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1?HE seclion on Industrial Devices appears in this

IJ issue of the Gcneral Raclio Company. catalog for

thc [jrst timc. Application of electronic apparatus and

technique, once conG.ned to LIte communications industry,

is expanding i.ncl'casingly jnLo other fields. Recognizillg

this fact, the General Radio Company has extemled iLs

development program somcwhat bcyond the limits of the

communication illduSI,I'Y, Lo inclu(le morc gellcl'al applica­

lions of electrical meaSllrement technique. The instru­

mcnts dcscribed in Lhis scclion a1'e thc first result of this

program.

AppLications of our equipment to gencral industrial

problems a1'e by no means confined to those described i.l1

this section. Cathode-ray oscillographs and Ltigb-speed

cameras, included in other portions of the catalog, havc

Illan y appl:icaLiolls ou tside of Lhe cornrnunicalions industry,

auel there is a growing rccognition of thc cOITelat.ion

between chcmical and electrical properties of materials 0

that thc alternating-cllI'rcnt bridge has bccome a powcrfu.l

loul in cbem.ical analyses. The V:::U'iac ilulo-LransfortllCI',

LoO, has obvious applications throughout industry.
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INDUSTRIAL DEVICES

TYPE 548-A EDGERTON STROBOSCOPE

'fYI"E ....... -.\ •tlll.rlon lrobo cope {JlOW r 'upp1r DOU lamp} wiLL T\'p~: .•olll-H
:~'n hronolC ·Mol r oulu 'lor
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TYPE 621-A EDGERTON POWER STROBOSCOPE
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INDUSTRIAL DEVICES

CO TACTORS FOR USE WITH EDGERTO STROBOSCOPE
lIin (

rale
r: tafl,

TYPE 549-8 SYNCHRONOUS·MOTOR CONTACTOR

bility or

(witllh) '1 .(1.1 • 'hl)

SPEOACAnONS
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TYPE 549-P2 HAND CONTACTOR

Tn' . "ID-T'_ Hnntl III I lr

SPEClFICAnONS
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TYPE 559-A NOISE METER
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weighting network to provide a frequency
responsc similar to that of the human ear,
attenuntors, nn amplifier, and a meler to
indicate the noise level. The instrument
is calibrnted direcUy in decibels uboye the
average threshold of hearing at 1000
c,rdes. To convert the scnle to another

reference Ic,'cl it is only necess<Lr~' to add
or sublrncl a constant number of decibels
to any obsen'cd reading of tile mctcr.

The instrument is senslti,'c enollgh to
show a deOectioll at a pin drop, and its
range extends to sound intensities 5uffi­
cienll)' great to cause pain,

SPECIFICAnONS

Sound I.e.,'cl Range: Calib...W in decibels rrom
+30 db to +1ol6 db aho\"(~ tile A\'crnge threshold or
hearing At 1000 ~'cks, 'nis colT'e$ponds 10 :l rangc
of +i!J db to +139 db abon: a rclcrence Ie,-d 0(

I DliJlibar at 1000 C)'ck$, anti to. ranI:!' of +57 db
to + US db .OO"e a mcrena!; Ie"cl of 1O-lf ll;lIIlls
per square, t't'ntimetcr.

Frequ~cy Characteristic: The: onr..,aU fre­
qucncy cha...ctcrisHe is .limilar to the response or
the hwnno ellr.

Pickup Unit: A d~-namie noife-llickllP IInil simibr
in construction to tile UJual pet'mane.nl-magnel
d.yruunic apeaker, and or ru~1 «mstruclion. i.s
built inlo Ule cnd oC the CDbinct.

Circulr: A sl3ble bigb·gnju ~recn-grid tlmplilicr ill
emplo)'e:d. A removablc plug ill n 600-ohm inl)ul
circuit nllows liltert ol various charncleristics to be:
inserted, ami pennils lhe usc or all cxternal micro­
pllone in place of Ule 1l0iac-l)ic!.:.UIJ unit supplied.
A lIlcp-h)'-,lep l\Iteuuator is pfO,'ided in addition to
II. fiS"CtI T-lllHlnltenllnloT ,",'hieh is connected into the
«:ircuit for the mca.llurcment or high uClisc levels.

The alle.nualon pr~ lhe :amplificr, reducing
ovc:rlo:a.d and errors due to pouibk: nOIl-linearit)·.

Tubes: One Sl-l)'pe and one ss-t~·pe. supplicel
",itb the instrumenl_

Meten: ..\ rtoubLe-ra~ V'Ollmeler for lllCUurioll
fil:lmenl aDd plate Toltagu is provided in additioo
1'0 the noise-imlicatin. metft" which is a d'Anan"al
mOl-eIDenl ~'ith t'UIJper-os.ide redificr, t1l1ibrated in
decibels.
Po.....er Supply: Two Ko. Gdr,v cells, thrtt 4S-vOlt
Butl,'Css ~(I. 5308 or equivs.knl. and one 7.5-voll
DUfl,'eSlI ~o. .\5..0 orequi"alent battcries are required.
Space for U\CK haucries: is provided in the wountiol;
e:ue. but h.,Ucnes nre not included in priC'C of tile
instrumenl,

Mountinc: TIle noise meter is bllill into An o.,k
cabinel and pro,-ided with n hefLV)' len tiler ea.rr)'ing
IItmp.

Dimensions: (Wi(lth) 16M x (height) 11 x (depth)
12H inc1Ie:l, o'·cf-/tll.
Net Weight: s.s 1~llnlls. l\'itllOul bnltcriell; .HM
pounds with bnttcfi~,

6
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GENERAL INFORMATION ON PRECISION RESISTORS
General Radio precision resistors are

buill up around se\'cml types of unils
which have been developed in tile course
of the camp,loy'S twenty years of experi­
ence in this field. These units ha\'c no
considerable change in resistance over
ordinary temperature ranges. and the
clllibration cha.nges only slowly with limc.

Permanence of originttl calibrated ,'allies
is llssure<1 by the usc of low-lcmper:tlure­
coefficient materials and c:treful aging in
order Lo relieve strains set up in winding.
\\'inding forms arc designed (or penna­
lIeuee so as Lo resi~ a ny deCorma tion which
would impose stresses ill the windings.

Permanenceo( cnlibmLion \\;th time and
temperature is not sufficient, however. for
resistors which are Lo be used at high (re­
queucies. The Gencml Radio Coropan~'

has designed units which are to a. large
degree (ree (rom reuctam.:e effects, and
whose resistancc is independent o( fre­
quency between wiele limits. AU of these
units mny be used tbroughout the wide
frequency range from 0 Lo 50 kc WiUl­
out regard to frequency effects, and those
of srnalJer resistance values are free from
seriolls errors well into the radio-frequency
region.

COI,lI)llctc specifications covering the
morc comlllon \'ltlllCS of thc difTcreut
windings are gi\'cn in the description of
tbe T".,t; 6012 D cade-Resistance Box
(page 9). The clesirable results come from
lhe nplll'oprialc usc of the lhree types of
winding described herewith.

(a) Ayrton-Pe.rry Me/lux/.. (Used on
low-resistancc precision cards.) On a. thin
bakelite strip a single wire is wound,
leaving a spnce between lurns equ:tl to
the diameter of Ule wire. A second wirc is

A.rrton-Perry "Iics-CAIN.!
Th~5e arc the two principnl tJo'IK:I of construction
~ in building GeJl('Nl! nadio prea ion ruisturs

wound in thcspm..-ehelwccn turn, in paral­
lel with lhe first wire but in the opposit.e
dircclion. so that units wound h:.. this
method are nearl~' non-induclivc. Unlike
the usual non-inductive bifilar winding.
the distributed cl.lpncit:Ulcc is also very
small becausc adjaccnt \\;rcs arc ;tt nearly
tJle smne potentinl.

(b) Mica-Ca,d M<Ihad. (Used on high­
resistnnce precision cards.) The wire is
closely wound in a single layer on n thin
mic.'l. (orUl, Ule clldsofwhich arc reinforced
hy copper terminal strips. The small wire
and the thin form give units made by thi~

method an exceptionally low phase lmgle
at high frequencies. Modifications of this
design are used successfully on Lhe l\ltenu­
alion networks used ill our stl1.ndul·d-signal
generntors at rrequencie~ as high as 25
megac.yc1es.

(c) Bifila, M'lhad. (Used only Oil 0.1­
ohm precision steps.) This method of
wilJding consist.s of It shorL length of
ribbon bent sharply back upou itsclf.

The completed cards nrc assemhled in
bridges. vollage dividers, nnd attenuation
networks, as well as on decade switches
mounted in boxes of se\'eral dial com­
binations.

OTHER RESISTORS
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Where precision-winding methods are
DoL required. the General Radio Company
makes lise of modifications which, because
they do nol in\'ohie such careful handling,

are less expensive. Where accuracy and
stability of calibration demand precision
resistors, however, precision resistors arc
always used.



TYPE 602 DECADE.RESISTANCE BOX

:\ convenient assembl:y or re­
sistance card~ wilh switches in a
single unit is a hlboralorj' sl:lple.
Such boxes are in constant usc
ill circuits where a wide range of
rcsisl:lI1cc '"llllleS is required.They
are used as laboratorj' sla.ndards.
bridge arms, and louds. All
General Radio boxes are eqUiIIl,Y
IIseful 011 direct or alt.ernating
current 3.nd maintain tilcir usc­
fulness for many applications
into the high radio frequencies.

The methods of assembly of tile
individual uniLs inlo a resistance
box are of as much i1l1portance as
the characteristics of the units
lhcmsclYcs. for the unit ch'lrtl.c­
tcrisLics lllay be grcilLly affected
by Ule mounting.

The TYPE 602 Decadc-Ucsist·
ance Box bas been designed to
pro\·idc a convenient assembly of resist­
.wcc units, to protect tlte units and
switching contacts, and to avoid l.lltcr­
ation or the chnr:tcleristics of tile imli­
vidual units.

Two·, thrce-, four-, and five-diul decade
asscmhlies a.re provided. Each decade has
cleven contact studs and len resistance
units so that dia.ls overlup. A dcteut as­
sists in setting squarely on the CQutacts.

Mechnnicnl and elt.-ctrical protection of
the units is pro"ided by the shielded
walnut box: and aluminum panel which
colllpletely cnclo,sc bolh units and switch
contncls.

(~uadruple·lcaf switch blades running
over large contacts insure a low and con­
Slallt contact resistance. The arrangement
of cards and wiring is such as to keep at a
minimum UIC added resistance and react­
ance whieb nrc u.ntlSoidable in assembling
units into a box.

These res.istors 3.re adj listed to hnve
their specified "alues at their owu termi­
nals and not at the terminals of the box.

A S·diul '1'\'1'.: 60i DC(....dc-Hcsisl:lIlt:c
l.Iox. llo,,~s ha\'ing 2, 4. nDll 5 dials

are also available

The resist:U1ce lUe:lsured at the box
terminals will, thcl·efore. be ltigh !Jy the
switch contacl :llUJ wiring resistauce,
which a.mouuls to llbouL 0.002 ohm per
dial. This mcthod of adjustment has been
adopted prill1fll'ily hecause no method in
which Lhc switch I'csistnnce is absorbed in
some Olle unit oC a decade C,Ul give the
correct "Rllle of Ule total resistance for:tll
settings of the various Jecadcs. There are
also many t~ypes of measurement (volbtge
divider mcasurements, for example) in
which thc difference in two settings of a
resistance box: is signif'ic:tnl. This differ­
ence is given correctly only when Ule
individual resistors 1m \'C been adjusted
indepcndently of switch rcsisLallce. The
wiring also adds a,sUlall inducltmce, about
0.1 microbenry per decade.

When the boxes are used on alternating
currents, particularly as Ule frequency is
raised, the box wiring llnd the switch c.'\­
pacitanccs affect the value of resistance
between the box terminals by adding to
the frequene.)' effect in the eards thcm-
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T.\'pietll illtCrIlnl l..'(}llSlruclion of a
T"rE OOIl I)c\;:tdc-Hcsist.. nce nox

selves. These cffctls vary with frequcncy
and are gencraJly greater for tlte brger
dials. They do not appear fit nnuio fre­
quencies but rio I!lreet I'esistollcc values nt
carrier <lncl radio frequencies.!

Generally spcnking.thc 1·, 10-, :.Iud 100·
ohm dials are most snti.s:f:t.ctor)' ~lt high
frequencies.

When the boxes nrc used ill luned
circuits. only changes in res.istance due to
skin cITect anu. in some high-resistance
cards, to efl'ective cnp:lcitallce need be
considered. When Ule boxesarcused asdrop
wires, the re,'lclflltce of wiring find cards at
high fl'C(Juencies will affect the apparent
impedllll(,.'C of tlte box. Data on these
effects will be found in the specilieatiollS
uncleI' "Frequency Chlll'acterisLics.··

SPECIFICATIONS

Type of Winding: 'nle lIoll-readi\'e prt:cision re­
sittun, described on pnge S. are \lsed: lIi61ur t.\·I)C
on the o.l-ohlll units: A~'rtol1.l'crr.\·on 1-. 10-, Rllll
[OO·ohm tlr:cndcs; nnd the UIlHil:tr mien tn>e 011 the
1000- and IO,OOO-ohm ,k'Cldes.

Accur.'lc)' of Adjustment: All cnrds are. lid­
juSlf:\! to within 0.1 % of I..he stllle<1 value belw\."i·tl
Cllrd tenniuah, except the l-ohUl cnrds which 1If1'

:IdjusleJ to ~'ithill 0.25% 110(1 tile O.I-ohm cnrds
which nre t1djusled t,o within 1%. Where necessar,r,
IIdd 0.002 ohm for ench dial to allow for conlnct Aud
"'iring ~sisL,uce.

f'requcnc)' Chnracteristics: 'l'Jlcre is lin .serioll!!
rrcqllenc~' error below 50 kc. Al higlh:r (fCfluencies
tlte error results from chllnl;a in resislancc 1I1111thc
dT~t of the rettctall(.'e in tbe amI!. nnd from the
inductllllCf,' of the box wiring (nOOul 0.1 ..h per dinI).

TaLII.'. II list"! increase: in resistance for single
dectldes liS error in percentnge of tile slated \!llJUIl

of resistaol'C u n fuuction of tile frequency.
Table 111 lisb change in impedunce for single

decndes lU error in percenlllge of tJle slaled \':llue
of l'(',i5lnlltt as a function of the frc<luenc)·.

Maximum Current: Tht UPIICf limit of lelllll(,'rn­
lure rise is 40 degrees C. Vnlueli of current fur ~U

tlcgrce.~ C. nlld .lQ degt'CCiI C. ri.~es folluw.

TAIlI.,: I
Current Fur TelllflCritturo Rise

of !!O· C. and ·10· C.

120· o. we.
f)rt:mlc /?iAc miff)

O.I~hlll s.teps R I.!; a

I -chm stops UOO ilia R

10 ·ohm steps 170 ma 'lfiO mil
100 ·ollm steps 1,0 Ultl 80 IIln

1000 -oh 11\ $teps I:' lila 2:llIIn
10,000 --ohm sleps :i lila 7 lila

Sw itch es: (~U:I tlrUI,lc·lea f. phosp Ilor·bronte
swilches bellr on OOlltlict studs ~-iueh in dinmettr.
Switch brushes nre belll 50 liS nol to 1,,0 tangent to
tJle arc of trllveJ. thus a\'oiding eutting. A CIIm-l)'pc
oelcllt it provided. TilerI.' are ele\'en C.'Olllaet poinl$
(0 to 10 inclusive).

T ... llLE II

Percentage ";rror in Resistnnce
ror ~l;uimlllll Setting of Each Decnde 3S Ii Function of Frecl'lency

IJ(C(lde frcqucm:/J ill ke

10

'0 IVO .00 SOD 100U 20UO 5000

O.I-ohm steps 0 0.1% o.!!% 1.5% , %
1 -ohm sleps 0 0 0.1% 0.8% I % 4 % -

10 -obm steps 0 0 0 0.1% 0.5% • % 11%
100 -ohm steps 0 0 0 0.1% 0.3% 0.8% .~%

1000 -ohm steps 0 -0.1% -0.5% -s % -11 % - -
10,000 -ohm steps -1% -.i % - - - - -



TABLE; III

ellllUge. ill impednuce (ns a pcrccnw.ge of nominal resistaJl\,'e)
for Muimllw Selling of Each Decude as:1 I;'unction of Frequenc,)'

Frequellcll in ke

O.I-ollm sle/l~

1 -011 In steps
10 -oh m sleps

IOU -01, III SlCI)$

WUU -011111 slepli
10,000 -oll1u .'ilcps

50 100 2UO 500 1000 2000 .$000

0.2% 0.7% , % - - - -
U.I% IU!% I % 5 % - - -
0 a 0.1% 0.2% , % - -
0 0 0 0,1% U.3% 1% 5%
0 -U.I% -IU,% -< % -0 % - --, % -10 % - - - - -

Tcmpcr:tture Coefficient: TIl<~ IClIlperature. "0­
cllidcnt is less tlUlll ±O.OO2% per Ilcgrw C, t!xl,'Cpl
uu the 10,000-011111 eMlls .....11(:f<:. it is +0.013% per
de-gree t:. I'll room tClIIllCra{lIfC.

Tcrmlnals: Jack-lop billliing l)Osts set on GCllcrnl
Il:uli,) slulldll.nl ;{·incll splicing for rcsi.~llllll:C (:on·
ncetiOllli. There is an extra 1>05t at the (Orner of the
pAnel for l,,()tlllcctiollS to the shield.

MOunting: A copper-Hued waluul cabinet. with

aluminuUl pUllet oomplclcI)' encloses s~·ilchc.s unll
rl,'Sislllll(.-e. units. The paud fiuish is blul:k erllckle
lut.:<lucr.

Dimensions: l~nnellength f1el)elhls on Ihe lIumuer
of dials (see price list). beinK 7~ for i-dial, 10J.ifor
3-diA,l, 13 for 4-dial, and 15% inches tor 5-dilll ho_~es.

!'nnel widlh. 5 inches. Over-all height, 5 inches.

Net Wel~ht: 3J.{ for \!.dial, 4K for S·tliitl, 5 tor
4..Jinl. nnd 6>( pounds for 5-dinl boxes.

,Vo {If Diull C(HI~ Word Price

602-0 11 ohms, tontl. In steps of 0.1 ohm , DECO'-

602-£ 110 ohms, tOlal, In steps of I ohm • D£CIt\'

601·F IJ I obms, (otal, In steps of 0.1 ohm S DrLTA

602-G 1110 ohms, rocal, in steps of I ohm S DIGIT

602·K 1111 ohms, total, in steps of 0.1 ohm , D£t'Ek

602-J 11,110 ohms, (ota1, In steps of I ohm • DEBIT

602-N 11,111 ohn15, toenl, in stops or 0.1 ohm ,
Dl':~IO$

602-M 111,110 ohms, total, in steps of I ohm 5 Dt:~IIT

(,02-1. 111.100 ohms, total, In steps of 10 ohms , IU:C... T

DECADE-RESISTOR ASSEMBLIES

like L1Jose useu in the '!'Vt'E 602 Dccade·Resistallcc Jloxcs.
Sec the description of tllC TYPE 510 Dccadc-Resislance Unit,

page 130.

INDIVIDUAL PRECISION RESISTORS

.Precision l'CSistullce c<l.rds, moun Led mid sCILled in mouldcd
bnkclilc cases. See LIle description of the TYPE 500 Resistor,

page 129.
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TYPE 670 COMPENSATED DECADE RESISTOR

The TYPE 070 COlllpCI1~;lletl DCC:Hlc
Hcsistor consi.st~ of a dcc:ule·resisl:mcc
hox lwying :Qluplclcly nOIl-reaetive rc·
sisluu(:c increments.

While Ule Tn'!! 602 Dccade-Rcsisuul('''e
lloxcs have such low r aclancc as Lo be
serviceable rOl' many il.pplicaliolls. even
almdio frequcllc;ics. it is I'ccognizcd that
no l.ype of resistance box can be made
entirely non-rcil'live. In m.clhods of
lllCtl.surClllcnl requiring a variable non­
reactive resistance, a pure rcsisL:'lllCC iucre­
ment is sought mlhcr Limn a pure rc­
sisbuK"C. that is, a residual constant•

inductance till'l he tllken c:arc of lI11'oligh
a pl'climinaI'J' hal;lllcc.

Tbe TY"I~ (ii-O HCsLstor!; were designed
La l..tkc ncl\·llnl.;lgc r this f;lct. :\ double­
curd s,Yslem is lIsed. lhe switching ar­
l'angcmenl being such '-hn.t l\ COIJI>cr coil
of proper magnitude Lo keep the indllc­
L:ult.'C con~lant is ~lIb~t.ituleu when :l

l'csi"tnnC'c coil is switched 0\11. of circuit.
rn LhiiS way tllc I'c,sistllnce call he challg:ct!
without producing flllY ckl.llge in circuit
indllclallcc.

It will be ousernd from Lhe data. L:lLles
LhaL II relatively high residual inductance
is produced b~' lhis melhod of conslruclion.
This factor does nol, however, detr:u:t
from the value of lhe resislor since lhe
boxes will be used either in subst.ituliol1
lnelhods. where lhe prcliminl\ry balance
of the circuit will take Care of the rcsidn.d
inductance, or in bridge circuil.s where the
residual induel.'Ulce CUll be lJalall<.'Cd by a
compenS,''lting iuuuctance ill the oppo~ite

bridge arm.
The vil1l1C of Lltese boxes is, perhaps,

bcst demonstrated b.}' the f"let ttHlt it was
this de"clopmeut wllich made possiblc L1le
TYPE 510-C Radio-Frequcncy Uridgc and
the TYPE 667-A Inductance Dridge, bolh
or which are described elscwhcrc in this
cahllog. and neither of which would be
possible withoul the lISC or purc re,.:;isl­
:.lIlCC increll1cnls in the bridge :UlllS.

SPECIFICATIONS

12

Type of Whlding: The 10-011111 lU1l1 l-ohm steps
nrc A'yrtnll-l'crr~'-\\'olln,,1 rcsi~lul1ce Cllrds uS Ik..
sc:rilw:.1 on j>:'lgcS, The 0.1-01'10 steps lire bifilar units.
The .Icaulc:s nrc COlllJ>C-ll.8UtCt! u')' (.."tJpper roils allli a
substitution switching nrnlli,!,'f'mcnt ,,'hieb kt."C1l ti,e
OO:{ inductance constant Itt llll settings.

The rornlruction of t1'e t.'OlIlinuousl~"-lldjuslublc

c.;ompensated slide win.: is ilIuslrnted on J>.lge 131.

Accuracy of Adjustment: llcsistnnceincrctllcut.s
nre L'Orrect to within 0,1% for the to-ohm Cltrtls,
0,2;1% for 1.1,<: l-ohm tl\rtls, nnd I% (or the O.I-ollu)
demde steps and the I-ohm llitle wire.

Maximul11 Current': TI,e IIpper lilliit of lemper:t­
lure rise is 40 degrcc;; C. \'/lilles of current for ~u

.Iegrees C. tlnd 40 flc,!,'TCCS C. riSt,s fullow.

TA8L& 1

Current for TClIlpcnllure ni~

of 2010 C. II.UtI 4010 C,

to- C. .0IOC.
Decade Ui~1l His,

u.l-uluu steJls 000 llIiI 1.5 n
I -ohm sleps Soo IIltl 500 Ina

10 -ohm sleps 90 mn IGO llla



Interior vicw or the '!\"'F. (i70-P ConlIJClIsalc.."i1 DC('llllc ItC$istor

Frequency Characteris­
I-Ies: There is Ill) serious
rrequency error bel(l"' 50
I.e. At higher rrctl\lencics
1I11l- errors lite lllllSC slln\\"11 in 'I'uhle II.

'wl rchcs: Quadruple·
leur, phospll(lr-btollu:
switches beat on contuct
studs %-illch ill dinn1etcr.
SwilcL brushes nrc !Jent 50

tt5 not lo he tnugtnllo the
nre or ltltvel, tbus uvoiding
culling. A e:un-type detenl
is provided. There are
clevcn <:out:Rel pO~lIL~ (0 to
10 inclush·e).

TABLE II
!lcrcentngc Error ill Besistlll1l::e for "I3'Xillllllll Selliug or I::',ch DCI'll/Ie us;t Function or FrC(lll('I\C,r

f'" Ie eN il ~'cDecade fql /I ,
liO 100 11110 :iOU 1000 !101iO 5000

O. (--ol,m stclls 0 0.1% O.i!% 1.5% , % - -
1 ~Ilm steps 0 0 0.1% 0.3% I % -1% -

10 -olull steps 0 0 0 0.1% 0.5% 2% tl%

Temperature Coefficient: kit$ tlmn :1:0.002%
pc' degrec C. cx(."Cpl on 10,000-011111 c.w.rds ,,'IJcre il
is +0.013% per dcgree C,

Mountin~: The dials nrc moulllei.! 011 aluminum

panels in coppcr.lincd walnut cnbincts.

Dimensions: l~allr.J, (length) ISx 'wi:ltll):) illChcs.
Cilhinet (hc.igM) 5 inc!les, over-all.

Net Wci~hr: ,'; pounds «(II1I.nlCs).

Typll Itcllii'/ffltlee
Zt:ru Zero Code

Hr.!i,"rl/let 1,(,ilu;ll/llelt II'nrll I'rice

·610-UW 0 to 11 ohms, total, with sLide wire
670-F 0 to 111 ohms, total, in steps of 0.1 ohm

'670-FW 0 to til ohms. total, with slide wire
'rl'lilt 10 o...lcr on!)· :mJ not carrieJ in $t,~I.:. Norm"t ,I,'li,·",,·, two ...'OX~,

0.050 ohm
0.0"5 ohm
0.085 ohm

O.70~11 AfiI(W

1.05 ~h .\UT!5S

1.05 loll. ."OOWN

SINGLE COMPENSATED DECADES

Pure resistancc increment.s, tOlal inductance constanl. See
description Ty ....; 068 Compensated Decade-Hesistauce Unit.

!)ilge 131.

SINGLE COMPENSATED SLIDE WIRES

Continuously adjustable with )- or O.I-ohm toud resistance.
See descript.ion TYPE 669 Compensated Slide- 'Wire Resistor,

page 131.
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TYPE 646-A LOGARITHMIC RESISTOR

This is a resistallce box of a new l.rpc
froUl which a large lllllllbcr of kllOWIl
\'filues of resistance Lelwccll 0 tllld 100.1
megohms :.uc IlYnilahlc. OblaillaLle values
are distribulc<1 in approximately loga­
rithmic steps over this rangc, ~o thal the
unit can be lIsed to rcpl:tce a number of
dccadc~rcsislnnccboxes. :\ decade resistor
gives n large number of vallles in a narrow
mnge; the TYPE 04G·t\ Logarithmic Re­
sislor gives r~wer "nlues disll'ihulcd 0\'<':1'

a ll'cmcndously wide range.

There arc llulllOcrlcss laboralor~r uscs
fot the T\rJ)E G-~G-A Loga-rillllnic He­
sistoI'. It C<l,n be llsel! in rneasuring circuits
where .1. wide range of rcsisl:lIlcc values
llIusl be co\·cred. :wd where, though each
value Ilsed must be accllmlcly known,
usiug, for exa.mplc, .5000 ohms instead of
6000 ohms would C!\.lISC no LrOllhle. It C:lll

be IIsed for n. lest load ill transformer
lUcasurcmcnt!l, :l.l\d. bc.=cause lite switches
are brought out to lcrlllillttis. it can be
used ns a logarithmic yoltttge di\·jdcr.

SPECIFICATIONS
Ral1~e: 0 to 100.1 megohll's in :t.PJlroximntel~'

logarithmic steps.

Accuracy of Adjusflllcnl: Indi\'idulli resistors
:lre alljusted ll.S follows:

Bet\\,\.'C.n 0.1 kn nnd 2 kO, 0.1%: between .5 kn
:'Inti 0.1 ~l H, OJi!li%: 2: 1\1 n to 100 1\1 0,5%.

T)'pc of Winding: The t'Onslruclion of the units
btIO\\'lI,e W,OOO·olull point is similar to thcslandarJ
resislanee-cnrd congtrucliOIl d~scribed on page 8,
Belween the 20,000-011111 alld lhe I-megohm steps
II1.C wire-wound unils a~ u.!l~.

Frequenc)' Characteristic: The iml>ctlant'C for
allernaling currents of tin)' frequency is gh'cn ap­
proximately b,r considering 0. ClIp(lcitaul'C or 20 Wlf
wiLli a power fllctor of 0.05 to be in l}arallcl willi
the uISCd Jlortion or the ")legolllllS" dilli. SeconJ
order corrections may be made (or:t. 2 ,.,.r cnpnci-

IrlllCC bet.ween the high-rt'si,t.ance tenuin:al of lhe
"Megohllls" dinl and ground. J,'or rl:sislllnc:e uses
!IIC unllsed portion of the "i\Iegolllns" dill I should
be short.-circniled.
Ma:dmum Current: Indivi,lual resistors bct\\'een
0.1 k n lI.nJ O.S k n will sn(c1yetlrry 70 Inn. BclwCilIl
I ko and I MO each re.lislor will diM;ip.'lte I wall.
Itesistors grenter than I 1\1 n will di5.'iip.'ll.e 2 w3tls,
Tcnnlnllls: $epamle binlling posls lire brougill
out rrom eadllwitch and from one end or ellch b'T'OUP
of rcsj"lorJI. A ~pamte bin.ling post rOt UIC shield
is also prO\'idel1.
Mounling: A copper-lined cabinet with 8.n 31u·
minum panel completely ~1lc1oscs both switcllcs anll
rcsi~tors. The plllle! finish is blnck crackle bcqucr.
DimensiOns: (LengLl.J) n{ K (depth) 5 :II: (height)
[, iudles.
Net Wci~ht: 8M pounds.

Type Code Word Price

14
646-A I.............. ......... I "W"II:&



"Nv'--JI/V'--J'NVv'-'VIIlf--J'I/II'--WIIf'- A HENUA TION 80XES

TYPES 249, 329-J, and 429-H ATTENUATION BOXES

TTrE i4!l·T TYI'f. 3~n·J T\'T'E 4~9·n

8alantt(I-I-I- und T-.scclioll precisiull allClIlllltioll networks nrc 1II:l(le ill S lXllClJ

General Radio Illnnu(acLurcs precision
allenulllion network..:; under 111l'ce type
numbers; distinguished b.y the l~'pc of
scction (1' or balanced-H) and by lhe
switching mechanism. TYPE 2'~9 IJ:\S ke.r
switches. TYPES 329-.1 and -129-H. rolnr.r
switches. The latter style is llsually pt'e­
rcrrcd, ill though tUany engineers nlllkc
the c1nim tbat the key switch i8 faslel' La
operate.

An aLLcnuation nelwork is a combinll­
tion of resistance clements so arrllllgcd
that it introduces n dcfillilc and known
amount of power loss when put into fl

circuit between certllin specified yailles of
csternal output 3Jld input illlpedllnee:,
These lhree: facwrs completely specify its
performance at all frequencies for which
the effects of reactance in t.he: resistors and
spuriolls admittances between them ca.n
be considered negligible.

These networks. whell constructed willi
11. switching mechanism for dHlngiog the
:l.lllounl of llllenuation, are called "<lllcn­
uation boxes;' and have long been ill com·
mOil usc throughout the eOllwHinicalioo
cllgim..oering industries for making aU kinds
of transmission.efficiency and power.level
measurements. Their value is now becom­
ing wen known in other fields as acces­
sories of the vaeullm·tube amplifier and
voltmeter. They pcrmillhe lise of substi­
tution methods whidl eliminate the need

for <-alibr:\tcd low-range-il1dit'atill ' illSll'u­
IlIcnts. difricult things to ohUtin ror audio­
and carrier-frequenc,y wOt·k,

III OIlC sensc thej' arC si/lJilnr in liSe: to
the shulIl:; and Illullil)licrs uscd with gal.
vflnOlllctcrs, mumelers. 1\1111 \'olt:l1Icler~,

except thal, whereas the ol"llilHll"~' :;hullts
and Illultipliers Ch'lllgC lhe v.\lucs or total
resislJi Il<-C prcscl1 ted to the c.i rell i t aud to
the mctcr. tlte attcmmtion boxes present OJ

COllst:lIIt resistance or 600 ohms, inde­
pendellt or sctting, in both directions to It

600·ohm circllit illto which they nre in­
serted. This menns L1Utt in aCCtlr;ltc
meftsuremcJlL'i the challges IlcceS.<iIlI·y in
the indicating device to cover wide ranges
CIHUIOl rcact on the apl)HralliS uuder test,
Or rother. inasmuch noS the allenu:Hion box
is itself acclIrlltcly c:tlilmltecl, all settings
nl3y be rend dircctly thcrefl'om a.t a
selccted arhitrary ({ctlc ·tion or the il1lli­
c:~tor. The lllihration nUll non-linearity
errors of the indica.ting s~'stern arc thcreby
clilJlilluted.

The networks arc. hO\\'CVC1" normally
treated a!< non-rc·:i.Ctivc artitlc:ia.! lrnns­
miSSion lines of v<Jriahle allcnuatioll
constant and nrc usell eithcr to VOlr)' the
loss in a GOO-ohm circllit ror purposes
other Until to dmllge a meter scale. or to
be tllC vuriable standlM'd in substitution
methods of me:UHlI'cmCllt of attenuation
in rell! lines,

15



• 4 • 4
C5AL"'NC~D-M Sf.CTlON T-SECTION

8ala.ncet.l-U-sect;on ndworks are used when impcda.tlca must be maimed in both dUeclioiU U1d balanced to
ground. T·type Rrlions maintain constant impedanc:e in both directions, but they are Dol balanced to grvund

SPECIFICATIONS

Attenuation Ran~e: Boxes ha\'ing a maximum
attenuaUon range of 55 db or 110 db Are listed in
the price: list. Tncs Si9-J ::a.od 4i9-U an I::lcb com­
posed of two Rcliont in Iefies, one or 50 db tot.1
al~nu.lion in steps of .$ db, IlOtI Lbe other of oS db,
tolal, in atep. of 0.5 db. Removable external liou
make either set:tiou sc:.puralel,}· I\Vfliiable.

TYFES 249-U and·T cllc,:b Iill'"!! eight series~ODS
with nllenualiolU of I, i, S, 4, 10,20, SO, and 40 db,
respectively.

Type of Section: T·section and balll1l~-n-see:­

lion model. are ."ailablt:, Dotb present a COl1Jlanl
impet.ltmce in hoth directions. but the balanced· II
lliould be tQC<.\ wllere bolla .i(lu of lIle circuit mUlIt
be bnl.nced to ground.

Type of Wlndlng,ll: All resistors are of the prec:i.
sion type d~scribedon page 8: A,)'rton.Pcrry for the
IOw-fC3i.lllancc clements nOll mieo cards for the
high-rcsi~lanceclements.

Terminal Impedance: Boxes Lo operote between
GOO-ollw iwped",nc« Bre listed. Boxt$ for other im·
pcdtLlICC values enn be made on specinl onler.

'nle n.ll.nM.'lI, image imped.an~, eh.U'llderislic
impedance. iternli\·c illlpedance, and surge impctl.
on(.'C, whidl nrc CIiCOlllltcre<\ in the literature, Ilrc
all equivnlenL for the altenuAtion boxes here listed.
If the wrong value of h:rwiullJ ilUpedl\n~ is used "t

either or both eoils of the network, Ule (':lJibration
will be in error. The amount 01 this error ean he
computed, as Jemonsln.ted in SllCft, TrlJlulfliuitm
NdJDO,h altd lI'are Fillt,#, Chapler 1\·, pp. 100-12:1.

Accuracy of AdJustment: £acll Individual re­
sistor iJ adjusted to within O.IlS% of il.s correct value,
so that the entire belx ill accurate to within 0.5% at
frKlucuciei up to at least .so kc.

Switching: Trre Ul) hu 8 key IwitcbeJ to con·
ltoJ the 8 network Retions.

Tl-".:.s 9294 and 0120-1{ have multiple-blade
llwitches Bnd D posilive detent which ~nterll the
lIwilch bltldes 00 the contact poinl.ll at eAch step.

Mounting: T .......)! U9-U ..od 24g·T art: mounted
in oopper-lill(''lI walnut cabineLt, "'ith aluminum
panels fini.hed in blllck crackle lacquer,

Tbe Tnt: 929 and 'r1'l'E -129 OOl(eJ have walout
cabinets with ellgtavcd bAkelite IlllDels.

Dimensions: 1'YI'tJ 2·19: Punel. (length) 16 •
(widlh) 5J.( in. Cabinet, (depth) 634 in., over-all.

TnE 329: I'tlnel. (Ienglh) 16J.o'. (width) IO~

inches. Cabinel, (depth) 0 inches, O\'eN'U,

TYPE "20: !'unel, (length) 14 x (width) 7 inches.
Cnbiut't, (depth) 7 indlCi. over-nil,

Net \Vel~ht:Typ.: 2010, 7}/a pounds: TnE S29, Ii
pc:lunt!ll; TrPl: oI_iD, 8 pound" apllroxirntl.tely.

16

T'I" AIf,nuation nar/ge hnpmanC' Type of SteliOA Cod, Ward P,ice

1019·n 110 db in steps of 1.0 db 600 0111115 nalaoced-U X'J::TWOkKRUU

149·T 110 db in steps of 1.0 db GOO ohms T SET\\'ORKTQP

319·J 55 db in steps of 0.5 db 600 ohlW Oalanced·n T£SGTOKrIG

4l'J-H 55 db in steps of 0.5 db GOO 01lW5 T "D)fIT



A TTENUATION BOXES

TYPE 529 AnENUATION BOX
AUDIBILITY METER

2
L-SECTION

3

•

Tltl: Tn'}: .Sill .\llcllllalion Bus i", llullle l;l1l :111 IArllC s(:ct.io/l
whidl lllnilltlliu.!i (,'Ollslanl iml)CLlalH.'e nt the 1-2 tCfll.\ilLllls

Relative audibility is (.'Ommonlj' me.is­
lIred br reducing the received signal unlil
it can he barely heard. The amount of re­
duction required to reach this uthrcsltold"
ndue is LakCIl <"Is a measure of tlte rclntive
amlibilil.}' of the signul. A shunt, (:(lIi­
braleu for attenuation when used between

specified impedances, and ''''hich will not
affect input circuit conditions as it is
varied, is required. The '!'YI'E 529 At­
tenuation Box: will meet these require­
ments, and is c:l1ibralccl ill decibels, the
now gcncrnlly accepted unit of relative
'ludihililj'.

SPECIFICAliONS

Ibogc: GO db in steps or 2 db.

Type of Section: A"';lilable in the lA,n>c seclioll
"'hith mnintains ronslUlll impcdltllet ill olle direelioll
onl~"

Type of Winding: Random willJing Ull bAkelite
cards.

.'\ccurnc)' of Adjustment: Vnlues or ft.-SilflulI(.'C
are ndjuslCtllo within ±O.!i!5%.

Frequency Ch~lractcristic:An llCf.:UrllCY of ±2%
is ulllinl:tillcd lip Lo [t frequency or 10 kc.

t\luuntlng: i\lolllIl,ed ill h311u·rubbccl \\"lllnut C<'l.ui·
lid wilh cngr3vcd bakelite pnnt"l.

Dimensions: rUIlc1. (length) Rx (Willlh) 8 inche;l.
Cabinet. (depth)" inches. over-all.

Net Weillht: ~% pounds.

Typt oj
7'ype A(lemwaoll Runge 1""Jtf!o.f/Ce Sed.io/f Code Word Pn'c.

529-.'\ 60 db in steps of 2 db ()OO ohws I. ADULT

529-8 60 db in steps of 2 db 0000 ohw~ I. At'nX

TYPE 529-P1 60-DB AnENUATOR
This i:; a convenienl L-ln>e pad for

~xtending Lhe range of :to TYPE :;29-B
Attenuation Box by 60 db. The compo­
nenl rcsistors arc mounted in :l small

bnkelite case, with plugs which fil the
alteuuation-box input ltrmin.ds, anu with
jack-lOp bindiug POf\ts seL on ~.inc.h

spacing for thc input circuil COllllc<:uons.

Type

529·Pl

I "''Pl'lluru:e

6000 OhlU~

COIL" Il"rlrJ PriCf
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RESI STORS-AlvW--A,/INL.A./\fL-JvWt--A,f,IIf--'W'-w/If--JIIW--w-

TYPE 654-A DECADE VOLTAGE DIVIDER

• "

, ,
• A

,
,. ... ~. .' •••

•
•

Q e e I> Q

III
_.._--- «,

I> til '"
•

-;:;:=5' •
~

This is II prt:t.:isiull-I,\'pc dC('ade \'nll;l~t'

di\'idf'I' wlJkh will slipply cx;u'l voltage
ratios hClwccll O.UOI and \.oun ill steps of
U.UOl. 'flte inlernal inlJul impcdan<:t: of
the instl'ulncnl I'cmains ('OTlslallllll 1U.OOO

ohms for 1.\11 sell.ings of the decade diuls.
This in;e;:ll'lllnenl may he thought of as

it pair of TYPE 602 Decadc-R<,sisll.lDCe
lloxcs connected in scries;tnd m:\lJipul''lLed
so lhat a~ rC'sislllllCC is Lakcll out of one
hox it is added La L1le other Lo maintain
the total series I'CSi~tfLn<:e constant. This
is :L(,COlllplis!u:d COl' CIU.:lt dial Lhrollgli the
ll~C of two Tn'[~ Ii I0 Dccadc-llcsisl::lllce
Unil.i operated {l'om the control kl10b by
1I1CtltiS of t~ chuin dl·in.

J"lcrrOrlll:lIICC 5;pecificlllions nre idclltjCtLi
in every respect with t.hose for lLtc TYPE
602 DCclldc-ResistllucC llox('s !wc\'iously
giYCll on pages 10 :Iud 11,

SPECIFICAliONS

Ibn~(!: \'oltllye rlilios of 0.001 to 1.000 ill sleps or
0.001 ~" he obtnined by selling Ill' Lhe Ilesired
result flll the three switches.

Dimensions: Pnnel. (Iell!,'th) 13:c (...'idth) 7 inches.
CIlLillCI, (\lcjllh) roJ.( iudlell, Mcr-nll.

Net Weight: S.!4' pound,.

'type

654·A

1"llUi III/pellum:,.

III,UI)II 0111I1.$

Code Word

AllACK

I~fice

'.' ••",,,,, ..."••• 'f.,,,,. ~

".,." "<.' '"

o~ .. ~

•• , , , ,
~

,
~. ~ ~ e'

TYPE 125 PHANTOM-ANTENNA RESISTOR

The. TYPE 12,.; PhnutoIJH\nlcnua Rc­
sislor is useful for tesls Oil mtlio trans-
mitters where it is desired lo replace the
antenna. by aloca! circuit w!lose constants
:\I'C more cllsily determined. By this means
inlel'fercncc wilh olher stations is pre­
vented. This instrume.nt is also useful
about the laboratory where a. rcasonably
llCCliralc resistor of high current-carrying
capacity is rC<luircd,

SPECIFICAliONS

J\'laxlnlum I)ow~r Dissipation: 400 wslill. lolal.
ror TI'I't; 1IM·A; 900 wnlls, t<>hu, for TYI·.: 1l?5-G.

Accuracy of Adjustmcnt: O.t.i%,

Temperllrure Coefficie.nt: l.ess lhan ± O,OO~%

lJer ,l('!:Cree C.

]o.lountin~: nibLoli~WOlI1.l(1 on n.sbestos·boanJ cards
lu:Jd \'erticall.,,' Uo:l\\'(~cli bakelite el1ll rlal~s.

18

No. vj /flJli,dtlllCt C,.,fCIlI .1llt.1 Code

TYIItI Set'/i.Qml per See/ioll ~r St.etio" Dill/olll/io", Weivht IVvrll Price

125·A , .~ ohms ,. 7M x (J x ",j.:f iu. aH lb. IlA\'EN

125·G • Ii ohms \,. IO~ x 7% x liM in. 7~lb, nEUEL



--w~N'-WVIJ'---A,""~-W-...l\NIN--"IW---'WL.A/lIW-RESISTORS

TYPE 525 RESISTOR

This is a precision-I.rpc rcs.islor capable
of dissipating a Illrgc ;1,1Il0Ulll of power.
It is inlclI<.lcd -for usc in lcsLiug Lhe Ollt.put
power or radio lrallsmillers in dummy­
llntenna service lWc! for 118C in gCllcr:t1
I:lboratory work where <L I'csislOl' of f;lirly
high precisioll must dissipate ;l large
:L1llounl of power. Tile TYPE :jI:!;') Itc8islor
consists of :l. mica curd wound with rc~

sist:Luce Wil'C, c1allll,cd between two ::tIll­
lllinum castings, hlld insubLed Crom them
by two thin sheets of illicit, UIC whole: unit
being supported 011 porcelain insulators.
The aluminum castings arc hc;~\·il." ribbed
to giYc;'I large radiating surra c.

This unit is c.'Ollsernlth-cly raled at 50
walts, alt.hough it considerably greater
..mount of power can be dissipnLeu for
long periods, wiLhout damage, if ;, large

'lemperature rise C:1l1 be l.olendc\1.

SPEClflCAliONS

Power R:.lling: .:\11 unib will lIi.uiplilc 50 \\';Ittll

fllr n 100" C, ri~ ill lcmpemtllrc arid 100 watt'! for II

ISO" C. rise.

Mas:imum Current: Values or curren! (or II
1000 C, ri.'Ic in l.emt>crlilure nrc gi\'en ill the price list.

ACCUfllC)': All units llre n.Jjllslcd 1.0 be willlin
ll.l% of the ruled \'Rhll'S spcdlicd in the prit.-,,: Ii.st.

Temperature Coefficient: Less thnn ±O.OOi.!%
l)Cr degree C. Cor temperalures below 100" C,

Frequency Ch;lracteristic: Goot.I rDllio-fre­
qU~lIcJ chRrn.eleri5Iics. See lite A!>ril-Jfll,\', tn3:l,
I-;:rper;mellier for cun·cs. The rt'5islnnce of 11113
10-ohm si1.c is withiu 20% of rRled \'lltUIl lit fi ~Ic,

Shielding: The aluminulIl C'.llliingll COli he IIsc.lns
ftll electrostatic siliclll, 00111 resistor terminals hcin,IC
insulated (rom UICIIl.

TerminalS: Juek-I.op binJiog posts lll()\llIlell 011
i.solrllltile wnsl.!'.r.~ 011 slnndnrJ Geller:,1 (hHlio SpllC­
iug or Minch,

M ou n t'ing: Ilcsistol'$ nre \\,{.oulIIl unifilarly on micn
RUt! c1al1ll~1 between two pi\:(.'d! or witn :md t~·o

Ilell\Til~' ribbed alllminum enstillgs. thc wlmle unit
bl,jug slipporlCll 011 porc.'(,'I:lin ill:iul"lofs,

Dimensions: (Length) 4 x (willtl.) 4- x (llCighl)
2~ illdlcs.

Net Wei~hl": 1M pOlludll,

CurrDllt,

Type Uuilltflllce 100" n. lIisc r.f)f'~ Wurd PriCI'

525-C 4 ohms S.li n (:A 11,\ I"

525-D 10ohm's ••• n CAUlS

525-F 40 ohms 1.1 " CABOII

525- J-I 100 ohms 0.7 " CA lJlI\'

525-L 600 ohms 0.011 n CAn~:T

VOLUME CONTROLS

General Radio yolunlc (.:onlrols lire described in tile l)arts
section; TYPE 653, page 132, Tn'£ :i5Q, pngc 133, :Uld

Tn'E a'tQ-D, p<lge 13-1-.
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TYPE 526 MOUNTED RHEOSTAT-POTENTIOMETER

The Tyrt: 5~6 )lounlcd HltcosLal­
POLentiometer ili supplil.'<I for measure­
ments where :t c:llibraled rheoslal-polen­
t iomder is sufficiently nC(:llrtltc. The tolal
rcsistau('C is luJjusted Lo within 2)4 per
l'cn! of the rated va luc, II 1111:"\ dirccl-rcadiug
S(:lllc wilh a Cllliuralion llccurale Lo within
.j per ceut is providl.-d.

The rcsislnncc unit uses n four-6nger
t.'Ollblcl-arm construction which averages
oUllhc \'arialions of the indh'idunl linger
c."Oulacl resislall(..-es and SO gives:l smooth
and linear resisbllc.:e-rolaLion curve "POll
whi(·h settings may be c...sily repealed.

A mounted resistor of this In>e i~

recommended for f>owcr-fncLor measure­
menls wilh the T'1'!'E 6/l5-A Bridge.
de..llCribed 011 pa!:,1'C 85 of lhill c:\la)og, or
for the variable sl:lIld:\rd in approximiite
melllmre.l1lc.uls of rc islllll(:C values by
IJric.lge methods.

On ortler. an~' General Iladio st:tndarc
three. hole mOlllllinl; rhcostlll-potenti­
ollletcr. including l:tpc.rcd models. ma~' be'
obtllillcd mounted in this manner IJ5'ing
the 'j'YrFJ 8IS-A Dinl Plalc d scribed on
page 170 for the stIlle. C'n.librnlions are
extr<l; prices will be supplicd 011 request

SPECIFICATIONS

Windintt: TIle ",iulling is n CtIrtfull.\' adjusted
'1'\'1'.: 471·:\ nhcostlll-J'oteliliomeler (~ IXlj,'C IS7).

Accuracy: The lolal resistltnce lu'15 been 11.lljWlted
to within 2.59'0 or the mled W.lllC ill the I,rice list.
'I'he cllliLrnl ion iillH:curRle 10 wit bill 5% of fulll;Clllc.

~'Ioulltlng: Orflll'n-stetl CI\$l:S II'il,11 Imrrl·ruhher
l)lwel for I'rotCC!iOIl of unit Rlld r()t ,,:OIl\'t:uicncc in
wiring into ClI1Jw::rilllcnttll cirelli!::'•. TI.e ClIlW; mflY I,.;!

115C.IIIS All de:drostalie: ~hield.

Terminals: Two pair of jack-lOp hiwlilJt; (KISts,

one: fot inl)1I1 an,1 one roroutplll, onsta.n~ll\tdGcnernl
!lluJio 1j).'1c::ing or Yt' inch. arc providel!.

Dial Plate: Elleh unit hns" S·inch pholo·cngrn\·cd
Jilll pllltc with 50 tlivisiolls lIlld i. clIlihrnled t1irccll.~

in ohms.

Finish: llJ:tck cryslalline lllcqllcr.

OlntenslOllS: (Dinmetl't)"~ x (I1l'iltht) 43. i

indlC5, oVeNII1.

Nct Wcll1ht: 1M pounds.

526-0
526-A
516·0
526·C

0- 100 ohms
O· 1000 ohms
0- 10.000 ohms
0-100,000 ohms

J/tlz. Current

3S0 mn
JO~ Ill:\.

3S.0 lila.
IO.~ mn

Cod. O"ord

t:TIlf:K

r. \' " I>F,

E\'F.ST

t:\'OIl:E

Priu
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RHEOSTAT-POTENTIOMETERS

From 0.75 ohm to SlOO,OOO ohms maximum resistltuce,
5 watls to 250 waUs maximum power rating. Sec descriptions,

pages ]35 Lo 130.
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CONDENSERS IHHHHHHHHHHHHHHHHI-

TYPE 222-F and TYPE ·222-L PRECISION CONDENSERS

Tn'>li: i2\! Predsion Condensers hn\'c the worm-l;rpe mic:rometer drive 01}Cflllcr! by the knob
al the righl. The mllin senle nnd micrometer drive nre observed through the lwo wiudo\\'9 ill

the panel

22

This condenser is for use in measure­
menL- where the very highest order of
calibration stllbility, precision of setting,
find electrical performance nrc essential.
Yet it is rugged enough fol' gcncrnllnbora­
lory work hy students. It is lIsed as a
reference stand<lxd of ca.pacitance in
lnidge circilits and as the c,.libral.cd
vnriable in o:;cillalors, wavclUclcrs, and
hclcrodync.-fl'c{jllcncy meLers,1 eL',

The losses :l,re low and constant wiLh
selling, nnd calibrations can be relied on
for long periods of lime. Any selting can,
wilh care, be duplicated lo within one
part in 10.000.

Low and constant losses are scclired by
using as little supporting dielectric as pos­
sible (consistent with mechanical rigidil)')
llllli b.}' placing it in:t wenk and ulwiu.}-,.ing
field whose intensity is independent or
rotor position. 'l'his feature is especially
important when the condenser is to be
Ilsed for determining d.ielectrie loss b;y Ule
bridge-subslitution meLhod.z

For :tpplieatil)lls wllere the need for
eXlremel." low losses is acute, Jll'ecision
eOlldcllsers call nOw be fumished with

, So;-.. pngc'~ n u,j r.O for MIllie euml'lleo
l~ lh,,<!il":'U,uion of ronden""r l~ in the '\1'lI~ndiK,

fused.quart1. supports instead of UlC
isolantite supporls ordinariI.}' lIseu. The
figlll'e of merit (RwC2) is thereby impl'Oved
to one twcnly-Gfth or the isolanlite value.

The excellent precision of setting is
made possible by Ule micrometer-type
drive, The worm is lapped into place and
held against the wheel by a spring, a
mcthod used in precision dividing engines
for reducing backlash.

Slandard cltlibraliolls for TYPES 222-F
mal Q2-2-L Precision Condensers gi,'c the
cap'Lcitance to the nearest micl'omicl'o­
farad. but improvemenls enable us to
supply on order a calibration accurale for
lotal or <iilrerence capacitances lo 0.1 lJ.jJ.f

or 0.1 PCI' cent, whichever is lli.rger. This
fine calibr~tlion nnd correclion consider
the cn'cel of eccentricity ill the worm-drive
llleelmuislll and appear in the price lisl as
the "Worm-Correction C:'llibration!'

Ii TYPE 2-22 Precision Condenser will
hold its calibration over long periods of
time to better tha.n 1 part in 1500. The
plates <lrc of thick aluminum, widely sepa·
ralcd by accurately lurned (not cast)
spacers. They are clamped all tile stator
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CONDENSERS IHHHHHHHHHHHHHHHHf-

TYPE 222-M PRECISION CONDENSER
(See 'illlls!,rai'iou, paye f2)

The internal colIslrucli!lllS of nil precision.ln>c
conllenscrs SilO\\' the same el:(.'dhmt qunlit)' of

workmfi.llship

This condenser has been designed to
provide adifC(;l-readillg, adjustable stand­
ard of capacitance for use in the substitu­
tion Il1cnsurcmen l of capaci ta nee.

In this method. which is ideal for small
values of capacitance. thccnlibralcd stand­
llrd is connected in parallel with the 1111­

kUOWll. ')"wo baJances aTe requi.red, the
unknown capacitance being given by the
d.ifference between Lhe values of the stand­
ard when the unknown is connected and
when it is discollllcclcd.

The TYPE 222-1\1 Precision Condenser

is arranged so that the capacitance dift'cr­
ence Illa~' be rend directly from the en­
graved scale, thus eliminating tJle lise of a
calibration chart and the computation of
thc unknown capacitance by subtraction.
Zero scale reading corresponds Lo nearly
maximum capacitance (about 1200 l11icro­
microfarads), the first bl'idge balance
being taken with this setting. The scale
reading for the second balance may extend
to a maximum difference-capacitance of
1000 micl'omicrofarads. corrcsponding to
an actual capacitance of about 200 micro­
microfarads.

The micrometer dmm is divided into
100 divisions, each eOI'responding to a
change in capacitance of 1 micromicl'o­
farad. Ten turns of the drum cover the
range (lOOO micromicrofarads).

The mechanical construction of the
condenser is similar to that of the TYPE
2il2 Precision Condenser. described on the
preceding page. The differences consist in
the lise of a 25: 1 worm, a reduced number
of plnlcs, and menns for the adjustment
(in our btboratory) of two of these plates
to give the desired calibration.

The following specifications list the
details in which 'fYI'E 222.-~'.l differs (rom
the TYPES 222-I" and 222-L Precision Can·
densers described on the preceding page.

SPECIFICATIONS

Capacihlnce Ran~e: Total c1l:lllge in cill,acilancc
1000 pp.fi c:lpacitll.nce at zero scale reading (mru:i.
wum cllptlciltln...'C) ahollt liDO p",f. Lbe elad value
heing gi\'cu willI each instrllUlcnt.

Drive: Ten turns of the worn! cover Ole entire range
(If the oondenser. about I·HO. Ultcklash is less tha-n
Y2 of one division. For olher drive details consult

lhe I)reccdillg description or Tn·.....s ii2-F anu
i211-r..

Calibration: I~ach of the 100 divisiolls on Ollo,
micrometer drum corresponds lo 1 p;tf. Eaeh con­
denser is individuall:... IHljusled in Ollr Inhornlory 80
that all values of incremental cnpaeilante IUC' accu­
Tate to within 1 ;tllf.

C(lptJCUtJllct Didcclric
'1'Y1IC Clumge Suppnr/$ Code. Word

222·1\'1 1000 p,p,f Isolantite COUlto\

222-MQ lOOOIlJif Quartz COBRAQUAl'Z

Price

Wo.·m-Corrcction Calibration Data ror ahove Condensers WOIl:>11'
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TYPE 246 VARIABLE AIR CONDENSER

Thr; Tyrc 2-Ul CondClUCf is like the T,'PE ~i Prtei.siOD CODllc.nJer, but it Ims 110 wicroweter uri'<e

This condenser is ror usc in measuring
ilnd experimental circuit.s requiring a high­
grade unit. in which extreme precision of
scUill!; llnd accuracy of culibralion arc not
required: as the ubalullcing condenser" in
lhe substilulion melhod of cnpncit:lIlce
lIICasurCIll nt, for cX:trllple.

Eleclrically it is identical wilh thcTYI'E
222 rrccision Coudenser. II cannot be
set with as grl:'al precisioll, buL ouce set il
should hold a selting almost as well.

The (allowing detailed speci6cutions
show the points ill whi h this condellscr
diH'ers (rom TYPES 222~F nnd 222-L.

SPECIFICATIONS

Capacitance Range: Three sir.cs, 1500 IJPf, :1000
Il~. and 5000 ~#&f. are c.:arricli in slock.

Drlye: :\ spur-gur slow-molion drive having It

l"Iltio of 10: I is an Auxilinry control lor lhe large
knob aud Jia! mounted UII the rulUf liLl1ll.

Callbmtlon: Ko calibration is supplied with tbis
eondenset. bul a Illounted ClIJibralion cun'CO u-eurate
10 ..illlio 0.5% of full-scale or 4 mounted e:tlibration
table (or lL points. accurate Lo 0..5% o( (ull-scnle,
can be prtp.1.red to order. See Ule price list.

Maximum Voltajle: TVP£~4G-LlIndTn'£2~G-)1
are cou~n'ilth'c1)" mice! ill 800 volts, 1>Cllk; Tl'P£
2:.1(i-l\ 500 volts, peak.

Srontl1e Case: Ko slornge c:ue is Jiullplied.

