding page.

757-Pl Power Supply. IIIIl1""'Al'ACK $45.00

COUNTER
=

0'

FIL.

~---{r;:. I ;::::;;,0,
--------~~~

..
"

l__lJ~1f~j==========:=='ll======d=======::~OUTPUT
"

111



OSCILLATORS

TYPE 723 VACUUM-TUBE FORK

GENERAL

USES: The TYPE 723 Vacuum-Tube Fork is a
compact, stable, fi..'l:eLl-frequcllcy oscillator. It
is lJul'licularly llseful as a modulating source {Ol'

staudard-signal gcnerators and beacon trans-

miLters, as a powcr source for transmiSSion
measurements on lines and cables. and as a
test-lone generator for communication systems.
lLs waveform is sufficiently pure to permit. ils
usc as a tcst-signal source for Illany lypes of
distortion measurements. I t is all excl.'lIf'lll
source of timing pulses for oscillograms.

DESCRIPTION: This instrument is an electro
mcchanical oscillator whose frequency is deter
mined by a vacuum-tube driven ttilling fork.
TIle driving and pickup coils are so arranged as
to load the tiucs of the fork equally Ilud to
an'ec! only slightly its free \'ibrauon.

Sp..1ce is provided in the-cabinet for mounting
batteries or an a-e power-supply unit. (Sec
price list Oil p,lge 113.)

A lilll'r and an output transformer arc
included to suppress harmonics and to provide
three ontput impedunces.

FEATURES: The outstandillg features of this
new oscillator are accuracy and stability of
frL'<lucncy, low harmonic contCllt, constant
output, light weight, and the low cost.

SPECIFICAnONS
Frequency: Two f""'luellcie!lllre ''''UIlllblr:, 1000 cy<:Jcs lind
400 cyclCll.

F"tqu"ncy St.obilily: Tho lc,upcrnlu.e. CO<IlIielenl of f.e
llnency;g appro:.:inJlltdy-O.OOll% per de~rce Fohrcuhcit.
The fl"e(lllcncy is elltircl~' illdcl)ClHlcnt of load I",pedUIICC.
When lhe 1I-<: !J(lwcr gUllllly IS UlI(..'t! rill initial do...n.... nrd
drift of froqueuey o«u", M tloe h11llperoturc of the fork
ie. 1ltr.-.'ClIld by h~lIt l,c""mlCd in the power-supply u"it.
The tOlal frequeue)" drift is of the order of .15% til .2%.
MO!It of Ihie. drift, however. Ol:elll":' In the finL 30 minutes
of operation.

Accuracy: The frequency ;s lldjusled to Within ±0.01 %
of ils 81le<:iiieu ,""lue. lit n" F"hreuhcit.

Outpnt: The oulpul 10 c n"ltched 100" ;$ a'lJlro~i"'otely
50 milliwlltts.

Internal Output Impedance: Output impedaur:es of 50, 500,
llUU 5000 ohms arc IH1lvided.
WaveForm and Hum Lenl, The tIll,,1 harmonic oontcnt
i8 k'118 thon 0.5%. The hulU i$ negligible.
Te,minah, Biuuing postll ro. the outputcircuil ore moulll<ll!
On Ihe P<'llcl. Buttery terminals ure brought out to sunken
screw heads on the P<'nel 10 Illlrmit llleWiure'uenl of tbe
I.>"n~r)' \"olttlge$.
Power Supply: The ;rllltrulIlellt is available for either
lmuery opcrution Or for operation from 105 to 1:!5-volt.
50 to 60-cycle line. For battery opernlioll one Bllrgcu
type ,I FA (I M-volt) (lod two nu.geSll lnx: Z30_N (4S-vott)
nrc re'luir,-'l1. The WLlen"" 'lfid a-c IJ(lwer eupply lire ;"ter
changeable. Tbe po....er !Iupply, Typl': 7Z3_PI. 18 nvaiJoble
scpnratcly. {See price lisl.) The O~-OFFswitch is arranged
to coutrol tIre o-c line or the oollery current.

Schematic wiriull diagr"", or Tn'.: 7~3 \'''CUlllU-Tu1><l For k.

DEGENERATION

8-
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OUTPUT
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RADIO CO.

Vacuum Tubu:
For batlery Bupply: I Iyp" lA5·G
For II-<: IIUl'p!y: I lrpe lA:'-G

1 type VR-IOS-30
The neceMnl')' lUbes ure Bupplied.
AcCeSiOrilti Supplied: A !levell-fool line oonneelQr oord i~

supplied with the 1'-<) OllCn,tc<! m<Mld.

OSCILLATORS

Mounting: The oscill"Lor "-SOlelnhl)';ij moun led OUli bIIk"l,te
IX'llelnnd U. Clld06Cd in a wal"ut Clibinel.

Dimentionl: (Length) IO~ x (width) 6'" x (height)
7 M inches. ovcr....n.

Net Weight: II K p(>undli. including hptter;C!I; 9 poundll,
,,-jth R-c sUl'ply; n-c po"'cr BUllply nlone. 14: IlOullds.

Typ< Pln/urnr.y Pml'u SIIPP':"- r.odr 11'",.,f "ritr

123-A 1000 cycle, Satteries BNA"t; $10.00

72).( 1000 cyclts '05 to 125 volls, SOLlI> 90.00
50 to 60 cycles

723-8 400 cycles B.tteli., STOny 70.00

723-D 400 cycl'rs 105 to 125 volts, llut,IO' 90.00
50 10 60 cycle1

723-P1 A-C Ope..ted Powe, Supply Only. SSAKEyrACK 22.00

73i-Pi: Set of Repl6cernent B.tterlel s:'<."i1n·".. ,.,. '.00
-1""1,,,1<'<1 io lltioo.

TYPE 813-A AUDIO OSCIlLATOR

USES: The TYl'E 813-A Audio Oscillator is in
tended for the same gClleral applications as the
TYPE 723 Vacuum-Tube Fork, but where the
requirements of waveform, stability, and (Jut·
put arc riot so 5Cvere.

DESCRIPTION: This instrument is a battery
operated electro-mechallical oscillator in whiell
the frc<luellcy is detenniued by a tuning fork.
'1\\0 microphone buttons, QIlC for Ihe drh'iug
circuit and onc for thc output circuit, arc
mounted at the side of the fork in such a manller
as 10 load the lines equally and to affect only
sli~hlly tile uee \'ibratioll of tile fork.

The fork itself is mounted rigidly at the heel
beneath a metal base pallel which carries the
drh'ing electromaguet. Tllis base panel is sus
pended from the bakelite panel with four re
silientmotllltillgs.

A filter all(1 output transformer arc placed
inside the cabinet underneath the fork. A
bal tcry com pari ment is also provided altllough
external ballerics lIlay be used, if desired.

Scbcrnul;c wi.,,,!: dh,gnll" or Tvp>: 613-A Amllo <n<;iIl"lor.

FEATURES: Good waveform and frequcncy
stability arc among the fcatures of this coo
vcoicnt tuniog~form oscillator. The mechanical
conslruction is rugged and lhe fork is protected
from dirt and c..'(ternal injury.

SPECIFICATIONS
Frequency: 1000 cp:lll!l.

Frequency St6bility: The !elllller3Iu'" codlic'enl of fn:~
que"cy ;~ - 0.0087" I"''' Mllrce Fnhrenheit. The voll;lIlC
coeffiril!lll i~ 1e8!l lIm" 0.01 % fl"r volt. The frequent·y i~

.mtirdy indelJ"Il"~nt or loud it"pedonCli.

Accl/••cy: TIll! f''''IUCIlC)" ia ndj"~l ...d wilh,,, 0.5% of ;Is
ap'_'eilie-:t vIII"e. The ocl",,1 f""'l"ency is rn.,lIs"......1 und
r.,cord,·d On lhe Iwse of th., "nbiUd to all :locun',,)" of 0.1 %.

Output.: The oulllOl to 0 lUlllehed tOIlet ;mpcd.rnl'tl is:!O to
30 milliwlIlUl wilh 6·voll drivl' nnd 10 to 15 ",ilIiwlllUl wilh
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OSCILLATORS

'1' !i-volt dr'''''' Whell the osc'ill"tor i~ o[",ruled conl.inuou~ly

fur ""vllr"lllolll"ll, the output Illay droll below Iht'tle ""Iu()lj.

11l1.lllal Output Impedance, Output ''''l'edUnCC8 of ,,0, 500,
"II<I :>000 oh"'9 ure pro'·;'ll'd.

Waveform: Th.. lotnl 1",rtI10uic conlent i~ "PPTQ.~i"'''I'''l'

0.7::>% wilh 'l}i"'olt dri\ll "lid "ppm,jlll"I"I) 1% wilh
6-voll drive.

Power Supply: l'or ;nh'rrn,th'nl 01'(,."1;",, will, II 1l100!t'ruh'
power output. (ll) ;ul"runl 11~_"olt, ImUer}' ell" he II",!,I.

GENERAL

For gTl'''''''" oulput Or .:onliullou8 oprrntion, IlH ext.'rrml
lmlln)' of ,I) 2 10 (, "oll~ ~hl)llid l~ ulI('d. Butt"r;,'!! uT(' ItOl
gUl'pl;'"I!.
Termin.h: Binding l1oOoi18 for th" pow... supply "nd for the
output eirCllil II""' pro,id,·(j on the [wnw).
Mounting: The fork is guslleuded fro'" I' ,,'eh,1 plllte on 8
lruk,·lit.c panel and i~ ,,",.105t.,<1 in" w"lnul ""bin"r.
Dimenlionl: (1..... "l.Ith) 9 x ("',dth) :> " (height) 6 indu'a,
o..,:r."II.
Net Weight: 1111 l'o"nok

B13.A 1000 ")"l:I,'lI $34.00

TYPE 572-8 MICROPHONE HUMMER

USES; The hummer is intcndcd for usc a!; a
low-power a-c source for br'idgc and ot her
measurements where extreme purity of waw'
form and frequenc~' stability are not esscntial.
This type of oscillator is llscd ill the T\'PE 650·)\
Impedance Bridge as the lOOO-cycle illternal
generator.
DESCRIPTION: )\ tuned reed dct.crlllines the
frequency of 1his clccll'o-rtlcchallical oscillator.
A microphone hutlon is mOllnted Ilcar 1he reed
to pick up energy for cOlltiuuillg' Ihe oscillations,

FEATURES: The TVPE 572-B _\Ijcl'Ophorlc
Hummer is cxtrcrllcl) compact, COII\'cnicIII,
simple to usc, and illexpcnsi"c,

5PECIFICAnONS
Frequency: 1000 c~'c1<)ll ±IO%.
Output Power: "Pl!ru_~i",,,lely I;; ",illi ..·"lla Wilh 0\ '~-"olt
dr,,'!:.
tnteln,1 Oulput Impedance: T"o i",pcd''''c(l!j "n' (Ivnilahle,
10 or 30<1 olnn~.

Waveform: I u Ihi~ IYl)!! of ......,illnlor. di~lortion '·"rie~ con
8i<ler"hl~' wilh nK'Ch""i,',,1 adjuslmenl. drhint:!' ,·olh,g,·,

SchClllUlic wirinlllii"K'llnl of Ih~ microphonu hum",er.

BQ-----, ~--oH

IO---{)L

L-.-oC

.."d olher 01",... 1;,,1' l'urnmeh·rll. Co,lSC(lueuLly. no deli"ilu
81K.'CilicoliOllil can lJe given.

Power Supply: The hUlll"",r is t1~'!5ig",-u to opcmW from"
_""\I_volt hullery..\ fl_volL dri,·,· CU" 00 used if mor.... po,,-er
i~ dCllin:<1.

Terminals: Solderiug lugs lire provided.

Mountin,: \ cusl-ulumi""m "'ouutiug base is uW(1. (s"u
.ketch.)

Dimensions; (I....."glh) :JJ.. x (width) 211 x (hcillhL) IS",
inches.over.nll.

Ntll Weight: 9 ounces.

T.V/lfl

572-8 Microphone Hummer

f'riu

$10.00

LOW FREOUENCY TUNING·FORK OSCILLATORS
suitablc for usc as frc<lucncy slandards arc dcscribed on pug-cs 172 to 17·1.
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RADIO CO. POWER SUPPLY

TYPE 672-A POWER SUPPLY
The Tvpt:: 672~A Power Suppl:r is a con

venient source of plate, grid, and filament
po\\cr for experimental work ..... ith vacuum-lube
circuits. A VAH lAC in the transformer primary
gives smooth and continuous control of the

high-voltage output. while a calibrated panel
potentiometer provides a control for the low
voltage d-c supply. Filament power is available
at both 6.3 and 2.5 volls.

I'riu

ACCe1S0riltl Supplied: Spore pilot laml'lI llnd !W""Il-fool
line connector cord.

Mounlin'j; The instrUlllent is lIu;tnble ror either tltblc or
relay-rack mounting.

Net Weight: ,II H IKluntis.

Code Word

Dimenlionl; (u:mglh) 191~ x (del'th)
illd'C8. ",·er-1I11. Pllnd 19 :< 7 inches.

SPECIFICAnONS
Hum Voltage: At full_loful o;urrcut the hum volw/,-e of the
loill'JH'oltoge lluJlJlly i;c 1e9il than O. L% for ... 11 voltnges above
150 volts. For lower "OIUl/j"ClI the l'crrenlogc is slightly
hi~hcr.

At full-loud current the hum voltage of the low_vollugc
8uppb' ill 1C>18 lhnn 0.1 % for all voltuges. For" load current
of I rna. the hum dl'<;....UJlClI to 0.03%.

Tublts; One 5Z3-~ype ""d Oll~ So-Iype ore sUPI,lied.

Output Ran'je;
lIigl, l'o/l1J9t: 150 lila o~ 300 '-011,1 de. '1o_load volt,,/{c,

o'"er 400 volts de,
Low lol//!!Jf': 2 mu at 100 ,·"lts de.
A-C I (>I!uye: 2.5 and 6.3 volts. givilll(" l"l.lIl of _I:. "'lltlil.

MlItllfS; The hillh-voltage lIlll,ply OUII)ut is iudicllh,fl h~- "n
l""""'!"r ",,<1 " vollml'ler mount.-d on Ih" 1""H:'\.
Re'jula!ion: Th" r<lgubtion of the hi~h_vollllg{' sUI,!>ly OOr
responds 101m intcrn,,1 oulput ",;jilltun~~ of 700 olmls for
dio.-cl e"rreulo The lOOO-cydu i,,'''rulll output imped"nce
of the high_"ollflj:" sUl,ply is 1'<\uiv"lenl to 3.9 ",r in lICrillll
with 1.13 ohms. Tlml of the low-voltn!;c supply is equi"a
lcnt to 2.12 ",r in M:rics ",ith 0.82 ohm.
Powltr Supply; The 1'0wer~Ullllly unit will operale from a
10:> to 125-voll. 50 to 60-cycle. a-c Ii"".
Power Conlump!ion; With the o-C and d-c Bupplil"!l 0llCr
otillg a~ full loud, I.he power ...",sumpt;o" rronl tile mains
is about I':","; walls.

672.A I Powltr Supply.
l'ATI':NT l\OTI(;K 80", Note II, ".g~ y.

$130.00

11,
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POWER SUPPLY

TYPE 673-A POWER SUPPLY

SPECIFICATIONS

This high-voltage power supply is useful as
a 1;'cneral laboratory source of variable high
voltage, as well as for supplying plate and fila
ment power for power tubes in experimental
oscillator and amplifier ci.rcuils. A VA1UAC
in the primary of the transformer is controlled
by a knob on tbe panel, giving smooth control

Output Voltasll' Ti,e power 8uPI'1y will deli,'er dired
current up to 150 mil III 1500 volts. The open-<::ircuit
voltage is over 2000 vol"'.

The power supply aiM gives 6.5 aD>peres at 10 vol'" RC.

The lO-vol~ supply is oeuter-wPI>cd a~ 5 vol"'.
Regul~tion, The int<lrnal output resist"n<:e of th<l power
suppl)' uo,t corre8I)Ouds to about 1100 ohms for load cur
ren'" of 50 to 150 lila. For lower load CllrJ"<luts O,e ioterm.1
output resiswuce in<lJ"{)o$ell 10 about 20.000 ohlIlll at no
load. The 1000-cycla internal output ,m~lInce ,s equ;'·u
Jellt 10 1.1 ",f.
Power Supply: The power-supply unit will OllCr"l<l from"
105 to 12';;-"01t, SO to 60-<:}"clc line.

Type

of the rectified output voltage. from below 50
Lo over 2000 volts. A 10-volt moment winding,
tapped at 5 volts, is provided. The power
supply unit is equipped with a time switch so
that the a-c supply is on about 30 seconds
before the d-c supply begins to operate. All
lHLxiliary high-vol Iage 8\\ilclJ is provided.

Power Conlumption, AbouL 380 Wilt'" lit fullloo.J.

Hum Voltage: At full-load currenltoo huUl voltage is le!I!!
thall ;1 volts or 0.2% of full-load voltage.

Tubes: Two 866-A-type rectifiers Ilrll supplied.

Acce110rie1 Supplied: Spl'..... fUlIelI. BIWIre pilot laml"', lind
Il<lven_rOOlline connector cord.

Mounting: The ill/!Irumcllt is suitable for whle or relay
rock wountinl!'.

Dimenlions, (Lenglh) 19 J.i x {depth} II M x (height) 9
inches. over-all. Panel, 19 x ax inches.

Net Weight: 69J.i pounds.

OJdc 1\ ani J'r;ce

673·A \ Power Supply $180.00
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WAVEFORM

WAVE ANALYZER
•

MOOULATION METER
•

OISTORTION METER
•

WAVE FILTERS
•

OSCILLOGRAPH
RECOROER



WAVEFORM GENERAL

TYPE

736-A

WAVE

ANALYZER

USES: The wave analyzer is used to measure
the amplitude and fJ'C(lucnc~'of the components
of a complex electrical waveform. These include
not only the components of harmonic dislo."
lion, but also non-multiple voltages slIch as
noise and hum.

Specific uses of the TVN: i36-A Wave
Analyzer include tim measurement, of IIarlllo11ic
distortion in audio--frcqucncy c<luipmcnt, broad
ca'il receivers and transmitlers, telephone
systems, public address equipment, oscillators,
amplifiers, and vacuum-lube circuits in gelleral;
harmonic studies on electric power systems and
electrical machinery; hum measurement in a-c
operated cOllllllunication equipmcllL; lIoise
8l1ulysis; aud induction studies on telephone
line:;. As a sharpl),-tullcd voltmeter, it is in
valuable in Ihe measurement of the transmis
sion charact.eristics of electric wave filters.

DESCRIPTION: The TYPE 736·A Wave Analyzer
is a heterodyne type of vacuum-tube voltmeter.
The intermediale-fre<luellcy amplifier includes

118

a highly S<'k'Ctivc filter using throo quartz
crystals. The use of a heterodyne method
makes it possible 10 \'ury thercsponse frCfIUellCY
while using a fi.xed-frcquency filter.

Tile output of the local oscillator and the
whole of Ihe complex waveform to be examined
arc fed to a balanced modulator where their
combination pr<Xluccs both the sum alld dincr
enee frequencies, or side bands, ill the outpll!'
The origirlal of the complex waveform is
not passed by the modulator intermediat{'
freque/ley output. transformer, and the local
oscillator carrier frequency is supprcss{.'(1 in the
output because of the two-tube balanced
11l<xlulator cl"lploycd.

The 50-kilocycle componcnt of the upper
side band, proportional to t.he voltage of that
frequcncy present in tIm original wavc 10
which the main dial is set, is selected and
amplified by the inlermediate slages. The
adjuslsbte gain control of the amplifier gi\"es
the many values lisled below for full-scale
dcfk'Ct.iolls of tlte output meter. The standards



RADIO CO. WAVEFORM

TrH"~mi,",,iO\l du,rucleri~l;cof eryslul filler ill
1"'>1': 736- \ Wu"c \wllyz<·r.

nelic til~lds silicc tile balul1('cd modulator is fed
by a phase ill\'cricr tube, ralher lhan by a
I r81lsfoflllUl'.

(6) All nitir-al paris, iududing the cryslaL<-.
U1'C hcrTllcl ic:aJly Sl.'ulcd to lllinillli1.c Ihc en'eeLs
of 11I1Inidil~.

for the ,'ollagc and frcquctlcy caljbralioli1; arc
sclf-COlllai'l('d wiUlin the illslrUlnenL

The entire assembly is a-c operated frolll a
j 15 or 230-\'011, 40 to 60-cycle line.

FEATURES: A Ilumber of design and upcratiul!
features make the TYPE n6-A Wave Analyzer
olle of the oulst,amling illslnlllli'nis in tIle ;icld
of audio-fl'(:<rUCIICY rllcasunmlcnls.

(1) The iJlslrwllcnl is completely a-c op
erated.

(2) The crystal filler is dcsigllcd to give a
flat lOp cllaraclcrislic as shown by the curve at
the right. This feature makes for case of lUlling
ami stability of tuning adjustlllcni.

(3) The illput irnpcdallcc is cOlIslanl at
] megohm. but a built-in 100,000-011111 pOlcnti
umclcr is provided as an alternate ilipul system.

(I) The instrument call easily be calibrall'd
al any lime, IIsing lhe buill.-iJi caJibratiHg
syslelll operating from Ille a-c liTle.

.15) There is no pickup from eXlernal mag-

, .
C"<U. 01" _ ....

.--_.
I
1'---+--C---+-1

I
1"
-I-

SPECIFICATIONS
Frltqultncy Ranglt::!O 10 16,000 q·clc~.

Sltlltclivity: AllprOxitIJHI.cI)· 4 c)d"'l ··nul. 101."1 h:",d "'idlh.
Tho reSpOrllle i.II uo",n 15 db lil 5 cyclC!l. 30 db ut 10 cydc~.

60 db lit 30 cydes fro'" tilt' pe"k. 1'1,.. selectivity i. C<)'L~hlllL

over IluJ r""(IUellCY rUlIg<l.
Voltagll= Ranglt: 300 microvolt>; to 300 voltll r,,11 lien Ie.
The lo ..... esl divlS;Oll 011 lhe "IcIer corresponds 10 10 JtV.

The ovcr·all rUIlI,'C. i8 di\'ided iulo four IIlnjor rnnl,'l!s:
:\00 JlV 10 300 IllV, 3 mv 10 :\v, 30 OIl' to :\0"',.3 ... to 300 v,
E.'cll of Ih"..• ran!:"" is ,lividml into ""vcn seule rau!:".; for
('xnrn])lo, Ihe.3 ... to 300 V runge has 11Ie following full-scal"
raU,l:t.,;; 0.:1 v, 1 v, 3 V, 10 v, 30 ... , 100 .... :100 ....

A <Iir"cl-rendillg dc<:ill"llICalc i. ul90 provided.
Voltage Accuracy: Wilhi" ±5% on IIU ranges. Spurious
vOlhlges rronl higher ordcr modulalion prod"elll ;ntroduwd
II)' th" delector lIre 8ul'prellSe<l by ullcn8l 70 db. 1I1l111 i~

sUPIlTt'SHCd by otl"osL'5 db,
Input Impedanclt' 0"" "'~gQl"" whell llllCd f<lr dire.:t
\'olln~ "'('USU"~IUCI1t>;. \\ hen u;sed wilh 11,,, i"I1UlI",teu
li",,,,,II'r il iSlIllprux'",,,II'I)· lOll,OOO oh",~.

Accuracy of F,equency Celibration, ±:!%.

Vacuum Tublti Rltquired,
3-I,ypc 6C6 1-1)"1'" (,e5
:!-IYlloC 6K6-G I-Iypc 6XS-G
3-lypc 6J7 l-IYI'" 6F5-G
t-l)'llC 6BlL 3-IYI>" T~I 11 ""0" 1""'lllS

Thl:llC are sUllpllt"ll witb lhf;l i"slrumcnt.

Powltr Supply, A-C linl', 10:; 10 I:::> ""lis, ,10 10 60 cycle:<.
" d,,,,,!:e ill the llOWt.'r Lrall~ruTmer (·..",nediun pcrmi(,j
the ulle of 210 to 250 "011$, .10 to GIJ cydflll. A ... olllOi<~
st:.bilizing circuil i. incl"ded,

ACClti10rilti Supplied, Spare fu>ICS, !.1m ftrmrC pil01 Ii!!!ht>;,
.pare nOOn lamp, o"e Tn'!': 2N_:\'I~ Shi.'hk'd I'lul'; "",I
Cable, and" llC...en·fool Ii",· OOllllt..:lor oord. 41
Mounting, Shil'1dcd oak cuhincl.

Dimen5iono: (Widlh) 19'~ x (hl'il!'lIt) :!S!i1 x (dellll,l
10:K i"eh<'lI, o...er·"II,

Nll=1 Weight, 86 '{ IlUuruk

0 -··.......'-,.._,-
Typ'

736-A I W.vO! Analyu"
I'ATENT NO'l'ICt;. s.,., i\oWll 1,3, B, 1~'1fe v.

.,

_......~_-...."'"_-.. ...., ..-..._ _'.......'.._., _--
ernIe lI"nl

--.....,.. ......,,_.
"",,_ ...-...<Wo __....... _

:.::.......,,,..-
{'rirr

1640.00

Thc TYrE 760-A Sound Analyze-I', an analyzer Ita\'iug a constant pcrcclIlagc baud
\\Idlh, and designed primarily fol' sound and noise analysis, is dCS{'ribcd On page 10.
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WAVEFORM GENERAL

TYPE 731-8 MODULATION MONITOR
USES: The modulation monitor is used to
measure and to indicale continuousl) the per
centage modulu! ion of broadcast and other
radio-telephone trausmilters. Jt meets the re
quirements for 1Iiodullltion monitors specified in
Hule 139, amended, of the Federal Communi
cations Commission. It has I)(>(:n approved h;,'
the CornmiSlSioll und assigned Approval No.
]551.

The foUowing specific measurements can be
made with the 'I'-\'I'g i31-B Modulation .i\loI1i
lor:

1. i\lcasurement of percentage modulation
all either posiLivc or negalive peaks.

2. !lrogram level monitoring.
3. Measurement of carrier shift whell modu

lation is applied.
Ik Indication of modulation peaks exceeding

a predetermined degree of modulatiOIl (i.e.,
over-modulation jmucator).

5. Transmitter audio-frequency rcspoosf'.

DESCRIPTION: TYPE 731-.8 .Modulation Moni
tor consists of three esseutial elemcnls: (1) a
lillC8r di<xlc rectifier which gives an instan
tancous output voltab"C proportional to the
carrier em'e1ope, (2) a peak voltmeter which
gives a continuous indication of the peak modu
lation, and (3) a trigger cireuit which flashes a
light whenever tile modulation momentarily
exceeds any value which has been previously
set by the operator.

In the output of the linear rectifier is a d-e
meter which indicates the carrier level at whieh
the instrument is operating aod also shows allY
carrier shift during modulation.
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The meIer which reads lluxlulatiOll per
centage has a high-speed lIlo\ement. It is used
in conjunction with clcct.rical delay circuits 10
give a rapid upswing and a slower return.

The flashing lamp is extremely useflll as a
monitoring device. It is set to lIash with Illoder
atc frequency when Ihe transmiucr is operating
normally, If the flashing rale changes nlllrkcdJy,
the operator is made aware lhat something is
"rOllg with the adjustment of the transmitter.

FEATURES: Speed and simplicily of operation,
essent.ial for monitoring iJlstrumCllls, arc 8vaila·
hie in this instrument. It operates o\'er a wide
carrier-frequency ra[]~, alld a tUlled input
circnjt is provided to facilitate coupling to the
transmitter.

Tile biasing circuit which controls the oper
auon of the over-modulation indicator is so
designed that the accuracy of tJIC IUIll p is eu·
tircly independent of shifls in carrier amplitude.

The type of movement used in the direct
reading meter is extremely easy to follow with
the eye and is the most. satisfactory thus far
devised.

Terminals are provided 50 that remote' per·
eenlage modulation indicators or ovcr-m<xlu
lalion indicator lamps can be conoected to the
instrument ext.ernalJy. Provision is also made
for connecting a peak counter or a recorder.

Tuned transformer eonpliog is employed at
the input of tlae monitor. The degree of coupling
can be varied by a knob on the panel. Low
impedance link coupling may be used to couple
to the transmitter tank circuit. The monitor
will operate at frequencies between 0.5 Me and
60 Me.



RADIO CO. WAVEFORM

SPECIFICATIONS
R,n,.: l\lo<lululion p"fCCllltog<:. 0 \0 110% jndit1.ted by
meler on IlOllitive ~"kll, 0 to IQO% On 1I~l!,,'inl III"J",,:
IIllShi,,1I' i"cond!lSCf'ol 18"'1'1 "djo~IIl"'nl, 0 10 100% 011
neguliv" peaks.

C.nie, frcqultncy Ran,.: The monitor ill llClligned to
opcfal.e nL lilly currier fre(lueucy hetween 1).5 ond 60 ilk.
Thi~ 'nuge is covcrt"<! by lwo 1lC13 of ooils. A single Bel
of ooils (,>;U,er fOf the 0.5 I" 8-Me or 3 10 6O_l\lc .llllge) ill
~ull"I;e<l ",';Ih lhe ;not.um""t ulllP.ll8lJot.h wtll aresJ!NlifiClllly
ordcrt:d. The .selJl ure rcndily interchaugeable. (See priL'C
li8t.)

Accuracy: The over_,.l1 lIL'Cur""y of m(,n8u,..~ne,,1 ,,[
400 cyd,'ft ;8 ±2% of full scull' III 0% lI"d 100% lind
::1::.1% of full >lCole lit u,,~· ulller mvdul"liOll Jll'rcen\,,~.

Audio-f,eqllency Re1pon5ll" The f~quf'ney T\l$IHlIl8e of
the ,ud,'r indirMioll i8 t"OII8wn1 wilJ,iu ±O..; db IINw('o'l1
10 lInd 15.001J erell'll.

Power Supply: 10~ to 125 voll/!, ,10 10 60 cyelCll. Pow"r
i"pUI i~ uJlProIilllUlcly 15 wulla.

Meters: Heclificd-currier lUeler lInd high-alleed lM.·r eeut
,uooul",ion meler lire provided. The h,t1er 11M " decibel
lICl,le (II well. which il usdul when ndjusling LrIl'llIrnillcr
input. 11 enll ulso be lllM.'tl fllr wking over-nil lidelity
cllUrocleristit'li.

A meler for ullI! ". " remote ,ndiolltor elln be ~uPI,li<,.~1.
(~ price lisl.)

COllttols: Controls lire included for luning Ihe MONITOII
inpU1 circuit lu J"C9(>Uat"X' with the currier "wi for "tljusl;ng
the carricr "lIlplitudc. A IIwitch i~ provided fur lIle..suring
the IlOIiili,'c Of' the lIegnlivc peaks, as dCllired. A NOMJNAI.

\IODUL,\TIOi\ PE,\"S diul, calibraled. und collLi",,
ously vuriuhlc from 0 II' 100,*, ill pro,·ided. An ON·OFF
.witch with Ililol 1""111 controls the IlOwcr i"l,uL

V.e;uum Tubet: Thl' following tubes lIre u!ICIl: two I.V,
UllO 6C6, on.. 7;;. one 885, "ud one tH. All Me Illll'l'lied with
t.lu' inBtm",~nL

lamp: The OVEIl·i\IODUI.,\,TIO,\, lam II will n,,~h at the
inslnnl when tlo~ lIlOttul"ti"n ..._~~'t:i"ds the vulue 10 which
lhe NO:\lIi\ \L \10DtILATlON PEAKS diut is IIet, "nd
... i11 relUuin lillhleU 110 101111 3.'1 thiB oondilioll IlI)rlii8111. An
inClln<lI:>lN·"tIHrnl' 1$ used. Givinll U brilliall1lif:ht.

Shieldin'j: 'M,c rnooululion ruonitor i8 w,..U IIhieldt'rl 110
ll",1 it ,n"y be ojlerated in r"dio·rre<luenC)· rleltls cu
~'Ou"tered in the Ol>cmtiull roo",.

Terminall: A "u;r of bindiug JXlt'lil at the reor i~ provided
for the mtlio-freqllc"ey inl,uL Tcrmin"b art! provided
U1\ the ru"II'llOinl t'Olllwclor "t rhe renr fOT ."'nnL"C'ting 'ii'
"ddi!ionlll relllOUI "o,·er-nIOt.h,I:1liou"' i"diCIIIOr lllmp and
" rcmote hil:h.8peed modulation "'Ncr. Pro,'is;on i8 also
Illude for oonue<·tiull' u pcuk C<)unler or ........... rder.

Accelloria Supplied: Spore piloL lnrnpll oud fU8'~' ",uILi
point ronnector, u :It'v,",,-f,,(,t HUll oounl't'for cord, onc
'fYl'1l: :'!H-:'II Plug, 3nd onclll't 1>1' iUI)utluni"g t'9ils.

Mounling: Thc i"..,trurncn1 is relo)·......ck mouul("d. Thu
puuel is uhlluinuln with the Blandai'd Gen"rul Hadio
blaet erncklelac(IUCr Ilni811.

Dimenslont: P"uel, (1""1111,) J9 x (heilll,1) 81~ int:hl'll:
dellth ht!hind pu"d, I:! ;"rl,es.

Net Weight: 3ZH pound~.

C<>rir Word

731.8
731-8
731-PS
731.P6
731-P1

I'ATENT NOTICE.

EquIpped for 0.5 to 8.Me: Carrier Range ..
Equipped lor 3 to 6O-Me: Carriel Range
Set of Coib For 0.5 to 8-Me; urrier Renge.
Set of Coiliiol 3 10 6O.Me; Carrier Range ...
Edention Pere:enta'je Modulation Meier.

So.: Nut... t3. 21, 22, PlIl1C~.

...x'f$1'

...NTIIY

e;AIlO~

CALYl<
1'..x.1!!'l·UI;TU,

$195.00
195.00

10.00
10.00
20.00

FUllctionplecbelllatic tJiultrwll of Typo;; 731-11 Modulaliou \lonilor.

PEACENTAGf
MOlIULAr'OJo!

V.l. VOL'fMtT~R

ClS-DlSCHlACE.
~,

I

t>EA~S

pos. "Eli.
o 0

CAAA'Ol

lIJ f fOIl MAXlMUM

NOIoIIHAl
I,fQ[lIJlATIOH Pt:A~S
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WAVEFORM GENERAL

The oulpul of the linear reelifier is ul.:.o
available from pallcl jacks so that a wa~'e ana
lyzer may be used La c~'aJuate the frequcllcr
components of 1he (·arricr ellvelope over tilt'
complete audio-frequency range. A TYPE i36-A
Wave AnulYllcr is recommcnded.

Low-impedance link coupling circuits lIlay be
used to couple the distortion and lloise me leI'
to the transmitter tank circuit 01' antenna lead.
The voltage fOl' lhl.' lillear l'l'ctiI1cl' is taken ofr
a broadly selectivc lUlled circuit, luned to the
transmitter frcqucllcy.

The lest is lIlade at·IOO cycles, but with lll('
Typ!;; 732-PI Hangc- Extension Filters (de
scribed on thc next page) mcasuremcnt Illay Ix·
lliadc at six FCC tt'sl frt.'<lucllcics. The TYPE
608·1\ Oscillator is recommended.
FEATURES: Only a few seconds arc required to
make a single diSlortion and noise measurement.
witb this illslrullIcnl. Whcn used wilh the TYPE
732-PI Bange-Exlension Filters and the Typ~~

608-1\ Oscillator a complete dislorliOIl rUll lIla~

be madc in a minute or two.

TYPE 732-8 DISTORTION AND NOISE METER
USES: The TVPE 7:32-B Dislol'lioll and Noisf'
Meier is inlended for lise in radio broadcaslillg
slatioll:; to llIcastlrc l.wdio-frcqucrlcy distortiun,
Iloisc. and hUlll le\'el ill the IransmiUcr output
as \\ell as ill the audio-frL'<lucllCY porHo!1 of the
transmitting equipmenl. Il can bt, used fur
similar mcasurcmCllts 011 other t~'"})es of audio
fn,,'<lu('IlCY equipment, such as Jines. 8mplincrs,
elc. IL finds IIlUlly uses in the laboratory ami
productioll leslirl{:' of radio receivers where, as
a wide-range, highly sensitive voltmeter, it is
invaluable for such Lesls as signal-to-noise
ralio, A\ C characteristic, and hum level.
DESCRIPTION: This instrumellt collsists of a
lillcar fL'Cliricl', a filter, all amplifier, and a
\'acuulll~luOc voltmeter. The meIer reads dis4
torlion directly in pcr cent of fundamental
voltage and rcads carrier noise or hUll! level
direclly in decibels with respect to normal
modulating input to the trallsrnittcr.

Provision has becn made, by the indusiOll
of front-panel jacks, for USillg the cCluiprnent
wilh uudio-frl.'<!ucllcy inputs.

SPECIFICATIONS
Diltortion Rangll: Distortion is read dir~'eLly (rolll R IMge
meIer. Full-llCnle vnlues of 30%. 111%. :1%. alltl 1% lire
l'rovidl~l. "II" lim eel<lclcd by u "'ultipl;,·r ~witdl. '1'1..
range for carrier-liaise llle;t$urelllcnL is from 30 tn iO db
below 100% modullllion or 65 db below un lludio·(te<lllency
~;gnal of ~~ro I~,·d.

Audio.F'lIqullnc:y Rangll: 380 10 ·120 r,yclell for di~toction

rnC"SUn'lrneuta; 50 to :!·~.OOO <Jydcs for nOIae or hum mCllll
utementa. For cXh·"ding the dislortion mCMutel1lenltl
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range, sec TI'I'E i32.1'1 H:IIl"....... E"lcllsion FilLel'1l, I",ge
J23.
Carrillr Frllqullnc:y Ran!!lI: The TYPE 732-B Distortion and
Noi~ "'!cl.er is dCl!ignod 1.0 operate at au)' carrier (requcucy
belwe<,:n 0.5 and 60 megacyclCll. This ranb"C is covered by
two coilll. A single coil (either ((lr the 0.5 to 8_:\le range or
for Ihe 3 to 60-;\lc n,nge) illllupplicd with the inguumcnt
unll'f18 bolh ooila am lIpecifically ocdered. Thu ooila uN
readily in~rehnnged. (Sea price lisL)
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RADIO CO.

Af;f;Uf.C:Y: Thl' o,er-all accuracy of OW"511femc,,t of CD"I,
tli.t!lorl;OIl n"'ge ill beuer thll" ±5% of full lICllle ::1::0.1 %
distortion.

Meter: A WI':!IIOII Model 613 .Meter. Cl,liLn,l..u din.'<:llr
in ller "-,Ill. distortion "lid decibels no,!Ie le><d. is 1'",:Widcd.
i'..cro :"ljuSlmt.'lJI of the wc!.e, i~ ",ade by Ii kUllh 1l.ojt'<J1inll
from lollc meter fut't!.