Dimensions: Pand. 7~ x 7M inches. Cabinet.
(heighl) (or 'I'yp~: 2~G-L. 8~i inches: ror Tl'J'El
2~G-)1 :md 24G-P, 11~ inchu. over·all.

Net Weight: '1"',,£ 2.H~-L. IIU pounds; Tv...:!!
2~G-:\r nnd 2 Hi-I'. 15 pounds.

MfUimu.. Minimum Code Word Price

·246·L
~46·M

·246·P

1500 1A1A( 53 p.}J '_1 CED.Ut

3000 1A1A( 70 wJ CUAOII

5000 p.Jl-r n ~~ . ••••. CUAnT

Mounted CalilJfaliou Curve.. CURn;

~ounted ll-poillt Calibration Tnblc... CHART
"CaIihr"tioN .upplHd oal,. _hell orduetlllK IIOlIlpGllH 'lOde _Ol'dt. '.f1~ C:EP"II('I1..." C...OICllAn. etc.
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TYPE 539 VARIABLE AIR CONDENSER
(CABINET-MOUNTED MODELS)

The stlltQr sluck iu n T",,~~ 53\1 Condenser i~ slI])I>orlcd b~' Iwo hloeb of lrcntcJ is.... lnlllilc

This condensel' is fOl' usc in hlborolory
mCfiSuremcnls where the design rcGne·
menll; of Ton'.; 22'2 llnd 'I'n'E 246 COIl­
densers arc not rCiluired. It h3$ lower
lo~scs Own either of our olher lahoratory­
lype <:olldcl\ser~.but the losses (RW()2) do
not rCLJ'lnin so nCl1rly conslant wilh selling,
1101' is the slahilil.y of calibl'aLion quite so
good. For a NrcRl mll.n~' Jlurposes tbis is
no drawback. :ul(l one can profit by the
lower pric;e.

Three hrass rods, extensions of which
serve as mounting pil1:1rs. rigidly support
lite two eud plates 011 ench of which is a
block of isol:H1litc cllrl'ying the two raus
Lo which the stator i~ :ILlacI.ed. This
method insures low losses alld facil.itatcs
t.he usc of special plate sll'lpes. like those

in lhe'!'YPEt,)39-T (strnight-line fl'cquency,
2700illlgic of rolalion) Condenser lLnd lhe
Ones used as luning eonlrols in the General
Undio T'il'l~ G13:D :lnd '1'\'1'£ 71~-A Ueat­
Frequene,)' Oscill:ltors,

The Tn'E .539 Condenser is supplied
either IUlIuouI1Led or mounted in :1 cab­
illet tlluj wilh slraight-line-capacitance
or !;lraight-linc-freqllenc,)' plntcs. Tlte
strnight·linc-fl'cquene,)' model eon also be
supplied willi :l rolor lh:ll is insul:lLcd
frolll the end plates .Iud ground.

'l'lll' following specifications describe
the IH'iJlcipa.l fefLtures of the cabinet­
moullLed models. ,11'01' a descriplion oJ tile
11tlillOtllll.cd lllodcJs with sll'lligllt.linc­
Wll \·clengll1. slrlliglll-1 inc-frc(pll~l1t::y. and
logarilhlllic-rrC(IlICnC~'plat.c~.secJluge 1-1-'2.

SPECIFICAnONS

26

Cnp~lcl{:lnce R:ul~e: Tllrte cnp:i(;itllnce rangcs
:Ire I\\'ailllble in ~lock,

Rotor Plate Sh:lpe: Semil:irculur rotor plnlcs
Ili\'illi: Il Iincar CfIp:lcilunce wlrinliOll with sClting
:m: l19Cd Oil nil 3 1ll0lld5 delK:rihe(1 here: TrN:8
5S!)-A. 530-B. nnd 5S0.C.

Isolantite Supports: Two Imrs of isoktnlile,

l~(cd to prCI'cnl :lhsorptioll of moisture. support
the stntor ussembly,

Low l.osses: ItwO i,~ npproximatel,)' 0.09 x to-I!
uused on U\(;lISUrcmenl.9 III 1000 cycles, See the
Appendix for II diseussil,m or RwCZ till n Ggure of
merit for vnriable nil' comlcnsen.

Ori\'e: All three cubinel lIloc!clslla I'e IL IOO·di\'ision,
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II-point. Calibration T:thlc. cu.-\._nT
:'.Iollllted Caliltmli{Ul Cur\'e ClJItV).

·Clllihrations lupplitd oul}' "hell orutred. I· "'''nr~,,,ntl
CiM,le wvrd.i. "lI<lAycn... MT, "!llII':J'('IIA'IT, or A$1·l!:U.;" IT.

thc rolor tcrminnl is in conlnd willi the grounded
pancl.

Maximum Volltlg,c: T"I'E 5:m·A is ronsen'ativ(!ly
rah.'(! al 1100 VOlls, prllk; 'I'Yr£ s~o·n, nt SOO \'011. ,
!)f:ak; Tl'l'E 539·C. al 5,50 volts, I~nk,

Oi menslons: 1~(Jr 1111 mounted models: l':lllCl. 0,\1 x
0.!1 inches, ('"hinel. (heighl) S~'$ inchcs. over-lill.

Net Weig,ht: :\!onnle<l lIlooels weigh nppruxi.
lllUl.'lr (j~;f 1)011II41s.

:VI/mil/til ('fl/""';/II""" (''''{e

'("II'" .I/'lrillO/III .I{;";IIIIIIII 11'/,,,1/ ('rirtr

1'TPE .sO:l-f' (lriction drive) Uial allllclJCtl to the
rotur !llaH.

G.l1lbl"ation: The maximum anti minimum values
of Cllvacilum:e II.CCllmlc to ,vitbin 0.5% of rull·sc,'\le
IHe engrn\'cd on the nnnlcplnte of eacIJ Illounted
model, If dtlSired. n calibration accurate to within
0.5% of full-scale CHII be supplied for the c.lcvcn
lO·di"ision l>oinLi iucludiug 0 /lnd 100 divisious. :\n
tllrn charge (see prk-e list) is made for lh~ work.

Mounting: TYPElI 53!)·/\, SS9-B, RIIlI 530-C are
lnoUllt~1 in n polisherl wnlnul cabinet 011 1111 Illumi·
num Jlancllini.dlcd in IJJllck crllckle lacquer.

Shielding: The al\lminum panel mIll n COI'P{'r
lining in the cabincl arc nn effective t1cctrostnlic
$hie1d for allllloulllcd wodels. The rolor is grounder!
to this shield.

Terminals: Two binding posts are provideU on nil
cabinel U1odels. Thcsl:ilor (high poleutiallerlllinnl)
is I.lwllghl oUl through lin isolnotile bushinJ::, ond

-539-A
'S39-B
'539-l:

SOO /.l/.lf
1000 ppf
2000 ppf

50 jlP.(

55 jj~r

oOl'l'r

.ISS.-\. ,.

.\SSt:T

.\Sn;H

TYPE 539-P INCREMENTAL-PITCH CONDENSER
addition of u. TYPE 53D-P Incl'Clllenta!­
Pitch CorldclI.scr.

"lJIIIT I
l)t'itrr;p/;f'I11

IncrCtncnu,I-Pilch I
Condenser. , . "

539-P I

SPECIFICATIONS
Condenser: 5l1llte c:ulIslrllclion. rorm, :ulfl tiilll~n·

Siu1l5 all 'I"'N; &39 Yllriabic Air ·'Q/llicuscr.s lisle;1
sOo\'e. ItI1lslrnlc.'(1 right ccliler, IK.gC 21.
Calibmtlon: 0 to 100 c.n1cs, frequency incn:I<se,

Codc
WMrf "riN'

Hepealed Cre::qllcnc.y changes at allY
point ou lhe sCllle of 100 cj'des or lc~s

in the output of :l. T~~PE 613-D BeaL­
li'rC(IUCuC.Y Oscillator arc gi ven bj" Ihe
nddiLiou of a TYPE 539-P 11lcl'cmclltul­
Pilch Condenser, The sc;l!e of the COII­

denser is c<llibraLeli wilh the oscillator
wilh which il is Lo be used in onc hunch'ed
divisions of eXflct singlc-c~'c1c increments.

A "Ilelurned Apparatus Tag" thalllloy
be secured ou appli 'alion musl act.'Olllp:l1I:'t'
the oscillator whcn it is rClllTJlcd for the

TYPE 247-G VARIABLE AIR CONDENSER
(MOUNTED MODEL)

This is an inexpcnsi,'c condenscr with
II number of features, especially thc
dil'cct-reading calibral: d scale, that make
it very popular ill the labor::l.lory develop­
menl of experimental apparatus. The
plates are of brass, Each stack is soldered
together Lo form a rugged unit of low
resislance, and the use or a very small
amounl of proJlcrly pla('cd high-grade
nnrd rubber keeps down the losses.

An unmowlted model with an illuSl.n\­
tion showing the inLcrJluJ COnSll'lICLion is
lisled on page 145.
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SPECIFICATIONS

Range: SO JIll! to .')00 JlJlr.

Plate Shape: Strllit:hl·linc (:nr:lcj~lIl\."C.

l.ow Losses: It!»C2 is nl'"ruximlllel~' O.os x 10-".

:'I.laxinlutn Voltage: :i00 \·olts. IWllk.

Drive: Till: dri\'c is fir thl) pillioll-g<,Hf type willI a
~dllcLijm rnrio of G:I.

Calibr:uion: Till,' .lial IlIIs n Ilirt:d-rello.ling l.,di·

SQmi'Ull CflJ/lIci/a,/ce

brnlion, as shown ill L1Jc illustrnlion, nccumtc to
within 4%.

Moullfing: Tile hurll.rubber cover of lhe dm"'I)­
sleel cnse supports the L'On,lenstr amI boo binding.
!)()!l terminals. To mount on t\ bll."lebo.1rd, drill
suitable holes in the boltolLi tlf the ..case.

Dimensions: 1)1t1lc1, (Iliamclcr) ,~J.1 ilU:llcll; ('Hse,

(hright) "M indles, o\'cr':lIJ.
Net Weight: Tn.: 247-G, ~.l4I)()tllltls.

P,iN'

247·G 500 J.lJ/J so JI"f roLie

TYPE 509 STANDARD CONDENSER

28

Tn~E 509 SLnnclllrcl Condenscrs lIfC

coml>ll<:l fiseJ labornLory sl.mclanls of
eapacil:ulcc r:1.Ilgillg in v:lluc from 0.001
to 1 microfarad. Tltc lISC of these con­
densers in cOlljuuetioll willi UTYPE 222-1.
or Tl'J>t: 2'lQ,..l\{ PI'ccision Condense I'
cxLends lhe I'angc of prccision IUCiLlilll'C­
mcnl hy;t direct substitulion llIethod well
inLo the large capacitance vnllles. The
error ill :l composite capuciutllce sta.ndanJ
.so formed is less thllll 0.1 per cenL ()l' 1
micromicrofarad. whichever is lhe grcl'ltcr.

Large fixcd-eapacitnnce standards with
nit· dielectric arc prohihitive in cost
nnd are incOIwcnieut ill the weight aud
size necessitated by lhe IlICChfillic:l.1 re­
quirements or ril,ridity. The usc of solid di­
electrics, n.lthough reducing Lhe bulk
per microfar:\d, leads to a long-period in­
l:ilability in lhe value of capacilance and to

variations lhn.l nrc functious of tempera­
ture, pressure. and humidity.

Each TYPE 509 Standard Condenser
consists of two 'I'Yl'f; 60.., Condenser Uui Ls
which have been put through 1111 addi­
tional aging process. The slahi.lity of lhe
\llliu after 1.11· repealed uging e~'dcs is
betler tll<lll lite accllrac~' of the final
calibration, 0.] per cellI.. Adjuslment of
one unit brings lhe lotH! capacilance lo
within 0.25 pCI' (.-entor the engraved \"aluc
without dislurbing Lhc scclion respon­
siblc for the larger proporlion or the
capaei l.1.ncc.

The final value of the filli.shcd condcnser
is lUe'l!surecl with llll error of less LIL:ln 0.1
per cent or 1 micromicrofarad, whichever
i~ the larger, and is entered wiib lhe clute
on a c.tlibralioll certificate supplied with
each condenser.

These <''Olldcllscrs arc mounted in (,.'3sl
:tlllminllll.l cases which acl as shield.s. The
1(~I'millals are jack-lop binding posls (olle
of which is moun Lcd direcll~' on the cnse).
Au.:<iliflry TYPE 214-P Plugs fit directly
illlo the jnck lops or Llle tCl'lninals im­
I.Ilcdia.lely below. When plugged in in lhis
W:l~' the capacitance values are added b~'

being placed in parallel, ,md the cases a.rc
all connected together. lhus reducing lo a
minimum the proxill1jl~' effecls betwcen
condensers.
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SPECIFICATIONS

Capacitance: Tell values of capacitance between
0.001 J,lf and 1.0 Jolf ur~ available in stock.

Accuracy of Adjustment: Each c:olldclISCf is
CllfCfull,v Ildjusli.-d to within O.~.5% of tile nominal
ctIpllcilllllCC vnlne engraved on the ense.

Accuracy of Calibration: After each l:Qudcnser
has been aged. adjusted, and mounh:,1, ilsCfl.pllCil:Ull'(l
is measured as carefully all possible. amlille \'lllue of
cllpacitnocc, accurate to within 0.1 %, is cnl(,J'C(1 on
actrlificatc of calibration which is packcli wilh CUdl
unit.
Stnblllt)': Over reasonable periods of lime (e.g. I
)'car) each condenser cao be c:<pected to maintain
its C<ilibraled wtluc 10 wiUulI 0.1%.

Temperature Coefficient: Appro:dmtllely
+0.01 % lIer degree C.

Power Factor: The [lOwer ruetor of all si7.cS listed
isles! than 0.05%.
Maximum Volca€,e: See price list. Thi~ rating
meltn~ that the c:ondenser l\·ill withslllud safely the

n·c volla.ge \\'hose peRk <:IIIUl.ls thc sive.n mtillS up
to the givcn frequency. Above tLnt frequenc,\", the
allowabl~\'olt.lIge lk-crellsc,s inversely with U\l~: square
root of lhe rrequeuey because of the power loss.

l\·tounting: Two sizes or cast aluminum cases are
llSt'J, JI'p<:nding upon the physical dimcnsions of the
l.'Omlenscr sLack. The price list shows the l'\'lle of
case uSCiL

Terminals: Two jack-lop bindins posts sp3ccd %
of an inch apart arc mounted on the case. Onc
terminul is groundc(1, llnd I.IHl olllcr one is insulnted
by means of nn isolantite bllsl1ing.

Dimensions: Small Clt5l,:. (lenglh) '!1 indl~ l[

(width) 2M inches l[ (height) Iys inches, o\'cr-nll.
Louge case, (lcngUI) G il1che~ x (widUI) :1% iuchc5 J:

(height) 2% inchcs, (J\·cr-nll.

Net Wei.llbt: Qne auo one-!lulf pounds for all
condenscrs mounted in SllL1.11 cases; 2).1 pounUs lo
3).1 pounds for all (.'OlltICllSCU mounted ill l:tr~e Ctt$CS.

,I[llxim II III

7'/I'pr ("flpn(';fnllrt: V'/J!III'I t F"',/lIr/l('ll

SOIJ-F 0.001 /.If 1200 v UO kc

'09-G 0.002/.1f 700 v 040 kc
S09-K 0.005/.1 f 700 ,. 260 kc
509-L 0.01 .f 700 \' ISO kc
509-M 0.02 .f 700 v 05 kc

509-R 0.05 .1 700 v 60 kc
509-T 0.1 .f 700 v SO kc

'09-U 0.2 .f 700 v 10 kc
50IJ-X 0.' .f 500 v 12 kc
509-y 1.0 .f 500 \' 6 kc

Small

Lllfll"C

rodr Word

COOIlCO", BO"

OOOIJCO:>,HUO

(:OOOCONt;l\T

OOOIlCOSIlOC

(l(lOI)COS~:y~,

GOOOCONI'IG
"OOI)CO~1101I

GOOllCOX51;';

GQOUCOl'1!H1M

(;OOOCO~'1"OI'

I"rire

.~-~

.t'~

MICA CONDENSERS

Hllnd,Y, plug-in mouoting, fixed capacities, 0.0001 IJf to 0.5IJf,
.accuracy 1% or 10 IJlJf. See description TYPE ,1)0:; Condenser,

page 148.

UNMOUNTED VARIABLE AIR CONDENSERS

ranging (rom 15 p.p.f to 2000 /.IIJf maximum capacilanee Rnd
from 500 to 8500 volls, peak voltage rating, wilJ be found on

pages 142 to 146.
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TYPE 219 DECADE CONDENSER

The 'J'n'~: ~19 D~nde Condl'nser (.~lll he supplieJ ill~· :lnd S..lilllllizes

This dccndc t:olltlenser consists of two
or three TYPE 380 Decade-Condenser
UniLs mounted on a panel in tl.. cabineL for
convcllicuce in the I:\.horatory. Ea,eil one
is direcl rcadillg in cnpn('illlllcc. Thc~' are

useful <IS capacilancc standards where
work of ardinar,)' commercial accuracy is
being done.

For indi\'idual T"PE 380 Decade-Con­
densel' UniLi. refer Lo page 141.

SPECifiCATIONS

Capacitance: Three dec:tde combinations Are
It\'ailnble in slock :IS showll ill llie price lisL

Calibnll ion: 11nkiuj; alh)\\'I111(."(: for n :tCro clIJllli'i­

Inll(.'t' of :}{) JJ.lif for llll~ •.:vlIll'h':lc Lux. the Ooxc.s are
necurnle to within 1% for Ihe 0.01 ~r and 0.001 fir
5lcps allll to wi1 hin ll% fM 1he U,I jolf s1CI>S,

Maximum Volln~c.: SOO \'ollS. l)Cok, :\l frc­
(lUCllci~s higher thon 1000 kc. 100 kc. IInu I kc for
tlJcO to O,OlO-~.() to O,IO-J.lf, nlld (J to 1.0·J.lf uecad~s.
rcspedi\'cl;y, the maximlllll \'oltage permissible for
continuous dlJt~- decreast's in\'crsely with the sqUAre
root of the frcqucnt:y.

Power Factor: n",c. llll~ power r:l.l'lor. is 0.002.

0.001, anrl 0.010 [or the 0 to O.OIO-jol[, 0 to O.lo-flf.
nnd the 0 to 1.0-flf dectulcs, rc.'lflCCli\'c1,r. When all
the 811'ilcllell arc al zero, Ule power [ador is 0.05.

Mounting,: Unit.s Me assc.whled on an engraved
ba.kelite plLlle! And mounted in II polishcd wrdnul
cnbinet.

Dlmcnsions: Panel widlh. 5 inches. Height of
cnbinet. including knob. 6 inchC!. onr-all. Panel
length: for T\'N:& i19-P and 219-J. 9~ inches: for
TVPE 1l1!)·G. IiU inclaC5.

Net Weight: For TVPEs i19·J~ And 219.J, 5J,(
pounds; for Tn'F. 210-G. S pounds.
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'rllfle (.('1l11ci/(II/ee Nil. Ilf I)jal", Code Word IJrle,

219-F 1.10 J.lf toml. in steps of 0.01 • (:Ol'.m

219-G 1.110 J.lf total, in Steps of O.OOL " Dfltlo:lt

219-J 0.110 J.lf total. in steps of 0.001 • cnoxy



TYPE 106
STANDARD INDUCTANCE
This fixed standard is accur..\ lcly ad­

jusled at 1000 cycles. Low and nenrly
<"'OlIslaot resistance at audio frequencies
is insured by the lISC of strn.nded wire
having Lhc separaLe strands illsulillcd
from each oilier.

wlcracLioll between the field of all

illduclol" and extcl'I1al riclds is pract i­
cally elimi.nated by the uSC of an <lslaLic
form of winding in which lhe fields of
two coil sections ncutril.lizc each ollter
in regions external to the case. This
construction is used ill TTI'E lOG

tandard Inductances to Illnkc their
values independent of surroundings.

onycrselJ' J disturbiug voltages ind need
bj' an external fieh.l will praCliCI\J1J'
cancel out iu lhe two hake.'i of the coil.

Coils nrc fonn wOlilUJ. bound wilh
ta.pc. and impregnated with wax. Tiler
is no melal ill the concentrated Geld or
the coil.

SPECIFICAnONS
Inductance Calibration: The 0.1 mh sir.c is
Mljustcc!tu within 0.2%; all other sir.<:, nrc ul!­
justed to within 0.1% of their Inbeled \'ulucs al
1000 cycles.

Resistance: Ucsi,tunce at 1000 c~'c1cs is lllc
same as the d-c resistance, the \'I\lue of which,
measured at room le.mpernturc. is entcred on a
certificate mOllntcd ou lhe bottom of 1IlC cnbind.
Set price It~L for approximate values.
~ofaxlmum Current: See price list.

Mountin~: All unils arc assembled in \Vlllnlli
cllbinels with bakelitc f>lUlels.

Dimensions: P$nel. ~%): sM illchu. Cabinet.
(height) S}i inches, over-liJl, except Tn'.] 106·M
wbicb is 5% inches, over-all.
Net Wel~ht: Approximntely 2% pounds, ex­
cc:pt TYl'l1 106-;\1 whie-h is 5 I)()unds.

Top illustmlion:
TYPE lOG St:tndtll'd IIll!uclllnce

SoUom iIlustraljon:
l''l'I'E 107 Vnriable Inductor
(dt3cribell (III tile ne;rl puge)

T.'11HJ IlIdllclallc~ Ilesi,lullce Jlu.ri1lt1/1I/ CllrrclIl COllIS IY"rd Prirtl

I06ML 0.1 mh O.IBP.: 3.5 a IXXEIl

I06-G I mh I.son 1.0 n IXERT

I06MJ 10 mh 12.2 Q O.;j II m"TE
I06MK 100 mb 85.S Q 2.'jO rna lSl.ET

I06M~1 I henr)' 545 Q 150 nl:! ISSUE
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INDUCTORS

TYPE 107 VARIABLE INDUCTOR
(Illustrated on page 91)

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

Separate terminals Rrc brought out for
rotor and stator so that they may be con­
nected in series or in parallel as a sclf­
inductor, Or used separately as a mutual
inductor. The induct..1.nces of rotor and
stator have been cnre(ully equalized lo
eliminate losses from circulating currents
when the parallel connection is used.

SPECIFICATIONS
Inductance Range: Five sizes are available in
stock c.,'overillg a total range of approxiUlately 1.3 ~
10 500 mil b)· the usc of both tbe series and parallel
C(lnncetiollS. The price list sbows nominDJ waximum
vnlues Cor the series c.:onncetion and minimum values
ror the paullel connection in each si7.e. Actual values
will be gre.1ter than the Dominal nllloximum Rnd less
than the nominal minimum, rcspccti'·el)·.

A range of- approximately 10 to 1 is covered with
eiUIl~r l'Onneclion nlone. The induclance with the
par.dld conneclion is one-quarter that for the series
connection to wit.hin 1%.
Calibration: The inductance for the series con­
nedion, nceurll.te to within 1% at 1000 C)·tles, is
engraved on the dial.

Resistance: D-e resistance for the sericll connection
of each ullitat room temperature is engraved on its
nameplate. Approximate values are giveD in the
price list. D-c resistance of rotor and stator are
approximately equal.

l.ow l.osses: The excellent high.frequency char­
ncterisliC3 of UILs inductor are best expr~e.d by ita
ratio of reactance to resistance (or Q) at a given
frequency.

Reprcscntath'e values (or the series connection
arc givcn in the table. next paragraph.

Natural Frequency: See the following table.

Muiml.lm Natural
TY1~ /71ducta7lCb Q fit f Frequellcy

107-J 0.05 mh 110 <loOO kc 5000 kc
107·K 0.' mh 140 tOO kc 1600 kc
I07-L , mh 12' 60 kc 500 kc
I07-M 50 mh 0' 20 kc 150 ke
107-N 500 mh .0 7 ko SO kc

Marlmum Current: The ID4limum allowable
current fot a dissipation or 15 watt.ll and tCLUperature
rise or 400 C. (sed"" connection) ill engraved on each
nameplate.~ price list for a list of "alues.

Drh·e: All siZCll have a IQO..di\'ision, 4-inch, TYPE
70s·F (friction drh'e) Dinl directly connected to the
rotor shaft.

Mounting: All units Me mounted on bakelite
panels and enclosed in walnut cabinets.

Dlmen9lons: PAnel. 6}1' x 6}4 incbes. C:lbinet,
(height) 8~ inches. over-aU,

Net Weight: 5 pounds, all ranges.

p.
Cod,
W d

Marimum
C t

D-C
R .,

/Ildllc!anc~

I[TYJ~ , lI.tmum. , tlI1mUm e~$ ance IIrren "' rIce

107-J 0.05 mh O.OOIS mh O.17fl 8.' a JJA.REM

I07·K 0.5 mh O.OlS mh 0.7 n '.0 a IlARPY

I07·L 5 mb 0.15 mh 4 n 1.7 a DARRY

I07-M 50 mb 1.8 mh '0 n .60 a DOT£r..

I07-N 500 mb " mh 8'0 n .14 a DOYEn

VARIOMETER, INDUCTORS,

and shielded or unshielded inductor forms, (or transmit­
ting and receiving, all plug-in mounting. See descriptions.

pages 164 to 166.
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CLASS C.21·H STANDARD·FREQUENCY ASSEMBLY
(SERIES 690)

The ChlSS C-21-H Slnnd:lrd.Frcquellc,Y
Assembly is n complete lind highly precise
prim;1.ry standard of f.'cquc[1<'.Y. It is also
a cr,yslnl-controlled clock of Iligh precision.
1\10re Limo 38 units hil\'C hccn installed
and nre now operati.ng ill all pnrLs of the
world in industrial organizations. research
laboratories, oLservatories, and frequency
monitoring staLions. Nrl.luy of them are
IIsed us natiollal slalldards of frequency
by cOl1llllllnications lldlninisll'utions in
Norlu American, I~ul'opcan. and Asia.Lic
countries.

The asscmbl,y is provided with a me:lllS

of measuring its output frequencies in
terms of stnl.ldard time without rcfcrcll<::e

t.o nn.y oliler standard of frequene,)'_ Bar·
monic series b~sed 00 fundfllucntnls of 1,
10. and 50 kiloc,ydes Olr nVl.tilahlc l.lL its
output terminals LQ fllrllish standard fre­
CJuencies over the c-1l1·il'C comrnullicalion·
frequent,)' spectrum. Vrom it can also he
obtained onc·~ccol.ld pulses and stulIdal'd
lime. The accuracy of all output fl'C­

<juencies is better lkm ±:j purls ill len
millioll over Jleriods of scvcml mOIlUls,
Each of lhe output frC((lU~llcies is knowll
with the saUle accurac,Y.

The assembl,r is furnished with either of
two types of power stlpplj'. U line failure
is rare, or if certainty of continuous liluillg
is not demanded, lhe TYPE 696-A j)o\vcr
Supplj' operates the asscmblj' satisfacto­
rily. The TYPE 605·:\ 13ntter,)' Charging
Equipmeut furnishes filament and plate
power lo operate the complete assembly
and mai.lItains u full charge on Boating
batteries which will supply emergencj'
power. The price of the flonting blttlel'y
assembly does not include the batteries,

On the opposite p<lge is shown a pholo­
grnph 0'£ the a-c operated a~sell1bly. ft
differs only slightly in appcaran<:e Crom
t.he floating-batter,)' assembly. The cap·
I.ions desct'ibe the Cunction of ellch group
oC instruments in the assembly.

Complete detailed descriptiolls of the
appamtus ,mel the operation and uses of
a Class C-21-11 Stnndtlrd·t"l'equency As­
semhly appear ill tJIC General Radio
Company's Bulletin 10, "FrC(IUcnc.)'

.M:easurclueuts at Radio ,Frequcncics."
Copies of this nw.nuoll of fl'cqucncy meas­
urement and monitoring lechniquc IUtl~·

be h~d without charge upon application
to the company.

SPECIFICATIONS
lion of balleric5 is mounted on a sillgle J9-inch rclll,r
ruck. J\lI iulerL1)nnecting wiring is by means of a
fully formed cllble e<luippe1:1 "'ilh p[u~ whklt fil
jacb built inlu c:lch unit.

Dimensions: (Height) 09.!4 x (lYidth) 20 x (depth)
2,1 iuehc:o;, oyer-llil.

Net Weigh I: S70.!-'l pOlluds for £.Ionting·bnll.t:r)'
nssewbly, 35'l% l)(lunds for completely n·c operated
IlSlleOlbl:-', rt.lll)' rllck included.

34

Frequency Range: Tl.e flvnilable outJlut.s fire.

set:'omls puJSC!I, stliOJard lim\', ilml IIlllndllrJ rre­
quendes I\t harmonic illlerwlls between I kiloeyde
/lnd :.10 1I1cgncyclell.

Accuracy: The m::curae.\' oulllifJ:tble aller instAlla­
lion BOO adjustmenl in 3. shorl aging period i5 often
beHer UUlll one or t W{J pnrts ill 10 million. Frequency
slability or lhe same high onler enn be e.'fpecled,
Tile equipment is cunscr\'t\liycly 811tlrR.nlt.'ed for nn
accurnC.r or iii parts in 10 million,

Power Supply: Either one of lwo types of C<luip­
lltcnLaresupplit.... I, rlependinij: upon the t,Ypc of power
sllppl)' to be useJ. One S:'stCIll operntes direclly from
the 115'\·011, CO-cycle, II.-C line; the other system
operales on stomgt: bnttcri{'s trickle clllltgCfl from
rectifiers, The power input is approximlllcly 2~5

watts willi healer circuits in operation.

Mounting: The en lire insl/lllalioll w;lI. the e"ceo-

Code
Wrml

AssewLI)' for operillion rrom
Honling unlleriC-ll ,...... Hille

Auembl~' rOt eomplelc n-c
operation", ..... "..... 1.,\\'l':lt

Prirt:



GGGGGGGGGGGGGGGGGPRIMARY STANDARDS

Typ~ 693·A Syncro-Clock and Ampli~ers

'rhiJ; uuit consists of nil input lllll/,Iificr. a 1000­
crde s.VI1ChrOIlOUS-lIIol11r·dri\,clI cock, ;lilt.! all
oUlput distribution tlllll)lificr. The dock gcncmlcs
one-Se('OIl<,1 pulli('!i :md «Impart's dock lillie with
fll\liolime signals tu within 0.01 second.

A sllutinn motor 0I)crJllt.'tlll.r n pll~h lJutlon fmm
the liO-cycie line hrings the l:1<x:k motor lip 10
S)'nd.follollS SIX'Ct1.

Type 692-A Multivibrators
'1'\\'" or lltes,- IInit!' Me 115('l! nil frerlUi:lIcy IIi\'i,I(·r.~

10 I't'hl(.~ 1he 50.kil()(;.\"l·j,· I·r~·.stnl frC(l'lellt)' to 1000
C)'cll~ fllf driving Ihe timiuj.( unit. Tllt'Y nlil/I geller/lte
harmr,lIit' Stlril''; fir lOlIO 1·\·I·lc.~ allil 10 k.iloc\'c!c;ll: 1,1

thir,1 11Ilil gCller.. Lcs MI-kiloc,\'f'lc 11lIrlllnlliNi. ,\11 of
thc.'w fr"lpl"lL('ics nr~ cntird.1' Cllrlrrnlll~d tty 1I,('
frl:(IIlCn(',\' !If t!lf' cr.\·.~I(l1 OSl"ill:IIM. Tile 1I1ulli­
I'ibrlllor:'i IIrc Ilesignt.~1 II' he cxln::md,\' ,slnble in
opl.'TIlI inn :l1l,1 pOlOiti\'c in rolll rot, in orllt:r to minimize
5~'IWro.d(ll"k interruptions.

Blank Panel and Terminal Strip
Ulan); )lllllels lin: pruvidl'll ill ortler 10 IlII oul Ilu~

nll:k spu\-'(·. The lerminll tstrip I1ll1kes a\,tlilllille fit the
frortl or 11,c rack till Illc Ollll)ul frequencies /Jf Ihe
IlUClllhl.\·,

Type 690·B Piezo·Electric Oscillator,
Type 676·A Quartz Bar, and

Type 691.B Temperature.Control Unit
A new oscillalur circuil. dl'lIignt...1 to opernte the

qUllrtz hill' at or \'cr.\· Ilellr ib rcsontlnt fr<-"queue)'
improves tile, n,Scillnh>r rr<-"quelle,)' ,slJlbiliIS.

The tCI1IIk:rnture or the lIU:lrl7. bflr is held 10
wit hin mlrl'OI\' limits 10.\, lllCnl1S or a II\'o-slagc temper­
Iture'I'(lIIlrnl hox. The illner hox houses the ,"0·
kilocycll' quartz 11:11' lind kccp~ its lemperature
within II,OI"t..:. Tile .ml"r box (:otllnins the other
tl5i'ilblflr dr('llil delllt'lIls And conlrols lltcir t r.UlJlI'f·
IItllrc Ii) l\'itJlill O.I·C,

The fre<IUI'IlI:Y is u(ljuslnble OVer II IIll1'row rllnge.

Type 694-8 Control Panel
Till. pllJlel ooul:lins the IICCC~~lIr)' control::; Cur lhe

~~'stjllOiiCillator lIud t lie ICIl1pt:rnl ur~ mnl ro!systelll,
l.aUlI'~ wlljell lif.:ht when tJle rclll,)'.!1 tire clollCd Gi\'~
H \'iSUlil c1l{~k of hellier Qlk:rntion.

Power Supply
'rhe ,.Ower supply CfJllil)!Ocnt ror the; ;Isscmbly is

Irlutlnled :l.llhe utl.!!e l)f 1.11(: rtH:k, I~itllcr of lwo lyp{'.'l
can lit: ,suPl)lied,

T)'pe 695-A Chan~illg l~quipmeLlI (used ror
Jlulliing-imllet.v opcrnLion). The rc:el.ificr~.filters, onll
eontrol~ ror lrickle-dmrgill~ the filnment- IIlhl plute­
\·ohug......sllllply batteries IIrc IIllJllllled in this unit.
It l.'Ontoins II (j.voll rl.'Clilier for IiItlmr.lIls lind 1I
'!OO·\'olt rcct illcr for the plntl's_ This unit is UJfC(1 willi
bi\llerit'$ .....herr. the grefltest IlOlI$iblc freedom from
ller\'il."C-rnllins interruption is tJesired.

Type 696-A Power Suppl~!' (used Cor \-"()lIlplr.le
,I.e upcmlion, IlS ilIuslrntl."l'I). TIle reditiers, lillers,
lIud rontr!,)l;; ror oblaining suitable Il-e \'oltuj:tcs rm
lite lube filullle.nls All/I S.Uit:lblc rectilled II nd Illle-retl
phlll.' voltages arc Ill()ullll'd in this unit. The unit
being Slll:lllcr tllan the Tn'.: G!'J5-A Cllnrging Equip.
ment, n billuk panel is futllisI1(:.1 lu ctJlllplele tllC
115sclllhl.\· in rhe r:tck. This unit is ellll)loyC(! wllcre

L11l.: iufrc<jll('ul service illlcl'tIl]J1 iun is nol iJcrious
cno\lgh to wnrmlll Ule inslnUalion of blttlt:rit:'s.
"'1'('11 opertlled wilh tile T\"I'~ 09(;·;\ I~owcr Supply,
110 bllUeri~s or uny kind arc rCfluired.
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INTERPOLATION AND AUXILIARY EQUIPMENT
FOR USE WITH

CLASS C-21-H STANDARD-FREQUENCY ASSEMBLY

J'uge 50

Page 48

Page 87

j)agc 87

Page 160

This interpolation and :l.llxili;u'j' equip­
ment lIscd in conjunction with :1 Class
C-21-H St:lIldard-Pl'cqucncy Assembly
makes possible the direct precision meas­
urement of auy radio frequency up to
25,000 kc. For frequencies above 25,000
kc mensurements CRn be made wilh
almost equal ease hy utilizing hclerodj'l1e
methods.

The Clnss C-21-H Sla.ndard-Frequcllcy
Assembly supplies reference standards of
fl'cquencj' at lO-kc intervals between 100
kc and 5000 kc. as well as standard fre­
quencies whidl are harmonics of 1 kc in
lhe audio rtlnge. All of these frequencies
nrc accurate Lo within five ports in ten
million.

The Interpolation and Auxilial'Y ECJuip­
ment shO'"n on lbeopposite page measures
unknown frequencies by a process of
6nding the difference between the IJn~

known frequency and the nearest stand~

ard~(req\1eney harmon,ie, and then mcas~

uring this difference by a. zero~beat method
with a calibrated oscillator.

Frequcncies which differ (.·om the
standard h,Lrmomcs by only a few cycles
can be measured wi th the accuracy of Lbe
standard itself, the measurements of other

frequencies arc subject to l\Yoslighterrors.
thnt in the final interpolatioll, ± 2 cycles.
and that rrom inaccuratezero-bea t settings
of not more than one cycle for each such
selling.

Where the unknown signals are to he
picked lip from distant transmitLers.
suitable recei"crs are required, but for
measurements on local oscillators or
transmitters no additiona.l equipment is
necessary.

The e<Juipmenl is composed of the
following i.ulividual instruments which
arc described 011 the pages i.udicated.

I-TYPE 616~D Heterodyne
Freq uenc,)' b1:eter

I-TYPE 617~B Interpolation
Oscillator . . . . . . . j)agc 47

I-TYPE 619-C lleLcl'odync
Detector . . . . . . .

l-TYPE 612~n Coupling PiLUcl
I-TYPE 614~A Selective Am~

plifier (OpLional). . . . Page 48

TYPE 480~1) Dlunk Panels
(Not Supplied Unless
Ordered) . . . . . .

I-TYPE 480-A ncla,)1 Rack

SPECIFICAliONS
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Terminals: All instruments tlrc liue<1 wiLh multi­
point protected plug connectors on Ule rear nf the:
uniU. Acolllplete inler-connecting cable is luruished.

POwer Supply: 11O-11a volts, 50-00 cycles. Other
voltages or other frequencies on spedll.l Qrder ollir.

Mounting: The eomplt:h: assembly mounts on II

sltlnd;H,1 19-inch. TYN: ·lBO-A. relar rack.

Dimensions: (Height) 6j)"'" !I: (widtb) 20 x (depLh)
18 inches. over·all. With the TYPE 614-:\ Selective
Amplifier lhe ruck IIns (j rack unils. or 10)1 inches,
of empty rnck spnce that will take other equipment.
Without the THE 01>1-:\ Selective Amplifier the
emply rack spnl"C is II rock units. or IDX inches
in llciyht.

Net Weight: 205;,{ pounds with TYPE OI40·A Selec­
tive Amplifier; 167M pounds without Tl'P& 614-A

Selecli"e Amplifier.

Inlerpolnlion alld Auxiliary Equipment
for use .."ith CII1SS C-.21·H SLanJlU'd­
1~'requelICr Assembly. wilh TYPE 6140·,\
SeleeLive Amplifier . . ....

DllUlk Pund Lo completely fill r:H;k ..

Tolul _ ....••....•

Inleq>olnliou lIuli Auxilillry EflUiplllClll..
as uoove, withouL TYPE 61>1·:\ Sclcdi\'(~

Amplifier. . _ . . _ .
Blank Panello COml)lch:I~' ulJ r:lck

Total .. . .
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Type 616-8 Heterodyne Frequency Meter
This unit is a L'Oll1bination or culibrated oscillator,

detector, IIntl nudio amplifier. Th~ oscillator Ims tl

vollugc-slabili".e<1 circllit, nnd is lcmpcrlllllre COIl­
trolled ill order to presen'c the calibration.

As UJ(l oscilblor-frC<lllcncy is varied, a\1,l[Q­
fr/:{!UCllcy bents willi the stalldflrd.rrcquen(~y Imr­
monies Vf wittl lIukno\\'n frcqnclltics nrc hean.!.
'I'hest frccplcllCics mny be scpur:lled tlnd itlc,ntifi{:,l
\vilh the :lid of lhe cnlihralion ('hart nf tJlC lJscllln tor.
The fUlldnmcnlal or one of the ImrmoniC'S of the
oscillntor is scL to ...ero be:tl willi the UllknowlI siglllll
1)\' lncllns of lL IOcrll r{:(,.'ci\'cr. Hnd Ihcrtllflcr 111l~
f';l1d:lllwlllal is used iu 1'1:1('(: of the distant signlll
during the rest of the frequeuc.\' Illcusuremenl.

Type 617·8 Interpolation Oscillator
:\ 0-5UOO crdc, rlirecl·reading, straight-line-frc·

tluell"\' Sl':dc bcut.fre<lllcncy osdllal-or, this unit
lIlc1l5lircs hy a l':('ro-bcnl 1J1\ll]IOd frequl1ucics wilhill
ils r:1nge 10 1111 IlO'CLlfrlC)" of ±2 l:Yclctl. The Rudio­
frequcu('.}' beat hclwecnlhe unknown signal and OIlC
or 111(: statld~lnl-fre<IIl('IW.}' IlllTlllonics n!l\'IIYS fall"
\\'itJlin tile frlngc of tltis unit, for thc stundllrcl
harmonics nrc spa('C11 at 10-kc intcrvnls lhroughout
lile mclio-(n:qllcncy spectrum, nnel hell('c (Irc nCVI:r
lIIorc LImn 5000 t~'d(:s from Ille unknown frcqueue)'
or (Ule of its slIb-h:lrlllouics.

Type 619-( Heterodyne Detector
Thill unil., n lUllc;! rcgenc.ralive detcdor, combines

Ille slullflurd llnJ unknown frequendes, furnishilll;
from UlC combination ILII aUllio·ffequcl\c~'-oulllUt

signal of hetwccn 0 ulIIl 5000 crdc.~ whieh is then
fed 10 lllf: Tn'!:: 617·1} Inlerpolulion Oscillator,
uOo\'c, for mej,suremenL

Type 612-B Coupling Panel
Thi! unit is L1IC t.'eutral control p:llld f){ lite

llu.\ilinr.\' C(luipwcnt. 'J'lu~ switches l)Crtllll the inler­
l'O.llncctions n~ce$s.'Ir.r for n t:ompletc frequency
measurement.

Type 614.A Selective Amplifier
For l'tnlrnl inslnllatiolls to supplr many labora­

tories, t.he !ich::ctivc nlllpillier Ilfo\·ides exacl c\·cn·
klloc~'clc frequencies between 1 kc nuel 10 ke for
liming, testing, nnd ~lllihrllli(lll IlUfj>oses. All fTC­
qucllI'i('s :lre It{.'curule to within ;j ptlrt~ in 10 willion
when tilt: nlllplifier is excitcd frolll II Clu~ (;.21-1-1
'InncJnrd-Freqllenc:r Assembly.

Type 480-P Blank Panel,
1':111el~ 10 Ulntcll llllpnrlllus finiilh nnd to rill ill

empl)" I'".ll'k spa<.'e may be lind in llcighls of any
wholf number of l%,-incll r:.ck units. Prif..'es on oppo­
site p:lge orc for a sinl;lc pauel to fill "ac-:mt SllHee.

Type 480 Relay Rack
This is Ihc standnrd telephone relny rtlck for

1!I-inc11 panelJ> lind will take lIppar:llUiI of all other
manufacturer:> laid oul in nceordtlncc with the
method outlint'l.l on pngc 1GO of tllis c:ttulog.

Cable Assembly
'I'he Ill'ice of the Auxllinry find Intefpolation

E<luipmClll illcludc.~ II ('01lJ plclc lllll Iti-L'OUllcclor mble
ltSSWIlJly wlljell l'f.lllllt.'Cts [til units to 1I1e collpling
~11{:1 (llllll)rovidcs rorntl nceeS5ary inl.erconnections.
fhe multi-plug connections and tlJ(~ nssclllhly of the
e<luiplllcnl on rt rack permil C:lSY accessibiJil)' from
frolll lind rcaT.

CWlUlJ!l:lc Inlt:rpolatioll lIud Au_~iljary £lluil'­
Ill('ul rOt use with /. (;1..\$$ C·!i!I-H Sl.ulldarJ·

"'requeuc)' As;;embly

37



CLASS C·l0 STANDARD· FREQUENCY ASSEMBLY (SERIES 690)

SECONDARY FREQUENCY STANDARD
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A good secondary standard of frequency
is satisfactory for mrl.J1y uscs where the
l"c1inbilit,Y und ext.reme precision of a pri­
mary slandnnl ;u'c notabsolutely csscnLinl.
It call he equipped with one Ql' mOl'C

nllllti"ihralol's to .yield ."l wide I'angc of
lw.rmol1ic freqllcncics, and the ['cliahility
of ill) frcquClw.y can be of fairly high ordel',
especia.lly if the Sl311Chtrd is checked at
frequent inlen'a.!s ngaillsL the standal'd­
frequency IransllIissions of the {jnited
SlaLes DIliCI.llI of Staudanls or some ol.llcr
ncclIl'alc source.

The Cluss C-10 StandanJ-Frequellc.y
Assembly cOllsbts of u lCl.nperalure­
controlled piczo-elec:lric oscillator alH.! one
lUllltivibmlol" Ordinaril,Y. the assembly is
supplied wiLh a 50-kc or 100-kc crystnJ
oscillator whic.h controls :t 10-kc Illulti­
vibmlor Ilt its fifth or tenth harmonic,

Unless the 100-kc hurmonics arc de­
!'iil'cd for some particular purpose, it is
l'ecomll1ended that the assembls be pur­
c.hased with the TYPE 676~A 50-kc BtU'
bec.wsc of the grell,ter 'lusolute accuracy
and stabiUt.y of the standard so formed.

In ~lddition to the harmonics of len
ki1oc~'clcs obtainable from Ule multi­
vibrator, hanl10nics uf the crystal frc~

qucncy arc produced by a Imrmonic
'lmplificr in the crystal oscillator unjl.

This stuudul'd is particularly recom­
mended for tbe needs or the small college
laboratory and of communication com­
IXl!ljes furnishing a limited class of service.
When used in conjullction with either <I

TYP1-: 615-A or a TYPE ()lO-n lletel·odyne·
PI'CqUCIlC;Y :Meler, mcaSUI'cmcnts to beller
than 0.01 % cun be mnde on b':lnsmhtcl's
a.nd on received signals from below 100 kc
to 30.000 kc.

The change from the Clas~ C-.2I-H
Standard-Frequency Assembl:y is accolll­
plished b;y dropping the timing unit, two
mull.ivibl'ntors, and one stage or LCl))pcril.~

Lure control from the piezo~eleclric oscil­
lator of tiLat assembl,Y. The Class C-IO
Assembly can at auy time be converled
to a pl'inHlI'y (requency standard by the
addition of n TYPE 6!)2-:\ l-kc 1'.1ulti~

vibrator illld a ')''1' ... 8 693~A Timing Unit..
TlJesc clmngcs enable an absolute de­
termination of the frequenc,)' to be Ul~ldc

in terms of mean solar lime Laken from
lhe r:ldio Lime signals bl'ondcast by the
UniLed Stlllcs NavaL Observatory ill
Washington.

A complete ;l~C operated power-suppl."
unit is il1(:lutled in the cr,)1stal oscillator.
ami L1lis is capable of slIpplying filament
ilnd plate power to a Illm;il11UIll of tlll'ce
TYPE 602-,-\ l\111Itivibralors.

The assembly consists of:

TYPE 675-L Piezo·Electric Oscillator
TYj>E 692-:\ Multi\'ibralor (lO kc)
TYPE 676-A Quartz Bal' (50 kc) 01'

TYPE 476-A Quartz Dar (l00 kc) with
TYPE 476-P1 Mouut.iug
TYPE 480-D Relay Rack
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SPECIFICA TlONS

Frequency Range: WiLll to-I.e multi,·ibf:llor. tile
llSSeUlbl)' ~tlppties usdul Ilnndnrd·frcq~lel1<:.\' Ill'll'­
monif$ or 10 kc betwCt.n LO kc tlnd 4000 kc.
Accuracy: ±20 purls l)Cr million.

Stahillry: ±5 pmls per million.

Tubes: The nC«SSllr~' lubes :lrf: supplied.

Power Supply: '1IS·voll, OO-cfcJe. fl-e Iinc. TIll"
PQwe.r (.'OIl$ulIlpl ion is l·i5 Willis wilh hellier ('irclli15
ill OI.ICration.

Mounting.: Bolh unih arc mounted on slnudnl'd
I(I·iudl rt'lny-rnck p:llIc1s, lini$he(1 in black cruelde
IaC(lllcr. Xickd·pllll~llmliis llu"'ll'O\"Crs are iudullcd.

Dimensions: 1':1nels, (wilill.) I!J :t ("~jghl) 211~!

inches. Ilcllind p:lIlC'I:I, (1Icpth) lOX iIJlJIH~S. IInck.
(heiJ,:hl) -1-1 x (willlh) 20 x (depth) 15 inclles. There
tire III indIes, or l\\'eke IJ1-indl uuits, of ell1lll)'
ro~k Splice.

Ncr Wclg,hr: 100 pounds.

Cln"" J)w:ripli(m eml.: 1I'0rtl Pritt

C-IO
C-IO

Wilh :i(J-kl: quarlll bur , ..••... 1 t;I'tlt:ll
Willi lOo-kc qU:lrl1. bar, •• , • __ •••.••• , .•••. , . ~;I'OIH~

TYPE 618-A HARMONIC OSCILLATOR

The TYPE 61S-A Harmonic OscillaLor
cunsists of u 50·kc oscillfllor, whose frc­
(Jllcncy is adjustublc over a narrow rallge.
and lllllulti\'ihralor ojJcraling at a fUll(la­
1I1cnlni frequeuc.,· of either 10 kc or 50 kc.
Sf"lcction of lhe frcqtlcl)c-y heing IllIH.le IJ,"
In ans of a J:iwitch. IL ii' intended for usr
ill conjullctiou witll sl.andard-fl·C(IUCI1CY

radio transmissiolls to produce a series of
standurd-frcqllcuc.y hanl101lil's when olle
of its outpul fn.·qul'lIcics is set to zero
heaL WiUl lhe sl<tlldan.l frcqucllc~·.

It is also userlll as:1 l!c\·i<.:c for Illc<lsuring
frequcll('.Y dc\'iaLioll WIICII L1IC frequeucy
under mcaslll"clllcltlli~swilltill 100 cycles
of a lO-kc h:II'ruonit,.

SPECIFICAliONS

rear.

618-AM IC11binCl ~'lodcl . ·lljl.,\C" I
b18·AR ReJ::ly-Rack Model l"lltOL

frice
Code

'fY11f n('l/crip,i!)" Jl'urd

rtlck mounting (T\'",: liI8-:\H) or mounteri in a
wlllnut. (",'\billct (T\'I'~: 018·A~I), Tile panel ill
engmvcll "Tn't: 018-A" rlnrl is filli~hed in Genen,]
H'Ulio sllllldrlr,lllla\:k allcklc 11lt~llll:r ill hoI h llU)l!,,1s,
T1'T'E GIS-An, Ims a llwil cow:r rcltlQvlIbl ... rrom the

Dimensions: I'Hllel, (lenglll) 19): (Ilciglll); illcltcs:
behind p:lnel. (depth) !IH inches,

Ncr Weig,hl: 20 pounds.

Range: Although df"..:liglled rur UiiC in tlu:! Lroodl"'llli(
ouull (550-1500 kc), il U111 m: usell at rrcqllcllcir.:1
~lween 10 kc :lIId 10,000 kc, :lpproximnlcl,\·.

Accuracy: Since the IllLrlllOllic oscillator is Ilurd.1'
3 colwersioll t1e\·ice. the llCCU.r:ICY obinillllhlc wilh it
is «SCllliltll~' tlml of tile stundlud frc<luClll,:)' in
oonjunction with Wllich it i used, The (re(IlIClIc,\'
drift afler It prelillliMr,\' wMlIling-up IlCrioJ is
neGligible,

Tubes: 1'lle Ilecessnr,r t'I~S nrc supplied,

(lower Supply: 115 volts, 50-GO <",re·les,

Power Input: ~5 \\'nLLs.

Mounting: This instrulIlt':llt is ll\"ailable ror dtl,er
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VISUAL.TYPE FREOUENCY MONITOR FOR
RADIO BROADCASTING STATIONS
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This monilor was designed for use in
C'onjllilction wiLh broadcast transmitters
CJ!ll'rnLing wiLhitl a 50-c,ydc freqnency
tolerance where government l'cgllinliolls
retll,1 irc n visual i Iulletl' Ion of thl" dc',"inlion
of till' trallSIHitter fI'C(jIICIlC'y fmm ils
;u:isigncd eh.tllnc!. IL hils been :lPPI'o\'cd by
the Federal C'ommllllicnLiolls Commission
(ApfJl'ovnl i\o. '1452) and the Canadian
Radio Broildcllstil.lg COllllllls:iion and is
used in neill'ly l.wo hUlldred ~l:lLiol1s ill
the United Slales and foreign c:ounll,jC's.

Thcfl'equeucy indicator is a large meter
which shows the frequenc.y de\·iatioll frolll
the a!)si~llCd ch::umel dil'ectl,Y in cycles per
second, high or low. The metel' scale is of

lhe zero-center tj'pe, gradualed in 10-cps
steps from -100 cps to + 100 cps, ami
which, because of ils large size, is easily
read from ncross lhe operating room.
Terminals at lhc rcur allow an additional
remote deviation indicalor to be con·
nected t.o lhe inslrument.

The frequency standard IIsed in the
monilol' is II TYPE 57':'-£ Piczo-Elecll'ic.:
Oscillalor (see p:lge 46) whose frcqucl1('Y
differs from that of the assigned c.hullllei
bj' 1000 cycles. Volt.:'lgcs fl'om this oscil­
I:dor and fl'ol11 the 111WlOd:ulaled m:\sler
oscilbtor of the trnnsmittcr nrc llpplj('d
to a TYPE 581-B Prequenc,y-Dcviatioll
Afcler whid reads zero when the heal
tone between t.he lwo frequencies is lOOO
cycles. DeviaLions fl'OIll HH~ lOOO-cydc
bcal lone arc indicated on the meLer :1:-;

cycles off c.llUnnel for the tl'allsmill.er. 1\
jack is prov-ided Oil the panel to listell to
the lOOO.c.ycle tone hy a loudspeaker Or

head telephones, thus providing an :lund
check on the opcmtion of the monitor.

The monit.or is cnl.ircl,)' :t-c opcrated.
Filament and plate POWCI' for the crystlil
oscillntol' is ohtnined from Lhc power
Sllppl~r indlldcd ill the rl·equell('~'-de\"iatioll

meter, The nc(..-essar~' c:d)le for inter­
eonncctiow; is supplied. <.IS are .dl \':tcuum
tubes. A sUlall pick-up coil or condenser
.weI a line to::tn unmodlliated ~tl\ge of the
transmitter are all the auxiliary apparatus
that is required.

SPECIFICATIONS
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Ranl:te: Direct renJing, ± IOQ c.n:les.

AcclIrac)'; The :lbsolute :lC'C\lmc~' (If the l)ic1.u­
elC:ClriC QscillntQr is gllamnteeJ 10 I\'itllin =0.002%
(20 c.I'des at 1000 kc). The frequency-de\'inlioll
meler is lIccurate to ±5 cycles helow ~o cycles
l1e\'intion and Lo :rIO csdell bctwcen .'.i0 cycles :lnd
100 c)'cles dc"iation, i\lcuflS IIrc pro\'idcd for ad­
justing tile inJicatiuD of tile s)"!lleliJ to llgree willI
lIlCBJ5ureilll;UU l!lucle by frcqucllc.\·-lllouiloring
stations.

Power Supply: 'The monitor operntes from n 11.5­
wllt, 60'1;.\'(·le, R-C line. The input power is I'W w:tUs.

Dimensions: (Widlh) 1!'l x (1ICig1JL) 24.!-1 I (depth
bellinil p:lnel) 11 inehcs, (Ivcr-:Lll.

Net Weight: fl4!KlUmI1l.
Code

IJe.•crip/i,m Word Price

Broadcast· Frequenc)' l"fonltor!oE\'oll



TYPE 47S.A FREQUENCY MONITOR
FOR POLICE BROADCASTING AND OTHER SERVICES

TrallsmiLlcrs operating above 1500 kc
ArC lIoL subject to such narrOw frequeuey
toleran('c.:': as tbosc o)>craling ill the broad­
l:ast·rIff) ucnc:~' bu nd. Conscqucllll.". mOlli­
loring C<luipmcnl employing all nudible
be;ll·loIlC method of frc(IUcncy-c.IifTcrcnce
indication i~ quite sali.sractory. The ]YI'E
475-A fo'rcqUCIlf".y ~Ionitor luts bcen
dcsigncxl for lhis sen·icc.

This monitor is a completely n·e oper­
ated instrument will. aUlomatic quartz
plntc temperature control. The unit con­
t.'lins a \·oltagc-stabili1.cd piczo-elcclric
oscillator. a detector, an audio-frc<lucnc.y
amplifier. and the ~\-C (lower sllppl~. and
healer regulating circuits. all mounted
behind a single panel.

Within the temperalure-controlled box
is n terminal plate carr,ring two sels of
jaeks for two TYI'E 376-J or ·K Quartz
Plates, A col.1trol on the front of the panel
selett.s either of lile plates desired. so that
a single T\'I'I~ 475·A .Frequenc.)' Monitor
e:m m nita!" the transmitter allernalely
and wi tholltdclay all ei thCl' of two cblllUlels.

The :.ludio-fl·cqlJcncy umpli6er is ore·
sislnncc coupled to the deLcctol' in order
to prcscl've the lo\\'-rreqllellc~'rcsponsc for
sal.isractor~' performance at vcr,y low beat­
(requcncies. The intcrnal output imped­
ance of the :lmpliHcr is either 20,000
ohms to match nlligb-impedance telephone
head set, or, by a change of counections.

4-000 ohms to match a magnetic loud­
speaker. "'itll \'cry 11l0e.!crflte coupling to
the lransmitter, lhe output issuflicient to
give;.l strong sigllal in either lhe telephones
or the loudspeaker. Through a multi-point
connectOr :lllhc rC;lr, the :t-e power supply
of the mOl1itor will provide hoth G1amenl
aud plate vollftges for associated appara­
tus, such as amplifiers or de\"i:llioll
indicalors.

'rhe presence of ttll nudible lone in tile
reproducer indicat.es lhnL the trll.nsmiltcr
is ofT frequency, Holding tltis lJe:tL to :t

low "alue b.y a.djusll'uClllof the lr;lnsmiUcr
oscillator (rcquenc~' fulfills the presenl
requirements of the l;'ederal Comll1unica­
tions Commission for oLher than broad­
cast services.

SPECIFICATIONS
Range: TIle 1I1onilor i.$ designed for lise wbere
frequt:ncy rIC\'iations tlre within t~ ;\udible be.'l.t
range. Il is furni~hed for frequencies up to 4000
kiloc~·ck,.

Accuntc)': TIle frequcD()' of the piezo-clecLric
oscillnlor is g\Ul.mnteed lo be within ± O.~,% (20
p:ltl$ JK'I' million) of iu Dominal '-lillie when used
..ith a TYJ'E S7G-J QUftrb Plllle lind \\·ilhin 0.002":;%
..itb a TYPE S7G·K Quaru. Pl3te.

QUllrlZ I)late: ~ot suppliC(1.

Tubes: Tile tl(:(."C!SSllJ'~·lubes arc .supplied.

Power Suppl)': TIle po""cr suppl~' operates from a

115-\·011, OO-c.rdc. no( line. The power input is liJ
Wrltb willi he::Jt<:r circuit in openiLiol1.

,\Jollllting: Stnn,lar<119-ioch reLly-rack mounling.
dllst co\·cr supplied. C.m be supplied in cahinet 011

~pccilll order.

DimcnsiOIl!J: (I.~~ngtll) HI lC (heighl) 17 11 lC
(deplh) 12 inches, o\·cr-I'll .

Ner Wciltlll: 6S IJOUntl~ .

TJ/P' ('rtf'l 11'(11,1 Price

475-A I... _..... - ... 1 )lQQI1L I

41



FREQUENCY AND TIME C9C9C9GC9C9C9C9C9C90C9C90C9Q:

TYPE 376 QUARTZ PLATES
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These nre piezo-electric quurlz cf.}'sltll.s
(or operation with Gcncrnl Hadia pic1.o­
electric oscillators as slundanls of fre­
quency in Inboral.ory measurements and
in frequency monitoring installations.
"ince the high order of (rC(ltlCnCj' stability
required in such services is not compatible
with lligh power output from the oscilla.­
lor, Lhe frCftllcncies of all plates are guar­
111ltced for operation only at <l low power
level.

Ty j'E 31() (~u;lrlz PlnLcs l1rc not sold for
direct (rC(IUeucy tonl.ro1 of radio trans­
mitters.

The frequencies of Tn'E 376-1-1, Tyl'E.
376-J. :llld 1''1'1'£ S76-K nrc adjusted vcr.y
closclj' to the ordered (rC<luenCj'. and UU.',Y
lIrc guaranteed to be accurate La within ;.
vcry few parts in a million. They urc
recommended for monitoring radio trans~

millers Ilnd as laboratory frequency
standnrds. '1'1'1>1:: 376-H a.nd T1'l'E 376~K

are suillible fOf usc in monitors for COlll­

mercial radio lelegraph channels. For
monitoring a broadcast freqnenes I.l higher
lIcclIracy is required. and the TYPE 376-.1
Quarlz Plate is intended for this sefvice.

TYPE 376-C lllld 'fYI'J-: 376-.0 Quartz
Plales ure not adjusled so closely to the
ordered (requeue.)', und for that rensoll
they require less grinding :lUd are lower
in price. They are recommended for lIJ~e

ill laboratories requiring fin accurate
stnndard, the frC(llIency of which docs nol

need to have a definite preassigned value.
These plates onerllle al room lelllpera~

ture.
All plales arc m:ulUfuctured from high

grade, piezo-eleetric quarlz, free from
twinning. The plates are cut by modem
optical m:U1uf:lcturillg methods, and the
parallelism of lhe surfaces and Lheir ori·
enlations wiUI respect to the crystallo­
graphic axes arc held to c~lrelllcl.)r smull
tolerances.

The Gem,mll nadio COlllpall.)"s guar­
untee of lICCUntC;r of tldjusluient of fre­
qucnc~r becomes void when oLher t,"pe~ of
holders or oscillators are lIsed. or other
lelllperature rnn~es arc tolerated. lhun
those nUllled in lhe :lcoompallying delailed
~pecificalioll.~.This polic~' insures a known
rcli:lbilil~' of perforlllan'c anti Jl rmils .\
much <:loser accura.C'j' guarantee lhan
wOlllc.l otherwise be possible.

The TYI>~ ~l76 Quarh~ rlate holder sup­
plied is dc~igncd lo mainlltin tJ,e gl'calesl
stabiLily of lhe oscillator frequency. The
holder is of Lhe air-gap Ij'pe wiLh :1 sealed
c1cclrodc-spa.cing adjllslmcnl. otn isolaul·
ilc b:L<;C, 1111d Lm.i It(,'(:\Iralelj- plane :llld
p.mdlel electrodes. 'I'he quartz plnle is held
sccllrc1j' so thal changes in orienlation or
mcchnuicaljars williiolshiftl hefrequenc~...

'1''''0 TYPI~ 274-P Plugs sel on standard
U-inch lip:lcing give plug-in mounting in
Gellcrnl Hadio oscillators or lemperature­
('Ootrol boxes.
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SPECIFIC'"nONS

Frequency Range: All plale! (aoepl TYPE:
576-.1) CllD be mnde for an." frequency in the range
l!et ...,.et:n 100 kc Rnd ,$000 kc.

1\'1'1: :nO-J is supplied ou),)' for frequencies which
art wultiple! or Ike.

Accuracy of Adjusrnlcnt: The frequeue)' or the
plate is adjusted until it differs ill Ollr Inboralo!)'
(rom Lbc order&! frequene)' b)' aD IIwOunt less lh.,,"
the 11001101 gi,:en in the column hC:lded "Adjusted
Within" in the tl\ble.

Accuracy of Calibration: Afll:':r Ihe frequenc)'
oll1e plate hILI been lulju.."tcd u described io the
~1.Dg p3r:lgraph. the frequene)' i. accurately
Rlta!ure<1 in terms of stanUunl rrc:queod6 from a
(;eDNaI Kaclio Clus C-i:I·1l Sto.nuo.rd·l-'requenc)'
.u.embl,)'. and the resull of this measurement i$
('ntered in the Cl\libraLioD eerli6caLe.

C'.erri6ed Accuracy: Tile cerlifiCl\le mentioned in
thcI're<.'cdillg Jlarngrnph nlsoslnlts tIle limits to with·
in "'hi<:11 the frequency i3 guaranteed to he, as sped·
fiN in the third column of the tuble, the oue henut.'tI
"Mllximum Deviation from Certi6et1 (o~requeu<:y.'·

This colull1ll giVCll the DUlXimum deviation of the
crystlll from the CC!rtifietl frequency, Is measured by
II. _hen the plate and oteil1ator are operated within
tile: temperature ADd oth~ oper:ding limilt: l>pC'ci6ed
by WI.

Frequenc.y Tolerance: To 60tl the Amount h,)'
which tlae actulll frequeue)' of the plnte mil,)' differ
from the frequency onlered, add the. ligures in the
secouu nou lhird columns ("AdjUlfted WitiJin" amI
"Maximum Uevilltion"). For CXUlIIlllc. if II l'noE
S7lJ.1) Qunrh l'l;l.te is orllcrcll, tile: uscr CUD rcl~' on
III frequeuc,)", being "'ith.in 0.18% of lhe frequency
whicb he specified when ordering and within 0.1%

of the. frequeuey entened in the certifiCllte of
culilJnltion.

Osdllator: Contrll.ry tu lhe COnllllOIl llUumpliuli.
tile frCfjllenc,)· lllld lhe (rt.-qucncr stnhilit,)' of It piezo­
elcct,ric frc<luenc.\' staudurcl depenlluf)OU the tlc.:sign
Ilne! comltruction of tbe oscillator. lIence, the per·
formlU1CC of :all G~oeral Ihdio qUltrts pln.tes is
SIM.ocifietl iu II W\'cn t~·pe of oscillRtor.

'I'y",: 376-C Dnd T'-PE S76-0 arecalihrated in ami
nre illtenuetJ for use will. '·ierec circuit Olol-illators
(.lIimilllr to 1'YJ'~: 275 or TYPE S;;i I)i~ro-Eledric:

Oscilllllc.r~)w!tidl J.:we Il£t Ilro\'ision for tewptrntun:
control tof the qU;l.rlz pl3le. These instruments are
110 lun.,\:( held in tock.

TYJlv. :iiG-Il is ordimlril)- CftlilJrnled in lhe oscil·
lator and lc:mpcNl.lure-wlllrul box ill wJ.ich it ill
inlcmlcd to be used. which should be or Geneml
Illulio mnnutRclun:.

Tn'.; 37(j·J n.1I1! Trl'~: 376-K QURrtz ))llIt(:5 a~

sold for use (111)' ill TYPE 575·0, '('""Po 575·E, tlr
TYI,t; G75·H Pic:t()oI~leelric O.!fCillator.t or in the '1"'I'f:

47.'}-:\ ·Ff'C(IUCllC)' Mouitor. Thcscoscillator5use A new
tflle of ,,:ircuit in Wllkb the ct)'Stal operates nearer
ils ~llAUt fJ'C{luency th:m in tlleCOn\~nlionl\ll),.e

of piez.o.cketric otcillator.

Mounting: The c:r;rst.1 holder consisls of aD

isolantHe base carr)';lIg an alumiuum cap wilh •
moons (or adjusting, lockil18, lIud scaling the air gap.
It is prnetieall)' dU5tproof alld is Glletl with plugs for
use in Cener,,1 nadio piezo-eJt.-clric oscillnlors.

Dimensions: OtlSC, (width) 2!!4' x hl(~l'th) i l:

(heigh!) I.14 inches. o\·er-nl1.

Net Weiaht: 10ollnt.'6.

Mui"'H"
DeriatiOll IrOlfI

Crrtifiw Frrquellcl/ TU'1w.rllturf: Pricf:

LAII\'A

I.Yon:I,

LAI'F.I.IS'-SlloC.
Iso-:HoC.

5D°:f:0.S!';°C.

0.002%

0.1 %
D.I %
0.009%

5% or frequency ordered
0.03% of frequency ordered
0.001 % of frequency ordered
0.0001 % or 1 cycle of frequency

ordered, whichever is smaller
0.0005% or 5 cycles of frequcnc)'

ordered, whichevcr is smaller 0.002% .iO'±O.loC. AI'OtlL
CreditaUowauC'C tor rdllrned 'l'VI"£ $76 QUllrh Pltlte • Serial Xu. 2000

and higher.•...•..•....................................•.•...

'316-C
'316-0
'376-1-1
'376·J

'376·1\.

'Before ordering qUllrtz platcs, read carefuJl)' the .OO\'C ,spedlications. Our Engineerwg Sale.
Oeplrtolent will be glad to make suggestions rtgarding tbe t,)'I)(: or quartz plde required for a
specifie purpose.
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TYPE 747·A TEMPERATURE·CONTROL BOX

This illSlnJlllcllt is designed fol' use ill
l'OIl t ralli llg the 1.C'1ll pC' r't', tu re of q narty,
phllcs in Mile-I' 10 11."SurC COllstant frc­
Cilll'ncy.

:\ lcnnjll:.tl pblc carr.ying two sels uf
jacks for Tn'£ Si6 Quarlz Plates is pro·
\'idecl within tile temperature-conlrolled
space. The operation of :l switch from the
fronl of the panel connects either pair of
jn.cks La the exLcrnfll connections, thus
allowing quartz plntes for two sepliralc
f,'cqucncies La remain nL their operating
temperatures and I'cady for immediate IISC.

Interleaved healers and distributing and
insulating Insers formed of aluminum and
bn.lsa wood, respectively. form the walls of
the temperature-controlled space. The)'
maintain the air tcmperaLure of the quartz·
plaLe chamber consLanLLo within ± 0.1

0
C.

for external temperaLure varia.liolls of
±16° C. (±29° I".).

A thermomeLer. grnduated in 0.50 C.
divisions from .10° to 60° C., is moullled
hehilJd :l slot in the panel and is illumi­
lUlled b.y the heat-conll'ol indicating l:lIllp.
This thennomeler jndical.es thc;'tir LClllpcr­
alurc of the inner space.

The t.hermostat is of the fixed mercury
type find is normallJ• supplied for opera·
tion at 50° C. Thermostats for operation
at other lempern.Lures lh3l are called for

br Lite munu!aeLurer of lhe quarLz plule
lIsed can be supplied when ordered.

This iuslrumcnl can be supplied
mounted in a cabinet or 011 a standard
J9-inch rc1ay·mck panel. When supplied
for 1·c1a'J··rac::.k mouuting. sp'lee is available
nt Lhe right of the LCmpCl'llture-colltro!
box for Ule construction of oscillator
circuHs or for other associated circuit ele­
ments. The leads from Ule qunrlz plale
are brou ....ht Ollt ill the right-h:md sidc of
lhe box, making it cOll\"cnicnL to a.ttach
leads to other circuits :tlld al Lhe same
lime reducing Lhelcnglh of lends necessary,

The power supply is a J l:j-voIL line,
either RC or de. A plug nnd cord for
connecting the inslrumcntto Lhe liS-volt
line are provided.

SPECIFICATIONS

Accur3CY of Temper:lture Conteol: The unit
will control the tempcrnture of Ule iUller :l'pat'e to
willtin ±0.10 C. for chhnges ill room tcwJX'-ralure o(
± 16° C.(29° 1-'.). Where the cr,}'stnt isolJCratCl1 al a
power le....el so Iligh tllBt it genemtes !Iell.t, the
tcmpernturc an be held to within the same Iiwil.ll
it the hClltl.,(,;lU~raledby the crystal remains (,ollslanl.

Operating. Temper:lture: Normall)' 50° C.. bllt
other temperatures call be suppliLod 011 special
order.

~Iounting: Two t~"I~ or waunlillg c:an he sup­
plied. n waluut C:lbinet or tI stllud:ml ID-;Ilch reb)"
rnck p:lllcl Sec price list below.

Dimensions: '!'YPE "H7-A~1. (width) 19M 1"

(I,eight) 11% x (cleplh) ISM indlCS.
TYPE 74;-:\H, (I\'idlh) 19 3: (height) 10M I

(depth) 12% inches.

. 'et Wei!lht: TYPE j·n-A)1, SIU pounds; T''1''l
N7-AH. 29 1)()UnJs.
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141-.'\1\'1
741·AR ICabinet l\lounting. ".. ,·",1

Relay-Rack Mountmlt ..........••••

Cllde Word

UlJRI.Y

HATHIi:

Price
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TYPE 676-A QUARTZ BAR AND MOUNTING

This qllarl~ bar is intended for use in
standard-freqnency assemblies. IL is sup­
plied as slalldal'lJ eljuipment wilh the
Glass C-21·11 Assembly, :llId iLs lise i:;
opliolllli in the Class C-10 ASl5Clllbl.y whell
a 50-k cQ'slal of g"l'c:\t. sLubilit,Y is
required.

The mounting h:15 been designed to
ha\'c II minimum of effect. on tile frcqucnc,Y
of the bar. Elcctl'odcs are deposited eli·
rectlyon tlte quartr., thus eliminating the::
effect of ;'dr gaps. nallles arc provided to
eliminate the effects of lIigh·frequcnc,Y
sound cllcrg)' radiated frOUl the ends of
the bar, Illaki.ng the I'l'cquenc.y practically
independent of changes in :~ll1losphcric

pressure. Tile bar is zCl'u-:'lllgle cut, and il
vilm"tlcs .dong its luugcsl dimcllsiol.l ill
a direction norowl to the electric :lxis.

SPECIFICAnONS

Frequency: 50 kc.

AccunH':y: ±;i parts iu 10 willion, when used ill n
Class C-il-II SlanJllrd·PrC(llIcucy Auembly.

Mounting: Thi!l bnr CArl he mounted in eilLer a
elaS! CI0 or a Cluss C·~I·U Stllndllrd·'Fre<jllcnc)'
Ai\SClllbl.\'or ill U T"l't:fl7j·l. Picw.Elc.ctricOS<'illator,

Dimensions: (I..cngUI) :Ij.{ x (width) 3M x (11I:i.l;llt)
:.1% indle!!, ol'cr-:lll.

Ncr Wei~hl: 1.!1I>OUlllls.

Type CCHre Word Price

tJ76-A \., •••..•.... I"IF.ZO.\10Sll\'

TYPE 476-A QUARTZ BAR

This is u. lOO·ke lHlr to which all of llle
dC5cripti\re illfonnatioll given above for
Lite TYI'E 670-A Quarb: Bar and i\Joullung
applies, e.\':ccpl L1IUI. iL is mounLed ill a
plug-Lype C:lse similar Lo LhcOlws ill which
TYPE 370 Quartz Plates arc 1Il0UII led.

A Tl'PE 470-Pl Ad:lpler, wh.ich aho
Jnounls lhe iuduclan<:e coil and Luning
condcnsel·s. is required when a TYPE 4-70-.\
Quartz Bar is Lo be mounted in a 'lass
C-IO or ill a elMs C-~l-T-I lanrlllrtl­
Frequenc)' AsJ;CIllbly.

SPECIFICAnONS

Freq uency: 100 kc.

Mountin~: TYPE 476-.'\, plug-t)'pe euse.

Dimensions: TTPc41G-A, (Ienylb) 2 J: (width) 2 x
(beight) IJ(6 inches, over-all exclusive or plug!.

1'"".: ·170_1'1, (lclIglh) 3M x (wiJllJ) 3M x (heighl)
:} indIes. over·lill,

Net Weight: TVPE 47(1..A, 6 ounces; Tnt: 'l7G.PI,
14ouuces.

7'vpr

476-A
476-PI I

IOO-kc Quartz Bar..........•.•......
Adapter _....•...•.••..•.

Code Word

IMoenA \
AIU,J'TOKCOP

Prictl
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TYPE 575-E PIEZO-ELECTRIC OSCILLATOR
~• -..=

J
.-.-, .. •• --~-

if'::~-:l ,
", '0 ~ ~
,

. . .. $

This instrument. is tl lClIlpcfn,lurc­
c;oull'()llcti pier-o-e1ectric uscillator <11:­
signed for u~e ill n monilor 01' a labomlor,Y
second:!!'j' sl:llldard of high precision.

Through the II!lC of :\ new t~IPcof oscillato!
circuillhc effect 011 frequency of \'nrying
the opera.tillg voltages lllld changing lubes
is grc;lLly rcdu(:cd O\'CI' PI'C\'i()ll~ designs.
The dimcu!t,Y of luJjusting tile oscillator
circuit clclllcnls lodlll>licllle lhccondilions
under wbich tbe quarlz plate was cali·
brlilcd is clifUil1ltlcd. bccau 'C the proper
operating poinlcorrcsponds Lo lll1linimum
,-;dllo of plate currcnL.

TY'Pf; :.J76-J 01' 'rYI~E 370-J< Quartz
Pintos arc recoUlmended for usc ill this
iIlslrUlllcnt.

SPEClflCAnONS

FrC(luency IhHlg.C: :;0 kc tu ,WOll kc.

Accur:lcy: Tlml of Ih.-: Tnt: ~70 QUtlrtl, j'lalc lISC_I.

'Frequency Stability: i:j p:lrl.:l per million

(0,0005%) wilh 'I','I't: 31G·J or·K QUllrtz Plate.

Tubes: ~l'(.'C5Sar.r luhcs:are iUPIJlie<1.

Powt.!.r $u ppl)': J~illlluclIl: G ,·olts, H :1, ac ar .Ie.
PI:do: I:J~ \'ults, iO Uta, llc. Ileal: \Ii. volts. tiC or .Il:.

Mounting.: Stan\lnrcl Ill-inch ~III~' flick.

Dlmellsions: I'allel, (width) HI x (hciJ,:lll) 10M
indlcs. lIehind pl\ncl, (depth) 10 incllC!~.

Net Weiilhl: SO pounds.

Type Code rJlMJ Pric~

TYPE 675.H PIEZO·ELECTRIC OSCILLATOR

This oscillalor uses t1c same easily
adjusted circuit of the Tn'to: 515-£ Pie1.o,
Elc<:Lric Oscillnl.or and has in addition lwo

separate lllllplifiers :md a self-contained
a·e powcr supply. One amplificr operating
lIt the fundllmenlal frcquene,Y supplies :t

fundalliculll.l output Cor monitoring pur·
poses, :\ud u separate h:l.nnonic-genernt.ing
:lInp1i6er Cumishes mallY rl'cqucncics llsed
in labol'<llory work, The oscillator uses
TYI'E 376-J or TYPE 376·K Qua.rtz Platc.".

Tbe a·c power supply will provide 61­
amcnt and plate power Cor ;luxiliaT)'
apparatus.

SPEClflCAliONS

46

l:requcllC)' Ihln~e: 100 kc 10 4000 kc.

Accurac)': See spt'CiliCtltiolllf (or TYf'E :f7(j.J or
TvrE S7(j·K Quartz Plate.

Frequency Siabilit)': t.-. ():lrtll iu one 1I1illion,

Tubes: 7\cl~S8hry tul)($ arc supplied.

Power Input: I\?5 WIIIU wilh healen; opcmlinl;.

Ilower Suppl}': 115 volts, 50-CO ~'c1es.

Mounting: SllIlldard 19-inch rela~' rack.

Dimensions: !)Ilnel, (widlh) 19 x (height) 17~

indIes. Behind l>llOel, (depth) IOU iucLes.

Ner Weight: 65 pounds,

T!Jpr, Coli" !Yorll Pr;u

675-H I ...... , ......1 .\\'own I
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TYPE 675-L PIEZO-ELECTRIC OSCILLATOR

"ower Input: l'l.'i Wlllt~ with l!euter! ollt"rnling.
Mounting,: Staud:m:I1!)·iocL r...l:ty r:le:k.
Dimensions: Pancl. (~i"lIl) 19 x (Iu,'i;=ht) 17M
iudll5. lkhinJ 1~111c1, (Jcl}lh) IO~! ill~hc>l,

Net Wcight: II:J 1)(11111(15.

Although simil:lr in nppcarnncc to
THE G75-l-I Pielo-Electric O.l;;cillator this
lIIslrumcnl is intended (or lISC at fre­
quencies between 50 kc u-nd 100 kc. The
oscillator circuit is designed spceifie111y
(or use nt these rrcf.lucllcics, lIsing Tn>!::
-'76-.\ and TYPE 67G-A QuarLz Dars (see
page 4S). Two outpul 'lwpli6ers, one
dcli"cring (und'.IIuental output and the
ther produciug harmonics. are pro\·ided.

The osciJInlor is (:omplclely a-c opcmled
and mounts 011 a 19-inch reltl~· ra~k.

SPECIFICAliONS

Frequency Rall~e: M) kc to 100 kc.

Accuracy: :120 INlr~ in one million (O.OO~C;).

.\Inns nrt: pto\'idol (or IldjllSliflg Ihe (nequeuc)' 10
Igrft: "" ilh IU'-"D..Sun.mcnllllgninslll prililarr shlndnrJ
Of stllndanl-lrcqueuc), radio lr;lnsmiMinns.

Frequency Stability: :15 p:lrhl in olle lIlillioll
0,0005%),

Tubes: Tin: DC!'Cailir.)' tullt$llre 5I1PI.lied.
POI\'cr Supply: 115 vulll!, 50-60 l;~'cJC ,

ry",

475-L

('01/(' Word /'rtrt

I AWAIT

TYPE 617-8 INTERPOLATION OSCILLATOR
This is 3. dirccl-rending Leal.frequcnc,)'

oscillalor for ra.piuly and llCClll'illcl~'

measuring lhe beal belween a :st.nndan.l
Itanllollic :111l) a frcquenc~' lllldcr IIICa.sure­
tIlenl, Oscillators of exc:eplionll1 frequency
slubilil.r nrc used. The fre(lllcnc.~' coolrol
is:1 Sll'n.iglJt-l.illc-fl·cqucncj' prccision cou­
denscr, cnlibraled directly in frC(IUcncy,
one C.\· Ie per scale di\Tision. MC'U1S arc
pro\'idcd for introducing slandard cali­
bralillg freque.ncies, either from a landaI'd
(requc-lIey assembly or :solue oUler reliahle
~Ul'l:...e, such as a 60-c.ycle line.

It is designed for :lllernaling-currcnl
operation :lnd for lUounlillg upon a slund­
l\rd 19-inch (TYPE 480) relay rack.

SPECIFICAliONS
Range: 0 to 5000 cSdcs per second.

Atturney: ± !j C,'cld IIU llCC:ond. direct reading.
Scale rorrection labl~ if furnished. b.)· me:.ws of
..hich an acc:urac)' of ± J c,ycle IICf sec:<tnd ma~' be
_0«1.
Tubes: The necessary lubes Are supplied.

Powe.r Supply: J15 "olts, .;0-00 c~'clcs,

Powe.r Input: SO walls.

l\Iountint: Siantbrd 19·il1l:h fela.)' rack,

Dimensions: Panel. (length) 19 s (hl!iCht) I~

inches. Ilehind panel. (t1e.,.t.h) J~ ind~,

Nel Wei~hl': 63 poluull.

Ty~ Ctlfie lI'orfl

.,7·8 I .. ·.... ·.... 1 ."LE I
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TYPE 619 HETERODYNE DETECTOR

This instnuuenL. consists of :1 lllned
rcgcllcra!:iyc detec:Lor and ."1. lW(l*slagc
audio amplifier covering ;l l'rcqucncy
mllgc of from DO to 6000 kilocycles. Il is
Jcsigncd for lise as a local rt!<.~civcr ill a
frC(!llCncy-nlC<1SIII'ing: SystClll to produce

heals between sl.;)nd.u·d h~lrroollic fre­
quencies ~lllli frequencies under measure·
ment. 'l'wch'c plug-in l..'Oils cover the nor­
mal. range. Additiou:'l1 coils arc <lv~lilnbll'

to extend the r:tJ\ge Lo include all frequen­
cies bclweeu 25 and 2-5,000 kilocyc:le~.

A lwelvc-coil rack lo llOld lhose uot in
usc anu a frequency caJibmlioli accurate
to within olle per cent for all coils pur·
dlitScd wilh the illSll'lUllcnt are included.

The complete unit mounL" on a standard
relay rack and is available in either ;I-e
or ImtLcr:y-opcratcdmodcls.

$PEClF](ATrONS

Ran~e: 00 kc Lo 6000 k(:.

'I'u hcs: 'rhe ne<:C~S:lry tubes nrc .snpplicll.

I~owcr Slll)ply: ForT"".: IHO-C, 115-\"0Its, 50-GO
c,l'des. inpuL 2'5 walt~. Por TYI'E tHO·D. G \'0Il8 for
fi1:llllClll sllppl)·. 00 to 1:15 volts plale StippI.)·.

:\'!ountilll!: Sl:\ndilrJ HI-inch rel:l.I' r:ttk.

Dimensions: I'nud, (It''uKllt) 19 x (height) 8~i

inches. Behind p....md, (depth) IOU inc'hE's.

Nct Weigh t: T\'l'~: Gttl·C. 4\ pounds: TYPE 619-1),
:15 llOlIIul~. witlloul baUeri~.

Tllpe DrACriplilJl1 fm/ell'nrd Price

lil?-C IA-c Opefluc.d I~IATIS I
b19-1) Uanery Opcr~t'ed MAXI~1

TYPE 614-A SELECTIVE AMPLIFIER

This instrumenl is p::L1'ticul;ll'ly tlseful
ill (;()njl.llu:lion wiLh the Clas~ C-~l-H

Stand:lt'd-Fl'equellcy Assembly where it
is. llsed t.o producc. selcct, and deli\'er
1l111ILiples of tile slancl:ll'd l-kc output or

the assembly. Select.ion is aecolnpli.~hcJ

by :l lO~J)oinl switch, and CO\'crs l.bc first
10 hnrlllO..licsor thcappliccll-k(: rrcquenc~'
HGgcncmlion is cmployed lo incrca~~ Lhl
lIi.scri.luinaLio(J agaill..st lhe l-ke rllnda·
mcntal frocqucncy, The un.it 11m,)' he lli'iccl
with ot.her l-kc SOllrces if dcsil'~d.

Pallcllllct.crs shuw lianllollic gClleralOJ
grid CUITCIIL and amplifier oulput vollngc.
The output impedance or 20,000 ohms
matcltes the telephones Ilsed in fl·eqUc.ll<:~

ealibl'aliolls.

SPECIFICAliONS
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Frequency Range: Ilo 10 kcim·lusivc, 10 l)Oints.

C~libration: Adjusted at fnctory fot respollsc al
enell multiple of I kc. Trimming adjusl.menli'l urc
proviJ...,,1 wililill the instrumenl, which may bc tISL...1
rOT renliglJlJlenl. if lIeet'ssnTy.

Tubes: The llCt:CS;;flr.)' lubes nrc ~lIpp1icd.

Power Supply: 110-120 volts, 50-60 cycles. Olher
\'ollngc.~ or other rrC(llLcucies on sl>ecinl order.

l\loulltin.Q,: Sttlm)rlTll l!l-ineh relny rack. Pnnd
fiuishc:o ill black crackle lncquer. 1)m:l(;f)vcTsupplieJ

Dimensions: PUliel. (Icllgth) 10 x (height) S~i

iuchc;;. Bchilll) panel, (dcl)(h) 97,( indl~.

Net Weil?,ht: sa pounds.

T,IIpt Code Wflfd Price

614-A 1 1 mcRY I



TYPE 611 SYNCRO-CLOCK

Iu a Clas... ('-21-H . Lallthlrd-Frc luencJ"
Assclllhl~' UIC SYllchl'onolls-motor-dri\'clI
c1OC'k is the ("OtlllLillg dC\'icc: for tot<\liZlllg
the IlIltnbcr of \'ibl'Uliolls of the cr~'sLI'l1 in
!lily given lilllf' interval. When driven by
a sIaLic oscillator, this dC\'ice Illfl;.' be
llsed as fl. SOIlI'CC of precisely determi.ned
lillie intervals fiud. cOilYcrsely, wlien il~

inditaLiol1 is <:olnpnl'cd \\'j 111 slandnrd lime,
:l. IIl(:asure of the driving frequency is
obtained.

The '.1."'1'1'1:: 611 j'llcro-Clocks nrc de­
~igllcd to operate frolll the output circuit
of:l low-powel' vacuum tube. The molOl'
is of the impulse l.ypc, and since no ac-

<..clerating torque is provided in LhesJ"slem,
the molor lIlust he brought up to syn­
cllronoussl>ccd. A GO-cycle, J15-volt molor
under conlrol of n. push-bulloH switch on
the face oC the inslrlLlllcnt is pro\;c!cd Cor
this purpose. Clocks arc normally SUPI)lied
La keep true lime OU 1m eXlletly 1OOO-c~'c1e
SOLI 1'<''(:.

The micro-din I attachment consislls of n
rollll'~' <."Ontact closing once a second, the
instant of contact (or phase) being ad­
juslable ovcr a range of aile second. It is
used in lImkiJlg Lime collll>urisons and also
for sllPI>lj'ing iltlplllse~ at one-second
inlen·als.

SPECIFICATIONS

Frequency: Clocks :are normally supplied to keel)
tOle time wllcn the Crcquenc,}' is eX:lCtly 1000 c)·des.

Po.....er Consumption: Oue 41.trpe or 4.s.t)"pc
tube !l1pplie:s sufficient power,

MountinC: C..,bine!-lllounlw models (Cor use on
the bborator)' beneb) a.nd panel.mounting model

are aV;J.ihlble, but only tbe pnnel-mounting l.)'pe
willi a. miero-diul i:i re!,'lilarl.)' carried ill slock.

Dimensions: 'J'yr& GII·C, (width) 9~ x (deplh)
Gx (height) G inchc .

~Cl WeiCht: T,.I"£ Oll-C, B pull nih.

Dc.,rriplion

·611·A Panel Mounting without Micro-Dial .
'611-8 Table Mounting without Micro-Di:\1 .
611-C P:lnel MounHnC with Micro-Dial ,.

'611·0 Table Mountine with Micro-Dial ........•..

'lkaiIllo onk" DOlc",rric4 i...t..d:..

Codt: Wo,d

S1"l'CROFORD

YXCROf"ROO

Sn.-CRQGOOD

STNCROTOAD

P,itt:
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TYPE 615-A HETERODYNE FREQUENCY METER

The Tr PE 015·}\ Heterodyne I"requelle,)'
:\I[el cr is ~1Il oscillu.li uS' ty pe of rreq UCUC.r

meier designed for usc ill tbe measurement
or rr~(Jucl\cy hy heterodyne Illclhods.
All hough its LlIlled Cil'cuit is subjed Lo
slight (I ..irt~ ill fl'cqncnc.\' due to lelllpl'ra·
lUl'e and aging cfl'ccLs. it coLl1 he checked

agaiusl a lotal (requeue,)' ~Lalldard or
stand:ml-frequenc.)' radio signal!o.; (01' mens­
lIl'Clueuls of ltjgh accul'Ilcy.

It consists of a highly sl:lble VaCUU1ll­

luLe oscillatol" and a deLedo.', fL is
pOI'lable, operating from self-contained
blltteries, wllich are nol supplied.

l'rice

615~:\ I 1 J,U(';LY I

i\'Ct Weight: 34 POUllt!,!;:.

SPECIFICATIONS
Dimensions: (l>l'ngtlL) lUj111: (Willth) S x {llciglllJ
13}~ inches. (H'cr-:l!!.is m:lJi: (or lhe

:11111 o[ler;\ t illg

Hnn~c: 275 lo 5000 kc.

AccuraC)': 0.1% if ;i L'Orrc<:tiull
{lilrcrclll.:i: hdl\'l,:~1l ('lllibrlllillg'
l~/IIpcr ... Lures.

Tubes: The T1CCCs.~ars tubc~ are SUPIJlicl1.

Power Supply: Sclr-coub\lucJ b:tllcl'ies.

Mountill~: Porlllb\(: L'arryillj,l cwsc.

TYPE 616-B HETERODYNE FREQUENCY METER

.. .?'~ •.-,..... =00
o'

0- 0 " l• -0 Q 9 =:..=~-

• • • •

.1
,

I
0-

.,~

• -~- •..'
~• • •

The TYPE 616-B Hclcr9d.Yllc Frequency
Meler utilizes tile same oscillating circuit
as the T:'rPE 615-A Hetel'odyue l"requenc,r
.Meter just described. It includes a single­
stage <ludio-frequency amplifier as well as
a detector, and is designed for rclay-ra.ck
mounting and complete a-c operation.

The clements of the oscillator circuit nrc
temperature controlled in order to reduce
the cffect of changes in ambient lClllpcm­
turc 011 lhc osciUa.tor frcquency.

SPECIFICATIONS
Frequency Rall!:tc: 100 to 5000 lie, rundameuta1.
H:ltIllonics CI:UJ be useJ up to SO megacycles.

Accuracy: 0.1%. independent of lemperature.

Tubcs: The nCL't;;sary lubes :lrc sUPllJied.

Power Supply: 115 volls. 50-GO cycles.

Power Input: ISO watls with healcr circuiu ill
ove-ration.

J....loul1tin~: StllndarcllO-ineh relay rack.

Dimensions: Panel, (length) 19 :E (height) H
inches. Behind pallel. (deplh) 1O%" inclles.

Net Weig,ht: 63 pounds.

Type rod.:. II'nrd r',ier

616-n 1. \ ".,"on I
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TYPE 224 PRECISION WAVEMETER

'ryp~f24-L l'redsion Wl\vemelcr
'I',"r~. 2M·A is s.imi".. , in appearrtn<.'C hill
rccplires li inductors to t.'Ovcr its rlillge

This w;lvcmeler is nn ahso1"l)lion-t~'pc

instrument designed for the mCi\surCllIcnt

of frequency <tud wavelength with ,Lll

accuracy of 0.25%. The fl'CqUClI(:Y c-onll'ol

is a. prcci!5ioll worm-dri\'c condenser,twu n
lhermo~fdV:U1()mclcr is Ilsc(1 :L~ the reso­
nance indicator. It is Ilvl.li1:lhlc jll two
mngcs as listed I..dow.

SPECIFICATIONS

Frequency Rrtnge: This Wl\\'Clllclcr is mnde in
two sizes: Tn-.: ii-loA. (''O\'l:.rill~ rrom "200 I.e to
li.5 kc (70 to 24,000 meters); find Tyl'£ 224-L, rrOI1l

lO,OOO kc to 600 kc (IS to GOO IIlcters).

Condenser: The wavemeter uses n prceisioll con­
denser ,imillir to T,'pp' 222. It has semicirculAr
plates giving R Iinc/lr \'llriatiQII in capacitnul'C with

scale rending.
Calibration: Each inductor is C4lilJratcd III l\

Dumber of points frolll 1\ IRSS (;..2\·[( Sl811dard·
Frelluenc~' Assembly, The cnlibration for each in­
\Iudor is ploUed on It churl \\-hieh relutes Iloth
(requCllcy AIIII wavelell~tl.L to scole rending. The
wil\'elength ealihration is oLllline(1 from the fre­
quene)' calibration by the use of 29!).8~ lIIelen per
sccond liS R collversion fnctor.

The (:ullacilnuce calibrntiOIl (or the l'Outlcuscr
similar to thnl slll)J)lied with the TYl'l: !H2 PreciSion
C01ll.Ienser (see page ~3) il furnished.

Accuracy: TIle frcclllency cl11i!>rnl ion 1Il1l)' be relicti
UpOIl 10 within O.i!,)~·Q of tile true rrCCplCI1C,r for (Jill:

;rear (rOI1l lhe dnte nf pllrcll/lse.

'rIll: cnl':lcitnOl1: culihmtioll ill accurate to wilhin
I 1lJ.tf.

Resonance [ndlctltlon: A 1I1crUlognlvanometer

is used ns R rCsonnnce indicator. Helldion methods
cAn abo be used witllOUl :dlerinl; tile gtmrllnh:eJ
nccumc)' of the enlihrlltion.

Mountln~: A WOOllen slornge cnse, fitteJ wiUt
lock nnd currying handle, is rurnished. This hns cow­
partl1lCllts for holiling tile condenser, indllctorJ, tlllll
cnliLfRlion ehtlrls.

Dimensions: C'1rT~'illg case, (leugUI) 20:l: (width)
12 x (dl.'ptlt) 11 inche', 0\'cr-311.

Net \VelJ,th t: '''3 \'clllcler :tnd nC(:eiSorie~~:i pound,:
"IlM pounds, CD.!C induded,

Equic«lflnt
Tv". frequency Raup" Wacdflngth Rfll'f}f ColiI' Wo,d P,i«

224·A 4290-12.5 kc 70-24,000 lllcter!\ \\'AQl':li

224,·L 20,000- 500 kc 15-GOO Ill~lcrs t./NDF-II
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TYPE 624-A PRECISION WA VEMETER

Tllii' instrulIlellt. is a ltig-lt.fn::qucllCY
\\';I\'Clllcl.cr i.utemlctl fur l~(' limier ~er"icc

conditions where the grealct't accuracy
uutninahle with commercial tUllcd-cin:uit
w<lvcmclcrs is l'cqllircd. It c()\'Crs lhe
l'angc from 2;),UOO to :;UiU kiloc~'des (1 cl
10 .5~~ meters).

Settings arc made by tile im:remcnl.ltl
eap:lcilaul'c metbod whid.l alJows scLl.ings
l.o he made with high prcc.i:;ion. Operation
of a "push hut ton" throws in or Ollt of
('il'cuil a SI11;\l1 condenser in parallel wilh
the Ilwin lUlling condenser. The main
condcl\.'scr is ndjll.''llcd until opcmLion of
Lhe push bulloll causes 110 chnngc in the

deflection of the thcrlllugalvOlllolllclcr.
With this method. a precision or selling
or the order or one [larl ill 20,000 can be
obtuineu.

Tile l:ondell:-il:r is of lhe prc('isioll WOI'tII·
drive lype and has plates shaped to give
<l slraiglll-linc-frcquclll'Y v;lriation.

A lhcrmoluelcr is moun led 011 lin.: panel
to indicale lhe temperaturc of tile wa\"("­
llH::tCI' when lIsed. Dflta are provided for
correcting the calibnttion (HI' the effect of
telUperalllre changes.

The guaranteed aCCllr.H':,r is 0.1 pCl' cent
fol' <l pel'iot! of onc ,year (rom rlate of
PIII'chas~.

SPECIFICAnONS

Range: ;:iG70 1.:c-25,OOO kc.

Accuracy: 0,1 % if telll(lcwture /.:orrcdivll is m:Hk

Mounting:;\ woodcn slornge (.':lse, fiUe,l witlllo<:k
;HI'! (''flrrying hnndll', is fllrnisllCfI. This Iws c()Iuparl-

lIlenls for ht.lMill~ the t:Ol1Ilcns('r, iwludot.!l, nnd
calibrlliioll clJnrls.

Dimensions: Carr.I'illg case, (Iength)!W x (width)
12 x (deptl,) It inches, over-nIl.
Net Weigh t: SG IklUIHls, illdll\lillg currying c,tse.

}',il'l)

AGATE

cunn:
J,L!V}:

,~LJ."\\'

EfI".i~l.d/}/lt

I-'rcqr/CIlc!I nil/lye WIII/r!e'tY/1i Nrlllyi: Codr WarllJ)clIcr;/Jt;<l1l

WlH'emCter .*624-A 25.000-5670 kc I E!-53 meters
."ounted C:tpacilancc C:llibr:ttiOll Cur\"c

t624-P7 Extension Inductor 5670-4270 kc I 53-70 meters
t624-P8 En~.nsion Inductor 4270-3200 kc 70-94 melers

~C~l'acih\,,<;o: ,.,.Iil,mtion 1>"I']llicd Qllly .....!oell orden:.j, Uk WnllKlUlKI cook: word: ..""TU;:UI/."Vo.
t'\'''''c",et~r will. wl,iell imluelQIlI al'l: to I.e uJo:t,I "'lUI be !ul'!llied with order so th"t u!ibtlttion can Ix:: I""ole,
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TYPE 419-A RECTIFIER·TYPE WAVEMETER

The 'f1'1'F. 410-.1\ Rectifier-Type "'ave­
meter is n tuned-circuit inslrumellL for
generaJ usc in experimental work in the
short-wave band belween 1 and 15 meters.
Provision is made for indicating resonance

by Illeans of a sclf-cootnined vacuum-Lube
reclifier which mny be used in conjullclion
wilh either its 1l1icro-nmmeter or II pair of
telephone receivers. Any OIlC of the nu­
merous reaction IJlcthods ma,y be used.

SPECIFICATIONS

Frequency Rang,e: 300 Me to 20 Me or 1 meier
to 15 meters b,}' wing the four plug-in indudor,
SUllplicd wilh lbe instrument.

C..,lIbmtlon: Each inductor i5 indi\'idually cali­
b,..ted wilh the greatest possible aecUr3C)" at !extral
poinu in lerma of the GC'.nel'aJ Radio Compe.D,Y',I

primar)'llandard tlr r~uent:Y. Each one i5 supplied
with aD indivithaIly mounted calibration cun'c which
rdaLes condenser IIClI.le dh'woll5 and frequency in
meg_c)'des ptr second.

Accuracy: The COll5trucl..ion and calibration 01 this
"'uemeter art such thal meuurenw:nts. il c:arel'ully
made. can be relied upon to within I % of lbc: in·
diQted frequene.)'.

Tube: The n«elSllrr tube is !lUflplicd,

Power Supply: Filament current ror lile lube is
taken from a 1.5-\'0IL, No. (; dr)' cell, mounting
'!)4ce lor whieh is contained in tbe bottom or the
c:abinet. rt is not !lupplied with tbe inJItrumc:nt.

Mount.ln~: All equipment is carne'll 00 au altllui­
nUIII Po,nel finished in black crackle 1a.tqucr, ,.,'!Iich
in turo is wounted on a polished walnut cabinet.
111e bottom holtls ti,e four inductors and their
d'llrl$.

Dlmensious: PaJlel, (height) IOU x (,.,·itILlI) 7~
inches. Cue, (beighl) 7M incl.cs. oyer-all.

Net Wel~ht: 7H pallorls ....it,h lube but wiLllOut
baUer,)'.

419·A

FrtfJutttt!J Range

300-20 Mc

EquirllJ~nt

Wau/eng/It ltflnp

1-15 meters CATElI

/',i~.
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TYPE 574 WAVEMETER

This direet-rcnding,luncd·circuiL wave·
meler is well adapt.ed for gcncrfll purpose
work in cOlllmerci:tl. experiment.d, and
cducaLion:i1 l:lhor:llOries. It is unusually
compact, llncl its wide [rcqucncy range
and direct-reading (cillurc make it u.sdul
for determining quickl,)' 1I1c rrcqucndes of
transmitters, receivers, and oscilkltors.

ns prccisiou is adequale for most rOIl­

tine frequency measurements. Even in
high-precision work the Lillle-w:l~Ling and
boLllersome proccssoflocaling :L11unknowll
frequency all II ))I'ccision wa "emcter C:l1l
ofLen be simpliJicci b~' first dele.'minil]:;
the 'lpproximale frcqucnc,}' with the TYPE
57... Wnvcmcler.

SPECIFICATIONS

Frequency Ran~e: IVG ke lo 70.000 kc (ISOQ
meters to 4.S l\ICtcN). b,).. uSing thc 6,,1': plug-in
inductnrs supplied with lIlC illslrulIlcnL

ACcurac)': The comtrucUon onll cntihrntioll of thili
wn \'eUlclcr lire SUdl Wat. if carerllll~' made. measurc­
ment.s can be relied IIpOIi to with ill I % of the indio
clltc,1 rrcfjllCtlC)'.

Calibration: £:1(:11 indudor is imli\'idllnll." Cllli­
bralcd nl lh'c points ill tcrlllli of the: Gcnernl Itullio
Compnn~"~ primut.\' IlIMldnt<1 of (n:(lIu:ncy, uilil
interlllcriildc points Ill'(l Sel:lItct! I);; i1l1etpolntion,
Thl': SClllcJl ,hclIlscl\·c.5 :Ire Cllh'T:l\'cti on the int!uctor§.
lhus waking the in!ltrtllucnl direct rending, Coil A
RUt! Coil n nre e.nsr:\\'(.~1 ill IInits of Illc;;lIe~'d{,ll)Cr

second, otllCrs in kiloe,\'e1f'J> per SCroll'!.

Conde-user: A spccinl TTI'p. XH rllrinhle Air
COllllcll~cr modillclll,y (I redudirm genr is ll~,l 10
sprNlll1 he cnlibrntion sen Ie nn:r \I Pl'ro.~imntel.'iX4,5",
This flwilil:ltcs precise scUings, Tile cor\llcnscr ill
t1ri\'cn b.r Ii sln~-molioll knob gcnrCfI to thc 0011,

denser shnft.

Mounting: The (.'omlenscr is mOlllllccl on n bnkc,
lite p:lnel Bllached lo the polished \\'ltlrmt cue, at
onc end or which is lhc lilornge compartment for
spine induclonl which nrc hcld in pl:u:e by n spring
('hun 1',

Dimcnsions: (Length) n x ("'idth),5 x (1ICight)
aM indies, o\'ct-ltll.

Net Weight: 4% pound:!,

Ct\IUlYl66-70.000 kt'

Eqlljr1flltmt

f'rcqucncV 'O"O"C"C'C'_cl~V~"o'cl:::'"C'C'CI,"n~""n"e'~_..::.Co..cl.::..:.llc'·c'o"'-- ~p"'~;'"' _

574

Type

GENERAL PURPOSE WAVEMETER

{Ol' l·ound·lhe-laboralOl'Y lise, FlllSlilighl..hlllb rC~Ollltlll'C

indiculor. Sec the de' 'rip lion of TYPE :3:;8 W:.n'cmclcr.
page 1:;12,
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TYPE 434-8 AUDIO FREQUENCY METER

The Tnt: -l:J4-U Audiu Frcqllcnc~'

J[cLcI' \\'U8 dc\-c1opcd Lo JIl'oYide u IJlcan~

for measuring. wilh arl ar'('UI';I.CY of O.,'l per
(:cul. audio fl'cqucllcics ill the nLllge frolll
~O Lo 20,000 c.yd· . Il makes lise of the
WiCll bridge, which conlains ouly rcsisl­
am:es ,Old C;l)lllcit'L1.u::cs. This eliluillnlcs
lhe mngllclic pickup which cxi.'\ts ill ;:111
rrcqucilcy IlIclers('on l"iuillgself· 01'111u tuaI
in<!llclancc.

The meter is dirc('L rcading' wilh au
extremely long scale. The melel' hiLi Ilwee
freljuency r:'U1gcs differing b,Y r:\Lios of
10:1, ohtaillcd by \'tlrying the condensers
by I'alios of 10:1. Thus the Sa.lIlC scnlc is
u.sed for all thl'ce I'I'CqllC'lH'Y ranges with
decimalmulliplyillg fadol's. The dill'erenl
frC(IUellci~s.ire dj,;lriLuled along tlte scale
logarithmically, i.e., equal rrliqu('n('~" ralios
occupy equal sc.-tlc lengths. Tllis makes
the fracLiollill aC<:llrtlc.y constant over the

clllirc ~c;t1c, This \"cry desirable feaLu!'e is
obb\incd b.\" a suitable shaping of the
l:lPCl'cd rcsislors which nrc lite \":triable
units in WIC meter. The inductors used ill
nthcr L-n>cs of frellllellc~' meters c'-tllliol he
shaped to yield ;'lIl.Y desired frequellcy
disll·ibllliull.

The l·csist:lIlcC bal:wce of the bridge is
approxilll ... tel~' maintained for all senlc
selLings. Exu<:lIJRlum:c is mude by menus
of a suilahlc polentiomeler. The seL-ting
of the rrC(lllcnc.y dial is not dlilllJ;cd by lack
of resistance hllhlllcc. bULllIcrcly dulled.

The null dct~lor is usually u puir of
lligll-resistanc:c llcnd telepllollcs. Thc;y urc
suflicicnll~' sCllsiti,·c to enable the dial to
he sello 0.5 pcr cenl with 2 volls illpullo
Ihe bridge within the rrcclllcncy rangc 300­
300n e~'c1es. if the WUYC10l'lll is pure. The
diallllll~'bcset to 0,1 per ccnlby uppl.ying
a hig:her Yoltnge to the bridge or b.)· using:
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nn amplifier such a" lhe TYPE 514·;\
Amplifier between the bridge nnd Ule
telephones. "TIlen the harmonic content of
the supp!.)' is large, n low~pass filter, sueu
as TYPE 330 Filler Sections, or a tuned
circuit may be used for frequencies less

than the natural £requcncy of the tele­
phones (about 900 cycles). The TYPE
48B-D~1 Alternating Current Voltmeter,
preceded by the TYPE 514-A Amplifier
and n TYPE 330 FiJter Section, may also
be used llS a null detector.

SPECIFICATIONS

Accessories: A null detector will be required to
opemte Lhcinstrumenl. This may be heud telepbon~

flllCh ftS the Western 'Electric Type t002·C or an
IlUllllilier-mctcr combinlltion lue,h as a "YPE 314-1\
AmpliGcr D.ud /l. TypE 488·DM Altcrnn.ting Current
Voltmeter or a TTPl'l GiG·A Thcnnionic Voltmeter,
used in conjuuetion with TTP£ 3S0 Filter Sections,
even with head telephones an amplifier &od filter
seclions may prove useful.

ContrOls: Frequency dillJ, range selector switch,
rC!istnnc:e balance knob.

MountLng: AJuwiuuw plllle!, Yo: ineh thick.
finished in bl4clc crackle lacquer, mounted in COPller­
lined walnut cabinet.

Dimensions: (Length) 12 s (width) 8~ x (heiJ(ht)
8X inches, over-all.

Nct WeIght: HiM pounds.

Frequency Range: 2()-20,OOO <:~'cles in three
runges by means of l\ seleetOt switch, 'l0-200 l::)·des.
\!OO-iOOO e~'cles. 2000-20,000 c.rdes.

Cllllbratioo: Elich instrument is individuoll;r ('ali·
brnted with more thnn suOicicnl nCCUNlc:r in terms
of Ull:~ General Radio Compau)"! primary sL.10dnrtl
of frequenc)', Encll dial is U.en indi,·idunll,yengrn"ed.

Accuracy: The null point hi IlllrroW enough so
thllt.. with sufficient SUPI)ly voll.agc or sufficil'nl
IUllpliliention on tile null detector and with a f8irl~'

pure wllveform. the dilll IMY be set to 0.1%. Tllc
calibration on the dinl rnn)' be relied upon towill.in
0.5 % nt Ill! positions.

Drivc: The: B-inch dial tnrns through an nngle of
3200 wllich gh-C:!!l n settle IcngLl. of aboul 17 inchell
for each JO Lo 1 fre<"juc.ucy mllb't. The wholc !Cillc
length iJl;" £<.oet 2M inclJc:s. The dinl hll.$ a slulI"-1I10linn
tlrh'c.

Impedances: Input, 3-10 kilohm!; oUlput, 1-4
kilohms. the swaller "alues corresponding to tile
I.igllcr frcquencie.~.

Input Voltage: 110 volts. IUllsimutll.

Type

434-D

Frr.qllen(Jg Range

20-20,000 cycles I COlAn

Priu

FREQUENCY METER-MONITOR

ror the lllnateur, heterouyne type. butteries liclf-contained.
See the description TYPE 535-:\ Frequcnc~' Meter-Monitor.

pngc ]'i3.
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TYPE 713-A BEAT-FREOUENCY OSCILLATOR
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The lISCfU1J1CSS of audio-frequency oscil­
InLors pl'cyiol1sl.r cOIlll1lercially :l\'ail'"Lblc
has been seriously limited h~' low pOWl' ..

output which has lIcCCSSil:lllcd the use of
amplifiers.

In the try!'!-: 713~:\ Ucal-Frequellc,Y
Oscillator the power output has heen
increased to two wttlls, II guin of twenly
Limes over the highest power oUlput
previously av,tibble in ;1, cOlllinuouslJ'
adjuslable fLuJio-fl'cqucncy oscillator
manufaclured b~' this COUlp;tny. This out­
puL, wilh 130 ,"olts on opcu circuit, is sum·
ciclll for lesLing many types of equipment
and for Illodulating prc!'cnl l.ypes of
standard-signal generators without au­
dilionaJ :unplification. Tllis large increase
ill output power uccolllpanies n marked
improvement in wlweforlO over the '1'''1'1'1-;

513-B Bent-Frequency Oscil1tttor which
this iflstnllucnl replaces.

In !lcneral dc~ign lhe TYPE 713-A !leal-

FrC{lllcnC.}f Oscillator is an allcrnnling­
cllrrenl-<,pcmtcd oscillator operating on
lhe heaL pri.llciple in which the Olltput
results from the he:tl hetwcen two high­
fl'CCJUCllc,)' oscillalol'S, Olle of wllic11 is fixed,
the oLilcr continuOllsly f1djustahlc. A fre­
quelle.}' range of 10 to J6.000 cycles is
covered. Thc dilll cnrries au accurate,
illdividlllilly cllgmved calibl':ltioll, The
caljbration may be checked by means of a
self-conlnil.lcd, calibrated tuned reed,

Tile distinguishing c!lametel'istie of a.
heat-frequency osciUalol' is its ability to
cover eontillllously a wide rl'eqllellc~'

range wilh one con11'01 lllld, at the same
time, to Ill:tintaiu apPI'Oxillltllcly constant
output. 13y means of sudl a circuit, the
Clltire :ludio-frequency r:U1ge nmy be
covered by the rotation of a single di:11.
'rIds fcnlllre I·enders the beulMfre{IUellc,)'

l)'pc of oscilblor useful for Lllc rapid slud~'

of all types of equipment.



The mai.n dial is supplement.ed by an
Incrcmental condenser, cn.libraled over a
rnnge of -50 to +50 cycles, which facili­
lnles accurate selling of frequenc)'. It is
:lIsa of value ill obtaining small pitch
\·:uialious. as arc [rc(!uenlly required in
ph)'siological and psychological stud.ics.

The design of the instrument is such
1I1llt the wa.veform aJld power output arc

ample for practically all experimental
uses. When it is used in accordancc with
Lhe ollcl'llting instructions. the reliability
of the frcclllcncy calibration is excellent.
Doth oscillators operate ncur 100 kilo­
cycles. and the circuits arc adjusted so
that the dirrerclI(.'c frequency Inny be
reduced Lo 1 c.ycle without their "pulling
into slep" wit.h each other,

SPECIFICAliONS

Frequency Ranl1e: AltJlo\lgb cnlibrnted betl\'~D

10 C)'e1I'S and 16,000 cycles only, it will deli\'er power
ol'er a slighll~' widcr range,

Frequency ContTo!: The maio control dial is en·
grnvetlal lellSt at e\'er~' ollt'-huudrcd-cyde inlt'rval.
llle total.!K'Ule length lIeing arproximntely IS inches.
There ill 11.11 additional auxilinr.r control covering II

blind .so c~'cl('s wide on eithcr side of the frequenc)'
determined by the setting of Ule main dial. This is
useful for making resonance cur\'est measuring pitch
increments, and the like.

Frequency Calibration: A tuned lOa-e,rcle reed
is provided to supplY:l dlecking point. In operation,
tile main tuning control is set to 100 cycles, and rt

lero-ndjusting condenser is :u.ljusted until the oscil­
I:ltor fre<luenC)' And Ule rced frecluene)' II.fC in Agree­
lIIent. a$ shown by wlLximum deflection of the reet!'
TlIC reed Adjuslment is correct to wiUlin I cycle,

Each instrumenl is individunll;y (:lIlihrntetl, 1I11t1

lhe main tunillr.;-oonlr\)! dinl is then eUb'l'II\'et!.
'file l1\lxilinr)' dinl is marked with olle ili"ision for

e\'er)' I.eycle iotervnl.
The. enlibra1ion COlO be rdied upon to witllin 2%

nrter the oscillator 11IIs been adjusted to the reed
frequcne)' at the lOO-eycle point. within one )'cnr

from the dale of purclulse.
Frequency Stablllty: Greal care in design hM
been IAken to provide adctluate thermal in.'lIlalion
and \'entilAtion, thereby pmcticnlly eliminating
rrequene.r drifts from this crUise.

The rrcqueney W[l~' drift 5 to \0 e~'des in the first
t,,·o hours from healing, but it is n~gligible there­
oller in lilt: absence of n marked change in room
temperature. A 15-volt change in lIuppl)' \'ollage
causes less than 1 e~'cle ~hirt in oul,plll frequene~'.

U the lIccurae~' of tile work jusli6essueh a precaution,
the o.~cilll\lor mtl;)" Al any time be e1leeked ng:linst
tile tuned reed.

Output: Mn:'l'illlum open-circuit \'oltnge is ISO
\·olts. approxinllllelr: 1IJ:Il<imUIll power outl>ut is
about 2 wllta. The outpul control is a 30,OUO-ohll)
lapered \'ohage divider, Olllput voltage is mCl'Isurc!lI
11.\' a linea....scale VACUUQl-lube voltmeter.

Fnr any resillti\'e loatl the oUlput voltage \'nries
b,)' Icss Umn 0.5 db (5%) hcl\\'cell 30 Jllld 10,000
c)'c1c.~; leM tlliln 1.'~ db (15%) bdween 10 :tm!
10,000 eycle.~.

Wa"eform: At fre<tui:lleic$ al.tt,,·c 100 e.\'c1~'s, 101:11
IUlrIlll'lIliecontent is less lIwn 1% or the fundnmental
lltnplilulle. I\t 10 c)'cles, harmollics lire It;\s tl.mn ,5%
(illirudurcd by the iroll-core out,mt transformer).