Vacuum Tubes: One 37. 'WC> 6C6. one J- \. Ilnd u,,"" 81 arc
~upplicd.

Accfl,oria Supplied: SI><l.e ru;l(.... lIud pilot 1;""1'8, "
liC"cn·roul lillO' l,.'OIlIll'<:t.or cord. 1I '1'",": ~"-,, Plu!". h,"o
du",,,,)' .,lup \0 I..., ,,"Cd if I,he '1' .....: ::i::!~PI HUllge_
EIl<'n~i<l" Fillcnl oro lIul COIUlL'I"!t'd, on<' liN ur c"M.i",
iuput Mil~.

WAVEFORM

T'lImi".11: In 1l1ldiliOll to thc n,<lio-frCllul'IlC)' input binding
I""'~ ilL llol> n'ur. 1"'0 !I0rflUl!-throUf.:"1I Wetltcrn Electr;c
oUlput dotJblcjud.~"f\l provided 011 tllll 11I"1e!. II"C 8t high
illlJl....lt,,'~'" for Lhe! "1I)duI810.'11 envelope rrorn the rl-<:lilicr.
"lid one lit 500 ohlll~ fur u"",;n Iludi ....rre'[ucllcy lCllli"l!.

Power Supply, 105 10 l:!~ or :!lll to 25Q ,'ollll. lO to 6Q
cydCll.

Mounting: The i,181rumcnL ill rell,y_rack mouIIled. T ...·
I\(IIld is ululllinum with the g\andlll'd Genel'lll Bndio bt"d
crllckle InClI"er nllL~h.

Dimensions: Pnnd. 19 .~ 8', inch",,; depth I"'hind pllI1d.
12 illche~.

Net Wllight: III 1)OlInda.

Code Wo,,!

732_8
132-8
132-P5
732·P6

I'ATE"'''' NQTICK

Equipped For 0.5 to S-Me Car,il!f Ringe
Equipped FOf 3 to 6O-Mc C.rrie, RllIge
Coil1 for O.S to S-Me Cirri ..., R.n'3e
(oib for 3 10 6Q.Mc: Carrie. Range

~ ""tol I, 1'""" Y.
I

1>',",'1>1"

J::QlJAL

CULl""
CYNIC

5245.00
245.00

10.00
10.00

HI lers arc designed to pass Ihe harrllollit-s of 50,
100,1000,5000, and 75ilO cycles, respeclively.
By means of a rolary switcb the desired filter
is COlIllI..'Cll'd into lhe circuit of I,he diSlortion
meier.

TYPE 732-P1 RANGE-EXTENSION FILTERS
H~ lite acldiliOll of the TYl'E i32-PI Hange

Exiclisiou Filters, the TnE i32-B Distortion
and Noise ,Meier may be lIsed 10 measure dis
101'1 iOIt at six different audio frequencies.

This instrUltlcnt consists of live high-pass
filtel'S mouHted 011 n rcla)'-rurk panel. These

SPECIFICATIONS
Audio-Ftllquency Rangll: 50. 100. 1000. 5000. IIn,1 ,500
c)'cies ±57~. A. 400-cyclc filter i~ included ill the TIPt:
732-U Dilitortio" "",-I N"oill<l \leler.

Accu,ac:y: Al di~lortion. greaU>r Ih"n [1.5%, tile prror
ill l(!lllj thun 10% or the lrue valu" ±O.IS% disturtion.
Tllst Vollagll: Tn'Yo 601'1-\ O>M:il1ntor is re~X>""'Il:ud~'11.

(onliols: A .ingle control is provided for ll<llecling the
l,roP\lr lilt(,r,

1'yne

Ac:ceSlo,ilt1: Two shielded CIl1111\ll are \lIII'P!ied for COn_
IlcPli"lI to \I T. I'E 73:?-il Di",torLion "nd Noille ",>I'>r.

Mounting: The in~lrumenl ia rcln}--rntk mounted. The
I"/lond is aluminUIIl with the sw.,,<Inrtl Gcner,,1 Badi"
bluck enll:klo lacquer fini;jh.

DimefiSions: Pnnd. 19 x 51{ im:heil; depth. I~ ind,C>!.

Net Wei9ht: 25 l'ou",I~.

Cod~ nord Priu

732-P1
I'<\TENT J\OTICK

I Range_Extension Filters.
~Notoll,I"'ll'lv.

5150.00

FunctiOllullk;he",alic di"grlllU or Tn'lt ,3~-U OiSlorlion ""d Noi:!O Meter.

TUNE FOil
IolAXIMUIol

PiIltUIT~GE
OISTOllllON

"~SE LE~Et.
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WAVEFORM GENERAL

TYPE 769·A SQUARE·WAVE GENERATOR

USES: Square-wave signals call be used to
stud~ the response charncteristics of amplifiers
and other electrical networks. This method of
test is based upon the theoretical conclusions
derived from lhe application of the operational
calculus to the sludy of electrical Iletworks. Jt
118S been shown that the response of any net
work to a so-called "unit function" (which con
sists of a unit voltage applied suddenly and then
held conslont) completely specifics the response
to a sinusoidal signal of any frC<lucllcy, in phase
as well as in magnitude. If square Wa\'cs of
appropriate period arc applied, the results will
be approximately cqu,ivalclll to those for a unit
function.

Since the squarc·wave method of lcsling
lakes into accou.Ill phase shift as well as ampli
tude response, it affords an accurate measure of
lletwork responsc to the transient impulses of
speech, music, and television signals.

The method of usc is to apply square waves
of appropriate fundamental frequency to the
ilJput of the network Ullder llleasurement, and
to observe the output wa\'eforlll on a cathode
ray osciJlograph.

This generator is suitable for tcsting thc low·
frcrlucncy response of tclevision systems.

DESCRIPTION: The TYI'E 769-A Square-Wave
Generator is a device for convcrting a sinu
soidal timing signal into a square-wave signal.
Squaring is accomplished by amplifying a sinu
soidal signal und clipping both positi\'c and
negut h'e peaks. This partially squared signal is
re-amplified and clipped a second time. The
final signal is then fed through a phase inverter
and umplified in a balanced slage. All output
attenuator is provided, by mcans of which the
output voltage can be varied cont inuously from
about 10 microvolts to 150 volts, peak-ta-peak.
The output controls arc calibrated so that the
output voltage is known (approximately) at all
times. A 60-eycle coutrol system is built. in.

FEATURES: This inslrulllcnt provides a rupid
and accurate means of predicting the response
of audio-frequcncy networks under both stcady
state and transient conditions. The wavcform
produced closely approximates truc squurcuess;
at low frequencies the rise from zero to maxi
mum takes place in about 0.001 cycle.

ScIK'1Il1l1;C cireu;[ di"l>"TllfIl or T\'l'~; 769-.\ &luure-WII'"c GCllcrnLOr.
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RADIO CO. WAVEFORM
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· i=·· ~.-... f=.. f---..· - . !c-_..-
The dependen~of f!qUO!'ll-Wllvll rospon$(l upon the frequ~ncychllToctcristic of II network is ilJuatrntet.l
by the obovc O!lClilogrollla /lnd frequm,,::y Telll'011lJO curVet! for fouT ty(lt'll of audio tn,ulIfornlel'B. The

fl'e(lucnc~' of the ll(IUIlre-WII"e fundamental ill givcn for each Oflcillogrow.

SPECIFICATIONS
Frequency Ranse, &Iunro W"Vee with fundnmenlols from
10 eyclell l)Cr .e<.:ond 105000 CIlIl I)C produCl.'Il. The ouLput
circuit will pD.$ll frt'qucneies betwe.::n 0.1 cycle Dud 250.000
l:Yc1es.
Output Vol"'!!e: Plale-Io-Ilh.te. 150 vOllB on balanced
output; 75 "olts unbalanced. The minimum output
,·altUg<.l is 10 microvoltll.
Attltnu.tOf: A slide wi..., and II &-ALeI) mulLiplier II,.., U.lIIld.
The fmquency ch'lrllctcristic (_live Simile) is uut affected
by the ullenulltor .etling.
Output I",pcd.nu: soon, bolaured; 250n unbalanced.
for lo,,·-volwg<.l output. The iWIM'tlonc.e ill independent of
frequency down to d...,. No condel1lK'r is nlled in the output.
B+ iJt grounded.
Tempel.ture and Humidity Elfecb: Over the normal rtl08'11
oJ room oonditions (65· Fahrenheit to 95· Fahrenheit;
o to 95% nlIOli,'c humidity) t.hll operotio" of the instrw"ent
ia oompleLely indcpendcnt of tempel'tllure lind humidity
oonrutioll8.

SqUIr~nflS o. Waveform: At low frcqucnciea. Ihe I!ntil'tl
rise in voltage takee place in 0.001 cycll.!; at 5000 eycltll
ill lea than 0.008 cyclc.:

Ext~rnel Oscillator: An O6Cillat.or CllPI,ble of delivering
6 volta, OpeD circnit. is required to e"cite the aquare--wllve
genentt.or. A 60-cyclll ooutrol s~'stem ia built in.

Powllr Supply: 10510125 volt11 or 210 to 250 volta, 50 to
60 cycles. The Jlower iUlJut ia Ill,proximaldy 6Q wlltLi.

Tubes, 3 lype 6116; 3 lype·6SJ7;.2 type 6AC,; I lype 6XS.G,
I type VR-150-S0. All are aUlJlllied.

At;ccssorilll Supplied: A sevcll-fool line connector cord,
apare pilot.llIlllpllllnd f,,_, nud 2 Tn!': 274-M Plugs.

Mountin!!: 19-inch relay-rack panel.

Dimllosions: Paoel, 19 x 7 inches; depth behind paolll,
8).i: ;D(lIKll!.

Nil! Weight: 21 ~ pound•.

769·A
l'ATENT NonCE.

ISquere.Wne Gllnllretor..
Sec Note I, PI'~ v.

I
Code \YOI'd

A8PK:'I

Priee

$150.00
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WAVEFORM GENERAL

TYPE 651-AE OSCILLOGRAPH RECORDER

USES: This device is suitable for recordin/! the cathodc-ray spot is recorded os n COIl\irmous
trace of a cathod,,-rlly oscillograph 10 obtain line.
an accurate n:<:ord of transient ph(·norncna. The accoll1pullying photograph shows the
Typi('ul applicaliolls art' the study of the rc- internal construction of tIl(' recorder. The large
sponse of clCClril'lIl nCl\\Ol'ks La suddl'nly ap- cenlral drivillj.(' sprocket and the bottom luke·
plied volluj,{l'S. the rl"i.'onlin/! of switching up reel arc driven by separate moLars. The
transients, and the Slllrl~ of the illslanlancous torque characteristics of Ihe molors are such
variations of vollUgl's and eurrenls in electrical Ihallhc prOlX'r fillll tension is lIIuinluincd as the
machinrr~ under arbi!ral'~ load \·oriations. film passes from the loading' 11.,<:1 to the take-ull
From records of the Lissajous ligures produced reel. Focllsing is accomplished b~ \iewing the
by two transient voltages of Ihe same frequency image through the focw::illg f')epieee \\ hen the
tile instantaneous pilUSC displaccment betwccn two af.!'-'rturcs in t he driving sprockcl arc aligned
the two \'ollagcs may be deduced.· In this as shown. The image forms all a small pil..'CC of
manlier the \ariation ill 1XJ\\'er factor of elee· translucent film \I-hith cun Ix: in.<;crted in the
trical circuits under transient conditions may gatc.
be studied. The speed of the film drivc can be adjusted
DESCRIPTION: In lh(' TVI'E 651·.\ E OscililT over wide Limits b) \'arying the \'oltage applied
graph Becorder the film is driven continuously to the driving and take·up motors. The film
past the aperture. 80 IhaL the trace of the can be driven at speeds up to 35 feel per second.
"Soe Bulletin of"-""b of the UDderwnvn' "'~to:w>.. h,c.• N... 11.~, 1939.
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RADIO CO.

SPECIFICATIONS
Film: Any 3;;-111'" iii", or puper wilh ~la",lnrd lIl'-rrOTtllions
QlH be run. Duylighl loodiuJ;" lIud unloading will, negligible
WIlsIe. Carucity of ~ls. 100 fOl.'-I.
l~ns Systlrm: I..l"'" must be. llllrcl'lls..,d Jl('lmrllkly. A lells
of nperture f/1.5 "1Il1 f/':..o is u\'l,ilnbl(l in Ill' lIdju8wbiu
mounting tlHl1 prm,ils focusing for dislnll"~ h.\t........."
8 IInd::O 'nchell. The im:l(;(l for focusing Is ou..cned lIi,...,rlly
on Ihe/!ql1;VAI""t of I. J,:rollud lllnSll ill the plulll: of Ihe film.

ThCllC lenses lire sullie'cn!l)' "fM!" to permit th" ~

cording of lrnocs from" CIllhoo(l--rll)' OIICillOlJrIl111o on SUI~r_

IiCns;tivc Im,u;hrornnlic mm uta speed 0(3:' feel p('T lO.'O()lId.
when the ""lio uf lot,,] ICllJ;"lh "long the truce 1.0 length of
iii", is Ie&! thllll 5 to I.
Oscillogr.ph Soun: A IO"'-penlisU'llCC Act;n;c blue $Cl"l"'''

81101,11<1 be ullCd for bellt rcull;j.

Ruh: Spooillll)"·llIl1de loudin/( lind lake-up rt~l~ "tlo'
supplil-d.
Drive System: Both the film_drive $lln)Ckcl ami 1he lul<'·-"I'
~11Irt" driven by ulliYef'$.fll (1I..c or d~) motol'll. The lilrn
.peed ill Y\lried L)· apl/lyi"g \"OltIlKt'8 llel"'t~n (>0 nnd ::30
volt.! to thCl!e roo lor!'.
Film-Spud R.nge: When llu~ UlOWI'Il nrc ol>l'tuted III th,·
\"oltllgeB mentioned Ilbove. fihl1 ~I>e<!ds bet... ~cll :i Illid
3$ feet ller !leOOlld lire ob....ill"Lle. ,H the hilthelll ""00"'_
mended ollCnotillll "Oltllgl!, higher s~us ,,'ill !lOnietilUClI
be uhtuilled.
Spud COlluol: Wh(!" t 15·\"oIL Or ::30+\"olt, 50 to 6O--<:)clu
l'er\"ice is Ilvr.illlhl.l, n Tn.: ::OO-C1\111 or TnI': ::O()·CPH
Variac rnoy be ml<..d t.o VAty lhe vollag.· nl'l,li ...1 to lh,.,
muWI"ll. For d-t: !JI:rvice. resi~ti\"e methods of voltlllftl
oonlnll must be u!lt.'d.
StBrtill'3 Ch.rocttrislics: full ollerlltillg Bpe<;JU ill n!udl(!<l ill
OPJlI"O~imll~ly 10 fl!et of film trllvel. lit maximum 111)('('(1.

At lower .peed., less film i. ooru!lIlJl(!d in rl.'lIl.'hill/l' ollCmtillll
III_Is.
Dim.n~ion" (l..cllgth) ll]i X ( ... idth) 61~ X (height)
16* inch"" o,'Cr·ull.
Net Wei'3ht: 3:: pounds.

WAVEFORM

lUh'rivr \"i~w or thr ..,.~ill01:lr"llh r....."<>nl"t, l<how;ng
tilt.' fillll n.~'I~ ,,,ltl "pll.>CJ.CL.

CICUJ Priet;

t651-AE
651-P1

Osdllogr.ph Recolder
Lens .• , , ..

$410.00
t

·Wiltll",llellll.
11·';.... 011 ffl<!lIetl. i'ATENT NOTICE. Soo Note 15. ''''1:0 v.

·..................,.....

• I • • • • • • • • I • • • • • I • • • I • I • •

• • • • • • • • • I • • • • • I • • • I • • • • •

• • • • • • • I I • • • I • • • • • • • • • • • •

, ,..,....................

STROBOSCOPIC RECORDERS
For recording high--spe/..·d phenomena by

Illeans of Mroboscopie light, all adaptation of
the oscillograph rL'Corclcr can be supplied 011
order. This differs frolll the conventional mo
tion-picture camera in that no shutter is em
ployed. A CQlIUllutntor is provided on the
sprocket to trip a stroboscope (such a<; tire
TYPE 621 Pow('r Stroboscope described on
page 6) at singk..framc inlervals, so that the
pholobrraphic record i:il properly framed for
projection. Allhough the mm is continuously ill
motioll, t he stroboscopic flash is so short ill
duration Ihat no blur of the image is noticeable.
Speeds up to 1500 frames per second can be
obtained.

Oseillo,grtllllS token ...ith lhe T'"PE 651_AE
{l$<;illogrUI,h Ilt'COrder.
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WAVEFORM GENERAL

TYPE 830 WAYE FILTERS

USES:I;:\cctric wnvc fillers arc widely used for
t11f~ ..Iiminfllion of hSl.rmon;('s (l'Olll dislor!Ni
wa\'eforms, for the isolation of specific com
ponents of complex waveforms, and, in general,
to)rcmove voltages of undesired fre<lucncics
from measuring find cOIlUllnnicalions circuits.

DESCRIPTION: TYPE 830 Wave Filters arc
compact, Iwo-section filters having exception
ally good characterist.ics. They arc available in
low-pass. high-pass, und baud-puss models. The
sections rQ-opr'rall' In givp hoth II shArp clll-olT
and high discl'imjnntion against l'requencies
outside the pass band.

The band-pass modcl, 'fYl'E 830-H, is sharply
tuncd to pass 1000 c)'cles aod discrimiuate
against other fretlllcncies, the design being such
that a maximum of allenualion is provided (or
the second harmonic at 2000 cycles. The input
and output coils of tbis uuil are tapped so that
the filter call be used with hi{!h 01' low lenni
liS ling impedances, 01' to replace the combi
nation of a filter and transformer to work
between difrt:fCnl ilnpcdances.

FEATURES: It will be seen from the accompa·
nying curves that the allCllualion at the cut-ofT
frequency is less than 3 decibels for the high
pass and low-pass models, and that fOI' tile
band-pass model the atl.enuation at the desired
frequency is ollly 5 or 6 dccibels. The curves
also show that a discrimination of at least 40
decibels is maintailled for all frc<luencics greater
than 1.5 times the cul-ofr frequency for the
high-pass types.

An cxcellcnt band-pass filler covering oue
ortave lllO:y he oht~inl..'(1 hy IIsing the :'lOO<ycle
high-pass and thelOOO-cycle low-pass in tan
dem. The curve of attcnuation vs. frequency
for Ihis combination is shown below.

Thc combinations of input and output im-

CllltllH:lcnstiCII of IOOO-cyclc low-PlI'" lind
lOOO-cy<:lo high-lN'lll!! Iilter!l.

The 50lkyelc Ioigh-pn'lll nnd IOOO..eyde IOW-I)U$I\
models en" he used in Eundem to gi,<c u one-oeluve

oolld-PM8 ehllraewriJltie.

-ffiEQI£IIICY IN CYQ.ES PER SECOND
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WAVEFORM

TYPE s30-A BAND-PASS FILTER
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View of '1'1'1'1: ;>3Q·A Filler.
TrnIlSmi;j$iOll dlornclerislic of TVl>E 530

Unnd-PB8S Filter.

This filter is designed for usc with a IOO-c)'cJe
oscillator to provide u vcry pure signal for
distortion measurements, and for other appli.
catious where only an extremely small har
monic content can be tolerated. J t may be ust:d

with fllndalllclJlal frequencies frOIll 3i5 to '125
cycles, providillg an attenuation of at least 50
decibels to all harmonics. 111 addition COI]

siderable atlenuatioll to power-line frequellcies
is provided.

SPECIFICATIONS
Attenuation Chl/ldellsth:., (See accompnll)"ing curve.) A
pcuk of maximum "tl.enunlioll is 8<l1 for tl'jection of tue
800-e)"ele flCQOlld harmonic.
Voltoge limit: VoltulOetI up to approximotel)' 3 vol1.8 at
BlI)' frC'lUCruly "'''y be ,,!>plicd 10 the tiller i"pul lenninals
wilhout siguificanll)' Dllerill/!: the respoll!lOl run"c. Al higher
volt.ulle levclJlslighlllhifl ill Ihe localion of thp artpnuntiou
peab llIuy be (!JlpeN<-od.

Mounlin,: Fillenl U~ mount.OO ill stundard dnn.·u slo!(:l,
wax-filled Model D CIl8C8.

Dimcnsions: C!l~, (widlh) 5 l ,{ X (height) 5}i x (depth)
5)1 ineh~, "vcr-nil. (Sec also dirncullioncd drawing below.)

Net Weight: 8 POUll<1Jl.

Ty~

530·A
l'ATt;NT NOTICE.

600 ohml
s..... i'Olol l, I"'''' v.

Pan Band

3i5 to 425 e)'cl~ VOCAL

Priu

$30.00

~
TfO ~

.-11
° 0,,

C-1
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A.
B.
C.
D.
E.,-.
G.

DIMENSIONS Of fiLTER CASES

MODEL B MODEIJ C MODEL D
Zl~ illehl'll 3~ ineblS 5 1{ inches

3}i iuehctl ·1 inches 5J<i: inches
,tJ.i incbctl "}i incl,,~ S~ inches
2~ inch~ 3~ incloll!! 4 J<i: inchctl
::~ inches 3}.i inchell ·IU inclJ~

1M iuchell 2M inchell 4J,i iuchCli
~ iuch ~ inch ~ inch
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METERS GENERAL

TYPE 726-A

VACUUM-TUBE

VOLTMETER

(A-C OPERATED)

USES: A high-irnJXl{lancc widc-ranj:,'C voltmeter,
such as the TYPE 726-A Vacuum-Tube Volt
meler I which can be used at both audio Ilod
radio frequencies, is an extremely valuable in
strument to the communications engillccr. 1n
addition to its use as a voltmeter, it is un C;tccl
lent ammeter at radio frequencies when llsed
with capacitive shunts. Used in this way, it bas
found wide application in the measurement of
antenna current, for the dctcnnillation of nll
Lenna power input.

Although calibrated to give readings of the
r-lll-S values of approximately sinusoidal volt,·
ages, the vollmctcl' may be used, except Oil

tbe lowest vollage ranges, to determine the
peak value of complex vollu&'C waves.

DESCRIPTION: An improved type: of diode
condenser rectifier circuit, using an acorn tube,
is built into a slllall probe which is made of
low-Joss bakelite. A cable, which also supplies
heater voltuge to the tube in the probe. carrie'S
the rectified vollage to a d-e amplifier and indi
cating: meter in the cabinet of the instrument.

The d-e amplifier is of the degenerative type:
using but one tube. The rectified vollage is ap
plied directly to tbe amplifier control grid,
rather lban through a voltage-dividing net
work, and the cha.llge from one voltage range
to another is accomplished by varying the de
generation factor.
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FEAlURES: The arrangement described above
makes it possible to use constanlS in the diode
circujt whieh wilt maintain high input im
pedance over aU the ranges of the instrument.
Thus vCl'y little power is taken from the source
under measurement.

The degenerat.ion in the d-e amplifier sta
bilizes the gain and results in the calibration
being permanent and substantially independent
of tube characteristics. Except 011 tile lowest
rang-c, the scale is essentially linear. There is
sulficieot overlapping of the various ranges, in
consequence, so that all readings may be made
well up Oil the scale.

Schemalic circuit t1iagrnm of Tn!.: ";".:!6· \
Vacuum-Tube Yollmetcr.

,



RADIO CO.

A regulated power supply is employcd, ~o

that. linc variations do /lOt. result either in
Ouctuating readinb'S or zero shifts. One zero
adjustmcnt. servcs for all ranges. There is a
slight initial zcro drift. whcll the instrumcnt. is
first turned on, but. this becomes ncg-Jigible
aftcr a brief warmjng-up period. Severe over
loads for any scale scl.ling will not. damage L1Je
instrument..

Since the entire a-c measuring circuit. is
mOlwted in the small probe, the leads 1,0 thc
source of voltage can be kept short, and b"OCK.!
accuracy is obtained even at high radio fre
lluencies. Thc plug tcr-millsls of the probe can
be relllo\'cd wllCn ncccssSlry 10 shortcn tIle leads
still more. For measurements at low frequencies,
where the effect of the leads is not important,
the probe and cable can be placed inside the
instrumellt and connections made 10 terminals
on I he pauel.

METERS

."_",,... y.

Hotio of oppli~"(1 "ollul!oJ lo indicAted "ollll,l<" il8 0

fn"elio" of frt'tlue''''y fur VArious v(.ltlllll of i"dicuted
volLage.

SPECIFICATIONS

I'l0Li of the rl'llisli,c ulld reaclivr CO"'IJOlwnlA or
the inpuL i,nll<:Unn<.-e. 'lud of thc diJlailllltiOlt ruelor
of tIle ittlllll circuit, of 'I'\· ..~ j::!6-..\ \1'CUIUU-Tlloo

VoltUleter.

Rln':!e: 0,1 to 1;:;0 voIlA IIC. in li"e rtltlgel! (1.3• .:;. 15. ':;0,
150 voll1l, fuU.ca.lp.). The rn"KU <:no lJlI cxtclld",1 to lr,oo
valLi l,y meoM of lhe TVPH j~6-J>1 Mullipli"r tll!8<'rihcd
Otl 11m ncxt PllJ,'C,
ACCUfICY: ±:!% of fllllscllleon "II fivr rungel!, on 5i"n;lOidnl
voltllg(!>!.
W.vdOfm Effol: The instrument ill C$$l~"tilll1y {I 1>CaJ,;
'olllJlcl.cr cltlibruted to relltl r·t1I-i! V"llle!! of " ~itle wllve.
or 0.707 of lllll pe"k value ofn COtt'lllcl!" "'ltVC. On distorted
..."v,..for"lS lim I>cn-eutugo tle"lulion of thtl reullin,l< from lhe
r-II'~ v"lue II111)' hOI'" t"rgo as lit... per<.-entogo of harlllouillll
p~nt.,

F,equlincy Elfol: ,\t high frt~(lnenciCll reso,,"nl:e in the
itll'U~ circuiL "ttd Lrt.t1sil_Ii,,,c .,m~cLi in the diod ... reclili"r

!

".
' ..-.eo~..

i'=l'R;I"',
I
"

introduce CJ"roM! in thellleter rcadin8, The r<l!lillUUlce cffect
ClIllliell the II1ell.'r to read high lind is independent of th!:
I'lltllied vott"IW. Tl.te lrnUllit_litlic error, on lite Olher 1I",u.l.
is R f,,"ctiQn of lhe nlwlied vOllRKC RUtl lcnd~ to (:IIU"" th~

meter to reHd low. The llccornp.,nrin!, ... ,rve gi"es the
fre(IUcllcy correctioo far lICvertll difft'rent ,'oltl'8'I> le"els.
Il,..ill be Iloted thllt 01 10,," valLagcs lbe Irlln~it-tilnp. (loti
t"I'l!Ollnnctl dr~'t:Li lenu 1.0 CtI"o.;el, wltitll aL lJ'll higher
,-ohul.Il:!l the crror is almost ctJlirely due to resonHnce.

At lhe 10'" ,,"uio-rl"Cil'll.'ncy ",,"d. tilis .ohmctcr m.lY be
u:led III rre<lupncics liS low I'S:!O cycles wid.. 1111 error of lc.oe
tholll%.

Inpul Impedlnce~ The illl'''' "il"l;uil i" cquival".. t to a
ro:sisLa.II~'tl of 6 megohms iu INorollel with 6.6 ~f. At the
hil;hcr r~qu""nciCII the elr~'t:live I)Mallel resistance is
r"dUCL'l1 hy 108IIClI in lhe shunt clllJ<lcill1ucc. The ll<;<:OIO
I)~ln)'ing plot gives U1<l voriotion of H" and J(p " .. ith
frequency,

Templillture and Humidity Effecb~ O"",r the 1l0rilln! nlOKU
of rOOm conditions (65 0 Fahrenheit to \lao Fahrenheit;
o 10 95% rl.'lntive humidity) the /H:<:urllcy i~ s"bltantiully
ntll,lf~'(lle<1 by lClUperntll~nnu humidity condiliollll. 4
Power Supply: 100 to 130 volt" I"'. 60, 50, or 4~ cycle!!
aud 200 to ~60 volls, 50 cydell. (See Ilrio;e list.) The in<llru-
menl illcorporlltcs II "olloge reglllulOr 10 ~'Ot1Il>cnSDl.e for
~uI11,ly v"riatiou~ over this volt"g!: rn"l>c, The IlOwer input
is lC!l$lI'lIll 30 wulll1.

Tube': 0",' 1)'11<' 955. OIlIl tYDI' 6Q7-G, nud olle lype I_v
flre ~I; <ill liN' supplied.

AceenOfie' Supplied~ A !levell-foot line L,<>nuoctor cord,
51,nre pilollum\l!l <lud fUSC!l, lind Il '!'\·I·E 2j4~"1 Plug,

Mounlin'3~ Black ,'ra('kle_finish UIUllIillUlfI tlllnel mounll.'d
in II ~hielded wwn"tcllbincl.

Dimension" (Width19}1 x (Ilel,th) 1<1 x (height) 8 H ioches.
over-nIL

Net Weight: 17 li pounds.

r.",,~ Word Priu

726-A
726-A
726-A
726-A

60 cycle,
50 cycle,
50 cyclfl
42 cycle,

10010130"
100 10130"
200 10 260 It

100 10 130 It

$165.00
165.00
165.00
165.00
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METERS GENERAL

TYPE 726-P1 MULTIPLIER

This llJuJtiplier extends the range of the TYPE
726-/\ \ Bellum-Tube \oltmctcr to 1500 volts.

It consists of a capacitive voltage divider
which provides a ten-to-onc reduction between
the voltage applied to tht' multiplier and the
voltage appearing across Ihe voltmeter tcnlli
!lals. The multiplier fils snugl)" 10 the voltmeter

1
)1'000. adding about three inches to the effective
cllgth of the probe. The flanges which secure
the multiplier to the probe also acl as all electro
static shield for the probe.

SPECIFICAliONS
MlIltiplill!r R.tia: 10 to I, within ±1%.
Input ImplI!dlnce: From I Me to 100 Me, the input im_
pedance is "!Tccli"c1y thol of 0 ·1.5 I'Pf C(lndcmlCr of lCil3
thun 0.5% power foclor,
Frequency Error: Thl! frequency error is shown in the lliot.
No RI'IJreeiroble ~rroroc'·"r1l between l Me lllltl 100 Me. TIll,"
lllultil'li~r i~ 1I0t reeollllllel1tl~'<l ror frclllJl'uciCll bl,low 1 Me.
Nd Weight: l~ OllllOCll.

726-P1 I Multiplier A 1.00m S15.OO

I _Ll

~
I,

t H-it-~
,

.~~
t

~
t- IT) r-

10-'0>' I" -

0.0' • ,
" 00

rRtOUEJ<CJ IN "'<

TYPE 727-A VACUUM-TUBE VOLTMETER
(SATIERY OPERATED)

USES; Tbis is a general-purpose vacuum-I ube
voltmeter for usc at frequencies up to about
100 megacycles. Because it is batlery opcmtcd
and portable, it has JIlallY applications in the
fielel, where an a-c power line is Ilot always
available.

DESCRIPTION: A diode recl iller circuit is {..Ill
ployed as in the TVI'E 726-1\ \'Qltlllcler but
with a morc sensitive two-slagc eI-c ampliller,
permitting the measurement of a-c voHagcs
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dOWIl 1050 millivolts 0'·01' the cntire frequency
flInge. The high-voltage limit is also extended.
to 300 volts.

FEATURES: The high input impedancc, wide
voltagc range, and wide frequency range of
this inslrurnent combincd with its convcnicnce
and porlabilily make the TYPE 727·A Vacuum
Tube rottmclcr all extremely lIseful meter for
tIle communications laboratory, os well as for
field work.



RADIO CO.

SPECIFICATIONS
Rlngll: 0.0':; voillo 300 votlll ac, in seVl:rl rtllllI'Cti (O.S. 1.:1,
JO, 30.100,300 "oILs, full """Ie).
Accuracy: The meler reads pca\; vlIlue!! of the npplied
"ollage, and is calilJrlllet.l in "111-8 ",,[nell of " sine WlISC.
Wilh 8i"Il~;dol vOllllgCllllllpli"t1, the ....,cun....:y is liS follo ..'s:

::1:3% of fullllCole on the O.S-volt range
::1::2% of full senle Oil the I. 3, flnd IO_volt rUrll:es
::1:::5% of full Kule On Ihe 30, 100, "uti SOO_voll rIluge.f

Wneform Erro,: The instrumenl is cnlibrntcd to rea" Iho
(-"'-<I vuluo of a .wusoidll! voJl;lgQ. 0" the higher ,-ollllgo
ranllCli. however, it is csscotillJly " penk rClidiug <lllvi~~·,

culibmLcd to read 0.707 of tho peak "ulnn of the npplied
voltugc. und all distorlA:d wa"cforms the pcrc;'nt.llt/c devin·
lion of tho rt"ading [roTU the r-W-ll vulue may 00 WI lurgt: U8
the IlC,ocntn,,-c of hanuouics pre5ellt. On Il,e IQweat ril1l"~

lhe 'Illltnllnelll opprox'mnl.elJ a true square-13w dev;oc.

Frequency E.,or: l.ess lhnu I % between 20 eyclCll ,1",1
30 Me. At higher frequencies, the error is uoonl +5% III
65 Me alldabcnl +10% allOO Me.
Input Impedance: The i"put calmc;lll"cc ill ollproxi,Il11lely
16JiPf. The llnnollcl inpul rosistulH:e (Ill low rr~'<luellciCll) i$
lIoout 5 UH~gol"n$ 011 Ihc.lowc.r rllugCll'U1d phout3 lUegohms
On the 30, 100, IllUl 300·,·0It rnllges. The nc<:omt1ouying
eun'ClI give the \"lIriution of Ill> llud XP wilh ffC(lllCl1ey.

Temperature end Humidity Effects: Ovcr the norlllol ruuge
of 100m ~'(,,"tition~ (65" Fnhn:nhoit to 95 Q F"lltc"hcil;

'.

1'101 of "':lli~lh'" Illld rcncliv/" conlllOf1elllll of illllllt
iml ....I1Il,,~'tl "r '1""'1': 727,'\ V''''lIIl1,,_Tuhu \'oltlllctor.

Typr

METERS

o to 95% I1't"ti\'e humidity) the ,"ccurney of indicntion is
suhstm,ri"tly ,ndc(l('mlcnl of fe"'l'eru1.ure 11".1 hUIlIidify
l·O'Hli1.i"n~. Sonlewh.~l r(,<Iucce! nO""",ey 1Il1l)' he eXIM.'CI~oJ.

howew',. if the illstru"'''nl is subjected to extrcmcs of
rtflllM.'rlllure.

Zcro Adju$bnent: A zero llIljuslllll'nt is provided nu)he
l..~ncl. Th" 'Wiling is rhe !Will<) for nit rn1ll':"lI.
Vacuum Tubc$: Two Is::. lubell nll,1 one 9:>7 11100 arc u$Cd
anti (Ire s"pplied with till' 'nSlrulll('IlL.

Batterie$: Two HurJ:.~ \\'201'1. oue llur,,"t.'!18 W5lll', lIlld
IlIrC(' l3urgc>lll 210' hllttcrics nre r("luired. ftlld fire IIUIlI}lird
wilh the inslrulll('III. UnUery life i~ OpproXlllllltcly :!50
houni of illlenniU':'Ilt ollOration.
Mounting: ThQ inslrumen1. is SUJllllicd in n WOI""l ense
witll CO\"l~r ;Jlld is rnouIIle<l On an engraved blnck croekle
finish nllll"illll:t1 pund.
Dimensionl: 11 x t>H:.~ 5Yi illdlCll. over·,,11 (cover closed),

Net Weight: lOj1,)Oundll, ind",lillll hntleri,'ll,

Cndr lI'!)rd l'riu

7'l7.A Vecunm.T...be Voltmete., ",(nil S115,00

,
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METERS

TYPE 729·A MEGOHMMETER
(BATTERY OPERATED)

GENERAL

USES: 'fllis mcgubmmclcr is n lIew battery.
operated dcsigll particularly intended for appli-

cutiolls where !>Oftability is required. ILis well
udapl.cd for field IISC in the measurement (If the
leakage resistance of cables alld insulation. The
\\ide rUlIgc of resistance covered by this ill
.slrulllcnl makes it suitable for usc us a moisture
cOlllell! indicator for such materials as lumber,
puper. and leatber, where a definite relatiollship
exists bct\\ctll lIloisture contenL ond clt:cLriCal
conduclh'iLy.

DESCRIPTION: TIle circuit cmp]oy('d is llmt of
a cUIl\cnliollal ollilullctef. The necessary sell
sith ity for Illcasurillg high rcsislUllec is obtained
hy using a vucuum·tuOO voltmeter as L1lc indi
cating clement.

The highest resistance siandard (WOO meg
ohms) is scaJl'd in glass and eSjXlCilllly treated
to prevent SUlface Icakage. This constrllction
illsurcs I hat thc reodinJJs of the instrumellL arc
e8SC.lltially independent of hUll1idjt~·. This
feature is particularl)" valuable in field use,
where ad\'cnlC humidity eondiLiolls arc fre
quell!lyencountered.
FEATURES; A wide muge of rt.'Sisllllll'e is
co\crcd with exccUcnl accuracy. Tile meter is
calibrOICd at mid-scale for each rangc., and the
cir<:uil is stabilized to illsure accuracy uf cali
bration, iJldcpClldcllt or tube characteristics.
The features of portllbility aod s('lf-eonlain{'d
power Sllpply afe ill1portallt for IllOIlY oppli
calious.

SPEC/FICATIONS
R.ng,,: 2000 oh",~ to :;0.000 1Il"l:ol"n~ in Ii "I' overlalJI,inll'
rllngt'll.
Sc.I,,; The 5laud",tl dire(ll·reodi"", olutl",etcr trllibrnliou
i$ U$L'<.i; ('(·"t...r "Ctlle 'al 8 arc .J. J, 10, JO(l. und 1000
mcgohll". l.A:ngllt of J:l{'111 3 1... illch<-'II; cenlrbl d.-wde. 1~
indlCll.
Acculacy; \\ illlin J'; of lit,. imJi<'uh.'d value ov,'r the
JO.UOO.()llIII u, :lOO.l)(}l)....hlll rulll>C (ulli .. ithill :;l'~ ,wcr tIll!
300.000-01"" tu 3(l(lil'I1II:yt)I"" ra"ge whell "Ming llot Ol'ulrul
dl't....d" for weh multiplier. Ou!Side Ihe centn,l deeud,'. the
ltC(;UflIcy ill decrea>ll'(l IJccm'Be of lite ~'UI(lI'''''''lllcd !It:ull·.
T"rnpelature Ind Humidity Elfed" O"cr til.. normul runge
of room <X'I",H!iO'<-i (6:;" l'ah"',,heil 109;;" F"hrcllhcit: II 10
9;;% "'l"l;ve humidity) the "l"Cumey or indicution ill ."b..
!t."nliully iU(\ellCndent. of ICllIllCflIt"ro nud hmuillily cc,n·
ditlo'lti. So"'C"d'l'l. .<-..1,,<:<....1 Uce"'IlCy "JU~' 00 l·XII('CU"d.
howeve•. if tl,c i'UltnU"cnt ill ~ubjecled 10 ICUllli'n'tun:lI
IIe)und (I,e lillO"" range.