Dy thro\\'ing n switch on the [lllnel, the output
vollage is reduced to lItO of ita normal vnllle.
nntl the IUlrlllOllie conlent is broughl down to leu
than 1% O\'er tlle elllire range of the instrlllllcnL
!'01\'CNUPllly ripple is approximately 0.1 % Oil full
OlltpUt: 1% "'hc:.n UJe oulput voltage h03 been
rcducet..l by 10:1.

A means of checking the performance of the oscil­
lator is provided so thnt improper load condiliolls,
which would increase lhe IlIlrlllonie conlcul, C1111 be
dd«te<!.
Power Supply: 100-1'20 I'olls, '10-60 c~'cJcs, tIC,

The I'ower C<lnsllnlptioll is llOOlll 8:; wiltl!,

Moullllng,: 1\11 apparatus is mounted on lhe en·
gra\'ed panel which is finished in black erAckle
lacquet'. The panel is mounted in a huvy oak CIl$f:

with brass carrying bandle.~ and Io<::k. lL mll~' he
bolted to the wall. hinges allowing tbe cabinel to
swing oul for replacing tubes. ete.

Tubes: Tbe nccesSlIf)' lube5, S t.ype 41. S type lieG.
2 t~'IX! 2i\S, and 1 t~-pe 80, tire supplied,

Accessories: 7-1001 connecting <'Ord 1.s JIIPI>licd.

Dimensions: Panel, (width) 19:r (height) !NJ.:(
illehcs. O\'ef-::11 cabinet si:r.e, including bamllcs,
(width) iO,!.i :r (height) i5 :I: (depth) II inches.

Screw holes in the plUlcl are Ule standard spacing
for mounting the instrument in n TYPE ..SO (stAnd·
Ard ID·ineh) Rel:lS Rack.

Net Weight: Si pounds.

T,llie Code lfIurd Prj,.,.

;13·1\ I 1 1J~:lI\lr I
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TYPE 613·B BEAT·FREQUENCY OSCILLATOR

This is a lHtlle~r.operalc<1 instrument
which possesses the desirable fentu.res of
good waveform, frequency slabilil:J', and
open scale which cbaracleri7.e the TYPE
713-.'\ BCo'Ll-Frequency Oscillator previ­
ously described.

This oscillator is adjusted Lo the cali­
brated condition· b~' selling to rCi'Ol1al1rc

with;l Ollc-llUndred-cycic lUlled reed. The
di;Ll of each inf;lrulllelll is imli,oidunlly
calibrated lllld cngrlL\"cc!.

The TnE Ol~I-n Oscillator lws lJ~cn

found especiall~' villuable ill physiologic-.tI
ami p!'schological research at audio (re·

<lucncics. A useful accessor;}' to Ule oscil­
lator in Uti npplicntioll is the TYPE 5S9-P
LlcrcmenlaJ-l)ilch Condenser (see puge
27). This condenser i~ c:llibra led in sin~lc­

c~'c1e frc<jucllc.y incrcmcJlts nlld can hc
used to ntry lile output rrc(l\leI1C~' rc­
pCllledly over 11II~' range or less lLUln 100
('.ydes nho,'c lite main dial selling.

The oulpul hns beell carefully fillered
1.0 cI imj IlU le spurious Ii igh rreq u neics.

SPECIFICAliONS
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Frequency Range: Calibrated belween 10 eycltll
aDd 11,600 c)'cles, il will llctunll" deliver pol'''«
at frequencies .lighIl)' lower lind higher, respec­
lively, titan lhC5e.

Frequenc)' Calibration: A rtference calibratioD
is seetlffii II)' sdting the IUllin tuning control to tile
l00-c)'4:le gnllJllation, lIlark~1 "REED," and theu
adjll.lliing the c:ompens.liug condenser until tbe
calibratel'l tuned reed \'ibratu at maxiwuw
amplitude,

Each instrument is indivilluaUy calibrated in
terms or the GcnC1'1I1 Hadia Company's standard of
frequenc)',aod the. dial of the uuio luning control is
then engn\·ed. TIl(! dial is 6 indk"J in diameter and
Wu a spl'ClId or i70· so lh2tlhe scale is spread out
oyer alUWIL I" inches.

for ODe )'ear rrom the lIule or purdwse. tile Cltli·
bralion can be relied upon to within 270 aflt'r the
o5cillator has been c:bc:eked at the ttro-bea1IJOwl.

Frequency Stability: Th~ radio·(n:qucne)· os·
cillators are stable. lintl under uniform leWllCrature
c:onditionlllhc bcatlrequ~oc)' will slay within a rew
cycles O\'er 11 period of Ie\'eral hours. Changes in
lIulhie.ul temperalure will caUJC slight chnnges in
flUtueney bealU8t or the. temperalure c:oeffici~nl of
lhe tun~d circuiu. When a drift in frequency i!
olJS(:!'\'ed, it can be. oorrecled b)' readjusting for
m:ls.imum amplitude of thc tuned reed.

Output: Th~ open-cin::uit output voltage does not
depart (rom " 19·voltll.v~rIl8t b)' mor~ lhan W%
O\'U tbe entire (requene)' ra.nge.

Internal Output Impedance: 6000 ohms.

Wa,'elorm: On open circuit the. lol.1 harmonic
content is less thllll i% of the rundamenlal above
100 c!'·dcs. With,. SDOO-ohm load it is ks.1tMn S%
above 100 c.\'de"; below 100 cydes it inc:reases
ral>idi)' as the fretlUcney is rWuc:ed, reaching 10%
at 20 C)'cles.
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Controls: [0 audition to the mnin tuning control
antI tile auxiliary control for adjusting to the 100·
c~"Cle rducllce frequency, there are L1lc output
voltage divider Bnd the fil;uuenl Il.UO luned-reed

OX-oYF switches.

)feters: A filament voltmeter llml R detector plnlc­
CUffenl meter are mounted on Ule IJlulci.

Tubes: Three 330·type nnd onc S31-I,rpe (neA or
clllliva]cnl) lubes are required :'tnd llrc supplied /HI

initial ct[uiptllcllt.

Termlm\Js:: Two binding posts on the panel arc
provided for mnking connections to tlle oscilhtor.

Power Supply: Sp:tce for mounling thn.:e liS-voH
Illalc bll'tlcries and two No.6 111")' cells for !illllllc.nt
Sllppl)' i!l jlw\·i.lcd inside the cabinet.

i"lountin~: The instrument is mounted on all
aluminum panel finisbeJ in ulrick crRckle 11l<;<luer
Rnd contnjned in R polished walnut cllbiw::t wiUI
carr.ving handles.

Dimensions; Panel, (width) 19 x (11I:ighl) au
inclJes. Cnbinet, (widlh) 2~); (height) I'.:!U x(dCptll)
9 inches. over-nIl.

Nct Weight: 93)4 pouml:s lI'ithoullmlleries.

Typ'

613-8

(,'ode Worn.

:s"AVAL

TYPE 377-8 LOW-FREOUENCY OSCILLATOR

In the communication laboratory a
general purpose oscillator is an extremely
useful instrument. An oscillatorrorgcncral

use must meel more rigid specific~ltions

than anj' other Lj'pe bec,tuse of the wide
range or uses to which it is pul. rJ.'hcTYI'E
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377-D Low-Frequenc,}' Oscillalor is de­
signed to meet the dcmllnd for an instru­
ment of this 80rt. lts fre<luency rauge
extends from lhe low audio to low radio
frequencies. Frequency stability :lnd low
hnrmonic content are other imporlant
characteristics. Among its uses nrc bridge
measurements of .Lil kinds, studies of the
response curves of lransformers and loud­
speakers, the study of filter ch:uacter­
istics, and the study of cable and other

dielectric behavior. Sillce the frequency
goes to 70 kilocycles, power level and
:tltclluation measurements on lines and
networks can be made a.t carrier as well
as audio frequencies.

This t)'pe of oscillator is useful in
general scientific work as well as in UlC
more specialized problems of electrical
communication and is recommended for

general use Ul college and induslrial
laboratories.

SPECIFICAnONS

Frequency Ran~e: :\n~' fr«lllency between 25
c.rd~ nnd 70.000 cycles (,-;l.n be ublained. The range
enn be edeodell downward to 10 cycles for :I small
ndrlilional charge.

Power Output: SO milliwlltls with olle Ilmplifier
tube; 100 milliwatt! with two omplifier lubes. It is
fttljuslablebymean$ofn vohngedi\'iJer. Tlteinlernul
olllpllt impedance with the voltage divider sci Cor
m:u:imum output ill approximately !WOO ohms wilh
1\\"0 nm"li6er tuhr,S and :l!IOO 011111.'1 wilh oue

nmillificr tube.

W;l\'eform: The mnsimllm harmonie I:ootent is
about S% of fundomentalaOlplitude. 1\108t of it ill
introduced b)' I.he amplifier.

This may be reduccll 10 aboul I % for loads of
8000 ohms or more by rcducing tile signlll level
applied to the Amplifier. The meUlol1 of doing lhi$
iovol\'es changing coul>ling resistoril aud is dc.~crilK:t1

in the instructions l\Ct.'Oll1l)lln~·ing the iD.'Ilrulllcnl.

Calibration: A calibnltion for .50 points. oceurUle
to within 10/0. is made ill lerms of the General nadio
primary slondllrd of frequency for each instrument.
The correspondi.cg seUings of the condensers ond
the inductor switches are enlered 00 two charts. One
is mounted inside the bnck (,'Ove.r. thC! other in :tn
aluminum chart holder,

Frequency Stability: Changes in lubes andoper.
aling vollllges have a minor erred on the fre(IUene)'.
a change of 25% ill pll\te voltoge. Cor e.umplc, pro·
ducing about 0.1 % chnnge in frequeoC!y. ChaJIging
lubes causes about the same omount of shift. This i5

unU!luuJl)' good performant.:e for a powcr oJ;CiIllltor
of SO wide.:I (requencs rlinge.

Controls: All conlrols arc locntcll on the p:lncl.
They ore: intllld(lr sc:leclor switches. I;olldellser
switdlCll. varinble comlenscr. feC4I·l.mck ll(ljlJsl.menl,
output powcr adjustmcnt. and tilanlenL rheostnt.

Meters: l\leters are pro\'idcII fur rending oscillator
grid current as nn inde.~ to (,'Orrec:t fced·hftck adjust.
1llC!lIt, filamentltll(l plate "OhllgC. und oscillator an,l
nml>line.r plnle current.

!\'Iounlin&: All parts n~ mounted on nn engrll\'ed
bakelite pnllel in a heavy ook CllSC wilh Cllrr.'!'iog
llandlt:s and :l COl'cr. The case. mil)' be boltl!(1 to the
Willi, hiuRcs allowing lhl! cttbinet to swinK oul for
t(~I)lflcillg Luh~. etc.

Terminals: All bllttery lilld output terminals lire
inside the case. which h!l:l: holes in its side Cor the
connecting wircs.

Tubes: Two or three Ilt.A·t~'pe(RCA or C<llIi\'lt·
lenl) tulJes lire used. one os nn oscilliltor and either
ODe or two Il.!Illlllpli6ers. Tubes ore SUllpliLOfI wilh t.he
instnlment os illitinl eqllipwellt.

Power Supply: 135 voll.8. 10 UIli (plal.e) nml 0
volts. 0.75 a (liinmenl) (Ire requirL'I1 to opernte S
tubes in adtliliou 10 thc grid·binsing bllllery mnunted
inside the case. Only UIC Inlter is includl!d in the
price of the instrument

Dimensions: Cobinet \\;th cover, (widlh) HIJ/s x
(height) 18 x (depth) IO~ inches. o\·eNLII.

Net WeiCht: 55 pounds.

Altcrulioll to extentl range downward lo 10 c~'des

Code IJIII,II

O~H:(;A

~:Xl'RA

Price

• Use the compound code word om:G.U:XTn.\ wilen ordering aD oscillntor willI llle alleratioll.
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TYPE 508-A OSCILLATOR

This is an altcrnating-eurrcnt operated
instrument of medium power, ;yiclding 10
frequencies scpamled b.y approximately
cclunl percentage inlernlls Lo 00'" rUle
mOTe commonly used portion of the aud.io
range. It is intended for use in bridge
measuremenls nnd in measurements on
electrical cOl1llllunicaLion nppnrnLlIs aud
systems wlJ.cre it is ncccJ)s.'lry lh:ll meas­
urements be IIlnde :t.l a, 11ulllbcr of different
rrc<p,I('llcies.

The O.5-wull power dclivc."cd hy Lhc
TnI-; SOSRA Oscillalor is ;1 di.slinct :td­
,"anlage ill illcrCfLSillg lile sensitivity of
hridge 11IcasurclIlellLs, sill(''C il is consider­
Hbl~' ill est:css of Ulal aVllilable from the

small e1cclro-uux:hanic:tl type of oscillator
ort ('11 1I~1.

This os("illalor i5 cnlircl~f ahenlaling.
current ollCrah..'tI, as in Ihis way the l)Ower
rC(llIircd is obtaillcd nt n minimullI ex­
(>Cnse. and the necessity of maintltil\·
iug all cxlcrn:tl power.suppl.y system is
:t\'oitlcu.

lJol.h fretluclIC.)' stability autl ontput
\\':wdunn :Lrc food for nil oscillaLOr de·
livcl'ing this pOWCl' outlJlIL. There is no
dil'ccL ClllTcnl in L1lc Olltpnt circuiL.

IL is Ilormtllly supplied mouuted in ,I

ctlbinct. but a model ttdaptcd for mount­
ing in n st..tndard 19·inch rclay rack is
aWlilfible.

SPEClflCAliONS

frequency Rante: The 10 rrtquencies aYlliJ·
able Are 200, SOO, '00, 600. 800, 1000, 1600, iOOO,
SOOO, ~tuJ :a.ooo C)'ees.. Selec:t.iOD i wade by .II lingle
Io-point &",itc:h, Frequencies between U1ese ,·.Iuts
tao be Jc.C:ured by !.be use olllD extt-roal condenJer
which can be plugged into the jlJ,ck It-rminals on tbe
panel at the left, For frequencies between 250 c.rdt.&
and 4000 c)'des a TvP£ 219-G Dee:ade CoDt!en5U
with n. T,.p~ 3$S-Z '-l\rillble :\.ir Conl!erulCf i
suit.hle. Ilc.twccn iOO c)"c1es and 250 c)'" lea :10
additional 0.5 Ilf wlltlctlser is rClluin:-ll. TItCiC con­
IJensers are Dol supplied wilLt the itl.!llrucncnt.

Frequency Stability: Any frequency or thi.s os­
cillator ean bt rtJied upon 10 remain constant to

wiUlin I '" over a pt.riod of lle\'emll.ours in spite of
changes in load or line ,·oltage,

W:I\'eJorm: On open circuit. the Iota.! harmonie
oontenl of the output WlI;\·e is less than 8% of the
fundamental amplitllde. This increases as the load
irnpedlt-D<.'C i1f reduced, approaehing a Dlaximum of
II % whC.ll the output terminab ;Ire short-circuited.
'nle maximum open-circuit hUIII voltahe lJ,Cf'0$5 the
terminals is 0,5 "oil.
"~requcncy Callbnnion: ..:ad. instrument is
ndjusletl in our laboratory to within 5% or the
rrClluC.llcies engrtlo\'ed on lhe pl'"cl.

Output: Approximntcl)' 0.5 waU into 1\ 108(1 of
iOOO ow, This maximum po"·er output varies
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l>etween npl)roxim;ltel~' 0.3 wnlt flud O.S walt I1S the
frl!<luency is clmuged. A bigh·ilul>cJunoo voll:tgc.
Ili\'idc:r for ndjmting the !)()wer output is iudUiled

lnlern:ll Output lmped:wce: 200(1ohmj; III
mn.'l:imum output.

ControlS: An o:-;-orp switch (or Lhc. power suppl>'
is the onl>' control except for the. frequenc)' .c!ecIQr
:lud the \'Ol.um-: vollnge di\·jder.

Tu bcs: One 24;J-l)'pe tube nnd one 280·l>'pe rceli·
lier tube (HCA or tqui,'"Icnl) lll"(.' SUJljJlietl.

Power Suppl)'; 100 to 120'\'011,50 to GO-c.relc line.
The power drnin is nbout ,~O Willi'S.

Terminals: The lcrmin:dll for oollilcding lIu: ouL·
put and ror attaching llU utcroal condenser (sec
"Frequent)' Hllnge") llrc moun led 011 the plllld.

MountinC: All npparll.Lw is motlnted on a metal
sllcll st,<:urctl to the aluminulIl front panel. The eir-

enit is entirely enclo.sed in A Uletallic sbic.1d to pre­
vent pickup to associated AJ>paro.lus. It! normally
lupplied. the shielded oscilliator unit is mounted in
II hand-rubbed wlllnnt cabinel. This is known /l.!I

Tn'.: SOB-AM.
When 0. model mounted in a standard 19·inch

rein)' rack is re<luired. the unit. can be remol'ed rrom
t Ill;); cabinet and pro\'ided with panel extension plales
lu s~ure the !ltnndnrd witlth. An oscilllllor so modi­
fied is known IU 1'yl'£ 50S-Aft.

Accessories: 7-root oounedillg cord is supplied.

Dimensions: I;<'or TYPE 50S-AM: Panel, (width)
15 x (height) au ioclJ.es. Cabinet. (width) 18 l:

(llc.igbt) 10 x (depth) '12M inches. o\·cr-all.
For TYPE ,'j08-AR: (Width) HI x (htigbt) 8~ x

(deplh behind Ilanel) 10 inc:be.~, o\'er-all,

Net Weight: 58 pounds for TYPE 5OB-AM and
SOM pounds ror Tn'£ 6OB-Aft.

Typo

50S-AM
sOSMAH

J>ucriplum

Cabinet Mountill~ .•..
For Relay-Rack Mounting.

Cnd. Word

•..RROW

AIISOX

p~,

TYPE 213 AUDIO OSCILLATOR

Tbe TYT'E 213 Audio Oscillalor is :I

ballery-opera Led, eleclroMDlechawcal os­
ciUator in which the Crequency is stabilized
by a tuning Cork. 1l is intended for de-

livering small amounts of power ill bridge
measurements and telephone line tests.
The 400-eycle model when used wi Lb a
T\TE 530 Dand-Pass Filter is recolUlllendM
cd for use in broadcasting stations where:l
lest signal of good waveform is re<lll.ired
for measuring modulation percentage, dis·
Lortion factor, and speechMnmpli6er gain.

Because of its reliability lbjs oscillator
has been used in police radio systems and
nirplnne beacon trtlllsmiUers to furnish a
lest sign..J.

The frequency is determined b,)' the
frequency of the tuning Cork 'n'hich drives
a microphone button. The advllnlages of
Lhis oscillator arc simplicity, reliable operM
aLion, nnd rugged construcLion.

SPECIFICAnONS
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Frequency: Two models. olle operntwg at 1000
c)'des Bnd oDe at ",00 cycles, I1rc cnded inslock, but
special instruments c:l.1l be construded for nny 100­
c)'de llIulliple between '100 cJclt! ADd l.'iOO cycles.
Designs nre on file. prices on requesL

Frequency Sfabillty: Tile maximum ehlUlge in
rrequcncy with load is about 0.1 %. This and \'lU'ia·
lions introlluced by temperature (tte entirel)· negli­
gible ror pnteticall,)' llll purposes ror which this
oscillator is likely to be used.



Gallbra rion: The acLWll [rt.'queDey will be lellllhan
the rllted \'alue b)' about 0.5% btcaUJle of Ule loall­
ing of the fork b)' thc microphone bullon.

Ou tpu t: A lU:l.xilUum of 50 milliwatts ('AD be
obtained.

Internal Output Impedance: The power out­
pul is ~Ieli\'ered through a lransformer-61ler. Three
taps llre pro\'illcd permilling Ute use of londll from
:10 to 10,000 0111118.

Waveform: The harmonic (.'OlIlclil varies wilh Ihe
100ui imrcdancc. Wilh nOrmal resisth'e lond. it will
\'lIf)' fn:lIu ahoul 3% 10 8%.

Tubes: This ill tln e1eclro-mecllllllicll.l oscillator nud
rC(llIires no lubcs of any kind.

Power Supply: Normally obtained (rom 8 6·,·olt.
d-c SQUl'CC! aucll Il5 A storage balters or dr,Y cdls.
Drain approximately 125 mao

Terminals: Two binding posts for the power
suppl)· anti four binding pOSts for lhe oulput cir­
cuit are mounted on the panel.

~'loun(lnc: All parts are mounted on n bskelile
panel in a polished walnut cabinet.

Dimensions: Pnocl. (width) 6}1 x (length) 4M
inches. Tileovcr-all height of the instrument del)ends
upon the frC<lucncy. being 5 inchc.~ for fn:qucncies
between 1000 And 1500 c)'eles Rud G,YS inches '*
ll\'ccn -1.00 and 900 creles.

Net Wel~ht: Approximately 5.J.1 pounds.

1000 cycles
400 cycles

Code U'l1rd

ANGEL

AI.f08E

Price

'S~dI1 hequenq :&:I 11"(,11 .. lYpe Dumber ....hell orduillr. I'rica for other Ireqllellcles ";11 be $uPlIlicd 1111 fCIlllcJL

TYPE 484-A MODULATED OSCILLATOR

This is a porlable, gcneml-purpose.
radio-frcqucnc:y osciUnlor covering the
wide range of frcqucllcies so often required
rOl' the h'lbol'3.tory. II is modulated and
suUiciclltly well shielded to permit of
iLs lise in radio-frequell(:~' bridge-circuit
measurcmcnls where the expensc of a
pCl'feclly shielded st.allcl:lttl-signal gener­
ator is lIcilhcr ue<:cssftr~' nor justifiable.

As a malleI' of fad, lhis oscillalor was
designcd with the particula.r requirements
of Ule 'frpl:: 516·C R;tdio.Frcqucnc)'
Bridge in mind.

A sLr'lighl-linc-frc<lucncy condenser
driven by :l prccision diul is uscd for
luning. A.II iuductors al'e plug-in ;lS is t.hc
modulat.ing oscillator llniL. Spacc is pro­
vided ill!lide the tabiJlct. for batteries.
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SPECIFICAnONS

lion-osdl1nlor unit in place of the IOOO·cycle IInit or
1I.r c,'onnectillg a sepl\rute os/·il1:llor ill the cirCllil.
Tubes: Two SO,t~·pc lubell. suppliCtI lI·ith tile

instrument.
Batteries: Two l\o. Gdry cells nml three 4S'nlll
Uurgess Ko. 5308 batlc:riell, or e(luinilcnl. IIrc
oece.s.'Illr~'. These \'Ire not illdllllcd ;n the price or the
instrument. 1).'1t'e ror balleries iii provided in the
e:lbinel.
Mountlnl1: The oscillnlor is nsscmbled on n Lhlck
crackle·finish aluminulU pnne! aoJ mounted in D.

shielded wnlnut cabinet A drnwcr i.~ provided (or
the inductors not in usc.
DJmenslons: (Lenglll) 18 x(deplh) 14~ x(height)
li~i inches.
Net Wei~ht: :JiJ.!! pouO/ls. without bnltt!rics;
.Jr.,!;:! poufills ~'ilh bnth~rit',$.

Frequency Range: 10 ke to 40 Me by means or
leo plug-in inductors. In addition. two b:lllcl·sprcall
inductOr!; nrc lLvuilnblll. Imluclors UTe not indudcd
in tllc prit'e of I,he instrulllent Ami lIluslhc urdcre,1
$Cp.,rll.lely. See Tn'.: 4S·l·[J Inductors bc:lo\\".

Calibration: Cnlibrntions lfC not inclllllcd. On
'jlC<!inl order, howc\·cr. n t>t1librnlion CUT\'C :lI.:curnle

to within Icro eml be sllpplied for ;my imluclor. (Sc.'<:
prk-e list.) Lltluctors III\1Sl be cnlibmted in the oscil­
IAlor with whidl they arc to he u~c1.

Voltage Output: For frequencies in the brotul·
ellSl bRud and below. tlle IlllUinllUIl ollt"ul ill ~.O

volts. At higher frequencies the. vollngc progressivel)'
decrenses until at the bighcsl frequencies it is ap­
pro.'timntely 0.2 \·01t. Over the range of one t'Oillhe.
output voltage varies h~' a rnlio of Rpprol(imntel~'

1.5 to I.

l\lodulation: lUlcrnul lOOO·c)'dc \'Il(,:UlIlU-tUbe

ostilllllor, pro\'itling :lImroxilmllel.\· 30% moou­
lnlion. Pro\'ision is mrl/le ror modulating at otller
rrcQllen('iC:i br ~ilher plugging ill nnother modllln·

484-:\

('ode "'orll

CR&'IT

TYPE 484-P INDUCTORS
SPECIFICAliONS

Dlmcl1sions: TY-PE 4S'~·PI to Tn'E ·lM-PI4, ·~8·'-Pi!I, (lengllJ) 2,% :c (witill.) 2H x (hl'i~hl)

(length) S x (dinmeter) S~ inches. oveNin. Tvpy. ;is inches, induding plugs,

Typ' FrtqlfenClJ RIHlge Ntl Weigbt C'JIir: Word

-484-PI 25 Me to 40 l\'tc 6 ounces MODOSCDl II II

-484-P2 9.4 ~'!c to 25 l\lc 60uuce5 MOD050DESK

·484-P3 3.55 Me to 9.4 ~'Ic 9 ounces ~lonOSlJ.·onn

-484-P4 1500 kc to 3550 kc R ounces }lonO!lCOllil.

-"84-P5 500 ke- to 1500 ke 10 ounces 3.10n01'CGO"T

·484.-P8 160 kc to 500 ke 7J4 ouncc!> lIOIJOSCA1U'T

·484-P9 60 kc to 160 kc o 01111(,'(,';S MOI)OSCAL.L\'

·484-PI0 27 kc to 60 kc 6.11 OUDc.-eS MODOSCE1'nl'l

""54-Ptt 160 kc to 270 kc 9 ounces lIO()OSClll'MS

-484-P12 100 kc ± 2 kc l) oun«s 3JODOSClIILIo:

-484-PI3 15 kc to 27 kc 7ounl'ros UOI)OSCJTCII

-4,S4-PI4 10 kc to 15 ke 7 OUllCes 1I01l0lJ(:ONI,1"

Prier:

484_P21 400.CycJo Modubtlng Unit 9% pounds MorJl)lSC........M

Frequency Calibration (per Inductor) OtlR\"};

'Fn:qu~Dcy..",lib....1iOIl slipplit'd Dilly "'hcllordtrtd.Toord..r ... lihrAte,1 ;ndlleto~, t1~ .....lIlpl)" ..<1 <"'de ...ord" t.g.. loIono..canlfleUIl<'I:. d~.
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100o-CYCLE BRIDGE SOURCE

Vibrating-reed type, carbon-button dri\"e from 4..-) volts. See
the descl'ipLion of the TYPE 572-B Micl'ophonc HUlllmer,

page 152,



TYPE 514-A AMPLIFIER

As methods for making eleclrical mC:lS­

urclllcnts at \"<uious (rec:111cncies iucrca.sc
in 3.<.'Curacy, there has arisen a tlemund (or
An amplifier !ioUlcwh,'tL different ill pcr­
formance Crom those generally available.
For work in connection with precisiou
mcnsllrcmcnls, such an amplifier must ue
cnp:tblc of operating on signals of ex­
Ircmelj' low inLensity and 5110ul<1 <."Over
t1 wide range of frequencies will! (;lirly
uniform efficiency. It will he recognized
that these operating chartlcLerisucs are
essential where au amplifier is to be used
in determining the null point in bridge
measurements and ill similar work. It is
II.lso ne<.-essury that the amplification he
st:able in order tl:ml the amplifier may
be used for comparison methods. TLtese
same requirements must also be met when
the amplifier is lo be used ,nth photo.
elLaclric cells and wllh microphones.

The TYPE 514-A Amplifier. designed to
meet Ulese opcmliug requirements. em­
1)loY5 a three-stage resislallcc-cnpneitance­
coupled circuit opemted entirely by dry
b:ttleries. The input impedance lllay be
"aried to meet external circuit conditions

lind l1J:l~' havc ,·:ducs slInlcieutl:t, high to
pCfmilllle :ulIlJlilicr Lo bc useo for obser­
valions 01 "olL:lge across high imped­
an<.:cs. 'the output is designed to work
into load impedances of 20.000 ohms. lL
is. there10re, suitable for usc wilh hc:\d­
phonc~ or with n coppc.r~O:.;idc-l·cet.ifier

voltmeler. Whcn used with thc blUcr
instrulllcnt it funclious admil'ably as
a high-impedance Ligh-sclIsiLivity volt­
meter. Uy means of :l volume control
having a nUlllben."<! scale, it is possible Lo
adjust lhe scnsitivit.y Lo sollie prcdeter­
mined calibration.

A lllulLi-eontaet plug receptacle is
mounted in such a way lhat external cir­
cuiLs, such us condcnser transmitters.
pltoto-elcctric cells, and similar de\·ices.
together with thcir associated :llllplif~'ing

tubes, may be connected to the amplifier
by means of a single cable. Where such
au.'\:iliary equipment is used, the entire
power supply nut).' be obt.1.ined £rom llte
batteries associated with the TY!'E 51-1-A
Amplifier through connections to the
multi-contact receptacle b).' means of a
TYPE 514-Pl 7-Conlacl Plug Unit.
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SPECIFICAliONS

Frequency Ran4e: 'fhe gain of thill amplifier
is practic.lly constant over the rrequeney band
betw~o 50 C)'cles and 50 kc although the actual
upper Iimill are delermiued to • large extent b)' the
tube and vAlue 01 load resi.,tantt used. More specific
data are &\'.il.ble on request
Amplification: With. iSO-lype tube and an
external load of 20,000 ohms the volt. ampliJjea­
lion is in excess ol 200 to J. With • !31·t:rpe tube:
llDd an atemal load of .5000 ohms the voll.:lge
amplification is in escess oS 50 to 1. Amplification is
adjustable by meanJ of • pol.e:nliomeler in the grid
circuit of the second lUbe.

Intern21 Output Circuit: With a iSO-lype lube
Ii volt. tU)' be: obtained acrou aD extemaJ load of
20,000 ohms. With a is I-type tube 16 ,'olll may be
obtai.Ded .<:roII an external load of 5000 ohms.

Input Impedance: One mt'gOhm. Interclaa.ngcable
coupling uoil$ may be used to gh'e other ValUCll all

required. Complete inform.lion it given in the
instruction book acecmpanying the instrument.

Tubes: Throe 2SO-~-pe tubcl. or t1li'O iSO-type and
one 2S1.1)·pe tubes. are required. Tubes are
included in the price of the aWI,lifier.

Power Supply: Two 1.5-,·0It No.6 dry cells, three
4,s-volt IJlo<:k bAtteries, nod one •.$-volt or ooe

1I:2..5-'"1)lt block batter)' with tap at 4.5 volts art:

required lor filament-. plate-, and ltrid-<:irc:uit sup­
plies. respectively. The filamwt-eurrent draio ill80
rna at i "ollsi 250 mil. at i ,·olu. if the "I-type tube
is used. The total plate CUfTt:nl is t.4 rna At 155
volts; or 3.4 mao if tbe iSl-type tube is used.
1J,,1lene. Are nol included in the price of lhe
amplifier.

Mounti.n~: The apparatus is mounted 00 a me~1

.helf secured to ao aluminum front panel and is
entirel)' wclosed in a melal.hie1d to prevent pickup
from UJOci.t.cd .ppllratus.

The unit way be furnished mounted in a walnut
cabinet having SpAct for batteriel (Tnt: .514-A:\I)
or it can be supplied 6ued with panel utensions for
mounting in a standard It-inch (TUE 450) relay
rack. The rack-mouotiDg model is known a. TTl'E
514-AR.

Dimensions: Panel .i%e, (width) Ii .l (hc.ight) j

inches. Cabinetsiu for TnI': 51"-A!\1, (width) 15 x
(hcight) 8M J: (depth) au inches. o'·er..lI. Sue for
TYPE ~I"-AR, (width) 19 .l (height) 7:1 (depth) Ii
inches, o'·er....lI.

Net Weight: TnE 514-AM. l.5!1' pounds; TYPE
514-..\R, 10~ pounlls. Tile nC(.'em\ry bAtteries
weigh appl'Qximnlely H~ pound:!.

Dt:lcriptioll Code Word Price

SI4-AM
Sit-AI'.
SI4-PI

Cabinet Mountln~ .
For Relay-Rack l\"lountlnQ , .
7-Contact Plug, Unit, .

TYPE 714.A AMPLIFIER

.... UOUII

.... n»Oll

....nnAT

The TnF. 71-l·A AIll»lirier is a high­
gain, wide·rangc, n-c operated amplifier
designed mainJ,y for use with cathodc-ra)'
oscillographs. 'Vith its lise Tn'E 635-D

and TnE 687-A Cnthode-Hll,Y Oscillo­
graph dcflcclion sensit.ivities Oecomc as
great as onc-hundre-d inches per '·olt.
without distortioll.

SPECIFICATIONS

l\'rountin~: Supplit.'ll wiLL wooden ends which om)'
be remo\'et.I for tt:l:ty-nack mounling.

Tubes: T,,·o liCG·l)·pc, one SD-tyllt:. and one 8O-ty!)f:
lubes aN:! supplil'(l as illitial t:<luipme:nt.

Accessories Supplied: Set 01 tubes, 7·font po.....er
cord, a.nd spare pilot light.

Dimensions: (I.ength) I!I x (depth) 10M :I

(height) 7 inches. over..IL

Net Weight: 40 poull:lls.

68

G3in: 80 lib muimulll, adjuJltoble continuousl,)·
beh',«:n !W db and 80 db.

Frequency Characteristic: I)own 3 db from flat
portion ill 5 cycles ami at 50 kc.

Output Voltage: 140 "olts, maximum peak (100
volts rms 011 sinusoidal wll.'·e).

Load Impedance: 100.000 ohms or grealer (one
tenuin.aI,-"fOunded).

Input Resistance: O'".:r I megohm (one terminal
/:fOunded).

Power Supply: ()p(:rales from 116-1 'iO '"011, 40-00
C')·cle. aoe mains.

POl\'er Conllumptlon: i.5 wBtll.

COf/, Word

• 114-A I .... URAL

• ~ol .nilab!e "..ul )r.,. ht. "1$.

Pric,
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BRIDGES

TYPE 650-A IMPEDANCE BRIDGE

70

,\ bridge capRoic of lllcasuriJlg rc·
si!;lancc, inducL~lncc, llild c<\pacit:.mcc over
\\'iJ~ mngcs and which is aJwtlj's set up
(Iud rcady for operation is :l vahwblc
adjllnct ill many laboralol·ics.

The TYPE 650~A lmpcd:mcc Bridge i~

entirely seU-t.'Oulaincd, including standard
and lone source, and is direct reading over
wide r;:Ulges of d-c rcsishUlCC,ll-C rcsislancc
nL 1000 cj'c1es, clIpacililllce lIud dissipation

fnclor (;) al 1000 Cj'clcs, und inductance

aud energy faclor (Q) at 1000 cj'clcs.
Results <"Ire re'll.l cLireclly from dials

b:tving approxjllJaLclj' IOffou·jlhmic sC'~t1cs.

The position of the ((edmal point .md
Ute electrical unit in Icnn of wlJclJ the
Illeusuremcnl is Imide IU'C inWCitleti b.y the
positions of lwo sci clor switches,

Resistances rtrC Jllcusured in tenllS of u.
standard resisl(ll.lc:c arln, reactances arc
measured in terms of a mica condenser
stundard, similar in eonstructioll to lhe

T YI'E 50:; Condelll=crs. '1'1 Icac:('unICj' of c:L1i­
bnllioll of the di:'L! 011 width illducttlllce,
rcsislaut:c. :LUei C:lll:lcilancc are re:tJ is
I pel' cent. This dial nmy be sel with n
precision of 0.2 pCI' cent. Tile O\'cl'-illI
accm:lCj' of results is I pCI' cent for c:lpac­
itancc and resi.slullcc, 2 pCI' ecnt for
induetnnt::c. The sllmllest mensurable
quanti lies arc 1 rnj1Jjohm, 1 miel'omiero­
ffll':'Id, and I O1j<:rohenr~', rower is supplied
fl'om four No, 6 drj' cells which opel'ale [t

1000-cjrde hummer for :'I-e measuremcnts,
The bridge Illay also be lIsed wilh till

cxlcl'/lal generator of any audio frequcucj·.
The particular v:llue oJ this bridge lies

ill its <.'Omplete ;)sailabilil,Y tUld the speed
with which iL call obll.lill such iufunualioll
as the inducL::Illc:e and power factor of
coils. lhe nlllge of tuning' condensers, lhe
cnpncily and power factor of filLer con­
densers, find sirnilnl' iufontUlLioll which is
oneil suddcllly required in Lhe coul'se of
olher work.



The simplicit.y o( operation of this
hridge cun best be judged from nn in­
spection o( the panel. The power supply
(or the sclr-(.'Ontnined loue SOurce is in the
compartmcnt at. the re'lr o( the sloping
p:mcl. Thc nodual bnolanc.ing is done on
lwo dials. In impedance mC'LSurcments
the mnin di:ll at the right balalH.:es for
rc:lclnncc. and one o( lhe three slIla.ller
diuls nt the left b:lll1l1ces (or resista.nce.
In rcsistnnce measurements only the main
dint l'c<plircs :lCljustmcnllo ohlnin bridge
1)1l11l11C'C!. The two kllObs III the top cxlend
Ihc ranges o( LJle balancing dials by the
dceimnl multirl~'i..ng f.ldors indi~llcd on
the eJlgr.wed sectors. The hridge dials nrc
dirt.ocl reawng, and the bnl:uu:c is indicated
h~' telephones for the l000-e.rclc measure·
mcnb, A g:Lh'ulIomcter for rJ·c bnlml(;c,'i i~

inc·ludecl on the panel.

4~
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SPECIFICATIONS

(tu.',lunce
CfI/Hlci/fUlce

RlIng,e: '111" rnnge of the instrument nregi"cn in LIIC
'ollq",ing lable. The nwnttit,.t "flll~. IU'C thc r~:ul·

ings 0' the calibrated diab nllllt iplied b.\. the setlings
of tile deCllrle ~1ector switclld.

Jfillimmn "',aimlml

I milliolull I megohm
I micrtlll1icro· 100 micro·

fllmd foruds
/lfIltu:IIII'CC 1 mkrohcnr). lOO 1.<:llr,\'s
Dr'ffi/HlliOlt Fnr:lnr (~) .OO~ I

f:l1u~lJ f'f1cl(lr ( ~ orQ) .O'! 1000

Accurncy: The large direcl·re::ltling cli.,1 ('O,'en 1"'0
deNlodel, the IImin dCCtlde being sprCtld out O\'Ct III
incbu (three-quartcr:s uI tbe dial), II ma)' be §c;l to
0,2%.

Accurac)' of fendings for misl"nce ami c:npa.ci·
lAnce il 1"0 for the intermediate nllliliplier c1ccndcsi
fOt imlucla..uCf:, 2o/c,. The IlCCllnlCY f.lIs off ill the
10\ll'l!r r::anges b«-nuse or the utremel)' lcuall \'alues
to be mC:lIllred. It decreastS to 5% for "U)' 13tge
"Alue' of telist:lnct nnd C'apAcitallC'C:. and to 10%
fot Intge "aloes of inductance.

ACCIINIC)' of reading for rliMipatioll f.ctor or ror
energy fllctot in tenus of its reciproc..":Il is either 20%
or 0.000, \\'Iliche\'cr is the !llrl,:er.

n~ fn:-rIUCIICY of the microphone hUlllmcr is 1000
C:~'cles to within :t:5%.

Ex[ernal Genera[or: Pro\'ision hu betn mlule
for IlSing an external !>'encr.ltor, alUlough its capaci·
tance. to grollnd ma~' introoul'C IOUle: error. Subject
to this limitnlion, L1le (rcclllenC)' 11111.\' be "nried over
l\ ""ide rnnge from n. fe\\' c.\·c!es (0 10 ke, The rendi"g
of the mnin (Hnl is inc!cpcII1Jct.lt or freCIUenC)', while
Ille rcndingll tlf the ellers.\' IIllll t!iuiplltion (nclor
din Is 11Iu51 be IIwltil1licll by or dividerl b)' thQ gell­

crfllor frc<IUCIlC)' in kilocycles to gi\'e t1lC~ correct
,,:'tluel. Pro\'i",ion is mnde ror atl.ling cslcrnnl re·
sisllUICC if it it necessary to inrTCllsc their Illnt:c:s.

Power Supply: Four Xo. Ci tlr)' cell. for L1le d-(:
meaSU~lIll!lIt1 aod for un,'iog the microphone
hummer nrc: rcquin:-rl. anclsl).,\c:e (or them it pro"idcd
in the cabinet. Daltcries are not supplied with the
instrllmcnt. A highe.r d-<.· \'olbge may be conncrtcd

to the. bridge ror Iti;;h-resistance measurements,

MoullIinl.l: Ulack cr:cckJe-lini.dl a]ulllinum p.,nel
mount~1 in a .hieltletl W"ulnut e:r.binel.

Dlmt'.nslons: (WitJth) I~ S (tlepth) 20 x (heigl.l)
~I:.! inches. over-nil,

Net WelclH: I!~ pounds without bAlleritll: :JO~5

pclulliis with ballcrics,

65U-A I... . I
Coclc trord Price
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TYPE 516-C RADIO-FREOUENCY BRIDGE

72

While bridge methods h:wc been !'llolld­
arc! pracLil:c for direcL-<:urrenL ;tnd :1udio­
rrefJuellc~' measuremellts, bridge circuiL"
suitable (or usc at. high freqnencies have
not been U'"n.ilablc. DC~'OI\(1 n. vaguely
dcrincd limit of aboul50 kc. voll':lIll1Uelcl'
nnd rcsomml methods have ,yielded some­
whaLilmbiguolIs results, :llld lhcrelmsbccll
11 need or SOIllC worc s3lisractor,)' measure­
ment melli'll; ilL l1Jesc frequellcies.

The G~ncral Radio Company has di·
recled its cfTorLi to tltis problem ror :l

nllmber of yeurs. The prillcipill problems
have involved tbe elimination of spurious
hnpcdances existing belween bridge ele­
ments :Uld between clements nnd grou-ud,
3S well tiS those illltCl'cul in the clements
themselves. Thesc sources of error have

becn rCUlO\'cd Olle by out, the process
involving lhc ~r[lt.lunl imprm'cmenl of
technique, Ihe di 'CQ\'ery ;lIld the t'limi­
Ilalion of mtU1'y sources of error, anrl the
compcnS:1tioll of other SOlll'ces wllk"
('ould noL be clltircly eliminated.

This work has Jworluced ~l commercial
type of illlPCUlUiCC bridgc which extends
tIm flUlliliar <11\11 recognized bridge method
of imped:Ul<:c lllCtlSurClllCul. If) frequencies
a$ high as .s 1'o'fc, Tbis constitutes, we
hclic\·e. 3. llIftjor accomplishment ill Ihf'
rlc\'dopmcnt of llIe:1.~lIring methods.

Perhaps the most impOrL<lllt single de­
velopment in connection with the bridge
is that oC the constant-inductance decade
resistor, Thisdcviccpcrmits (.'Ompensn.1 ion
of the residual induclance in the rcsisLnnec
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arm by wenns of a constaul inductance ill
all opposite arm"lIlt! results inaresislauce
arlll which can be changed in balaucing
Lhe bridge wit.hout introducing nny change
in the inductance or capacitance rehltion.

The T\'l'E 516-CBrillgcisuirect reading
up to 110 ohms and 1150 JAp.f. ]i'or the
measurement of inductance or of higher
values of capacitance. a sm;.ul fixed con­
denser may he placed in series willi Ute
unknowll. When the resistance of the
unknowll is above 111 ohms a parallel
conden~er 01" il combintlLion of series or
IlaraUcl units can be selected to produce
n balance. Whjle in neither of t.hese cltses
is the bridge direct reading, the necessury
calculations ;lre 1I0t. difficult. The substitu­
tion method for capac.itanee and rcsist:mee
mcnslIrcmenls is recommended where
precise results are desired. When the
bridge is used as n direct-reading in~trll­

ment, some nccurac.y is sucrifi(:cd. The
over-nil accuracy obt.ninablc is. however,
extremely good in the range wlJere the
bridge is direct. rending. Even at fre­
quencies iJI tIle ,.-iciJlit.yo( 5 Me, the direct­
rending aCCllrac;r is about 5 per cent. At
brondensl frequencies it ilS nhout 1 percent.

A parliculorly important applicat.ion of
the bridge is in tlle measurement of an­
teJUH\ cJulraclerislies. The bridge method
has several ad vantngcs over resistnnee-su b­
stitution or resistance-\'ariation methods.
These include low power requirements
with a general simplicil:' of the apparatus
and procedure. Other types of measure­
ment conveniently made wilh the bridJ!.c
include frequency characteristics of mdio­
frequency coils and chokes, and inductance
and power-factor measuremenls on llll

c1nr;ses of impedance at high Frequencies.
The UCCUrllcy, wide r:tngc, and ease of

operntion of the TYPE 516-C Radio­
Freque.nc~' Bridge make it tile most stllis­
faclory device anulablc for radio-fre­
quency illll>cdancc measurement. Il should
be emphasized, however, that the bridge
requires an appreciation of lhe Funda­
meHtal problems ill\'olved in high-frc­
quellc~' mensurement on the part of t.he
uscr if Crroneous rcslIlLs arc not to be
obtained. in the hands of those possessiuj:;
experience in tllC t.cclmiquc of hjgh­
frequency me:lsurements, il will fill a long
l'eCObrnizcd need and will give dependahle
and accurate results.

SPECIFICAnONS
A suitable mdio-frequenc)' gcneralor ao\1 detector
nrc rClluired. The T\"pe 484-.-\ :\Iodulated Oscillalor
(~e p-'gc (5) is suggcsletl. A., a lleteclor, a rnclio
receiver covering the dcsiretl range. or a TYPE OI9-C
or TYI'E GID-D Delerod.rnc Detector, mltY be used
($..'C page 48 or Bulletin 10).

Condensers: If measurements outside the direct­
reading rnnge or the bridge are lo be made. plug-in
Ilxed conden5er.'l nrc required. TYP~; 50:.; Condenscr!'i
nrc rcoommenlled. A set of four of tllese willI I'upnci­
tllnt,OCS of 100 "'Jolt 200 ,..",r, {iOO I/o,..f. And 1000 ~~r.

respectively, is atk'lIUale ror most pllrJ)O$ClI. (Sec
1).,\l;C as.)

Dimensions: (LengUI) 18 x ( ..... idth) 12 :Ii' (height)
8 inches, over-all.

Capacitancc Ran&c: Mll.in dil\l.'~O 1'01/01 -1150 I/ol/of;
\'!:rnier dial. :!: 0.1 I/o~f - 10 Wlf. The rll.nge r.:m be
cxtl!.ndcd indclinilel~' by usillg n lIeries COlllknscr.

R~8Isw.nce Range: 0.1 ohm 10 111 OJ.illS. Tlu~

range can ~ e"tentled indefinitel)' b~' using tI

known condenser in parallel with Ule ullkno\\·n.

Power·Factor Range: 0.005% to S% at I Me.
Frequency Ran~e: .500 kc 10 5000 kc: with I)ul­
pill tnlllsformer furnishetl. WillI 5uilnble output
lrJlIlll(orm~r(inforumlion on rCCjlle~I), t1uls:e cnn be
clClcllded down 10 include. 1\II11io frc(IUcneies.

Accuracy: As 11 direct-rel,/ling bridge. I % all Me:.
With direel substitulion melbods, greater IIccurac,,·
CIIn bd obtained.

Accessories Recommended: The bridge is sup­
plied with 10000hm ratio arOll and tbe.5 1\'lc to 5 Me
output transformer ror lbe 500·ke to .5000-ke band.

Type

I.. 1

Net Welllht:!U~pounds.

COIle Word

UATCII

Pric~
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TYPE 421-A REACTANCE METER
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Tn the General R'H.lio TYI'F. 421-A no­
actancc .Meter is presented n. method for
measuring (:i.'cuil e1CIll<'uts at radio f.,c­
qucncics mpidly ,wei ncclll'llle1y. Th
fundamental design was worked Qut by
l.he Hazeltine Corporation, l\.nd lhe in­
strumelll is ma.llufnclurcd under t.heir
palenl~.

Two ilnpOl't:lIll nd":Ullagcs arc )"'c­
sentcd in fhe mCllsmclIlenl of coils and
c.:onden~crs. Jt is possil>le La du~ck tltem
at the frcqucl1c'Y of lise. The check is
extremel:,. rapid rtllrl. bccflllse no power­
belor hnlllllcc is rCCJuircd. needs only u
cllpacilnncc luning adjulilmellt.

The reactance meler con~istsesscnlhllly
of two radio-frequenl'j' oscilhllors. [n
operating the iJ1slrllmcllL both are set to
the frcqllcncJ' :ll which lite lllcasuremclll
is to hc lUnde, :wdlhc ullknown rcactance
is connecled al'roSS the Luning c.irc\lit of
one oscilllltor. This oscillator i!; then
retuned Lo zero heal with lhe first oscil­
lalar b.y mcuns of a vnriable <:ondcnscr.
Tbe condenser dial cl\rries :L micromicro­
farad calibration. The reading of lhe dial.
if negutiYc. corresponds dil'ecll)' to Lhe
capacitancc of lhe unil connected lo the
instrumcnt. .II tile rending is positive, an
inductance is indicated.

Jn the lJIutching of coils and checking of
inductors against an acceplance slancbml
it is not necessary to converl Lllc read.ing:

of the cnpacitllnce dial into induclunce
units. When lhis information is required.
it Ctlll be obtuincd by a simple forll1uht.

The range of lhe instrullIent in fre·
(IUenc)' and reactance is ndC(IUale for
recci\'cr-lesting requirements. The direct­
rending dinl 011 Ute instrument provides a
mnge of 40 mitromicrobrads. FOl' mea~­
1Il'ing lnJ'ge reaclance!!: fill t'lddiHonnl con­
denser is pro\-ided which 1.Ia.,o; II tollil
enpacitanee of 52000 microlllierofarads.
ll.e.\clall(:es as high as 500 lllicromicro·
fraads can be re:HI on the dilL! of Litis (.·(Hl­

denl'ier under most conditions. Extremely
large c:'lpacititllCeS or small induct::LIlccs
enn be meMurcd by plncing lhem in series
with larger rcnetll.l1ces.

Two coil!;. plugged in directly through
the top of the cflbinel. a.rc required for
each frcqucn('y mnge. Coils nrc supplied
to cover intermediate, broadcast. and
high-frequency rauges. Calibrations are
furnished for all coils, and illlporlnnL. fre­
quencies in Ihe broadcast band are spotted
dil'celly on the freCjuencj' di:tl.

A \-isl.lal heat indicator of the oxide­
reclifiel' type is included on lhe panel, as
:.tre telephone output posts :md jack.

Each of lhe oscilhlors is provided with
II. separale pcntode amplifier, thus electri·
cnlly isolating lhe oscill:i.lor circuits. mini­
mir.illg tUly tendcncy of the two oscillal.ol's
lo pull iuto step as l.ero beiltis approached.



Oscillator and llmplificr tubes a.nd coils
:Ire individually shielded. The circuit has
been designed so that the operation is

uniform over II wide range of frequencies,
anel the readiJlgs of the instrumentare
indepcndent of ordin~lry line fluclutltions.

SPECIFICATIONS

Cnpacitance Range: Direct retlding 0 to 40
micro:rutrofarllds: willi cnlibration chart, appro"i·
nllltel~' 0 Lo 500 microwicrurnrads. 'J'his range can
be extended by weaDS of nn externul precision
rondeDscr, if desired.

rnductance Rance: Illtluclllllce range depends
upon lrequenc~·. It Clln be cnltul:ltcd rur any lre­
quency from tbe formula L=I/wfAC where t.C
is the cnpacitRDcc runge and where w is 211'" times the
frequene.\" of mcasurement.

Frcq uency Range: 125 to sOO kilocycles, 550 to
4000 kiloc~·c1cs. These ranges nre covered with three
sets or coils which are supplied.

Accurolcy: 00 direct-reading scale 0.2 micromicro­
rurllds, on 500-wicromicrorarad scale 1.5 micro·
microrarnds.

Calibrations Supplied: A c.'lpacil.~· calibrntion
t:lble llnd curve Me supplied lor the 2QOO·micra-.
microfnrnd condenser. Frequency calibrations gooJ
to 0.5% lire supplied for each set of coils.

Power Supply: The inslrumenl is designed for
operation hom 50- to (lO-cycle, IlS-volt alternating­
cllrtCnt lines. 1l draws uboul80 walts.

Tubes: Four 56-I:nlC, Iwo 57-lype, ami one SO-type
lubes arc supplied with Ule instrument,

Mounting,: This instrument is assembled on /l.

IJI1lck crnckle-finish nluminum panel ami mounted
ill u shicl(lcd w:llnnt cubinet.

Dimensions: Cabinet. (length) 27.!-'2 x (depth)
14. x (llcighl) 11.!4 inches.

Net Weight: 7H1 poulllls, including lubes, dlarls,
coils, and connecling corJ.

Type Code IT;ord Price

421-/\ I. .......................1

TYPE 544-A MEGOHM METER

Convcnient portable instrumcnts have
not previously been ilvnilable for the
dircct mcasurcment of high resistances.
TLe equipment lWil.ilable. hns involved
cilher a sensilive detector in the form of
fi w(tll gulvanome.ter, Or a high impressed
voltage taken !rom a hUlld~crauked gener­
ator. The application of vacuum-lube
methods to this problem has resulted in a
materially simpl.ified device. The TrpE:
54'I-A :Megohm Thielcr consists of :L re­
sistance bridgc having l\ vacuum-lube
voltmeter as the Ilull deteclor.

The sel),sitivity is suflicient so lhat the
indicating meler ma~r be a poinler-type
galvanometer. Thc bridge is balunced by
means of a logarithmically tapered rheo­
stat calibrated directly ill megohms over
two decades (rom 0.1 megohm to 10
megohms. The larger dccadc from 1
megohm to 10 megohms covers lhree­
quarters of the dial, or 5}i inches, and

provides approximntcly constant frac­
tional accurac,y of I'cnding. l"ive multi­
plyi_llg fnctors (0.1, 1,10, 100, and 1000)
arC provided b,Y a. switch which \'nries the
resistanccs in two arms or the bridge in
decimal stcps. The completc rangc of the
bridge is six decades from O,Olmcgohm to
10,000 megohms, with a totallScale Icngth
of 'J..J: inches.

Tltis rangc of resistance covers most of
lite high l'csistallcCs met with in practice.
All grid lcaks and coupling ('esistors for
vacuum lubes may bc measured, The
insulalion resislance of all low-voltage
eleclricrt.l apparatus, such as motors,
tramformers, and heating deviccs; of suf­
ficicntly long leugtlui of ltigh~vollagc

ca.bles; of paper condensers; awl of slabs
of most -iIL'mlators ma~r bc determined.
The extremely long scale allows the effects
of temperaturc and humidit,), on illslllllling
malerials lo be studied.
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SPECIFICATIONS

Itang,e: 10,000 n to 10,000 ~IO covered by n dinl
nnd 5-11OSiliou multiplier .wit~h. Hesistanccs till to
100,000 i\l1l cun be mClIlll/red b,r simple. illcli~'l

methods.

I\ccuracy: To wilhin S% bel"'ecll 10.000 n lUll)
100 Mn llntl 10 wilhin 5% helwetn 100 Mn nnd
10,000 Mn.

Dial: The §I·cl«ndc dial ill individuall)· cngrn\'cc!
wilh nil fll)proxirnately lognriLluuic senle, lltus giving
the snllle I)recisioll of selling O\'er the en lire rUllge.

Null Indicator: Balance is indicated or thr.
Zl:rO'Celllcr galvllnC)1Ju:(cr on the Jlnnel.

Tubes: One Si-lrpc. supplied
with the instrllmelil.

ExtrllneouA Volt:ll&ea; The UlcgohUllUclcr "I'cr­
lttCll lo bc.!ll lI(h':lnllll::c 011 rC!lislors M:rOSS which
llnm: IIrc neither ll-C nor doc \'olLage drops;. The
dJ'cc(s of conslnnl llmplitude n-c voltllges up to
aboul 10 volts, rlUS, IUlll sleI1J~' J·e \'ohab'eS up Lo
:loout 0.5 voh ell" hcullowcJ for, bulerratie \'(lltage
variations lIud \'ull:lges gre:lter than those m!'n­
lioned above render tile instrument inoperllti\·e.

Power Supply (Batteries): Filflm~Jlt. Iwo No. G
dr)' cells. Plate, two ·.5-\·0It block batteries. Burgess
),"0. SSOS Of equivlllcnl. \)3CC for mounting nil
ballc.rk'l is IlfovidcJ inside Ull~ cabinet, Connections
llre U1fLlle ll)' n 7-lIrong "luK alld coded cable supplied.
1l:IU~ries nrc nolsullplirid wilh the instrument.

Power SUI>ply (60-c)'c1e :.Ie):
A Ty!'F. 5H·1'1 Power-Supply Ullil

lhllt fils tile ImUcr~' l:oml)nrlmClll c:n}
IJc Of\lcrCll ~p.. rnh:J~· lu llUVI)I>" Lvth plale

;wd li]nmenl power (rOIll II IIS·vall line. The oue
8*"1)'pc lIJbe. one 874·I)'pe tube. and the lillc (.'(ml
required are SUPlllicfl. l'owtr Ct}1lslIIrrplioll, lIbtlul
H wnH/f. D;",1:"8;O/l" tii x .,... x :iM iuches.
Nd Weight. OM POllUJI. (Sc..oe pri<-e lisl helow.)

l\'tountln~: i\I'Ollnlcd ill ,hiddt.>tl oak cnbincl.

I>imcnsion8: Cabinel with cover clo!K.o.d. (\\'idUI)
8M x (length) 'H~ x (height) 8 illcbcs. o\'er-nlJ.

Net Weight: IH{ pounds without hnllerie.s or
'ryrE 54·I·PI l~owcr·SuPI)I)' Unit; 26yt pounds with
hullcrics; 25 J}ollUtb wilh Tr"F1 S-l-l-PI Power­
Stlppl)' Unil.
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TYPE 293-A UNIVERSAL BRIDGE

The TYPE 293-A Universal Bridge is
designed to present a fund~lmeulul circuit
which roay be connected to produce n wide
variely of standard.direct- and allcI'Il3 ting­
current bridges. The instrument consists
of th.ree resistance arms and a terminal
board by means of which the various cir­
cuits cnn be sel up with plugs and jacks.
The bridge arrangement permits the meas­
uremeot of inductance, cap:J.citancc, :tnd
resistance over a wide frequency range
(0-50,000 cycles). It can also be set up as
R frequency meter. The instrulUent has,
therefore, a much wider genera! usdulllcss

in a coUege Or measurewent laboratory
than the usual form of permanently con­
nected bridge circuit.

The resistance arms oC the bridge con­
sist oC two similttr arms, each havi.ng n
total resistance of 11,110 ohms in Cour
uecade dials (1. la, 100, and 1000 ohms).
and :t third arm having resistances of 1.
10,100,1000. and 10,000 ohms.

Tile bridge elements are sbown dia­
grammatically in the accompanying draw­
ing. which illustrates the points in the
circuits where terminals are located. The
bridge circuit is shown connected Cor the
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ScI,Cllmlic diagram of l\ 'I'YV~"l i9S-A Universal
lIri\-Jge set up for Ulclisuring rcsisttlUl'C

standard Whcntstone bridge. The dotted
lines arc connections made by means or
the plug connectors on lhe terminal board.

•._. •.• •
h

•
~"._-"-"

••·.._n

The plugs arc aWl.lIged in two groups•
cneL group terminating elements of one
side of the bridge. The plug arrangement
permits the connection of additional ele­
ments in series wilh au~' of the bridge
arms. The input and output (power and
null detector) circuits can be brought out
directly or th.rough transformers fot which
plug-in jacks are provided.

When used for resistance measurements
no additional standard is required, t.he
S arID of the bridge being used as a stand·
ard. For inductancealld capacitance mens·
urcmcnls.anexternal standard is required.
The bridge does not include a null detector
or power supply.

SPECIFICATIONS

293-A 1 1 llACON I

ACcessories: To facilitate making the connections
required by lhis l:Ie.xible bridge. there are supplil.'tl
with each instrumcnt 10 double plugs, !l double
shielded t.'Onncetor cords, nOli 2 sillljlt: conls.

[,'or sUl;SesLious as to lhe choil..'<l or suitable
stlimlarJs, sources or power, and uull indiCAtors,
consull lbe section on bridge al,:ressories, page 87.
Shielded input and outpul lrao$forOlerS and 'rfl'Y.
iW:S-!'a Slide-Wire Hesislors are described below.

Dimensions: Panel. (width) 1.5}4 x (depth) IO~
inch~s. Ca.binet. (height) 8~ inches. o\·cr·all.

Net Weig,ht: 21~ pound~.

Uridte Arms: The A and B Arms each consist or
four decade resistors covering Il rllnge of 1 ohm to
11.110 ohms in 1-ohm steps. The S lltlJ} is II l'Cliistor
with 1-, 10-,100·, 1000-, ant! 10,OOO-oiJm sectiOnS.
The characteristics llrc lIimilnr to those of tbe TYI'F.
1102 Decade-Resistunce Box.
Accuracy: All resistors lire adjusled to wilhin 0.1%
of the specified value uecpl Ule l-oiull units which
are adjusted to within 0.t5%.

The absolute aecurllCY of measurement. of course,
wiU depend upon the accuracy of the standard.

Frequency Ranile: 'l'he IJridge ClIO be used at
all rrc<luencies Crow ilirec.lcurrenl up to 50,000 cycles.

Shielding,: Tbe cn6ioet is copper lined, and the A,
D, and S arDIs are sb.iclded (rom each oUler. The
PllJlel is suicided over the A And 11 arms.

Type C()(le lVo'" P,ite

TYPE 293-P ACCESSORIES
In using the TYI>£ iUS-A Bridge for ttl~

ternaling-current measurements. shielded
input nnd output trllnsformers are desir­
able. The following transformers are avail­
able and are satisfactory for measurements
in the audio-frequency range. Both trans~

formers can be used with eithcr coil as
i.nput or output.

When the impedance under measurc-

mcnl is low, it is desirable to extend the
range of the bridge arms downward. This
mllY be done by the usc of onc or two
THE 203-P3 Slide-Wire Resistors, a
shielded resistor calibrated direcUy ..mel
having a range of 0-1.3 ohm. The slide­
wire ca.libration is accurate to 0.02 ohm at
any setling. The unit is arranged for plug
mounting on the bridge tcrminal board.

Type
TJ/"I~

!latio
l,ldllclarlce
l/igh Side

CirCllil 1mpr.da'lc~ Nd
l1igh Sid~ Low Sid, Weight

Cod~

If'o,d P,ice
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293-Pl S:I i.~ II 50-5000 cycles 27000 soon t lb. DAUOI:

:I:93-P2 !L55:1 t.5 h 50-S000 cycles i5,000n 40000 !lIb. HAYYY

293~P3 Slide-Wire Resislor. 0-1.8f! .......................... 8 oz. IlAOGY



TYPE 667·A INDUCTANCE BRIDGE

The problem of tlte accurate Ilicasurc·
mcnL of sillull inductors of low Q. such
ItS arc used in increasing numbers ill

l1Iodern radio receivers, has not been
'i.aws(aclorily met by the stanllill'd types
of bridge circuits which hayc l>een avail­
able.

Their mcasurcmclIL, when made all the
usual l~rpe of bridget is subject to three
~ourccs of errol': The sliding zero bahl..Ilce
occurring when two jll(.luclors having
energy fnclors (Q) between 0.1 and 10 nre
compt\rcu.lue i.uuuclnnce variation of :LllY
decade resistor altered in either finll. tmd
the energy rt,clor of Lite resistance in any
bridge ann because of capacitance in
parnJlel wilh it.

All iuductancc bridges have been sIIh4
jed Lo one or more of these error..;, but
they han~ been negligible in mensuremenL..
of large inductances of rclntively Slllflll
resist-tHee. When dealing with small coils
or low Q. however, they may cause errors

of several per cent in the measured result.
In the usu;ll iuducla.nce bridge lhe

balances for rcsist:.mce and iIll:! uct:UJl.'C !lrc
not independent. The finnl blllil1lce point,
lhel'eJore, is /lot unique and cau be
rc(.'Ognizcd 0111:' ,uter comparing il suc­
cession of bfllanccs, i.e., a sliding zero
Imlancc is cl.\collulercd. In lhe TYPE 661-:\
Bridg:c LItis difllculty is elimillflted by
placing 0. slllall variable indudor in seric3
with the uuknown inductance, thus
allowing an inductance bnhulce which is
cntil·c1j' illdcpcndcnt of the resistance
balancc.

A lIew design of dec:.uJe resistor has
been found Lo c.Iiminale tbe effcct of
re;'tctance chn.ng:cs efrectecl in the course
of obtaining t.he resistance balance Qf Lire
bridge. ]n tlte TYPE G10 Compensaled
Decade R.esistor (described elsewhere in
tbis calnlog) inductance cOUlpells..'\tion is
provided so llll'lllhe resistance increment
belween dial settings is non-reaclive. The
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residual inducLal.lcc of the decade is
allowed Cor by u small change in the
stnndard inductor. The result is a bridge
Dmt has independent balance for re·

sislallce and inductance, is capable of
measuring inductance nnd resistance of
illductors as small as O. t microhenry. and
which is direct reading.

SPECIFICATIONS

Ranie: lududances from 1 microlulnrJI to 1 lawry,
This inductanl'e m3)' be Associ:tted with a value of
Q as low 05 0,00.

Accuracy of Measurement: Illtluclalll'C$ can be
lUen5ur~d wilb no /lCCUrllCY of 0.2% or 0.1 micro·
Ilcnry. whichever is the lurgcr. For meAsurement.
with the mulliplier set llt "x 1000," the Accuracy
is 0.4%.

Frequency Range: Tile frequc.nc)· range extends
frulU 00 cycles to 10.000 CJ·dC5 wluw proper power
.!IOW1:e and null detector nrc used.

Ratio Arms: One rnliu arm con5ists of ... values:
I olun, 10 ohnl,~, 100 ullin!. or 1000 ohms. The oUlcr
nrm i5 a continuously ndjllslnble decade resistor of
1111 ohms. Tilc sclf-conlnined inductnnce stn.ndurd
i~ n l-lllillihellt)· lotoi(1 wound on nu i~olnutite rorm.
The rcsi,lnlll'C stnndnrd is " colllpcusated decade
rcsistance with il rnnge or 0 lo 11101,,",.

Accuracy of Standards: Ut'.5iSl,ullce standards
AccurAte to 0.0.5% nbo\'e 10 ohm•• 0.1% au tlte
l-ohm steps, 0.25% on the O.I-ohm steps. The
inductanl'C standard is adjusted La 0.1%.

Shleldln~: The cabinet is compr~tel)f Ilhicld~ and
tile bridge arms nre shielded rrom ellch other, The
input aud ouLput transformers lire completely
shielded.

Accessories Required: Po\\'cr Iiouppl)'-General
Hadio TYPE 213 O$cillntor recolllmended; ampli6er
-General Radio TVPIl 514-:\ recommended: head­
phoncs.

Mounting: The iwlrulUeul is ,upplied ill cu.billtl
mounting only.

Dimensions: (knglh) 17J1 J: (width) 16 1

(height) oM inchCJl.

Net Wel~ht: 90% pound.!.

Code Word Price

'667-.' I I
-)1'''1 I\'ailtlb'" unlil JUIl.... l.~.

TYPE 216 CAPACITY BRIDGE
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The precise mensuremeutoCsmall values
oC capacitance and power Cactor requires
a. bridge circuit that is carefully and thor­
ougWy shielded. The Tw£ ~16 Capacity
Bridge is suited lor precision meaSlLre·
mel1ls of this type at audio frequencies.

This bridgc is an equal-a.rm shielded
bridge designcd primarily for the measure­
ment oC small capacitances over ~l range
or audio frequencies from 200 to 10,000
cycles. The ratio arms are 5000 ohms each.
A third resistance variable up to n,110
ohms by l·ohm steps Illay be connected
into either oC the other two arms, thus
providing Ole resistance 1~djuslment ncc­
essary Cor a complete balance.

This bridge is not selC·conLnined, in the
sense that the power SOlLrce, null indica­
tor, Rnd standards of capacitance must
be provided and connected externally.

The ralio arms arc made equal within
0.05 per cent. Errors from capacit.n.nces
to grolLud oC the various arms oC the
bridge, the power source. and the null
indicator a.re minimized by the sym.metr~·

of the bridge and by the IISC of shielded
input and output transformers which are
themselves symmetricnl WitJl respect to
their cores and shields, thus making tJlcm
astatic to exte.rnal fields. These trans·
formers are completely shielded from the
rest of the bridge. as is also thc added re­
sistance. Such prcc.1.ulions enablc capaci.
tances placed in adjacent arms to be com·
paTed with a maximum crror of 0.2 per
cent or onc micromicrofarad, whichcver is
the larger.

Using It substitution method in which
two capacitances are used alternately in
the same arm oC the bridge, so that errors



" -- -
" ". ce.... ,-'

•

in the adjustment of the ratio arms nnd
those from ground capacitances (10 not
enter directly, the two capacitances may
be compared with an crror of 0.05 per
cent or 0.05 micromicrofnrad, whichever is
the larger. With a powcr source of 100
volts at a frequency of 1 kilocyclc and
using a 2·slagc amplifier nnd telephoncs as
a null indicator. the capacitance balance

caD be adjusted to one p:lrt in n million.
The equjvalel1t series resistance of a

condenser may be tletermil.led with this
bridge, using a subsututioll method and 3

TYPE 22!l-~I Precision Condenser as the
st..mdnrd capacitallce. Expressing thjs rL...
sist.ancc as the power factor of Ule con­
denser, its crror is abollt 2 per cent or
0.0000.';, wlJichever is the larger.

SPECIFICATIONS

Ratio Arms: 5000 ohm!!, S additional resistors of
S, 50, And sao ohms, allow the mtio of 111cse nrlllS 10
differ rrom unity b;r 0.1, I, And 10%.

Standard Resistor: 4·Jcclltle rcsislllnce 1-11,110
ohws. \·n.riable by I-ohm sLepJl. Call be comlCC(Co
in cil1lcr arm by mennll or switch mounted on aide
of caltinet.

Accuracy of Adjus!ll1Cnt: 0.1'70. H:&lio tlrlllS
are eelusl to 0.05%.

Type of Wlndin~:UniIihlr for ratio arms. A)"rlon­
Perry ror lllnndarci resisl;\lll-e. whidl IllIs chnr:le­
Icrislics identicnl with those giveu ror Tn>.: 002
D~l\dc·n.esist.lIDCC Boxell (Jl"ge 0).

Transformers: Input: shiel\led. astat.ic, rntilJ I 10
l.S, slel)'up, working between 1000 nod 10.000 ohms.
Oulpul: shidded. 1\Slnlic. rRlio 2.8 to I. :ltep-Ilown.
working be(wl!ClI lOO.OOO nnd 25.000 OUIill.

Range: Cllpncitftnce I ~~r to 10 ~r. 1~l'C<!llcnC)" 200
t.o 10,000 e)'clci per se<:ond.

Shielding: Copper lining ill cabinet, separate oom­
p:lxllllcnls for tnllJsformcrs, ratio IInns. lind sLandard
resistance.

Mounting,: nCllislancea mounlcd on bakelite and
enclosed in n hnnd-rubbecl walnut CAbinet wilh
hinged cover. All terminl\1s mounted on hard rubber
iuscrts in sides or cubinel. All eXI>oscd lUclal "Mis
(except (:unlnct faces) nickel plated.

Accessories Required: Power sourc::e. null illlli­
c<Llor, alnnllfir.!" or ClIlJIlCiltllll'C. lUld blliancing
condenser. See list ur bridge nccessories (page 87).

Dimensions: Top. 1.J x 15 inches; Ilcpth. 7 inchel.

Net Weight: 19M IJOUUU,$.

Tllpt Pric~

216 I 1 CIVIC
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TYPE 561-C VACUUM-TUBE BRIDGE

l'allCl view of II. TnI'; 561-C Vacuuw-Tu~ Bridge- "'ith • S7·1J1>e tube in position ror InCllJu~lIIenl

82

An important group of lIlC:l5Urcmcn!s

ordinarily taken hy mea us of bridge
methods is that of the dynamic charader·
islics of \":lCUUW lUbes. These !)ar'dmelers,
amplification constant, mutual conduc­
tance, aDd plate resistance, change under
the influence of electrode potentials, and
the manner in which these changes take

place determines the usefulness of the
tube for many applications. A kuowledge
of the bcha\·ior of the...e p:tramcLers is of
particular importancc in the CIl.$C of the
new l11ullilllc-clcmcnl tuhcs where auto.
ma.lic yolulIlc control, silent LUlliug, and
similar devices depend for their effecli'"e­
ness 00 lube characteristics. Both the



tube and set manufacturers require a
simple and accurate means 0'( obtaining
data as to these characteristics.

The procedure in making measurement.s
is simple and straightforward, and is
exactly the same for the three coefficients:
amplificatiou factor, plate resistance, and
transconductance. A three·position switclJ
is turned to whichever quantity is desired,
multiplier switches are set a.t the appro·
priate value for the tube being tested, and
balance is obtained by adjusting a three·
decade attenuator and a variable con­
denser. At balance the decades read
directly, to three siguificaut figures, the
quantit), being measured.

The three main tube parameters are
mcasured independently, i.e .• none of
the balances depends in any wayan any
olher so that independent cross chccks
can bc obtained (rom the circuit equa­
tions.

Negative values o( the tube coefficients
ma.y be measured as readily as positive
valllcs, except in regions where dynatron
oscillations cannot be prevented.

Thc bridge cmbodies ncw measuring

circuits and a more satisftlctory method
of balancing out the effects of the tube
inter-electrode capacitances than has
heretofore been available. Not only is the
accuracy of lhe measurement thereh~'

considerably iwproved, but all three of
the usual parameters may be measured
independently over a much wider range.
E'or ins lance, the mutual conductance of
n tube having a high value of grid to plate
capacil:.l1.lCe can be measured without any
error from Ulis capacit:mce.

The measuring circuits and the tube­
control circuits may be separated by
opening link connectors on tbe top of the
panel. This not only facilitates the testing
of tubes associated with other control
apparatus, but aJso makes it possible by
changing the cross connections in a very
simple manner to measure grid·circuit
parameters, or parameters referred to any
pair o( electrodes.

The tube circuits have large enough
currcnt~cnrryilJg cnp,\cily and sufficient
insulation so that low-power transmitting
lubes mllY be tested in addition to
receiving lubes.

Range of Tubes Covered: All standonl Cour-,
five-, six-, lind seven-prong receiving tllbes can be
U1Cllsurcd on this instrument without the use or
ndaJllcrs, ext'Cpt that five-, six., or seven-prong
tubes nol lin viug separate hellters rC(luire the lise or
II single THE 50t-PI Oni'·crs:J1 AJuptcr furnished
wilh lhe bridge. A switch is provillcd ror swilching
the cont rol·grid connection (rom the baile to the Cit!'.

The Universnl Adapter supplied perlllits the
testing o( tubes with Ilon·shlllllnrd buse <,:ollncd i(,lll~,

while debased or ullmounted lUlM.'.s nrc COUII(:dell
dircctly to the pnnel binding l)OSls for lest Ull)ilSurc·
men!s.

The lube circuits have large enough current-

SPEClflCAliONS
Rllll~e: AIIIJllificatioll (actor (~); 0.001 to 10.000. carr.ring capacit~· tlntl sufficienl insulation so t1lflt

D~'DlHllic il.lteTlllll plnte resistllflC'e ('p)i 50 ohms low-power transmitting tubes may be tested ill
to 20 megolJms. addition to re<:eiving tubes. Maximum al1owa"le

l\lutual conductance (.r... ); O.O~ to 20.000 miero- plate current is MO milliamperes and maximum
mhos (volts per micro-ampere). plate voltage is 1500 volts.

Umler proper conditions, t.he ahove ranges can be Filament Supply Circuits: A double-range
c:..eeeded. Tile various parameters cun also be redilier-1YllC allernnling-currenl' nnd direet.current
measured wiUI rCSI>Ccl to ysrious elements, sneh 115 filament voltmc.ler and a source of alternating-
screen grids, etc. Negative, as well as p<:>sitive. values current healer power arc contained in the instrll-
c.10 be mCllSurecl. ment. No external Glllment connections need be

made for alternating-current tubes. unless voltage
greater than 8 voits or current greater than 3.5
amperes is required. The filament rheostat Cor direct­
current filament supply has D. capacity or 750
milliamjleres.

When measuring allernating-eurrent heated tubes.
the bridge requires ooll.llcction to 11 source or 115­
volt. 60-eycle alternating current.

Electrode Voltal!te Supply: Batteries or suitable
power supplies arc neccssnry ror providing the
various voHal:(es required b)' the tube under test.

Power Supply: A SOllrccof 1000 cycles is required.
The T)'l'E 21:1-0 Audio Oscillator is suilnble ror this
purpose.
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Nullindiclttor: A lluihthle Ilull iu,licator is
rt.'quiret!. The TYPE 51·l·A Amplifier used in t.'<JII­
JUDctiun \\'ilh n st:nsiti\'e »fIir or td('phoUe:l is
reeolllIDentl('ll ror this purpose:.

Constructional Features: Tile 10,\\'er ball or We
front Imnd uf the instrument contains tbe s!><,ciaJ
uridge circuit used in measuring the coefficients.
The ulll>cr !IlIlt (If tile panel C'Ont:lin~ tube .sockeb.
altern:lting-eurrent filament snppl).. filam('nt Yolt·
meter. rheostah:. termimlls (or YllnOUS \·ollllges. and
tenninals ror direct oonlleetwn of an external tube

to lin; hridg(' circuit This arrnngement prO\'idcs the
greulesl flexibilit)· (or generlll use.

Mounting: The ilUlrument is mOWlted on 1\ black
crackle lacquered aluminum p.-Ind llntl is rumishetl
in a polished w:llnut cabinet. A lentherelte dust
1..'O\'er is supplied to 1..'J\'er the instrlllncnt wIlen not
in usc.

Dimensions: (Length) IS,", inehl!S.l.: (1\'idth) IliH
iodll~S J; (height) II inches.

Net Weight: 45 pound,.

561·C

Code Word

BEIGE

I'riu

TYPE 229 GALVANOMETER SHUNT

This gulv;lllomcler shunt is of the
Ayrton-Mlltber "Univcrslll" typc, which
provides an :'lmount of shun ling (mtio of
galvanontctcr curl'cnt at any setting to

tlHll :ll ma.ximum sctting) which is inde·
pendent of the rcsistance of lhe galva­
nometer, For othcr rcllsons. Ilowever. the
shunl must be malched to the gakl\..
uometer. The lotal resistaul.'C of thc shunt
Dlust be h'lrgc compured lo that of the
gaknnometer, so lhat Ule sensitivily of
thc galvanometer is nol nppreciably rc·
duced whcn the shunl is conneclcd and
set at unity. This total shunt resistance
should be approximately the external
cl'itical d.-unping resist<llu::e of tbe galva­
nometer. Most galvanometers are so de­

signed lha,! bOlh lhese conditions may he
fulfilled. This instrument can ah'iO be uscd
as a voltage divider.

SPECIFICAliONS

Total Resistance: See price list.

Shunt Ratios: 0.000; 0.00\: 0.0\: 0.1; 1.0.
.IIt.ccurac)' o( Adjustment: 0.1 0/.,.

Type of Wlndill~: Unifi1:ar, mllnganin wirf! for a.1I
resist.-m<leS except thf! OOOO-ohm unit of Tn.: ~:l9-1-1

which it 1\'Ollnt! with nichroffif! wirf!.

Tempcrnrure Coefficient: The teffipcnture
roefTicienl iif!!'. Ih:1n ±O.OOl% per d~gr<:'CC. ex~pt
on the nichrome wire Cl\n1 where it is -+ 0.013% per
(it'gfft: C. al room tempcrnlllte.

Switch: 'frr& iOi, 5-poiols.

Finish: Hesistancu lind terminals mounted on
bakelite panf!llInd enclosed in hand-rubbed walnut
cabinet. All exposed metlll parb (except conttld
faces) nickel 11mted.

Dimensions: r~IIe1. SH; x 5J,i inclles; depth, S~
inches.

Net Weight; 1 pount!.
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CoJe Word
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TYPE 625-A BRIDGE

SPECIFICAliONS

C(mdeltler,
I-TYPE 605-PO.OOlpf
I-Tn!: 505-1. O.OI$olf
I-T"PE 62:;·1'1 I-pf

Condenser

\
Adjuat~d 10 within ±'l%,
)j ,"emions: i'" " I "

s.!1i ;Ilehu. t)V<.:r.~Il. N~t

\\'~il:ht: ~ o""~,)

This instrument consists of a skeleton
bridge circuit, of which oue .trlU conlnins
a lO,OOO-oLm direct-reading lognritillnic
rheostat, and the oUlcr three arms ure
hrought out La pairs of terminals on the
pane!. making provision for plugging in
standard and unknown units La obtain
a variety of circuits. A IOOO-cj'c1e n-c
volL."l.gc SOllrce is contained ill the bridge.
'\'Ilell assclIlblcd willi the properstaudards
this bridge substalltially duplicates the
TYr'~; (j50-A Impetlancc Bridge in Jlcr­
tOI'Ill11llCC.

Ibnltc: With the recomlllelld~d 1le<:e.\50ries the
ranges arc: for resistanee, I milliolnn to 1 megohm;
ror CJllIllCillUl<:t', I micromicrornflld 10 100 micro­
(llTMls: (or imlllclam.'C, I mic:rohcnr~' to 100 hcur)·s.

Aeeur-ney: The lLccurncy of reslllts depCllt\s UI)(J1l

the t)'pe of sltlmlnrds llSetl. With the llct:e!llori('s
ret:ollllllended. an :lCCUr:lCY o( 2% fur mcaSllremellh
of resistallCC, illduclant.'e. l\nd capacitl\nce call b('
obtained, The aCCurnc,}' of tile 1,'(I111I)(lntnt Jlllrt of
the bridge itself is 1%. The (requeue)' of lIle micru­
phone hummer is 1000 cycles to within ±5%.

AcccBsories Recommended: In II.ddition to hcaol
telephones for a-e me:lsurements and B 2.ero-«nler,
2oo-lIa, full-scale gah'lulometer for d-e ,"ensure­
menls, pUreh:l5C of lhe follol'·jng units is rel,'OIlI­
flIcilIle,1 if the fnll rallge is 10 he oo\"crecl. OwiS:tiC:)fl
of some items is possible if narrowcr mugcs ure
oS:ttisfndory.

RuiJtorl
I-TYPE 500-A 1 n
I-TYI'& 500·0 10 {}
I-T\'I·v. 500-0 100 {}
I-Tnt: :;tIO-H 1000 Po
'!-TTI'E 500-J 10,000 n

1-'['yrE 62G-U ~Iounted

Hticulllni nm\ PoJtenti­
omeler required fM
OissipaliotlHuJ Eoeq;.r
Fnctor 1Ielt,5ureolenls.

I'owcr Supply: '1'1,0 4!4-\'oh balteric! (nurgdS
Xo. 2370, E,'ere.1J)· 1'\0. 711. or eqlli\'lIleut) for the
doe mCASUrl!IIlCnts, anti fur driving the miCrOIJhooe

hummer, ll.re req\Iired, lind space for lhem is pro­
videll ill lite ctlbillet. IhUeries :lre Dol supplied lI,ilh
t1le: LUlilrument. "'n externnl a-e \'o!tage SOIl~ Illll"

iug till,)' frC(IUCnC)' lip to 5000 escles mllY be uscd.

MOulltins,t: This inslrtnncol il lIssembled on a
hbl;k er:l<:lde·!ioish :l\lllllinUIIl panel and mounted in
:1 shi~ldp.tl walnut cabinel. A drawer in the lower
part or the cnbinet provides SI>nce for storing lhe
sl:mdnrdi suggested.

Dimensions: (Width) 0 x (deplll) 13 x (Ileight)
7 inches, o\'cNllI,

Net We.lght: 9 pounds WiUloul ba.lIeries; 11
pounds with baU('J'ies.

1'ypt I)uc,ipiion

Bdd~e...... _....
l-,u.f Condenser

Code Wrml

IJEACII

DAIZE

P,jc~
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BRIDGES

TYPE 610-A RATIO-ARM BOX
A ratio-arm box is :'l suilnble nucleus

around which to design any bridge circuit.
It contains It piliI' of rntio arms giving
ratios rl'om 0.001 t.o 1000 in twelve steps.
The switches as well'ls the indiyidllal pre­
c:ision resistance cards used in the rn.tio­
t\l'lU box arc simihr Lo LlIOSC employed in

the Tl~PE 602 Dccflde-Res.isl:lllCC Bo~.

(Sec tll'scription all pllgCS Sand !).)

SPECIFICATIONS

100, :mo. hln<:k cracklt.~fillish aluminum pand :1n,1 cndllscd ill
a shielded \\,:IIIIUl c,1hind.

Tcrminal!>: Jack-top binding posts with sepnrate
ground lermiu:d.

Dimcnsion!>: (Lcl1glh) 7~ x (width) 5 x (heigh I)
5!.:':' indll's, over-:tll.

Net \Vei~ht; 5}i pounds,

Rcsis(ances: Each arm, I, S. 10, 30,
1000 ohms.

Type of Winding: Ayrlon.Perrr. ffiilosanin wire.

Aceu r:1Cy: CllrrCt::t at box !crluillals lo wilhin O.2;j %
for 1-QllIn am! 0.1 % (orQtllcr ullits, rC'l!pecth·el~·.

Switches: Tl'pf:510·P I, 7-poinL Endosctl cOIII.lell!.

l\10unting,: witches 1Iud lcrmillal~ mOllnled on

Type

I..... . I
Code W(lTd

lIAl'llil

"rice

TYPE 578-A SHIELDED TRANSFORMER
This is all audio-frequency bridge trallS­

former IHwing lwo shields, olle :tround
each winding. The shields al'e Scpllr:lLed
by all air gap.

Tile primary and sccondilry windings
have le.<;s than 0.3 ppr direct inLer­
ca.pacihuH:c n.nd hence will i~oJ;lle a bridge
from chnnges of cleclrosllJ.Wc poLc.ntiul in
the generator <:ir<:uil. At tbe smue time
the eOI'reet coullectioll of the shields places
Jess than 15 p/-lf across either the Unh.'l1OWn

or the standard arlll of tile bridge ill
exchange fol' the l;lrgcgcl\cmtor-lo~groulld

capacitance tha.t normally exjsts. A third
shield, surrounding the core, effectivel,"
grounds each or the COre lam.i1JllLiollS.

The wide rreqUCllC.Y rttuge ,U1d LIIC
facL L1ml the S:"llllC tnwsfonner nmy lx:
lIsed in eiLher directioll adapt this tml1lj­
former lo t.he requirements of a 1:1I'ge pro­
portion of bridge measurement') al a.udio
frequencies.

SPECIFICATIONS

Ralio: The lrll1lsforUH:r hilS 11 turns wlio of 4:1.
It mor be lIS<'d in either dirt:dion_

Frequency and Impedance Ihll\~e:WilhinGdb
bel ween 50 nnt! 10,000 c.\-c1es when working betl\'c~n

low anti lligh illlpt:Jan....u of 50 10 ,)IlOO ohms IIOd
1000 10 100,000 (llIms respectively.

C;lpacltance: The diretl CIIpacibtn<:e between
primar;" and Se(;-ondar.\' Willdilll;s is less lIuw O.S ~j.lr:

thal between the primary nJl(I 5('(.'I,}nt!ary shiel,ls is
Ic£lllhnTl ScI ppr,

Shieldin~: .Endl willlliuy is Sf:p:l,ratdr sllicldc\l.
lind the core is Sl'Ih.'1ralc\1 frum tile windinlj b,\' a
I hirt! shield.

l\'lounl-ing: The trilusforlllcr i"l Ulounlc,l in :l

• Model n Cll-SC (s<.:c pal','C 156), The lends arc brought
onl to li screw terOlinuls, Cilch WillJiul; shield hein~

broughl oul scpnrl\tely.

Dh:nens[ons: St.-e Jimcllsinnell drl\\\'il1g, Jl'lb't' 15i,
:\Ilxlel 13 <'~Ise_

Nel Wei~ht: 234 IlOUIUls.

TYlle f'rr'Jllwcy NClllyr r"dr Word Vrice

!iO 10 10,000 cycles TAULE
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BRIDGE ACCESSORIES

BRIDGE ACCESSORIES

All bridges require for their operation a
power source, a null indicator, and COlD·

parison standards. Other accessories are
tr:.Uls(oflucrs for malching the impeda.nces
of the power source and null indicator
Lo the bridge. amplifiers, filLers, Wagner

ground, galvanometer shunt, nnd separate
ratio arms. These accessories are listed
ill this section with a brief discussion of
their relative merits and a reference
to the section where they llrc fully de·
scribed.

POWER SOURCES

The ·I·vp.~ !lIS Audio O.icilllll()r~ nrc slIlijlfaclory
IlS s;ugk.... (requc.ncy power SOllft.'e!l. Thc)' may be
oblllinctl tur lilly IOo-c)'cle multiple in lhe range
frnul 400 to 1500 c)'cles. The TYPE 57~n ~licrO­

pllone Uummcr has a smllller power output. Do higher
ItltfUIl)uic I.:onlelll, and is 1Cll'1 stlllJle in fn.'Quency.
It is, howcvd", sl1ti'lfll.clnr)' for routine bridge
mcusurc:llIenls and is used in the Tn.; 6[>0-A
llIllleJlUlte Bridge :Inri the TTI,t: Oi5-A Bridge.

'fIle TTI't,] S77~Jj Low-Frequency Oscillll.tor is

.sfalisrflctor)' Il.5 fa vnrinble-fn;(IUcncy pO\\'er ItOllrcc.

[!lot/rument

Tn'.: OIS-n Bcnl-Frcqucnc)' Oscillator has n smnll
power olll",lIt ami i~ nOl so stable in frerlllcllcy, but
ils diul is t1ircct.rZ:llding in Crequenc)'. The THE
itS-A Iknl-Fn..-qucncy Oscillator will be founll
csllccinlly convenicnt because of its large po\\'er
olllplll, ami !J<:.cnu$C it is operated directl)· frolU llle
115-yolt OO-<:~'c1e a·c mains. Where the frCCJuency
docs 1I0t neet! to be continuously alliuslnblc, lile lise
of the Tn!:: 508-A Oscill:l.lor is snggested. It has
gOOiI wllveform, 0.5-walt olltpul, 1\1\(1 is :11l~rnlll inG'
currtlllllpernled.

TYPE 2lS-B Audio Oscillator , .....•...
T"YPE 21S-C Audio Oscillator _.....•.•....
'I't"PE 57!l-U Micropbone Hummer .
T"P£ S77-B Low-Fr~uenc,)' Oscillator .

Tn'E SOS.A Oscillator .......•.•...•. , , .....•...

TYPE 71:1-:\ BUl-Frequency Oscillator....•..•...
Tn>£ 01s-8 8eat-l~requeocyOscillalor .

1000 c)'c1cs
400 c)'des

1000 cycles
25-70,000 c)'c1es

(
200, SOO, 400, 600, 800, 1000,
1000,2000, SOOO and 40000 cycles

IO-I(l,OOO cycles
10-11,600 cycles

0"
0,'

152
01

58
on

STANDARDS AND BALANCING REAOANCES

Tile 'fYI'1'; OQi Decndc-RC5istllot'C Uo;ccs, Tn'E
5115 Uesistors, Tv!'.: 500 HesislOt5, T\'T'E lOG
Standard Inductances, 'rVI'E :N2 Precision Con·
Jensers, 'I'vl'~: 505 ComlclIscrs, 01111 TYI'E 509

IM/rllmenl

St:lI1Jllrd Condell$tl'$ IIlll,)' be us.::d as primnr.\·
sWDdard!!. The other rellcl:uu::C5 li~led below mny
be etalibrntl!d in terms of 1IIC.!lC litollll:mls or uSl'll llil
balancing re.1elllnces ill subslitutiorl nlf:thotlll.

Price

TYPE 602 Decade-Resistance 80x !l
TYPE SOO Resistor _..................•....... , _. 120
TTl'E SiS ltesislors........•..............• _....•.•..••.. . 10
'['!"PI: 100 Standard Inductances.. ..•.•.........•..... 81
Tn£ 107 Variable loductora _. S2

TTI'E 2\9 Decade Condeoser~........ ..•....•..•....•...... SO
'('YPE 222 Precisioo COnclcnsct.!l .......•..•. ,... .•. III
TTPE 2400 Condcnsers. . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . 25
'I'TI'.: fiO.5 COndenser.'l..... . .........•.•...........• :........ BR
'1',....: 500 SlILndard COlltlellsrr,.. _......•. ".... ..... 28
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NULL INDICATORS

Head telephoDei are the mOil aalislactory null
indicators, both because of llu:ir great sensitivity
Rnd because of the ability of the human ear to dis­
criminatebetWet'll • rundawenlallone. ita harmonics.
ADd noise. They are highly Idecl.ive, with a f"e5Onant
t~uencY around 1 kc. This pre\'enls t.ht:ir we
Ldow to()-.WO C)·des. The TYPE GW-A 'Thermionic
Voltmeter may be used over the 'IIl'bole range olatulio
frequencies for up to puhl'lps 1500 k.e, but is much
leM sensiti,"c thaD olMr null dt.ltcl.ors and i5 not
Idecl.ive. n~ Tn'c G3G-A Wne Analyzer is an
cxlremeJ)' selective and ICI1llili\'c Dull detector tor
<:On.tI.nl·r~l1ency audio lib·lUlls.

Oxide-rectifier voltmeters may be used as null
detectors over the entire Rudio--trequency range.
The 'f'yPl: 4BS-C (20,000 ohm) Output Meter is
plflicular1y recommendtd.

:\n amplifier is generally needed to ineru..se tM
sensitivity when using AD)' form 01 visual null
indicator. aDd the U5e or an amplifier 1. ad,"'Ued f~

p~ise meu~m~t5 e\'~ wh~ W1ing telephon6­
The TnI'; .s1....AM Amplifier bu~ designed tor
this purpose:. It give. a wuitivil~' wilh the Tnt:
4S3-C Output :\Icler Llutt is about equivalent
to that obt-in.ble wiOI lelephones without an
.mlilifier.

JrutrllMtW'

Western Elcdric Uead TdcpboDcs (W. E. T)1Je
Number l00i~C) , _ .

TnE 616-A \'"c:uum·Tubc Voltmeter..•.
TYPE 636-A Wa\"C': ."-nalyzcr .•..•. , .. ,
TYPz 48S·C Output Meter ..
TYPE :it"·:\M Ampli6er,.

Ra1l,tl

200 cyclel- 10,000 cydel
10 cycle.- 1500 Icc
to C)'des- 16,000 c)·clc.
10 e)"clCl- 10.000 eycles
60 c)'clts- 50.000 cycles

Pa'tl

118
10'
I"
67

TRANSFORMERS AND FILTER SEGIONS

The TYPE .s7S-A Shielded TransCormer and the
'J'yPK GGf}..A Vtlrinble,U4tio Tnuwormer 4rc spe.
ciall)' Jcsignoo ror mlliching the power source and
Dull detector to A bridae. The TTl'£; IGG Tdephone
TI'RDttormer iJ a leu e~n!iYevnriD.ble·ralio trans·
former of narrower range in both ralio and irequenc)·.
Tile Tn'g sBa·1t Tmn~.rvrmer iJ 1\ unily-ratio trans·
former designed primnril)' n.s 1\ line·i50lating lnlllS­
rormer, but it suitable (or use II'ilh many hridges.

TnI'; 678-A Shicl(led Transformer ..
'rna: 166 Telepbone TraDlltormer .
TYPIl 666-A Variable-Ratio Transformer ..•
Ty,£ 6S5-R Tran.stormer " ..•.•.........
T1'PE SSO Filler Section .....
'!'TPE $94 Band·Pau Filter ..•

TYPE SSO Filter Section, may be connecled betw~
the bridge and null detector to .uppreu harmonia
and grDWld noile. The combination ot high- and
low-pau IC':ClioDS of .uitAble cut-ofJ frequenciu
provides a band·pay filter, 'I1Je T1'PI: 69'" Band­
Ill\SI Filter is l\ lIiulJe unit ror 61lering in eitber the
genemlor or the nuU indicator. It it wat.le for 400·
cycle And (or 100o-cycle operatjvn,

PaUl

••".
ISS
ISSII.
115

WAGNER GROUNDS

!:iince a Wagner grountl 01 the rcsiJlance tn)e. is
rncreJy " Iilcd resistanee with a variable 12p, thc
TTP£8 471. 514. S7I, U .... oliO, and SOl Potenti·
omete.rs ma)' be II5Cd u Wagner grounds. With

slight allelll.lions T,'PQ, SS.....Z or ss,s..Z Condensers,
haling balaueed 5eCtlollS, become tatis!actory·
W"gocr grounds ot tJle c:apscitanee I.)-pe.

TYI'I::9 ·4071·:\ and SI4-A Ilhtollat-Potenliowelcrs .. ,., .,.
1'1'1'£& 971 and 214-:\ nheoshlt-l'olenliomclers .. , .•. ,
1'ypQ 410-:\ and SOI-A JUleQStal·Polcntiome.lers ..•.
TyPES m·Z and ss.s-Z V"na1l1e-Air Contlensen....

Paf/4 Pri~
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TYPE 603-A STANDARD-SIGNAL GENERATOR

90

A SOU1'CC of ncclIl'<llely known ,uuJ
modulated radio-frcq\IC1IC~' vollilge is
required in many lYIJes of radio research
work. Suell a \"01 tage sOUl"C(! should deli \,Cl'

a voltnge continuously adjustable ovel' nn
extl'cmcl,Y wide range Crom :J llunimULll of
less than 1 micl'oyoll. It ~holllcl :11::;0
provide n. contiuuous iudic:ttiol1 of the
adjustment Lo tile stanclanl output level
and should Lave a mjllimum number of
operations necessary fOl' changes in Lhe
t'requcuc:,' range. The TnE 603-A Sjgllal
Generator, with its precision aUcmmtOl'

:mu ils single plug-in coil pCI' n\llgc, is
pl'cscnLcJ as a swtable gCllcmllaboratory
inslnllllcnl for these rcquil'clUcnl:s. Tl will
be found valuable both in the radio rc·
ccivcr developmcut laboratol"j', in field­
slr(:nglh rncuS\Il'cmcnls, and in oLher
general investigationsntradio frequencies.

This instruUlent rna,y be used over :1

frequency runge extending from 100 kilo~

c~rcles to 25 megacycles, Over this range
its performance is well within the limits
of accuracy which we h:wc become ac­
customed to expect from standard-signal
generators ill the broadcast-frequency
range. It is capable of modulation up to

00 pcr cent at broadcast and higher fre'
quencies. Tntcrna Imodlll3,tioll at400 cj·cles
is provided. and provision is made for
exLcrnal modulation as welL

TIle Tl'PE G03~A. Standard-Signal Gen­
eralor is used for the llSU(L! fidelity, sell­
siLivilYl and selectivity tests ou receivers
throughout the \'ery wide frequency range
for which it is adapted. It is also suitable
for field-strength mea.surell1ents tbrougll­
out this wide range, since it is sellli·
port..'lble and can easily be transferred in
an automobile.

This sLandard· signal genemtor has a
nlllnber of interesting design features.
The shield has becn so modified without
incrcase of leakage that it is not necessary
to remove auy screws in order to change
coils. Immediate access to the coil com­
partment is obla.ined by raising lhe lid on
the cabinet. Space for the extension coils
is also provided inside of the cabinet.
J~eakage around the lid is avoided by a
refrigerator-door type of construction in
the shielding.

An advanced ladder-type of allenuator
and shield has been evolved. The usual
resistance type of attenuator has been
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used with a modified construction as made
necessary by the much higher frequencies
involved. The attenuatar is enclosoo in a
sectionalized shield which makes possible
very large attenuations c\'en l~l frequencies
of !5 megacycles without serious errors.

The controls are shown on the front of
Lhe panel. Those a t the righ t govern the
radio-frequenc)' circuit, those at the left
the modulation circuit. The carrier fre­
quency is controlled b.y a large dial with
slow-motion adjustment. This dial carries
an accurately engraved scale of 600 divi­
sions. spread around 2700 of its circum­
ference. The use of this dial in conjunction
with n coil spread of approximately 2 to I
in frequency makes possible a direct use
of Ute main frequency scale for use in
selectivity and band-width determination.
Calibra lion charts are provided. and they
are of such size as to be read to the same
accuracy as the dial scale.

Two additional convenience features
will be noted on this dial: The magnifying
glass over the main index greatly assists
in setting and reading the scale. The

secondary index, together with the space
on the dial rim for extra scales, permits
calibration of the instrument at special
points to suit Ute user's requirements.

The carrier-frequency output voltage is
controlled by the three adjustments in
the lower right section of the panel. The
c.1..rrier amplitude is adjusted, by means
of the middle control, to a reference line
on the right-hand metcr. Maintaining
th.is adjustment constant, the output is
adjustcd by means of thc slide wire labeled
I\!jCROVOT~T5 and the multiplier. Continu­
ous variation from onc volt to 3-7 micro­
volt is provided. The output is taken off
from the shielded plug terminals in the
lower right edge of the cabinet.

The modnJation-control system is shown
at the left. 'fhe meter indicates the modn­
In lion voltage and is set by means of the
modulation amplitude control to a refer­
ence line. Setting thc per ccnt modulalion
dial then gives the desired modulntion
percenttlgc. External modulation ron)' be
connected at the terminals indicated and
controlled in the same lUauner.

SPECIFICATIONS

Carrier-Frequency Ran&e: Inductors are avail­
able for Ii range of 100 kc to 25,000 kc.

Modulation: An internAl removable modulAlor
prO\'ides a f~uellc)' of 400 c)·c1es. Units for other
frequencies caD be lirovided. Modulation charac­

teristics change somewlJ.at over the wide openr.ling
range of the instrument. Modulation up 10 00%
may be obtained under most conditions of operation
ttithClut t.!(.-eeding 10% harmCinics. ProvisiCiD is made
forextemal modulation. The input impedanceat the
external modulation terminals it approximalely
5000ohms. and a power of about 60 milliwaU.. will
modulate the instrument to 30% througbout iu
mnse. TheTt'PE71S-.<\ (a-c operated)BcaL-Frequeocy
Cbcillalor or the TYPE Sn-B Lo\\'-Freque:nc)' Oscil­
lator are suitablcsourccr of modulation voltage. One
stnge of nmj)lilit:atiOll, using II. power lube, is required
for high modulation pcrcenln,,-es from Ihe ll\tl.t:r
O!<:illl\tor. Low modulations nre me:lsurW by means
of :1 voltmeter ill the ;Ludio-frequency circuit. High
mOtlulnlion percentages nre reAd on Ille output
meIer, using the chAnge in carrier Amplitude as (l

IIlClIsurc of lIlorlullllion Jl('r~'Cnl:l8e. The :lttllraC)' of
this me;ISllrClUClll is :t 10% for mmlulo.tion fre-

ljllencics Ic-~ tlltm 1.1;% of Ihe currier freljuency.

Frequency Calibration: Calibrntion curves nre
llvlliJnbl~, aCCl/rote to 0.6%. The dill! spread and
chart interval are such tllllt frequcncy intervals for
selectivity curves lUll)' he read di~tl" from the
main dialwbich is lirovided with a wagnifJ,'ing glass.
In the broadcast. range int.~rvals of iOO c)'des rna"
be set. The dial has (l00 divisions.

Output System: Theinput currelltloUlellUenUlt­
tar is adjusted lo a standard ,·.lu~. u!ling a refer~nce

line on the radi~frequenc.y current meier. :\ non·
reactive rheostat it used for this adjustment. The
at.tenuator consists of II.. slide win. at the input end
follo"w by a sh:p-hy-stcp divider. This llrf'3nge'
m~nl permits tbe use of a sturd)' ,Iide--l';rc coo­
st:ruction. The output is continuously adjUSl3ble.
The output impednnce is 10 ohms up to the 10,000­
microvolt I5etting, 57.5 ohms at 10,000. IUlll 220
ohms At the IOO,OOO-micro\'oll S('lling.

Output-Volta~e Ran~e: The output vohage is
conlinuousl)' adjWllable (rom 0.5 microvolt to I volt.
t~XCClll 011 till: r-l l.'Oil, where the USAble r(lllge is
from 1 microvolt lo 0.5 \·oll.
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Output Voltage Accuracy: At broadcast and
lower frequencies tbe error is that invol\'ed in meter
CII1ibration and adjustment of the cams. This .Cgre­
glltet S% at I microvolt output. There is DO fre­
quency error at these frequencies. At 10 megac,)'clts
the error at I Dilcrovolt becomes 10% and at IS
1I1cgaC:3'cles it js 12%. At 15 megac)'cles it is 40%.

Frequency Modulation: Frequenc)" modulation
iJ. ruDrlMNl of lrcquenC)' and of the: inductor used.
In the broadcast band it "i11l1Ol uc:eed tOO c)·c:b
tot.1 .wing at an)' poiDl and is lest tban 54) cycles at
the Jitl,ndud tell frequencies for .50% modulation.
If the 'l'rr& oos.-PII Inductor is 1l5ed frequency
modulAtion .... iII be about 600 cycles all500 kc:.

Stray .~lelds: There is DO detectable 5tra)' field at
• distance of 5 inches from tilt instrument, f:\'en at
is Mc.

Construction Fe-.lturu: The: radio-fl'equency
<*ilt.lor is isolated in ••bidded compartment. The
aUe:ouaLor is dil'ided iolo levcral sectioos, shielded
from each other.

A N!frigen.tor-door type of .hieliline .bas been
worked oul for the sbielding about the lid which
makes a tight lihield 'fI'ithout. screws. eDits can IJe
eht'nged h)' simI»))' liUiu" the cover.

Acceasodes: The instrument i. supplied with
calibrated TTPE 6OS.P5 and TYPE 609-PO loductors
!:Overing the broadcast bud, ",itb a TT"£ US.D
umlTYn: 4IS·C »ummy Antenn3, willl thCl1ects­
Illry tul>ta:, hUl witlloul baltuies.

Terminals: The output vollage is brougbt out
through a .hidded plug and test lead. Tenninals
aN! abo provided 00 tbe PAnt'! for tbe ex1ernal
modulation source.

Tubes: Two tubes {ODe iSO-type and one !Sl-type
of slanrl.rd eharad.~tics} are ~uired .and are
iDduded io the price of lhe instrument.

Power Supply: Four 45-vo11 Llocb for plate
battery lind S volLs for £ilamenlare required. Spa«;
i.s provided in tbe cabinet for t",o Q..incn dr,)' cells
and four 45-volt blocks or the Rurge:s.s 5308 size.
Uatteries are not included in the price.

Mounting: TIte illllllrumeni ;. eocloled in a com·
ple1eb' shielded lfaluut cabinet ,,'ilh blaek laOluer
llluUlinlllll p:mel.

Dimensions: Cllbinet. {heigbt} liM x (depth)
II~( x (leogth) to inehes. over·all.

Net Weight: G.5 IJUUllds, wilhollllmtlcriC5.

100 kc-25.000 kc

Output Rang,

0.5 microvolt. to 1 volt eXACT

P,iee

'l'r>« iDd,..1o t .,.!i!lnhld iDdu~tor.J (or brGMIrut._,"" (no I<c 10 1IlOO lid.

TYPE 603-P INDUCTORS
These lire ill lcnded for use wi th the

TYPE 603·A Slaudnrd·Signnl Generator.
We pa.rticularly recommend Utat, if cali­
braletl inductors arc required, they be
ordered l\;th the standard-signal genera·

tor wiLb which they are to be used. The
TYPE 609·P Inductors are stocked with·
out calibration. but a. calibration cunc
can be made to order. The calibration is
accurate to plus or minus 0.5 per cent.

·60J·PI
·60J·P2
"60J-PJ
·60J-P4
·603·P5
·603-P6
·ftOl-P1
·ft03·P8
"&03-PIt

P,aqUetfC1/ Raptge

1,5-25 Mc
10-15 Me

4.4-10 Mc
1.9-4.4 Mc
850-1900 kc
420-850 kc
216-420 kc
100-:210 kc
550-1500 kc

810PARTAST

1101'o\a1'DI8

IUOPARTD01'

1l0P....TCA'r

.10PJ.a1'Cll1'

1l10PAB1'DOG

1I0l'ABT£1'E

'UOPJ.B"U'LT

'IOI'ARTO.u

P,iee

Frequency Calibration {per lnductor} ..... cua...
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TYPE 601-A STANDARD-SIGNAL GENERATOR

This instrument is d signed to nrovide
a generalor of radio (rC(IUCncics for lise in
t.he frequency range from 100 kiloc3'c1cs to
6000 kiloc.rclcs. to be cl.lsily portable, llnd
La deliver either a modulated or ullmodu­
Illloo signnl having uu amplitude adjusl~

able (rom one to 150,000 microvolts.
Since it is oflen desirable La cover two

frequenc)' bands in one instrument with­
oul the time delay and inconvenience
usuu.lly involved in changing inductors.
the l"''l'£ 601-A Sl311dllrd-Signnl Genera­
lor is pro\'idcd wilh inlernn! mountings
for two inductors and n convenient. swilch
for transferring from one La the otber.
A.ny two inductor combinations may be
used. (or example. the intermediale­
Crequency and broadcast bands (150-200
kilocycles and 550-1500 lciloc:rcles), or
the broadcast and aircraft bands (550­
1500 kilocycles and 1400-4000 kiloc)·cles).
All inductors are mounted on plug bases
and are easily removable if other com­
binations are required.

The inductors are toroidal in forlll,
which reduces their c.'Xlcrnal field to a
negligible amount, and the wbole unit is
carefull.v shielded so that it llIuy be used
to test the IllOSt. sensitive 1Il.1shic1dcd
recclvers.

The TYPE 601-A Stnnrlard-Sign:d Gen­
erator may be used for making llc.'curale
sensitivity tests on nil types of receivers,
either regenerative or non-regenerative.
operating within its frequene;)' range. It
may be used for lining and adjuslment
tests for superheterodyne intermediate­
frequency nmp1i6ers. Because of its rela­
lively low price, simplicity of operation,
and ruggedness. it is quite suitable for
production testing work of radio receivers.
The pllrtieulnr value of the T\'PE 601-1\
Standurd- ignal Generator is for portable
work, such as the periodical testing of
receivers already installed 00 police cars,
ships. airplanes, and other places where
receivers are apt to get severe usage which
may gradually put themoutof adjustment.
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Power Supply: From dr}' batleries placed inside
shielded cabinel. For plate. block balteries. 45 and
07.5 volts, Il rna. For filament.. two No. 0 dry cells,
180 mao Qnly a ".S·voll C baltery is supplied.

Accessories: A shielded 1)lug and lest lead. but no
dummy Ilulenna. are furnished as regular equipment.
A TYPE 4lS-B orTyp£;418-C Dummy Antenna must
be ortierCil sepnratel}'.

l\..1ountlnC: Aluminum panel, l4 inch, finished in
black crnckle lacquer, mou.uled in natural-finish 001k
cabinet.. WiUl 5\'e-ply veneer hinged oak cover Rnd
carrying handles. Panel is slightly recessed into the
cabinet for protection.

Dimensions: Panel, (width) 15 x (height) III
iochC-'. O...er-lIl1, (width) 16 x (height) 13% x(ch:plh)
li}i" inehes.

Net Weight: !10M poundswilhbatteries.40 pounds
I\·ithoul blllleries.

Tubes: Three 230-type lllbes. indudcd in the prit·c
of the instrume!nt, I\re $upplied.

between adjar.eut. atlcilulllor r&lios. For outpuls
above 10 microvolts tILe corresponding figures nrc
j% ilnd 10%. When no tube! hn\'c bccn changed lile
ill~lrutnent will rCI>cnl readings to within t%.

Frequency Modulation: Vnrieswil.h the inductor
!Lnd frequeucy 11(ljustmetlL It is 1es9 at ffL'quellcics
ahove 1500 kc. For 30% mouulntiOll it is alwa.ys less
thnn 0.03% l\1. more than half sel\le on tuning con­
denser; at highest frequency on any inductor not
more thon 0.1%. For 50% modulation, figures IIrc
proportionally bigher.

Terminals: The alteoualor output and the "high
output" terminals are jack! located behind the
panel to which connections are mace! by me:\llS or 11

shiddcd plug and lest lead.

Output Voltage Rnnge: The altenuator is cnli·
brnted in the following steps which t'QrrespOIul In a
meter setting or 1: 0-1-~-.5-10-20-50-l00-200-.500­

1M-2i\[-5~'l-IO[l,I-iOM.

Tbl! voltmeter multiplying factor or 1.6 makes
lI\'ailnbll! microvolt readings betwetn these I)oints
from 1.5 to SO.OOO microvolts. The "high output"
tap gi ...es an output of 100,000 or 150,000 mil'ro·
\'olts depending upon the voltmeter reading. The
output or the aHenuntor when sct at zero is ne\'er
I\S large as one-tenth of tbe ont'-wicro\'oll output.

Output Voltage Accuracy: I~or outputs below
10 micro\'olis the clllil;roliun is good within 10%
rrom 100 kc 101500 ke, 20% from 1500 kc to 6OGO kc,

SPECIFICATIONS

Carrier-Frequency Ranl1e: 100 kc 10 6000 kc
covered by the ust: of the !jix TYPE SOI-P Inducton.

Modulation: 1\0 inh:rnnl ·HI('-c~·c1e \'ncllllm-tube
osdll:lloT of good W:WCfOTIll, ndjusted 10 gj\'e 90%
motlulalion, is pro\·idcd. Circuit may be adjusted
for ,50% modulation em sl>ccinl orllcr Il.t.no additional
charge. External modulation soun:C$ cannot be used.

Output System: Input to the :lttcnuntor is rend
by \'nellum-tube vollmc.let which is r:alibralcd III
two points to provide a multiplying tactor of 1or 1.5
for the nttenu3tor reading. The atlenua(OT. wbich
hilS a Tc.!isti\'e ladder structure, is calibrated liireclly
in microvolts. The resistance units are wound on
,'uy small, thin, mica cards And hllve essentially no
reactance. The internal resistance of the outPllt
circuit is constant at 10 ohms, e:l;ccpl at the 10M.
iOM, nnd 100M points. where it is iO. 40. nnd iOO
ohms, rcspectively.

The attenuntor is tnppeJ ncnr the high-potentinl
cnd for n scpamte "high output" terminal brought
out on the pnnclnbove the attenulltor control knob.

1'1'''., OOl-A is not rer.'OllInlerH.leti for Geld-strength
IllC:lMurcmenls_

7'ype

100-6000 ke 1

Output Ra?lgt! Co/it! Word

1-150,000 microvolts I. .. _ 1 JURon

PriCIl

''In,luetots must be ordered kpnrDlel.v.

TYPE 601-P INDUCTORS
Type FrequMcv R(lllge Code Word Price

·601-Pt 2500-6000 kc •............ _. _•.•• ,....... gT,l.NSlOl·OP

"601-P2 1400-4000 kc , .•••.•.. _. _................ 6TAN8lGUrB

·60l-P3 550-1500 kc ...•.••.........•...•....... 8TA~!u(mQ:.l

·601·P4 200- 550 kc .. , , ,....... STANSJ<lliUN

"t601-P5 ISO- 200 kc _ _ 8TAS8IG!UX

*601-P6 100- 200 kc , ,... I!TANIHOGA!:I

Frequency Calibration. nt-CUrAQ' :l: 1% (per Iu<!uctor) .. CURVE

"Frequency e",libraliOlI~.upp1i~on!)' wlten orden:<!. wlten ordering ulill.Hled induclot'S b)' lele,;r"ph, use I'IlRlflOund l'Ode ...n"b,
l.'., nA;-qSIIlTOI'CIlKVl:, e!('.
fib., " 6.~ed ,1"",\ ('Kpantano:\: in .......1('. I... ~p'cKd oltllhc "al;brlltion throngl. the,ul"'rl1dcI'I)<!3'nt: inlcI'D'cdi"te-I'eflnenc)' .ROge.
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SIGNAL GENERATORS

TYPE 604·8 TEST·SIGNAL GENERATOR

Tlte dcnlopmcnl of rccclnng equip­
Illent (01' usc in the higher rl·eque.llc~' unnds
has resulted in the need for a suitable
!'ourcc of lest \'01 lage nt t.he very high
frcqucucics.

'I'h g neral considerations surrolluding
work at. l11t~se frequ I\cics suggested Uml
nn illsll'lll11Cnl of high precision would 1101.
he justified because of the cOlllroll.ing
effed of lend impedances and sim.ilM
faclors. lL was decided, thcrcfol'c. to
design a rugged im;trumenl of high rcli­
nbililj' which would give reproducible
rcsultR but. nol necessarily possess n high
UUSOllllc ;tCcl1ra(:~', ltnd whidl would have
u low cost.

The Tnl~ 60·~-n Test-Sib'lla] Gcncnllor
WfiS designed wil.h L1lesc cOIL'iicleralions in
mind. [t operates at frequencies £rom 3
megitc~'cles (lOO lueLers) La tOO meg<1.~

<'ycles (3 meLers).
The unit consists of tile elcmcnLs which

have become familiar ill Lhis ~.pc of
apparatus: a modulated mdio-freQllcnc,Y
o~cillator, a meter for reuding the \'oltage
impressed on the allenuntor, and an at~

tenualor, in this instance composed of
c.'tpacitunce clements.