T.v~

Voltlg" on Unknown; The voltage 1I1'IJUt'll on the u"I""o\ll'1I
dOCll nut. exca..1 22}i '·011>1 olld Vllrie;o with the meter
indieo.tlo".

Tube: The tulie. " t)'llC 1E:;·GP, i~ ~uJlplied.

B.ltt,its; The lmltcriCfl l'Ciluired are IWO BurgtlM \\'3061'
or equivaJenl Rnd une B urgeu2F:!11 Ot'CqUinl",nt. A com·
partment i8 provided in the CU!M:l of th" in8Irum(',,1. for
holding all buUeril!a. A tlCl of hnUcritl:l i,. "Ulll,liet! with the
iU8\rumCllt. Hotter)' life i, approximately 2:;0 !l0,,1'll of
intcrmitlelllopemlioll.

Mounting: Tht i"lIlrumcul i8 "J\>llli~'<.i ill u ..-"1,,,,1. e,~
..·itb oo'·er Itnd i8 l1I(mntL'll On un enllrnved blnek ...radle_
linisb aluminum punel.

Oimen,iont; With C(lver clo!!etl: (Leuglh) II J: (widlb) 6'
)[ (height) ;;U illchCll, over.... l!.

N"t W"ight, 6].1 Il()llucl~. including hllltcriCll.
r.nd~ Wn,d p,,.~

729·A 1'lOU8 $85.00

:-
Vil· ..· or the bil(h IClIUit.ronce Il.1IndnrtJ IL'M....I

in Tn'E 7:!9_A J\legt)l"mnCle•.
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RADIO CO.

TYPE 487-A MEGOHMMETER
(A-C OPERATED)

METERS

USES: The TYPE '187-A Mcgohrnmclcr is a
direct-reading ohmmeter for Illcasurillg rda
tively high resistances, such as carbon resistors,
and the leakage resistance of cables and samples
of insulating material. J t call also be used La
locate dcrt.'Ctive insulation in electrical cquip~

men!.
The leakage resislilllCC of condensers CUll also

be measured, hut in lllcasuring large condellscrs
wilh low leakage, the time COllstllnt results in
(,·quilihriulI1 being reached 810\\ ly. For exalll pie,
a condenser of 1 ~f capacitance, having a
leakage resistance of 1000 !O('gohrlls, could be
showli in a few seconds to have a resistance
greater Ulan SO() megohms, but perhaps a
minute would 00 required La obtain the rc·
sit-tance within 10%. If a highl'/' tosl vo!tuJ!e 01'
a lowol' lime COllslant is required, llle TYPE
544-B ,Megohm Bridge is recommended. (Sec
page 84.)

DESCRIPTION: This instrument. is very similar
to the ordinary ohmmeter, except. that, in order
to obtain high ranges, u vacuum-tube voltmeter
is used instead of the conventional indicator.
A zero adjusl me-nL is provided for selling all
four ranges in a single operation.

FEATURES: The Typfo: <lSi-A !\legohmillcter
indicates rcsislullce directly on the large meter
scale. Its operation is just as simple as that of
an ordinary ohmmeter, and a wide I'ange of
resistances can be measured on Ihe four ovcr
la]lping rangL'S. The inslrumcnt is completely
a-c operated and takes only ten wut Ls of power.

SPWFICATIONS

R.nge: ZO.OOO ohms to 50,000 n.e8olullS in four overloJll'int:
ranges.

Se,l.: The 5WlHJUrd direct-reudillg ohmruuter culibmliOll
i~ used; ccnter _Ie vnluCllare J. 10, 100. aud 1000 megohms.
Length of llCOle, 31~S! inehell; center decnde, 1M iucl,C8.

Accuracy, Within ±5% of tJ,e iudicated vu,\ue beLWl'ell

300,000 ohms and 300 megoluI1ll, and "ilhin ±8% from
300 megohlll3 1.0 3000 mcgohms, usinS" thc ccnlTul decade
of the !Kale. Olll8iliu the ceulTal decade the (''Tror iUCl"ClUICS
be<:t1u;!C of lhe colllfJreMC<1 I\CIlle.

Temperature and Humidity Effects: Over the norlllal r!luge
of room oomlitious (65' FaiJnmheit w 95' Fahrenheit; 0 to
95% relative humidity) the accumcy of the iustnunenlia
ubswnlillll)" iudepenoJ~lltof temperature amI hnmioJil)·.

Voh''je on Unknown: Thu/ll'l'lieoJ volt:.,1W on the unknown
doc'!l nut ex<x,cd 150 voll:! lIud VariCil ",ith lhe iuoJieation.

Tubes: TtlllllCCCll'll.,r)· tubeol. One 1)"1'" I V. "",I olle lype 85.
aUl supplied.
Power Supplv, 10;; 1.0 IZ5 volts. ·10 to 60 cyeles lie. The
power required is 10 ..."t!JJ.

Accessories Supplied: ,\ seven.foot oonneetilll; oord, allllrc
fUllC8, uud u T\"I'K271-~1 Plug.

Mounlin9' The i"alrlllllelll ia lIupplied in II w<llnuL ealle /lud
is "'oullled on '1Il ellsn,ved hl"ck cnICkle·flnish Aluminum
p""el.
Dimensions: (Widlh) 10 x (ht>;ght) 8 x (dcpth) ;; M inchOll.
oveNlJI.
Nill Wei'jht, 9K pounds.

4S7·A I Me'johmmeler. .1 ONION

Priu

$95.00

TYPE 544-B MEGOHM BRIDGE
TYPE 544-B .l\legohm Bridge, for measuring resistance in the megohm range b;y the

bridge method, wilh constant voltage applied to the unknown, is described on page 81.
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METERS

TYPE 483-F OUTPUT METER
USES: The TYPE '183-F OULput \Jeter finds its
greatcslllSl"S in the routine laboratory lIlcasure
ments of '·olLages at audio fn.><lucucics and fOf
comparison measurements of various types,
where tIle meter i~ used to match two '·011 ages.

When used ill conjullction \I illl a TYI'E Bl k\
Amplifier. this meter is an excellent bridgf' null
detoclor for corumercial and audio frc<IUCllcics.

DESCRIPTION: A coppcr-oxide-rectificr volt
meter is used as the indicating meter..\ n L-t)l>e
multiplying network is used Locxtcud tile range
and 10 furnish a constant input impedance.

SPECIFICATIONS
Volttg. Ranglt: Iklo... o.~ volllO 200 "olhl ill ....,.,." rnnl!ClI
(2, ,j, lO. 20, 10,100.200 volt", rulllll:ulej.

Aecurlcy: Tilt· fund,,,,, ...,,I,,1 nccurli<:Y i~ ±:>% ur fulillCul,'.
which i~ t~l"i""l"nl to 0.1 ,olt ,,,ul1iIJlicd h) II", ",,,llipli,,r
lI('ui"II, Thill u"curacy "Pllli<'ll only wh"n Ill(' in~lrnlllclIl i~

o~mto..J on ~,n"'IOid,,1 voltu!r''S lind Oil the Ih,L port;oM of
thl: du,rllrleri~t'o,;eUrv"" 8OO...n 10"10",.

W,vefOfm Etror, The oopper-oxid,' reo:lilier IYJ>I' meV'r is
eolil.>rnl.ed in '-101-6 vulues ror ...i"t1!iOid,,1 '11111i~..1 "ultRIfC.
\, htn llOn-l!inu.ooidnl vollagt"J ""' "I'l,lied "n ..rror ill indi
cation 10000)' <!<'Cur, 8i"ce the """let ill "nt It Lro,' r_Ill'" iIMli_
C1llilll! d"",.... , The error ... i11 d<',"'nd ...., '10.. n,a«nitude ....d
phu!lc of II... hanoloOfl>a presl'ut. ....t ..illt ....·doma
normally ..,lotUl",lf'fv<1 'II COllll"U"..... lioll• ...(W]'; .. ill lIot be
lIt'rio<....

Input Imped.n... , The i ....pedance on tl"" 100 noultill.j~ is
:!O,OOO o/"UII *:!~_ For 10........ mult,,,liH OIf'lliujr'I I""..."cr.
thl' i"'llNlallce va""" ~lilbtl}' ..ill••·ol ...~. TIlt! ,.,mten
ehnn~ ill ;m,-t,,~ OtX:Ul'1I 0<, lhe I "lUlL,I'Ii.... wilt'"' Ibe
,mpedo,1Cf' ,ncn_" l.>y ""IK'U",imntcl) l .. r} ..~ lh.. 'oIlal:f!
is t1ro,111f'd rrom rull_I.. , :! 'Oll~. to ('uatl.... lICUle, 0... ,·oll.

SuI. l.ngth, :! '1 ;uehCl!-.

Tt,min.II' Jlc"'_lnp hilldi ..g ,_13 nt(' pro",led, St"n<lurd
!~.;neh ~l>l,cill(l:;~ ..,...1.

I'lot .llO" '"11 lilt! ciT""t oC lelll,>I'not"..- On the
",ctcr indic"I'ull. ",ou' tll"t in thO! 'IOr,n(l1
room "'ruroerulurc mlllo'l) II", t,·mIM·rut"fI: lV
,·md'·1l1 i~ pn,t'l;"'"lly ",'ro. 0"1" Illollo~1 hrrll
nrc the n',>n'gu rrom 0 "u",her or in~lru"'cnl$,

GENERAL

Mounting, \lou"trd On an aluminum ,,,,,It'l ..hiel, d
noounlt."lJ in ......Inul ,..hin"l.

Accessorilll Sl:ppli.d, One T, rt; ~71-" Plu".

Dim.nlionl' (Ik"llllo) ". ,,(..·;<1110) 11 4 :c 1IIt'i,l:hl) "1~
iochell. over_niL

Nilt W.i,h~ 31~ l"""llk

Average C"'-'llu""C) dUlrnch'ri~lil' or Ih"
111('It'r.

, ..
I,
I'•••

•
T. .. . . .--........__..- •

-
-

- - ._ .........-
Ty",

oi8].F I Output Mill., ...
PATE..'OT l\QTICE. s.... Noto!l5. _ T.
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RADIO CO. METERS

TYPE 583-A

OUTPUT-POWER

METER

DESCRIPTION: This inslrlllnenL lllay be COIl~
sidered to be all adjustable load impedance
flC/'OSS whieh is connected a \'oltmctcr that is
calibrated directly in walls lost in the load.
Actually Ihe input is connected 1hrough amulti
tap transformer and a resistance network to an
output meIer.

FEATURES: The TYPE: 583-A OutpUl.-Power
Meter covers a wide range of both power and
impedance values. TIJC power range is 50,000;}.
and the impedancc range is 8000:!. All readings
can be made directly and quickly. The indi
cating clement is a rectifier-type voltmeter and
will slalld considerable overload for short
periods.

SPECIFICATIONS

USES: Tile output.powcr meter rcads dirceHy
the amount of audio-fn..quency power that a
source is capable of delivering into allY desired
load. Thus the elrect of load impedance on
power delivered can be easily measured. and
lhe characteristic impedance of tetepllOue lines,
phonograpll pickups, oscillators, and similar
equipment call be found by observing the illl·
pt'(lance which givcs the maximum reading on
the instrument.

III tcstiug radio receivers tile Tn'!'.: 583·A
OutpulrPowcr ~leter is "\'el')' useful as all output
iudicator for standard seleclivity, sensitivity,
band-width, anti IidelilY tcsls, and an auxiliary
decibel scale is furnislled on the meter for this
purpose.

I'rirt'

-~ "";''''"---f--'--f---;Y'---,~---":::"'''''~'.

~·;,.(I,..T.....z--

ror " si""......idnl "pl'li..,<1 ,"olluge. \\'IoNI "O"->Iinll!lOi,lol
,"oltugl:ll ore I>I,plied un ('-rror in indicution "my <><;t:ur. ~iut:<l

the ",eter it "Ol 0 true r_m... indic"ril1ll' device. The crror
will de-.wlld On thc ",agniLude Il,ui phalli! or thtl lrarllloniCll
l'r.-selli. bul with ...·",,"for"'9 nor",,,tI)· ""..'Ountcred in
00""""oi..."ti01ls work will nut Ill' !lCnous.
Mounting: The illstrurne,,1 ;s moullt",1 on '''' ol"",;"u'"
pOlll'l ill " w,duut e,lhi,,"'.
Acussories Suppliltd: 0,,,, ']', ,'., ~7t· \1 I'lt,,;.

Dimltnsions: (L.·"!i'lltl 10 I {w;,llhl 7 .1 {heij:htl 6 indl~";,
I,,·cr-IIH.
Net Weight: III L p<.,ll",ls.

Pow~r R.n'j~: 0.1 to 5000 milliwlILUl in four ranges (5. 50,
500.5000 ",illiwolt8. full scnte). The ooppcr-oxide meler ia
c~l;hrllte<J from I to 50 milliwllllll wilh nu nu:<ili"TY 1lCl.le
""'Hling from 0 10 I j decibo,ls ahove II ref"re",:e le,·d of
I ,,,ilJiwlltt.

Impedance Ran'je: 2.5 10 20,000 ohms. Forty rlizlCl"Clu
il1lp..'tillnce!l. distributed II11Proxiu.ately 10!!"ritJr,uiclIlly.
arc ohlllinod by ",c"M of Il ten-McI' 0'1.\15 dinl on,t Il
rour.... tep MULTI PLI Ell.
Aecuracv: The nccurury or holh puwer "lid ilUllI.,<lunCl:
mcasurel1l"nUl "ones wilh (requellq'. The IIlllximulll "rror
in full-llCllltl I",wer rClIding dUC>l nol rx~...1 0.5 <lccill"1
bl-lwecn 150 nul! ':::;00 c)'des, llur dOO!! it eXc&,<1 1.5 dedhels
"I.. 20 onrl 10.000 cydCII. Thl' lIven'g<l error is 0.:\ deeih...! lit
30 lind 5000 \)~clCll. ami 0.6 decibel III 20 IIml I0.000 ...}d~,

Tire m"ximum error iu impedance dOt.'lI >lOl eln·."I 7%
hel....·ccu l;iO lind :1lI00 cydCtl. nor dOl... ;t "xC<'~d 50('{, ol20
"lid 10.000 <:yclC$. TI,e. ""eruj;e errOr is ll% 01 :\ll "",[
5000 cydCll,lItd 20% ul ~O "",I 10.000 eydCtl.
WaveForm Error: The indicating il)~trUllll'nl ll'j,..d i~ "
WIlI>er-OJddc rectifier-l~J>c meWr. culihrufl,<1 in '-lll->l v"lues

T:vpc

583·A
•'ATENT NOTICE.

IOutput·Power Mlttel.
S<>e Note>~. 6, 1'1Lr;<! ,..

,nuSH S95.OO
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METERS GENERAL

TYPE 783-A OUTPUT-POWER METER

USES; Tile TYPE i83-A Output-Power :Mclcr is
8 direct-reading inslrument for measuring the
vo\\el' oUlput of aud.io-frequency circuits.

Some of its specific uses include the tesLing
of 8111pliJicrs, transformers, and other networks.
Jt is particularly useful for simulating loud
speakel' or other load impedances in testing the
output characteristics of high-power nudio
systems, since it willmcasurc power outputs as
high as 100 walls. It is sufHcicntly sensitive, on
tlIC olher haml. to be useful in measuring vcry
low-level circuits.

DESCRIPTION: FUllctionally the TYPE 783-A
Output-Power Meter is equivalent to an ad·
juslablc load impedance across whicb is can·

llcclcd a voHmctcr that is calibrated directly
in walls dissipated in the load.

TiJis illslrumel1t is very similar to the TYPE:
583-A Output-Power Meter described on the
previous page but bas 8 much higher power
l'aIlb'C (100 walls, maximum) as well as oottcr
frcqucnc;r and impedance characteristics.

FEAlURES: This instrument gives aecurale
power iudicatioos over n wide range of power,
impedance, and frequcncy. The auxiliary deci
bel scale is convenient for many t~'pes of
mcasurement.

SPECIFICATIONS
POWltr R.nse: 0.2 mmiwlILt l.(I 100 wnUt in live flillges
(10 "",I 100 ",illiwalt8. 1,10. Bud 100 wnLIJI, fullll:nle).
An Buxilillry uecibel lK:1l111 rends frolll -10 to +50 db
referrL'tl to II level of I lllilliwlIU.
Imped.nce RanSlt: 2.5 to 20,000 ohms. Forty di~mte
iIUped.."ce8, distributed IIpproximately 10gA.rilhmicnlly,
II"' obillilled by mellns of II teO-lltel1 OIIJ\IS dial aud II
four"!!tell MULTIPLIEIl.
Imped.nce Accuracy, The input impedance ilIwitbin ±2%
or Ihe iudiCllted value. except at the bigher Iludio fre
q'''.'IHlics, where the error for the higher impedance aeLting8
UlII:ll exeeed this vlllue. At 15,000eycles the iuputimpedllnoo
error is about 5% for impedaucell from 10,000 La 20,000
oh"llI.
Power Accuracy: The iuweated power i8 lI<x;urnle to
±0.2:; db at rllll-_Ie f'ellding. At the 10WCl!t impedanoo
",ulLil,li~r IlCtting (2.5 to 20 ohUlll) there !Day be lin
udditiolllU error of 0.2 db due l.(I Bwitch oouLllcl r08il1t.ancc
whell the l"'wer uwltiplier ia !lCt at 10 (10 La 100 wlilt
range).

The ovcr-all frequeucy eharaeterilltic of the power
indication i8 lIat within ±0.5 db frolll 20 cyc.lllll La 10.000
<-ycl.,.; wilhin ±0.75 db La 15.000 cyc.leil.
WanFOlm Error: The indicating irJlllrulUent used is II

COPllCr-oxidc rectifier lUeter, calihrated in r-Dl-a valllCll for
II si!lllllOidnl Ilppli~d volt.age. When non-sinusoidll! volt
a~ IIrc 1I1111!ied BU error ill imlicolioo may occur. siooo thc
meter is not II true t_ID"!! indicating device. The error 'Ifill
depend OU lhe magnitudo and phB8e of the harmonics
Pre.ilelll, hUl, wil.h waveforms normally cncountered in
melisurmllcntl;iTt;uiUl III oommunieatioUll frequeuciCll, will
not 008l:riOllS.
Temperature .nd Humidity Effects: HumidiLy conditions
have II Ilellligibh. elfect on the accuracy of the instrument.

The in~trumeut is C{\libra~d III 7;0 Fahrenheit nod, if
lhe ambient temperature dePllrl.l! widely from lhis vnlue,
lulditional errol'8 of im!iClltion lUn)" be eXllt.'Cted. At high
tcmllCrntures (95 0 f·ahrenheit) tbis additional error way
IIpprOlld, the nominal calibrotioll error, IKlrlicul"r1y nt
the higher frequencies.

The heat disolill'lled by the instrument il.l!<'lf hllll no
clTect ou tho "ccuracy.
Accessorifl Supplied, Quo Tnt: 274_M Plug.
MOunting, Tlte instrument iR Illuunted OU;I bakelite 1);Illel
in a walnut c.,binel.
Dimensions: 11 x III x 7 inches. over-all.
N.,t Weight, 17 IX'undlO.

Type

783.A
PATt;.NT NOTICE.
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RADIO CO.

TYPE S46-8 AUDIO·FREQUENCY MICROVOLTER

METERS

USES: The TYPE 516-B Auili~Fn ..quellcy
~Iicrovollcr is a useful source of small, known,
audio-frequency voltages. In measuring the
response of amplifiers. Iransformcrs. slId other
audio equipment, such a source of kno\', II input
voltage is eXlrellll'ly vaJuahlc. The microvoltcr
can also be used to llleasure olher small \oltaf-"CS
by substitution methods.

DESCRIPTION: This instrumcnl consists. es
sentially, of a constant iml)cdance atlenualor
and a voltmeter by means of "hith the input
to tbe aUenuaLar is staIKlardizt,.'<I. A switch
cootrols the output voltage in decade slellS
while an iudividuaUy caLibrnlt.'<I dial pro,·ides
continuous control over each decade.

FEATURES: Tills instrument has an exeellcnl
frequency charactcri.:;tic, extending from very
low frequencies up to 20,000 cycles. The low
(requeney limit. is detennincd by the charac
teristics o( the meter. Excellent accuracy is
obtainable for absolute \'ollalo<C levels, and for
voltage rati06, as are used in gain or loss

measuremenls. still bcuer aC'Curacy can be
obtained.

111 addjtioll tu th(' n>lla;:.'C calibrntion of the
meier and multiplier, a dl'('ibel scalp i,i pro\ idcd.
This facilitatl'S tbe work of ohtaininJ:: reiPOIlSl'
characteristics. since no calcuJatiolll'> an.' nC('C'o
sary 10 obtain till' rtlali\C ~1)(J1l.s;· in d('('iht'-'s.

SPECIFICATIONS
Output Votuge Renge: from 0.1 microvolt to 1.0 volt.
open circuit, whl!n the input volt.:age i, set 10 the llandard·
i.led ",r,.,r,.,..OII nlue.

A«"ul'q; For opell-cin:ui~oulllUI yollll,Jrellllhe culibrntioD
il ~urnta ..ithi" ±3o/" ±O.I rnienwoll for oulputlleU;UglI
above 1 microvoll lind fur .11 f"'-'tIuenci.,. bel......,n :!O and
:!O.OOO c)·clCI!. Thi~ llC(:umcy lll'plillll only where wndorm
Mud 1l''''llt'tIlIll''' "'1'l'()nI Me ncglillibln (lee belo..). Iklo...
1 lIIicrovolt the ('rrur ;nc",a_ owiug 10 crowding of the
llCale.

for ratio. or inen·",enlll of volt"8"I', .. til ~ven frequeuey.
thc ncellrllC)' of ""y relldilll!" i. wilhin :1::2% :1::0.1 Illi~ro·

vol I. at frequenciCll Ull 10 100.000 eyelet. ,\t lhc higher
frequendMi thil necurucy lI/lpliCll onl)' nt I(lvel, uhov(l lOll
microvollR.

Output lmpedlnc~, 'l'hcoutl)utill,petllln(jl i9 "pproxi","tcly
2000111119 and i. oonllll",t willi II<.\UiUK "·ilhi,, ±5%. Tlli~

imp('t1nncll ill Buflidl'lltly 10"· 110 Ihnl no oorroctioll on tile
output voltul:l" if n'«" .....r) fill' lO/td iU'llCtlu'lOClIof tho order
of :;0,000 ohms lind If,""nl~t.

Inputl"'lM'cWnu: Approxiuuolely l30 ohlllll. ll"""tltnlially
independent oC output !l('lting on all but lhe hi,l...,.t
wullil,lier IKllliliou.
W....~lonn Error: The Ilce"."cy of Ihe ouicrovoltl:'r II~ II

cnlibnted "UeunatOf' or voltalfe dividet is ind"llCnd~,,1 "f
wovdonn. The uhsolnte pccuraey or the O"tIIUI "olr""",
etIlibrlllion dependl on the chnn'clerilluClI of the inpul
volllnHer.....hich hM a 11IInll ..nvdorm l:rror tlu,1 d"IM.·,,,I~

in turn un bolh the phul\ll nud the DU'Knitutle of hllrlltonial
prC:ll<:nL ill the input. Thi. error ill lhe voltmeler CUll. in
Ileneml. bo neglecled when the Illicrovollcr i. u!le<1 ... ilh
ordinary lnboralory Ollcill..wn.
remper"ture Enor: The aa:urliCY of lho CIolibrulion is
indCllI.'IIdcnl of U)mpcmlure wh,,,,, Ihe microvol1cr ill used
III a" llllellllnior or vollaij:e divider. ThulIlllIQlutc acenn,,::y
is alT<-cled Illillhlly hy ICIllI'k:r'lluffl 1M,.~a,uIO ofchallij:O in II",
voltmuter clllln,c!cr;slia. Th/l Ul't:cllllllry C()trecl.iVII ror
lemllernlu",-'Il from 6:;' to 9:;' FalJrenhril il rurlli~hed ,,·illl
lho in.;tnllnenl. The dft'(:la of hUlllidi~y '''''3 nellligible.
Power Souln: The driving OIIflilllltor lllUst be CIlpalJln of
furnt.;liil.g IIbout ~.~ volt. llCl'Olllll 430 ohlll~. or about
II milliwlltUl.
AeeltSsoliaSlIpplied: T....o Typs.:!; I· \1 PIUPIlI1lIUppliod.
Termin.ll: Jllek-wl' ]'imlillg IKlllllr are mounted 00 ltandurd
' •• inch ~pIlC;lIg.

Mounting: Tho inllrumenl il mounted on an aluminum
panel in Mllhiehled .....lnut CllbineL
D;m~nsions, (~llf:th) 10 ~ (widlh) -:;( (heigM) 6H inehCfl.
oVl'r-all.
Net Weisht; 6 1:i poIllK!A.

'<6-B
.~ u. s. PooL 0..

Audio-F,equency Microvolter- CflOWN S80.00
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METERS

TYPE 492-A OXIDE RECTIFIER
USES, This com pad f(OCI j(icr unit can be used,
ill conncction with suitable sllUnts alld 1I1111ti
pliers, 10 measure alternating \'oILul?cs whell
only din.:cl-{.:urrCllt meters are fl\'uilal)le.

DESCRIPTION: The TYPE ·192·A Oxide Hcctificf
is B bridgc-t rl)C reclifier using four copper-oxide

units as the rectifying e!cuwnls. These clc
IllCIl!s arc mounted in a bakelite case, which is
fumishcd with plugs and a namclllatc.

FEATURES; The rectiner is om-'red a~ a com
pact, simp!!>, ami cOllvCllicnL uoit for cxpcrj~

mental work.

SPECIFICATIONS
WeveFolm Effects: A coI'l1"'r-oxi,le r''''ti6''r ill oonjuncliol1
will. d..., imlicntillg meu'. will lli,'c rendings th"l ;ore tip
I>l't)~i""'ldy I'rol'0rl'Ollol In tI,,· nvcrulW vnl"" of thu
uppliL..J '·oltuge. llent't> ,r the co,ubinut;on i.1 cnlib...... ted ro.
r-l1\~ Or l)Cuk ":ll"es IlOn\e error ,n"y 00 e~!H'ctc<1 "o!te"
tlon-Si"ullOidl,1 voltngell ure opplic<l.
TemperGtule CherGcle.islif;S: Over the norrnnl r"nRC or room
I"ml>cr:,tures the "",,,,iti,"ity of the rotLi"c. ""it IIllly chunll"
by ..~ much 115 5% becuu:lOl or knl!l"ratu." e!Tects.
Mounting: The rectifier units "re 1ll0unlL~1 in smull ""kelih'
CUIlCll whitJ!, nee providcd with n munuI,lllt" "ud Tvl'l': ~7.1

I'IUgll u5ing tile nn",I".d SlllH:ing "'hieh 6ts the Tn'l;:
:!14.IV Mounting BfIJle lIml TY1'.~ 5118_Ai\l Dir,'(:L-Cur"'nt
\Iel~r. Thu OOlie is rlol8UI'l'licdo (St.'t: llUge 190.)
Dimen,io"': (Leugth) 2J.1i x (width) l~ x (dellth) H
inchl)ll, ""elusivc uf pl,,!-'lI.
Net Wt:ight, 2 ounces.

Input Vol~!l": 'n;~ rc<:ti{lcr "'fly be uilCd ~"r"l)' wilh n-c
inpul voll,,~ UI' ttl 1 "\ll~, r",~. Tliis vnlue i~ ""srllvcd
(In Ih~ """"'1'1"l.l'.
Load Imped"ne,,: '1uxinllllll puwer ill U'lnllrerrt.,<l to the
lond, fur" I;;VPll inl'ut ,ollng'" when ,til ....'Hi~I .."L~· i~ be.
l"CO'II 500 ""d 10{){) olo"'s. Short circuit "'ill not injul't! the.
rectifier.
Meter: If" I-milli,,,,,pcr,' meter. of "boul 500 oluus 11l
si~t,,,,,,,,. ill uS(·<J, full-8C;,le d~f1e<:lion will 00 obt;,i"ed with
"b""t 2 volts, rms, ocl"Qllil tJ,c i"l,ut or the recti6er. If the
T\"p~; 5118-.\"1 Direct-Curl't!nl "'IcIer is ""'"~1. "bo"t I "olt
on the n-elili,'r i"pul will h" sullici""t to protl""., full--llCll.Ill
dcllectioll.

Input Impedan<;lI: TI,e u-tJ i"pul in'IM...h"IOl· v"riC'll with the
0"" 1000d imp.,d"nc". It "llIQ v"ril'$ llO'''ewhuL "ith th,' iUllUl
"011"1;'" 1",1 by 11m prO,H'r uilC or ~",,"l ,,,,,I ,...ries re
llishHICCll Oil lhe i"llUL il is p088,ble 10 r...lllL'" gre"lly th,s
uI'pn<enl chung" with v"lh'b.....
Frequency Characteristics, ~'or rr"'I""'lCi,'~ 1.,1<", 5000
q,'lcs th.' fn-'lucn,')' "rror is n,o!,li!,ibl". For hilll"'r rl1l
'Iu,o"e"'ll Ihe !lC1,~itivit)· of Ih" u"il d"crc":'<'11 ~Iij;hlil.

T".

492-A I Oxide Rectifit:r.

C(}(/~ lI'u....1

PW..... $7.00

TYPE SSS-AM DIRECT-CURRENT METER
USES: This meter and mounting have been de·
signed for usc "-ilh tLt: TYPE 492-A Oxide
Hcelifier,

DESCRIPTION: This meter is a IOW-l'esistallce
galvallometcr with a full-scale sensitivity of 500
microamperes or 5 miUivolts.

The meter is supported at an angle of 30°
from Ihe horizonlal by a molded black bakelite
CllS('. Jacks are prodded for plugging III all
oxide rcclifier, and separate billding posts arc
provided as inpllL tcrrnillals.

SPECIFICATIONS
Range: 0 10 :;00 tnicruutnIICrt.'lI. or 0 1.0:; milliYoll".
Resilience, 10 ohrn~ ±2%0
Celibretion: &·II~ili"it)· ill ;Hlj"M<:,d lit f,,11 1lC1Ilc In 500
,lI;cruolUPCre& ±Z%, uno the (1f'lIcet,on ill c10l1e1)" I,m
IlOrtiouul to curn:nt o""r thu entire lICalc.
Zero Adjustmt:tlt: An <ldjusling !!Crew is pru,"idcd.

Scele: The ZU·inch 8ClIlc ,~divided into 50 equal divisions
,""rhol 0 10 50.
Terminals: J:lek-toT> bindinl; l>OIIlle <lnd plug termin<lls, nil
with 8tnndurd h-inch spud"g. art) provided.
Mounting: The bokcHt" case witb terminals 10 fit T"pl;
'192-'\ Oyido Hecti6"r is pmv'dt'<1.
Dimensions: (Length) 5Ji l[ (w,dth) 31~<G :f (hl'igltl) 2Ji
i"dIL'!\. ovcr-all.
Net Weisht: I J4 pounds.

142

Type

S88.AM

/)I'Yr;pl;OIl

Direct·Curlent Mete. 0 •

Price

$26.00
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RADIO CO.

TYPE 69]·8 SYNCRONOMET£Jl
Thd ,.."'" I~duol<o • 1(l(lO.qrlo .,""_

....,.... r.". .1I'..';,"~ """,,,Io~ (I", ""111"" ul <."""<C\I"" b~ ,h 1.,,' pit.......l..ui< "';110_
in ....IIdo'" Ii 'olon".1. A I..... 1l~1I..,... t«l.
!I--looo. dial ..i<.lo. ""'~ ..... 11 "',,"1 n.. ~.. ""_~
vioibili.,.•\ 1I,1crod1.1 oonlatl.,... op.... ll ""'""
..-II 50.000 0>''''''' ul tho ......s.nI ....,;110 10
"m'~10<1 lor ""'"I iouol ..;'h 'I .... '"mot". Tl..
l..kno!i.1 """·1 ""~ J...,~,..-lllr""'''''''''

, """uoI. Co<u,..n_ ".. '~"''''--'''
,••,11 "IUo .,...,.,,1 "n ~ I.. .....I- "" ll>o
..~;.I '" '" """ po" '" ,.~ 1..", ......
:,.""",111 -.1. Tl.. 'CIlIII-eye...)· '"..'""'.. """0<
io ..."«111" 1IOk,.1o ."'..... """..,.'''' b'.,....b·
bllII"" "" ,be ...",,1.

TYPE 69'll·8 MULTlVlBRATQR
Th< 'lI-kll ..... I-l. IUIIIII.lhl'O..... ~'.Idp ,I",

........,,, r""l""'ICY :;0 ~o 11<>". 10 I ~. ror "'.....,*' .... (I..., .,.....,"' aOO '''rpl~ .,...IAO!·
r"'l''''''~ bom_b to< .-un '."' n.,
W-~o 100-..".1. "'"I,;.n.... " 1<1.. od";·
' 1 ',111' ',",!1I00ci<0 ro< """ III 11 11'....." ..
0( 10 no)"" f"'l"'''''" .",1 .lId"" 1 ,........-..
_1..."i.<I,. \l:i«o ..... _'~.l

TYPE 69lI·A DUPLEX MULTlVl~AfOR

'1'110 THO ~.\ Bur.... ~llIlt;.'I"" VI~""

r""l"""';"Oof~ Ilk••ad 10 r... ""' 01
ovoid,,,,, 0.. _ '" boo,. 1~";"'I0",
"" <bolO _ rroq <i<o ,.. at "",hi",," of
10 ko.

TEllMINAL BOARD
~ 16.~.."""._ ...1>10 io _ fll< .,1

....tio>-f""l , , 1'•. 0<1 ,be " .." till~ .
...~! _' ' pi '" ,....,.Id", ro< ,"" .
110.10••"'" ko. ,1)0 !I<II" ,/00 <11"",011.1.

TYPE 690-( P1E1;Q.ELEClllIC OSOtLATOR
TYPE 691.( TEMP£RATURE (ONTlIOL

TYPE 616-A QUARTZ B.... l
Tblo ....... P """"I,u~ n...".OO.n~r """"y

.,.;110\0. of "'" ,"'OW L),)ubl< I..tll_ """'n~
of tho " ....L. boo. 1IuW. ,h. ,."'1 "" I. bo,,«
<.han ~.OL" c...li~ ""I' _ I bl<oa,
""'ptn"'~ f""" -6" It> +:;0' c...lilll".ldo ~ dial
.. u.. toO, po l dj ".pn,.f ..... __.JIo"" .0......._of"' .". ~ _ r- millU I·
...1<01,. ,.....,.. ; _ ...... bo "",,,.by vo"I ...
'ho •••,L"" .... '" "" lUI i,..""In......

TYPE 69(.( CONTROL UNIT
Tbio "'" """,IIi,,, ,lI< .....,..." I m'l"""" .... 0"" oi_llij,h.. ,,," 0 of bOdl "'"

....o-d<-<tno...,;u. ........1';'" ''''''' ....-olrul
0»""".

TYPE 6'K>-C POWER SUf'f'Lt
rot ."..... '" ol_';~~""""",,' .._liun. U..

T... 6'J'6..C 1'0..... :;U111~Y i. I_I. In lhlo ....
au boo,,..,... of •• , kilO! .~ lu1....1 If II, ",·
boo""" .""",'lou ;" d I uid U1L n'p,; ...
d... 'tl "".ply II... r.u" lhio unil h.
,boo T ..~ 69~.c Cbo"';UC .~,,,II"".. L.

TYPE 4tI().P (AIlINU RAG(
}, ..bi".. ""'. It f"'oiol \0 U d ...

"'l"'''''''''' of Lbo ...,...nI·I ," , _,.bI,_
0,-.;_ .,<.10 _ ••hIo 6 10«1 co 'n
"",.;dod In "'" oid<o ror bI"" 1><1 lbe
I,"'I""""Y .lo"""nI ."" _"'" "1";,-,'.
(So< ....,. LSO.)
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RADIO eo.

TYPE 699. ... COMP...RISON
OSOll~OP£

-r ""., " ....... , "',-.... -,u.-v.
• ,,~ _ .. _,""". ' l~

_ liI r..~ _
_ .- ' _R-. _.~ 'bo1._ ".... of of r _, ......... _M" "".,_ ; ~. 00......', ~;_, '_100 __ ,0. ....
_. 01_ ~ ". '100' 01 ......... ... , ...
................ t. """,-, , _ 01 .., '-
..... _,:.-. "_ '...1

lYPE 6'f>.!) N£TEllODYNE FREOUENCY
~~

Tb r............, .~.... h..... • 1 _ ...
......-. .._ 01 ,..... .- " .._
I ...." ........, '" ... r"_loI , _ .
lr .,"""" I. _u.""-" 100.....
........,..' 'L ••~ ooNd __ ..., -' ,. -.;.-- .;;~ ,...
~i_'·_ i ","" ,,;~ ,.;,. _'''' ••to
..-., __• "" .... .......-. 1'", _

_ "_"'_~_of""'"''''.....__... '''''' ......... ' ...l

lYPE lon.c II'l'lERPOI.",nON
OS<llLATOR

~ d_lO- ' ._...-- - , -
<,.....Il;,_ _U ,.........-•
••-..-., , oJ •
•"""'""1, __ ., ,
~ __ .. obW ;_ , ' ..rIi_
...,._ .... _11 , _ ,.. ,....._.
" ..... L~.Io.o_l:il..)

lYPE 61Q..E HE!UlOOYNE PETECfOll
,.... , .. _ ... ;, .,.I .. ob' ..

..., rd .... ••~ -'-' , ,_
Tho , ..,...-, ""'""'" • , , , •............. _ "" , ,_.
100 '~ r in,." _ Oft .....

....... , """, _01 U ,.:, " •
... , \&00 ,_,...)

lYPE 61t_C COUPUI'lG P NEl
.",.. , .- , , .....

• " ... i .-1_, ..-.-.-; r ...... •,, _ 01 , _ri ........

_'. _, "" ........ •, nW ,. (!V-<...._,,,.)
lYPE 619-1'1 COIL DR"'WER

,.....f...-.II __II' ....oIOoJ '1oo
.... "" .., .•: ,......., .. 0.- ~ , ,

TYP£ 61+( SELKIiVE MPLIfIEJI
\ __"." ..lo-<",. -"Ii _ ~ .

...,'" ,~ , .., 01' I, " , ,,. ,-- , ,,.., '....- ..._.,,..--.*-.'......--. ;, ""

... ooaI'i ""b,,.· 'Ioo"" r ......
_~ _Io.,..; _ _ .. ,....-- , -. '- ,....-.
_.($0< _'"-1

,~~

,. _,_ '''1 ...
.... ", " ...... ' ' 1 \ ............ ~ -.. ,..-

IYPE: oIfO.M C NET R...CK
r..~ ,a..........., , ... "" ,...,..._10

'.' 1
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FREQUENCY

(LASS c.lo·H SECONDARY FREOUENCY STANDARD

GlNUAL

Wlli,'n> II", ~.I"",e J"''-....Qn 01 II.. pr;",.,y
It.a",l,onl i:\ 'M "")"""'1. tb. Jc. ....I"',"'i'"
...._'8,y <I....,,18nl IS ".uallyq"it" "'i.flOMot)'.
h ..." "" ,..,..J all " ,,,,,"'" ut .landlnl ,...,.
",,",!cleo for th-lelJor"l",y "' ... ,I", IJtuic w,il
01 Rr"""""",y.",,,,,,,"ri"K R"*,,,bll' ... 01",• .., il"
11.. ,,,,.1 I"'l/C-

11.. f'o.._ f'~IO·ll ~"Ia,y F.....l'... ".. y
Sllndo,,1 ""koi". of 0., 'o.Ok>o i,,~ i,.,'''J"OC''',''

1'.."., 6;~·' 1'....,.1010'<'1"" (willAl,'"
T'"I> ~~... \ Q"a,l, nor r.-.o ~" ", lUll ~.. ,
T,.. 69~·1I ""II;"i\"',,,, ISO k<)
Tn" 6'i~·11 "ulli"bnl'.. (10 ~c,

T .."" 1110-11 n.lIylll"k Ind U1lnk l'a"el.
Tem"",,1 ,Iril' .,Ill ""'''le<lillj; <OIbIoo

'11,.. ,t""L ......."I,ly io iJh.. lral ...1 I "."
Oil..... "",,,I,i,,.t",,,,,, C1In I.. _mbk-d 10 " ,
II., "",,'.. 1"0.,J" F", i'I>II_, " I_~c ",,,hi.
'\ ;10..,,,, """ I.. ,....I i" pf_" 1M ,;o..lc ""il.
,,, "'...blil;"',a1 ",uhi\'b...,~ oM 1>0' ..We_I,
\ l"i'''.'1 o,."d.,t1 "Ill I", ",..Ie "I' bl' ""i'<Il
" I·~" ",,,lti,il""',,, ."d ",MiJ\j(. ·r••• 6'A1·Jj
~l 'on,u(.,"d"" oJ, """.It it.;r .'"liilil)' ..-wltJ ,,,,It., III ...o! ... till' ,,f 110. e..... C21_IIJ.D
\."",,,,I~)'. J'rio.... "" ,beIc '1,,,d.1 _mW..

..-i!1 I., <I,O()l ...1"" n'l .....t.

SPE(IFICATIOI'6

o-F ''' ~T' ,''''_<I,.. u.......... _ _ """"" ....-",-, ...-, ,.., -.._ ...... ,.."l.u.. ....... ,,." '.. _ 1."·,. ,.._·o ~"1'._ ..."" _,.. 10_ .. "' ',- - ,._..._....,.......-..t. r .. _.,_"",_,_",,,
_UIIooy ........r, ._ '_'"' ;. ..._

_. ~"_""" Iot<r-T ,.,-'
o..,.. .....,., ,u _,_ ....,
......-.-._ _0.. , ""' _
__.....r .. ""' il""" ,r.,._.""

'"

""" •. SO"'_io'....-._.__..._~n.'''''_''' __~

_...... '""'-" _'1Iioo.".... ""..u-l.....
,~..._, ""'-.-- ...._,
io.. _'.' ,............. ........-_ .. '"-ot ,·.lI._"'_I_
' _, .- ..-,.. _ ;. _w. .._ _.,. ........~.., ,la,._,_
0 -''"_ooסס1

0_ 8.n""," r :1-. --." ,.., _ "";",,• .,...... "H'Iwo ,. , ,_ ,_......- ,..., -....".,...
................0'>

{~ .....,-
(OMPONEN1 UNITS

fYfIE _ .. MULnVlBRATORS
T......",,100_ .... ~_ .;.. ,.. _.,

,~,_, .""""",,, _ '_';"' .. II ", , .........
.. ,."·,,,.,... .... _"...1

I(llMlN"'L ST~'" "'NO CAiLte-,.I< .._10_ ..___
... ,.. _,,,, "'""'Po' , ,_ """

TYl'£ .n.N PlEZO.(LECTIJ( OSOI.l.A10l1
1YPE 61 00 112 1 1

...... _ ~ ,' T "'".,..' .....
;", _,........, _.
....,,.. Tho T,.. .,.. ' 0-" ,,", ............;th, ,_ .. ,..,__ '..- _.. "" -.....,.,.,.._....
~ ,--"'- '--, ' ,.
TIoo .1., r... '"'''''' "'_"'-._ ,*1 _".... _, ..._ .. ..".._ ..

fYfIE .tcl-I I(L .,. ~"'Ol

T10 __'" , _ _
___ ,_ , to ,...
~>"'__o..



FRlQUENcr

_...... -._ ..... _-_ ............. _T__.. _

"""""'-~-,,,.\......,.._.,,
-~

''''.00

v_,.......... .-........__... _'--.- ..M.-.... " , " ;
~ ., .

.......... ,...
--,,-",~ .....__ ...... r- __ .. __
-.- H_' ...... _-

~ '-
C-,..... _._""""".-_..__ ...

".",..,""""" --, _.

,_<-..._-'" ~....._.....~,'- -_~ ...__ ~__ ,.<>OO_

:-.=-:.";t~...::.:::..,~'t:... _' ...- _, ..........--, " _ ................._.._--.._.....
..., ........H_ T....' ....-_U--........._-_ __....- ......
...-.".....----,,. ...~._,,...,...,_ .:- .._--_ _..._.._-_ -.

.... nIO eo.

CLASS C-lo.H SECOl'lOARY fllEOUEl'lCY STAl'lO ...."O
'filTH FREOUENO'·MEASlJ"I~ EOUIPMEJ'lT

"-<...... _"......---, ..-------~...--.. ..- ......_"u_ .........__.__ ...
-""'"----_ -.--....-- __ ..--_ ...-,-------...... ,.. -..-....._."" .... _"....__.......-,----""-.. _~ ,.._ ..

•-..J-.o.........--.:-.

m
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n,

GIN ..... ~

'>'PI: .,..c 1'E1UOD."" fHOllttOC'l' Ml:lU'...........,._, --_.-- -....- _._-- ,-..... ,.. ' _-~-_ ..
-'"......., ........100.... ""TtCTOl...................,-_.,,-,.......--_ ,. ...~-... -.. -.,-_.._-,,,...._-

......."-,, COUI'I.lN<l ............... J ... "'" .,,... ,'__"-'-_ .... -....,_ .. _..,.._-..._--'"-....-----_.""'-"''''--'......., ..... COOl Do ,_
_ ~ .. _ '" > -;,_ _." -- ...

' MIJI._"'OII$,-_ _-_ ""--,-.----", ....... "' ... ,......._....
1'UMINAl ,,"" CAal,------_..._ _--_...-.....-_ -

TYPl: ., 1'lU00000CllllC OSOU""Ol
,.".. .,..." 0UA1Il'Z .-...-...-......._ _, ............-.-.~-_ .._..
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SPEOFlC",UONS,-.. ....e---,. _
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'"'._--"'......_.__ ...__--,_ ..
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.... " -"
.... "'_ -, - ~ ..........
o-...;:,.-r......'""""=l ::::
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.AD,O eo. FUQUENCY

DUCU'IIOH, ~N/I 'i,·ihr ~ ..
;.,.., ",,,,.00,..,. , ".il.-ol o0oi"0 ,..,....' ...,olifioo 1'""" _ •.-; ....

~~:;".; ~t...;;."~7'~~'=':":~~':

TYPE 691-B MULTIVIBllATQR
USES<~ ...I,i,'In,,",, ... .w.o-I "" MoJoowo.... I",,,,,,,,,,, "'.... 110.."" _
_ "' r"'I_" .~,i<I<...."" ,".~lpli«> in n..- ''''''''"'''"' ool.....-.' I""'nlh I.........

'n:.'':.t~:.'~i;~=..~ ='~~"';~:.l.".."'~:,~,,:":"~'~... "1'Crim<"'0I _ ...rioW;" or""",,,,; "' I"'ri<"'" 01 h.....
, ... "",""....J"' "",,"I«l r 11,,,

,..,"nJ ,I -....fi hi.....' 1 .

=~~~r .."[,~7~~diktt,;
101' ..... ' .. n,.. 1..,..,,_ f....,--.. 01 ,...
..,"'i'iI....'....

'"

"........~....,..
..~_.

'ri
• ·'i"'iW--"

:i{.1 , i)"'''''
..•'"""""... " ..--._.

,._.__... ~... ,,",-." _.. ~,~-,
~ '='".:..:...~.;..:::.........,--

::tl_.
~",,,. -~,~

TYPE 698·1\ DUPlEX MULllVIBRATOR
'...... n ... -., 1.IIq.I<, \1"",""""..- "", ..'(, ";,,... f """""~ ..._ b) •

.. • ""~..- noi, I.~ ,..."'" .. i,<I" If • r .., l* ~ rI_ '0 •

~,o:.,.:::...,"::~~':'.!,:;~, ::';~oo ',~..:t';: :~;",~ ~..~'~t.';~u0.. :;.~~'..!~
~u.:,~ ::,':..~.:;'~~ L..~~ ~~~lq<d,;,i\t ~~:..~',~~.....~.;.7:.:t,'t
'""_"'_01'''''O~'',''."''' .-ibn'"

SPEOncAllQNS fOR TYPE _ .. AND 1'f'PE 691_A, _..... ",",-_r_ ,.. '_" ........
,...__ ,,",", - ...-- ......_,,- ".. " .....'".-"'..._-_ _--- --0oo0oO_. ,__,.. _ _T'h_."........_,,'._ ,,,......._.. , -...."._, "-"....._,,.,-'....- ...__-,..
v_,_ I·.~ ",."''''' _ -...... •••
,.,~ ..,.,'- ..'";' T,~_'-_ , _-,..~,..._ _, _.....-----'-'"--,---. •• M ..... '_-',-----_.........,-_ .....



FREQUENCY GINElAL
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TYPE 616-0 HETERODYNE FREQUENCY METER
USES, 'rio.. Ty"~616-[) lIel I)·"...""'Ine''''l
"lct~. Ill.y b6 wed eithtr .".Iibr....l r,,-
'I'''''''''' ",,'1M" or "" .n ;"1"'l1Ol01;0,, de'-;'..
r.... '"" ...·ill' "" han"",,;" t~",,1>C) ,18."dOfd.

\ dpl<ct<>r .uld .,ldio-r.....r.'''')· .'''I~ir.... lire
iocludPtl"" lhol, "-I..,,, Ihe ,,,,,ttum,,nl ;"....,.J
... ,...lil"",,,<1 r""I'''''''"Y 1II"ler, ""'L< ..n I..
obl.i""d ["-,.",,, ,10 Ooicillator r"'IUCOCl .nd
Ulfl r"'ln""cy "..drr "",,,,.,,,,,.."1. Fm'l'''',....iaI
Wlh belo-o 000 .1>0.. U", (,,"damenta! r..,.
'I'I(''''')' rlIll'" of 100 1,,:;00(1 Lr n'"y be """",,,ro><!
h) loon"",,;" method", IW"li<l<tl ""ly Ihal •
..·"""".1.1.. oilt'",l ,'oll"~" ",.iIaIJlp.

\\ I"·,, .".-<.1 ill e",,,j,,,,,,HOI' ...·,111 • r""t'>e""}
01.,,,I.nl, ,h. h"t...-.lpIC r"",,,,,,..y on.l ••
provide.... "OUt.. "' ",pid id,,,,,m,,.lion ul
.1••KlOfd·(rt<que.I(')' h"nnoniCil ",><i hom.o"i""
"c IIHI (n~I'''''M'Y "",Ier ilodf M-hicl, "'ay be
<>-oed in tho "'.....""".",t Q( OJ' UU~IIOM" r.....
'l""""Y' 11", i".I",,,,rUl .1"" "' ~I ill Ibe
"OC~"""'M'nt or h4:h r,,'<lDl,',on "ot.,..
I~"g 01",..:' t" PO" (rum Ih. (""I'''''>c) ""'11<
M,l,.... rli....,t I>('oling 01 II... ""known a~ai",t

Ihr rroque,,,,, .'and.<d ruay bo """Mnpli.;!,.'tl
inlo II", rugh'" rre<rr><n<:y I'!irIgt<I ...1"'....."el,
d;",,1 bealinJ!: io Ml (."..wit.

III ";11",. 110.. r""d.'''''"Ie.l <If I",mll,.,ie

'"

.... 'tg<:O, IIHI [,.I<f'II<l)'"" r""I"""")" ",,,,or pro
,'~lco. ",••,,, ol" Ii,,,,,,, int<;rp(>l.li<Jf1 loel~,'t<>

al.OJod.,d (",,},w,ocito r,.. Ihe me."""'",.,,1 </
"" ""k"".." .....I'..ncy.
DESCRIPTION, 1bt i"ol",,,,.'" ro"l ..... a Y.'Y
..ohio t.ml".... IU"'-n)/lWIed radio-r"'lucncy
",",iUal"" ...·id. lu~.t,,~k'tl plalll "u![.OjN,
'''lll'ly. A d,·\.(-<;-tor .,,01 audiO-(r<!qllt""" amr~
{ior .'" I'ro.~k<l (or lilil,,,,,;ng r"" l,e•...."l~""
b.a.. btlW",,", .h. f""JU(:"c')' h";ng 18..........1
",,01 U"'• .,( 1/1" lJScilJotlJo,

T'bt (alciU." "".d "I'Clli' ioclud", a IlOny....t,(I'OJ,,,,. .1 i~hl---li"'-~(""luc'l(;r ,-..riobl"
"""""......', ...'illt l~' ...fin" 11m.". 8l>ri.'!I
p..-d I.BlI bt.riBJ!ll arc....,d....'hid, mamtulIl
the <:<>ndc...... odjnstll,e"' ....il h I.."".......II~ no
batkla;,h. o_er IQd~ ""riodo or time.

Th. dirert_",.,lmg Ii",,,," ,lial W ""artr l>
,""""" in dia",.t a"d nuri........"'I...ale
ro>< ,oacl, of Ih. oi """ ""'l"'" of 110. ;""'rlm,."t.
TlIO dial .. ,lri'."I!u-wgh 'I.ri"g prt$>Cd gear_
ing diri'Cllr rJQhI II.. ruain <:<>ntle"",,, ol",rl.
Nurly J60.<k~ roUllkln "" lbe dlol '"
IIli~>ed. SU... Ib" , riation in (""Iu",,,-')' ..
I'ef')' <~ly ",oea, ith dial r<Ul'OIl, each
II<6le .. ~lIliallr ,"uro..",I}' lIi"';ded .,.1 .."
be ...il)' ...ad.
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FRE9UENCY GENERAL

TYPE 617-( INTERPOLATION OSCILLATOR
USES, TI,~' I'riucil>al Il~' uf 11><: TvI'>. (,17_(
1111crllOlaliou Osdllalur;,;, ill ''<''II11('<'I'ou \I,ll,
II fretlUC'lCl sllllldard, 10 1I1e",II", III(' ditTe",II""
1.,1\.....'" th.' IIl1kuo"" fn.",wuey lind II "Ialld
lInl han"""ic. Tlw din'Cl-readillll' lillt'ar !!fal.. tor
5000 d,,,i,i"'llI for 5000 cyd.,s '"l1l~ llO>Sihlt,
11IC ropid e'lIlllllI,OI' "f Ih;,; d,ITt'rl'ul"(' .. ,Ill II

h'¥hll<'('urll'-l·

DESCRIPTION, The ~,lIalor is of lhe l~'al

freqll"II")' lllle, .. ,I h Ihe radi,,-f"-'<I"ellcy OM:i1
lalo", operalll'j! ," IIw n'g,oll or 1:110 18 ke. ,\

'lIcu"nHilbe regulal<)l" ,. ell1pllJI''(\ ," Ihe 1.lllle
'''1'1,1)' of lhe <JIlC,llalo", and delector, Il)' meanS
fir wh,eh dlnllgt'S ," onll".1 f"-"I'll'''C) and
all'l'lilude rIll" IlJehangt'l5 in '"PI,ll ,nc '-Olll!!-'"
a", lI1ud(' ne¥I'J.['bll smull.

TI~' \ariahlc-f"-'<IUCllCJ lO!<",lIulOr ,s ('011

IN,II,..I il) a llreci,iou co,,,I,,",,,'r. The ,,,,h,,,lonl
"n' "'0",,,1 On reram,c fonll. alld harc 10\\
I,,,,,,,,,, and a 10" lemperal"'" cuell,c,,,"1 of
'"d"elance. Each ,,,ducior is enel__...1 ill a
bal",-,,-ou<l hux ,,-hid, ",duCt"" II", dr""l "f
.'han~'C. ," amh,cnl \cmperalure.

..".....

1
",. 0001.'''0- ..It....
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RADIO eo.

'11 .. b.. ",,,,,,~,, ,,..,,.i,,••,, '''''I'''L m~I~' ,.,
~I,kh 1I I"",~ brL~""" "" ""~""~,, ",,,III...
....:ill.lo r",I....,""' m,y I......""",,,1 To'....
I~IOI .. """",,!;'o....... al,., p",v;,k'<! ,., lion
'I'" b...1 m.) b· ,~"·n..r ,i'".I1\".".. ."rall\".
"" I'Jlh.

'n,t di"",,-.~j,,~ i,,"""'...~lol di.1 ,,,,,1.·,
iL I"""ih" 1<> e,.l,,"'. ,'or)' ""aU "<'1".....1
dill"'·r<'0:t'8. of • fraKiun nr " Ol'c", 10 " (~~
<)01"". "flo .. i. , Li,..buil· _t,,1 u. ""' ,;n.
L"""I'''''li"J 'ion....I""" r.... I'''' Ii.'*"" 10 u... Il).lc loon",., .... '''w1i,-.l 10,
II.. C...", C.~I·t1l.1) I'';",.rr r ....l'...."')
!i-I",.'."t.

\I""".", .1"" 1"",iot"l .... ,It.. , ,I.. "H(... '
""'L« "'"r he.-l '" • I....! "".,., in In''l"h''L~
.. gi..., a,Hl~, r....I'''''.·1 1<> "",hip"," ...r ! ~.,

r,obI.inOO r,,,,o • ("',,,cnn .I.",tanl,. F(I<
, ••,,"~•. in .dj"'li,U1',i........,~, I...· 01'151.'" h)

FREqUENCY

''''.1:'''<1 ,,,,,hil~ 'J I ~" ,I", 1....1 ,,,..Ie,
i"di,"I .. Ihr rrt<l"r,,,,)' dm""·,,,,· 1"I"w" II.'
'·f)·01.1 _ill.I'... Ld"<, Mjl"h<1 "Old II.. f,..·
'1".""1' .l!Indar<J.

,\ nli.... ""'I .... to i,l<'lOOt<l Cut .otl","i'>I/ ,I.·
,.I.li,'. IlInr,!ilud"" oll." ""ali", ""l"""';"
I"\Ot'<k, I" ....... '" 11o"",..,i"'''m b..al."']~II",I<>.
fEATURES, ~'.bilily",r Iho' null'''' r....I",·,"')
""" ""'" olll~' ot;";jOI ...-I"i"'onc"l>....r !hi. ,...il.
I.tor, Th.. 0... 01 1",,·.]('<tlt."'''I,, .,nltiom
'"a"',;a";" II", 10'1<.1 <i"",,~.. I"wl i"."lalioQ
!o ..,j" dilft'ft"li.l 1."'I~""U"" dr....!'••
"",I-(re", ,;.hl<- ».i. ",.~I.·",,<:<. a,,,1 •
"A'llJlO-OI3bilv.«( 1"""", "'I'I~1 I",,'. """Ie
I" .... hle 3 hild' ol;'lm'" 01 ~I.bml).

n", Ii",.... ",,,,I,'. H.' I.'" i",li""I,....,.1 LI...
""'1)"'1 ,.i"hin:: ."d ",i,;,,¥ f'UfI,rol. ," "
II,;' "",';1101",,, ,1Il"al.l,· ",,,I "",v."ir,,1 ""i,
i" • r"",,,,,,,,')''''"'-''''';''~ .).1"'''_

Sl'EClfICATIONS
r"_..., ....... ,.. _.,_, --o
Aa_,•. "". ""'••_, , ,," ...
1.............'_-".,""'. "': , __
_ ". "'-.. .;<_ _ .. 1*<>............._, '
",. _ ~ ,........__.. Ooi~

- ,..., ...- , , , ""''''''''''~ _"._11.........1"' _1' _ • ...--..... '" _
~ .., r..-. ' _;.,_, ....
_,,,_"'.~._ , .
1_·,,fo_~,.Q , , _11r ,_,oI;o..- ._ , _ _,." ''''''"-
a- , ' ."'_"......,0-...., , ...............................
p_ SoHl., '0> "l Of " "'" .."..... , __ __.....-r..
-, '_. ,..........'-..,""-
_ 1"""' ,
P _,••" .. _ .....

~, ("-t,p, ••,,,,,", ST."IMI,l)lt~ pi ,
"!O'I,'~",J'·,"",F1· ••;"'•. "'X~1l ....
...... , ..-;,........ ,'..''''''''''':1 ''''...
"",... _. wOO -'110... '-'> .....

a'7.c: 1o~00<l1l"...
",n'" "....",,- ..~_ ,.~"......

_..... ,..,...' ''''-'''' """ ...,... ,-, ..",""".--,-.., r __ w.'. ., _._ .....
........ I _ _,-0 -.u.... _,,,., H_
' 1 ... "'....._,••,_,_
._ ,.. ...-._ ,""_"-'",,lov.'~_, ,.. "'j"',,,, r...,....., ",,_, ..."1.... ,I , •.

,..... 0'.........1."""",,-,.•"n~""""'" I' ,_...: "",W"""_"',._
, ',p<<>X';'{:1\or<Illro
, ·',.... 11\·'....... 1,..... " .........

A",_.. s-Ilool>

! "''''"." 1_
1.;\0, '''''.,)
~I , .;,,, .......

...." -.."",.111.0,,_,<,__

~" '" , _ r ..'. _""" e.........-10 ' "' ' '_1 .......
01...- 1.''''''"'., " "" ,....... "_,M I/O",......, ,).;.,." "·.1.,....
N"W........ ,-.....

-~"... ~
1500.00

"....
1n.oo

11.00
i,.OO
n,oo
".~

REPLACEMENT THERMOSTATS AND THERMOMETERS
IIcvla<,,"'ctiL 11.""'<$la.. Qnd Il",nn"nwlon """ I.' .<lI.pl",1 r(~ all le,n,Io·.. I",-",'loollW

i,,,,ln,,,,",,1O 11,1.,1 i" II,i. ""Ial",. 1')'1'" n",,,I,,,,,, .,.1 I""'" lor<' K1\.n i" II... rull".ina-loLI<.
,_ 7""'-'- _

1_., r,_--- ---"..-,... ',... " 7,",_,,,=-- ~ ,,~.~~

'7~ 179-_ ",,,,'C IUO U9_SIlI t,:
$l$.N '1'1-5011 .,'..,",'50 '7'l-SIlI ·C.

IIIIl·C~_J ,_ iIO··.'·C HD ,)9..SIlI t,:
1III,.c:IO""11 '19-'" ...... ,' '.)0 '*",01 &-1'('

$'$--Q ,)9..tI, 111'-<0' Co '"'0 ,)9..)01 ......." ..,.-,-,...__ ............... ...



fREQUENCY GENERAL

TYPE tJ99·A COMPARISON OSCILLOSCOPE
USES, 11,;" i<l,lnm,,'o' i, in,...1«1 '''' u... "',Ih
• Cl...,., l,;.~I.ltJ.n l'rin,.,} ~'r't.'I]"""") "1.".1·
ani IlIul i"'.", ",M' ..\,<ilu,~'n\ .., .n .W ito
m.L;,,~ ;"I.'\ li,." ""h high """,,,t.,,. in
..U....'inK • ,. ;<Ii<'r1l<>1.,i..., "'''''P'''o", in.tnn. <.l ,I", •••,,,I.rd.•,111 ill ".liL... i"" «
-.rilll ,I,. f"'l""!lf'i,,, ,of ...u".r~t"..."y
or I",,· ""'1iG-f....''''''''') ....,;tI.,"'" ""on,.t .<>
l~ fr<qUO<><y_nv""",ri", ........"hty.

DESCIli'PTION. n .. T,~•• /#I_A ('~.", ..ritoo
Oocill<>o<'q.. ",,,a<li,,,, • :\-i"",, ",,1ll<Jllo_ray
lube. ..;,1, ;lo P6".... ~",',lly.•1h......J'(' """plied
rur ...,ooU,ill¥ Ih. IW-<l,,1r .,,,1 t·Lituqo'"
""pul' d 11," C...... C·~I·ll l'ri",.'1 Fl'\"
«"''''''y 51.",i."I. ;n II .. , ,ha,pt) d<r~,<'Il
pull.n," ....y II<' oj,t.i""". Ci",,,Lo, ""'01'"
circui," .'" I'ro"hled fo' boU, ton· ."d tooo
<)d8 'P'I'llIlOt'.

Ttl> LOY·IJl" ."i,d"", .'" v""idod flllt
odoo.iuD or Il... ')'1'0 01 "'.\<,I)I lu 1.00 <.ot , • ..:t
and Ih. """"""" ,..1"", r""l""'~ '0 lit
eoo'Jl6rN. 0,.., ''''MI'y dill'....'" N,o",.an.oo..
an! ..ity .nd qu;dty ,..rriool ..... , "1' limp!<
..";np" ,t- ''''''tl"". \\hih·. MIL ..., 01011

,h. ~....iLl< "....... ,""" """,.", h. ";wn I....... i,
",ay I.· ""i,] ,h., ""'11"'-;"." r,ot "aJil"",ion
<I' ,,".......""'''''1. """ 1>.' "",,Ie bo,.",·" "n,
Ilni, ,01 lIN' r,jl,,~iIl8 "'"......,., "te",.1 ....',."...
""Ioeli,'" ""I~ir..c. i"I"'1"01al;...' """ill.I..,...
t"',"",lj"" ,I-I""\ur. 1000fr.l< tla"rl.nl fn'·
q".....y.ond 1(l(l()..o")1'1< OI.ndonl r""'''.''''1.
FEATURES. N,;"~h,l "al~il\.!I,.1I ,~"'mel ...",.
lW1i,... ,I> ,I"" .fir".. 0(10""'" "'" ,nad< lJ,,,,,,.h
"j,i"',kd ""Lk,....wlit... "'I.rt 011 h,e (1\'(1......1·
" .._rill, .qui,,,,..,,,•. ,'""" 1511.

[luilt-;" po." ,uWlY' brilli.."cr .nd f......,_
i,,~ odju."""."" f", <'I,I",k-ny I<'bfo.

"")"'ype <wi'th.. r,.c .. 'Linl "p oil """ired
oircui, lImt"~,,,..,.. '\IJ ' .."1.....<)· <'QIlI'00,i,....re ,l«l<k..1 ...,.", .IN.... 10 ." won,,,1
_"'" fQ< n'....'''''''..''.

'0", """,!lor ,~c"'l' ci"",i", r.... ".,,,lard
r....p"' nt 100 .,,1Il 1000 "yet.. """,It i" ,.•..,.
";mp,", ,I_ily ~"'l'J""'"II,,"m.... portit·.·
Iafly ~I"" Ito< r"'I'''''l<}' h.i,,~ ,,,,,.,,,,,,,1 or
ri,,,ded '" .l'IIJiu.-r ,i~, ,",,,llil'lo ur lb••,a"d_
.nI r,,,,l"l"lII")'. 11..........IIJ-j""" r....."'" n'")
.Iw hr "I>I.i"..1.

SPECIFICATlONS
f....-.lloAto, l~/.' .., _, ... , ............. I_' rn.,_ r~
_ 01 , of .. 0' • ...-, .,_........_ t."'''''''' ,~_ _... _ ......,.....-C-..l.. (l:<.ol·r ..' ""'1.1.",,,,. -.lIUCI,
"'j...,_....... ' r ,.to-. '" ....".. -..,...........,~
T........ '" _,_ _a of r.--. ..-.... _ ~..,_., ......_-,... -," ' -_., '" ,...-... ..-.- .. _ --J _ ___
__ .-l '..-"" ,to- "' _"-"'-
,._ s-IY, ,6.l "' ' .,. 100 .....

,..
_A

..n"rn(m<;t<. _~_',_ ••

'60

...-,..........'-,.."""'_ ..........,
~,

1'0-1_ ' ..................,•
T...... s-J' .., .,"'..,., C..-~.,T.

1-'".. 'X' .'" ,"""...
A..oaari..S.,.,.lIod. , '......_T '; .. "
1'1...._ 1_.--'-' " ..-""
-....1 ••v-',~__..,._,....~ ....,~....
0-.- _. ,__, '" (""'0" ~ ,"'...,.........
.-. ,4oplO\ lO·, ........N.. W_"', ooI<.

(>.1,.".... Pn..

nu.oo



RADIO CO.

TYPE 612.C COUPLING PANEL

FREQUENCY

USEs.. ·n,.. -'l~"" 1,",,01 l. ""'"!l'oeil "1,,-,<,r.
icall) r", """ ... a ".",' ..t...... """oo pancl i" "
r"",U"nrl .."""""ri,,~ "1"i,""",,~ ,..,'pl"l"'ll •
1'"""''1' f'''I'''"'O<)' ... ,"1,,-,,1. .. """-'ribt,J 01,
1....,.... I50B,,,1 1:";1. 'n", I...wl""""""b,, ,_.
.....y ~.. i,rllC> a"d ,'ol'JI)lt l'OO'rob r,,, ,,,,•..
renin. (""I""''''.... f"",, "'"' w,i, to .",M..""
,I... _,,,hll .•"d for """"~ r''''l""uM"" \(I
ob,.in U", !>o:a,.f""I'W"'·} dil1t"""'~ in II.,
'"',,"', I>l" 11.. h"',"dy"" ,lrl."'OI"
DESCRIPTION, n ... ,,,.,,,,,,,.,,, '"d,,,I.. f,""
""'.im,";!.,;",e .o1,i,-ld«llrlyp" ."~""'<n, or
v"I,,,,.. '''''''roIa. r.... ,lot: rWf ".di.~f"'1'''''''~",,,,,,j,. ;'Iwllvm in m,..",,,,,,. (""'lCDCieo' (lj
,b" ""~",....,,.or"X". r"""",,,,·y: I~J 5O-ke hor_"'''''"''' r"",,, the fMILf<,,"'Y .IQ,.lom: (3) lU·k.h."",",k!; r",,,, ,I,,· r,,"pQ'nO) .,",.1&...1. ",,,I
(I) ,I.. '""p'" ut 0", 1.. ' .......,)·, .. fl'<"I"""O)'
",..In. 11..... ""'"".... in ~~"Q."'1. art' ,.",,,,,..1'0 ....~"lol~ ,he 4l'llpI;,,,d'ii (,( 11,. vr.l.......", r...."
,...""r II", Qhun ....' ........ fl'd 10 U", be'o".IY'''
d.. ('<C1 ,

n 'i"di,,~ ...... \} ... ,.,.l,<rry. \\1.,,, "",.1

"ill, ,h" .~iekk,1 i"h'tl'",,""'li,,~ ....Ideo rlo-
"1'lIC<l r... ,l.. n'....mi"i "1"'I"n,,,.. , .~ .....
r"",UI)' (_b" r""n rn_".I~ .. oLI8; I.

Allli""',oacilj ~"j-l)p< Q:"l.QH' .~i'dl8O
..'" I""•• ,<I ~','h _h "~""'e ,,,.,It'<>l,''' 11081
U.. 'vtr\"flO<.I','I' .i~"oI.. '''8) be ",,,_eel
(ro", II", d.I,,<1ot "nhool II,. " .........il} of
'''..,il\~ ,h••'tII""", ,,,..,,,,,,1 I"",k '0 "''''

SPECIfICATIONS
1_'~ ~"__., ,....'.__""....... __...... ,.. _ ....,..-'_ ..."'.,_,r...
-.. ...-<. ; _ ,"" _ ,h_ -',~,...., '.'.11' __ , ... _ .. ,..
_~C"T __ J,o-. __, ..,

....... _ 'T,.. ..,"1"' ,._ I.. '..._ ....
~ ' ," , _0'.... Tto.
' 'hMoo'O, ~ ." wHh .,." ""..
01 1'_'. (In.o,. '" , " ,;.....;,......
, " I '.' ,n•• I""'" ; ,., "', ,,,-,
N.,W ' ..........

TYPE 612-K COUPLING PANEL
USES, 11,i., .""p1;,,~ ,....,,,; it ...".u", .,,,1
"",,,,,..h.t .i,,,pllr"-,I ,mit r,,, """' "'i,l," ,,)-
.ry '''''luc,,,,) ., .."da,d. All ,"""""",,y , i,<:I...
"lid ",I"",. """,...~, fv< """I"'I~ .,"1 O"~iLlr<1"''''''"' of ,I., ,,,,II~ <If lho< ....'",bl)" ......
p"" "It,1

DESCRIPTION, 11", i'''''U''''·,,1 i"d,""",, rtlll,
lua .i"'I'<'<I.",,,, .J,lek""l ."~""a'.,., ..... ' ol"",•
".un>l., fOl Ib" f, .. , ",,1;"'f""I"'''''1 ti,rui .. ,
IIl,b, unk_·". '" "X", fffil"""')', (21 ;o-~c

ha..."•• ,'" ..,.... rN"" Ih...",."I.,y .,."01....1:
(31 10-1.;0 ""n"""", ""ric, r""" """ ,1.",1An1.
.,,01 (1l11"''''''1'''1 of u,.. 1.·kM) ,'" '''''1....·'.·)
",.1". l'rgvioi<... ;,. n""t.J 0" ,h" l'U"pling p..""t
for 'h. "Mi,i,., "' .. ·ll·,·~ 61~-C In"·" .....,,""
0..;1\01.0<.• 'U, ••'lIdli"4 "",,'ided 1",11, r....
"'"",ki,'I of U", uocill., .....~.;''''' • ,...HJo,,1

l_~c ..... "'" amI r<>1" '''.Id,in~ II... 1-..:"'I-f""I'''''''Y
dirre"",""o,~....ri"g in I"" 1~'l'ftHlrn. del"':'""
""'I"'L

SPE(IFKAnONST..-'" ,,, __'.... '" ,.. _;",.v.._.._._...... -...._.....----,,- .- ,.,. _-... ,"""'.. _ , ,.,......,..___....., J _, T_
.- ......... __ ,..,. '
r,,.. Ta." Il.. ~ I" _ .
_lin.. ~ , ' _"" no.
...""_ _,.:,•• d",' , ,

DHo , ' ,.' ",1_" ", ,
t.- _, "'., ,_,Il" ,010, ,111-N.....iP".·,_

'"



FRE9UENCY

TYPE 619·E HETERODYNE DETECTOR

GENERAL

USES: Tlds helcrodyntl dctt'Clor is designed
IJrimarily fur usc wi til II frequulIey slliIldard amI
{requencY-Ille3surillg f:<luiplllCllt {ur oblaillillg'
the beat-frequency difference betWl.>e1l standard
and unknown frequencies. It call also be used
as a del<X:lor in conjullclioll with a radio
frequency bl'idgc.
DESCRIPTION: The illslrulllcnt con lui liS a
regenerative delector and two stages of audio
{requcilcy amplification. A regeneration COIl
1.1'01 is provided so that the detector may be
operated eilLer oscillating or rlon-osciJlalirtg, as
the conditions of usc retluire.

Plug-in coils are used, and a complete set is

SUI)plicd willi the illslrumeul. A rda~-rack-silc

dnJl\'tlr (Tfl'to (119-Pj) fur Jlulding lllt~ cuils is
also supplied.

FEATURES: Some of the features of this inslru
ment are high sensilivity, wide frequency range,
and low-impedance radio-frequency input.

The luncd circuit for the regenerative dclec
tor is provided with all auxiliary fine-tuning
condenscr. The detector plale voltage is
slalJiliZ(,'i1, wbidl wnLriLulcs lo the frequency
stability. Hcgeneratioll is controlled by adjust
illg tIle screell voltage, a lloise filter giving
smootll and quiet control.

SPECIFICAliONS
Frequency R.llgl: A fr<-'tjuc"ey r""K" ur Z:; k,' 10 Z5 Me i.
,cov"""t by til<' Zll"';l~ .""plicd .. ilh th~ i".lrumenl. T ..,)
luning eo"d""""... 0" Ihe ",,,,oe .Io"fl. "re u...d. The 00"·
de"""r in u;W: i~ Uulo"".li",,lly ."lcoctetl b~ th~ wil 1l1"I<gCll
into t.... circuit. for the 10""- ""d high-frequency rUnll'''''.
R-F Illput Impld.ollcII: 65 oh",~. "1'1.ronm"te!y.
C.libl'lion: A fN!queney ""lib..,tioll i••"plllied. \\ hile thi.
e"lib.... lio" ia "«,,rntely delen"ined. il i~ not gU......"ll'ed.
till the il1Btrurnent i8 not intended ror u$C n " Cl<libr""~J·

rN!qUeney "'eD"u.i"", devi"". 'rhl! e.. lil>.... ti"n ;." u""ful in
1Il8killll allpro.i",,,t,, ""tti""",, identifyi"" standard_
frequency harn,,,,,;OI. CU'.

Power Supply; 105 to IZ5 or ZIO '" 2:;0 vulla. '00 1060
cyd""_ T'A".r{)nll~r oo""eclio"s ehonllet\ for 115- Or 230·
"olt ''']lply. Other rrequellei"" or "(jlJ,,~ 0" 31"-,,,i,,1 order
Olll)·. TI", I',,,.er i"llIlt is 2;; .."n... "1I1"O"i",,'h'I,.