Self-modulation al 400 cycles is pro·
vided for, as well :lS exlemal modulation.
l'rovisioll is made for ~m unusually high
modulation band (200 kc), which makes
this signal generator II sllil~"\ble source for

examiwlLion of receivers intended for
operation in Lck~\'ision syslems.

The capacihUl(''C attcuu:tlor W:l..'\ se·
Iccled hecausc of ils sm:t11 frequene.y error
lU1d simplicily or (.'Ol1slmclion. It is huilL
ill lwo sections, the firsl of which reduces
the voltage from 10 volts to 1 vall for the
rod antenna. The second section dclivel·!'>
1),11 ontput voll:1ge adjustable between 5
microvolts :mcl 10,000 lnicro\'olls which
is <l.\"ailable at tile usual pn.nel.outpul
shielded jaek tcrmiUill. The rod antcUJ11\
is secuona.li1.cd inlo such Icuglhs as lo
produce Geld ~trcnglhs in the ratio of 1,
10, and 100. Thc tolal anlcnna length is
15 inches.

The THE 60-J~U Tcsl-Signal Generalor
is lhoroughly sllic1dcd, and lhe slm)' fielll
is insufficicnllo a.ffect the accurac.y of ilny
measurement on a. recei\"er whose sensiti\"~

it), ties within the output volta.ge rallge
of the instrument.

Within lhe audio-freque"'Y range Lhe
per(:enl'lge modulation is set by the grid~

curre.nt micro~ammeler. At higher mocltl­
lating frequcncies the voltage applied to
the e.xtcrnnl modulation t.ermi.llals is to he
seL Lo n valuc lo be taken from a calibra·
lion charL rurnished wilh the iuslrumcnl.
The normal modulalion percentage is 30
per cent. Inpul impedance or the external
modulation terminals is ttbout :;000 ohms
aL audio frequencies.
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SI GNAL GENERATORS4N~>')IW------€>-0Y-Wi'-~~/v---@-{~/

SPECIFICATIONS
Carrier.Fn:quency Rang,e: S ~Ic; to 100 Me,
Cl)\'erw wilh IS 'Ilug-in iDUUCtclr5 IUPI)lietl with the
inslrumcal. SpeciAl inductors can be buill In order
fO" frcquclIl.-i« u 10'" u:WO ke. Prioes on request.

Output: Cllp:ll::iw"~-l~'})e Illlenualor furnishes
<:onLinuousl", adjustal,le ,'ollage from 5 lo 10,000
mjcro,·oU•. :\ rod IltltCIWll in lhree.sccliou pro"ides
field strengths in lht! natio of I, 10. and 100. The
IlIput 10 the: anlenlla is comlanl al 1 \'011.

;\ccurnc)' of Output Vol mile: The atturaC)' of
the \'oltace al l1lc allL<tnna terminal up to fre­
q~nciesoilO ~~'de. is .t5%: up lo frequencies
of 30 lDC'g.c)·e~. ~ 20%. The .~nac,. of lillt volt­
age at the OUTPUT lerminal up to 10 meg:t.C)'CKs is
J: 10%; up to SO rMgll~'dd, :%:JO%: .bo,'c SO Me.

no brier stalement IlS to the ,'ullage .t'CUrn~· would
he useful. since the error introduced b)' ronnec:ting
an)' lead 10 tbe output of the ge~r:ator is much
gTtate-r thu that inhe-renl in tbe instruJllt"nl ilse:lf.

Modulation: The intern,,1 modulating oscilll\IOr

i, adjtUtt"J to 400 t';rcleA (:1::\%). Extcrnallllodlllll­
tioo cin:uit pas~ frc:qllCnCit"s up to 200 kc. Input
impedanct. 5000 ohms. rolbgc: required, .pproxi­
maid,. 6 "olu for SUe;. modulation.

Acccssorica: A ,hitldt"d <.'Onn~ting cable aDd IS
inductors with ,tOnlge rack are pro,·idt"d.... wdl
lUI lin .nteltnll which i, in three sec:liollt.

TubH: Two 51-type lubu .re lupplit'd_

Power Supply: Two Xo. Gdry celk and rOUt~­

volt DurgtlS ~o. .sSOS I,lllleric:.s or equh·41ent.
lJaltuies are DOllupplit"J with the instrument.

l\Iounllnc: The uoit is mounted 00 a black eracltk
aluminum pancl and placed in a sbieldW. 1I".lollt
cabinet. Splice h... been pro"ided inside: the- elbinet
ror b,.,turK:s .nd inductor ,tOnlge rack.

Dimensions: (Willth) 18J1 s (height) 9 x (depth)
16.J.i ioches.

Net Weight: .f2 pounds. wiliioul batteries: .nM
,)()undJli, willi I>:ltteries.

-604-B . .. I
Frequency Cnllbralion(IJCr Induttor) .... _.••..

'f'~q"eao:ye1Ilibnllioou Illpplied 001,. wbeo ,pcri6Qlly~ _ilb dill i.,lrll_"t. U. tcIIIc word IIV1Aa:uu. _lse. tho: CIlUre
ut or I' iod"cton i. to be talibraletl.

TYPE 418 DUMMY ANTENNA

TypF.

4'S-C

Tests on radio receivers wiLh the sland·
Ilrd.signnl generator require the use of a
dummy Illllennl\ connected between the
generator and the receiver under test.
Tbe two dummy unlcnnas listed here
arc mnde in aecordltnCe wilb the speci6.
entions of the Inslitule of Rndio Engi­
neers.

TYPE 418-13 is for work illlhe brolld<':llst
range (5:)0 kc to MOO ke). The efTecth'c
heighl is taken as .} melers. TYPE 41S-C
is designed (or work abo,'c 1500 kc.

SPECIFICATlONS

Dimensions: TrrE. 418-8. (length) t).i s {width}
I~ s (hcight) i iudlCl, ovcr-all.

TTI'E 418-C. (leugth) 5~ :r (."idlb) l}i:r (heiGbt)
~ ioches. over-.ll

Net Weight: Tvl·.~ ·IIS-B,", OIlDed; Tnt: US-C.
i! ounces.
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Resistance: Tn", 418-11. U ohm; 1\-vE U8-c,
~OO OhUllI, tIlPpt.'<1 lit SGi..5 and 280 obm.~. ·11.cse
"lllu(';5 g1"c the slJCcif~ circuit impc:dan~ (If -ti
ohms lind 400 OllUlS .·hell utetl with GeQenl ItaJio
staml:lrd Jlih'1ltll gellerntors,

Reactance: TvPE 41S-B, 20 ,m iuductanOl!. !lOO
~,J CftpacitanOl!: 1."1"rl'; "1~ ,GODC.

Mounlln~: lloth types are wounteJ in moulded
hak~ite c:aKS with jack t~rminals to lake 1Tr£
2701...~1 I~up. See illLUlralion.

'Ug·B
418·C

('tHI~ Word

£"ROD

OEuer.
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CATHODE - RAY OSCILLOGRAPHS

.Ma.n~· dcn.lopmenls in cathode-ray
tubes and associated equipment in recent
year have resulted in making this instru­
ment generally ll\'ailable for all l)'pes of
osci1lograph~" Tuhcs of greatly increased
life arc available allow <.'osl, and nc..'CeSSOr~·

equipment has been greatly simplified.
The cathode-ray type of oscillogr'.lph is

characterized by & high input impedance
and wide frequency range. The obsen'cd
trace is formed by directing nn electron
stream against a screen which becomes
lutninest."enl under electron bornb.\.rdmcnl.
The lrcam Cil.1I be deflected from ils
course either by 3.n electrostalic or by an
electromagnetic field, nne! in u praclicnl
oscillograph provision is made for such
deflection ill horizontal ancl vertical di­
rections. I;ndcr l.'Ombincd fields the beam
will lrace nn irregular pallern which will
indicale the relative field streugths.

The moving element. i.e., the electron
benm, is of small nlttSS and elm, therefore,
be made to follow very rnpid \·nrialions.
The u!>per fre(lUcncy limit of the oscil­
IOl.....uph is. in fnct, determined by such
faclors us length of leads extcrl1l.ll lo the
lube rnther lhan b~' any inherent limita­
lions of Lhe Luhe itself. i\{oreover, because
of Lhe very smnll amount of power re­
quired for Ihe deflection of Ule hearn, n
high input impedance Illas be obLained.
'fhe electrostatic deflection t,r1>C of cath­
ode·ra,Y oscillograph (flll General nadia
models arc of Lhis type) mlt~' he connected
:Ieross practicnlly all)' electrical circuit
WiUlout alteriug its impel!a.nce. Previously

existing current and voltage relationships
are not disturbed, and hence each is sbown
on the screen in its normnJ slate.

Sevcrol types of luminescent screens
ha\'e been developed. and two are com­
monly used. These difTer in lhe persistence
of the patlern after the beam has pa.!'.SCd
and in actinic qualit.}'. Tubes having low
persistence and a color charneleristic best
adapted for photogrnpb.}' are normally
supplied wilh General Radio electron
oscillogt"".lph . These tubes are suitable for
the photogrnpby of rapid transients with
a moving-film c:unern. When specified, a
tH>e of tube haying longer persisten(:e of
pallern, suitable where identical patterns
are repea.led, can be supplied.

'flit: effect of screen persisleuc..'e is sllown
in the photographs at the bottom of the
page. The re.lative pbotographic brilliance
of tile two t,Ypc5 of screen is illustrated in
Lhe specific.:ulions for each oscillograph.

Where it is desired to stud.}' the lime­
:unplilude char'.lcteristic of a variable
field with the culbode-ray tube, a con­
venient mcans of producing a time dis­
placement or time axis is required. This
:lpparotus has eithcr bcen de\'e!oped in a
separnte porlt\ble form or has bee.n iu­
corporulcd into the oscillograpb.. Each
osciLIogmph conlllins the necessary fila­
mcnt and high-potential power sourccs.

'fhe following sections describe sC\'eraJ
l.YI>cs oJ calbode·ray oscillograph equip­
ment which have been planned Lo oITer
wide differences in apparatus to meet
yarying requircmentli.

FAST-SCREEN versus SLOW-SCREEN TUBES

... ",.,.",.,.,.

,J~~"'~"""¥
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prt:lld-out t.raas rronl " ~·ck voltage ohlained b)' slI'ing1l1g the eamem on a pivot }o"ajt-~n
lube On the lelt, S)Oll'-1ICtftJI tube on the right. Note the ab5c.nte. or blur in the r:ul~D trace



TYPE 687-A ELECTRON OSCILLOGRAPH
AND BEDELL SWEEP CIRCUIT

The TYPE 687-A "Electron Oscillograph
is designctllo present illasilllpic. porulble,
and inexpensive fOfm all of the clements
required for lIsillg lhe cathode-ray lube as
nil oscillograph. The unit includes a power
supply providing for 311 voltage require­
ments as well ;Hi a sweep circuit which
furllishes tt .saw-tooth deflecting voltage.

TL.is instrument witl be (ound to meet
the great Illajority of requiremenls for a
general-pul'pose oscillograph. It cau be
used in the eXltIuinatioll of all types of
waveform. In tills application the sweep
circuit is connecLcd to the horizolJlal
plates nnd performs the function of tbe
revolving mirror in the mechanical type
of oscillogr:lph. The equipment is tiS con­
\'cuienlto use as a voltmeter. Il requ.ires
only connection to the line and to the
souree of voltage which is being examined.

This General Radio cathode-rilY oscil­
lograph hflS two p.trticular advantages.
The internal sweep circuit is of the self­
synchronizing type, that is, it will lock in
step with a recurrenl waYcform of an)'
audio frequenc,}'. The steady screen pat­
tc.rn so oblained is im'aluable in careful
visual study, measurement. and photog­
raphyof complex waveforms with simple
camera equipment.

Tile sllm·t, direct Ic;tds from the de­
(Iecting-plate enp terminals to the l>une1
rcmo\-c lhe norlllftl f rC(1 UCIICY Ii Illi lations
:Uld make the oscillograph ideal for meas­
llrcmCllls up Lo ISO mcgac)'c1cs (2.3
meters). These 'l<.'cessiblc panel terminals
permit the operation of either Or both pair;;
of plates halancedor 1Il1baianced loground.

A$ a radio-frequency voltmeter the de­
flection ~cnsitivity is constant over the
same wide frcquellcj' range. making the
oscillograph ideally suited for modulatioll
measurcmcnts. If the linear sweep circuit
is llsed, n. continuous check upon modula­
tion is pl'ovided, since a single glanee at
the modulation·envclope pallern will
show wbether or not over-modulation is
taking place. With the modulating vo!utge
applied to the horizontal plates, the
familiar trapezoidal modulation patterns
are obtained on which accurate measure­
ments ma)' be made for steudy state
conditions.

'l'he power suppl.y is designed to provide
all necessary volL;lges ror the calhode-ray
tube which is provided as initinl equip­
ment. Mechnn.ieallj'. the equipment is
assembled in a carr.ying case of convenient
dimensions wilh oj. handle. making it easily
portable.
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SPECIFICATIONS

Tu be: All lube ~pcciliefltiOlls nre Ihe nlllllllill.cturen'

Inlesl publisllcd lInLn.

Spot Lntensity: A so-cnl1\.'t1 fllsl-screen luLe
('1'""e GS7~Jl~) will be (llrnisllcl! uuless "tllllrwise
spedlied. Thi:l InIC of ~t~1l is ret:ommendcd lor
llhulogn\phy alltl ill' CSS"lllilll wilen rnl)id lr:tnsicnlJ
Arc iu\,oh'eJ. TIll' li~ur(';l hel(/\\' show lIle rdative
phOIOb'ltlpllic urilli:ua.')· of tile two In)eS. Length of
lrnee, 5";et>p freqIHmc~·. shuller 1l!lt"CtI, [11111 emulsion
lire identical for cndl trnce.

Tn'E OBi-PI 510\\'- teen 'lube

f/t:R (JIG r/II f/8 r/.i,G rl~.5

l.ell! 1\I>erluu

i\!;Ixlmulll Spot SflCed: "'jlh Tn'r-G$7_I'I, GlOO
ill(.:lll':s per s\'COlllJi with '1'1'1"-; (JS7-1':t, 1li,5lJO inchCJI
per S(,:L"Qud.·

Screen DlnrllCt'cr: 5 illdll~.

\'Oh:l!:te. Scnslth'it)·: 76 \'olls l)Cr iudl ('·Crlit.:nl),
90 \'ollJII pet ineh (1Iorizulll:c1).

11l1pednncc of Dellectinc PI:1(C8: Cnp:u:it:l.llce

i$ tlPI)I'oxillllllc!.v t.'i llIicromicrofflrt\\ls between \.Ie­
f1ectioll h:rminnls (measured at the inltrull1eJll
I):mel).

FrCCIl.H:ncy Characteristic: TLe tircuil..$ of tlit:
,Jdleetiog plntes SIIOI/{ no fre<luClle~' dfcctll bcl"w
ISO megllc.\'cles,

I~ower Su pp1y: All ,'ohnf,'\:lII1I,.'(,'d5lIry lire ohtnined
froul the self-oonlained poI\'er supply. TIJ~ a~

Allode Ifol/uge, 1500 '·oll.s: PQt;ufillg Anode Vol/uge,
o10 -lOO mlLll, positive; OTic/, 0 10 -40 \'o!lB: lIeultr
l'oI(ll!je, 2,5 volt.!!; flealer CIIHtlll, Cl.1 amperes. The
power suppl",' opcrutc5 from IIU! 1I.$·,'oll, 60-GO
c,)'cle. lloe line. It draw5 50 wntl.. when the sweep
circuit i! 0I)Crlttillg pncl 20 walls w1len the sweep
citf;uit i! uot opcraLiuJ;.

Termll1:lls: Jllek-tolJ binding po!Ils, mounted on
t.he (lillie! of lhe oscillogrnph 1\5 !l.hOWll in the
iIIustr:ltion.

'I'u bes Required: Tile following tu~s arc required
nnJ nrc slipplie<l as initull t.quiplllell1: one tllHype,
one aSS-tYltC, olle 58-t~'IX:, onc Ccrll'rnl Ihdio 'I'n'~:

1·~3·1), llull one Cc..nernl nadio 'rnE 087-I":i!.

Sweep Circuit: Self-contained UI:dcl1 Sweep CirCllil
rnnl,'C: :'10 to 3000 SW~I).!! per ~oonll. perlililting
obser\'ation of frequencies up to il.OOO ~·c1es.

Sweell is .!Ililbili'led, requiring II control voltllgC of 5
to 100 WIltS r_IIl.$. jmpedlll1~ of the r.o:lIltml cireuit
iJl ",bout iOO,OOO (I1ullS.

Moun til1~: 'l'l.c instrument ill mounted ill II 'l'l"a111111
case will. Cllrryillg lumdle. Th~re is Illl 0VCllirJl:: {or
tl.e tll~ scr(.'C1l alone end of the ctl8c. The conlrol
I)Ul1cl is siluuted at the !tide,

Dimensions: (Length) 19% x ('I\;rlth) 8M x
(height) 17M inches, over-all,

Ket \Vel~hl: 37M pounds.

Typo:

I .
C"de Ifford

clusr

Price

"1'I,~ ...hles .... u","x;tnlla, workQllI, ' .....t I~' S ror ""ritbfon~ fil",. 0" til" Lult 01 • 1/""'MllhcticRI Rl",rlure !fJ.O aad with
lIlt 'U~D Rt iDlia'te ,1l~t."C<! fNlP! th" ~nl. 1'10, ""u'1I1um .~J S' fo. ,ny 01],,, RlI,.tu ... "" "nd a ratIO ~ l>,t"«III"nt11o or
InC<! Q. R'~'II alld lIa the eA'''''. Illal" I,:

"__,AS"",\'.(' t 'Y

REPLACEMENT TUBES

100

TN'"

6S7-PI
687-1'2
143-D

Dc,cripiioll

Slow-Screen TubE'
Vast·Scrccn Tube
Beclificr Tube

CI>/.fc Word

,\CCE5l£iOlu:n'

,\CC.;SSOC,\T

r,\11ty

PriCIJ



TYPE 635-8 ELECTRON OSCILLOGRAPH

The 1'YJ>E 635·13 Elc trOll OsciJlograph
is presenled in un elTorl Lo reduce the
cl\Lhodc-rn,Y oscillograph Lo its lowest
terllls ill simplicity of operation and !)I'ic..>e.
Like the TYI'E 687-A ElecLron Oscillo­
graph ,tlld Bedell weep Circuit, the
inslrullIent is a complete portable unit.
Lilt it does not include a sweep circuit.

Tile smaller inslrument m:tkcs usc of a
3-inch llihe. l'llbc mounting and powcr­
sllpply lmil arC combined ill one Cll.SC.
Access Lo the lube lIlay be ohtai.ned by
removing rOllr 1I11lmb screws. 'l'crmillals
for the dcUccling pla.les arc brought oul
to the panel. as is a focusing contl'oJ. The
anode yollage remains fixed at 1000 volts.

SPECIFICATIONS

Tu be: All lube specifkllliOlI$ nre llli: mallufacturers'
Inl('sl published data.

Spo[ (ntensity: A SCH::1l1ed f:\lt-scretn tube
('1'YI'E GS5-1~) will bc furnished unless otherwise
specilied. This type of screeu is recommended for
photogrllllh~' nut! is essential when rnpid trnnsient.!
are involved. The figUl'es (right) show lll(~ relativc
photogrupldc briUiancy of the two t~·pe!. Length of
trnce. ,weep frequency. shuUer speed. BOIl cumbion
are identiCli! for each trace.

Voltage Sensitivity: Approllimaldy i5 \'01t5 per
inell for hori1.ontal deflecting plata and 100 volts
l)Cr inch for the \'crlicnl deflcclinJ: plates.

FrC(IUency Ch~r:lcterisllcs: Jjcctwsc tile lell!ls
from tltc deflecting plales :lfe not brought Ollt
separntel.\' hul nrc brouglll oul togcllJl~r throllgl.
tIle 1>1\ e of the tube, inter·nction belweeu lItCi!e
circuits resulls al high radio fre(jUlmcies. etlusinl; Ull

error in amplitude and phnse. The Belunl resounnl
frequency of eilher deflecting plnte circuil is in the
ncighborlloou of 015 megnc:yc!es.

TVI'e ass-pi: Slow-Screen Tube

f/'l-! fl10 fIll f/S f/a.G rN.5
Leus Aperture
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Ma:dmum Spot Speed: With Tl'PE 6S.i·l'i, .100
indIes per second: with TYI'l: W·P9, l1,ODO incbeJ
~r second.-

Screen Diameter: S incht;t:.

Impedance of Deflecting Plates: CapacilAn~

is M 11111 to 4.S 11111 betw~n plInel terminals.

Tubes Supplied: One Ceuenl R.dio TTPE 1.3-D
and one Ct.neral R.,lio TyrE ~P'S.

Power Supply: All or the "oltaps necoessuy are
ootained lrom lbc .If-<'OntaiDed po~ Stlppl,)"
operaling from Ute 11!i·'·olt, 40-60 ~·cle. lloC line.
Anod. Voitoge. fixcd al 1000 vulll. FocwUI9 r'ollO~,

Adjustable betTo'C'C1I 0 And 300 \'Olls either positive
or Degati'"e b)' re\'l:l¥ing connections. Co.l!r.ode-ltnJ(er

tupplv. maximum of i.5 ,'Oill or Vi anlpen!S, ac.
Adjll$t.ed by U1etlnl 01 a rh~l'at imide the cabinet.
Supplied complete ""itll o~-o"" .witch and 7-!ool
"Uachment ('Oro,

Terminals: Jack-top binding posll, mounted on
the P4Del or the osciJlocraph as Ihown in the
iIlWitraLion.

Power Consumption: t,j w"tla..

l\fountin&: The imtrument is mounted in a walnut
<::aM. with carT)ing handle. TIKre is an opening for
tbe lube IOftD at one end or the casco 1be control
paPei i. situated at the lide.

Dlmenslona: (Height) IsM s (width) IG Jt (tkpth)
OU ilu:bea, o,'cr..lI.

Net Weight: 19M pounds, inelutlinx tubes.

Typ'

635-8

CtHie WorJ

c:crm

Priu

REPLACEMENT TUBES

635-P2
635-P3
143·0

Dneriplion

Slow-ScrceD Tube
Pluit-ScreeJI Tllb~

Ilec:lifier Tube

CU"'I~

cuunT

"'AIRY

Price
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OSCILLOGRAPH AiVlPLIFUm (TYPE 7H-A)
See IN!e 68 for speclflc.lionl

L~ many applications it is (ound desir:tble to
increase the voltage under obsen'nlioll beJorc
applying it to the deflecting phltes of an
electron oscillograph. The amplifier used ror
lhis purpose must be of high input impecltlllCC
and excellent frequency chnmcleristic if the
advantages of the electron type or oscillOgt'fLph
are not lo be sacrificed.

The. TYPE; 714-A A..mpli£e.r has been designed for usc wilh
the TYPES 687-A and 685-8 Electron Oscillogmphs.

-Seruit.i.nLJ- of combimlll.ioll, 100 i,u;lle. per volt
- Rnn8e. S q'c:le~ to 50 kilocycle.



TYPE 655-A BEDELL SWEEP CIRCUIT

Oscillographic e(luipment which does
lIot haxc a buill-in swccp circuit will
usually rccillire lUI e.xternal sweep circuit
as :.ut al:<.:eSSOr)' ror many types of work.
The weep circuit perfOfIUS the fUllclion
or spreading out the pallem resulting
rrom a periodic \·oll..'l.gc on one pair of
plates (which would nppear as a straight
line werc lhe swee» circuit not used). This
is the function performed bj' the revolving
lilirror in nlcchanical types of oscillogrnph.

Ll the design of the TYPE 655-A Bedell
Sweep Circuit, simplicity and low cost
IltlVe been the paramount ·om~idcrn.lions.

.,'et nn inslnullclll has resulted which
includes all the nCCCSS;Lr.r ndjustmcnbs ror
II flexible, gcnCI"lti-purpose sweep circuit.

The length of SWCCI) has heen umdc
fixed :lnd is adllJ)lcd to :l !J·inch oscillo·
graph lube. The only ;,tdjust.'lble c1emenl
in lhe sweep circuit is (requeuc~·. which
ma~r be adjusted for the c.xamination of
waveforms of fundnmcutal frequcncies n
high as 21,000 c)·des.

Provj5;ion is made for controlling the
sweep fre(IU nc,)" b.)' mcan o( a. control
voltage i lilroduced (rom thc vol t.'lgc SOllrl:e

beingexamincd. This resulls inastabili7.cd
pattern e"en ,,·hen the obsen'cd "oltngc
is shifting SQlll what in frcquclIl:Y. This
feature is of great \":lluc since it facilitates
the \"isufl! ex:unillatioll or waveforms !tllli

:llso pennits the Il,lloLognllllly of l'cpcaLilll;
cycles with ol'dilmr~' Cl.lIl'lCl'U.s.

SPECIFICATIONS

Sweep "~J"equenC)':The !Sweep rrctlllt':ney rna)' be
IIJjllAtal o\'er II rnnge or so 10 SOOO (:ycl~, permilling
ubscr\'ation or frequencies up to 21,000 cydes.
tower sweep rrequene~ CtIn he obtained IJ~' use of
an externAl condenser.

Sweep Voltal1e: The IWeq> \'olt.age is fixed at
140 \"olta.

Frequency Stabilization: The 5werp treqUC!l1C)'

can be stabilized at Ule freq1tenC)' of the \'ollage
being studied by the introduction of a stahilir.ing
potentiAl of .s to lOG \'oIls on the binding posl~

marked "C01'o'TJCOL,"

Con frob: t\ ingle control is provided tor the~wttp
frequency. This is .supp~mented b)· a two-position
multiplier ~'Witeh.

Tubes: One CIoch or 'J'yru 885, 58, :lOd 80 Tubes
lire required. The initi:l.1 equipment or tubes it

~l1pplietl willI tile instrument nOli is illdudCtI in tlte
price.

Power Supply: The Ikdcll 'weep CirCllil is lie·
sigm."I1 ror OIM:ration from 110- to IfO.\"Olt, 50- to
6O-<:)'cM: supply. It umws ahout 2S waUs.

..\ccessories: A 7-fout connector cord and pilot.
lamp aftc pro\'ided.

1\1oun ling: TOe instrumc.nt is mounted in II. w:.lnul
cabioet wit1J blAck <:r.\ckJe·linish panel.

Dimensions: (1....engtL) I~~ l: (Micltt) S • J:

(~th) 7~ inches.
"et Weight: IIIX1Ulwls,

Cod<
Type IJr.criptioN Word Price

655·/\ ICabinet Mounting, ICKOOKI
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CLASS 651 CAMERA ASSEMBLIES

The high film IIXoe<11 nl which th..: n~\\' l'Oulinuolls·fiIm t:alllcrn "'ill opef'lIlc 1l11lkc it pm..ihlc to
lAke t:nlhOflc·r:l~' 05<.11l0groms or high-rrequenc;r tr.lIlSiClilli. The pholol:1'nLjlh 110\\" lhc CI_\M
G31·,.\·E alilem :\Memhl)' nnrl R T"N: 6.'17-..\ Electron Okilloj:,'TIIllh /l.nll Bcd~1l 'I\'eofP Circuil

The two I)'pes uf as.."'Cl1lhl:r listed will meet 1U(I~l of the usual lll'pli{'aliolls. The

1\-1': group is designee! (01' medium speeds, while Lhe .\-:\1 asscl.lIhly offers n. cnmcm

lluiL:tlllc for csln.·mcly lligll film speeds. Jnlcrdmll~culJlc mulors !In)\'idc' wide spceJ

rllllgcs, :11111 a 1I1l1llhCl' of Cllnlltlc'!'ciallcllscS rn11)' be filled 10 III cl inflexihle ('ol\ditiolls
without dcpnl'ling (!'O1l1 the sland.\.rd camera design.

The seclion hC:lllctl .. 'pecial ClHUc.ra Asscmblics"Ii:lls illdi\'iduallillit~ulld indicates
lhe possible variations in design the better to meet pa.rticular requirenlcnts.

The many applications of high-speed pholograph~t to industri:d rcsearch haxe
prompted the manufacture of a new <..'Olllinuous-6Im ca.mcm hased on the dc~igns of
Professor Harold E. Edgerlon of the Massachusetts [nslitute of 'I'cchnolog)'. Originally
designed Lo photograph rapid mecha.nicnl actions b)' Ule light from an Ec.lgertoll trobo­
scope for subsequent projcclioll alnormnl speed lo give the effect of slow motion, the
camera is also idcld for recording high-speed lransienl.o; with a ca.thodc-rn)' oscillograph.

The General Radio camera diITers from cOl1\'enlional mOlion-picture cameras in its
lack of a shutler and iutermitlent film feed and in its ability Lo uri"e al speeds as
high lUI 85 miles per hour (2000 frames per second) without dallluge to lhe film. Careful
attention to the dynamical design of all mO\'ing parls has made this pos...ihle. _ parate
molors nre lLSCt1 to drive the film and the take-up reel 011 which the exposed film i:i
wound. Provision has been made for operation nt different film speeds over t\ wide
range $0 lIwt the new camera can be madc to fill almost ever.r researeh need for a
moving-film c:.unern.
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CLASS 651·A·E CAMERA ASSEMBLY

This ;lS5CmbIS i'l re(;omm oded for low­
and mcdiulll-spcccl work. It is lhe one
thal would orclil1arit~, be u.sed for making
reconls wilh n. Clllhode-rny oscillograph.
but it ClUJ :tIso be used for medium-speed
slrohoscopic photography. Renders in­
terested ill the latler lISC should, howe\'cr,o
submit lhcir requirements to the Gel1crnl
R;adio Company for suggestions before
coming to n. 6nrl1 decision.

The illustration on this I)uge . hows the
Tnt: 651-:\ High 'peed CaUlcr.a of the
CI.ASS G51-.'\·E :lI11Cr:1 .\ssc.llIhl~·, illus­
trated on the opposit page. with its side
removed to show the internal design. The
m;ulI1cr in which the camero is focused
ami in which lhe film is threaded is shown
h~' the illuslrutioll. The large central
driving sprocket und the bottom take-up
reel arc eltch driven I.>~' llcparalc motors.
The lype of main-sprocket drive deter·
mines the assembly class leller lo which
lhe Climera belongs. The e:uner3 is focused
hy \'iewing tile image thruugh the focusing

lnt~riQr nc:..·ur IIle IIiGh·S~1 Calm::ra

c~'epiccc when the two llpc.rturcs ill the
dri\'ing :-prockel arc aligned as .sIIOWIl,

The imngc forms 011 a small piece of
trall.slu<:cnl film inserted ill the gtlle,

SPECIFICATIONS

Film: An.)' 3,'HlJIll tillIl ur 1)llpt'r Il'itlt 'lllllllal'd
l.errorntiollS (.'fUl be rUll, I)llylighl. IOll\ling mill
unllmding "'itll lI~gligihle lI'lt$tc. CllP.lI:it,· or ~I.i.

100 rcct.

FUm·Speed Ranll.e: Wlten lhe motors are oper­
ated nt lile ,"oUnges lIl~ntioned in "POW~f Supply"
heln"', film Bll«d~ helween 3 f<'f:ll>Cf Bc<.'Und nnd ~5

r«L txr scc:ond Me obtain:tble.

Lens Systems: An //'1,,5. ·n·mm lells hom lh~

Ile-li Iw.1 Howdl "E.)'l:lllo" serie~ is sttpplit....1 in 1111

a,ljUjlllbl~ llIounling that permils rOCtIl~iug ror
distalKt1l br:hI'cen 8 arid to inr.hc:s. The illlll~e ror
rveusing is oh~n'hl dirt!t:tl~· 011 tile: ~lIh'Ak:nl or :I

ground glas:s in the I)b.()e of lhe film.
The kllS is ,nfficienl!.)· "rut" to pennillh.: reoortl­

illg or lntces rmm II TYN: 657·:\ 1~ledron O:scillo­
graph 011 soptr-~Uiili\'e p."Indlromatie filln OIL ..

llj)t.'Cd l,r;);} reel per 'c{."'IIII, wilen II,e fillio of loln1
ICllgllllllong Ihe lrllt.'t: lolenglll vr film is leu than
5 to I (ulso see lIole 011 .pol ~llCed, p:lge lOO).

Orh'e System: 11le lillll·,lri,'c svrockcl i' c.lri\'cll
Ihrough II reducing gcaf by II IInh'crsn! (a-<: Of d-e)
molor, Thc lake-tip reel 011 which the eJ;IJOSed film
is wound is ,Iril'l~n h" 1l1('(.-.)D,1 oniver:lalmotOf.

Power Supply: 'I1te 'I'ide rallge or film s:p~~b a
oblaint<1 b.)' IIJlpl.)'ing \'oltal.'CI between.sO "olt" IIml
23fJ \'olb to bolh the driving lind I:lke·tlil molors.
When ll$-"olt or i:J(l"'oll50-- to GO-cycle 5Cn'icc is
l\\'.iLrobk, \'ohllgil mutrol ov~r the eutire rll0I.'C can
be obtllin~ by IlSillg II \'arille. Wilen d-e !en'ioe
onb' is 1I\'ai14bk, • rhe()5htt IOUlI be UR(1.

Dim~nsiona: (Length.) 111 J: (width) GJoi ;I;

(height) 16M inchts. o\'I('f-ltll.

Net Weight: Si pounds.

Cia...

Camera Auelllbly, ' •.. . I
('ode Word

DISE.
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CLASS 651-A-M CAMERA ASSEMBLY

The Class 65L-A-l\I Camera Assemhly
is designed ptlrLicularly for super-high­
speed slrohos<:opic photography where
the film is later lobcprintcdlludprojcctcd
for studj' or demonstration purposes. A1
maximum film speed this CfluiplllcnL gives
"slow-motion" rcslIlls in the ratio of about
120 La I wlien compared with the origin::t1
action.

Inasmuch as the camer:t is of the
shutterless conlinllo\ls-fihu type. an inler­
mittent fhlshing light source is required
La produce the individunJ exposures.
Because of tlte speeds involved, <l TYPE

621-:\ Edgcrtoll Power Stroboscope, i1-

luslratecl on page S, is recolHllIended for
the source of illumination.

Where higlH.peed 6JIllS nrc to be pro­
jected La give slow-motion Olction, pro­
vision for a<..'Curalely (raming the separale
exposures is required. A commut.alOf is
provided fOf this purpose. Mounted on
the shaft of the main film-drive sprockel,
it is cOllucclcd to the stroboscope circuit
and provides the impulse which sels ofr
Lhe flash for each exposure. The exposures
nre tlllls accurately spaceu ou the film,
:tnd Ule film ma;r be pfojected, without
jumping of thc il11tlge. using standard
projection cquipnlcnl.

SPECIFICATIONS
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Film: Any 35·nltll film or 1)ltl.w.r with SllUldllrd
perforations eM! hu rUll. Dnylighl IQlidinu nutl
unlonding with negligible wl\ste; 110 waste if film
hn5 pIlpef JeMlel"J. Capacity of reels, 1(1) f~t.

FUm Speed: Using tlle ~:(.itlch mnsking golc anti
the commutator supplied with !.he assemhl,)', l'ZOO
standard-si7.e frllnles per lIeC'Ond urc exposed. Thi5
corresponds to n Iincar lipeffi for thl!; 111m of ulxmt
75 h:'Cl pcr sccolUl. The SI>tOO is l1~ed b,)' Ull~_ motOr
~peetl and call oul)· be e::hUlll;Ctl hy 115ing n diffl!rent
plllle~··dri\·e rutio. Othcr pu\le.\'s UN 1l\':lil(lule, but
are not included in the a5i1Cmbly dcscrihed here.

Lens System: An f/Vi, '~7·1ll1ll lens frOlu the
Bell nlltl lIo\\lcll "f:YClllo" series is supplied ill nn
n,ljusluhlc mounting thnt pt'rmits focusing for
clistltllceJi bell\"ccn 8 nnd 20 inches. Tlte:: imuge for
foculiing is observed directl~· ou Ute ~ui\'ulcllt of a
ground glnss in the plllne of the film.

'11lis -.ssemuly hns hl.'W used lo tnkc pllolographs
Al the rate of 1200 per IICCOlld, using Il Tl"I'E 621-.-\
Eclgcrlon I'ower Stroboseol)t:. for ilhllllinulion. The
ruo\'ing olJje<:t. l;!Jollld I>e ,mill! and brigJ.t: larger
lllljcclil rcquire cvcn more powerful lit rohoscopes, ill­
foruml inlll'OlIccrnillg \vhich is obtainnble on request.



DrI\'e System: Tile lirive IIlotor is II 115-\'(,11,
3GOO qJ.lll., GO-c.rcle, 3-pllllSC. induction motor Ihilt
dri,'cs till: sprocket thruoglt l' I-lo-I bell dri,'c. Tile
ltlkc-ul) motor i~:l 115-'-oh lluiverSl'\lmulor,

Power Supply: III order to secure ml,id ul.'('Clem­
tion of the film, bolh motors should be 0lwruted
from a. 2~O-"oll, GO-l'yc!c, S-ph;tSe SlIl)JlI)·. Chnllh'Cll
in camera film speed nn: S4!cured b)' n ChlllLgC of
IlIIlIey Tillio: see "Film 51)(."-'(1."

Commutator: H high.speed stroUoK'Opic moli'lll
pidurcll nrc lliken for llllh~llcnt projection, the
stroboscope mllst Illl.sh lit L1lc illslnnt nn ullcl(poscd
(rome of film come,<; into position, '1'Ilis ill 1I1Xl)1I1­
1,Iished by mC:lm. of II (;-Onlmulnlor lilt thl:! shurt or
Ihc .Iriving spTOckd. The l'Ommutnlur llUI'lllied is ror
rull.size, M-iuch frames: S<'e "i\luking Gnles,"

Masking Gates: 'l'he masking Galc determines the
CIlllount or film e.'tposed ror each "slroboscopu"llilsh.
Tllree On! Il,,.ilnblc: %,-inch ror a fllll-l;i1:C mollon
picture fmme, %-inch, nnd X-inch,

If pictures tRken are ror indi\'idual aual)'sis an.l
not for projection, c:.'tacl s)'nchronism between film
Bnd IInsh need nol he u~urfl.telr maintained. By
Ilsing llle *-illclt masking gRte and a Dashing rute
Adjusted to t111prolliwalely 2400 Ollshcs per 5CCOlltl,
lheournberof exposures pc.rsecontl cnu be elfectivd~'

douulec:1 al lhe expcnse of nnrrowing t.he field of
vic\\'. By using the Y-i'-incll gale, in l\ similar manner,
tl.e cXJl09urc rot'e elln be triplet!.

Dimensions: C:Hnerll, (length) lin x (width)
OM lC (hcigllt) 16M inches, over.nlli hn'lC, (length)
18 x (widlh) II) lC (heighl) 1M illche~, o\'er-:dJ.

Net Weight: GO pounds.

Cflllll J)elCriplitHl Code II'Or/I

G..merR Assembl.V , ..1 mnct:

'CulI.i.b nll'jUQ~1'll (indudinl: 'lIk~IIP mnlor). ilrlvi"g tn...tm. baH. (UlU'''lIlJ1l00'. lind kn.•• At; ~ibo.d.

SPECIAL CAMERA ASSEMBLIES

The following paragraphs list some of
Lhe opliolllll accessories which nrc avail·
aille. Ther ma~' be useu willi Lhe '1'" ...;
1151.}\ High·Speed Camera to build liP
Camerll. assemblics for parLicular require.

menls differing from tJle lwo assemblies
previously described. All cquivalClIl or
sul)stituLe accessories arc inlcrchungeable
wilh each other .lnd with those ol'iginally
furnished with lhc cnmcra.

SPECIFICATIONS

Film: ClHner:ts Ilsing HI-mIll iJl.~tcltd or 35·mm
mill rtr l"lllllt.r enn he ~1lJ'l1)1ic<t. TIm sWllllc.r hcil:hl or
the slandnrd l&-mm fmmc is sometimes nn nll­
\'ll.nlngc rllr stroho~('(II'ic Illtotogmphy Ilt extremely
I.igll spcws.

I.ens: Lellks tiS fast as1/1.5 nnrl with focnllengt lUI
between 47 nUlllllld 6 incbes (telephoto) ttreobtnin·
ahle to fil the standard mounling. When used with
eiUler n string- or a OOb\'cnlwnnl lllo,·ing-l.'OiI.t~'pe

o!ICillogrnpb, DO lens nl nll is needed.

Drh'c: There arc IDllUY possible combinations of
driving motoN wiOI belt or gear drivcs tlint wake
il possible to ohmin film speeds any .....here bet .....een
~~ illch per second nnd 75 or 100re f~t per sc.:oond.
For some nppliC.'ltions, no driving: molar is required,
the tnke-up motor supplied with lhl:! camera being
used to pull the liIm througlt.

Chronograph.ic Work: Man)' Acceleration lIud
sllcec:1 studies <:nil be mnde when A timing record is
IlIJotogrllphcd dirl..'<:Uy on Ule 111m, or when II
synchronous-molar drive is used. Optical units rOt Il

pholographed time n:l:is 1lI0lll1l directly on L1u~

camera aud fire a\'llilnble for either GO- or 1000·ryde
lrl\~.

Some inrlex lo the l.'QSt of 1I1e differeot elemcnts ill
n special llSscmhl.\· ClID be obtained from tile rollow.
ing li,;t, ur oolUpolleuts or the CLAs-" 651·.-\·E at,,1
CI.AS-" 651·:\-),1 Camera thsemhlies pre"ioulily
,lescrihcJ :

'I'rN; G!il-A Iligh-SI)CC(\ Carner:'! willi
lnke-u(1 motor , ' .

!lell :lUd Uowdl "L,yemo" LelU, 1/'1..5,
~1uun ................•..... , .•..

G~tlNl.ri\·e motor I\S llSCil wilh CL.M"
6;}1·A-f; ... _••••...••...•..•.. , ..•

8ell·dri\·e nlolQr :incl base IlS usetl wilh
CI.A.!iS 051-:\-:\1 ......••..•.•..•.•.

CommutAtor used wilh CL.AS!; 051-:\.-:\1

It .vou 11ll\'c a. problem thnt General R.llllio l;lUllerll
e(luipmenl might helll to soh-e, stute .,·our require­
menla Il.uclllllow us to suggest an nsscmltl)' Ullll will
mt:ct them. Please give 011 pertinenl inforlllation.
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TYPE 636-A WAVE ANALYZER

108

'fbe Tn[-, G:3G-A "'aye Analyzer i:. :1

ljllpCrhclcrodync V:'lClllllll-tubc voltmeter
willi ,"I '·cry sh:trply lnlled inlcnncdialc­
rrcqllCJlC~' N1uplificr which makes lise of
I \\'0 quartz-crystal filt.ers. The rnngc of
allcrnalillg-currellL volt.ages llUll lllay be
lUC;lSUI'cd with the :lllalyz<:.'f is frolll 200
microvolts to 200 volls.

Funelionally, the instrument consists
of two pill'Ls. The first is a \'ollUieLcr of
adjllslahlc scnsiti\'it~, whicb responds to
u single rrcqllC'lIcy Ollly, ;1110 lite second
is a me;IIlS of placing this ~inglc fl'cqllcucy

OIL ally point in tILe iludio-fl'CqUCll<:Y
sJleclrulIJ Lliat is desired.

\Yilll the TYPE 636·}\ W,we !\11:11y:t.er

n cOlllplex wl.l\'cfunll lIIay be cxploretl uy
mljllsLillg LLe \"olLIJlcler lo respouu La all
audio frcqllcIlcic5 in SIlCC:('5Sioll ami ob·
serving lite voltage of eaclt pmticul:u
frequeucy that is pr'csl;:ut ill till:: wave.

The operation of lite dc\"i(;c to obtain

lhis information is exl.r·crllcly silJlple. It
consists of rolating the 1:"tI'gC dial. whicb
controls the respol1se frequency of lhe
vollmeter, ~Iowl'y through it.s mnge, alld
ohserving caeh ddlcCliol1 of t.he \'oltmeter
which occur$:,

The most seriolls problem in the design
of this l,Ypc of instrument is to SCCUI'C 3.

sufficiently slwrp filtering aCWOIl so that
Lbc \"oltmetcr will rcspond ollly lo a vcr,y
IW.I'rOW band of frcqucllcies. This has been
accomplished in the TYPE 636-A W,-we
Analyzer by the use of a Lwo·slage me·
chanical filter USillg lIlIa-rlz bars lUlled Lo
50 kc. The liSe. of the fixed-frequency
mccLanical fiJter results in avoidance of
the circuit complications of variable­
fr'ctlllclWY ft.lters and in :l greaL increase ill
liIt.CI' ~elect.i\'ily. In or(kl' to \'ary tile
l'espOllfie frcquency of lltc :lnnlyzcl' whilc
making usc of :l fixed·frcqucnc;y til lei' n
hetcl'odync mcthod is used. The ad·



juslnblc cle.mcnt in Ute. system is the
fretilleucy of UIC hetcrodyning oscillator
wllich is eon trolled IJ), the large dial.

The output of the loc:lI oscillator and
the whole of the complex wavdorm to l>e
examined arc fed to:l balanced modulator
where their combination produces boUt
the sum and difference frequencics, or side
hnlldit, in lhe outpul. The original of the
<.'<,IInplcx w;'l,.\'cform is noL pft.s.sed hj' the
ll'lodul:\lor intermediftl.c-frcclUCIICj' OUlput
transrormcr, twd lhe local oscillator
clm·ier frequency is :supprcsi:led in the
output because of the two-tube b::alnnccd
modulator employed.

Tile 50-kilocj'de COIllI)OIlCIIL of tlte
upper side bllud, propOt·liollfll to lhe
voltage of t!l.ll (requeuej· to which the
nmin dil\.l is set present in the original
WHve, is selected :.md amplified by the
intermediate stages. The :.tdjustable gain
c....ontrol of the amplifier gives the many

v.lIucs listed below for (ull-scnle cefieetiolls
o( the ouLput meter. The st''l.ndards (or Lhe
voltage and frequenc.)' calibrntion nrc sel(·
c....ontained wiUlin the instrument.

The inJlut impedance of the analyzer i.s
normally 100,000 ohms. Under these con­
ditions the Ulultiplier range is such as to
produce Jull-scale rClHlings on the meter
from 0.001 volt lo 2 volts. A.I1 external
10-megohm multiplier is supplied which
nllers this range to from 0.1 volt to 200
volts. Since the meter can be used at
oue-tenth (1111 scale, the total voltage
mugu o( the instrument is 0.2 milli"olt
to 200 vol ts.

The ;Ulalyzer is not only useful for the
measurement o( harmonic distortion, but
also (or the study of induced voltages in a
complex waveform. Examples o( this tyVC
of work include hum measurements in
radio·rec..-ei"cr outputs and induction
studies on telephone lines.

SPECIFIC... liONS

t"requency Range: 20 to 16,000 C~tdell.

Selecth·lty: Extreme selectivity permits (Iiscrimi·
nlllioD or vollugClI dilJering b.}' ollly /t few t),c1es, The
rdponsc i~ t1uwll 6 III, nl 2 cycle.'!, -10 db a'l so cycles,
/tnd 00 db nl90 c~·clcs froUl Ule pcak. The seleclivity
is constllIlt Lhrollglll>ut tbe opertltillg rre1luClley
rnnge.

Vohag,e Range: 0.21l1i1livoll tu 200 \,u1l.ll.Ttll.: meIer
ill l:onjuncliClD l'I"il1l ils multiplier has a full-~l-nlc

r""I:(' llr 0.001, 0.002, 0.005, 0.010, O.o;W, 0.05U, 0.1,
0.2,0.5, I, /tnd 2 volls. All external 100 to I multi­
plio:r is IlfO\'ilkoJ lu incrC:lSC the inpul impedl\nce
and 10 exlwJ Ule range to 200 \·oILs. H:lIlge with
Illultiplie:r, 0.0'l volt lo 200 '·olls.

Voltattc Accurncy: Wilhin,s% 011 all ra.llges ex­
l-ept on tlae I-mv anti 2-m\' (rul1-~ulc) seltings or
tllC~ multiplier switch where the nccUf1lCY is within
10%. Spurious \'oltages [rom higher order UlOlIII­
lalion producls introdue«l b.}' the Jele<,:lor urc
lfUPPrc5llC(! b)· III least '70 db.

Input Impedance: 100,000 olams; 10 megohms
wilh llie cxlernal multiplier. Tile 100 lo 1 external
llwltil,lier is: well slJielJ~1 and llllllllUdl a high input

impedance thnllhe anlll.\'zer ma.\· be (.'onncclccl 0.1­
most IUI.}·whc~ in It eireuil wilhout using seril:1 COIl­
utukrs or hiking lin)' oiller precautions Ilsuully
Ilt:(:'::SlIIlry wilh harmonic flnnlp.crs.

Accuracy of Calibration: Tln~. rrequellc.}' scule or
till: muin tnning oonlro1 is individually engraved
(Illd i~ uppro:Olllulely logtlfilhmie over its full spread
of almost IS inches. For one ~·ellr rrom the date or
purchase, Ihe (·nlibration CUll he rdicd upon to witllin
2% when the IUlIll.\HlCr hIlS Ill:cn cnrefllll~· set to 7.cro.

Tubes Requlred: Thrce'~l-lrpe, two is-I)'pe, anll
one 3i-IYI)C hlbcJ;, supplied wilh the indrument.

Power Suppl)': The lilument supply ill oblilillel!
from n 6·\·0Il slornl,'e bnHer.}' by U1o:4l1lj ur cablll
IJfO,'illed. The plale SUllply is oblnillet1 rrom lhn.ot:
45-'-oll E\·eIl:ll.1ly No. 57~ b;aUeries or e(lui,·slenl,
SJl:lce for which is Jlf'()\'ided in the lower COlllpllrt­
nu.-ol of lhe inslrumellt. Blllleries Ine not indulled
ill the priCE: or lhc instrumcnt.

DImensions: (Ucighl) 27M x (width);}l x (,Icrlh)
H.l4 inches, o,·er·nll.

Net Weight: OSM pmuuls.

TV",

636-:\ I 1

001/;; Word

"lion:

I'ru:e
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TYPE 457-8 MODULATION METER

110

Proper opcrn.tion of a broadcast trans­
mitter requires more knowledge aboullhc
performancc of the modulation syslem
than the operating engineer has been able
Lo ohl.'lin re.'\dily. Measu.rements of the
percentage of modulation and the adjust­
ment of UIC transwitter ror the maximum
amount of undistorled modulation have
been difficull, involving as Utey ha\'c a
well-developed, experimental technique
illlll relatively complex equipment. The
tid vantages of a simple ltud accurate
modulotiou meter will be apparent La
every broadcast engineer.

The Tl'i'~: 457-B Modulation Meter is a
direct-reading instrument. (or the accurate
mcasurcmcll L of percentage modulation.
It has a number of important uses. De­
terminations can be made while a program
is in progress so that it may be used by
the monitorillg operator to indicate wben
the maximum allowable percentage modu­
lation is being exceeded. This modula·
lion meter is no more difficult to operate
than a power-Icvel indicator.

'fhe maximum allowable percentage of
modulation Cor any given adjustment of
the transmitter ean be determined by in­
creasing Ule audio·(rc<lucncyinput \""ollagc
nntil (urther increases no longer pro­
duce proportional incrca.scs in percentage

modul'ltion. Greater values of pcrcentage
modulntion indicate that the lrnnsmitter
is being overloaded with distortion result·
ing. Since the percenl.....ge modulation enll
be measurcd on the negativc peaks o( llle
uudio-frcqucncy wavc as well u.s on the
positive peaks. Inck o( sj'mmetry in the
modulation or shifts in thc average v;:t!ue
o( the carrier volt.'l.ge during modulation
can bc detccted and steps taken to correct
the maladjustment.

About 75 volts o( modulated carrier
voltage may convcniently be introduced
into the modulalion meter from a pickup
inductor couplcd to Lhe output circuit o(
the transmitter. The power requjred to
operate it (approximately 0.5 watt) is
negligible even in low-power transmit·
ters.

The instrument (.'onsists essentially of a
tincar rectifier (or obtaini.ng a W3'-e identi·
cal in form with llte envelope or tbe modu­
lated r:tdjo-lrequencj' wave and a me:tns,
including a '"acuum-tubc I>cak "oltmeter,
rorexamining the muimulll and minimum
"alues o( the rectified wave. The circuit is
arranged so th:tt. a(ter a prcliminal'j' ad·
ju trnent o( the rodio·frequellcy voltage
applied to the rectificr, percentage modu·
lalion (or either positive or negativc peaks
is given directly by a dial re:lding.



SPECIFICAnONS

Accuracy: III orc.linnry 1I§C the error illlcss Ull"" 5%
in n1Ollulll.tion at aUllio Crequcucil.'$ up to about SOOO
cyciclI. The inherent error of the inslrume.ul is con­
~idcrllbl." l~ tban Lllis. :mtl, if sufficient care is Uk<.1
iU.!IClliu,!; it UIIl&ntl io loking ohservations. the utor
lIJ.:ly be rcelu~1 to below 2% in modulation. For
exuluple, when the modulation meter ~tls j;i%

lIloduluuon, thl!; true \'alue 1\'ill be between 73% and
77%.

-nit accurnC)' ill greater at Iligh modulation per­
cenla~ tban allow, and is grealer allow JIIodub­
tion (roqucnciCl than at high.

Range: The aoo"c ulues of acron.e)' lillly be
upcded for C3rrier rrequ~cit'll in tbe range betweeu
120 kc Il1.ld 40 Me (2500 11icieD to 7.5 meters,
approximately).

Tubes: Two UY·2~j tU~5 art slIpplted wilh Ihe
instrunl;:nt.

Power Supply: Two Burgess No. 5308 block
bath:ri" or equivalent oo-\"olt balter)' are required
to deliver Itboul Y: mao A balter)' comparlulcnl is
providw insillc the eabinel. FilamclIl-hcaler poWcf

is SlIppliell fmlll the I U-\'nlt, .s0-60 {')'de,:I-e Iille.

Terminals: :\ r«cplade for plu&b';ng in tlie 115­
\'ollsul'ply is pn)\,j,led on the rigl.t...hllurl wille of lht:
cabinet. Rltller)' C'OllnecLious llrc made to 8csible

leads. On lhe front pandallli on lerminl\l pl:Lh:~ 0.1
the back, dupliCllh: I>:.Liu of hillliing l>OSts ArC pm_
vided for lhe rndio-frellUCnC)' ilillut Allfl fl)r the
output of the linear recti6er.1lO tllat itl.':lll he USell
with other aual~'%ingequipment if ,1~irc<l.

Shielding::\ SIIie.1d of nickel.plated brllM protects
the circuit fnlW stmy elcc..i.rie fields.

Mounting: ,\11 JXlrU are mounted on an aluminum
panel finished in blllck crackle l.tcquer. The in­
strument enn be supplied rrn)untal in Il polished
waJuut cabinet or with pllnd exlcnsiomJ :5llit:tblc for
mounting it in a standonl I!).indl (TYPE 4$0) rcl:t)'
rnck.

TIle cabinet.mounting mOtkI is kno"'" n.s ')'YP£

457·IDI; the rack-mounling mOllel is known as
TYPE 4.57·[)JL

Accessories: The illstnnncnt is ~ul'lllifli "'itli Itllw-5
and a 7-foot ooJlllccting oord IlIIt without battery or
pickup inductor.

Dimensions: Paue! ,iu, (length) 15 J: (height)
7 inches. Cubinet sir.e ror TYPE ,~j7-n:\1. (length)
18)i x (heighl) 8U x (deplll) IOJ.i inches. o\'cr-"II,
including hllntl!c:5. I'nne! siu ror 'I'n'£ 457-BH.
(length) 19 J: (height) 7:r (del)th) 10 inches, o\'cr-l&

Ket Weight: 25 pounlls fur T\'1'~: ·1.i7-IHI: 1!J
IIOUIIlI.'l for Tn'E 457-1JR.

Typ'

457·n~1

"51-DR

DelCripliOll

Cabinet l'\'IOunting,...... .,......... . .• 1
Rclay-Rftck 1\'louDtlng .... , ... , . . . . . . ,

Code Wo,d

~1.\t'OE

MAt'OY

/',it.e

NOW!
% iVI0DlLATION

% HARMONIC DISTORTION

-DB NOISE: ND I-IUJ\I LEVEL
AII !l re ;oi. ell di recti,· 011 the p;llid
melt:r8 or the Cu,~ i30-A Tr!lllli­
lIIi,-'.sioll Monitoring '\MC.llIbl~·.

- Iligll-speed mel.er..

- AII(omul.icorer- Illod'llu'.ioll Ill/Irm

Code Word: £XILE

Bulletin 381-.\ 011 raluCllt
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TYPE 536·A DISTORTION·FACTOR METER

112

Most of the methods of measuring htu­
monic distortion UHll have been employed
either have bcc.u laborious or have in­
\'ol\'c<l el;tboratc equipment. The Typ~;

536-A Distorlion-Factor Meter has been
developed La enable distortion measure­
IUcnle; La be made uccuralclj' and rapidly.
This instrument has n further important
ndvantagc over curlier apparatus in Lhat
its input impedance is very high. Ilmflj',
therefore. be connected :llmost Anywhere
wiLllOul cUlIsi,lg: allpreciablc disLurbance
of the cir<.:uiL under lesl.

In order that these ends might be
ncllicved. two imporlalll simpli(ic..1.lions of
the problem have been made al the oul­
set. Only Il. single fundament.'ll frequency
is clllploj°e<.l. ami only the lolal harmonic
distorlion is mc;lsureJ.

The first of tJlelSe limitations is not
seriolls bemuse harmollic production is
essentially au allllilitudc phenomenon.
Frequcncs usuflily enters iulo tile problem
onl~' secondarily. l"or this reason a study
at a single frequcncy of the harmouie
production ill a gi\"en piece of apparatus
under various operating (.'Onditiolls ~'ields

valuable information.

The measurement of lotttl Iwrmolli,'
con lent is for most purposcs preferable
to the measuremenl of the several com­
ponents separately. We obtain in litis
wa~' a single (IUantit~' as n Illcasu.re of
the impurit~' of the volbtge $OUr<..'e. The
"Distortion Factor" measured by the
instrument is

D- v'/'~+ I,~+ El+ ...
E]

This is thc ratio to thc fundnmental of UIC

effectivc value of the combillcd harmonics.
This quantity is all excellent measure of
Uje objccliOl1ablcncss of thc distortion
prescnt in the transmission of speech or
music. For example, a sccolld harmonic
of 5 pcr cent with a third harmonic of
5 pcr cent is seen to give a smaller dis·
torlion factor than a single hurmooic of
10 per cent, and is corresponditlgl~f less
objectionablc.