Tub«, Supplied ...ilh i""ln""e".:
l-tH'" 6J'·G Dct,oel<H'
2-tyl>" 6J5·G "n,pHl;c",
l-tYj>ll6X'o-G HN,:lilier
I-'Hle VI\-105~10 \'oIt"lIC IlcK"lul"r

Acceno,it. Supplied,
I-TnK Z74-M PIliI'
I'ilol U~hl} "F,,_ w, 'Sl"''''''
I-U"e ,\nad""enl Cord
1-i\lultipoi"l ConneclOr

21-1'I"g.ill Coil;,
I-T'-CK 619-1'1 Coil Drawer
3-Culibrutioll Charl8

Control1: 01\.01'1' "wilch; COIlnIC ""d Ii",· t""i",,; relit''''
er.. tion.
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Schematic ci",,,it ,Ii"""uu of the T,','"
\>19-E Jletcrooy"" Detector. l'ower
sUIJI,I, is "oloho",,,. The rao.lio-(re<tUenc1
i''I'''1 is ",,"lIrelet! h)' 10w-ill'1~:d"nl.'"

cuble 10 tho Iermi""ls "I the left The
tu"in~ "",,,Ie,,,,,,r i. in 1"'0 lIeetio,,,,-----.,,"c
b<>inj{ ""Cit fi,. low fr<-~tIlC,":i,... ",,,I the
olher for hij{lo. The oor,.....t oo"d~,,",-.,. i8
""I",,,,,til~lll~ 1Ie1M;l<!d wloen Ihe wil i8

plllggCIl in.



RADIO CO,

Terminal" SI,idtlcd. 1",,"-i"'I'N.'dl"'C'· rudio-rrC(IUCnc~' illl'1I1
ronllccliOl]lJ "rtl pm..id~d ill l"t.'"r. 1'('I"I>IIOIIe ~"Onnel,Jioll8

Drtl l'rovil,kd ILL rear lind Oil ""nd.
MOllntillg: SI"udllrd 19-illch r<.'l,,) ruck. C"" he 5"1'llli,,'I,\
i" "ainu I or "uk cahinel Oil gl"-~'ial ollicr.

FREQUENCY

Dimensions: I'u!wl. (lcJlglh) 19 x (h<'ighl) II S I inchcs;
Lchi1ld Ic,nd. (I~lIgLh) 17 h x (hcil;hLl III ~ x (dClll h) lilt
ill"hCll. Tfl'E 619-1'1: Pm,...l. (lcn,ll'lh) 19 x (hcillht) 5j4
iuche,o: h,·hi",l 1""''''''1. (lcllj.;lh) 17 1.. x (h"ight)~. x (del.lh)
131;;; ;u<:h"".
Net Weight, TVl'~:s619_1': ,Ind 61(j~PI. 6~12 ])OIInd!>.

619-E

l)Iotrr;plirm

Heterodyne Detecto! .•. I
f'rif"f

$360.00
t' 'TENT NOTICK s..... ,,,l<,,, I. J. 17. ""Ire v.

TYPE 614-C SELECTIVE AMPLIFIER

USES: This amplifier is used for sclecUng ill
di"idual harmonics frtlln the 1 ke output of a
frcqucllcy sltUluard. ~lu[tiplcs of 1 kc betweclJ
I and 10 may be choscn, with good supprcssion
of the fundamental ami adjacellt harmonics.
The selecled OUlput frl..'{lucIlCY is useful for
lllany audio-frequency lIIeasuremcnls, parlicu
larly in making frL'lIuency comparisolls by

meaus of a cathode-ray lube.

DESCRIPTION: The instrumcnt contains a
harmonic-generating amplifier Slage, a I'C
geucrath'e sclective stage, and an output
stage. The selective stage lllay be tuned to any
one of the first 10 llIull iplcs of 1 kc by mcalls
of a single switch.

SPECIFICATIONS
Frequency Ringe: I I" 10 I.e ill ~ICII" of Ike.
Calibration, Amplil"'r i5 "dju~Lc" fo. m"xi",,,,,, rCllllullsc
III ."d, of LI.e 10 frellu(,'lI(,'iCll lit the r"cLory. Tri",,"illg
,uJju"tllll"ll$lIre provided, which llllly be "$<...1 in renligning
lhe lu"ed circuils. if ",,<:t:ssaty.

Tube., SUPI,licd with in~lrulI\cIIl:
:!-lype6J5-G Ampliliel"ll
!-In>e 6X5-G lIc<:tiflcr

A",,,,euories Sllpplied, Qw' ;;c"en-fOlltli"c conneclor oo.d.
SI.lIr~ f,,_ (,nd pilot 1"'''1''1. ~ T,-...: 27.1-:\1 l'lulf'l. ,...d "

1'J'I~

lIIollipoint ,,<>nnccltlr lire SUlll,liell.

Power Supply: 10:; 10 I~:; or 210 10 2:;0 volt ... 50 Lo 60
<:yck~.

Power Input: 2:; wilitil. Dpproximnlel~·.

Moullting: Slund"rol 19-inch .ellIY ruck.

Dimellsions: Pa,,,"!. (I'JUglh) 19 x (heighl) 8~ ;IIl,I>",,:
behiutl IlIllIC!. (I~"gth\ iiI:! _~ (heighl) 8 'i x (rleillh)
Ilh iucht';!l.

Net Weight: 10 poll"d~.

614-C
1""!"E"',. NOTICE.

I Selective Amplifier.
s.,., Note I, ,...... v.

llIel<\ S275.oo

~hell".Lie circuit di"g",,,, of the "1', ""
OJ I-C 5.-..lcclivc Amplifier. Power ~UPI,I)'

is II(,t shown. A volin!!" f",,,, II I-kc
IlOU.~'C i$ "111'1;"d 10 Ih" lcr",illlll~ lit Lhe
left. IlnrlUo"iOl Dr" g""e'lllcd in Ihc lim!
ufllplific•. Sl,'lccl.c<t in the ll"t:Olld. rrji;<,,,erll
live. lImlllilicr. ''l,,1 th~ lldl,<:I~~1 h'1rI110llic
i3 :lfllillilied I>y lhe outpul "mplil;'·r.
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FREQUENCY GENERAL

swilch ulld condenscr dial readings, subject to
allY scale cOI'I,(..'Ctioli as determined by the
crystal calibrating poiuts.

For checking the calibration of the heterodyne
frequellcy meter, a pie7.0-c1ectric calibrator,
cmploying a one-megacycle low-Ielllperatllrc
cocfncient quarlz plate, i~ provided, Several
points on each coil range of Ihc heterodyne
frequelley tlluter may be checked.

The procedure in making mcasurements is
simple. Wilen tile unknown frc~weJlcy is wilhin
the fundamenlal rongc of tile heterodyne, tJll~

heterodyne fre<lurncy is set to lcro beaL with
tlte unknown, and tile frC<jlleucy is read djrcclly
from the dial. When the unknown is alXl\'e or
below the heterodyne fundamental range. lhe
dial reading must be multiplied or divided by
the harmonic numOOr.

The fUlldamental frequency rau/,"C being 10
to 20 fllc, measllrcme.tlls of high and ultra-high
frequencies arc easily made. Because of lhe
direct-reading feaLure and the widespread fre·
qUCIIC)' scale, nOCOllfusion as Lo harmonics is en
couulered in measuring ulLra·high frequencies.

FEATURES; The TYPE 620-A Heterodyne
}requellcy Meter aud Calibrator is designed
for the greatesl. flexibility 31ld for simplicity
of operation. Jt covers a wide ran/,"C of fre
quencies aud is capable of 0 high accuracy of
measurement.

The direct-reading frc<:jUcncy scale makes
rapid measurements possible. The oscillator
hos been designed and constructed to give a
high degrec of frequency stability. The variable
air condenser has ball bearings 1.0 insure smoot.h
operation without backlash. The inductors arc
wOUJld Oil isolan IiI.e forms to keep the losses

TYPE 620-A HETERODYNE FREQUENCY METER AND CALIBRATOR
USES: Although designed primarily for measur
ing high and ultra-high frequencies, this inslru
mCll\ can also be used to measure frequencies
down to 11 few hundred kiloc:rcles, provided the
signal being rneaSUJ'cd is sulncienlly strong.
As a !,'l'neral-purpose instrument in the COIll
municatioll laboratory, it is invaluable. For
COTlUIlUllication companies it provides an excel
lent means of ral,idly measuring tile frequencies
of a large number of transmiucrs (either locul
or remote) in addition to its use ill calibrating
and servicing' rt..'cciving equipment. Receiver
manufacturers will find it useful in c1Jecking
tilC rallges of receivers ami oscillalOrs, It is suit
ahll' for monilQring the frequencies of radio
Irunsll)iLters where the allowable frequency
tolrrunoo is 0,02% or greater.

DESCRIPTION: The schematic diagram shows
lIJC essential clemenlS of the insuument: (J)
a heterodyne frequency meter, (2) a crystal
calibrator, and (3) a deteclor al1d audio
amplifier,

The heterodyne frequency meter is direcL
reading. which is all imporlant. opt'rating COlt
venielJcc. particularl:y when using harmonics.
The fUlldumelltal frequency runge is 10 to 20
Me. This range is divided inlo 10 sleps of 1 Me
each. and the desired step is seleclerl by means
of a coil switch. The main lUlling condenser
covers a range of 1 1\Ie for each coil, the dial
bcillg engraved to read hundredlhs of mega
cycles dinlctly. An auxiliary dial. which dri\·cs
the main dial through a reduclion gear lrain,
carries a scale lhat. subdivides the main scale
divisions, the smullest. division being 0.001 J"le
or 1 kc. The fnxruency of the heterodyne fre
quency meter is given by the SUIll of the coil
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and the temperature coemcit.:lll or illduclallcc
as low as possible.

The same lllodel cao be used on either baL
teries or the built.-in a-<: power supply; this is
a considerable convenience whcll the same in
sirumcill is 10 be used both in the laboratory
and in the field.

SPECIFICATIONS
Frliquency Range: The fundolllClItril frequenc)' <Ullll" ill
frolll 10 10 20 IlIc¥ncycll'l1. ill 10 rn"l!ClI of I Me cal'll. U)"
harmOllic methods frl:qucndCli oolw/>Crl 300 kc lInd :100 1\Ie
un' c,,~iJ)' IlH::,,~ured.

Fn..'1IUl'nci~ Ujl to nbout 300 illl: ClIl1 be Illc"sutNI lly
seuing II hurruonic Qf the hcterodYlle rrC(lucncy "wter to
zerO bellt ,,·;tll the unknown. III Ileneral, the beut is 010
tn,"ed in the detector, but for the ,'cry hillhe!!t frequcnciCil
it is ndviwhle 1.0 uSC un auxiliary rt"cei"et. For fre<:ltll:llciCll
helow III i\1c Dud down to uooul 300 Jr.c. hannouiC>l of
Ild"ll""l(l str('ngth for m~asllremcut CIOU be gCJlcru~d in
thl· detector tul,., provided II. 8ulliciantly strang Rill"al
i~ llllllli,ltl to lhe ililltrurnenl. For wcak signals, " locul
OiICill"t()r III a hnrmonic-l/cucnoting IneUUll ill nece:l.,,<.ry,
Calibration: The condell!ICr dinlll aN grnduatt,d to rend
decirnnl f",cliollll. of 1lll'IlOCYC!t.'lI dirl'Clly. Ihe 1l.llllllh'llt di
vision oorreJpon<!;ng to O.O{lI ,\Ie (1000 cyclCliJ.
Caliblator: A I-Me piczo-dectrie oscillntor, l:mploying
II. low_lernllel"uture cocllicicut llllurtz Ilia Ie, ill Ilrovi,k~l

for check inK the clllibrutioll of the frt,.,<\uency meier. IIl1r_
moniCll of I \le fnll a~ ~he upper lind lower lill1i!B uf 1.h..
diul. giving II urnckcl;lIg check on ench coil "'''1,,0 of lh~'

heterodyne fn'qllCllCY meter. lInruwniCli of the hell!rodynl'
al!lO l,roduce l"'llt<! with IlIl.rrnooiC>l of the cnlibralor.lliv;1l1l
chccking point<! at muilillies of M, ~. Ji. Dud U Mc.etc.,
over ~h" dinl rnnge. Sin~'C these point.8 occur ...1 the llarll!:
,Iilll reudinll8 for cnch rllng<!, checking is mnde VeIy sil1lplll
Rud 00Ilv"ni"n1.
Accur~cy: The over_ull uccurucy of me..3urelflenl ilI11_01 %
Or IMlll.er when lhe frequency meter iB checked in ll'rrn~ of
the lTYllW.1 CIl.librutur "'Ill tlus re:lultiug oorrootion "pplied
to the dinl rending.
Vacuum TubeJ: The following lubell ure ~d und ure
B"I'])li..~1 wilh the instrumenl:

1--9:>l-I)'lle 1-84-tytJe
:t-9:>5-tytltl

Power Supply: EiU...'r 10:> 10 125 Or 210 to :!;;ll v"II". 50
to 60 cycle!!. or 6 alld 180 voltll de. A llwitch On lhe lWiIle!
lICll:<:t.8 lhe tytMl of IlOw"r supply dC!oired. The u-c olJerntcd
IlOwer llupply il u"il~ in. ButteriC!i ure nOI SUIlPlit'<l wilh
either llll! rclll)'-mck or portnhle model.

7'y~ Deur;plum

FREQUENCY

Clu.wup view or Ihe hllliUIl" di"l, showiuj,! ,Ieluil!l of
Ihll ....'Ille.

Power Input: 15 "'RtL~; from II;,-volt, 60-cycl.' 8upply.

Mounting: Thll inillrururlll is Buppli....l ei~hcr rflr r"loy-rurk
muunting (TvPE 6~O-An) or iu II llOrtubl,' Illumi"u",
,·.. binel (TnR 620-A1\1).

Acceuorits Supplied: Onl"-rn"gllc)'c1e Qurlltz plate. Sl.'W·U

fllO~ lille <;onn~lor cord. lwo Tn'", :!74-1\1 Plujpl. II'ure
pilot h"n,lfl .."d rUllOl\. With the reilly-ruck "'0<11'1 rr,,'1!:
620-AIl) two ",,,llillOint 1"1InneetOrll urI.' rurnish..,<l. while"
baltery plug lind l'nble aud If uHllLil>oinl conncctor lire
furuished with the porw.ble 1ll000.M ernE 620-.\M).

Accenories Required: 11',ud letcl,holles, which ClUI he con
1I~'Ct..'<I either IIllho pune! or al tbe r<;:nr of tho inslrUIl'enl.

Dimenlioru: TV"E 6~O-AI\, 1""".'1. (Ienl;th) 19 X (llI'ighl)
8'4 inohes; behind 1>.1ne], (li"'Io:lh) I";'I~ x (hci"hl) R!1Ilt
(depth) II s,t inches; T""", (020_.\ \1.20' ~ It II', x 10 ;lIrlii.'B.
o.·rr_"ll.

Nd W~ight.: TVl'1l 620-'\1l, 32 1
4 l)<)lInll~: '1'1(>1'; 620-,\ \I.

1";,1, pUllnol~.

lM/e 11'<),.,1

620-AR
620.AM

I'ATENT NOTICE.

Relay-R.de Mod'll.
I Portable Model.. .

Se" Nou. I. 12, 2(). '"'/I" v.

COUPLHVG

.f.

lJ.\l.l.l

5-490.00
555,00

OSCtLLATOR CRYSTAL
CALIBRATOR

+ +
DETECTOR

+
AMI'UFIER
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FREQUENCY GENERAL

TYPE 25-A FREQUENCY MONITOR' FOR
STANDARD BROADCAST STATIONS

~CI -• .,,
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mJ •I
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, ,; 0 ,
I
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. ,
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USES: This \'isual~lypc frequency IllOllilor
indicates diri.-'Clly the deviations of radio
broadcasting transmitters from their assigned
frequencies. It is appruved by the F'f'dcral
COllllllunicaLions Commission (Appro\'al No.
1461) for usc by standard broadcast stations
ill the United States.
°A hooklet IP ViDI' " ""'"' dClDih.1 tIOllen"li,,,, or thi. """,ito< ,..ill
IMl ...Ill ur><>n ""l"""t.

DESCRIPTION: This monitor consists of Tn'I·:
175-C Frc(lucncy ,\'1onitor. TYPE 6/lI-B fn'
ljUi.·llcy-J)('vialioJl )\Iclrf. and TVPE :n6-L
Quarlz Plate. .Bolh monitor and dtwiatioll
meier art' mouJlted 011 rdaY-l'8ck panels. TIle
frequency monilor unit contains a highly stable
cryslal oscillator, buffer amplifiers for both
crystal alld trallslIliller, and a detector and
audio amplifier for producing beals. Thc df'via
tioll lIleter unit 01:lCrales 011 tJ1C amplified bt'al
frequcncy from thc monitor unit and indicali's
frequcncy deviations Oil a direct-reading melt'r.

FEAlURES; An outstanding feature of this
monitor is the stability of the crystal frequel1l:y.
The crystal holder is a dustproof precision
J1lcchalJical unH, so designed that a millimurn
of restraint. is placed 011 the vibration of the
crystal, yet the c.rystal is held ill its normal
01:lCI·al.ing position at all times. The oscillator
eircuil is of the latest dcsign, developed in tIll'
General Hadio laboratories. The frequency ,'a
dation caused by circuit and tubc parameters
is much less than that encountered ill other
circuits.

Means arc provided for indicating tile am
plitudes of the cr~'stal and lrallsll1illcr voltages
impressed 011 the dclt.'Clol' and for adjusting
them to the optimulll operating values. This
pl'cvcnts errOlleOliS illdicatiolls caused by over·
loading the detector. III addition, an automatic
volume COl1lrol is provided Oil the dc\'iation
meIer so Lllal changes in lransmitter input
voltagc will not affect the deviation indication.

Block diagram of lhe TI'I'lo: 25·" Fre'lll<'lIC)' Mo"ilor. 'fill' frc'IUC"CI' of tile eryst"l oscill"tor i~ olT<et fro", 111,,1
of the a~igl)(.~1 ch""nct b)' 1000 C),,,I<,,,. \\ he" Ih" I>c;,t 1,.:I ..... ''l''' th,' er)'81,,1 OIlCilllllor lind II", trnus",it ler i~ mmcll)
1000 cyclCll. Ihe fr<~lucn<'y "".-inlion Ulct,'r I'('l,d~ zero. Ocviulio"s in the tr""g",iUcr frelluen.:y produl.'(l t!<'.'i:,lil",s
frolll 1000 cyck'il ill Ihe hellL freq"p"cy. which liN· iruliClIlcd "8 cyde~ ahoyn or below Ihe ll"'lignecl frcqueucy, i.e.,

tl... iudiClIlor rc",l~ di\'t.'f"lIy th.· lra'l.!Ulilt('r frp'lucnpy de.·;ntion.

166



2-6F8_G
I--f>V6-GT
:--6116-G
1-\'II-IU:>-30

RADIO CO.

&.lisfactory operation is obtaincd oYer an inp"t
voltagc range of about 16 10 l.

The dc,-ialiOIl indicator is a large, open-smlc
meter, which can be rcad to l>ellcl' than OtlC

half cycle_ Provision is also made for cOlltlecliug
an additional (remole) indicator.

All inlerconneclillg cables and a 11'all;;llIiUl'r
coupling cubic arc furnished. Helllovabic (Jr'l'~"

panels arc useu on the ins1rumcnts ill 0l1:/('r to
simplify the fUl'llisliing of sp('cial fini:;hes. III

addition to the standard General Badia !Jlu('k
cruckle filJish, the slandard grays ami flal hlack
Ilscd by 1ransmiUcr manufacturers can be had
at a price increase of 810.00. For Iii.. :-:8111('

price. plain aluminum dress panels can be fur'·
nished llw customer for fmishing in allY (,~IIOI'

desired, afler whjch lhey can be n"IIJrllt'c1 10
U8 for engraving and inSlallation Oil Ill,'
inslrumcnls.

SPECIFICATIONS
F,equency R,,"se: ±30 C)'Cll'll.

Accul"CY: When re<:civcd, ±IO purts in One rnillion; ""
Ildj"shrwnt i~ provided lO bring the rradiull' into nlj'l'~'''Cnl

with ,"ouitoriug Bt",ion rneasurelllcnl.!!,
V.o;uum Tube~: The follo.nnll: lubes Are required A",I lire
Slllll'lied ..-ith the illl,lrumcnt,

1-6Ji-G
2-h'\Ci
\-6ni.(;
!-5V.\..-G

Stability: ±:> parI.!! iu OI,e milli,,".
Coupling to Tr"nlmit!lll: The TIIorlitor musL hc coupled LIl
Ihe tranSlIliUer at 3 point "'here LIm currier ig llnmOOu/u/ed.
Onl)' " gmall deglt.'e of ClfPllcitive .'Ou!,ling i~ required. ,\
shiddl'(l coupling ,,-iN i~ I'rQvidcd ill the l'Ounecting cubIc
Bupplit"ll ..·ilh the lIlonilor.
Accessorit' S...pplied, Quurt~ plute, oonnectinl!" cubiC!>.
I,i]ot light.!, und fu_ (w;lh II)l)rl'll).

FREQUENCY

"i,'" "r 11,.· ,\,·,i"tio" indi'·lIfor. ~h"winl1the 0l)('n,
cll.~·-t()-,.,'"d ~"Ic.

Power Supply: 1(1.; ,I> 125 ur :!IO 10 ::.;0 ...oIUl. :>0 to 60
,· ...d"".
Power Input: Ii;; atLlt with 1",;,1 ,)n.
Mo... nling: Slaml l 19·irH;h ,,'lay-n,ck l)lIlI~L< liniahcd in
hl"el. cr"ckle IUC(lucr. For olhnr finishes, IlCt! bel"..·.
Othtr Fini~htl, TIll' ~t"nrlnrd GCm'rol nnrlia bind. ("rf,,,klc
tini"h. the 11Ilmiurd B"n,ys uml tI", bluck u.<cd by tmnl!
u,iller nlUnufuclu,Cr'II can Ill) hnd lIL U price illcrea>ll' of
$tO,OO. For Ihe >ll"ne priC\>. "Ia'u alumlnom dr...-&! l",,,d~

...'" be rur"i~hed lhe cuslomcr fur lini.hing in llfl~' rolor
d,~il"\,d. "fter which thc)' ea" he I"t!lurr,,'d to u~ for ent:,.,,,,
illl{ ;or"l inst,,1I111i01l On til... ill~lnrrnenl!l.

DimenJions, Pando (1e11~th) 19 X (hd~lrll :1'" iudl..... :
b/'hiud """ei, (1"llgth) li'4 _~ (hrightl ::!11 4 X (!t'lllhl
II'. inch,,,,.
Net Weight: 911I'0u"d.'l.

!'rin'! ror Ihl· indi, idl'lIl l'O"'pUnenUI of T, I'~' :!;;. \ Frl'lI""r1l"~

'1:"',,('
\lonilor lire II~ follows:

CtJr/.. 1I ,",I

25-A
I'ATENT NOTICE.

475_C
681-B
376-L

INUrifJlwn

B,oadcut F,equency Manito, ..
s..., No!<elo I, 7, l~. 19, ~O, !'"P v.

I
Frequency Monitor ..
Frequent)' Deviation Me!tr.
Ouarh PI"te... . .

I

I

tlMOI'

IlOGU.

" ..so ....
"'KI >;n

$560.00

$330.00
145.00

85.00

,
" " "

OAYS
"

Ih·,'",d or Ih,' fr'·'l,"·n,·)' or" ~,O<'k '1',"'" 1~5-C Frl'flu"",'y ,\I""ilor "!,,,rnting nl I.:> ,\1,,, "It., Ihu~ IIw
,h" i"til)" d,...'_~ ,,"l cx,,,,,'d ± I ,'wi,· I",,'r milli"" for Ih,' 10_da~· I"·riod.
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FRE9UENCY GENERAL

TYPE 775.A FREQUENCY·L1MIT MONITOR

USES: The frL'<lucllcy-limit lllonitor is suitable
for monitoring any radio-telephone transmitter
between 1600 kc aud 45 Me. Included in this
range are high-frequency broadcast, iuter
natiOIlal broadcast, television, frequency
modulation·, police, and aviation services. It
satisfies tho requircUlcnl,s of the Federal Com
munications Commission for broadcast. stations
above J500 kc (Hule 981) and for police lrans
mitters (Rule 206).

]n addition to the stalion frequency, the fre
quencies of police mobile and portable broad
cast transmitters can be checked with this
iustrumenL if an auxiliary device for mcasurillg
the frequency of Ihe audible heal is available.

DESCRIPTION: This monitor provides II visual
warning signal which operates whenever the
frequency deviation of the transmit tcr exceeds
a definite tolerallce limit which has been set all
a dial. Two warning lamps are used, one light~

iog when the frequency is high, the other when
it is low.

This monitor operates on the beat frequency
betWL'Cll the transmitter and a local crystal
oscillator. The block diagram shows the cs~

seotial clements of the system. The frequency
of the crystal is normallyotrset from the assigned
transmitter frC<luellcy by 6.5 ke. The aud.io~

frequency beat (6.5 kc±tl.f) is applied to a
frequeDcy-discrirninating cirellit, which, in
turn, operates the lamps.

The frequency tolerance at which the lamps
light is adjustable by lllCllUS of a dial on the
panel. This dial is calibrated in c)'c1es per
second frcquency deviation. The standard
calibration is from 500 to 3000 cycles per second.
All altcmaLe calibration is available covering
frequency deviations between 100 and 1000
c)'cles. For tllis r3..l1~,..c the crystal is offset by
2.3 kc.

Four crystals can be llloUJlted in the tem
perature-controlled chamber. They can be used
for mulli-clJalUlCl monitoring by Ule limit
method or by the lludible-beat method out
lined in the accompanying diagram.

TRANSMlnER

fJ<Af
.~

IolDNlTOlllNO .", M"oscu....TO!l
~

YOI..T.-.GE

If
FREQU€NCY

"" AMPLIFIER OlSCfIU~IN"'TlNG d lllPS
DETECTOR '''''''''

f-IUKC ;,;;
He
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FUIlclio""ll>lock diagraru showing
the opcralion of the fce<llleuoy
lilll;l mo"ilor. For the Iimit-dinl
CAlibrution of 500 to 3000 ryc!e;"
II", frequency of the monitoring
llIlCilIlltor rlilTcf8 from that of the
trnllllmiltcr by 6.5 kc llll shown.
Vor tho 100· to 1000-cycle Iimil
range. Ihill f"'f1uency tlilTerence is

"'ntle ~.3 kc.



RADIO CO.

FEATURES: The Limit method of mon.itoring.
using warning lamps. is particularly convenient
when operating personnel must be kept at a
minimum and spare lime is at a premiulll. A
glance ut. the panel, even frolll a distance, tells
whether or not the tralt'3miller frequency is
within the desired tolerance. The price of the
limit monitor is considerably lower than that
of older types, placing il v.'ithin tbe rench of
stations operating in a limitoo elllSs of service,
where the total investment ill plant cannoL
justify the pllrchasc of more expensive types
of lIlonitors.

FREQUENCY

Tile four crystal positions make it possible to
mOlli lor four dHTcron t frequencies. For ins lance,
a local transmitter can be monitored by the
limit method \vith aile crystal, and distant or
mobile transmitters by the audible-beat method
with one or morc of the remaining crystals.

Since oolh warning lamps arc extinguished
when Ihe lransmillcr is within its Crcquellcy
tolerance, some test for correct operation is
desirablc. This is provided in the fann of a
push~blltton which lights both [amps when all
circuits are in proper operating condition.

SPECIFICATIONS
Frequency Range: 1600 ke to 45 l\.Ie.
Ac:c:uracy of Moniloling Frequency: Tim nb:'lOl" .... llL"C"~

fHC)· i~ 0.00:1% when usiug T'I"I'I> 376-1\.1 QUllrt.:r. PIIlw"
Stability of Monitoring F,.qu.ncy: The (1"C(lllency stability
i. 0.001 % over 1001( IlCriodg of timll.
Temp.ralur. and Humidity Effects, Over thll rouKe!!
no.."olly encounU!rcd ill tra<tiI.oitU!r or control roonu (65"
FlIlJr""locil to %~ FlIllI\",hei~;0 10 95% rdative humidity)
the ullIlruti"n ill lIu~taolililly illd\l.I","dcn~ of tcmpeml"rn
nml humidily conditio"lI.
Qualt!; Plate: Tn!> 376-1\.1 Q""rlz Plaia ate 10 be u$eli
with thi~ in~lrun,,;:nl "Ild UlUlll be ordel"C(llWpa....U!ly.
Acculacy of F,.qu.ncy Di=iminalin'!l Ndwork, Wllt:tl
OIICNlh.'ti It~ proper inl)ut voltag,-, lhe wtt..liug lllllll~ will
light al fr""lue",.:ieol which are within ±200 cycles ±IO%
of the LIMIT dilll retlding. for the 3OO0-oyc1e ruu~ and
±SO eyclC8 ±:!O% of the tlMIT dilll rending for lh61000
cycle m"se.
Coupling 10 Tron,mitler, The frequcncy·lilnit monitor tUu~t

00 ooupl",l 10 thc tmll~miLlcr Itt a poin~ wh<:re I,he CIIrrier
i~ lInmudullllOO in order to Ilvoid FnlllC na~hing of the
w"ming lntllJl~ lin modul"tio" JIC"kll, Whcll oolllinuoUil
"'Ollilori,,& iJJ nol llL"-'eIl8I''Y, lIltUSrlH:lory rCtiulUl Cllll be
obtained by coullling the ",o"itor direclly 10 l1o11 trll08
OlilU!r outlllllllud usiuJo: the lllonitor ol\ly IInder 'lo.'ld-b)'
rondilioll8.

A 000- or two-lu", L'Oil. cou"k'ti 100A<'1)· 10 one of Ihn

tn'DlllllllWr luned d.cuit!l. will ordin"rily provide ~lJrueielll

voll"¥e lo o!X'rnll' Ihe lllo"itor. Fifloon reel of sl,il'ldctl
L'Uble lI....• ~uJllJli4'l1 with the ;'lIlrwllenL 10 co,u'Locl this
low-inllll.'tiIUlOO wllgnet;c pickul' ttl the Illonitor.

Tub"" SUPI,li",,1 with i"str"m.,"I:

I-I)'pc 6A8 I'ellt"grid Corwerl<lr
1-IYll<: 6.17 I'<lulode
l-tYt>ll6H7 Duplex-Diode Triodll
I-Iype 61'>7 DUlll Triode
2-lYJ:" 885 Gas TriodCll
l-lytlll6X5 Ilecti'icr
l-IYllC 6E:, Eli!Cttell-Eyo::

Mounting, Stlllldard 1\I·iuolo l'I'luy-rllck. Illoulliing.

Cry,tal" O"t" l'VVI': 376-~1 Q"ort>: !'Iflle is required for eoeh
chanuel to be llJo"itored.

Acc"noli., Suppli"d: A. ;leven·Fool. lino oonnector oord.
lUI ._f iupul cuble, oDd ~Iwll~ pilol I,,,nllil nud fUllCll.

Pow•• Supply: 105 to I:!~. or 210 It) ::!50 volts, 40 It) 60
eycl<:>l.

Power Input: Approximnlcly 72 ",.. Ill! wilh heuwr ON ond
'~5 wOI,I~ wilh helOte.r OFF. wilh \l5-voll line.

Dimenlionl, Puncl, (,..idtll) 19 i'ldlll>! x (heil(hl) 7 inchL'S
x (deplh hehind Pllllel) 9~:( iuches, ovltr-oll.

Nd W.i'!lht: 2'l~ poundll.

175-A
376-M

I'AT£NT NOTICE,
I(Indudinl Tube" But l." Quar1z Ptal,,).

Quartz P ,te (for Ule with Tvpe 775-A) 1
&e NlI'u I, 12. 20, pap Y.

nOllell
.... 1\(>1,

Pr;N'

$240.00
50.00 tech

mock diagram !lhowiul( how l10e w(no.
Ulonitor caD be U8Ct1 10 ch...:k Ihe
fre'IUencics of distmlt or mol.ile
~totion8. For tills method or moni. USTU ~['I'E FOIl l'ST~" M~1Il: ro~

lOring, ti,e frequpncy of the mtmi- "UI\llY n_ln", ~flllQn 1fl,,"~~8

torins crysllli i. the III""", U Ihul i \of the lmnsm;lter. A culibrnted
TYPE 775-A M

RECEIVER ...~au,lio-frequeucy OllCillal0r CO" I", -,
IlllCd lomeldUJ'C the bent rI"C(IUCDC)·, 0< 0'

.~

HOW TO ORDER
Order onc crystal (quartz plate) for cach channcl to be monitored. For each crystal,

spt:..'Cify channel fre<luency, stalion fre<IUCI1CY tolerance, class of service, aml whether
crystal is to be used for monitoring by the warning lamp method or the zero-beat method.

We will supply tbe LJMLT dial calibration best sujted to the specified class of service.
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FRE9UENCY GENERAL

=

TYPE 834-8 ELECTRONIC FREOUENCY METER
USES: The T~'!'F: ijJ I-H Electronic FrC(IUCllC~
.\letcr fills the need for a general-purpose audio
(requelley rllcler with a pointer-Iype, dirtct
rcac!.ing indication. 1t is extremcl;y useful in a
frequencY-llieasuring system for rapidJr deter
mining bent frequencies. In Ole educational
Jicld it can be used ill classroom demonstrations
of audio-frequency phenomena. JIs industrial
applications arc numerous, includiug tile lUlling
of automobile horns; the measuremenL of the
speed of centrifuges, in conjunction with a
photocell aI' 01 her pickup; aod the detection of
cLmngcs of cupacilullcC in process oonll'Ol by lhe
beal frequency melhod. Another usc for lhis
instrument is illlllCUl>UI"mg the mean frcqucllcy
of warble lones ill acow.l ic mCllSurClllcnls. Pro
visioll is lIlade for obtaining a d-c voltage frolll
the indicalor circuit to operate a TYPE i 15-A
Dircct-CurrCllt Nnplificl' (sec page 12) and a
recorder. to give a conlilluous record of lhe frc
(Iucncy ill(lil'utiol1. Au cxtl'rnal (rclIlol.e) tnelcr
call !:K' Ojl(>raled direcll) fmlll the illslrumcn1.

DESCRIPTION: The tlssenlial demenls of this
illsll'Umenl arc an cleclronjc countcr and a d-l;
illtlicalor. The circuit is shown on the uext
page. Wllcn WI altemaling yolLage is applied
1.0 tile grids of the gas-{Jjscbargc tubes, each
tube becomes alterllutely coodl/cling and 1100

couductillg. At each transition of the currellt
from one tube 10 the alber, a current pulse is
sent through tile indicator circuil. The metcr
reading depellds upon the number of such
pulses pcI' Sl.'Colld, i.e., lipon the frequency.

FEATURES: The immediate, direct-reading in
dication which lhe electronic frequency me leI'
provides is a considerable advantage ill audio
frequency mcasurcments. The full accuracy
of the indicator (2% of full scale) is utilized,
and stability of calibration is assured by a
voltage-regulated plale supply aud seaJe
i..'Orri..'Ction adjustments for each range. A su/li
eiclll number of full·scalc values is pro\'idcd to
givlJ adelluote precision lit allY puint in the
5000-eycle range.

SPECIFICAliONS

\-1)1>0:: 113
I-lyp" 1,\1
1-IH.... 6ZYS-(;

\"OII~. ;;0 t" 6(1 ,·~clcs.

Input Voltage::) 1·,,1 .... ",illi",o,o, the i"I/I.l "0111.111<' Ill") he
increllw.;1 to lOll \'ulls wilh nO chllnge in Ihe frcIIOe",,)'
jll,li..-utiOIl. The input ...ollagp r.an be olllllied III lerminuls
on Ihe llaud 0. ut Ill" "",. ur the i'lJItrom,,"l,

Scale Adjudmenl; Intlcpentlent adjustmenl is pr(>vi'kd Oil
,·"eh ..,nl;C. This adjuslllll'1Il is "".de "I lhe fat·,ory. hilt
rn,,)' lie dwnge<! if c"''''<lli"" is ....~I"ired ill tire lid,!.
Tubes: SUI,plicd with insl.lImt'lll:

I-t}lle 6J5·G
~-t)'I'" Illil
3-l)[l<: \'1\-lO:>-30

POW\lf Supply: 10:; to 1~5

Futc:ulncy Rangl: (I to ~ooo l;yo.:l~", ill Ii,,· ru,,).:COI. F"ll-liCl,I,·
..."luelI lire 2011. 500. 1000,2000. uud 51100 ,:yclCOl.

Accuracy: :!% of rul1·!W·nl~ rt:u,lin& Or h.. \I"r.
Temperatufllt and Humidity Effecb: Ovcr It.e r''''If'' of "')u·
ditiuns llJlUllll)· enoo"nle,...~1 (65' Fahrenheil I" 9.:;" "'nhrcu
hcil: 0 lu 95% rdnlj"c humid;ly). Ihe OI",... I;un and "c
curu,::)' flre rolllpleld~- ;mt"pen<l,'ul uf 1('UlI>o::rlllure nrnl
luurlJdily L'Ondiliorlil.
Stability: Wilh Ihe ~('''llijun of" driflor l.bontl% gr full.
scale relldin.: in lhe I;fljl few ",;nulell "rr ... r sl"rli"ll. Ihe.e
is no m"leti"t et",ugc in imliculion with Ii",,,.
Inpullmpldance: I 111"IIOh",. UI'I"".~;n"'tcl).
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RADIO CO. FREQUENCY

'on
.~,

<CO" ><"""""',.......,.~ .>1

I.""
f-*-

,
: ,

.
~t"'YCo"~

r,vflt' \1",.,1 '>rir~

834-8 I Electronic Fn:qullncy Mdl!' I '" tTS I$250.00
l'~TENT NOTICK So- ".n"" l, ~l.l"''''' v,

POWItI Input: I:; "f1It~.

Acnssg.ies Supplied with Inllrumenl; F..""" ,..ul pilol
1",,'1'" (wit." ~p"re>ll. se,"",,-fOOI Ii"" con,,,,<:lo. cord. ",,,hi
I~,inl L~""I\:dQl". and UUo.' Tn'!': ZH-'I I'lu!, "I'<' lIul'pl;L~t.

Mounting, Slllntlnrri l'l-im'lI rr·l")·-r",,k ",,,unl;,,/oI'. I ,,;1
lill.-d wilh d"~l CO"".

Mditional AcceJSor;es Requifed: 1'""....
DimensionJ: P""d. (",'dlh) 19.t (loe,S'],l) ll~. ~ (d"llll<
Io('loind l){l"el) lZ ,nel,f';!.

Net Weight: J, IlOund~.

TYPE 434-8 AUDIO-FREOUENCY METER

USES: This IJI·jdgL'-type fr('qucnty mder is a
gcncral-puq:lUSt: laboralQI'~' instrumenL It IS

usdul ill llU'nsuring the frC<lucncy uf oscillaturs
used as pOll'cr sourccs for audio-frcqucncy
measuremenlS, III tlte IIle~\SurClnenL of radio
frequencies, it can be used to measure the
audio-heal frC<lu~'rl('Y belll'cerl an uuknoll'n
fr('quem'y ami a slandard-frt..'CIUl'IlCY harmonic
of 10 ke,

DESCRIPTION: The T\'PE 434-13 Audio
Frt'{llICJI(:Y 1\lct(:r uses a bridge (;ircuiL and a
Ilull rnclhod of indication. The circuit is that of
tIle Wien bridge, containing only resistances
and capacitances, Three ranges arc provided,
cach covering one decade. so thai lhe lolal
rangc is Inon:I,
FEATURES: The usc of this bridge circuit has
LlI'odellnitc advanlagcs· (I) no mag-He tic pick
up is possible, and (2) tile scale is made loga
rillllllic by tapering Ihc rcsislallci' ('11'1ll~'nls.

SPECIfiCATIONS
Fniquency Range, :.'0 10 :.'0,000 ,'yel.'S '" IhrCl' rRnjl"ClI hy'
l(",nH~ uf a ",,"-('lor ~"'h"h.:l() 10 ~H(l ,·ydi'S. :lOll 10 :!1I0ll
,'yd"", :!IJIlO to 20,000 C) .-1"8.

Calib,ation: l':a<:h in~lroml""l i~ individunll)' cnlihn't~~1 ill
lerUl~ of u pri1ll'ory Kt"",lnrd ur fr,...,n,·,wy.

Accuracy: Th,' "ull poin' ;ij ""rr(>w cnoul:h ll(Ilhllt, willi
~ul1ici.:"t guppl)' ,"oltu~..' or ~umt·i...nt IImpli/icntio". ,,,,
till" null """,,,,Ior "",I "ill." ruirlI I'lln.: "'''V''fO'III, II ... dinl
n'uy lM~ IlCt to 0,1%, Thc Cllli!,n'tiOll 011 !In, di,,1 IIl11y lJl"
relil'tl ''11011 to "ilhi" 0.,-'% "I ,,11 *,o~ilio,,~.

Dfi~lt, Thl' 6-,nd\ di'll turn~ IlIro"l'h n" ""1;1<- or :I:!U "I,id,
Kin'S II """Iu ICIIMth or IIhOllt 17 i"elll'>! rur ellc," 10 to I
frt"IU""l"y n'Ujlc. Tli(' "hoi.. ""Ill" 1""lIlh is Ovcr \ rl"'('1. The
tli"l has" gI0"'-IlI0Iioll drivl'_

Impltdances: Input.:l to 10 ",I"IIIII~: o"ll'UI, 1 lo I k;lol,,"S,
thc stn"llt. vnl"tll! '''''TI'>lllOndi''1: to lh., I,ig!",r r...·'1,..·"ci"".
Input Vo1la9"!: IU\ ~ol~ ",,"X;"'UUl,
Accltssorilts: ,\ uull delcclor will he «'(,,,ired to '-'llenHC
Ihe inslrUllle"t. This mil)' lie IIclld Iclepho"('lj sudl lIJI Ihe
WC8te.n Eleclri<: Tn'~ 1002-(; ur '''' llmplifier-mclcr
•-o,ut..iulltiyu such ll~" T\"I'''' 1111-\ AlIlllliHcr llud Il Tv,'~
4U3-F Output Mete. or " T,'",: :26-:\ Vncuum·T"b,·
\'OHUlCtcr, lI>!Cd in ,-onj""clio" ",ilh Tv,'" 11:10 Fill ...
Srtliol1!1. Even wilh he",1 t.'lel,lIonl'ti '''' ,,,up1iIl"r "",I
till". lleC'tiolls ""I) pry,,' u~ful, '1'''0 T"',, 271-\1 l'lul"!
lin' supplied.

Controls: Fr'~luelin' <lial. .,"'!':') ",'1."'10' M"it<'h, ......'slll"....,
bn!tuu'l" ""01..
Mounting, .'lulI,i""". I."ud, 1.. illd, IJ,ic.... liniMlred in
hl"ck <,ru ..... I.. ]l\C(I""r. m(lu"I,...1 ill l'u"I~r-li"ud wlll"ul
~"hiJl,'L

Dimensions: (l.o:,,~lh) I:! ~ (width) R'~ ~ (bci"lrq !II..
i"'·t".... u,,'r-ull.
Net Weight: 1;;1~ I",ulld~.

Cod,
l:v/"", Word "rk~

434-8 I Audio-Flltqllency Mete•. , ,j COI.Q" I$140.00
I'ATE;'I;T "l)Tl(:~:: See Not.... 17. 18, '''/PI Y,
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FRE9UENCY

TYPE 815 PRECISION FORK

GENERAL

USES; TYPI~ 815 Precision Fork is designed for
such uses as liming i,n gl'OphysicaJ exploration,
raling clocks and watches, syndwonizing fac
simile transmission, Ulld Jow-frequency stand
ardization. It is also an excellent source for
accurat.ely timing stroboocopic flashes.

DESCRIPTION; The fork is made of lo\\'
IClllI:ICraturo-coefTicicnl sta.inless sleel. It is
mounted at the hed on a metal panel which is
attached lo the main base by Illeans of rubber
shock absorbers to reduce ellergy dissipation
through the mounting.

One microphone button is mounted 00 each
lillc I1car the heel of the fork, where the ampli
tude of vibration is low. This minimizes the
damping aclioll which the presencc of the
microphones exerls Oil the fork. At 1he end of
I'uch tillf', adjusting screws are pro\ciclccl. By
means of these. Ihe loading Oll the lilies is
equalized. This factor, too, is important in
reducing the decrement.

'parale microphone bull OilS are used for
the driving and outpUl circuils. No output
fillur or transformer is included, since different
uses may require different circuitarrangcmenls.

The fre<luency stability is considerably
improved b~' Lhe use of the condenser, C.
shown ill the diagram below. This condenser
is supplied with the fork.

FEATURES: TYI'" 815 Prccisioll Fork com
bines high accuracy alld stability witli sim
plicity of construction and operation. Because
of its small size aud low-power requirements
the fork is easily portable.

SPECIFICAnONS

Ffllqllency: Three 6!ock modd6. opern1iD8 nl 50. 60, and
100 cyclCll, rellllCClivdy, 11m IIvuilllhle.

C.librlltion: The fork will ~ oll!:ll)' Oll fr~"'I"""CY IIll'Ome
lemperulure hel,,·et:n 70 "IllI 80 t1ellft.'t;8 Fahrenheit. The
Ul(l1l8ur~'tl value, with a driving voltugeof" volls. III h 8111Wd

temperutllre bel"'Cl'n 70 lind no deICrl!ell Fuhrenhei! is
giv,,"n On the calibral.ion certificlIle to ±.OOI%.
Temperatllre CoeFfidlrnt: The lelllperutu,e cuelTiciclit or
frequeue)' i9 uoout .001% per deJlrt'C Fahrenheil \llld i~

ue/j"otive. The lIclual measured valuo i~ given On Ule Cllli
bration certificote.

Voltage CoefJldlrnt: The '·Oll....lIe t,,",lIiri"nl of rl"C:'<l"''''C)'
is ahout .00;;% per volt und i. give" ror 'llIcl. rork 011 Illl'
colibrfllion ttrlilicltte.

Wa¥lrlorm: Harmonies are ubout 30% or the out,lul voltull"
Blullioodi.

Olltput: 11 i~ r<l<:otllmended Ihnl .. Irnn~rormer be ull<)(!
l"llw~'Cn Ihe outpllt cin::uit IIllll t!l... load. 1'1", i"Il'rnlll
oulput impcdulIC<l is abolll 50 01111111. anti the lIlD:rim"",
oull>lll about;:;; mil1iwlIUli ...hen II 6-volt ootler)' is used
in U.eout,Hllein::uil.

Power Supply, A .I-volt b.uller)' is recollimeud~1 D8 the
driving l\Ourre und n ., to 6-voll lu,llt'ry in Ule olllp,,1

cireui!. The bllller)' elll' be ~'Ommon tll bolh eiro..i"'.
Oriving currenl is IClIll Ul/Ul ,,0 milliaml",res.

A<;uuorits Supplltd: A ",Ih.."iu,," couderllll!r ...ilh lllug·in
lcad~ nnd 0 T\','t; 27.I-M PIUII.

MOllnting: The rork a!klCnlhl)' i~ ",ou"led Oil " ",,·t,,1 1""lc.
Dlmtnsions: 13 :r 6 :r 3 i"ch"". ovcl'-l,l1.

Weight: lOH I'oun<ls.

I

tL O_~--'

Circuil dingnllll llrT,'PK 815 Pl'l!'(;isluu Forl...

T.vpr Fnquent:y COIle Il'llnl Priu

815·A 50 cydt'll I'AUNA S165.OO
S15.B 60 e)'clell I'ATM. 175.00
815-C 100 eyelCll I'EWI< 175.00

172



RADIO CO. FRE9UENCY

TYPE 816-A

VACUUM-TUBE

PRECISION FORK

USES: '1'11(' TYPE 816-A \ [lC'llllln-Tuhe Precision
Fork is a primary standard of frequene)', It can
~ used for Ihe same purposes as TYPE 815
Precision Fork (page 172), but its higher pre
cision and stability make it adaptable to
considerably more accurate measuJ"Cments and.
in addition, to timekeeping and chronographic
measurements.

DESCRIPTION: Tile complete il1strumenl con
sists of a luuing fork similar to that used in
TVI'E 815 Precision }~ork, a temperature
control s~'stcm, a vacuum-tuhe amplifier, and
a synchronous molOr clock. Tile Cork is made
of low-tempcraturc-coefficicnt stainless stecl.! l
is 1110uilled altbe heel all a metal panel, which
is attached to the base of the tempcralurc
control box by mealJs of four vertical helical
springs to reduce caergy dissipation through
the mounting. The fork is driven elcclro
magnetically, and the dri\'e and pickup coils
are sYlllmetrically placed with respect to the
tines in order to keep the decrement low and
give a Q of the order of 20,000.

A two-stage amplifier couples the pickup and

the driving coils. An a~v..c circuit is included,
and a fourth vacuum tube supplies oulput
power at the fork frt.'<luellcy. The general circuit
is shown in the aceompanying schematic
diagram.

The ternperature-controlled chamber in
which the fork is mounted is a metal box
enclosed in a balsa-wood case, Heaters are
]lrovided for 115-voll, d-c or a-c operation,

The synchronous clock is dcsigned to regisl er
correct limc wheu the fork is exactly on its
raled frc<lueIlC)', Comparison of the readings
of this clock with standard time signals as
transmiued by radio pro"idcs a means of
checking the frC(lueocy of the fork over 24~hour

periods of conllnuous operation,

FEATURES: High accuracy and a high degree
of frequency stability are importaut character
istics of this fork. Because provision is made for
using either of lwo I,ypes of power supply, the
fork can be operated under a wide varicl}' of
<'onditiorls, ill Ihe field as wdl us ill t he lahora~

tory.

SPECIFICATIONS
Frequency: 50 eyell'll per second.

Calibration: The frequency ill lIdjwllcd within O.OllO~,%

of it.8 rated vnl"e and i>l lllCn8urNJ 10 0.0001% ill Our
~t""dllr<li~irlll1aIJOrntory,

Sc:reWM (lro pn.widL'<l in the ""da of the tiuC8 ef the f()rk
for ,ulju~ting the fre<:lu"",,-y. These IIrc IIccL'SIIibll· front tl",
oul."idc of the l;'llIlICnolul'e-<:onlrol box... Minule dlll.""~,,,

nn' 'llX:o",plillhL~1 loy 1l(lju~ti"ll the ll-Vo(: dreuit ",bih' in
uI,,'ration.

Stability: Wh"" the l~nlIJeratu...,-ronlrollly~l~mill olICn,wd,
the fre<:II"'ucy ill withi" o"e Illlr! in 100,000 (O.1I01'7.,) of il>l

(nil/Ill) Plot of II 10-<l(,y [requeue)' rL'iXlrd of '1'''1'1>

816-A Vacuum-Tube Preciaion Fork. The full lin...
>lhow~ till' omervell fr"llucne)', the dOltL'f1 [j"e UK'
frl'lluenry ..ftcr the ooro"",tcrcorrM:tion WIlS upplied.

'1II':1!I vulue. Ihull limill/! 10 OCI Icr lIum OUl.' II'COIl'" ller lin)'.
\\ilho"l t<:lIJpcrurure L~l"lml, tlL" fr«juelley will fol1o""
("';lh " L"O,,~ideruhh· lnll) ,·"rinlion>! in uIllhi"nl lcml,erll_
lure. Al urdinury l'(>urn !1'IllIll!nolllrell. the le'1LllI"r"turl:!
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FREljIUENCY

<''OI'l1k;''1I1 ofr....,qu"uey is IIe!;"ti"" ,,,,.I is -~Z l,,,rll; ill Ill'
(O.l)(l2~~~1 1>1'" <Iegree C1':Illigmdc. Fr~(I"cllCY "lounges wilh
8Ul'I>I)' vollogl' "",I lIlmosl'he.i" preM"r" ure ,,~ulllly

""llligibl";n curn,",rWIlI 10 til" rut....l ,"','ur",:y of IJoe forl<.

Pow•• Supply: TI", ,""pliO"r cir('lIit ""d \1,,· 1",,,h''''' for
le"",..-.nlu..' ""utrol on: "rr""ged t<;> 0l','mh' 1)11 ,-jthe. of
Iwo (nICS of l",wer sUI'ply, !<I-led;"" h,-j"Jol' 1Imdc b)' "lUK
""t! jlld k'llIin"I,,:

(I) ,..., lim', 1110 to DO voll.;<, 60 <:~'d, ...
(:~) d-c l;lIl" 100 to 130 "011.8.

Po....er Inpul: For h'1lI1>er:,turc colllrol. 30 w"IIJI: for f"rl.,
""d DUlplilic•. I;; ",,,Ull.

Outpull I'c"lwd 0. sinusoid"l. liS sd....,l"!! h) " "",ilch.
\\ I..,,, tile 8)"",:h.ollOOB dod. is OI....ol,.,j, lUlI"i",,,,,, oull,,,1
is 1 ..."U, \\ h"lL clock ;s 001 "",-..I. ""ui",,,,,, o"lrHlI i.
;! walls, OuII',,1 lireuil i., nOI gTflutltlt·d llud i., fn"1 fro",
lOny <1-<: IK,lnrizlllion. Various outpul i"'lloL~]uueL'" 1I... lw'''''1I
;!()(l nnd 30.000 ohll18 nrc 1l.0\'id~'11.

\In.irnulu IIl'"k"d (lll"'l-\'il'('"it out""1 voltnl:" is :\:;0
",11K.

Tub,", :-ul1l,li"d .... ith inslr"u",,,1 I

::!~lll~' IiJ7-r. I-IH~' 6()7·r.
l-In~-' 2:;1.6 l-IYI~' 2.i1:6

I tn'" 1:1'J-919-\

GENERAL

S.,h..."'''li,· "in·"il <Ii:,,,,.,,,,, of lhe fork "'''I,lili,>r lOwl
""Ipul "i.cu'I~. I., lI"d /•• an' Ill .. I,i"k"" lI"d dri,-iu"

,·oils.

AcceuQ,ie, Supplied: till>lNl rust.... ;! n1"ltilxW,,1 L'On_
rrL't:lol'll. onc lim' L'I)rm...~'lo. ,"Ord.

Mounlin!!: Tin, e"li.e "Sllt'mbly is mounl",1 ...." " st"ml"rd
19-i"ch NlI;,y-n"'k P'''lO'l. w!til'h ellu be "dnl'L.... for h,l,l"
n,ountiug loy til!' "!II' of the w,.....]c" end fromc>< "ul'l,Ii...'11.
TIr" i"stru"'ellt is fI'mlil)' "".l"bl... i" "n ""I"'rnlilll> L"O"

rlitio" if kCI'1 ill "1l1,ro.1in,,,I.C])· ils ol",nrli"g po"iLio".
Dimenlion5' I'n,,'-". 19 li I;!I~ i"cI"... : d,'plh. 1;11 1 i,...h""
Net Weight, 1'J'11'0unds.

816-A ) Vacuum-Tube Plecilion For~ .. ... ... I
CfH/r Word

,..,,"nv

Prir~

$3a5.00

TYPE 419-A RECTIFIER-TYPE WAVEMETER
USES, The TYI'~: j,i9-A Ht'ctifi('r-T~'pc Wave·
meier is intClJdcd for general use in cxpt'ri-

mellial work ill tile short-wave band beLween
I alld 15 meters.

DESCRIPTlON~ This \\II\'ClIlctcr is a tuncd
circuit i"strument, using plug-in coils. Tlte
fl'SOnUt1l::c indicator is a thcrmioujc reclifier
which can be uSt'c! in conjunction ",itll either
its rnicroomlllcter or a pair of telepholle f{'

ccivcrs. Ileaclion methods call, of ('ourse. Ill'
USt'i.1 as well.

SPECIFICATIONS
Frequency Rang", 300 \1e 10 20 \le, or I melcr hl 1.-,
r""l,'''''. ,,~inlC fuur "lull-i" indu"lors.

Calib,ation: I·:.at·lr in<luctor j~ ill<li"irl""lI~' c"lilJrntt'll in
1"Tl"~ "f ,I", (;en~.,.l lbdi" Coml'''uy'~ primury ~trtl,d"rd

.If f"'ll'''''lC)' nurl is ""I\"liL~l wilh '''' i"dividunlly ",,,u,,,,,,]
Clllih.uLiou \Jun',',

Accuracy, ±l% of th,' ludic"l<!d frcquc,wy.

Tube, The n'~"""""'Y lYltll IGI-n 1"J.K, is ""ppli",1.
Powel Supply: Filoll1<:,nl currenl fo~ Ih .. lui", is lIlk<:,,, fro",
II l"i-vole. I\u. 6 dry ~1I. Ill0,,,,1;1lI: sl~'ce fur which ;s
,·..nlai1l"d '" lhe h"lIolil of Ihe e"hi",'1. \ I~,ltcry is
SUPI,lied wilh the ill~tf1lrn~nl,

Mountin!!: 'huuinu", I,nnel finisl"..1 in hh,,·k "~ocklc

1"1·,,'ll'r. mOUllIL'I1 un n ]loli8hed w"l"nt ""binet. '1'1,,: 0011o",
holds lire f"m ;ud"clOl'll 0,,<1 Iheir tI'nr!;l.
Accenories: On" T,'"", ;171_\1 Plug iH f"r"igh...d,
Dimcn5ions: 1'''Il~1 (heighl) 10', !l ("'i<llh) iM& inclr,,,,.
e",.... (h,·i~hl) 7', ,,,..I,,.... ovc.>,,11

Net Weighl, ill IIOUnd~ "'ilh luhe l>uL "'itho,,1 h"lle.)·
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419-A

I.hw:ri"liI;m

Reetifier-T'fpc Wavemeler ..

C",lr II oro

LAT.;n $100.00



RADIO CO.

TYPE 758-A WAVEMETER

FRE9U ENCY

USES: In the ultra-high-frcqucncy raJlW~,:>5 to I
,WO 1\le, this wU"ClHclcr pro\,jdcs a cOllyenient
alld accurate Illeans of measuring the fre<lllCll-
des of oscillators.

DESCRIPTION: TYPE i58-A Wa\ {'meter is a
tuned-circuit, absorption-type of inslrulllclll,
ill wlrich the capacitance aile! induclance ar<:
varied simultaneously. This perrnits a wide
rOllge of frequcncy 10 be covered with a sillgte
coil. The coil is corlll(..'t'lcll 1)(,1'lllancnll~ into
the circuit The resonance indicator is Ull incan
dcscclltlarnp.

FEATURES: An outstanding fealure of this
wavcmeler is the \\ ide range of fn,'tlucIiCY which
is ('overed wilhollllhc bother of challging coils.

Although both coil and condenscr are COIl1

pletely enclosed, the case is of trUllsparClll
malerial so lhat lhe circuit elemcnts can be
secn at all times. This is a considerable aid ill
coupling the wavemeter to an osciJlatillg cir~

cuil. The dial is direct rcamllg in ffel:llICIICY.
The lamp will glow 011 an oscillator of about
2 waUs OULput. For low-power oscillators, the

~o-.

reaction of the wavclllcler Oil lht· plate or t.(rid
current cau be used Lo illdicatc resonanCI'.

5PEClfiCATlONS
Ran,e: :>5 Me 10 -100 iIIe, dircd rendi"l(.

Accuracy: ±2%.
Temp'uature and Humidity: The lu;<,:urll"Y of tbi" ,.-",,,
""!lCr i" ~XlllJplelely illucpendcnl or lcIIIJ~r"lurc ""d

I"_,,nidily clr~'<)h' (lvcr tlo" r""I1"" "un""Uy "ll~'Qu"kn"L

Resonance Indic.tor; l"cnnd~nl J"",p_
Dimensions: :> x 5 x ,s~ i"d,ct<. u>'"r-:,II

Net Weight: l IlQUll11. I:! ou,,~~_

758_A I Wavemelef

r:t></~ II ""I

Wl,T, $28.00
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FREQUENCY GENERAL

TYPE 724-A PRECISION WAVEMETER
USES: The precision wavcmeter fills a defUlilc
need in the field of frequency measurement.
Its accuracy is sufficient for maoy measure
ments which require a fairly close knowledge
of the frequency but where more precise hetero
dyne methods arc neither necessary DOf COD~

vcnienl. Among these applications is the
preliminary lining up of radio transmitters
and checking the frequency span of oscillators.

DESCRIPTION: The TYPE 724-A Precision
Wavcmeter is a tuned-circuit instrument, con
sisling of a condenser, a resonance indicator,
and a set of inductors.

The condenser is similar in constructional
details to TYPE 722. (Sec page 43.)

The coils are designed to have low losses and
a high degree of stability.

FEATURES: The straight-linc-£requcncy COIl

denser obviates the use of cumbersome ca.libra·
tion curves. The calibralion data Me in tabular
form, and specific frequencies are found by
interpolating between the points in the table.
Tbe plug.in coil mounting allows the coil to be
rotated to obtain different degrees of coupling.
This is a considerable aid to convenience in
operation, making it unnecessary to hold the
wavemetcr in awkward positions to couple it
to oscillator tuned circuits.

The resonance indicator is a rectifier-type
vacuum-lube voltmeter, which is not dama~..'Cd
by severe overloads.

SPECIFICATIONS
F,cqueno;y R.nge: 16 kilocyclll8 to 50 ,,":ga<:ydes.
Accuracy: ±0.25% betwee" 50 k<: and 50 i\k:±I.O% be
' ..·t-en 16 k<: ..nd 50 k<:.

176

Calib..lion: The Cl\libration i~ ~upplied ill the form of a
tahle of <:alibruled points. Linear ,nlolrllOlation between
these IlO,nts ie ullCd to obtain settings for other rrequen<:;es.



RADIO CO.

(ondlln51lr1: I'redBioD worm-drive lype Bimilar to TVPE 72~.

Thl! oondt.'ll!lef ll<:Uillg is indiCllted on the diul "ud tln"n
and iH oonlrolJro from the frout of the puud. There orC
7500 divisions for the entire ZiO...I"gr"e ''''1:1,,111< rototio"
of thl! c<.>UdCll&'f rotor. The lln'Cis;oll of !letting iti helle.
thou one '>l'fl in 25,000. The plllld am ShOIM.'d to give lin
ulll'roxillllllely lillcnr vnriolioll ill frt.>qu,,"cy with ticlIle
setLing.

Indudots: Coiblll.e wound 011 i~llllllitl! forlllS nod e"cJOlll.'f1
in Ulllldt.'fl 11.1kelile C>llIell. Seven coils ore used 10 oover u
fre(lueucy 'ulIlI!! belWe<)ll 1.6 kilocyclell lImE 50 mCllucyclftl.
R'UOn'"Clt lodic.tor: A V('CUUlIl-lllbc ,·ollonek. i>I ll!le<t to

FRECjlUENCY

iudiCl'le re:tO"aoce. This is oolll,led to the lo,ted ei'lluil
through n cllpucili"e v(jlt,,~ divider.
Vacuum Tub.: One lytK: IGI-G tuhe ill rt'quircd and ill
rutllisht'tl with the iu~tt""'e"t..

Power Supply: Oue type lFA I \4-voll bultety ;MIi'lllplied.
Mounting: A wOl><I~l1 $tOr1'll'c elise. littt'ti "'ilh lock Dnd
curtying h:tndle. i~ furni8ht'tl. This hllli ,;o1lltmrlmc"l.lI fot
holding thc t'O"d'~"liCr. induct" ..... ,,,,d cl\librutiun churlll.
Dimensions: Cl\rq'inll ""$e. 17M x 13 x 1:!J.i inch~.

OV"t"un.
Net Weight: With "nrrY;'4\" "itlOt'. 35'" 1>0",,,111; withoul
curr~i"j.(COw·.:!O I>OU,ul$.

",iu

124-A I P,eciJion Wavemetet $190.00

TYPE 566-A WAVEMETER

USES: TVPE 566-A WuvclIlcter is a widc-range,
general-purpose, absorptioll-trpe instrument
iJltencled for rapid fre<luency ch(,'cks in the
laboratory or the field. Of moderate accuracy,
it replaces tile TYPE 358 and the TVPE 571,
formerly listed in our catalog.
DESCRIPTION: The wavemctcr cons.ists of an
air condenser similar in construclion to the
TypE 568. a set of five plug-in inductors. and
an incandescent lamp, which is used to indicate
resonance. The condenser is mounted ill a
walnut cabinet. A friction-type slow-motion
dr'Ive is provided on the condenser, and the dial
curries three scales. which arc calibrated di
rectly in frequency.
FEATURES: Compactness and low price arc
important feat ures of this wavcnll'tcr. The
plug+in tc.rmiuuls arc so arranb'Cd thai the in
duclor can btl moved in one plane to vary the
coupling La lh~t1rce IUldcr measurement. A
mck is providca uO the side of Ihe t'llbillct for
storiug lite coils I hat arc nol in IISC.

SPEClflCAnONS
F,equency Range: 0.5 to 150 Me (600 tu:! "'eIN'lI) u~i,,1t

Ille live plug-in ioduelon; rnrniMhed wilh lhc illslrUlIl~nl.

Tho ~'OlId~llllCr dinl is di ....><:l rendi,,!,: ill rt{'(lu~ncy. Tfw l're
ci~ioll with which the dial ell" he rc"d i~ 2% or !>eller.

Accuracy, The "":Cllrnry of di~1 indic"tion i8 ±2%. 0.5 (0

T,,.

J6 '1<', nlld ±3%. If! 10 150 \1<-.

AccuJo,ieJ Supplied: Twu ~Illlrc ",dic"tor h""I);l.

DimenJions: I", x ~Tit, .3~, i"d,,,,,_ "'·('r-,,ll.

Net Weight: 3 l",,,,,,l~.

566.A Wavemellir $45.00

In addition Lo tile absorption·typc wuVCltlClcrs deScribed on tit is and adjacent pages,

the General Badio Company maHufacturcs helel'Odyne frcqucncy mclel'S wilh which

frequency comparisoos CUll be mude by a zero-beat mUlhod. These arc described on

pages 156 and 164.
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FREQUENCY

TYPE 376 QUARTZ PLATES

These low - temperature ~ coclTicicnt quartz
plalC!> arc intended solely for usc in Gelleral
Hadia frequency monitors. They (Ire not so/dfor
fhe direcl frequency conlrol of radio lransmillers.

The quartz plate is held securely so Ihal
changes in orientation or nlL'Chanical jars will

not. shift the frequenc)'. The method of mounl
ing- allows the plate to vibrate freely but re
stricts mndom mol ion or appreciable changes
in posilioll. The holder is intended for lise with
the base in a horizontal position.

SPECIFICATIONS
F,cquenc:y Range; Plalils Can he "'fide for nny fundament"l
frequency illlllCl rnnge oot....pcn 150 ~r "url 1000 kr.

Ac:c:ufac:y of Adjustment, Withi" one cycle per !!Coon" Or
0.0001 % of the rn~uellcy ordered, whiche~er is l"fJ'w.

Certified ACCU'8Cy: When operated in Genenol lhdio fre
(Iue"ey monitol'll. under conditions specitied ill th" cnli
lJralion ccrti6cntc, the accuracy uf TYPE :\76_1. QlI"rtz
Plole is gUMlIutt'Cd to he ,,-ilhin 0.001% (IO P<lrl.<! per
Inillion) of the frequ"ncy ordered for" period of one yenr.
,mel the frequeney of T"p,,: 3?fi_M i8 8"ar,,"le~~t to 0.003%
for n ..imilllr period.

Temperature Coefficient: Thr teml"'rnlure coetlicicnt of
fr~'(IIH'nc~' i81Cl11 thon 3 l>lIrl.<! per million per degree un1.
grm.le between :lOa IlIld 70' Centi/lrndc (68' and 158' F.).

Mounting: Tile c,yawl holder consiats of an i8010ntitc basc
currying "tl "Iumiuulll enp with D. n'C1I1I8 for adjulltinl!.
t""ki"l':. and scaling the lIir gnp. [t is practicntly dU8t pmnf
nnd is fitted w;lh plug$ for uS<! i" Gt"'era1 Rndio piew
eleclric O>It:ilt1>lonl.
Dimensions: 8Me. (tength) :.!':( x (....idlh):: x {hc.ight) II~

iuches. oyer-ntl
Net Weight, 10 (I""C"'!.

1)~$cri/Jli(m Pric~

376-L
376-M

PATENT !\OTICK

For Use with T"'ype 25-A Frequency Monitor . .
Fo' Use with Type 175-A Frequency-limit Monitor.
f;p., Not" I~. I"'''''~.

TYPE 676 QUARTZ BARS

....E'·I':l!
I,.• ROll

$85.00
50.00

TYPE 676-A Quartz Bar is intended fol' usc in
CLASS C-21-HLD Primary Frequcllcy S1audard
and CLASS C·IO-T-l Secondary Frequency
Standard. It will operate at correct freflucncy
only in TYPE 690-C and TYPE 675-N Piezo
El('('tric Oscillators. TYl'E 676-B Quartz Bar
is inlcndcd for usc only in the 1'\'1'1': 675-N
Pieza-Electric Oscillator. Two condcnsers and
an inductor, which form a purl of! he oscillat ing
circuit, arc mount cd on the same base as the hal'.

The moullting has been designcd to have a
minimum of effect on the frcqueney of the bar.
Electrodes arc deposited dil'ectly on the quartz.
thus eliminating the effect of air gaps. Barnes
arc provided to eliminatc the effects of high
frequcncy sound energy radiated from the ends
of the bal'. Thc bar is zero-angle cut. Thc
tcmperature coellicicnt is less than 2 parts per
million per degrce Centigradc.

676-A 50 ~c

676-8 100 Icc
PATEl\'T "'OTICE>- See N"t.". 8. It. I"'"'" v

C",I~ Word

"rY.t""V~lI\

"OCIl~

•

P~jte

$145,00
145.00

(f.~Jfl T\I'R 676_\ Q""rtz Ihr; ((~"'erl T,,,I': 371.·1. Q"nrtz !'1"Ie: (ri9"" T'I>E 376_1. "it], eonor <rollO,·("t
~how;"jot t1WI hoct uf mou"lifljot ,'r~,\.l,1.
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PARTS AND ACCESSORIES

TYPES 704 AND 706 PRECISION DIALS

GENERAL

Th,,,,,,, on' Ioit::ll-gradll precision dials, ,,'illl
scDI(::j i",li,jdualJ} en,,'1"8,~...1 011 lUI lIuto",,,tie
self_indexing 1'''~'fa\ill!J' rnacllillll in fUll', rndial.
lind Ilf nratel), located linl'$. The di..l seale Dnd
the sl ,,·-"'olioll dri,e knob rotllte in the &lillie
direction.

The al"C"ral'} of tile I'nl;l"ovinl' amI the
Jlf'1-ocisioJl of !lI't1ing obtainable justify the WIe

of 8 TYI'F. 519-A Dial l.erl8 (see Jlext pal,oe).
Backlash hILi been I'Jimilllltl'tl in the 0011

sLruction of thc;;e lonl;-;;(.'ulc diolll by lIettin,IJ
the scale pcnnllll('JlLly aud sccurel~' 011 lhe
main shaft which thus has its angulor po!iitioo
ael:urately illdiealcd. Thn tension of the frio
tion drh'e ti ad/'llstoble to suit the lood and the
preferen(~ of t Ie operator, and tIm IlOSition of
the fricJiou drive shaft may be o( jllsted b)'
Illeall'! of all l'OCf'lltrie bushiJl@: to compenSlllC
for au) I:rrors illllllHXmLl'rin~ of the maUl shafl
in thl: Wilier hole.

TIll'S<' dials are IR'(.'l,red to lheir sh"fts througll

11"lf '~'''- ,.,. " T ..... ~~_ll 0""
T , ~Ol.(: , J);"b Tl.. ""'M
.;I~-\ 1).., I.·,," (•........,;1. ')11 II.. f.~k>~.;... ,,,,,.,1 ..., ,"'~II.

th,' lISe of t>'ill ~tliCre\\'M !K'purnlcd by I:!O"
o"d are SUlllllied bored to receive a j's-i"ch
shaft. for use with a ~S·in<:h shaft, a ~]lli!
collar blJ!!hillS is r.ro\'ided which Sl'ClJN'ly I!rillll
the shaft throug lout one incll f,f its Iculllh.
averting all l)(l6l;ibility of slil'Jliug_

5llUing8 of these dials con consislellll} be
duplicated to olle--flfth of 0 d;.-i~iol1, alJ"wi,,1l'
110 lICCuracy of resetti"", for the Twf' 7fH;r..1)
Precision Dial, or bc.ller thun O.05'rc. I'arlllla:\
is e1iminotl'<f through lhe UM of 1111 ilKliulor
which always remains flush willI Ill.. surfll('e or
the dial, lind which at the 0>:1111(' liole uhllorbs
allY slight ecceolridtillS of the nloin shaft
through t.he l1cxihilit.)· of ils "lOlmlin!: OMII.

The <Iiol indicator tunl kilO!> (Tn>!! 6:1,·P)
lit.. 6uplllied, Il!! are Ctll"llletl: instructions for
rnoonl"'!:. Ollly OllC !Iole in the "anel. ill llddi_
lion to thal for the lIlai" shaft, is re<.luin::d for
mounti",,; this hole ('Ill' hi- Itel:uroldy loc/lled
"'ilh lhe drilling lemplOlc furnisfll'<f.

• 4-INCH DIAMETER PRECISION DIALS
lliAf ~',W;"'" ,. ~.

T.". .. 1Jj,..ioIu I)",,,, H..t", n ..,1>l 11''''''' /',iff

704-C 180' "" .. 40•. ......., ".00,,..0 '70' '00 1:' •• II.... '.00
• 6-INCH DIAME7ER PRECISION DIALS

, ....1 F,id;",,_ \'<1 r...
T.•pc ,. u""..... I),i"" flt<I,,, 11,.,1>1 ,,~ Pm.,,.., 180' '00 .. l~o .... n....' 16.'0"".0 no' ", I,B ,,- n.n'" 6.50
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RADIO CO. PARTS AND ACCESSORIES

TYPE S20-A DIAL LOCI(

D1 " ..~ (....<10) •• ,.....) I • IhoI••" , ' .........
• ' 11, ' ....h' .lo> ,..0<1, , io<lo,
M , T.o '< _, " i........", ......,.....,
",,_,i..

1'1""''''''',1'._

,., ,......., H"';" d;'" _ "'"'> <10"",",,;,,_,,....,... '> _ .... "'" To l>W.l '_I • ..,h
Io,>Ido ,.. "'v 01 ' .. ~I., i•• , ..-iiI ,
.,.."...~ ........ '.......~ ""'h ' ,....,."".,j no. 10<1 "'__ .u" , olio' 'i.. _1-, --......' , """'" ....." ,.._ " ..,,,..

$0.7\,,0-1'1

TYPE S19-A DIAL LENS
(III ' i.. _1

TlIio ~....... 01. _II i,h .. "J_'" -.
.........,"".,~ "U io'\ II ..
,......... i---' 01 01 , T, ,~..... ,..,-... , ""." ,._ .
"' Io_'10. "" , .. , ...l
11oo .-.. _ , , .,_ ....
.............. ", l. _ "';., ,..._

I••• ".1..' ...' .

D; , 1"...hI._ .....'I:' I.'''h, I I.. '''n"h
... ...Ii , .,. '"""'-

•• 1"-"0.' '• ..,.....
~..' 0.. 't-'o<. bolo ""'.,.... t.. _., ....N.,W.i"""_",T,,.. ',..11... "'....

,,9-1'1 "."

DIAL PLATES
Tt>-";"I " i,• .-..

.., ' Io' _. _......,.l

....... ".'" .,,",,,,,,, '" ,.. -' _,<10 __•

.two lo>lJ , , .......<K- ~ ".
"1MnIo ' _.

T'I'l'E SII·I'I,.\_ ""-'......... '.. _ .i,•• T •.., .., ...
h ..oII TH. >0,", H_..,.P",...,__,.. '1 ..1...
""."',0; _ ...... ",.

TYPE 3U
..........0<10 __.... ,......l'h ,..._ .

• _., Tho T ••• Sl ..II. _' "' .. so"'.--. , ;, -"',._..,
""....__.. T " :I •. ., .. '''. ,,,. -J U3,
', .. r, •• '''I-r.~ ...,1'" "". ;;o,j; ' ...
..... _ .i<lo_ ...... , "', _ ..
T _ A '_I ri,'- ...
M~'._r _

',~

"'100
$0.15

)'''8
1'1.(

.,,~ "'''L.... ..,.'"
I~

'0.15
.n

TYPE 318·B TYPE l18·( TYPE 5'/:2_'"

0
", .

. " . ...
: - ;.~.

. .
• - <
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PARTS AND ACCESSORIES GENERAL
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.",plg 1;:0. ~,UTS ANO ACCUSO.IU

FRICT10N.0llIVE ANO D1RECT-OIlIVE DIALS
n- dloI. I.... >0I,'0ס.4ס_ ........ • n~

~~...~;~ ,,:,:-.::..-:~
~~~~ :::~:tal~b":
.. 11boo' l'rio.; dri.e, "''1~ ,'''' :-In<Io ,(",.
(1', ... ;01) bi<\o .. """ ,;"
JIol. n.. dOoI ....,. ;, ioooIo r_ ""'
o/Iofl I." __ " (1"_
;oll '... ,"", '1..~ioI"".;,.~ I~",._ .. -..__n.. _.
""" ~""'.<!rl,. <!ioob T'M$ :IP. :1:. 0<>1

:1;_'l>o_ .. ""..,,1IlZ.;~ Jv.l.
""......l.tly. <>«pI 'loll n,.' lbo
l<kIkJoo.<.Iri......"-'-. n,;, ..""' .......