The present general usc ur the peulode
oulput tube makes a dcpemlnble me3W
of stud~'ing the output capabilities of
an amplificr especially desirable. OUlpul
measu.rements wilhout some indication
of the dislortion present are of doubUul



significance. The use of the TYPE 536~A

Distortion-Factor Meter in conjunction
with the TYPE 483 Output Meter in
making these measurements gives truly
reliable data for the comparison of various
types o[ amplifiers.

If a suitable lincar rectifier is :wailuble
for demodulalioll, the TVI'~: :;36-:\ Dis­
tortion-Factor Meter providcs a mea.ns of
measuring Ule impuril)' of the modulated
output of a radio-telephone transmitter.
Such n high-<Iuulit), lincar rectifier is COIl­

tained in the TYPE 4S7-B l\1odulatioll
Meter, and terminals al'e provided for
connection to the distortion-factor meter.

The principal elemenls of the instru­
mcnt are an excellent high-pass filter
and n calibrated resist:lIlce network by
means of which the filler output is com­
parcd with the input voltage, A dial is

rot..... ted until the same indication is
obtained for two posiLiolls of a switch.
Tlle distorlion factor is then given directly
by the dinl reading. Two ranges arc pro~

vided giving 3 per cent and 30 per cent.
respectively. at the lUll..xilUum dial selling.
The characteristics of tlte filtcr nrc such
that the fum.ltullcnl;l] is allenuated about
75 decibels more than the IUlrlllOnies.
Power-supply bum vollages llrc likewise
suppressed. All harmonics up to lhe
fifteellth are lrunsmilled equ:tlly wilhin
0.·1 decibel. The f:illcr is so designed that
uo appree.:iable harmonic distort.ion is
produced by the inductors, cven when
large input voltages are applicd. A I'C·

sistance pad is provided nhe<ld of the
filter so that the clllibration is not altered
by the impedance out of which t.he in­
strument works.

SPECIFICAliONS

Range and Sensitivity: Witla the recommended
nuxilinry equipment. 10 volts ncross Ule input ler­
winnl, makdl possible tile measurement of distortion
fnelors as l(lWas 0.02%. II larger distortion factors
arc to Uc measured, theinput voltage may be reduce<:1
in thc sawe proportion. SimiJnrt)·, if Illrgcr input
voltages are nWl.ilnble, proportionalely swaller
distortion factors mar be mcasurcd.

For special uses, the rangc aod sensilh'ity mn~' be
vcr)' greaLly exlcnded h,}' ewplo)'iog more amplifica­
tiou. II dcsired, two TTl'E 514-.'\ Amplifiers mil)' hc
used in tandem for spedI'll work,

"~rcquellCy Range: 380-420 c,}·d<:lI.

Input Impedance: About 175,000 ohms,

Accuracy: WbCll Uu:: TYPE 488-!Jl\I Alternaling.
Currcnt Galvanometer is used as indicator, lhc
error is less LJUI.D 5% for distortion factors all low 8.'l

0.005. II necessnry. greater llceuracy can beobtaiu~1

b,}' substituting an inslrument or the LJlermcx:ouple
In>e, lIS this indicate!i more nL't:urntc1y the effective
vnlue of II L"OlllllO.'lilc ,'oltagc. Inasmuch as the
LJICrl.lloeouple instrumenl is less sensitive, lOore
sluggisll, anti 11.115 u much smaller o\'crload capucity,
the TYPE 48S-1{M Alternating-Currcnl Gnlvll.­
llOnleter is IIs11nll)' to> he preferred.

Auxiliary Equipment: Tile Ilislortion-ructor
llleter must be used willi. a suitall)e lImplifier amI
indicating illstrumcnL The TYPE 51,i-A Amplifier
Ilnd TYPE 488-IL'\:I Alternating-Current Galva­
flumcter lire rCL'Ollllllcoded ror general lise, The
lIlliJllil'icr musl have a But clmracteristic. \'nrinble
gaiu, nllll nu input iml'ednn~ greater thon hair II
megohm. The indicating instrument should be
sensit.i\'e And hllve a SI:!lmre-law c1lllrllct.cri.~tic in
order to indic:nte thc cffccti\'c millC or thc (''OlIlbilleil
harmoniell,

Where a -IOO-e)'cle vollage is IIpplied to the ap­
l)JIrlilus under test, it must usually be filtered to
obtnin sufficient purity. The extenl to which this is
neresnry depends, of coursc, on lhe magnitudes of
L1le distortion ractors to be measured.

One or more Tn.: 330-A or Tyv.: SSO-C Filler
Sections may be cmplop;xl ir cxtrCllle purit), is nol
refluired. A special band-pltSS IHlcr T~'J'E :i30-.'\ ami
TnE 530-C lUiS been c1e\'e!oped for use wilh the
T'-PE 5110-A Dilllortion-Factor Meler. This filter is
tlcsr.ribcd on LJIC ncxl pagc.

Dimensions: Pllllel,(length) 12 x(height) 7inchcN,
Cabinet, (length) l.l}1 x (height) 8X x (dcplh) 12li
inches, over-all.

Net Weight: 30 poulIIls,

Typ~

536-A I .. ···.· . ..........I
Code Word Price
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TYPE 530 BAND-PASS FILTER

This filter is designed primarily for lIs(l

with the 1'Y-"}>; ,:j3u-A Distorliou-Pa<:lor
i\lcLcr Lo purify t.he yo!lagc applied La
apparatus unrlcr test. II is useful in an,Y
other cases where nil extremely pure ,~oo·

(',,,de \'o!lngc is desired. The lise of Olle of
these fillers reduces the harmollk COlllClll
b.y alleasl50 decibels. They may be used
with ,l fllndulllcnl:tl (rC(IUcncy of frolll
375 La 425 cycles. Suflicicnt nUcllunlioll is
provided <It the low-frequcncy end La
remove ;11I,)' power-supply hUIli vollage

which may be pl'escul. TJle two lyres
differ only in characteristic impedance.
These fill rs arc nol clirried in stock bill.
arc supplied on order.

1.Ill.tsll\tlch as the lYlJe of filter section
employed is 1I1lbalallCed to ground, this
band-p:l!'s filter UW)' Ilot be u~cc.l ill
bl.)lall(:cd-circuit inputs to L1IC llpp:ll'ulus
under lesl. For balullced-line inputs the
lise of ;\ Tn>E 58;;-R TnHlsformcl'. de­
scribco on page 158, betwecll t.he filter
seetioll lllld the apparalus input is I'CCOIll­
mended, This trnnsronuer is t.IcsigllCd fOl'
the intercollnection of balallced und
llllb'llanccd lines alld will not illlrodllcc
harlllonics into a ·~OO-c,ycle lest sign ill of
moderate amplitude.

d 400-cj'c1c. "aelllllll tube, a-c l>craLcd
o~ciUalor wiLh nil output waveform of
purity cqual Lo thl'lL obtained frolll otller
~Olll'CCS lhl'o~lgh it TnE 530 D,UIU-P
Filler is :t <-'Olllpollen\' part of tltc CI..ASS
730-A Tr:LI'lSllUssiolll\:loniloring Asscl.1lblj'
mc,ntioned 01\ page 11 1. This 400-cj'cle
TnE 7'31-A Oscil1:tlor is sepllratelr
~t\'~tilablc in r;\ck-lIIollllting form.

SPECIFICAliONS

j
•
I
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"
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Atlenulition Charncterlstlc: &~ :u,"(_'OlI\p:i1'l~'ing

cun-c...\ 1I~lIk of m:t:l:imulil llilenuntion i! set for
rl!jeclioll ur the 800-<,,\'1:1.. 5(:(,'()lld h:mllonic.

Imped:Ulce: Designs flrt on file fur :t IiIlcr or
GOO·oll1ll dlllrnc(eri~tic illlpedlllll'C for lille use and
for II GOOO-<J!lfIl Illler ror use, with (J blockillg <:on­
IleUSC!', dir(:ct]~' 011 tuc oU(j)ul of lin oseil1ntor or nn
Ilnlplifitr stage. Filten orocrcd for other inljlt'dnnces
nre obt..'lin:tble nl n sJi~hl incren~ in cost.
M oUJ1l"in~: Filter>; life mounlell in stnndnr.] drll wn
~led, \\':'Ix-filled ~Iodd 0 Cltses.

Dimensions: Cm;c (width) 3H lC (hdght) a.!-I.! x
(1Ieplh) 5~ inches, O\·cr-all. Set: :;Iso dimensione<1
drawing, pnge 157.

Nel Weight: S !)(lUllIlll.

Prire

I'OCAL

I'UHIU'

Code Word
---.------'...:.:::.::.-

:,J754i5 C)'d~5

:i75-4'lS c)'des

I mptJlJllffl

600 ohms
6000 ohms

Type

I
°llulh 10 order-not carrie"!n ~lucl:.
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TYPE 534 BAND-PASS FILTER

This filler contains iu a single unil all

entire baud-pass filler.
Tlus filler is designet.l primarily for usc

in l--onneclioll with bridge measurement..
ill order to suppress harmonics and also
allY hum which may be present in the
generator. It Dlay be used either in the
genera lor output or in the detcctor input.

The transmission c.haracteristic is simi·
lar to that of a. simple I'csonnnt circuit,
except that it offers appreciably higher
discrimination Lo frequencies outside the
lrnrlsmilted region. The minimum lrRllS­

mission loss is approximately 8 decibels.
Discrimination against the sc(:ond har­
Illouicis normally 33 decibels..For the 400­
c;ycle filter the discrimination against 10"1-

(requeuey huJU is in ex(.'ess of 16 decibels.
for the lOOO-cycle filter it is in excess of
2.i decibels.

SPE(IFI(ATIONS

~.
~

.b.tO"',,~

I-H-Ht--+-H+H-!I~H'-+-H++H+I.

HIo'".1.!.~'N.-.l-...L-.l,_i!o'-'-'~_!;;;---'--'-'''_~'-''_~·

Attenuation Charncterist Ic: See llcoompanying
cun·e.

Impedance: TIle filters lislttJ Rroe t1esignttl DO Ule
basis of gencratOl" Rnd load impedan~sof 2000 olJms.
Formulae Ire &vRilllble for computing lilters for
other i.mphlaucc.s.

II ,hould be noted tllRt the discriminaLiQn of tile
filter Rnd its maximum transmission point Are de­
!>code:nt upon the terminal impetl:loces. At the
sc<:ond harmonic, for example:. tile discriminatioll U
iucrc/ll;C(1 12 db when working between rour limes
normal terminal impedances. nnd decrensetl 0 (Ih
wilen workin~ between one-qu/lrt.er normnl terminnl
impedances. DiscriminaLiOD agHinst low.rreqllel1c~·

hum llHI~' \'ar~' all much ull 2'ii! tlh as 1I1l~gCllCrlltOrlind
lond impedances fLre vfLried uetwccn rour lima the
nominal value lind One-CIUnrler the nowillnl vRllle.
Over thill li"me range the minimum "Ucnunlion
point Uluy VHr.\, approlimately 10'70 in frequeue:~'

AmI 5 db in aUenuAlion.

Calibration: filters are adjtuted b)' selecting
condcosers of the series resoDaul circuit 10 thallhe
minimum allenllation poinl is within 1% of the
":tIne enb'nl\'~d on the panel

Mounting: The filter is allttl:hcd to a bakdite
p:Ulc1 and enclosed in n .....alnut Cll.uineL

Dimensions: (Length) i* l (width) ,'I l (height)
:J~ indIes, o\·er·all.

Net Weight: ... poundli.

Type

&534-A
534-B

FrequeJ1cy

400 cycles
1000 cycles 1

···· .. ·· .. · ·[
.- _ _ , .

Code Word

t:XCt;l.

E:'O:HT

Price
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TYPE 330 FILTER SECTION

Tills series of simple high-pass and
low-pass filter sections includes high-pa..'ls
'!'.typc filler sections and the low-pass
r.·t.ypc sections. These individunl sections.
including a laminated iron-core inductor
and two condensers, nrc buill into shielded
metal cans. Any number of similar or
different sections may. of course, be joined
in series to produce a multi-seclion filter.
The accompanying curves give an idea
of their transmission characteristics. The
important influence of the terminating
impedance on sharpness of cut-off, shown

in the right-hand figure. should be noted.
A group of filters with convenient values

of impedance and cut-off frequency is
listed below. Tbe General Radio Company
specializes in equipment of this sort, allrl
similar scclions h:wing any uesired electri­
cal conslnnL., may be obtained 011 special
order, The theoretical cut-off frequenc~',

fo. and lhe iterative impedance should
be sfJCcified when ordering such special
sections. Low-pass and high-pass sections
may be combined lo make band-pass and
bund-elimination filters.

SPECIFICAnONS
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l\'lounting: All 1I.re mOlllllerl in Model C cases.
dimensions ror \\·ltich are ~i\'en on pl'l(,'C \;;7,

Net Weight: "p:proximalely 3.!11 pounds for all
lli7.es.

PriceCode Wordd ,7'UP' 0 /lip' (Ill t;

330-A 500 cycles 600 ohms Low Pass f'1l.T.t:ROOA T

330-C 500 cycles 6000 ohms Low Pass .'IL.l'ER8flOll

330-E 1000 cycles 600 ohms Low Pass f'1l.TERTOAD

330-C 1000 cycles 6000 ohms Low Pass FII/fEJUIiOS

330-J 2000 cycles 600 ohms Low Pass FlI/r.:nIU:AI)

330-L 2000 cycles 6000 ohms tow Pass FILTERDELL

330-8 500 cycles /l01) ohms Hig.h Pass .'IL.TEnOlRL

330-D 500 cycles 6000 ohms High Pass FIl.TERSEAT

330-F 1000 cycles /l00 ohms H1lth Pass nLTER>.fusn
330·H 1000 cycles 6100 ohms H1l?,h Pass FI.LTEHPll'l:

330-K 2000 cycles 600 ohms High Pass FrLTERFOOT

330-M 2000 cycles 60000bms High Pass FII.TERWAL.K
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TYPE 626-A VACUUM-TUBE VOLTMETER

The wide applicahility of the thermionic
lype of ttltc.rllating-current voltmeler in­
troduced the need for such nn instrument
designed to he operated wholl~t from the
GO-cycle. 115-,'oll. :I-e mains.

The THE 62G-A Vollmclcr is :t direct.
rcadillg. L'Qll\'cllienl, llloclcrnlc1y precise

instrument of thecompensaled, depressed­
7,cro type. The 61aments of the tubes used
nre run nl suhnormul voltngcs so that
their normal life is considerably increased.
A rugged d"Arsonvlll type of meter having
a full-seale deflection of 300 micronmperes
is Lbe indicating device.

The design of the circuits and the type
of tubes used result i.n n minimum Wllllde.r­
illg of the zero point from aging. the chief
source of error being OUcluuLions ill the
line ,Tollage (see below). A rheostat is pro·
vided on the panel for adjusting the in·
sl.rumenl. so that all values of line voltage
between 100 und 120 volts may be used.
Sudden erratic changes in line voltage Me
not in gencral detrimenLal. owing to the
Inrgc lhcrmnJ capllcil.y of the cathode of
the thermionic lube.

SPECIFICAliONS

Range: 0 If,) S volts, root-mc:m·$(lulIre.

Input Impedllnce: 10 nlegohms. No ederhltl
llirett-Cllrrcllt plltli is required.

Power Supply: Altcruuling current, so-ao c)·des.
100-120 vults, The instrument dr:'lws a current or
lIJ1llroximatd)' O.IS nmpcru rrom t,he IlOwcr .\u1'"I)·.
i\ pilot lamp lIml··o~·ol'f'·· .~witch llrc mounted un
thc panel.

Tubes: One 227-l)'1)C for the thermionic \'ollmetcr.
one 17I-trlle for the rectifier unit. and one 874.I.rpc
bollnst lube ror stabilizing the plate voltage are
required. These arc supplied ""ith the instrument.
In the e\'cul Qf failure of the volt.metcr tube. the
ill~lruml'1l1 should be returnCilto u, rorrce.,librn!ion.

C:tllbratlon: Eaeh instrument is individuaUy cali­
hrate:(1 and is tlCC\trnte to witltiu I % or rull·~le

vlllue,

L1ne- Vollage Error: J\ drop of one: \'olt in Ute
IlO"'er supply will r~uce the reading of the meter
nlllny given point on Ihe scale b)' 0.015 voll.l (0.5%
or full-scale). This error i. linear. The metcr is atl­
jWlted for different valucs of linc milage b)' l\ control
rheostllt which restores the nce.llc to uro.

.'rcquency Error: OdOlf 1500 kc. tbis error is
negligible. At :3000 ke, the frequenc)' error is less
llian t%. and lit -l000 ke. it is less than 4%.

\Va\'dorm Error: The w.strument is calibrated in
terms of r-m-s \'Illulll of l\ pure .inWlOidtll wllve.
The deft...-ctiull is IJrOIKlrtionulto IIle r-m-s vnlue of
Ihe positivc h:llf WII\'U (the st'nle is C1.\librnted ror
the full wII\·e). Waveform error from ood l'llrmOlli~,

which 110 1101 u.fI'cet the symmetry or the waveform.
is, therefore. negligible, while npprcciflblc error will
«,suit rrom the presence of nny even hl'lrillollie
content. This error rollY be. lIlmost wholl,)' corrected
b~' re\'euillg the lends 10 the meler lind averaging
the: t1\'O fCadings obtained.

Ground: It is desirable to ground the 10\'1 potential
input terminal.

Accessories: A ~e\'cll-root ulillchmcnt (,'OrtlIUI,1 tile
three tubes are supplied wilh the instnlment.

t\-tountlnc: AluminulU panel, IlOlished wlI.lout cue.

Dlmenslons:(l.ength) IIy,(x(widlh)8J.4x(height)
8!:i' inches, o\·er-nll.

Net Weight: 15M IIOUnll!.

7'1I~ Price
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TYPE 583-A OUTPUT POWER METER

This unusual inslrument rcads di."cctly
the UIllQunt of uudio-frequency power UUll

auy given source is capable of dcli\·eriug.
It can be considered LO be nil adjustable
load impedance across which is connected
•Lyo!llllclcr that is calibrated direcl1y in
walls lost in the lond. Adjustments are
provided for an impedance runge from !l.5
to 20,000 oluns and for a power range from
0.1 to 5000 IJ1jlliwalls. LI addition to the
power scale (ulilliwalts) on the meter,
there is <1100 an auxiliarj' scale giving the
power level in decibels for fI. reference
level of 1 milliwatt.

1\1aoj' uses for such nn inslrument arc
possible. For instance:

(a) The power that an audio-frequency
generator will deliver to :l lond of a given

impedal.lce ca.n he found un mediately
wi t1101l t calculaLioll.

(b) The elfect of power delivered as
influenced by load impedance call be
measured.

(c) All imporlimL application is in the
testing of mdio l·eccivcrs. The meLer will
sen'c for the stundard se!ecli\·it)'. sensi­
tiviLy. baud-width, :lud fidelity LesLs. The
auxiliary decibel scale is for this usc,

(d) The characterisLic impedance of
telephone lines, phonograph pickups,
vacuum-tube oscillators, etc., can bc
determined by adjustment of the imped­
ance of the power meter until a maximum
rending i!'; obta.incd. '-Vhcn thi!'; oeCllrs, the
impedance of the mctCI' is set to the im·
pcdn.nee of tIle sou rcc under l1lCaSlll'crncllL.

SPECIFICATIO~S

Power Range: 0.1 to 5000 milliwalls.

Meter: Ciilibrutc<l (rom I to 50 milliwatts wiUI
auxili[lr~' scnle readinJ.: from 0 till to 17 db wil.1J I
milliwatt as reference leyel.

MultipUer: ~I\llliplies meter power scale by
factors or 0.1, 1.0, 10, Rod 100. Also Utlds -10, 0,
+ 10, Md +20 db to lIuxili:lr)' decibel scalc.

Frequency Characteristic: AC<:llrncy varies with
rreqlJenc~' nnd impedance setting. ~lllxilllllm error
ill rull·lIctLle power rCflding doc,'! not exceed 0.3 db

betwccn 1.l0 llnd 2.'illO c)'clcs. nor docs it exc:eell 1.5
db at 20 nnd 10,000 c;rclcs, The n\'crnge error is
0.:3 dll at SO IIntl 5000 cJdes; nnd 0.6 db al 20 and
10,000 cycles.

]\JuillJulIJ error ill imped:tnL'e Jocs !lot CXL'Ci:tl 7%
betwccn ISO nnd SOOO c)'dcs, nor does it cX('i:etl50%
atiO aod 10,000 c3'clcs. The ll\'ernge error is 8% nt
30 and 5000 cycles; and i!O% nt liO lind 10,000 C3·c1C8.

Size: (Length) 10 x (width) 7 :l (heillhl) 6 inche.. ,
over-IIII.

Net Weight: 8M pounlls.

TII'P~ Code Word Price

583-A I 1
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TYPE 586 POWER-LEVEL INDICATOR

The irll!'orlrUltC of mainlainiug a care­
ful check upon the sigllal amplitude nl
\';U·i01IS Jluints in \'oi('c-lr:wslllission cir­
cuils is well recognized hy acoustic engi­
neel'S. Too Iowa leye! means inLcrferclice
from background noises; loo high ;"1, level
meam; OYcl'!oatling o( alllplifiers :tlld rc­
prvdll(;cl"s. alltl tile illlrQdllcLivll or crO.$s­
tnlk into Ilearh..,. dHl.llllcls.

The Tn>E 586 Power-l.evel Indic:llor
h:LS llWllj' adV;tlllagcs for work of this
kind. J L is portahle, comp:tt'l. rugged.

::l,ccur:LLc, low in price, nllt! requires 110

ballerjes or rC11!acclllcnls.
The moving: clement. slighllj' dampt'd

to prevent [tny undlleovcl'lllruwou sudden
surges. is particultLrlj' rugged, und it will
wiLhsla,nd hard llsnge ciLlle.r for monitor­
ing Or ror gcneral lcsliJ1S scn·ice. Au
acJjusl;dJle ·I.-L,}'pc nLLelluatur is iusertcJ

betwecn the input terminals lInd UIC indi­
cating voltmetcr, It nds as ;l liIulliplier
while Illilintaining cOllsl:wt lhe input
resistance or the power-level indicator.

SPECIFICATIONS

Powcr-Lcw:! Hangc: See Ilrice list. All mtillgs are
fur:l zero le~'el of 11 l1lilliwnlls in n ,JOtl-ohm line.

lnternal Input Impcdance: :;OUO uhll\~ resist­
1\1I"'t~. There is, lllcrcfurc, no ,Iislurlifm or :qJllrccinhlc
power [o$.'> inlrudtl(-.:~l into tile line.

Frequency Ch:lfacICristic: Theru ;~ no :lJlJlrC­
dabl", error ror rrC'IlIClleics UI' I.ll 10,000 cycles.

Scale Rcadinl,1: For '!'VJ'F: SSn-A uud Tn'J: SSO-H,
1~ro level Ilt mid,sclile. TIJI) Illcter is gradllnlcd in
2·db st("ps bel wccn -10 lib lUlll +6 dll, The mull i­
plier is udjllstnblc in I!-db stcps,

For Tn.: "S(.-Ci\1 ltn~[ 1"'1'£ 5S0-ell: -10 db
!l~\'d OI.'Cllrs :~t mid-licille. Multiplier I~n:r~ runge
rrolll -10 db lQ +30 db in 'l-db slel}5.

hllJic,lIjUll Elemenl: Copper-oxitlc·rcctificr \'ult­
lllilter cnlibmlCiI 10 ~lld 1)01\'cr lc\'cl ill ucciUi:I!i.

ACCuracy: .\\·cfllge "rror is frolll 0.1 db 10 O.I! tlh,

an elltirely negligible nmount. Ncar the -10 db
mark the remlillg m:lY Le liS much IlS 0.5 illi luI\',

Correction Chart: Supplied for usc wltcll 1I11!
meIer is {'()nnecled across impcI!:Ill(:(:! olher llln!l
tiOO oll1llJ!",

Mounting: 'f\'1'F: SSG-A Ilud '1'1'1'.: 5S6·c.;i'\1 lire
1Il011lllcii Oll n hakelile 111lnel ill n f'Xllisherl 1I'1l[IlU\

cabinet, TYl'E 580-0 flud TV!'E SSG-CIt IIrc intended
for wOlHlliug on n st:mdard l!l-ineh, TY....E ~O, reillY
flICk.

Dimensions: For TnI': liSO-A IIlld Tn'.: 580·C:\I:
(lengUL) 10 lC (llcigllt) 5 1>: (1Icpth) 5 inches, o\'cr-lIll.
l~or T"1'E liSO-D fUlll T"J'l:: sSG-cn: (length) HI :t

(height) .SY.; :rc (h.'\(:k of panel depth) 3M inches,
o\'cr·nl1. Panel tJlickness, Y.; inch,

Net Weigh I : S;Vs 1>01111I15 fur cuhil1et IIIcxld,, ,~

pounds for rack-mouuting models.
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7y'P" POlur·L~etl Utlll!Jt Mnllllfj>lfJ Cod. II'crd 1'ric.

586-A -10 db to +36 db Cabinet Model IIAIHT

586-B -10 db to +36 db Rclay~Rack Model llASll\'

586-CM -20 db to +36 db Cabinet i\'lodel 1I0SE\'

586-CR -20 db to +36 db Relay- Rack Model 1l0KOR

586~Pl J\"1eter only ror Types 586.A and 586-D I'OWL.:\'G(,)AT

586-P4 Me(er onl)' ror Typcs 586-CM and 586-CR POWI,J:\"8nm:
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TYPE 483 OUTPUT METER

6% lor 't·\,oll 1111.1 1-\'011 iUfllIl.'I, rt:lIl>I.'Cli\'el)'. Tllii
network (:frlJr i.i :<cro 011 llll1l1Jlj.lCr tllir\1 of tile !i(:n]e
lIll(1 dc<;rCIl3'4:11 r"pidl)' lor Ihc ""lnlllldlc<;liolls :IS tile
nIHil iplicr .i\'ll illl; i~ iW'I'Casc.1.

'floc frequent)' nllli lc.mJlocrulUrc ernmr; (Ill llli~

'W,UOO-OIIIll ins' rnmeul :lre l.'VllsillcrIILI)' hlrr.:l~r 111:\11
lilose.: lor tlll~ 4000.01Iln lind 8OO0-{)lnll unitil, O\'er
t'xlremc nlllgeil or tempt'rnlllre nllli rr('(IUCIlC,' Illl::

error 11111)' he II KfClll liS :l,jC'c!,

Scale: LenCth: i¥t incl.les.

Mounlin~: The I,.'opper-oxide-reclificr \'ollulclcr
lIut.!the Illultiplier swilch nre mOllntcJ 011 8 hnkelile
p:tntl wllich, in lurn, is mouott-'ll iu a polished
walnut case,

Dimensions: (I.ength) 9 x ("'i,ltll) 4U x (height)
4J.i inches. o\·er-all.
Net WeiChl: :J pounds,

SPEClflCAnONS

This is the colIslllnL-impcdance "oll-
meter cmlJlo~'illg n cop,~r-oxidc-rcclifier

indicllior L11;1L W:-IS inlrodutcd b~' tbe
GCllcrnl Iladio COlllpnn.r about 6\"0 yenrs
ago for measuring Lhe per£ormance of
radio re<:eh'crii. It is, or course, useful
whcre\'er ntldio-rrcClllenc~' \'ollnges are to
he mCa.5l1n..·t.l.

Three impedance ,'nlue$ h:1\-O been
selecteeI;IS UIC ones most gCllcr3l1y needed.
Pllrliculur ullcnlion is direcLed to the
Tn'£ 483- . Output :\lolor which h.ts n
,'ollnge r,,"~cor0-200 "olls tilid fin internnl
impccl:tllL-e of 20,000 ohms.

Volroge R~llte: i?OO voll.!! (2·\·41ll m.:ler5 wilh
lI\uhjl»lie~ or 2, .5, 10, ItO, 50, and 100).

Impedance Cbaracterlstlc:: With the mulliplier
:iel nt "1" tJlC impeUauce of tht: inslrUffieol i5 lru.1

of lite rTClilicr and meter onl.1t aud h~nee ,,:tril':ll
~me"'IUll wilh applied \·ollng~. The im~j:lIIeeol
tllc SOOO·ohm in5lnmleul increases approxilUlIld.>'
50% Ami Ulnt or the 20,OOO'olml im;trulllcill up'
prOl:imllldy 50% lor 0..5 \'ull npplied, With il1cren~

in IIlltltil,lillf RUing the illliledn.nee appro:u:llc!I 11
pUf~ ~5i5lnnee of lhe rnted \'Illue. The mullip]i~r

resistor. nre ndjll!ltct.! to within :t i!%,

Accurucy of Cali brat lOll : llecnu!lC of tJlt: c1mr­
ucterislil'l ollhe 5CJr-(:olllllin~1 rectifier. till:: meter.!!
arefUlbjcf'llo l'rron olher thnn tim! of th .... J-e metC'r
1ll0WlIlcnt.

Willi tlUI lllultij>li£'r Ilt IIllil.\', tile 40!J0..t)lllll lIud
8OO()..Qlun inslruments Arc nl,.'Cllrnte 10 \\'ilhin 0.1
\'oll (5"") nl rrequenciet hdow 2000 C)'dC3 wllcn
used III room temperalures ill the ncigilborhooJ ol
~. C. 'l'he deflceliolls on this Ulllll\lltilllie..1 ~nle

t.!l"i,.'fenSCl b~' ftllpro:cimlltdy 0..5% ror ench lOOO-cyde
intftAM: in fl'eillle.ne)' up to 80,000 cycles.

With II multiplier It:lting Ql 1","0 Uu~: error in
multiplication. bec:tu.se. or lite iWpOOanoc "arilliion
Qf the rectifier ,..'ith applied \'o!la",oe, is:l lIluimulll.
Tile 4000- D.nt.! 8OOO-ohw meters ""ilI be. within ~t'io

lind 10% And the iO,OOO-ollltl meter "'itbi" Sc:;. :lllll

l'olur /0'
VoitogtJ Pora, tlal/·Scole (:He

T... Jtfllptdarc~tJ Range ROllfe OrJutiorc Word Price

483·A 4000 ohms 0-200 volts 0-10 wans 0.2.5 ...w ,~V.\ T

483·8 8000obm, G--200 volts 0- 5 watls O,li5 mw .~Vt:KT

483-C 20,000 ohms 0-200 volts 0- 2 watts 0,05 mw ,\\'010
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TYPE 546-A MICROVOLTER

122

The IllCl.lsurcmcnL of sllwll :l·C ,'ollages
prcscnls ::l l>fohlcl1I of some diffil:ulty ill
conSCClucucc of the lIbsen<.'C of inslruments
of sufficient scnsiLivil~' for direct measure·
InellLs. This h:l.lf resulted in the adoption of
a suhstitution IllclltoJ wilh which we arc
more familin.r ill dil'ccl·cllrl'cnl measure'­
lIlellLs. A voltage of sufficient magnitude
to he mC:lslll'cd llccurately on :l\'i\ilahlc
ins-LrulUCnlJ; is imprcslIcd upon :.III Accurate
cillibmlcd rcsisblllcc net.work wl.iell Cllll

then be adjusted Lo "nry the output
\,o1t:lge to equalit.,!, wilh LlIC unknown (or
which it IHlS been substituted.

III tlu: TnJi': Ji·16·.\ l\licro\'oller:.m in­
slrlllllClIllms hc('n dC'sigllcJ incurporating
Ihci'C c1Clllculs in a (Oflll suitable for w'

("'cr llie ;'ludio-frcqlUC;:IICY range.
The attenllalor, which is lhe essential

clcmenl of lhe tJesign, collsisLll of a. sce­
lionaJized network of ('On~tanl oUlpul
impedance. The output ratio is controlled
by switches for large steps and by a COIl­

tinuous})' adjustahle dial for small steps.
The latter l'onsisb of n slide-wire co,-ering
a range of two decade nnd hn"ing all
exponential 5<:...le.

The instrument i~ completeo by :l "olt­
meler on which the input vollage is
llle.-LSured and a coupling lrtLlIsformer at
thc input end.

Although the transform r Im.s been de·
signed to ha,'c a rca.'louaLl)' flal ella-raeler­
iSlic for audio freqllencies, it is eviJclll,
since it prccedes the "oltmcter, that trailS­
fUl'lnel' losses do lIol cllter into lhe lllcas­
lIrcmcnt~ in lUI)' way. For c.:o",~ellicllce

lhe switching ilrr:lngemcnL provides for
maintaining COllslalll thc impcdance of
the attenualar as seen (rom the generator
side, This is not essentin.l from the stand­
point of "ollage computations, bUl it is
convenient in avoiding the necessity of
rClldjustin~ Ule input power liS the at­
tClllmtion is altered.

This new unit has I1lftny applications
in mC<lsurements i",'ol"iug low voltages.
It is useful for colwcllicnU)' ndjustillg the
output o( vacuum-tube oscillators or olher
sources of altern'lting current. Used with
the 'J'YI'>E 483 Outl)ul Meters or a TVPE
583·:\ Output Power Meter it provides
all the equipment necessary (or rne3.Suril1~

gain dJarA.cleristics.



SPECIFICAnONS

Output Voltal1e Ranic: From 1 "oll to I micro­
\'olt for It "rdercn~volt3ge" of! \'011$.

Accuracy: to'C)f output vo!lab'C ratios tile error ill
leu LlIan i% lloo\'C IOO.microvollM:Uings. The error
is ~llIewlllll gn:ah:r for smaller output voltages. In
llhsolule IllcasurclllCuls the chllractuisties of the
copper-oxide voltmeter must be <:onsidered. POl'
outjlllt \'ollagel grclltcr thAn IOU mieN,walls tile
\'mlr is leM lIUlIl 10%. 1SL5% or 17% at WOO, VOOO,
jlt 10,000 ~'cl~, n:s!Jeclh·cly.

Power Source: ~n .utliu·Crequene)' source hlll'ing
:lD oull'ut oonlrol and CfIpable of maintaining 11.'"
Jlroximately !l ,'olts dCf0S5 7000 0111115 is requireo.l.
'n.e we. of olher than the 2-\'oll standard refere.n<.'e
len:lllroduC'e5 proportional Je\'j"tions in output.

Input Transformer: The transformer istksignetl
to h&\'c a reasonably Oal chlmu::terislie over the
audio·Crcque.uC)' range, but, since it prec:edes Utt
\'oltmeter, ils losses do Dot enter into thc measure·
ments.

Output Impedance: The internal outpul illl·
pedatll"C or 200 ohms must be laken into al'COunl
wl~ sUPII!)'ing \'oltage to 10'fl·.impedauee loalls.

"!ounting,: TIle instrumenl is U10lllllcd on all
aluminum panel ill a shiddecl 'fI'll1nul cabinet.

Dimensions: (Length) 10 x ('fI'idlh)7j{ x (height)
6~ inches, o\·el'-all.

Net Weigbt: S~· JKlllnds.

TUp' f',iu

546-A CHOWS

TYPE 488-0M ALTERNATING-CURRENT METER
OXIDE·RECTIFIER TYPE

These illslnunenls arC: designed for the
met'LSurcmellt of allcrlluling-current ,·olt­
ages at frecluencies from 10 to 20,000
cJ'cles Jlcr sceol.ld. The iudiC:LtiJlg clement
consisL'i of fOllr small copper-oxide units
arl';lngcd in the form of a bridge for
obtaining full-wave rectification. The
n!lcl'nating-currcnt voltage applied Lo the
input terminals of t.lti~ t;ypc of slructun;
results in a direct eUrl·ent. through a
d'ArsollYnl gulvnnomel.er proporlional to
the root·mean-sqllare value of tile alt.er­
nating voltnge.

A change of impedance with applied
\·o!1.1ge is n chilrltcLeristic of ull copper·
oxide reclifiers, and bcu(:e it is d~sirable

Uml some me.UlS be provided for main·

lainillg lhe inpllt illljJedance 1.0 this typc
of instrument. at .\ const.nnt value. The
proper choice of rcsisulilces exl.crnallo the
indica ling elcllIclll will provide <t salis­
f'lclor)' lIICOlllS for met-ling this problem.

SPECIFICAnONS

Voltage Range: 0 to 2 \'0115.

Impedance: fO,OOO ohms.

Impedance Characteristic: S:unc as for T\"I'E
W-e Output Meler. See pAj;e 121.

Accurac)' of Calibration: ncfcr liS 31>u\,c.

Lengtb of Scale: 2~ inchcs.

lHounting: Supplied Olountt'd lU iIIuslralOO.

DiInenslons: (l.ength) S% x ("'idLb) SIJM x
(height) 2- incMs, o\·er-:tll.

Net Weight: 16 ounces.

Rlltl9fJ P,ice

488-0M 0-1 \·oln. r .m.s. :2f),OOO obms OUtlWt:TSIIOl:
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TYPE 488-HM ALTERNATING-CURRENT GALVANOMETER
SQUARE-LAW TYPE

The usuall'cctificr-type voltmeter has a
nearly linear characteristic and is subject
Lo some waveform error. Dy carefully re­
designing Hie rectifier circuit it has been
practical tocliminatc this <.Iefect.ThcTYPE
48B-HM Alternating-Current Galvanome­
ter was dc\-cIopcd for use with the
TYPE 536-A Distortion-Factor Meter to
replace the less rugged thermocouple in­
strument usunlly employed for such work.
Since it is used for a comparison il1slrll-
menl, no caUhratiou is required.

SPECIFIC A TlONS

Rllnge: 0 lC appr()Jiimat~13' GOO milli'·olb full sCille.
Resistance: Approximlltely 700 nilms.

Scnle: The !!.5-ioch scale is divided iolt) fiflYI:qunl
lIi\'isious lUllrkro 0-100.

Callbr:ulon: The meter is Bdjusle,1 so that full·
.scnle Ileneelion is lIpproXiUlJltely 600 millivolts.
Wuvcform Error: The approach to a squllre-law
characteristic is sufficientl.r closc so that even when
two equlIl vollages of different frequencies tire simul­
lnneousb' npplied, tJJe wRveform error is less limn
~%. This menns thal the effective value of the
composite voll..'\ge c.'\lIsing R certain (Icfleetion will
he within ~% of the sinJ;Je frCflllCncy \'oll<lJ;c c.ausin~

tile JW.me dcllcction.

Typ~ Illwge

Frequency Characteristic: The meIer will "i"e
lhe same deflection to wiUlin 2% for nlternntillll­
currenl vollagCll up to WOO cycles. to within 5% up
to 5000 cycles. and lI'iUlin to% up to 10.000 c~·c1es.

Adjustntcnt: A serew is provlded under the glaM
fnce for making lhe :l;ero lldjuslmcnl. 'The glnss mll~'

he remove,1 b.\· unscrewing the bcu:l.

Mounting: The meter is sUJlJllied mOlinLeti in (t

Illoulded b:,kdile ('llse wilh slol,ing fTlml.

Dimensions: i\lolllJling. (length) .~;Vs x (\\'i,Jth)
:,JlJ(, x (Ilcigllt) flU im;hcs: mrtcr, (olinm{'tl'r) 3M x
(depth) 2!t.( im:hcs, o\"(,'r-Illi.

Net Wclllbt: I(j ounces·

488·HM 10-600 millivolts, square law ......••••..1 OUIIMt;TlIt:AD
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THERMOCOUPLES, RECTIFIERS,

(oxide l~'pe). A-e measuremenls with d-c iJ1Slrumenls.
lhkclite eases for plug-in mounting. See descriptions,

pages 149, 150.

DIRECT-CURRENT METER

500 J,lR full scale. mounts thermocouples aud recti£ers.
See desC'riplioll, TypE 58S-AM Direct-Current Meter,

page 1;)1.



TYPE 672-A POWER SUPPLY

The THE 672-1\ Power-Supply unit is
designed for geIlcrnl Inborator;r lise. It
delivers d-c power up to 45 walts at HiD
rna and 300 volts, with a no-load volt<lge
of over 400 volts. An addiLiol1:t.1 rectifier
circuit Slll)plies 2 mil de at 100 volts.
Two separate a-c supplies arc also pro­
vided otl 6.3 and 2,;'; "oils, from which a
toln} of 45 wnUs mny be luken.

The unit is pl'il11tll'ily designed for
\'acuum-tube circuits !Jut will be found
llseful in 01 her capacities. The high­
"ollage input is controlled by n Val'iac
(;ldjllstablc alilo-lrnnsfol'mer) with a

control on the panel so tlUlI coutinuous
vnriation of the d-e output volt;tge (0 to
over 400 volts) is possible. Meters on the
panel indicate the output volt.ngc and
current. The !mv-vollagc dc is cOllvenicnL
as u grid suppl,)', ami a grullllll i,:Ulllli,:cLiulI

c:m be llsed on :1I1Y of the d-c supply
tCI·mi.nals. A c.tlibrnted potcntiorncl r

mounl.ed on the panel controls tlte low­
voltage supplj'.

Excellent I'cgulaLioll at ally output
setting is assured bj' the Variac conlrol
and a carefully designed fi.1ler, which also
insurcs no vcry low rcsidu:'tl hULU \'ollagc,

SPECIFICATIONS

OutpU[ Rallg,e:
fl-ilJll l'O/l(l9C: I~O mil at 500 Yoll.5, de. N() load

"oltage. over 400 \'olts, de.
1.01» Volfoy!: i rna llt 100 volts de.
...-C Voltoge: 2.5 Ill1d 6.3 volts, giving a total of

015 watts.

Meters: The high.voltage supply output is indi­
cated by lin ammeter nnd a voltmeter mounted OD

tIle panel.

ReguhHion: The rt'gul:~tion of the higb-voh:'gc
supply oorrespolllis to nn inlerll11J oul put resistalll,:e
or 700 ohms for dire!:l current, The lOOO.cycle
internal output impeoanccof the higll-vo!tuge SUllpl~'

is equi\':llcul to 5.9 ",f ill series with 1.13 ohms. Tlillt
/If the low-\'olla.se supply i~ Cfluivulenl to 2.12,<1f in
serics with 0.82 ohm.

Supply: Tile power-supply unit will operate from
• I05-liO volt, 50-60 cycle. n-<' line.

Power Consumption: With UIC n-c nud o-c
supplies operllting at full lood, the IlOwer (:011­
surnl>tioD from the mains is about 175 walts. Under
lhese condilions the loss in the power-supply unit
is about 85 wl\Hs. including rectifier clilhodc power.

Hum Volta~e: At fn]J-lcmd eurrenl the hum
voltage of the high-voltllge suppl~' is less t.han 0.1%
for 1111 voltages above 150 volts. "For lower voltages
the per cent i~ slightly higher.

At full-load current the hUIil voltage of the lo\\'­
voltngc.suppl~· isleS!; lhnn 0.1% for lIlI vollnges. For
/I 10lld current or 1 lII~. the hum (lecreases to 0.03%.

Tu bcs: One .'l<:iZ5-t,rpeulld oneSO-lype lJre sllppli('<.!.

Mountill4: Toe instrument is suilable ror citJler
lable o.r relrt)'-raek mounling.

Dimcnsions: (Length) 19.11 x (dC(lth) ll~ x
(height) 7% inches. over-:i11. I'nue! 10 x 7 inclles.

Nc[ Wel~ht: 'li pounds.

Type (.'mle If'ord Pric~

672-A 1...... ... ..... ..1
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POWER SUPPLIES

TYPE 673-A POWER SUPPLY

This is <l power-supply unit for general
laboratory lise. It has a d-e open~circuil

"oItagc of over !lOOO volts llnd delivers
150 ma at 1500 volts. Provision is also
made for suppl.yinC a ma."ilUum of 6.5
:nlll>eI'cS Itl 10 ,"oils ac with a 5-volt
center UtI"

Sc"cftll disLinguisJliug features make
the TYPE G7~j-A Power- upply unit a very
handy piece of apparatus nhouLlhc lubo­
rnlory. A kilo!> QlI the panel gives a con­
Linuous conlrol or the high voltage, which
is indic.:atcd h.)' a meter on the panel. The
output current is also inclicttlcd b.Y:1 pancl

meter. Consequently, besides using tlle
unit as B. supply for, say. two 85!l--Lype
tul.>es, it can be operated as acontiTlllously­
nlriublc-voltage d-e supply (frolll below
50 to over 2000 yolts), 'I'rn.nsrormer COII­

trol in the higlH'oltagc inp~lt and care(ul
design of the filler hnxc produced good
regulnlion and low hum voltage, Thc
powcr·suppl.y unit is equipped with a time
switch so thallhe a·c SUPfll~' is on about
30 scconds before Ule u-c supply begins to
0Jlcrrlte, An auxilinry switch, ror the sake
of convenience anu lm(ety. is sUJlplied to
control the high volt.age separalely.

SPECIFICATlONS

Output Rnn~e: The pol'i"e:r $Ullpl.\· ,,;Il delh'cr
tlirect curr~nt 1111 10 150 ma l\t 1500 \'(.1113. The open·
circuit voltoge is o\'cr 2000 \·olb.

Tile power slI]JJll)' /liso gi\'t's 0.5 amperes at 10
\'olls ac. The IO·\'olt suppl)' is ctntcr.tappoo nt
5 VOlls.

Meters: The d-c: \'ultage nml the load current lire
indicated by n\et.~rs mountet.l on the pllnel. A pAnel
knob controls th~ input to the re<:tifiers.

Regulation: The inlernal out Inlt, resistallt'e or the
powtr.supply unit eorrespoJld~ 10 nbout 1100 ohms
for load Cllrrcnts or So-l.~O lila. "~or lowcr loall
currents the inlernal output rt!iJitan<::e increlli!eJ\ to
ahout 20,000 ohms at no 100(1. The lOOO.e~'c1e

inlcrnnl (lutput illlll'Ctl:llwe is I;l\uh'ulcnltu 1.1 J,lf.

Supply: The 1lO,,'er·supply unit will operate from

a 10$-120 volt, 050-60 c~'cle line. ,\ luilllllie power
cord is supplieu ,,'ith tin: instnlment.

Power Consumption: With the II.-C anrl d·e
supplies opc.rlll.inS al full lontl, lIIc power con­
sumption from lhe InRins is about 9S0 w:ILls_ Under
Lhcsc. conditions Lhc loss in the powu,sullply unit
is I\bOlll 00 walls includinG rectifier t'llllll)flc power.

Hum \'oltage: At full·load current the hUIIl
\'oltal,'e is less than S yolu or 0.2% or full·loatl
yoHnge. For lower load cum:nl!, the hum rlcc:rc:;scs.

Tu bes: "1'11'0 866-1.\'pe reclifitrs IH'e ~uPI,licrl.

Mounllng: The instrumenl is suitahle for table
or rell\),.fl\ck Ulounting,

Dimensions: (I.cl'lgth) IO}4 x \dcpth) IIJ.1 x
(height) l) inches. o\·er·llii. I'ullel, 19 lC ax illehes.

Net Weight: 73 pOllnd~,
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PARTS AND ACCESSORIES
DESIGN eogln4,.'<lfS and expcrinlcnlaJisls ill

lite radio, electrical. and allied industrial
fields will find in tl.is section a "ariely of
ullusual accessories thaL arc obtainable no·
wilLTe me.

Since WJ5 Genera) Radio hu manufactured
I.horalor~· (,.~uipmellt. frecltlcocy.meuuring
tflui!)mcnt. and compouCllls for the Xn,,"y.
Army. Coast Guard. Ilnd other GO"ernmcnL
services: aud for commercial and broadcast

compauiC$, educational institutions, labora·
tories, and olher nisnufnclllfers. A reputation
has been acquiretl for building instrulJlents of
ruggooucss. precisiun. and dcpcndabilit)'.

The parts and accessories which this section
l\'i11 introducc to many lIew clIstorncr¥ ban:
all been designed for use in Durown equipment.
The.,.' melUlure up ill C\'er)' way to the quality
standards on which our excellent reputation
is ba5eO.

The following list summ.,iza the contents of this section

RESISTANCE DEVICES RACKS AND PANELS
Resistors Page 129 Relay Racks Page 160

Decade·Resistance Units ISO Uni,-ersal Rack 161

Compensated Decade-Resistance Cnit Panels 101. Hi~

Unil.ll lSI
Compcnsnted lide-\\'ire Rtsislors lSI INDUaORS
\'OhllllC Controls lSj-lS4 Plug-in Inductors 16'
It iloostn t· Potentiometers 13$-139 Transmitting 11l(llIclors Hi5
Cellter-Tap ItCllistanee Units ISO Inductor Forms Hi.i. J(j6

VARIACS
"ariollleLcr 166

Adjustable Auto·trallsformers HO DIALS
Precisiun DillJs Hi7

CONDENSERS FricLiou-Drive Dials 108, 170

Vllrio.hle Air Condensers 142-146 T'lniu Dinls lOS, -170

DI,."Cnde-Condcn5cr Units t·n
Fixed Mica Condellsers us KNOBS Hi!)

METERS AND ACCESSORIES PANEL ACCESSORIES

Oxide neeLifier Dial PlatCll liG". Switches 170
Vacuum Tbermocouples 150
Direct·Current Gal,'anOllleler 151 witch COlltacl.§ 171

Binding Posts 171

AUDIO OSCILLATORS INSULATORS
Microphonc Qummer 15.2

Jack-Top Insulators I'·.,

Stand.OfT Insulators I'·
WAVEMETERS

.,

Absorption \ravcmeLer 152: SOCKETS
TJcterod~'ne Wln'crncter 158 For all n..u.iving tubes liS

AUDIO TRANSFORMERS PLUGS AND JACKS
lulmt and Lllerstage Transformers 1$:1- I..arge: and slllall. single- a.nd
Output Transformers 1.';(1 double-plug unils 174

Impedanc:e·i\(atehillg Transformers 158 MOllnting BD.SC5 17.i
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.........__•••••__ ._..... •• .n RESISTORS
Mm,""ntM'.AA,,~M . ""1f~f1otMMf1MI

TYPE 500 RESISTOR

Uolh screw-type am11Ilug.jt<:k terminals lire supplied \Il'ith
Trl'l: 500 Itcsislol'i

This i.i II. Jlrecisioll.tYJll,: rl'Sistam:... can!. UI(:
C'Clual in quulity or the ones \1)(.'(1 ill Tn'£ 510
l)e(:utle·HcsisUlllce l:uiu Dlltl ill Gellcr:ll Uutlio
clccade.r-esistanec boxes. mouuted in a n1ouldC't1
hakdite ('use. It is .suit.thle ror usc in citl,cr
e.'tlX'rimcntal or perlllanrtltl~'llsselllhlt.'ti equip­
mellt n"quirillG It sillgle lu:ellr:ltcly :Hljusled

resi lor. since it h38 both screw.
type and plug-t:rpc lerm;ulll1i.
[j"iu 1110;'0' be slllckec.l ill series by
milking lise of 4 '1'YI'£ 2j-l-Sn
::'.ltort-Cireuil PlUG. The terminals
arc ~l on st4n,lanl J;,(·incl.

Illl.C"illg.
Tnt: JOO Resistors are partic­

ularl.,· recommended (or lise as
rcsisla.nce standards in plug-in
l.\"J}e iUlI~lance bridges. They are
Rlso useful ill test equipment (e.g.,
A terminating impcc.lanccs in
lrllllsmwion line nlcusure:menls).

TlJeir excellent high.frequency characteristics
make lltelll useful in recei,'us 4110 low.power
lransDullets when stable performancc is of
primnry importance.

Kine \falues of fC'$istance arC normal!)'
t:arried in stock. hut others can be buill to
order. Quotatioll Oil request.

SPECIFICATIONS

AccurAcy of Adjustment: t;neh resistor is
adjusted to within 0.1$"0 of i15 stated ,·atue at the
terminal. of tile unit. excePtll,e 1-o1lm unit "'Ili{'h
is I\dju-5t~ to 1I"itbin O.i59;,.

[\1 a'Si mu m Curren t: All IlUit. .....ilI di-5Sipate a
mnximuQl power of I waU, Cllrrent correspondillg to
..... I,ieh is gh'eo in the price list.

Frcquelle)' Characteristic: The error i~ I{'SS 111811

0,1 % below 50 k('. At higher frC:<IU(mci{"'S error~

result frOll\ skiu effect lind tile dTeet n[ rctl..:lllm:e
in the rCJi~lor. The! lublell on ptlge.ll \0 nml tI
repr~ut t1('(ltlrlltely the p<!rlormtll1tt of the l-ohm
through GOO-ohm "A lilts. For the higller \'nlues. the
etTOr. are umell less than those lubulnte:-I becAlise
of lhe relative-I)' negligible. .hunl eapllcilllnCl!: of an
isolated resistor.

Tempernwre Coefficient: 1~ lhall 0.Qm:% per
llcgr~ C. except on the IO,OOO-Qhlll ellf',1 where il
i.'l +0.Ot3% per degree C. AI room IClllpt:rl'llllre.

Type of Wind Inc: :\yrtou-Perry when resistance
i.'lleu Hum 1000 ohm.; 1000 ohm.'l and over. unifilar
winding 011 miCA Cllttb.

Termlnnls: notl, terminal screws nnd plug.'! are
Sll11lllied, lIuti either (:an be used, Each termiual stud
i5 recessed OJ a jack to 1IC(."OtllmoOule 8 plu£.

Mounlln~: Each rcsistor i. seAled in a case of
brown moulded bakelite witb an iml)regDflting wax
that proteMs tl'e unit from moisture. T,,'o mounting
holes are pro\'ided (lee drawing).

Dimensions: See accompan)rina: dra1l"ing. O\'cr-aU
height. exrlusi,'e of plugs, I in('h.

Net WeiCht: i ounces,

TN" RtJjft(HtCC Ma:riJnum Cltr,,"' Code Word "rite

500-A In 1.0 a Rdl TISIJlD

500-8 'DO SIO ma ar. ISTDEaK

500-C 500 1-1-0 rna MJ:ltIST,.OKU

500-1> lOOn '00= HY.81 TFROO

500-E 2000 70 rna RIt818TGIRL

500·F 5000 ·U ma II.;S18TGO"T

500-G 600n 40 IDa '"'.iI1 TGOOII

500-1-1 10000 30 rna 1I.:l118TIlT.w~

SOO·J 10.000 n 10 mil " ...!tIlT)! 11.1i:
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TYPE 510 DECADE- RESISTANCE UNIT

Qlle or Inore.
precision tlce­
adc resistors
arc rrequcully
rCf'luiroo fot ill­
tegral assembly
into apparatus
overating at
low. ,·oic:.-e. car­
r~r, or t3dio
rrct'Jucucies,aud
ill which it is

1I0l 0011 ,'enieIlL La incorporate a complete 'l'rPt;

602 Decarle.RC5istant-e Uox. The indivitlUll1
units deJlCribed hcte1\,ith are lwailabJe for such
1I~. amI. wh~ pcrmauclIlIy installed. gh'c
the same t.'OIl\'('niencc of u '·uriable. :sh~k1cd

standard without ll14~ ull&\'oitlnhle lead a.nd
,,-iring inductance and consequent errors at
high frequencies of the extcruaJ de<:ade-box
construction.

Each resistor is cllreluUy adjusted :tlltillged.
the construction lJciug such that 1I1~ is no
serious efror at frequencies as high as .,0 kc.·
Quadruple-leaf switches funning o\'er large
contacts iosure a low anL! constanl contael
resistance. Operation is equll.lly satisraclOr)' in
d·e circuits.

Each decade i. enclosed in all a1umioum
shield, and a knob unci an etchec:l.mctal L!ial
plate are UppliN. 1'he unit is also nailable.
complete as iIIuslrated with hield. shield
co,'er, blank dilll plate. lIod s",-itch stops, hut
without resistors, u Ute '1'n'£ .510·1'1 Switch.

SPECIfIC'"nONS

Accuracy or Adjuumen1: All resistors are ad-­
jUil~ to within 0.1 % of Ihe stated value between
l'llrd terminalll, I:xl't'pllhe l-ohm and O.I-ohm c:anls.
which are adjusted 10 ",ithin 0.2.5% and 1%. rc­
specth'ely. Where nc(:essnr)'. ndd O.OOt ohm for
cach tlC(;:tde to ullow rur t1lollloel resistance.

Maximum Current: i\Juimum allowable lem·
perature rille is .w·C. Tile currents for II !lo·e. rise
Me npproxillltltel)' O.G of those for a 4Q-c. rise;
\'alu~ of ('lIrrl:lll for each of lhe "I>o\'c ooadilions
for chch or the Ilecades arc shown in the tahle al
Ihc fool of lhe "llge.

Fre(lllenC~' <':htlmct'erlstlc: '1'11(' frcqUc.llC~· error
is It'u thun 0.1% bdtJw .~o kc.:\\ hi!(lit:r (requencies
errors ~511'l from skill dfL'Cl lUl11 tile dfcel of f1:'o

aclulltt ill Ihe r~si5toT'$.·

Temperature Cueffident: 1.eM Ill:In 0.()(E5}. pt'.r
degrre C. ~xCt'pl on 10,OOO-ol1ln tn.nls w"erc il is
+O,OI~% l)Cr dl'/;rt'e C. at room tCIIlIICOlllltl',

Type of Wlndlnc: Dilllllr l)'pe on O.I-<lhm,

Ayrton·Perr)' on 1-. 10-. and l()()-(1hm. and the
unililllf mica t,rpe on 1000. and 10,()()o'()blD <:tlrds.

Switch: Quadruple-leaf. phosphor-bronze hlades.
canted to pro\'illea llon·clIlIing, wipinG oontuct, hear
on Jf-inch studs. A CAm-t)'pc dcl~nl is provided.
There arc 11 oontacl•.

Mounting: Ada,'table to lin)' pnnel beb'eto U
and'" inch. See sketch.

DImensiona: See ~lc.etch. Shaft diameter, %
inch.

Nct We1aht: 'l'rrE 510 units. II oun~s: TrPE
SIO·PI, !)}i ounces.

T.YIH

510·,0\.
510·8
510·C
510-0
510-£0
510-F

Tolel

10
100

lOOn
10000

10.0000
loo,ooon

Pn Step

0.10 1 a .., a
1 0 000 ma 1 a

10 0 170 ma !50 rna
100 0 '" ma 80 rna

'000 0 15 ma 2S ma
10.000 0 , ma 7 ma

('riel.

ELATE

t:LOt:a

t:LEGT

ELBa'"

ELECT

ELo\· ... ll'
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~COMPENSATED RESISTORS

TYPE 668 COMPENSATED DECADE-RESISTANCE UNIT

Although 1IlC ilifluclllllCC of '1,,·Pt~ 510
J)eco.dc-lh:sislancc nils has b~n reduced to
:I. ,'er.r :>1111\11 value. it is slilliarge eJlough to ill­
troduce error in I)recise capacit:mC'e measure­
ment at radio rr~lIellcies OUld illduclallt:e
measllremculs at audio frequencies. It is im­
possible to build all ideal. induclal1cc·free reo
sistor. nud the nerl besl thing is Ii unit in
whit-II 11Jt' inc!ucta.nce is "till coustant.