~~~,~...F.:;= :i'.t..::::! 'oro

n~~"'t '::i~"":.1.l::.r=:
:.:: ~';i:;',T.. ';';~·,.-:.J.:,""'"
""""'~1 ,''' <11«1 or»- ,~_

01,__ ,,', ......-
.. ,_ <l'''. 'r,_ : ;0' ,_
I","IL Th'r _, ,..........-. ..,.., ,r ..'10-
10<1..., 100 """"";"",.",,, ..' _
....... ..... """ind.

TI.. p<!Ollluo ..... ,lot r........., ..,;•• I. ,10:1

:='~~l; ~;;~~"'~~',=\ ::
01'.... 1<1.1.''''''...' ..... ,1>0, ..... ,'.

fllCliOtWRN( llIAL5
........... ""''''IU_m'( .., I.~ (lO!<U'- ,~ ,-- - -~ - ~ '- --"'--- .- .~ -~ '" 'w .w " " .~

.~ '" .w -, ,. .. -, .,W

.~ -- - - " .. - ••'H ,. -' -, '. .. .~..,
~::

,w' 'w " .. ... ••.~ •• -, " .. -- .~

••~ ............._tm ... 'lICflOt<....... ""'...._.
U~

,w' .w " .. .....- •w ,w " .. t."
• ,~ ........t£I_m'( ... '1IC_""""'l"~'

-' -- .w 'w ,~ ,. .~ ".n_.
~~

..' ,w ,.. .. ••_.
'W' ,w ,~ " ••- .•' 'w ,,, .. - ,.

Olll£CT-ORM llIALS
• '-""0< .." ........ _!l'P'L '" ...m"""""""'...

,,,....
I tt~

,w' ,w .,- u~,,'.. ..' -, .. ... .w
m"" -, :::1 .. - .~

mol.
~~ - " - .~

'''~ .w' .w .. - .~

'''4 ..' -, .. -, .w
..............."...... - ..... It, .-........... D1...u

,,,....
l~ 'W' 'W .. ..• U~

".~ ,.' .w •• ... ,..'''""''''''' """""... - ...... "" ...."....~
'M I!: 'w' 'w '0' ..". ".'"..~ ..' .w .,. - ,~

.~

l~ ,.' .w ,~ .. _.
,~..- ..' ,w "'" -, ',u..-.. ""'''''... - ........, .....................

*' ,: 'w' .w ,.
~... ..~_. , - ,w ,. ... ','..".,~ ..,"' .. ..._,,_..!,--,h'" _ ......___.
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PARTS AND ACCESSORIES

TYPE )]9 SWITCH

.. I ....... ~

A" II.... "';...nl) " ....1 ,10",.
, ••,,1,. , " .. ""'01_ .,,j I!~ &....t ......
... hol.<m ',,...........Ml<._r ;Io'l\-

i~..::.··.::.k.:~·i""7'.:':·,,::-/..;;:..'I;
u~l'1 p..oil'" ,~ hol"'iol'" I......, _ I~

bro.1 I., d;~...... "''''"''".~, II... _"........
,.,..., -.I~.;". <1;&,10. "",,-, ,;;.,,).Iooi,. lI.,d"...' ••,'t .....'lItl ....' I.. ..tj........

Tbo T•.., >.lo9 s"i,<l>;' ................, .
bi,rh-.,..wl, T.......' ••i,.h !h., ;, r,,1;"""'., ,,..

A , ..'" ~ .." 1ItI..,. ,,.. I~"""
101 ,,01 ......." orft.. "'..... II.. ,.;1'"
~~::'I:~:i:'.::;;.,=;,~.l:~=:::boo"_ TI.. r.- ...1 ••"'" 01>011 .... 'JI
..... ""~"';I•.-,_ .." c_ __ .......

".. _-_.,_ -_..- ""'~._ .._ ...-.._ ..__-,,,,'..-,-
-.- _< -r". "..., "'_' T'~ ...... It.-

........- ......UwIo,__

,--... ......._--..-.. ...,......._---'......--"'........,-_.
.... .._....- -', '" - "'" ......."- ---.'....

DECADE SWITCHES
r_ •• i,..."",,( ,10- I,P'" _ i. 10 llod., "'~I__ ...10

...........~ I.".. •ff ill.~ f.~ Tho- T,.. ;1~1'1. ." 11_ 1 "..,,.i"" ,.;I '" .- , g,';",," ''''od .. -.'~. no, T'"" _1':1 Swilcb.
'....I .... ,_~ " .. ,' , • ., .....,_ilm.~"..jI.'';........." ...., .........1<-
d "",",,""" ..._ h) _ ,t ,....n.l ....t.;.., .... ", hom.X1", __



.... DIO eo. 'AITS AND ACCESSOIIES

TYPE 611 fllfTED kNOllS--_... __ ..,.........._..--.-_ ..--

'Iio-" """"""TIl - 0'CIHltlI- -'--.::...."-- ,--.. "'- ....
••••~e: := '":R......._~-

'''-'' "'..........,·-"'''' • ./NtH_T- , -r.O' ,.

~::: :::= '"::: ':J:......_, ..-

'....-..-..- .............- ,~-
r .... _ ...

:r.::l ~::: ~__.. "":: 'U:............ ,..-

...~.....
.......,. """"""lP _ ...... I'OO<tIIl- .~~-.... _.......- - .,..

:~~::: = ~ ~......_.-
.~---_ _,- , -"- ........ _"""_" - oJ ..

::11 ij~ ::=: ...: ':::......_...-
.......,...._--- ......_....._~ ...-
----_._.__,Ol>_...._

...



'A.TS AND ACCUSO.IU

TYPE 11. COAXIAL TERMINALS
1_. T,,,,, :;, ...._ T........b 100"
_ ill,·""";" «N""''''_
~;'h "',..;, ~ In , ,~""","", ..
""', _ .. , ,10...
...... t " hl..u_x.~'",...
...,.. _ lou ,"" ..t.........'b ., ","",••",.

1""'~1""'ri""''''_''''''_""no. ooIid -.no io poI"'l bO:b ...
....... Io0o d;,lo:o:lrio_' I<nt".....-" pi "i' ..... jock """ .......,..bI< /.,
_ '" ,.ontIa. ilot poit uI ..
r., ,IO'i Tht pi ............. _ ,100 io<1 _., h poooil>lo
,.po ,.o<.u.. ,.; ..,.. , ...
,110,;,. ,""plu , ,io<Lo.

SPEOFKAIIONSe.-r.. _,,_ _ ,__ ~ _.._-._ _ -.._-_, _~_...... n.~ ,'_ _4 __ ............_ -. .._ __-""-........-- "'..., --_. -"".- .., ,.._-,_..
_ ," _ ...... _ ..."-' N .......,........,'..._ _._--_ ..... .-
::-:::"-='::::':.......-::::::::.':': _ _----..... -_....- ..... _.. "".......... _.......__......,-...................-

.... , .... Jl~......... r__ ... ..-_......_---_ '_.. ,.,.. ", '-,.-.... ,.... ,., , ~'""."._.N... _.......,. " cowo_., _ ,..1"N".., ,.,.."'" ...... , _...
,.. ' ...,_ 1- 1'0_" , _ _......

" _Cool ,_ ."_"' ~..



RADIO CO. PARTS AND ACCESSORIES

IYI'E 1J"'" C"'81.E J"'CK
.,..... ;, .... ;..; II .. ""'....,; -..",,,,....l...

",.T".7,,·.11~ , I' ,.",,1.. '" , ...., t. ,,..
_. ,•••, • ...-1 ""'or ".,' ..
••"", "'"',. ~..-;"w , ,\No_" ,I. pi"" ..' 1•

TYPE 114-(; PANEL PlUG
n...''''''''''.lo '" T".,,' ",..,_."", ••"U,

;. ,......." ... .t • .._~ T"" ;, , .
....,..,""~ "-",; ,~ '" _ " r_
'........ ...,., w, ,.."" • 'i~...J,
......'i.. I , _, ~ ,.....I.IOck_",.•. 'i""'" , , P'... _wr "~"""" .II~.
...... piol<'.' ,in_'_" 10 ,••
'...... '..1........... II. _, 1 ',. , " ..
...",l.~"'.

I""~.<,,:,_r

I_..e.....-"'.:T ...,
N.. W"""""'~.
C..... W..d, "~'_"'
P,",,, ".00

TYPE n •.p P"'NEl J"'O:

, -'.' ." "'...-'" ~> • '''''''''~''''' ..~" •
_.'~I_·' "t .". , , , .-........... ,,.. 'r••• ,,. ,_ .. , .-... ..
llw",,'~ "" "'" 00. """ """..-..... ...._ u , /00"' 00 _, , _ i,.
' l.. ,," _ , 11 I, y "~~_

''''', u,.. ...~ '_._

TYPE 17...£ C"'8ll PlUG
Tl _k•••,t .,. _ wi,. __,.;.-

• "' lJ,,' I..........., T"'_H,..
,~, __ "" .. _ h _",."", ".
" '" ,,'" ' .." I,......" ,Ir "".,.......... , j _'. ,.__ j',..,_..

'OO' ,... _h "",.
"~1""",,,,," 1 , '- ~..,,,...

•

1."'C.oo<l"...·:·".,
'...011.. e.".,M..O t' .....

'"'"""" N,'W..,.."."".""'1- ~:. ':,-; ,,,.--
~

CONCU.IRK CONNECTORS

T.<oI><oI. _>loo Ik.."'." .i,'~ , ,......
, _I~' , 11 00 _ .."" ,,_
......... '- __, ,~ ,_ k~..' ..~ "' __

..... ',... T ..~ ,,~~ PI Coon><'<". ,.. ,.,.. ",.,
, ..... r__.........". 1," _ .....1 ,....... ,....

,_. T """ , 1.. ,; 1
... _t ,~"", _ ... " ,. j _, 1..•
"'. -' /00"'. ,.. ,. _, " /00"" , ,
I•• "' _, "'" _ _,,,,, .,.... .-....._.ioo .t , ' '1O~ ' 1..",

TYPE 11 F PllJ'G CONNECTOR

I.'.. C._'......, , E!I
1...011..e.-"".." U,..'
N.. "'.I..... '.... ~.

C..... W"""."'..,.,,,..
POOo, S1.oo

ACC

DRAWI~S

ARE 'I! SIZE

u.,on ..n .".

TYPE Jl V8 l'ERMIN"'L UN"., ""'. , , , ,...
,...,' " ,,,", _ "_ ""," I ""' '•• .,..,1011",,_ <:.."'~ • ,101.,1.. , ,•
,. " .., , _" ,;... ,,",,~. " ,,_,. ,J •_ '•.• ,..;, .• T I"".' ''''''1.. "..........~ ..,_ .
1...1C._ :;',..,s
1_.. c,p...Ho ., ,.. .,.r

'l'>e "",,-

11._~ ,,,.. •.........". 1oI,W

17K 1l"'~ INSlRTlON UW"
Thio "'" , r.. '-'.. "'moo, ••,.,_.---""'.' ,....... .,.' ,"" ....""'""''"- " _''''H, "I nn.J.,_.. "",; " _ .

.... _ , , , ,_ ;,,~"OO"> "" •••,
~"""'" '" ,.,. _ I~' ,,,",'" _" ""' .,' _, ,. "" "..." _""1<>0 ' ,'_ '" , ' '001' .
1 ICoood"_,""O_'
''''''''... C._I....." ,.,...

'1'>.. V.. ,,·..... r_" ... 1'0",

'"



PARTS ANO ACCESSORIES GENUAL

TYPE 138 ST....NDARD PARTS
T1.. T..." 1:18 I"". ha'e I,,,,,, (~"'!".ro 1";,"0611 10< """ in G.,,,,,,,I lIR<li" i,,'tr""""lll.

11""d,,-~'" 01 t1 ........".l, or th ,,,~,,,.t. ~igh '\".1"1.1......1'.,........"ill .."itt. for )"<eo"", 110._
.'" li.,«1 ..,,,,,,I ..,r U,· ,n",t f,,1 it."". ,"' ,;,h "',.• to",,, ,,,..k •••ilalk ," ",.""f..,t""·,,,
o"d '.'IIl·n",,,,,t,,,,, fll< '''''' i" ,h. _'II,I~)' ,ilal•..,."..)· ""rI "11l"';".""ol ....I"i,"".,,'.

•••'.00

SO.lO•,.

SO.tl
Ul..~

SWrTCH COWAas AND STOPS

TYPE 1JB·UL BINDING POST ASSEMBLY

BINDING POSTS

All pIU"'. 1..,«1 "', 'b.... hob _.'"
sir.,..'" in the m tr&lioni aJl1"""i",.'c1y
._I.-If "'lu.1 ,i .

,..,. '1' ,.. Ui..i _ 01 ..., ,nI
-. <, "" ,.- -
"'_ ,. '1'.. "-Io.d.\IW "'- " ...
.i.. -'" """"h....... ,.,. .... \0. •.- .. ...,.l,. , ...T,_r..'''_.,._"""- ,
__ ..,._ '- ,.. ~... , •• """'10 ....",.,"' , , ,_.1 o. ,._..,." _,_•.., "" u,,,,,,,-

'1', v_ ,....-.; ... ,u ,..,. ..
'...," -. .". ,.. T,,, '''''', ,.., ............... no _ .. ' ".""''''___~ " ... r..- ,

'nr n "., ~.,,,,*, Coo' "'.-•
...,~, e- , , _
_"''''''' ,,_ ''''_, '1" ....
,...u.... ,:w.c ,"'-\NI_1Io J..o- fMoool.. ,. ,""...............- --- ,-''''
oJ ' ... _ .... , n. _i"'*' ;.ot ~......
~.

'nrT,.. , u. 110 , '-"'•••_........._ ...--" '- ",.-..
,_ i '-""0 ,_'" ,,..;_ ....
,__ """ ".. --.J , "' ••...,. ....-n.,·••• ,lI-t"L_ '_WooIl.. ,,~, ,.,a.
,.,,, .... ' 10>1.... _I _. _ .. ,..,.
•"_.,, _ ... - , 5/,-.. ""'~,Ioo' ...-.'100 Wi _~....... ,.. __ ,.-- , ,,,_.' ......,_ '-", -_ ..'"" ..-, _, _...li4 __ io

.............. ' ,..,. _ oJ ""',•..,.- ,.. _.._ ,"'--'_ _ --",._ ............ ""- ............. "'"., .....
-"n._ , , ....r."__ , _ ".. T .:,,, ...

·" T".' UL_' .. _ ". '••__....
... '1' _ ' " _ ....._,,. ,,,, __.,_101_.-,,- , _ .

so.",..
U,lO

SO.10.•,..

SO.'O••,..

,,- II ......... ' ..... "

T~po 138.UL Bi.d/., Pool
A..... b1y

T~po 138·( s..llch (o"locl
.-!ol C·~... '.,HI
" "-"_~"'""""'" ...,... ...... "
,,~ I', ..., _"',., _"',..

T~_ 1Jf.V ""d 138.VD
11'....1", P ..

,~,.,,,~ 8-"" '......
~'. ,._s:,.-',,__ .. ..,.,·.I..~_. ~.,,,

T n •.v
.- II r ... "

'''~'''"-oil.
_.~

' n.·"'O
.- II " ••••,,'.
,.~"'..'-"'_.'.'-"'_01,00

T11'* , 18·0 5..lt<h Sl.p

A:J~::t f,:~,~_.
....... " ,,,,,..,,
'.~'-,...._.,.
"-",'"

Type' 18·X BI"dl", Po..,-It_ <;.'0"
.. "" ......... ll_ ......._.
...... "....,.,.,......
'"" p,;., so."'-"'_01'" '.15''''_orlflll '5.llll

Typo 138_11 SwileJ, Coo\o<l
,- '1_ ". ' •. 'o.~U.....'- "-'.-_..........'..........,."",,'.J ",,''_of",...._or ...

'10
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PARTS AND ACCESSORIES

PANEl TERMINAL INSULATORS

~EHfRAL

-'. " ..,._'......... ' 't , .. .." ...",.." .
••
0.0

.0

"-,, _.,,- .., ".....--.,"',..,..
IUS
'.'0

)AO( BASE

'n", T",,, 271-IIJ J.<k B- ill • ba~enle

1_ ..i." 11", poi... o;l' loi,"tln~ p'..la """"""I<"IJ
I'; I..~ poj,<s o;l' j.d". l::t>cb 1"'" io ~ loch "",."'l<nI .nd ll>t jrlo .'" .PII«'d Lo Ialr.e doe
T,.... 19:1 T"e"""""'I>It:o 'w 1Y1'fI 49Z 0 .....
n""lillc .,_ .-. H_" ......... ,,_-._
N ·~ '"

-,..,.. ..... ".... J~_

n~ ..",,"'''' , 1'.00

,,.. ....
I ..... , '

,,' ,,~ -,~"""w'-~C'","'c--
",.. .. ....,..... U,OO

TYPE 21~·NE SHIELDED CONNEGOR
Tile T .... !71-N£ S1,iel<kJ c...o"""t.,. ""'...

"'l' "r. p"i. oIT,..... 271·'\0 Sl,iddtd I~"",
..,II, • 3-~.ol 1e,,!!lh of .h;"'1dl'tI """.."Inc
<'111.10-. n ....ble lw .. ,luin>rl.ri<lie i",podo.....
nt ohout 10 ,J""••wJ tLoo loUI ""podt._ or
tl>< ......nbly ill or lho """', oJ 160 ""r.

Th;' n)n,"-"'t .... ;. ....M ill t.ipI.fn'<I,,"q
~,..~ an,1 i" 1lI"'",""",."lJo ~l...... lbe. "'UI"'t
I.....~,,'i'... i" l't:\I",d 10 '","lI1j"~ ,....~ ""'
"""",nd.

TYPE !74-ND SHIELDEO PLUG
'flo.. -""b1~ """";"1.01,, 1)0;' ,ofT,.•• 271 II .....",,,.1 I""'~' ....,'".....1) .Io..~li,,~ II.. """.

1'1""" """,,,,,..1., .I.",lard ' •.ind, ."""in~ '., ''''''I~",.
• y<.'lk>ot lool<lil. ""'~''"' A 'M.d n"..h ,I.... ,,· "''''
•1",,,,,,,,,,, oI.i.-1d foil ,".... tho pI"",.n<!" «M'. ITo.ND
,,,,,I...J hI II,,' _nd t<'nui".I. TI.. """.n'~)
.. d<.OllI..,] W I~"~ inl. ",,,I "'e>" j\Oi, "fT,.,."1:tIl-I I) fl,,,,I,,,,, ,·...10. ,,,,,,,,,,('\1 .... , " ",,,1.1

1
"',..\ lor ",".". of 110. T.,·~ :;'1-' ,.- •..: I,,",,·
• , ...... The oI,",~IlI"n NIp r... ,,,"W) ...in.,

TYPE n4.NC SHIELDED CONNECTOII

'11,......."b!y i..i",iIIr Lo t 10" Tyro; ~71-,,"1!:

..".,tl 11..1 U", plup .... the .I.n<\anl Ty,,",
~~·I-M Doubk. 11u~. It .. u.<lul ill .t'I~kBliono
..'I...", tt bi<old'''f """ulrotnellla .... 001 .um·
riM,lI~ 1<> Ju,li)' I"" .... oIlbe Tn-"
2;-I-/'.E but ... "".... uu.hitlded 1-10 eo"II<>1
..fel, bo-.l.

r... ~_ ~-""'~"-T-"--
tl~NC ....... .",........ $l.$0

'"



IlADIO CO. PARTS AND ACCESSORIES

TYPE 674 JUMBO PLUGS AND JACKS

USES, 1'110...., lin' ru~. 1.<o.~~I"'l J"":!'
d.,.",,,1 r... u'" iTO rimJil.< ,"rr)",... n:lou...b
....,. """""'" TI"'1 "'.~~ ..r~ ""d ",,,,,...,iM.,'
""'..... Ion; fa ....'"'""... <of~;; ~n,,~'" k>.n .. 1'''''1'1< 6:1-1' .",1 671..J .ft' ......y,,&oM
.. 110" j~"~ ."d joc~ .11.....n[,; fu, I~u~~n ,,,,"-.
•...-1, .. ,...·iII.".. ",,1>,.
DESCRIPTION, E""'I,1 f... ';,•. 11"",' IlIU1.
.'" "'v) ..",'I., ." d....i~" I.. II.., TOM; ~,I

1'1""" ."d J ......... ';"I..I·I~., ..I 1,..- ill , <1
i" Ib" ."".lm,1;..-, ,'>hI,1 fo< II... plu~ "'"," .
ob."I1 .... n....'.,I.I•..,;oll) \...."I..""il~'....I'I".
I"...,..,

Th" T" •. 671·C I,.. 0 .....<I...--fill"d -J,.". I,.,
......lin' i" 'i·i,"·1> lul""~' ",hil. 11,,, T,p~
6,1.0 h...." ("""I.,,,d ,h""k "n,1 ""'~ll('n,,~
I",. Th" 1',,,.,,, b'j·I' .",1 ~,I-J ~n' ..... 1~j".1
.. itlJ "u,. "nil lin,...i ",~'ori,,~ l"n,,'''.1>.

_ """""'" <11K"""" ,lOM.I> ON ........lKI
....... '0 ""'''''_00' ••0: .

/Moo M.... "",_......

SClle lod""'",.,. _-t,. ."'.00

Typo 614-D In.. I.o,.d
Jo",bo Pl.,

,_ ',_ 8_ n.. '......

T,po 674.J J.mb<. J.<~

.~ .,..... 8~· ,,', ... ,
e· ' ..

~" ""
'"" Prieo 'O.J<:IP__",O 1.6~

T,po 674·( J.",bo PI.!

'-h'''' " .......
,,,. "'.... 0"'.'-
I '"' p,;. lO.tl
' ...... .,'" 1.511

'''''' "..... " ........
"" PH«'·_,-.IJO

Typo 67('P l.",bo Pl.,
~- ...... C_li_J'H_·.'.... "_11'_

TYPE 119 RADlo.FREOUENCY CHOKE

USES. TfP~ ll~ O><>l<t io _f,,1 nvl ""Ir ..
" l"!Od'U-rn.'I""""Y ohoke in Vllcuwn·'ubo <ir·
roil.. hUI .1>0 .. an ind""",,,re "1«,,,,,,, in
~11 .......nd hlt.-d """"i....
O(SCRIPTION, 1'1...."'"Hnl iI II.< ,.,..,.oIk<l
Irdic.ol '1P<. 'OID\l'>oW ~r. I ",nnl"", 01
II" pi",I """d I,;.... T, 11'1--8 ....... 0
d t-I)'iI<' Th. <:t,;1 io ",,""'led ino m<lld<d
bold'l. 10""";",, ",Ioich io .lr<dI..I)' ...ko<l
osoi,,,,! ""...,,,'" \"'""I"'l,"",

f(ATURES. Th,....· i, <OIiY ';lI'(iI;""'~, .."nl
'" ...........,""'• .011 "'"ur _ """" btl,,~ I.....•
'ieo"y .1i",IDoled Iry llu: , 'hod 01 .. i,<diD"
ond __'IlIlJIinS. TIu: >bu," <"1""';1.10'"", ... I" .
IlO Ihollhe oh,,);" "",,}.., ,_I 01 fml""'l<;.." ...
hiSh .. 10 "'OSO<:l'''' " .. ,,.. 01 "" ;"",-<1, ..,
"'"' io T.p. 119-tl "'01... J"'I!'I'ilk " lIi~h_
i",I"",., ""iL o'ill, .or. I,uk i, """ ,"
...I,...;to> on<! raO<lO..,... TI", ,..ci........
onll ".0<1''''1.",,,0111,;'' d,,,~.... 0 r"""I~", ,I
1n.'I"".·) .'" >J.,..'" ,., ''"'''' ;1,

SPE:C1FKATlONS
,,(.. W< "' , T, .. '" "...." .....".,., , ". '- "'-_.

,
11,11 •
O.~ ~

................................
01-_ <>I..."'" '_.Iot '-__
.~.

N.. WoitMo T.., " ..... 00.; __, T... "'·8.• nO

,~"
('",~... -

~r..._.CIo...
I Ro&o-F.._.o..h "00.."

'"



APPENDIX

REACTANCE CHART
AlwaYI un: corraponding saln

GENERAL

lO,lXlO ~

w
V

Z

<

~[Xw,:A >(/I)(I'-~[X~[X::Y; 0.~tx
100,0('''-+7<X~+-~X*H~,!8<XC+-t7'X*H-7eXC+-t7'X,",,>E,+---,r*X*1-1

,

~[Xr:x A 0('"" ~[X~X~~ x::y;tx
X X X 'x y,,: X X

"
10, 100, ", 10 lc ICXH, l000k, IO,ooolt

100 Me 100) f\k 10,000 Me
(3 m) (30,,,,) (3 em)

fRE~UENCY

PIG. 1
The nccomlmnying chart may be ..sed 10 find:

(1) Till' rl-nctnn<-'e of II giVCJl induch.nce Itt /I. given
rrequen{j',

(2) Tbe """-I,,,,<.'C of .. gi,"cn \"I>l,dlllUl'tl,.llllliv<:1l

rrequellc~·.

(S) The re5QllilOt (requeue)' or 11 gh-en inductance
and CllIWllitlllll'e.

In order to fncilitate the detcrnlinltlic.n of magni
tu,le of the quantities involved 10 two or three
lliguiliCliut ligures OIC chlltt is divided into two pam.
F'"gure I ill lhe complete chart to be usc(\ for rough

192

1 M<
(300,.)

"'M<
(30 .. )

l00,OOOMc 1,OOO,OOOMc
(.3 em) (.03 till)

cntculllli0l18. Figure 'l, ,,-I';ch j. II Ilingle decade of
"'igun: I cnlllTge<1 IIpproxinllllely 7 times, is to be
used ,""here the lilrli6l'llnt two or thrl'C figu .....'lI lire
to he d"terllli'll'd.

TO FIND REACTANCE
Enler the chllrts \'ert.icnlly from Ihe bottom

(frequency) and l,loDg the linClilltHlting U''''\'ard to
the left (cnllacitnllt'f!) or to the right (inductance).
Correspon'ling &l.'1lcs (ullper or 10""er) Illllst be u-.l
throughout. Project hori7.()lltally to the left from the
interse<.'tion and rea,lresctance.

Write for Enlarged Copies

I



RADiO CO. REACTANCE CHART

Always (Ib'aln appro.lm.le v.lul: from FiSllle 1 befole using Figure 2

TAN C E
J Y

u (
G

I N 0
70 ~ <9 >

5

6

'~-
III

b ,
... C NeE

j-----j---I ~------
~ 3 /I S 6 7 a 9 10

FREOUENCY

FIG. !l

w ,
u
Z

<
~ 3
u

<
w
~

2

TO FIND RESONANT FREQUENCY
Enler t he slanting liliC/l fc.r Ul'~ gin,1I indudance

and l'lll... cit~u~'l.·. f'roject do\\'nWlml from tbeir inter
lle(:tiou nnll rClld re!lOllllnt freqUl.'lWifrom tl'eholt'Jm
8Clllc. CorrcspODlJillg 5rulclI (upper or lower) mll',t be
u.sed tliroughoul.

f:.t/.lm/lJ(': The 5llTOpll' P'""nt in,li~'llh_,<1 O"igure I)
COlTe'lpnnd~ to,. fre<]IlClWr of llb"ul7(1(l kc and nil
iuduclllnre of 0.5 hellrJ'. or II cApncitance of 0.1 Ill",

Bivjll~ in either ~1l$C 1\ rel",llllll'e of uhQut 2,000,000
ohm&. The tellOlJl1llt frl!(IUe:lU:>r of II circllitl'Ontlliuillg
thl"!le "Alnes of imlllctll.llL'C all'] CfIplldlnmJe i..oJ, Qr
OOUI'!It', 700 kl', UPIINx;m!lteIJ'.

ITh.,. Two Ch....

USE OF FIGURE i
Fib'llJ'e 2 is IIsed to oblain IHlditionul p!'('('i:iioll of

I"C/I.ding bill c10C11 nol pl"l'e the dedmul pvinl which
musll>e 1000",ted fromullr<!lim;lUlt>'enlrrou Figure I.
!'ince the dmrt lIeo;'L's$lIrily requirtS lw.... lO~llril1l1nic

(k'md,,~ ror indul'tlllll'e lind \:Ilpadl"ul'e Fllr c\'cr,\'
single t1ectlde of frequeu9' ~l,d rcaclll.ure. ulllt:$!! the
oorre<:l dt.'eIlde ror L IIfld C ;$ chosen. t !It:-I'I'lJcttlllll:~d

VlIIUl.'ll of I't'ul'laul."e Ilflel rr~uellfY will ~ in error
h~'1l fneto.. of 3.16.

R.r.atnple: (Conliuu..'tI.) Tile rel1l.'tuu(.-e lVrre
sponding to 0,;; henry or 0.1 i"J'f is 'l!,~,OOO ohms
at 71!i! ke, lhl'ir resonllnt fl't'<ju('ucy.
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APPENDIX GENERAL

DECIBEL CONVERSION TABLES

It is convenient in mellsurements H..lld

calculations 011 communiclltions systems
to express tile ratio between /lny two
alllounts of electric or acoustic power in
units on n logarithmic SCllle. The decibel
(1/10th of the bel) on the briggsian or
bllse-I II scllie lIud lhctleperon the napicrian
or ha.~c-e scRle nrc in almost universal use
lor this purpose.

Since vollage and current arc related
to power by impedance, both the decibel
aod the ?leper can he used to express
vollage and cllrrent rutios. if care is taken

to account for the impedances associated
with Olem. In a similar manner the corre
sponding acoustical quantities can he
compared.

Table I and Table 11 on the following
pages have been prepared to facilitate
making conversions in either direction
between tIle number of decibel" and the
corresponding: power, voltage, Rnd current
ratios. Both tllbles can also be used ror
llepen and the TIttle of standard GIIblIJ
by applying the call version factors rrom
the table on the opposite pa/;e.

(6)

current
E,

0'

I PI
log.

• P,

in the slunc or erplal

For voltage ratios

" I, k"ratIos - wor illS
I,

impedances,

/1 J Zl I k ltV"", - log.- +- log. -;- +- log.- (9)
I ~ 'l h2 i k,

where Z\ and ht and k l and kt are as in
equations (4) and (5).

N..., _ log. f~l
(7)

E,

and N n.,
_ log. I,

I,

When E I and Et or /1 and /1 operate in
unequal impcdan<:es,

V 1 £1 J 1 Z, 1 1 k,
....,,- og.-+- og.-+- og.- (8)

E, 2 Zl ':! k l

and

Neper -The Ilumber of nepers N~.,

I',corresponding to a power ratio IS
I',

(5)

(0)

(I)

(4)

(')alld

lJecibel- The nllmber of decibels iVdJ,
corresponding to the ratio between two
amounts of power PI and P, is

P,
N4 - 10 loglo 

P,
Whell two \'oltages E I and EI or two

currents 11 and /, operate in the same or
equal impedances,

, 1 E,i\dJ, - QO agIo 
E,
I

Nd6 - 20 loglo ..2
I,

lind 11 operate 10

k,+ 10 loglo
k,

where ZI and Z, are the absolute magni
tudes of the corresponding impedances
and k l llnd k,are the values of power factor
for the impedulI<:es. Note lIlat Table 1and
Table II can be used to evaluate the im
pedance and power factor terllls. since
both are similar to the expression for
power ratio, equation (1).
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RADIO CO. DECIBEL CONVERSION TABLES

RELATlONS BETWEEN DECIBELS, NEPERS, AND MILES OF STANDARD CABLE

Multiply

decibl'ls
decibels

mile!! or standard ~'811lt·

mited of stand3f<1 CAble
lIepers
nepen

By

.11';1
1.056

.9407
,109

8.686
9.175

Mp<n

miles of .tandard cable
det·ibell

""'perl
decibel.

milel of standard cable

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES

Vulues outside the range of either Tnhle I or Table IL on the following pages call

be readily found with the help of tile following simple rules:

TABLE II DECIBELS TO VOLTAGE AND POWER RATICS

Number of decibels positive (+) :
Suhtrnct +20 dedbcls successively from
the j!IVCll Humber of decibels until the
remainder falls within runge of Table I.
7'0 find the milage ratio, multiply the
corresponding value from the right-hand
vollage-ratio column by 10 for each time
yOll subtrllctcd 20 db. 1'0 find the power
wtio, llluitiply the corresfJolIJuJ~ wilue
from the right-hand power-ratio column
uy 100 for each t.ime you subtrlicted 20 db.

EJ[ample-Gi~en: 49.~ db
"!Ut db - 20 db - 20 db ,. 9.2 db
Voltage ratio: 9.2 db--o

2.884 X 10 X 10 - 288.4
Power wHo: 9.12 db ->

8.818 X 100 X 100 _ 88180

Number of decibels negative (-):
Add +!W decibels successively to the
given number of decibels unt.il the sum
falls within the range of Table 1. For {he
L'Olta{J1J ratio, divide the value from the
left-hand voltage-ratio column by 10 for
each time you added 20 db. For tlllJ power
rafio. divide the value from the left-hand
power-ratio column by 100 for each time
yOIl added 20 db.

Example-Given: -49.ll db
-49.2 db + ~o db + 20 db - -0.2 db

Voltage rat·jo: -9.2 db-<
.8467 X l/tO X 1/10 _ .00g·~67

Power ratio: -!U! db ......
.1~02 X 1/100 X 1/100 _ .OOOOI~02

TABLE 111 VOLTAGE RATIOS TO DECIBELS

For ratios smaller than those in
table-Multiply the given ratio by 10
successively until the product can he
round in the table. [<'rom the number of
decibels thus found. subtract +20 decibels
for each time you multiplied by 10.

Example-Give'l: Voltage ratio _ .0Ull
.oun X 10 _ .ISI X 10 - 1.81

From Table II, un ->

ct.~145 db - 20 db - 20 db - -87.655 db

For ratios greater than those in
table-Divide the ~iven mtio hy 10
sllcccssh·cly lllltil the remuinder CUll be
roulld in the lahle. To the nllmber of
dt:<,:ilwls thlls round. add +20 db for ench
tillJe yuu divided by 10.

Example-Gh'e'l: Voltage ralio - 712
712 X 1/10 _ 7U! X 1/10 _ 7.12

From Tahle IT, 7.12->

17.050 db + 20 db + ~o db - .';7.050 db
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APPENDIX GENERAL

TABLE I

GIVEN, Decibel. TO FIND, Power and {VCol'a9,e} Ratio.
urren

TO ACCOUNT FOR THE SIGN OF THE DECIBEL
For posltlve(+) values of the declbel- Both For negatlve(-) values of thedecibel-IJotb
voltage /llld power ratios are greater th/lo unity. voltage Ilod power ratios Rre less thlln unity. Use
Use the two right-hand columns. the two left-hllnd t'Otumns.

Example-GitteR: ±9.1 db. Find:

I'orur JIo/fuVe
Ralio flal;o

+9.1 db 8.128 'l.851
-9.1 db 0.11/30 0.3.';08

-db+ -db+.. .. ... ..
I'o/Illge I'ou:u

db " oIla!l~ POTrU
l1ulio Rolio Ratio natio

--
1.0000 J .0000 0 1.000 1.000
.9880 .977~ .1 1.01S! 1M3
.!l772 .(lliaO •• 1.0~S 1.047
.OlHll .IlSS~ .s 1.0S5 I.07S!
.0550 .9120 •• 1.047 1.006

.9.J41 .BIlIS ., 1.059 I. I'll!
,fig:}:! .8710 .0 1.072 I. \<18
.02'1!0 .8.,',11 .7 1.084 1.175
.0120 .!I31R .8 1.096 1.202
.0016 .1l1!lB ., 1.100 1.230

.8913 .7943 1.0 1.121 1.259

.8810 .nuS! 1.1 !,ISS U!88

.8710 .7MIll I., 1.1411 1.318

.8UIO .7+18 I., U61 1.840

.8511 .72440 I., J.I75 1.580

.B.. 14 .7070 1.5 1.1l'19 1.418

.1J31 S .0018 1.0 l.'lO'l 1.445

.6'ti!!l .(17111 "7 1.210 l.Ull

.BUllS .(ili07 ..8 l.i80 1.514

.S085 .(i.,,7 .., U46 I.M9

.7943 .&310 2.0 1.259 1.585

.7852 .U I{ill '.1 1.274 1.0'l'l
.7762 .0011(1 ,.. 1.288 1.000
.70n .58SS 'l.S 1.30S l.O!)S
.7liRG ..i7li,~ .., 1.318 1.758

.7411ll ..i1l2S .., 1.334 1.77R

.7413 .S4!)5 '.0 1.34!) 1.820

.7328 .6370 '.7 I.S115 1.802

.12.... ..iU8 '.8 1.3RO l.D05

.71(;1 .6129 '.0 1.8110 1.950

.7079 .5012 3.0 1.413 1.995

.69U8 .4898 s.\ 1.429 2.042

.61)\ 8 .4786 s.• 1. .. 41; it.089

.0899 .4677 8.S U,6l! 'l.U8

.6761 .4571 ,., 1...711 'l.188

.668S .4"07 s., IAli/1 'l.'lS!!

.OU07 .4866 '.0 1.514 'l.201

.0.:;81 .4'l06 8.7 1.531 VIol ..

.6457 .4169 '.8 1.,B9 2.899

.6383 .4074 '.0 1.507 2.455

.6310 .3981 4.0 1.585 2.512

.6i57 .8890 ,.\ 1.608 2.670

.6166 .880'l ... 1.6U 1!.6SO

.6095 .8715 ,.s 1.6.. 1 2.692

.60iW .8681 ... 1.060 i,764

.5957 .8548 .., 1.619 'l.BIB

.5BBB .3461 '.0 1.698 'l.BB"

.5821 .33B8 '.7 1.118 'l.9.il

.5764 .8811 '.8 \.788 8.020

.6689 .3'lS6 '.0 1.158 3.090

Jloltll!Je Power
db

Jlollllfle POIMr
Ratio !ratio Ualio Ilalia

.5623 .3162 5.0 1.778 3.162

.5559 .SOOO '.1 1.70~1 :U~6

.5495 •8020 ,.. 1.820 :i.SII

.5438 .'If/61 5}1 1.841 3.888

.5370 •288" ... 1.802 8.467

.5309 .2818 ,., 1.884 3.548

.5248 .'l154 '.0 1.905 3.081

.5188 .200l! '.7 1.928 8.715

.5129 .'l6S0 '.8 UHiO 8.802

.5070 .'l670 ".0 1.912 3.800

.5012 .2512 6.0 U9S 3.98t

.4955 .2155 0.1 i.OIS 4.074

.4898 .2Sf/!1 G.' 'l.04\!: 4.1011

...a42 .234" 0.' 2.065 -UOO

.4786 .'l29 I 6.' 'l.OS9 ·1.8Q,}

.4782 .22811 6.5 2.118 <1..4117

.4077 .2188 G.G 2,18S 4.571

."OH .il"l1 0.7 t.W::! 4.677

.4511 .'l089 '.8 i,188 4.7811

.45\!.l .204t '.6 i.'lIS 4.898

.4467 .1995 7.0 2.239 5.612

.4416 .1950 7.1 'l.1/65 1i.129

.4365 .\D05 7.' 2.291 id48

...815 .1802 7.3 2.317 ,'U170

.<1.'1:66 .1820 7.4 2.34<1 "'.4115

.4217 .1778 7.' 2.371 ii.GtS

.41611 .1738 7.8 2.800 5.75"

.4121 .\608 7.7 1/.41/7 5.888

.40H .1660 7.' 't."5;'; O.O'lO

.'&027 . 162'l 7.' i.4S3 6.166

.3981 .1585 8.0 2.512 6.310

.8936 ,1549 8.1 'l.54 I 6.U7

.38110 .lill4 8.' i.570 6.607

.8B40 .1479 8.8 2.600 6.161

.S802 .1 ....6 8.4 i.680 0.918

.8758 .1413 8.' i.OOI 7.019
}1115 .18BO 8.0 2.692 7.2.4"
.S07S .1349 8.7 i.128 7.41S
.S68\ .1S18 8.8 2.754 7.586
.8589 .11/88 8.' 'l.786 7.762

.3548 .1259 '.0 2.818 7.943

.8508 .li80 '.1 2.851 8.1 'l.8

.3467 .129i ••• 2.884 8.318

.3428 .1175 '.8 2.917 8.511

.S888 .U4S 0.' 'l.9SI 8.710

.8360 .1122 0.' 2.985 8.913

.3811 .1096 '.0 8.0'l0 9.120

.8i7S .1012 '.7 8.055 9.888

.8236 .1047 0.8 8.090 9.550

.3199 .\028 ••• 8.126 9.772
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RADiO CO. DB TO POWER AND VOLTAGE RATIOS

-tlb+.... TABLE I (contino.d)

l'oh<J.fe l>o~,

db
'"(II/age Palnr

Rotio /llllia Rotio Ralio
--

.ll&2 .1000 10.0 3.162 10.000

.SI~6 .011772 10.1 :U09 10.i3.- .09350 10.9: S.'lS6 10.47...... .09333 10.S 3.273 10.7l!

.:Klii!O .09tiO 10." :UIl 10.96..." .0891' 10.6 :U60 11.22

.i9SI .(U1710 10.6 :U88 11.48

.i917 .08$11 10.7 s.ns 11.7.5

.i88t .08:S18 IO.S S.167 H.M
.i!851 .OBlt.'! 10.D 3.508 12.90

.2818 .07943 11.8 3.548 12.59

.i786 .0770! 11.1 :'l.689 1i!.88
.i!164 .07686 ILl! 5.631 1'.18
.i123 .0iUS lUI '.(17:-1 13.49
.i60ii! .01'l!U 11 I S.7U 18.80

.'16111 .07079 11.6 3.758 14.13

.2030 .06111tl 11.G ...... "'.45..... .00161 11.7 3.8"6 14.79

.2570 06607 11.8 3.890 15.14

.i5.. 1 .OOU7 lUI 3.936 15.49

.1512 .06310 12.0 3.981 15.85

.iISS .06166 U.I ".o;n 16.i/:i

.iUS .060i6 li.ol ".0'01 16.60

.'Hi? .05888 IitS 4.I:U 16.98

.i!S99 .057.H I:itA ".IG9 17.sa

.2371 .O.50iS I!it5 ".i17 17.78

.\!SoU .O.HD."> Ii.O U!06 18.20

.iS17 .0.5370 1t.7 J.315 18.62

.2illl .05248 Ii.!I -1.365 19.05

.2i65 .0.5I'1:D li.9 ".116 19.50

.2239 .05012 13.0 4.467 19.95

.i21S .0190R !:t.1 •.519 20.oJ\!

.'l188 .0-l.78G I!U ".671 iO.89

.21G3 .0"077 IS.3 ".6U 21.38

.'lIS8 .OU71 IS.4 ".677 2 !.lIS

.2115 .OU07 13.6 4.731! ii.30

.2080 .04:l6.~ 1:l.G 4.786 !!t.OI

.2005 .0'1266 Ill.7 ".8"2 !l~U"
.2Q40'l .0UlIU 13.8 4.8l18 28.00
.!lOIS .04074 13.0 ".96.5 1!4.Mi

.1995 .03981 14.0 5.012 25.12

.I07i .c131190 14.1 6.070 25.70

.1050 ,U31«1t I,U lUiO 1!l.l.80

.IOiS ,037111 14.3 ,'.188 26.02

.1906 .031l1l1 I ..... /1.248 i7..H

.1884 .OS641:1 1... .5 11.500 \!8.18

.18l1i .03..67 1'1.6 5.870 28.84

.IS41 .OS588 14.7 5.48S i!\UI

.1820 .03S11 14,8 6.405 80.20

.170D .032:16 H.9 5.659 80.90

.1778 .03162 15.0 5.623 31.62

.1768 .03090 15.1 .5.680 Sil.S6

.1738 .OS020 15.2 11.75" -'3.11

.1718 .0i0.51 15.8 /1.821 53.88

.1698 .028801 15." ..... 34.67

.10711 .02818 U.tI ".957 55.48

.1660 .02754 U.6 C.ot6 56.31
,11>-11 .02601! 15.7 6.095 57.16
.10!l2 .".... 111.8 6.10G sa.01
.1605 .02570 15.11 6.i87 ".1lO

Jlol/Ilgt Po,",

"
Voltl'll' POtu,

Ratio Ralio Ralio Ro/io

.1585 .•2512 16.0 6..1I0 39.81

.1567 .Oi465 16.1 (I.S83 40.'"

.15.J9 .02399 16.i 6.0157 011.69

.1531 .00SH 16.8 6.5S1 0I<t.66

.151" .QUOI lOA 6.607 "'.65

.1496 .Oi!30 16./1 '.683 "UI7

.1-179 .02188 16.6 8.761 U.71

. H6i .Oi138 16.7 C.8S11 .J6.77

.101405 .0'l!089 16.8 0.918 47.86

.14!9 .0tOn 16.9 G.998 48.98

.1413 .01995 17.0 1.019 50.12

.1396 .01950 17.1 7.101 51.!0

.1S80 .01905 17.2 7.iH 5i."8

.15G5 .0186! 17.5 7.328 65.70

.!S0I9 .018iO 17." 7AIS 5-1.95

.ISS4 .017;8 17.6 7.490 56.!S

.1S18 .017S8 17.6 1.58(1 67.114

.1308 .01698 17.7 7.67" 58.88

.liS8 .016GO 17.8 7.76t 6O.iG

.lt74 .016!t 17.9 1.85't OI.M

.1259 .01585 18.0 1.943 63.10

.]i-tll .01:>40 18.1 8.035 64.57

.1230 .01514 18.! 8.US 66.07

.1i1G .OU79 18.3 8.iii 07.01

.ltOt .014-15 18,4 8.818 69.18

.1189 .01415 18.6 lUll 70.79

.1175 .0IS80 HI.6 8.511 7t.44

.1161 .01S.J9 18.7 8.610 74.15

.11018 .01S18 18.8 8.710 75.86

.1185 .OU88 19.0 8.811 77.6i!

.1122 .01259 19.0 8.913 79.43

.1109 .01i30 19.1 9.010 Ill. \!.8

.1096 .OUO\! 19.i O.liO 8S.18

.IOS4 .01176 IIl.S D.U6 85.11

.1072 .01148 19.4 0.338 81.10

.1059 .0112'1: 19.5 O.UI 89.13

.1047 .01096 19.6 9./160 91,iO
1035 .01072 19.7 9.661 1I3.S3

.IOi3 .01041 10.8 0.772 9.L50

.1012 .01028 19.9 9.880 91.7t

.1000 ,01000 20.0 10.000 100.00

-db+....
Vollaf1~ POIU'

db
"01/011' POIt"

Rolio /(atio UOlio 1/olio

3.162XIo-\ 10-' 10 3.16'1: 10
10-\ 1<r' " I' 1"

S.161!Xlo-t 1<r' '" 3.IOiXI0 10'
I<r' 1.... " 10' '0'

S.161!Xlo-t ur-' " S.161!X101 '0'
10-1 10"' " '0' '0'

8.16i!XI~ IO~ 70 S.161!XIOI 10'
1.... ur-' 80 10' '0'

5.I02XHrl '0"' IlO 3.16i!XIQf '0'

1'~ 10-1• '00 '" 101•

To find decibel ..-aJUelI outside the range or this table••ee page 19.5
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RATIOS
one-half of the number of deciheh thus
found.
El[ample~Gi~tn: Ii power ratio of SAl.
Phld: 5.41 in the table:

3.41.....10.655 db X J.i _ 5.SiS db

APPENDIX

TABLE II
GIVEN, {Voltog.} Ratio

Current
POWER

To find the IlUQlbt'~ of decibels
corresponding to a given power
ratio-Assume the given pOl\'cr Tatio
to be R vollage rlilio and find the
correspondiog number of decibels from
the t/Lble. The desired result is exactly

TO FIND, Decibel.

GENERAL

VQII(JII~
.00 .01 .02 .OS ." .05 .00 .01 .08 .00Rlltif1

1.0 •000 .... .172 .257 .341 .424 .506 .588 .668 .749
1.1 .828 ,!lOG .OM 1.062 1.138 1.2H 1.289 UI64 1.438 1.511
1.2 1.584 \.656 1.727 1.798 1.868 1.988 2.007 2.076 iU44 2.t12
I., 2.279 2.845 2.41 t 2.471 2.5012 2.607 2.671 t.734 i.798 'l.800
I., 2.023 2.9801 3.0'6 3.107 3.167 3.1!27 SJi!87 3.346 SA05 8.464

1.5 S.5'li 8.580 3.637 5.694 3.750 3.807 S.86~ 3.918 3.978 4.028
1.' 4.082 ".1S7 4, 1110 4.244 4.297 4.31i0 4.402 4.41i4 4.1i06 Uli8
1.7 4.6011 4.660 4.711 4.761 4.811 4.861 4.1110 4.9511 5.008 6.0.~7

1.8 5.105 5.154 5.201 5.2411 5.296 5.548 5.590 5.457 5.488 1i.529
I.' 6.576 5.62t 5.666 5.711 6.756 5.801 5.845 5.889 6.985 6.977

2.' 6.021 6.004 6.l07 6.150 6.193 6.235 6.277 6.319 6.361 6.403
2.1 6.444 6.486 6.li27 6.56S a.60S 6.6>!9 6.689 6.729 6.769 6.809
2.2 6.848 6.888 11.927 6.9611 7.008 7.044 7.082 7.121 7.11i9 7.197
2.' 7.2S5 7.272 7.810 7.3>!7 7.384 7.421 7.U8 7.495 7.1i82 7.5118
2.' 7.604 7.640 7.676 7.712 7.748 7.788 7.819 7.854 7.889 7.924

25 7.959 7.993 8.028 8.062 8.097 8.181 8.165 8.199 8.282 8.266
2.' 8.2D9 8.88!! 8.866 8.899 8.482 8.465 8.498 8.580 8.1i68 8.595
2.7 8.627 8.11511 8.091 8.728 8.755 8.787 8.1118 8.850 8.881 8.912
'.8 8.9"8 8.974 9.005 9.086 9.066 9.091 9.127 9.158 9.188 9.218
2.' 9.248 9.278 9.508 IUl87 9.861 1I.8Uli 9.420 9.U5 9.484 9.513

3.' 9.542 9.571 9.600 9.629 9.657 9.686 9.714 9.743 9.771 9.799
'.1 9.827 9.855 9.888 9.1111 9.9811 11.966 9.994 10.021 10.049 10.076
'.2 10.103 10.130 10.157 10.184 10.211 10.238 10.264 10.291 10.817 10.844
8.8 10.370 to.897 10.4!i!8 10A49 10.475 10,501 10.527 10.5ti8 10.578 to.604,.. 10.680 10.655 10.681 10.7011 10.781 10.71i6 10.782 10.807 10.882 to.857

'.5 10.881 10.906 10.981 10.955 10.980 11.005 11.0!i!9 1l.01i8 11.078 11.102,.• II.U6 11.160 11.114 11.198 1l.2!l!i! 11.246 11.!i!70 11.298 11.817 1l.841
'.7 11.8640 11.887 11.411 11.4S4 11.457 11.481 11.50" 11.521 11.1i50 11.578
'.8 11.596 11.618 11.641 11.664 11.687 11.709 11.78~ 11.754 11.777 11.799
5.' 11.8i1 11.844 11.866 11.888 11.910 11.952 11.95>! 11.976 11.998 12.019

••• 12.0U 12.063 12.085 12.106 12.128 12.149 12.171 12.192 tJ.213 12.234
'.1 1!i!.256 1!i!.277 li.298 12.819 12.840 li.861 1!i!.882 12.408 1!i!.4U li.44>!
'.2 li.465 12.486 li.506 Ii.6i7 12.547 12.568 12.588 li.609 12.6i9 l!i!.649•., l!i!.669 12.690 1!i!.710 12.780 12.750 1!i!.770 12.790 1!i!.810 12.829 1!i!.849

••• l!i!.869 l!i!.889 1i.908 12.928 12.948 a.967 li.987 13.006 13.026 18.045

'.5 18.064 18.084 IS. !OS IS.1'?2 18.141 15.160 IS.179 13.198 13.217 18.!i!86
'.6 l3.i55 13.274 18.!i!98 18.512 13.880 18.840 13.868 18.S86 18.405 18"'!i!S
'.7 18.44!i! 13.460 18.479 18.497 13.516 13.534 13.55!i! 18.570 IS.589 IS.607
'.8 18.625 15.6>!8 1S.61H 13.1179 15.697 13.715 15.738 18.761 13.768 18.786

••• 18.SO" IS.8i2 1S.880 18.857 18.875 1S.892 lS.910 IS.9li!7 18.945 IS.902

••• 13.979 13.997 14.014 14.031 1'.D49 14.066 1'.083 14.100 14.117 14.134
5.1 14.151 14.168 14.185 14.202 14.219 14.280 14.25S 1".270 14.287 14.803
5.2 U.3!i!0 14.S87 1".858 14.870 14.387 14.40S 14.420 14.486 14.458 H ...69
5.' 14.486 14.602 14.518 14.585 14.551 14.567 14.588 1>!.599 14.616 14.632
5.' 14.648 H.664 14.680 14.696 14.712 14.7!i!-8 14.744 14.760 14.776 14.791

5.5 14.807 14.8\!8 14.889 14.865 14.870 JU86 14.902 14.917 14.938 14.948
5.6 14.964 14.979 14.9116 16.010 1.5.0!i!6 15.041 15.056 15.07!l 15.087 l.UO\!
5.7 1.5.117 1Ii.133 15.148 lli.168 Hi.178 IIU03 IS.i08 15.!i!\!4 15.289 lIi.i54
5.8 lil.!i!09 1.5.1l84 15.298 15.313 15.51l8 15.8"8 15.858 15.873 15.888 16.40~

5.' 16.417 15.482 15.446 15.4111 15.476 15.400 15.605 15.519 15.584 15.649
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RADIO CO. VOLTAGE RATIOS TO DB

TABLE II (continued)

VoltaY8
.00 .01 .06 .08 .00flati" .02 .OS .0< .OS .07

'.0 15.563 15.577 15.592 15.606 15.621 15.635 15.649 15.664 15.678 15.69'2
6.1 15.707 (.s.HI 15.735 15.740 15,76:J 15.718 15.79\! 15.806 15.8!ii!0 15.8S4-
0.' 15.8"8 IS.SO!i!: 15.876 lli.8UO U;.1104 15.\HS Hi.IIS! 15.94"; 15.959 Hi.973
6.' 15.087 I O.OIl I 16.0H IO.O!ii!8 HI.On 16.055 IO.OOl'l 16.083 16.0D6 16.110
6.4 16.1H HUll7 16. iii I 16,H;4 1ll.ltS 16.191 16.205 IG.US 16.23\! 16J!45

6.5 16.!i!58 IO.!ii!7\! 16.1185 IO.iOS 16.312 10.8!ii!5 16.838 10.351 16.365 100378
6.6 10.391 16.40~ 16.417 16.430 Hl.448 16.456 16.'1,69 16.488 10.490 16.509
6.7 Hl.5'l1 16.584- 16,647 16.500 16.573 16.586 1O.5119 16.611! lfI.OIlS \6.687
6.6 10.050 IG.GO:! 10.676 10.688 16.701 10.71" 16.7l!O 16.739 la.751! 16.764
6.0 IG.777 10.700 10.801! \6.815 111.827 16.840 16.86! 16.86'; 16.877 16.800

7.6 16.902 16.914 16.921 16.939 16.951 16.964 16.976 16.988 17.001 J7.013
7.1 17.025 17.037 17.050 17.0BI! 17.074 17.086 17.008 17.110 17.1!i!~ 17.185
7.' 17.147 17.1511 17.171 17.183 17.195 17.207 I7.itO 17.!i!31 17.!i!4:1 17.255
7.' 17.26li 17.278 17.21l0 17.30i 17.:114 17.320 17.338 17.349 17.361 17.37:1
7.4 17.385 17.5DO 17.408 17.4!i!0 17,..:11 17,448 17.455 17.466 17."78 17.490

7.5 17.501 17.613 17.524 17.530 17.M7 17.M9 17.670 17.58i 17.503 17.605
7.0 17.616 17.628 17.630 17.600 17.60i: 17.673 17.685 11.61l6 17.707 17.719
7.7 17.130 17.741 17.752 17.764 17.775 17.786 17.707 17.808 1'.8iO 17.831
7.8 17.84\! 17.853 17.864 17.87.~ 17.886 17.897 17.908 17.919 17.031 17.942
7.' 17.053 17.91'" 11.975 17.985 17.IHl6 18.007 18.018 18.0!i!9 18.040 18.051

8.6 18.062 18.673 18.083 18.094 18.105 18.116 18.127 18.137 18.148 18.159
8.1 18.170 Iluao 18.101 18.20'l 18.21S! 18.223 18.284 18.!i!"4 18.2.';5 18.266
6.' 18.276 18.287 18.207 18.308 18.810 18.329 18.MO 18.350 18.861 18.371
6.3 18.38'1. IS.592 IS.402 IS.4n 18.423 18.43" 18.444 18.455 18.46.~ 18.475
6.' 18.486 IS.496 18.506 18.517 18.627 18.531 18.547 18.558 18.508 18.578

8.5 18.588 18.699 IS.609 IS.610 18.6'l9 18.039 18.640 18.660 18.670 18.680
6.6 18.690 IS.700 18.710 18.720 18.7s(! 18.740 18.750 18.760 18.710 18.780
6.7 18.790 18.800 18.810 18.8iO 18.830 18.840 18.850 18.860 18.870 18.880
8.8 18.890 18.000 18.009 18.910 18.9\!9 18.1139 18.949 18.058 18.96S IS.1178
6.' 18.988 18.D98 19.007 1l1.017 19.027 19.036 19.046 19.056 19.066 19.07.5.., 19.085 19.094 19.JO-t 19.114 19.123 19.133 19.143 19.152 19.162 19.171
'.1 10.181 19.190 19.200 19.iOD 19.i1O 10.i'l.8 19.i58 19.'l<17 19.i,j7 10.'1.66,., 19.i76 19.285 19.296 10.304 19.313 19.3i3 19.352 19.84'l. 19.351 19.360
0.' 10.370 19.579 10.388 19.898 19.407 1tl.416 19.426 10."35 J9.444 19.458
0.' 111.463 19,4Ti 19.481 10.400 19.499 19.509 10.618 19.5i7 19.6811 19.545

9..~ 10.564 10.564 19.613 10.582 19.591 19.600 19.609 19.618 19.0i7 19.686
9.6 10.045 19.064 10.664 19.613 19.682 19.691 19.700 19.709 19.718 19.126
0.7 19.735 11l.H·~ 10.765 H1.76i 19.771 19.780 19.789 19.798 19.807 19.816
'.8 19.81!5 111.833 19.842 19.861 19.860 19.869 19.878 19.886 19.895 10.904
0.' 19.913 10.0'll 19.080 19.930 19.0"8 l!Ullill 19.065 10.974 19.1l88 HI.9111

Yo/fal1~
0 I • 3 • 5 6 7 8 9n"tio

10 20.000 20.828 21.584 22.219 22.923 23.522 201.082 24.609 25.105 25.575

" 'lO.021 iO.444 26.848 i7.i3.5 'l7.004 21.9.59 28.299 28.627 28.943 i9.248

" 29..542 i9.S'l7 30.103 80.870 30.680 30.881 31.l!i!6 31.564 3Ui06 81.821

" 52.041 S2.i56 5'1.."65 82.669 5i.860 88.064 83.2M 83.44'1. 38.626 88.80"

so 88.979 84.151 54.320 84."86 34.64S 34.807 84.964 SlU17 35.26tl 36.417
60 85.568 85.707 55.848 85.087 86.1S!4 86.i68 86.391 36.51!1 36.050 86.777
70 lUi.002 87.025 37.147 37.266 37.385 87.501 37.616 87.780 37.8U 87.955
80 38.06i! 38.170 88.276 38.382 88.486 38.588 38.690 38.790 38.8110 88.98S
90 811.085 89.181 89.i76 80.370 39.468 3D.55-lo g9.645 39.785 39.82.'; 80.913

100 40.000 - - - - - - - - - -
To find ratioll outside the ranlle of this table. see oall.e '95
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INDEX BY TYPE NUMBER

Tyl" N(lm~ Page TyW N(I~ Page

25-A Broadcast Frequency i\lonitor \66 539 Variable Air Condenser 48
50 Variac. L8, 19 544-8 Megohm Bridge 84
50 Ganged Variacs 19,20 546-8 Microvolter 141
50-PI Choke. 20 549 Cootactor . 5

100 Variac. 18, 19 56l·0 Vacuum·Tubo Bridge 82
100 Gauged Variaes 19.20 566-A \Vavemclcr 177

106 Standard InuuctalH..'('. 58 568 Variable Air Condenser 47
107 Variable Inductor. 56 572-8 :'\ficrophollc II umlller tl·\
119 Radio-Frequency Chukl'. 191 578 Shielded Transfonncr. 87
138 Bindiug Posts . 188 583-A Output-Power l\lcler. 139
138 Switch Contacts and ~topg 188 Sag-AM Direct-Current Meter 142

200 Variacs. IS 602 Decude-Hcsistallce Box 22
200 Gonged Variac.s 19.20 605·8 Staodani-Siglllli Generator 98
214-A IUK'OStat-Polenliomcler . 38 608-A Oscillator 108
219 De<:adc COllden~r 53 612 Coupling Panel 161
249 Attenuatiun Box 31 614-C Selective Amplifier Hi3
2i4-RJ MOUOling B,lse 190 616-0 Heterodyne Frequcnoy J\lnlcr L56
274 Panel Termullli Jllsulators 190 617·C Interpolation Oscillator . 158
274 Plug;; and Jacks 189 619-E lIetcrod)'llc Detector. 162
274 Shielded P1ub'S lind Cabl..s 190 620-,\ Heterodyne Frequcncy :-'lelcr flnc!
301·A Rheostat-Poten tiometer . 39 Calibrator 16L
314-A Rhcostu1.-Potentiometers. 39 621 Power SlroOOsco(X' 6
318 Diul Plates 18\ 631-8 Slrobolac . 2
333-.'\ Rheostat-Potentiometcr . 38 637 Fluted K.nobs . 185
339 Switch. 18'~ 648-A Strobolux .1
368 Variable Air Condenscr 49 650-A Jmpcdallcc Bridge 71

371 HlICQslat-Potll11tiomctcr . '" 651-AE O~illograph Hccordcr l2.
37. Quartz Plate liS 65·I-A Dccadf' Volltlgc Divider 30
380 Deeade-Colltlcnscr LHil . 51 663 Resistor 31
·US Dummy Allwnna. 100 667-A Inductance Bridge 80
419-A Wuvcmeler lH '.8 Compensated Df'Cudc-Hcsislullc.·
433-A Polcnliomctcr. 39 Unit. 21
434-B AudiG-Frmlucucy .Metcr . 171 669 Compensated Slide-Wire Hcsisl.ur ~)

449-A Adjustable Attcnuator 32 • 70 Compcllsatcd D'-'Cade Hesistor 2•
47l-A RhL'OStllt-Polcnliolllctcr . 39 672-A Power Supply. 115
475-C Frequcncy.:\lonitor 166 673·A Power Supply 116
483-F Ontput Meter. 138 674 Plugs and Jacks 191
487·A Mcgohmmctcr (a-c operated) 137 675 Pic7.G-ElOClric Oscillator. IF?"-
492-A Oxide Rectifier 142 676·A Quartz Bar li8
500 Resistor 33 681-B Frequency-Dc"iation 1\lctcr 16.
505 Condenser 51 69o-C PiczG-Elcclrie Oscillator. I·UI
509 Standard Condenser . 50 691-C TClnperuturc-Controll3ox 118
510 Decade-Resistance UniL . ~I 692·B Multivibrators l55
519-A Dial Lcus . 181 693-13 Syucronomcter 1'~9

~
52o-A Dial Lock . 18\ 694-C Control Panel. 119
522-A Dial Plale . 181 695-B Battery Charging Panel . 119
530 Band-Pass Filter. l30 696-C A-C Power Supply l'~9

533-A H.heostat-Potentiomctcr . 38 698-A Duplm: "Multivibrator 155

~OO



INDEX BY TYPE NUMBER (continued)

Type N=, P(lg~ Tyf" N=_ p,,,
699·A Comparison Oscilloscope. 160 736-A Wnye Analyzer 118
700-A Wide-Range Beat.Frequrul}y OooiI- 740-0 Cn.pacitancc Test Bridge.. 76

lator . 106 74()...BG Cl.Ipacitaut.'c Test Dridgt>. 7B

700·Pl Voltage Divider. 107 755-A Condenser. 46
701 Direct-Drive Diul. 183 757-A U-J-1·F Oscillator. 1I0
702 Friction-Drive Dial 183 757-PI A·C l)owcr Supply 111
703 F'rictiou-Drh'C Dial 183 758-A WI1"cmcler 175

71).1- Precision Dinl. 180 759-B Sowld-Lcvel Meier 7
705 Friction-Drive Dial 183 759-1)21 E..'{lcilsion Cable and Tripod 8
706 Precision Dial. 180 759-1'35 Vibration Pickup. 9
70i-A Cathode-Hay Null Delootor 86 759-P36 Control Box 9
707-P Tuning Ilod Phasing Unil" 87 759-P50 Power Suppl~' . 9
710 Direct-Drive Dinl. 183 760-A &mnd Analyzer 10
712 Direct-Drive Diul. 183 761-/\ Vibnltioll Melor I'~

713-R Bcat--Frcqucncy Oscillator 102 769-A &jllare-Wave Generator. LH

7H-A Amplifier 91 774 Coaxial Connectors (Terlllinal~) 186
il5-A Direct-Current Amplifirr 12 775-A FrC<lucncy-Limit l\fonitor 168
716-B Cnpacitulloo Bridge . 68 783-A Output-Power Meter. 140

:'17 Direct-Drive Dials 183 8M-B U-Il-F Sigua! Gcnerotor 96
722 .Precision Condenser ·l3-45 805-A Standard-Signal Generator 9'
723 Vacuum-Tube f'ork 112 814..A Amplifier 89
723·PI Power Supply. 1L3 814_P Tunc<! Circuitll 90
724-A Precision Wllvemctcr. 176 815 Precisiotl fork 172

726-A Vacuum-Tube Voltmeter 132 816-A Vnellum-Tube Fork 173

726-l'l Multiplier. 131 821-A 'L'win-T Impcdlwcc-l\leasuring Cir-

727-A Vacuum-Tube Voltmeter 134 cult 70
729·A l\fcgohmlllctcr . 136 830 Wave Filters l28
731-B :\Iodulation Monitor. 120 834-8 Electronic Frequency l\·Ieler. 170
732-B Distortion and Noise Meler. 122 913-A Beat-Frequency Oscillator IO·~

732-PI Rnuge ExtensioD Filter 123 916-A Radio-Pre()ucncy Bridge. -,,-

INDEX BY TITLE

Page

Ad~ust8ble Ilttenualor . . 31.J 32
Adjustable transforlller (Vllriae) IlJ-20
A.ir colldellsc!'S. .. . .. 43-49
Altemaling-eurrent meter 132,131. 13R, 139. 140
Alllplifier I:, 86--92, 163

bridge . 86-92
dir«t-eurrcnt. 12
oscillograpb 91
f;Cleeliv6 163

Analyzer, sound 10
nuise . 10
wavc . . lUI

Antenna. dummy 100
Allenulliioll box: 31, 32
Altcnualor, IIdju~t.able 31,32

Audio-frcqucnc)· meter
oscillator .

Bnlld-pass filter
Bars. quarlZ . .
Base, jllek. . . .
Beal-frequencyoscilllllol'

wide-rangc . . .
Binding posl.s Ilnd assemblies
Bridges. . . .
Bridge accessories
Bridge, capaciumoo

capoeita"oo test
rrcquency .
high-resistance

Page
170. 171

102-109,112-114

128. 130
. 178

. . . 190
10:. 104, 106

106
. 188
60-85
.87

63, 70, 72, N. 76. 78
1(1.18

171
.84

201



INDEX BY TITLE (continu.d)

7

'"II.
141

Pll~

172,173
112,173

166

, 142
lJ.HOO

I:?l,
10,118

· 162
156,IM

127
III

7.'
70

H,BO
S.

56.58, 191
56

2-20
186
'89
'90

150,153

IS'
100

181
181
42

'90
. 186

186, 189, 190, 191
191
191

18'

· .,
136,137

. , 132-142
132, )34, 138, 139. 140

170. l71
134, 136

142
122

· 170
166

156,164
136, 137

, 1:ro
7

138
139, 140

142

/..ellS. dilll
Lock, dial. •
l..asses in air oondcnscrll

Megohm bridge
meter .

Meters , ,.
Meter, altern8ting-current

audio·frequency .
haltery-opersted ,
direcl.-curretlt. .
distortion lind ooi5e
electronic frequency
frequency deviation
heterodyoe frct:luenay
megohm
modulation
00;"
output.
output-power
oxidc-rectifier .
sound-level
vibretiou .

Micropoooe humwer ,
Microvolter. fIludio-frequency

Knob, lluted

ImlJOOanC'e bridge .
Impedonee-meesuring netl\ork, Twill-T
Inductanc:e bddge

dandard
Inductors
Inductor. veriable
luduatrial inslrumcnLl
Insertion unil, ooa.x:ial.
IrI!lUlated plugs , . .
InsulatQl'lI. po"ellerminal.
Interpolalaon equil)())e1lt ,

oscilhttor ..
Inverse feedback oscillator

Hand onntactor.
Harmonic ana.I)·zet
Heterodyne detector

frequency meter
Higb...speed reoordo
Hummer, microphone

For". precision. '
"awum-tube driven .

Frequency-devialaon meter ,
Frequency-measuriog equipment

150,153, 156,16~,175, 176, 177
!'~requeDCY meter. audio- 170, l7I

limit monitor. , 168
meter, elet:Uonic . , 170
meter, heterodyne 156,164
monitor. tJro.dcast . 166
litandard . , 148, ]52

Frict.ion-drh·e dial , IBO. ]83

Gal\'a.oometer. direct.-aJrreot
Generator, standard~ignal

square-wan!=

Jack base . .
OOllllect.or, ootlXilil

Jacb IIlld Illugs
Jumbo jocb

plugli

128,130
128
128

· 123
90

128, 130

186
186•186

186, 190
. ,164

68, 74, 16, 78
76, 78
41-55

86
191
186
160
27
26
29

186,......
.53
SO,51

-lS. 46. 47, 49
50, 51, 53. 54

, 53.54,3-45
13-45,50

S
S

188
142

· 138
186,190

161

53

"22
24
27

30.107

• ••
· 162
· 183

180,183
181
181
181
180

"142
122
100

P"",.,.
14,80

, . , 84
68, 14, 16, 78

70,72
14,84

68
82

166

170

Cable, tXlnc::ent.ric
jack. . .
micropbone ulension
plUf! '
shielded . , .

Calibnltor, piezo-dectric
Capaeitance brid$;e. •
CllPttcitaoce test bridge
Cllpecitors,. .
Cllthode-ruy nuU dekc:tor
Choke, millo-frequency
CoaDal connectors, .
Conlpo.rison osciUoscope .
ComperlSllted d(lQld~resistance unit

decade rerlstor .
slidc>wire lUlistor.

Concentric IihieJded cable.
Condenser, lit dielectric

decade.
ful:ed . .
hl ..h·frequcncy
~ dieJectric.
POpel" dielectric
precilIaon ,
standard .

ContllCtor, sl.rohoscopc
hond , •

Contact.!, s,..ik:h , ,
Copper-oxide rectifier.

voltmeter.
Cord, potch, .
Coupling PIlnel.

Demde condenser .
-Q;lnlienser unit
-rt!llistance box
-rellistance unit .
·rcsigtance uuil, colllpenllllt.ed
voltage diviuur . ,

Detector, CIlthoue-ray Dull
heterodyne.

Dial. djrecl~urive

friction-drive
lens.
Iocl< .
plltes
precision

Direc1r<:urrent emplifier
meter. . . ,

DistorlK)l\ lind noise meter
Dumm)' antenna ,

!-"'ilter, bend-paM .
high-pass .
krw·pMII , .
mnge uleosaon
tuned circuit
wa\'e

Electronic frequency meter

Bridge. impedllltCe
inductance .
""""hm
power-factor ,
radio-frequency
lUli:'ltance
Schering . .
'·ICUW'D-tuhe. • .

Bl'Olldcast frequency monitor



INDEX BY TITLE «(ontinu.d)

,16
110",17;;

"112, 17:1
132, 134

,13-19
.56
16-20

66

",
30. 107

. 138
132. 13~

P'g<
36-39

68
152

. 163
186, 190
186.190

87
..... '00

'"10
7

124
13-'5.50

"66
I"
152

.....100

•2-<i
1=7,

3
'88
'01

5
H8

VacuulIl·tube bridge
drh'en fork.
~'ollmclcr .

Variable air OOlldcnser
inductor

Variac .
Vanolllcter .
Villra lion metcr

pickup .
Voltage dividcr. decade
Vollmeter.oxide-reclifier .

VRt'lIUm-tuhe

U-Il-"~ condcnser .
oscillator . .
!lignal genemtor
wavemelcr.

Temperature.oout.rol box . U8
Terminal iusulato.... lJanel 190
Terminal unit, 008xial IR7
T""l bridge. capacftana' 76.78
Tbermomett'ni . 159
T~ta18 . . 159
Tralllifonner. adjllStable (Variac) 16-20

bridge 87
ahielded 87

Tripod .. 8
Tuning fork. precPdou 1i2.173

vacuum-lube driveu . 112. 173
Tun~-rorkoscillatol'$. 112,113.172.173
Twin-T illlpcdanC6-meMurillg network. . 70

Waveform-measuring instnilneub 10, 118. 122
Wave aoal)'zt.y. . ... 10. 118

filter . 128. 130
WllVemeters (see al.'lO frequency meter, helero-

dyne) 174-177
precision .. 176
ultra-hi.Il:ll-(requ~cy. . 175

Wide-range heftt-frequency oscillator 106

203

Fthcostat potentiometer

Sebering brid/«'
Semndary f~~y standard
Selective a.mplifier
Sbiclded conductor!

plug and <:able.
tranl!fonner

Signal ~entor. 511lnda.rd .
Slide-'I'tre resistor, OOIllJl<-'rlSated
Sound analyZft'_
Sound-~\·el meter
Square-'l\-a\e generator
Standard OOndCllSel'

inductance
mutual inductance
primary frequenc)'
secondary rrequCllC)'
-aWaaI generators .

StzobolUx . .
Stroboscope

recordcr
StrobohW:
Strobolron
Switch contacts and stolle
S'l\ilches . .. .
SynchrolJOl.&omOtor oonlactor
Synauoometet .

P~

L20
166
168
190
155
66

74. M
27
24

LO.
22-39

"'"33. J.l
>I

31,32
7

86

17.17.

186
186
190

180-191
186,190

· ,
148. 152. 164

· 181
· 178

186
\86,189.191

36-39
139. 140

· 6
115, 1l6. 148

43-.45.50
'80

112, 173
176
148

';0. 72
· 191

Q.~, 106. 110
'23
81

142
174, li6

"

. If)2-11'
102-109, 112-114, 158

. 102. 1<». 106. 158
112-114, I ';2. Ii3

168
• 108

US. 152. 161
94-99, 106. 110

. 108
11%. 113, 112. Ji3

110
9L

126
160
IS.

139,140
142

QUlU'lZ bar .
pltlte

Panel joel, wsxiol.
plug. coaxial .
terminal iDllulato...

Partll and tlooessories
Patch cord .
Piclr.up, \'ibration
Piezo.eloctric oscilhltor
Pltlte. dial .

quarh;
Plug connector. OGIlJl:ial
Plugs lind jacb.
Polcntiometers
Po"'cr meter. OUlJlut

IJtrobo!loope
supply. .

Pret:ision oonden!!er
dial.
for....
wavcmeter. .

Primary frequenc)' 8l11ndllrd

Iladio-frequency bridge
choke. ..
oeciUlltor .

Rangc-exlcosion llIlel'll
Ftalio-arlll box.
Rectifier. oxide
H6Clifier-type 'l\·avemeter.
Rf!>!iIIlllnoo box. dCClldc .

bridge
unit. oompen!8led decade
unit. dtQlde ..

flel!i.'ltaDce-capacil8.raoe-tuned OIICiUator
Re'listonJ .
Resistor, oompensllted decade

oompensated slide-wire
6xed. ..
high-frequency

O!Icillatoni. .
O5cillator. audio

beat-rrt'I:luf.'nC)'
electJu..ruechanical
interpolation
inverse feedback
~kctric
radio-frequCOC)'
~ta.ooe-e!Ipacitaoee-tuntd

luning-!or"'-driv~ . .
ulttll-tUgh-frequency

~mognlpb amplifier
reoorder .

Oscillo8cope, oompe.ri&ou
Outpnt meter •

JlO,,'er meter
Oxide rectifier .

Modulation moniwr . .
Monitor, broadctl51 Crequ~cy

frequency-limit
Mounting bMe .
Multivibratonl .
Mutual inductance lltandllrd

~el...ork. Iluellutlticm
~oise ruder .
Null detcc::tot, cathode-til)'

•



Above-Developmertt work Ort an experimental standard_lignal generator.

Above-Calibrating Type 724-A PrKilian Wavemetell in tile standardilation laboratory.

Belaw-Analyling fan naiM witll tile Type 760.A Sourtd AnalYler.
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