'11e TnE 668 Compensllted Decade-Re·
islalll:e Unit i efluippcd wilh n double set or

switch contact.!. by means of which :1 copper
winding is exchanged. step by step. fOt the
resisti,'c lurns ill order to kttll the lolal in­
ductance independent 01 tile resistance selling.
The lolal inductance 01 each unit is gi"cn in

tile price list.
The methocJ

of mounting is
identi(.-al wiLh
thaL of the
""1'£ 510 Dee·
arle· Hesista.nce
Unit, except
that no a1umi.
num shieIJ is
provided, The
three trl>CS of
tllis unit, wheu IUOllntal togdhcr or com·
bined WiUl 1'l"'£8 6(;9·:\ or -n as Il resistance
box, are 8"ailable as U,e Typ£ 610 Coml)flU­
s3.tcd Decade Heslstor:'

SPEClFICAliONS

668-A In 0.10 O.OO.'iU 0.15,.1, OA-BLKI
668-6 Ion l.or. O,()'lij!l O.S ,.h OAILY

668·C lOOn IO.On O.OI~1I 0.6 ,.11 0.1.1.01'

Mounring: A combinatiou dial plate and drilling
template are rurnishw. InterchllnCC!nble (eJ;cept
for stops) with TTPE 610. q.(I.

Dimensions: Diameter, 3Ji inches: depth behintl
pane-I, 3 inchet, o\'eMt.lI; sh_'Ift diAmeter, * inch.

Net Weight: 10 ounces.

Type of Winding: SAme M for TYPE 510 UDits.

SwilCh: A tlouLle ~itc", similar in roMlrnction
to the liingle i1\'itcb used wilh TYPE 510, is used.
~ I aslTllu m CUIT('.nl: lIolnimurn .Ilo_hlf! l.Mn­
perature ri.sc: iJ 40- C. for whkh the maximum
currenllare 1.6 a, 0.5 0, :and 0.16 a, for tbe 0.1-,1-,
Dnd 1000bw slep~. resperLi\·el)·. The cutno15 for a
20" risc ure approximnlcl)' 0.6 of these values.
Accurltcy of Adjustmenr: For O.I-ohm slcp~,

1%: for I~hm sleps, 0.2.5%; for 1000hoi .liteI'll.
U.I%. WI,ere nCi,.'eSS3rs, Btld the value of "7.etO
ItcsistullC'e" gi\'cu in tile price list. lndllclnm:e <:00­
slautto withiu 0.05 ,.11.
Frequency Characteristic: ApllrOxiUlJl.lcly the
SRUle IU for '1'v"I: 610.

Type TlJlul S/r-p. Za"
"/JI/,'

I.
Cnd.
IVord !'ricl

TYPE 669 COMPENSATED SLlDE·WIRE RESISTOR

'l'!w uniL is n
slide wire, com­
pensated for indue·
tance, for use
where it is desired
to secure 11 closer
adjustment or re­
sistance. than is
possible with a

TYI'£ 668 Compensatec-I Decade-Uesistal1ce
Unit.·

"" ~p(w. ul 11." -wvaioul detaiI6 it anilab'" 010
-'-

SPECIFICAliONS
Maximum CUIT('.nt: For l-obm unit, 1.6 a: for
U.l-ohm unit., 5 a.
Accu.rl1CY of CRHbratlon: Each unit is fitted

with Il dial iuJividu"Uy eugra"'ed at t I poin13, giving
tile sIiJe--1Vire rftiSlaOCle to \\'ithill 1% for the l-ohm
.nd 5% for the O.I-ohm unill. Where net'eSS&ry.
add the ....Iue of "Zero Hesi.stance" given in the
Ilriee list. Inductanee ool1.staot to withiu 0.005 ,.11.

Mounonlt: Inlc:tcbllnt;enble l\·ith Typ£510, except
for the use of ilial snd slo1\··wotion drh-e.. .-\ dial
indinlor iJ supplied.

Dimensions: Diameter, SJ.~ iDcb": Uc:ptb behind
pa.nel. S lowes. over-all.

Net WeiCht: 80uoces.

Rui,I"ltec Totg{ Code
T,pe Muz. Zuo L Word Price

669-AI I n IO.o.UO IO.I5,.h ID.\.\IIS I
669-R O.IH O.OiOO 0.15,.11 DUEL
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TYPE 653 YO UME CONTROL

This volullIe colllrol is all idclll mixer-circuit
uBil Wllcre the noise.level restrictions nrc
C!Ipccinllr se'"erc. .l\1:i1l;\' flrc ill USc ill Uroal!.
casting Il.nd recording studios wllcre low cost
aud trouhle-rree operulion make them the idc:u
solutioll to the speech-input colILrol prohlcl1l.

or particular importllll<:c is the extremely
low noise level. even wilen Ute ullit is used ill
a. micropllollC mixer cireuil without pre.·
nmplific:\lioll llS is usunll'y the case ill d;rllntllic.
and "e!ocitr-1ype instnllations. There is olll~'

Olle. sliding eQutnel (r,.,Jucillg by huH the
jullcrellt C(lnl;\cl lIoise over tl.nl ill double­
<:onh\<:l cOlllrot~). and this one ('Oulad has
bccli madc pru<'licull.\- l1oisl'll$S through the
corf\~cl choice or materials. TIl(' illlpcJallec
remains Ilrnelieally l..'Onstuut ill both t1irediOlls
throllgllollt the nll.clllltttioll runge.

Auolher f(':ilure. round olll~' in :l volume
(:<lntrol or Lhi!1O lspe. is tile nbilil)' to "rnde oul"
cmllplcLcly without ~listllrbillg llSSociated
Chtl.UllCls.

SPECIFICAliONS

132

httCIlU:ltIOIl R:llllle: 0 db tn complctc cut-olJ.
AUcnllutinn ill lilll':ir \\;itll lliul selting lind nt!·
justllblll {rom 0 to 45 db ill slt:>ps of noout 3{ db.
(AtlCliuntlon between contACls is 1.5 dll. but llle
switeh bridges two oollln<:ls in pLlssing from olle tn
lhe other.) I\bo\'c 45 db. the rnle of nttenUl\liOll
increases rapitll}' lo "infinity" (lloout 120 til, with
tile llSUlll tYlltl of lIIixcr wiring). There i.'lllo initilll
insertion I"u of Gdh.
Type of Section: A Indder-t~'pe network is em~

ployed. HAS IHlvnntftge of only one sliding ('()I1tn('l
while mninillining es.~cntil\lty constant impec:lan«'.

Type of Winding: IWistnr.s all! wound on f')'lill­
uricnl spouls whic1. lIll! p:ut of tile ookditc moulding.

Terminnl (nlpcdance: 50-. 260-. I\Iltl 5()C)..olml
units.re cerried in stock, but otllers enD I,)e built to
order nl .. slight ndditiODll.1 OO5l.

Shielding: t\u aluminuUl (,'On:r i1I a proledioll
against dust and ad~ as an ek"Ctrostalic shield.

Switch: .0\ S-hlrtded phosphor-bronze switf'h nlllk~

lirUl contact with hron%e allo~' oont:lct l)(Iint.~.

Te.rminnls: S<:.rew terminals are prl,l\'itlet.l.

DllIl Phlte: A dial plllltl calibratcil tlircctly ill
deeihel~ also lIer\'Cll liS II drilling li':ruplnte in mount­
ing volume (.'()ntrl)l,
Knob: 'I'TI'E O~7-K. with engraved wiJile arrow.

MOll nt"l n&: The unit is nrnlngetl for pllud wount­
ing by meaus of lwo .screws which are supplied. The
"olume (.'Onlrol mp,y be mounted on panels up to h
im:ll in thick-nm. Iioies lire slla(."e(11 J.4 indIes apart.

Dimensions: i\llIximlllll o\'cl-/tll rlltlius. 1M inches.
~Iaximum depth bcltind IInncl. iH im;hes. ShielJ
Ililllllctcr. 2M iudlell.

Nel Welll.ht: 191,11l1lC'C5.

Type 11ll'"cf!UIICfJ COlic WII,d 1',icr.

653·1\IA 50 n Cl.U)lr

653-M II 200 r. COACIJ

653-MC 500 n COAST
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TYPE 552 VOLUME CONTROL

This unit has been designed IJriruurily {IS 0

master gain control in high-grade broadcast
LrnnSlJlission. soullu-rceordillg lind projection.
tlnd public-address SystClLl:O;. Where tile very
finc);l cCluiplLlcuL is hcing iustullcd. its u,sc is
olso rL'(:omlUcndcd in mixer circuits. UC-C:lUS(~

of its accllruc.y, excellent rrcqllcllc~' chllrilCll'r.
lslie. :lilt! compactness. it lI'ill be found useful
in mensuriug circuits where the expense of Ollt

high-precisioll :lll<:Jllllllion IIct\\'orks is not
jU.!llifiCfI.

The dcsigll of the individual resistors makes
a \'ery rigid lIH..{;IUlllic:~1 construction. The
whole :'lSscmhly is buill to wilhstalld the lIIost
scycrc service rcqllircmcnl.!;.

No slide-wire contacts arc used: the lIclion
is enlirdy step by step. 'l'his increases H.le
reliability of the unit, at the same time making
exact c1upticnliol.l of nttellimlion settings easil)'
possible. The stl'p-b;y-stcp contacts used in
Llds "ohmlc cOlltrol Dlso Imve a slightly lower
lIoise Iv.vcl lhan L1lc Lesl of sliding <:onlac;l.
Conlacts tlttve heel. rUIl for 200,000 operatiolls
without showing sigus of tlJlprccinLlc wear.

SPECIFICAnONS
Ran~c: One r:lllge, 0 dll 1030 .IL, in stelJS or I.S ,Ilt Switch::\ multiple \;Jnde swildl is IIse,l.
is C;trriL'(1 in ~lod;, btlt SI)(:t:i ..1r:lng"s C'.lU be buill lo MOLIn [ill~; '!'I.e enlire unil is SlIl'Ptll'ted on :1
?~der. ,. , . s<lwtre aluminum suI> IIllud t":ll can be mounted 011
I )'~e or Section: .r-sccuoll luul baJull('l..,(!-U, a paue! by 1lI(':m~ of We same rour mllclilue screws
~~LJ"11 lIIod~~s a~e a\·a1~al?l.e. .. . lhul. hold Ihe ctcltcd-mclat dial plates.
Iype or \\Ult.hng: tJlufd:lr WlIlI!l1lg on I,akclllt~ T . 1 \ . I' I '1 II

slrips flS sll(l\I'1\ ill the lll.'(:()lllpa IIvillg illuslration. . cr~ltn:l So' I ICr't1::;. Sdtn,; 1I10ut_ct lIt I so t er-
Terminal rmpcdal\ce: Units for ",orkiug in iOO- Ill!: ugs IS lIIf)unlc( '1111 t.c su J I)une .
,J!.J1I1 und 500-011111 cirellit~ nrc curried ill stock, bUl Dimensions: SuI" 1>::10('1, ,~Y.f x 4Y.f inche~: d~l>th
olhers call be built lo order. bchin,llllllld: 3, for T·Sf)I·liou mo,lds: 5J..1l inc1Hl.s ror
Accurac)': All rt:sislors :Ire ,l(ljllSle-d 10 wilhill i!%. bnlan(:e~I-J]-SL'<:tion 1I10/lels.
wllic:h mnkes l!le error in al.tcltVlltioll les.~ lhnn 1 db Net Wei~h t: 2 flIlmuls (or 'I'.sectioll, 3 pounds ror
'II nil selling,;; UJ! to 20 kc. haJallctll-I-I-sec::linn lIH)l.lcls.

TlI~ IIffcrnw/iou IIII1'tdOllClI ,')ec/iml C()(lo Word l'r;<:lI

552-T8 30 db in steps of 1.5 db 200 Q l' AI,I~~N

552-TC 30 db in steps of 1,5 db 500 n T AI•.\IHI

552·HU 30 db in steps of 1.5 db 200 fl Illiluncctl·n AI.lIUM

552-HC 30 db in steps of 1,5 db 500 n Balance-d-n AO.\IN

Iltllh IIctlVork,;: ltlllinlllin cunstlUlI iUlpL...hltK>t: ill hotlillin:diolls, bulll,,: b..donccd-Il·lle(·ti{)1J i~ used where
the lr:wsmissinn l:ireuit IllUst be bal:ull:cd to grollnd
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TYPE 642-D VOLUME CONTROL

This high-impedance \'oltage.di,-ider unit
is inle:nded for use as a gain control in the in­

put circuit of a
\':LCllum lube or
as n multiplier
for a '-acuulII­
tllbe "oltmclcr.
It is CQlllpuct
n n d ruggCflly
(:ollslructed.lhe
l.'Oulllcl 11 0 i s e
lc\"cl beingsuffi­
CiClllly low to

permit of it.!! use ill the Iligheil1lualily circuits.
Wilh sufficient cure in kCt.'pillg <10\\-11 the

slro..r capacilam:cs in the wiring l,clween the
n,llumc l'OlILrol output anll the socket. the

ctllibratiOIl is accurate Lo within 0.1 dll at all
rr~llIel1cies liP to 10.000 c~·cles.

Only one 1~'I>e is 3xnilable ill stock. bUI
uniu having different nUlles of illlpl.."(lalicc or
of a.ttenuation per sle:J) call be buill to order.
Desigru are, in gelleral. limited to a total of
10 ateps. Prices on request.

SPEClFlCAnONS

R:tn&e: Ont f".mge, 0 fib to so db, in steps of S lib il
oarried in stock, hut other lileS CIlII be huiltlo ortier.

Type of Section: Voltage {Ii"ider for working into
a high.impcdanee circuit IUch u the grKl of a tube.

Type of Windinll: inwvidual raDdom·~ound,

ooo-iodueli\'e resistol"l are used.

Termina.l impedance: Tile input iwpedanee or
the unit is 200,000 01lml when tile switch side is con­
nected aeross the grid-fiInmelll dreuit of a \'81.."UUlII

tulH! or otller essclltill.US infinite·impedanee lood.

Accuracy: All resislor!! nre !l{ljllilcd to wilhin 1%,
which Ull{ke, ll.tlcllunlion rnlio. nCt:uralc to within
0.1 db, U c:apacihUl<:e of tll\)c, soc::ket, tlUd wiring
is leu than iO ~Jd, Il5 is U$utl.lly the C'\Se, lbe rat ....1
Accuracy limit of 0.1 db boltL! to approximately
10,000 cyclei'.

Maximum Current: Although Donua1l>- IISCd in
circuits dra...ing DO current, a cu~t of 4 wa I\·ill
not cawe a temperature rUe slIfficient to aff«t lbc:
natet1accuraC)·.

Switch: Tile Iwitf!b arm is oon tructe<l of fOllr·le;lf
phosphor urolUC, whiclJ provides for Ioug "'ear anJ
exeeptioDllII;'t low C"Onla..1. ooise. The cam-type <Ie­
tellt may be usil,)' remo\'et1 if swooth l'fI"itcb action
is required.
Mounting: This unit u simila.r in ooMtrudion to
lbe Tyl'lt 510 Dec:ade-1t6i.stanee Units, 'nte fonn
'UII!Klrting the resistors lind the (Wilch is lIl4& of
moulded bIlkelite, and lbis uattacbed to a panel by
tile a.1me two screws whicL hold UIC elched·wcLaJ
rlilollllllltc 11ft in 'I'yPl'l SIO DeclIdc·Huisunce Units_

Terminals: Three solderiog lugs IlfC plneed l1t the
end IIf thc unit ror mnking l'OlIueetiOllft, lind tbe
,1Iicld hUll a 1I11lail opening fOf conllectillg ,,·ires.

Dimensions: Shield dinmetcr, S~1I inches: depth
behind panel, sJ.fI inches.

Net Well1ht: 160uDen.

Atleltlflation Cod,

TIP<- Tolal StefH IMJHdu,u;e Word I'rief!

M2-0!30dbI3db lioo,ooou!"uLTI
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RHEOSTAT- POTENTIOMETERS

(VOLTAGE DIVIDERS)

AS PANEL-MOUNTING MODELS

Au)' poteotiomdcr CAn also be used IU a rheostat
for eithu direction of rotation, There is no OPF

, position

mmm
RHEOSTAT

INCREASE R
~

POTENTIOMETER RHEOSTAT
INCREASE R
~

Ever~' General nnwo rheostal-potcllliorneler is fumishcd rcnd)' for
panel mOlllitillll, lIJJ showll in thc nl)()\'c photogrnph, bul C\'CQ' tnM:
c;\:l:epl one
(TYPE "-10) elm,
by a fcl\' mo­
weolB' \\'ork
wiUI II screw­
driver, he l'Ull'

verh:d ror top'
or-tuble mount,
ing as sltown
Oil the followiull
P:lgcs ill photo,
graphs .II~...om­
plUlying lbe de­
tailet! d('scrip­
lionof each unit.

Tile complete line of ad·
justable resislors described
on the rulJowiug pages is ll,e
direct outgrowtll of the need
for fllalllclll·currcnl controls
in ":lCIIIIIII-11l'-'e circuits.
Olher applications Ilrc fOllllil
ill all kimls of electrical Ill).

paratus where \'aCUlilIl tub...5.

rcsistonce hridges and tllerillo­
couples orc 111\'01\'(,."(l.

Unil.s nrc a\':lilablc from
stock willi !:lO\\'cr-u;ssipIllion
fnlings us high lIS ~50 wntts
n11<1 III as i III U lIl-resistallce
rangl:S c;(lcl1ding from O.i5
uhm to 'lOO.OUO ohms.

JJc<:nllsc of the "straight
tllfOUgL" shaft construction.
tl,CSC r hooslal-poteul;oUlcLcrs
may be gungl'1.! Uj) 011 ti,e
sallie slmll to provide simul·
tancous vnriatiolls of lll11lly
scpnrnteclcIU{'llts ullucrsi ngll:
control. COlllpli<::nlcd rndcr
networks lIlas be huill 111' hy
llsillg nc:<iblc couplings or lW
tile substitution of :I. single
slluft or illSlllaling umlcriul
ll11ssing through ull of the
L"t.IlIlrols,

All hutlltrgcsl (tlld smallest
type!'; IIrc illterchnllgeahlc
011 the stllndnrd three-hole
UIOllutillg shown bclow'\\'l.cll
gangel!. lhe•.,. llIay he set up
hack to back Oil either siue
of 11 sllccl supporl.

~~
3 ...TG. HOLES
NO 25 DRILL

ON rFlAO.

St:lnllard S-bole mounLiug methoJ
for rlJ('"03tll t -potclltiomClers
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TYPE 371 RHEOSTAT-POTENTIOMETER

p ·u
Cod.
11'0 d

j/a.zi...". JflUi". ....1
T1JH n,.wlt u C tott• ." , "

371·A I 0 ... • ItAI.I,Y

371·A 50 '.0 • IU::.w. Y

371·A 1000 0 HO ... "KJlA~

371·.0\ 2500 n .0 ... W.; .. IT

371·A 5000 11 60 .,. ROTOM

371·.0\ 10.0000 •• m. 1I0WDY

371-.0\ 18.000 n '0 ma IllLEll

371-.'\ 50.000 n '0 ... 8ATYR

·j71-T 10.000 n •• Illn sUI.I.Y

SPECIFICAliONS
Power Ralina: 20 1l'31u; T"..E 371-T. S walll.
Rotation Ang.le: 300- (appn:n:,). ='0 0.·.. PQ'Llion..

Shaft: St~I, ,fincb diameter.
Knob:l'nr; GS7-G.
l\loun ring.: Stawrd 5-hole; DladlilK sere....s, nul$,
and template Cumi!heeJ. SUPll1ied as pand t,)'pe,
cuil,)' eoD\~rted Cor table: mountiog.

Dlmenalons: See tketch OD precefling p.tge:
..\-3J.i. 8-i!Ai inches.
l"el We.lllht: 6 ounces.

n llcoslat-polen ti.
omelers ill this series
ha"e their resistors
wouml oua thin linen·
hAkelite strip ,,'kich
is lhell beut around
the bakelite support­
ing form. 'I'he contact
arm is a single blade
that wipes tlJe edge
olllle resistor.

Allowahle power
dissipation is 20 walls.

Values of maximum resistance between I ohm
alld SO.OOO ohms can be SUPI)liC'1 from slock.
but ollien within the power-rating limit can
he buUt to order.

In addition to the so-called "Iillear" uniLs
in which resistance is prol>orlionailo the nngle
througl. which the blade has turned... unit
having a tapered winding is Available. III lhis
('I'TP& 871.'[') tbe resislallcc is approximately
proportional to the square of the angle. ill­
creasi..IIg with c1uckwise rotation of the knob
in a pallel.mounted uuil. Othcr resistor shapes,
snch as lognritlnnic lupers. 11I110:" IJC ordered,

TYPE 214-A RHEOSTAT-POTENTIOMETER

Priu
Cod.
WordT... ..

UI·A 0.75 n ,.. • 81111'1"1'

214-A 2 0 '.1 , ROnOY

214·/\ 7 0 I.l • IlI1RAL

21t-A 20 0 0.67 • RA10K

214-A 50 0 4115 .., RAPID

214-A 100 0 900 m. RIVET

214·A 200 0 ". ... t:.MPTT

214-j\ 400 0 160 ... MOllIS

214-A 1000 0 " m. ESACT

214-1\ 2500 0 60 m. aVllliP

SPECIFICI\liONS
Power Il.lItln~: 0 "".tls. let current rlitiog ~lo"'.

Rotation Angle: 915-, No o...·I)()!ition.
Shaft: Sled. X-inch Jiumeler.
Knob:Trt>t: 637·(;,
l\'loull tlng,: Sll\ndnrd g·hule: machine screWI, Tllllll,
lind lemp"lle rllrni.!olled, Supplied as pand l)'pt".
en.sil)· ooll\'erted (or table "lounting.
Dimensions: See Iketch 011 prclocdillg plll;:e:
A-SU. Il_t,!{inches.
Net Weight: :S OUUttS.

dlnzl't(JIlIIt Mu;,:imlon
n in/Hlt'- C."uHI

This unit has tbe
same t~'pe of COIl­

struction liS the TVPE
371 Rbeostat-l'otcn­
tiomctcr described
above. exccpt tllnt
tile wiudillg hlrlll is
narrower and lite
power rliling uul!

mtL"imulll resistunce
values are. accordingly. smaller.

The resistor is wound on a linen-bakelite
strip alld the contacl memher is a single blnde
that wipes the edge of lhe winding. ~IllXimlim
power dissipation is c:onser"ali,'el}' placed at
9 walls. \'alues oC eurrelll corresponding to
which are gil'en in the price list. Ma."imum
resistance values rtulgeCrom 0.7:; lo 2500ohms,
but olher sizes wilhin the power4ratmg limit
can he builllo order.

Units of lhill type are more suitable for
oollery-operaled installations where space is at
lL premium or "'here critical6Jament potcutials
musl be maintained.
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TYPE 471-A RHEOSTAT-POTENTIOMETER
This rhcostnt-polCllliomdcr is Olle of two

I.,ypcs llml htl\"e cOlIslrllcliollll! fc..'llurcs which
lulnpl tbcrn for use in high-impedallce \"aCIlUlll­

lube circuils. The requirements for lhis service
:lrc severe ill lhnlnol only lllusllhc ullil itself
have:l high resistulLCC. but bcenusc of the low
power levels luul amplification of nil dis·
lurballccs b~' the itltcr stages, no coutact noise
Ca.1l be Lolcrnlcd.

hI order to lI1cct these requirements lI1c JI igh
r('.sistaucc is oblairle~1 by winding the card wiLh
fine wircand lhCJI protecting it externally from
lllccllUuical damage or derangeUlent of the
turilS by meows of :\ securely tlncltorccl baud uf
liliCIl hakelite.

Low noise levels arc assured through lhe IISC

of a contact. :lrm bearing (OUf separate wil)illg
lingers whose average contnet rc.'JistllllcC is
esscntially CQllstant (or a,fly position or the
klloh. The unit may be moullted directly 011 a

llIet...'l.1 panel without
tIle necessit.y of iusulat­
ing bushings. (or the in­
sulated sl13ft rel1lOves
all possilJility of short
c-ircuit.s as well as allY
hum thllt would be in­
trodllcet.l hy llw opera­
lor's band.

The winding form
has lhe same tliarneter
with a slighll>' greater
depth Ulall that of the
Tn'l!: 811 Rheostat-Potentiometer descrilll,:d
011 the opposite page. but tile allowable power
dissipation is smullcr because of the bakelite
protecting strip. V;!lIlCS of total resislnllCc as
lligh as :200.000 olllns ure IH·ailable. SIXlCi:ll
sizes or lapered mouels with \·ariolls characlcr­
istics ean he huilt to ordf"r.

SPECIFICATIONS

P'
Co'"
W d

Mazimlllll MtI;tilll1lm
R . t CTyp' .:.'I'" alice urreu " riel

471-A 100 (2 3S0.0 nln t:QVIP

4'i'1-A 1000 n 104.0111(\ Io:lIA5E

471-A 10,000 !! S3.0 lUll t:llECT

4.71-A 50.000 11 l·l.7mll .:noolo:
471-A 100.000 n lOA m(\ .:nul'T
4'i'1-A 200.000 n i.S ilia t':5KER

Power Ratinll: 12 watts.
Rotation AnJ:,le: i04° ((\IlPro:\:.). 1'\00...· position.
Slmft: Dukclitc. %-illch diRlllclcr.
Knob: TvPf: 637-1:1.
Moun tlnl:t: SlllllOll.rd 3-hole; machine screws. lIuls.
aud h:lUplulc r\lrl1i~l11:':cl. Supplie(1 liS panel l.",)e,
casil~' coln-crted for tu61c moullliug.
Dimensions: Sccskcleh on seconu pre<:cdiug: page:
A=S}i, B=2% inches.
Net Welc,ht: g OUllteS.

TYPE 314-A RHEOSTAT-POTENTIOMETER
Of tile same lUcchanical lind elL'Ctrical

design as the Typp. ·~71-A Rh<..'Ostat-I'otenti­
omeler described llhove, this unit differs (rom
it iu having the shorter winding (orm. Tl has
tile protectcu resistor. the bakelite shaft. and
the 4-finger contact arm.

The willdillg rorm lias the sallle depth.
diameli:r, and :~rrallgemcutof mQ\l1lling holes
as the Tnll~ 2 H-A Rheostat-Potentiometer
t1C!Jcrihed at the hollom C)r the opposite pllge.

but because the winding
is protected. the allow­
able power dissipntion
is smaller. Resistances
as high liS !lo.oon ohms
arc :tvaiJahle (rom
stock. and special sizes
withiu the power-rnt­
inn limitcnn be built to
order.

SPECIFICA nONS

1"
Cod~

II' I
Jfo.cinmm MfI;tjlll/l1ll

R', Cl'ype IMI8IUU:tl IIrrnl "n rice

314·A 200 U 105 1Il(\ ~:~ATI;;

J14·A 600 !1 !M IIln p.:->no\\'

314-A 2000 !! 5!l !l1l1 ~::->Io:WY

314-1\ 6000 !l 30 mn E.~JOl·

314-A 20.000 n In ma r.~IIOI.

Power Rating: (l wulb.
Rota tion An~le: 20,10 (npllrox.). No OF!' l)()sition.
ShaH: Bakelite. !-i-inch dinmetcr.
Knob: Tn'E Gai·l-I.
Moun ting.: Standard 3-hole: mncllillc s,;rews, lIul::i,
lUld lClIIlllnte hlrnishe<1. SUPI>licll as p:mel t~·pe,

casily COllycrtcu For tu61c mounting.
Dimensions: Seeskelch 011 5eronl[ Ilre<:c<ling prlge:
A-SU, B=l~illches.
Nct Wel~ht: GOUlIed.
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PARTS AND ACCESSORIES~

TYPE 533-A RHEOSTAT. POTENTIOMETER
This in hU\')'-duly unit. whiehcan dissipate

'2.;10 walls under continuous load. The frame is
oC rnoukled bakelite. and the r('3istance element
is wound on an asheJt« ,('(wcn...1 alllllliuum
strip lhnt serves to di.sLribulc the heal to be
t1issipah....1 to all porLions or the clement COt

beller radiation. This unit. ancJ lite one lish..od
helo\\". lIould not be usetl in closed compact­
ments or where a mCAIIS or \'cnlilalion has 110l
been provided Lo kccp the temperature of
associated aPl>aralus at a rensonablc ,"aille.

Bolh type! 4rc Ctwipl>ell wilh tllree '1'YP.~

138· \ .. combination hiu(ling l)Osl :UlU plug jacks
set on stallJarrl spacing so UI:lL Light plug-in
COlluCCliollSIIl:lY be madc loobtain immcdjalely
a rheostat of either direction of rotation for
int.Teased resistance.. or a 6xoo resistance from
which n \'t1rillllle tal) is to be taken.

Seven maximum r~istallce \'nlue5 are carriecl
ill stock !,tlt others or the ame l)Ower rating
call be built to order.

SPECIFICAnONS
Power Iblillg: 250 ll-alls, Ioe'eculTt!nl rating below.
ROt1ltlon Angle: 805- (_'lproX.), No OFF position.

Shah: Sted, ","inch diameler.

Knob: TTP& G~7-Q.

Mountinj1: Tl4blc l)'pt: 5Ullpliell, eMil.\, C'C:m\"erle.1
(or plInei mounting; ACe aceump.,n~·inR sketch.
Machine: ~WS, nlll , lInd a Jrilling templll.tc: are
fllmi5hc:d.

Dimensions: See at.",'Ompon~·illg lIketetl.

Net Weigh e: I~ IlOlInds.

533·A I 11 16,8 a )I01,,,R

533·.'\ 30 0.\ ll. ~os"u

533-A ,.0 !I.U" )105(,\1,

533-A 30 11 2.9 " )lOtTfI

533-A 100 U 1.0 It ~UG{a'

533·A 300 U 0.9 a ,\1UMtoO'

533·.'\ 600 U 0.6 II Ilolusn'

Mo~illil/'" IJ!fl;rj",um
TillIe lluilltrlllcr (',/rrrnr

('OUt;

BIt/rtf Pdu

TYPE 333-A RHEOSTAT.POTENTIOMETER

333~A I 0 10.0 a. \. ,,1.01t

333-A 30 5.8. ...... PI.D
333·A I. 0 S.i. ,·&.,\;ca
333-A J.O I.D • "lOlL

333·A tOO n 1.0. \'IOOR
333~A 300 n 0.6. "11.1..\

333-A 600 n 0,4 • "I".:.

Shah: Stec:l, ~inch diameter,
Knob: TYPl: G51·)-r.
Moun tlng: Slamllmi 3.holei IIlllchine "erew', IIlII~,

Dnd lemllinle FurniJ.lled, Supplihl all p;tf\C1 L.n)C,
eallil,~' c:on\'utell For lable mountinG.
Dimenllion,,: See Ikelch on lhirtll)rceeding p:tG'!':
A-4, lJ ...i~ iDc!IU.
Nee Wei~ht: II ounrtl.
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This unit, allhough
smaller, has the same
constructional features
M tlte Tn!': 5SS-A
Rheostat· Potentiollle­
It:r described aoo"e, It
IlliS tbe standard S~holc

mounting which makes
it interchangeable with
the units shown on the
next page.

Its power dissipation
rating is 100 watts,

SPECIFICAnONS
Power Rating: 100 walls.
Rotation Angle: iSu- (al~rox.). ~o OFF po:;ition.

MaximuJn ,lIazimum
TII~ nr,in/Jnel ('II,rrPlt

Cod,
Word



, TT•••• RHEOSTAT POTENTIOMETERS
~W~M -

TYPE 301-A RHEOSTAT-POTENTIOMETER

IJ'·"-.--- gp
-2 I.lTG. HOLES

.' '--:tl N025oRru. ~.L ,.
lilI.1I 1~ .,[ ..
~':10lA~ l-I'~ ~TO~

Dimensions: See Accompanying' skdch.
Net Weight: S ounces.

301-A 611 1 " rA,LSY

30l-A .2 n 0,7 " RE~IlT

301-A 25 n 0.' s ItENEW
301-A 200 n '" m" Itt:IH:16

-301-A 10,000 12 17 m" CQMItY

-301-A 20.000 n Ii ms CMU)(11

Price
Code
Ward

Maximum iJIct%imllm

I1ltli,lallce C'lIrrelliType

Rated nl 0. wa.xiwum power
dissipation oC 5 wnlts. this is
the smallest rheostat-polenti­
ometer we manufaeture. Be­
calise or its compactness it is
id('ul ror filament 00lllro15 all
small lubes.

SPECIFICATIONS

Power Ratil1~:.;i walu; S wuUS au 10,000 n uwl
20,000 n models.

Rotation Angle: i.H· (UIlProx.). No OFF j)Osition.

Sbart: Sled,M·iochdinmelcr. Knob: TYPE 637-A.

Mounting,: Palle] t)'pe SlIl>plied: etlsil~' converted
for table mounting. l\behine 8(,:rcIVS, outs, aod
leml'late ruru.i.iihcd.

TYPE 410-A RHEOSTAT-POTENTIOMETER
This is identical with

tbe TYPE SO I-A Rheostat­
l'otclltiomctcr described
aoo\'c, e.~ccpt that it is
equipped for single-holc
mounting, OftCIl a con­
venient feature. This unit
cannot ordinariI)' be used
on metal panels,

SPECIFICAnONS
Power Rat1nC: [) watls.
Rotation Angle: 254-{approx.}. No 0•.,. position.
Shaft: Steel• .!4-inch diameter. Knob: TVI·t}6S7-A.

1\'1 oun tinll: Single-hole panel tSpe oul~·.

Dimensions: See ttcrollllla.llyillg sketch.
Net WelLth t: S ounces.

J(a:rdlllllm AflJ;rd'lllllm Cnde
Type /luis/tHlce C,urlmt Word "riel.

410-A on I " SABOT

410-A 12 12 0,7 , !SALON

410-A 25 n 0.5 " SAI.TV

410-A 200 n '" "''' l'IATIN

TYPE 437 and TYPE 439 CENTER-TAP RESISTANCE UNITS
SPECIFICAnONS

Resistance: 60 ohIWI.

l\1asimum Current: 200 1113.

Dimensions: Tnt: 437, 131 x l}i S {lhicknes!l}
~ inches. TYPE "39, 1~ J: 1!4 s (tlJiclmdS) %
iocllC$.

Net WeiCht: ~ OUDl-"C.

These two units mOllut directl)' on the
terminals of a General Radio lube socket.
offering a means of cOllllecting a grid- or
plate-return lead to the mid-potential point
of the filament or heater, TYPE 437 has the
adjustable mid_point.

Type Ce'lter Top Code Word Price

<31 IAdjustable I l'ERI.L

439 Fil"cd PAST\'
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VARIAC

Tn·£ IOO·K 'I'yf'~: 2OO-t:J\I

140

Tuc ,'ariac is an adjustable transformer that
delivers allY "ollage between zero and line
"0It3ge wilh as smooth alit! uninterrupted
control as that obtainable from .:l..lIy rheostat.
(On one model allY yoltagc between zero and
1:35 "oils can be obl3iucd from the 115-\'oll,
GO-cycle line.)

The applications of the Variac Lo industrial
control and to experimental problems in Ule
laborator,Y arc literally numberless. In general.
it CAli be slaloo thai U14~ Variac is tIle ideal :I-e
voltage control device because of it.s high effi­
ciene}', low heal dissip/\lioll, amJ good voltage
regulntion. 1L hns many nd\'nlllagcs QV(lr the
uliuJ:l.1 rheostat or potentiometer. The oul:puL
\'ollage is essentially independent of load.
Vollt~ges in the vicinity of zero:u-e obtailltl.ble.
and it is possible to incrco1.se the \·olt.'lge and
lhliS provide a means of compensating for low
line vollage.

This combina.tion of qualities h:LS Ot."Cn ob­
tained by means of design features of COll­

siderable interest. The Variac in its simplest
form consists of a laminated iron core builtllil
or toroidal punching!;. A single-Ia;rer winding
lra\'ersed by II mo\·ing lJlade pro\'ides both the
lransformer effect 311d a colI\'ellicllt me.:lIlll; or
vollage adjustment. Since each turn of lhe
winding call be reachtxl b)' tlle switch, a con­
tinuous adjustment or voltuge is obtained. The
trallsformers are desigllcJ to have 01.1.>out 0.23
to 0.5 voll between turns. A earhou brush Oll

the switch limits the current ill the shurt­
circuiletlturn so that no uudue heating results.

The following are a few slIggcsteJ lise:;:

Voltage Control on Rectifie.r Systems­
A !XlWer pack for sIlJ}pl~'illg de to vacuum
tul>es with :l Yariac in the primar)' of tl,e
suppl~' transformer gives <I-c voltage control
O\'tt the l"Omplete range wilh e<luall)' low
pcrccl1tagc regulation at all output voltages.

O\'er- and Under-Voltage TCSI"ing-Oper­
llting tests on radio receivers and other socket­
puwer household devi(:es :ue facilitated.

Low Line Voltage Compensation - Line
voltage can be restored to normal when. be­
calise of hcl1.v~' loadiug or a long line. full vol­
tage cannot l>e ol>taiucU otherwise.

Meter Cnlibriltion - uJibrnLiOIl. by COIll­

parison wilh a standard. of a·c voltmeters and
ammeters.

l\'I(>tor Speed Control - The Variac is a cou­
venient means of adjusting speed 011 small
,'oltngc-scllsiti\'e molors lih those used Oil

jewelcu' lathes.

Theater-Lighting Control - Especially IIse­
(uloll "little theater" and drama-club st.'lges.

Soldering Iron Control- Economical main­
tenance of operating tcmperature. One c::m
heat n cold iron quiekly by 3ppl)'iIlC over·
voltage.

Photoftood Lamps - Pltotogrul,!lers lise till!
V::triac to reducc brilliancy during I)rcliminar~'

adjuslments and lengthen IUIllJllire.
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Transformer Testin~ - VILriac control ill
traTlsformer primary circuilS eliminates the
third harmonic coml)Ollcnl of output vollugc
that is presellt whell magnetizing currcl'llllows
Ul u. r(.'Sislh·c control.

The Vnriac js carried in stock in the (h'c
types describetl in the following specifieuliolls.
We call, hOWC\·Cf. build 011 order other sizes
withiu the limits UIlI>OSOO b;'lf tl\'llilable c.-ore
structures. l'ricell will be furnished on requesl.

SPEClflCAnONS

Terminnls: TYPE 100-K nnll 'rn'E 100-1. lin\'c
tiJreade<1 terminal studs nod are ~lIpplied with sol­
dering lugs.

"!'Y.. t: 'lOQ-0 has tJlfeaded termillR.1 stud~. nuts on
whieh bold soldering lugs.

TYPE !tOO-eM is furnished ("Olllplete \\;tll attach­
ment cord Rnd plug for Ule input t:onncct.ion to the
wains, nil os-m'I' switch. lind fl st/lndard plug re­
ceptncle for the oulput circuit.

Tn.: iOO-CU is provided witla soldering lugs
placed inside the bakelite IIOll$illg.

Mounting: All moocls nre rClIdil.v con\'uled from
the table mounting iIIustralCtI to bnck-of-pnnel
mounting. TYI'E8 loo-K and lOO-L l,.'tlb be mountcd
bnck-to-b:lck in Cascade for ol>eration by a single
shoft. See tl(:t."OllIlllln,'illg drawing for mounting
dimeosioos.

TypES tOO-X, tOo-L, 'lOO-CU, Rnd iOQ-B are
supplied without a case. 'I'yp.~ too-eM hilS a pro­
tecting ease.

Dimensions: See sketch. Over-nil height: l'YN;
lOO-K, 7M'; 1'vN: IOO-L. 8; Tn••! iOO-U. S~: nnd
'l'YI'.~ iOO-CM aDd tOO-CU. 5~ indIes.

Net Weight: T,·...: IOO-K, iO~ : Tn'.: lOO·L.
2S~: TVI,g iOo-O. i~: TVI'E iOO·Ci\I. 10: and
TVI'E 'lOO-CU, !I pounds.

Lo:.'d Rating: The vlilue of "1.(),'1tl Unlilll.:"" '1K.'Ci.
net'l ill llie prk-e li.!!l for t/lCh olOdel is the full'\'oltnge
voll.-nwl>t:re taling of :l. OO1l51Iiul-irnpc.... lulIl'tl lood.
III other words, 'I'n'l; IGO-A will (,'(.Iolrol al IllI,)'

selling n bank of hunps rl1teJ It kvn at , Iii volls.
Current: The "lbtoo Current" sllCcified in the
f1ri{,.~ list {,.'l\n l)e llrftWIl sn{el,· nt nny point in th~

out pUl-,·ollug... 1111lge, bllt III $Gille scllings Ulis rnll,.'tl
mille af lOAd currenL IlIn~' be exceeo.lcJ. This in­
t'1'eased l'urrcnt is the "l\Itlximuru Current" given
in the prit-e list.

Sinl,.-e the Variac is an auto-transformer, maximum
IQSs (which determines the rAting) occurs at one-llnJr
line vohnse. 10 the vicinity of full-line voltage, how­
ever.there is no trllnsformer actioo, ami Ulcnllownble
current is limited only by hea.ting ill the bruih, which
permits the ")luimum Current" rating at this
point.

Consequently. Il Variac CAn hnlldle,/tJr tJny 'dang,
8 constllnt-impedun('C load (such as 0. bank of lamps)
I\'hich draWl at fuli volt:tge n current no greater than
the speeilled "Mn:tiwum Current"

C~libnltion: Dials gh'ing a \'oltllge cnlibrRtion
1I<:<.'Urate to ±'l% l\·!.Len the lille voltagc lu'L5 ill Mlted
value Ilre furnished on all but 1'YPflS IOO-K and
IOO-J~. These t1Ot'O Lll\'C II 100000h·isioD dial plillc
which givC.lI lin nppro.limate ('(llibrnlion. as the ill'
dicated pcrctntage of line voltnge.

Knob: TYPES IOO-K anti 100-L Lllve a Laud whcel
with 11 fixed dial plate.

TYl'F.Jl iOO-8. !tOO-CM, Rnd 200-CU hllve dillis
perUlllllcnll,· attAched to 'l'vPi-: 037 Knobs.

Voltagc incre8SCS with clockwise rotation of the
control wheel on TTPES l00-K llnd 100-1.. On TYI'n5
200-8, !tOO-CM, And iOQ-CU voltage increases with
counter-clockwise rotation of the di:11 when arrtlllJj:cu
for table mounting.

Direction of rotAtion for increasetl voltnge IIU'~' be
reversed b)' a clulIIgc or COllllcctiOIl$ on TYPES !WO-Il.
iOO-C!\'I, IIml 200-ClJ, but not 011 TnE8I()()·K or
100-1..

IOO-K, -L 'lOl)..Ci\I, -CO
VARl...C 'l\'I'U!o

200-0

Loud lJrimrny Cllrrent OuLI/III
Type Rntillg Voltag,,· /la/ttl Jluzi'/IIu1II VO/Ulge Ctl//" Word I'riee

lOO-K 2 kYll USv 15. '" 0-115 v BEA:IlY

100·L 2 kVll tt5 \' 8. •• O-'lSO \'230 y
BE,Ull)

200-8 170 va IIS¥ ,. 1.5 a 0-1 Hi v llAL'lA

200-CM 850 va 115¥ ,. 7.5 1\ O-ISO v D.\I.MY
2••-CU 850 va 115 v ,. 7.' a 0-130 \' UAKEN

·'0.10 eyelu. a(' only.
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TYPE 539 VARIABLE AIR CONDENSER
(UNMOUNTED MODELS)

'l'his i ll. high.gr:ule laboratory.type con.
Jcuser llul.L is used ill mauy laboratories where
permlUlclilly USS<'lIIbled experimental equip.
ment is being buill. Ll !Ins tbe lowest losses of
allY Genera.l HluJio lahoralory.lype condenser
and these losses rcmllin pra.ctically constant
with selting.

Three brlUS rOlls. extensions of which scn-e
as mounting pillars. rigidly s~pport the two
elld plates on cach of which is a bloc.k of iso­
Ian lite ca.rrrill8 the two rods to which tlte
stalor is attached. Thiscollstruelion facilitates
the use of special plate shapes. like those in the
TVI''': 5S0·T (straight-line {requeue)', 270·
:Lngle of rotation) Coudcuscr and the TTP&
5S9-X Vo'hich is tiled to spread oliL the scale of
bellL.frequenc)' oscillators.

This TrPF: ~:J9-TA Conlknsu is 01 interest
because the ~ntin! rotor autmbl;r (aii ...t!1J as
the Ilalor) if iu,ulatetl froln II~ ~nU platCi

SPEClflCAliONS

C;lpncltnncc I{Rnlle: See prit>e list.

Plltte Shu pc: Sl!mic:irculnr rotor t)!:lteJJ ~i,'ing lincllr
c.:nplldtllnl>e \'nrintiOIl with selling lire used Oil Typ.;.s
r.SU...J, f;9fl-K, nnd M19~L.

(totor (llntes ror T"I'.:i! (,39-1' and 1i$9-TA are cut
til give II linellr rrC(tllcncy \'ariation with iettiDg over
2.50" of • pouiblc 270D angle of rotation when II. ca­
pacitance of 'i!.$llllr is t:onnccted in parallel with tht!
contlenser. They lire nuembletl on the "haft 50 that
C'Ounter-d(Wkwi.~ rolAUoIl produres a.D iucre:ue in
rf'e(lu~nc)'. The resulting rffitUeDc~' ratio is 9:1 slart­
ing from a Rllin.c COfTe!Jponding to a t'Oodcnser ca..
pocil.l.nce of 99 wJ. approxima.td)·,

Tnt: SS9-- X hal a. sprea.d-out scale for 1.I$t: 00 a.
btat-frequern=)' tlk'iIlator. When it is used in II btal­
Irtquen<:y oscillator h.,'in~ II CArrier in the vicinity

of 1M k(' aDd an anotuHed~capacit~of 1500
wJ, II frequtol:J' ran~ or rrom 0-10.000 ~'clea i.!I
t'O\'~1 by allilroximatefy iSO· on the di~,J: 0-100
cJ'c1es is co\'ercd L.\' 40-,100-1000 l:J"C1es b~- SO·, and
to(l()-10.000 cJ"Cle'I b)' 1,10-, ftppmxiulatcl)',

Supports: 1''''0 Wars of iIoll1lltite, lretttcd 10 pre­
vent 1Ib.,orptioll 01 Illoigtute, support lhe stator
Luelnbl)',
low losles: Hue! i" npl1roximlltely 0,03 x 10-12•

~I aslmum Voltnge: Trrv. .53o.J ;5 t'OlIscr\'nti\'e1)'
rated nt 1100 volts, peak: T'Trr. 69l1-K fit 800 "olts,
peak: aud TUES 530-1,.539-"', SlIo-TA, and 53!).. X
at !.i!iO \'olt.., peale,
Knobs and 1)1'118: NOlie Are supplied. Kale that
nil mo,leI~ hn \'t ~·illchallli(la nnd t hnt'I'Tl·.::S 5S!l-T.
69fl-'I'A, nn,1 63U·X rC(lllire a 5<'l\lc sprelld over 270·,
itlJllclul or Lhe 180· rffluired hy the other types.
Terminals: Soltlcring lugs are Illountw on the
lower isoillutite lIupport o( all ucept1'YI'£ S99-TA,
Tile rotor connedioD lor thit condenser is brought
out through an isolantite bu,bwg in the rt:ar end
plate,
Mounting; m accomp&n)'ing outline drawing.

Dime.nsions: See accompanying outline drawing,
Depth be.hind panel V.), 51!.' incher, o\'cr-all.

Net Weith I : Appruxima.tel)· 2Jt pounds,
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Noffti'Hlf Copocitonce

T,p< JllU"i... 1II Mini...., DucriJ'lion Code Word Price

539-J .500 Jl.I'J .50 "Jlf Straight-line capacitance "TW.

Sj9·K JOOO Jl.Jl.f 55"" Straight·line capacitance "TO~I:

539-L 2000 Jl.J.l.r 60 ,.., Straight-line capacitance ATTIC

539-T 500 Jl.llr '0 ,.., Straigbt.line [requenc)' c.....
539·TA 500 JJlJ.f 80 ,,~f Straight·liue (requeue)'. iWoulaled rotor CLOTII

539·X 900 JJlJ.f so JlJ'r Special spread"Out scale AUOXK
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TYPE 568 VARIABLE AIR CONDENSER

This is • condenser of rugged conslruction
for use as :1 lUlling element in shor\'-wa'-e re­
ceiverS'. lrn.ns:willers. and wa\'cmelers. It is
designed (or tandem mounting. a hollow shaft
permitting the use of II single long bakelite or
metnl shurt for driving several units. The iso­
Inutile clld plates help to keep lIle losses al a
miniluliln. \onlacl to the rotor is 1lI3dc through

:1U eight-fingered conical bearing kept under
hea\'Y spring pressure. :lud. in order to rol!uce
resistancc. each plate sluck it soltlcretl iulu an
inl(,'gral piece before a.sserubly.

Two sizes are available. one of 17.j·lJpf with
straight-line-capacitancc plates tllld tile Olher
of .iO·,ulJr willt straighl-linc.frc<lucliCY plates of
decreasing (rt..'<IIlClIC,)' will. clockwise rolation.

SPECIFICATIONS

Plate Shape: traight-linc capncitance for Tn'£
.508-0: npproximately straight.line fr~lucncy for
1y.... 668-K.

Supports: End plntes nrc of illOlanlile, treated to
prt:\'c.ut moisture absorption.

Low Losses: 1l~C2 is llJlproxillllltet.r 0.09 J: 10-1'.

M:u.lmum Volm~e:.500 \·oll.!l, lleak.

Knobs: Kone lupplied. Silltfl dittmeter, %-inch;
rotalion angle ISOo for TYPE 5GB·». 2700 for TYPE

56S-K.

Mountlnc: See accompan,ring sleetch. Drilliug
templnte lind S flat·he:ltl screw, arc furnished.

Dimensions: See sketch.

Net Weight: ~ pound.

N4".,·nlJ/ C/lpar.it/l"(,(, rod,
T... Ma:ci.... llm .IliNiMIlItl Word Prict

568·1) 1175 j.lp.f II~ W'f ICLO\'C

568·K 50 lJp.f Ii JlJlf CLOUD

SPECIAL CONDENSERS FOR SPECIAL NEEDS

Weare equipped to build to ortler condensers
"'itll "nlun: of maximum capacitance other
titan those of the stock roooeis described llere.
Kon-semicircular plate shapes include those to
gi\'e accurate straight-line.frcquenc)' scales or
to gi"e a logarithmic output-frequency scale in

beat-frequency oscillators. '111e addition of cir.
eular rotor plates will produce comJeuscrs with
MIl(I.spread characteristics. \'ariuLle within u
fixed range. ,,·ithout. the use or trimmer or
padding capacitnm:es. Itnlts. shields. And in­
sulating materials are supplied tospccificalions.
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TYPES 334 ond 335-Z VARIABLE AIR CONDENSERS

This group of condcu.sers iJ available in a
,'aridy or sizC:$ for general experimental use.
The)' have soldered brMS plates and metal end
plates ",l.icl. nre grounded to the rotor stack
Ilfld to the silaH. l.nsulation is of hard rubber.

Mocleis rated in the price lisl at 1500 ,'oils.
peak. have double the plate spacing or those
rated at 500 ,'oils. peak. The former IU"C

intended for use in power oscillators or inl.cr·
mediate stages of mediulll-power transmillen.

SPEOFICAliONS

Plate Shape: ApproximRtely .lr:til:ht.lille ...nve­
lengtll, .1ttrc,,~i")l: wlln~lcn&t{11 for doekwi~ rolnl ion,
rOt all (';xccpl 'I'\....~ :l35-Z \\·hiclJ has straight-line·
cap:u:italll:e ptllid.

Supports: 'fwo ,w;l.lIseclions or firsl-qUlllil)' lund
rubber lupport the slntor.
low lAsses: RwCt is approximatel)' O.Oi J: 10-11.

Knobs nnd DIals: NOlle Ilre .upplied. Shaft eli­
auu~(er,}1 ioell; rolntion ltngle, lSO° for till si1.e5.

'err.:!! S~-I--Z tlnd SS5-Z bave balanl.'ed rotors; all
otber., II. counlerweight.
Mounting: SlanJard General Radio g·hole.
mountinG. ~ Ilccomp,"ll\ying .ketch. Drilling te:m·
plate: anJ S O.t·lltad Stte1'\"l are: furnished.

Four removable: fed are: furni'hetl willl each of
tile high.voltage: modeb.

Terminals: See illUilratioo.

Dimensions: See accompaoying outline dra\\·ing.
Depth (dimeusion A) u give:n in Ute Jlrice list.

'''-o_inol Capacilunce
Ma~irlll~m

Pcak
I'olluge Oeplh (A) ·\·d Wtight Codc Wo,J Pdu
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335-Z 1150 IJpf so~r soo v sM in. '~Ib. HOGua

334·F 500 pp.f 1l0~t 500 v S~, in. I J.i lb. OF'"GIS

334·N 350 ppr 110 ~pf 500 v :1M in. t~ lb. O.:jU':"

3J"'·K 150 p.p.r I s ~I'r .s00 v Il~in, I lb. ":,LOW

m-z 500 ppf .,"'" 1500 y 10~ in. 'J( lb. 8OGI:1'

334·R 150 p.p.( 50 ""f UOO \' O~in. • lb. 8180$

334·" 100 pJl.f t.s "JJ1 1500 v sM in. l}i lb. HII.Lr

3.l4·V 50 Jl.p.( 10l/.Jd 1500 v iMin, ~Ib. 1I1 ••:.u
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TYPE 639-A VARIABLE AIR CONDENSER

This condenser is of the dauble­
section, hjgil·\,ohoge l.\'f)e: for use
in power oscillators. It has J'.incb
aluminum end »Iates. large hex­
agonal tie-rods. aud self.aligning
conical bearings. Tile insulation is
of isolautilc.

Eituer section of the condenser
call he readily taken apart and
onc (If morc »Jatcs shifted frolll
olle section to the other. th('reb~'

adjusting the capacitance. ns
for optimum e.-.:citntioll ratio ill
Colpitts oscillator circuits.

SPECifiCATIONS

Maximum Voltage: 3500 "'olls, penk.

Dimensions: Panel spm'C, 4U x ·Hi indlu, o\·cr·
1\11; depth behind panel, 7 incLc::s: lhalt length
measured from back of p:lUeI, 1 incb.

Knob: None supplied. Shaft di.:lInder, ~ inch,
rotation angle, ISOo,

MounUng: Four nickel-plated hex·head bolt$ aod
two mounting brac:l:els with m''Iehine lK:re1\'s are
lupplied for eiUlcr b....ck of p:anel or tahle mounting.

Net Weight:'~ pounds.

Capacitance Range: Two .sections are pro,·jded.
MAXimum capacilanCl! of eilhN section is readily
adjustable from 25 p¢ to S05 JlJl.f, or Ule condenser
mft)" be used as a single-section type having a
muimum capacitaDO! of SSO p,J.

Plate Shape: Sc.micircular rotor platcs, gi"ing a.
linear capacilanC'e urialion with 5eWng, and ~
quinng a dial with a seale sp~ad over ISOo,

Plate Spacing: 0.098 inch.

IsoJautite Supports: Four bus of isollmtitc,
treated to pre"'ent absorptioD of moisture, support
the Itntor assemltly.

Low Losses: R0JC2 is approximately 0.03 J: H)-If, 639-A

Code. Word

BARGE

Priu

TYPE 247-F VARIABLE AIR CONDENSER

Dimensions: See sl.:eLcb. On~r·all Jeplh behind
p3.ncl, 3"" inches.

Net Welg,ht: 1% pounds.

Prir.«
Cod.
Word

COCOIt

Nominal Capacilancl5

Tllll« MR%tllI1LnL Minimum

Mounting: See
sketch. Drilling tem'
plate Bud S lInt-hCllfl
IcrcwS (urnished,

This is an experimental-lype condenser
Laving soldered brass plales llUO hard-rubber
cno plates.

SPECifiCATIONS
PJ:He Shape: Approximnlcl)' SI......igLI.line wa...e­
kn.llU., decreasiug ror clockwise rolntioll.

Supports: Two plates or first~gr$de hard rubber
support the assembl:;.

Low Losses: RwC' is approximately 0.08 x lo--I~.

M:ulmum Voltage:.sOO volll, peak.

Knob: i\ooe sup·
plied. Shaft diam­
eta, Kincl.;rolalioD
angle, 180°.

Terminals: S~
ilhutralion.
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TYPE 368 VARIABLE AIR CONDENSER

cuils, and many ama­
leurs use it as a tuning
condenser in receivers
for the high-frequeoc:r
(short-wa\'e) bands. It
hns a ingle. hard-ruLIx:r
end plate. single beariug.
and can be used for
siugle-hole panel mount­

ing as well as lor mounting 011 a baseboard b;y
means of the angle bracket.

This condenser is lIseful as a balancing or
\'crnier comlcnser ill "arions \'acuuw-luhe cir-

SPECIFI(AliONS

Cod.
'" d Pr'ceIII, ., 0

368-..... 151J.p.{ '2 ,.,.f I~~ in. DULLI'

368-0 501J.p.f :s ,.,.r l~' in. DURl~

36S-C 1001J.1J. r .. ,.,.f IMin. ,,-ZURE

Capac.itlmce Rang.c: ~ price list.

Plate Shape: Slrsig1Jt-linr: c:lp;u:ilance.

Support: A single, hartl-rubber eml plltte sUJlporLlI
the entire Il55e.mbly.

Low Losses: Rw(:' is approximl'lle1r O.OOl x 10-12•

Maximum VoIt3{!.e:.;oo \'olls, peak.

Knob: TYI'I: GS1.:\ Knob supplied.

l\'lounting: Bushing for ,illgle-hole 1)JUk! mounl·
ing; bm kd for 1)45c1lOl1ffl mounting. See sketch,

Dimeusions: See sketch rmd pri<:e list.

Net Weight: Approll"illlolcly:'l ounces, all sizes.

TYPE 756-A VARIABLE AIR CONDENSER

Capacimnce Rnn~e: See price liJ1l.
Plate Shape: AJlIJr()):imiltely straiglll-1ine fre­
(luCae)'; ISO" di('l! requireJ,
Direction of Romtlon: Counler·c!o<:kwise for
increasing (requenc,Y.
Supports: Two small seetions of first-qull.1it), h.-ltd
rubber support the stator.
tow Losses: ll""et i.s approximAtely 0.07 l[ IO-I~.

Maximum Voltage: 1500 volts, ,>ea.k,
Mounting: Identical with TYPE S3,~ ConderuefS
described previoU!lI}".
Dimensions: &me ll.5 Tn): :134 Condensers de­
scribed previoU5ly. Dimension A, 5 inches.
Net Weillht: 2 pounds.

SPECIFICATIONS

This condenser is a Jouble-sectiOlI. band­
spread l.n>c for usc in circuits where two band­
sl)rcnd variable capncitances are required.l:our
of the se\'cn rotor plates nre complete circles.
The position of scveral is adjustable along tlte
shaft to give aD}' desired spread.

Ctl.pocita'It:t.
pu S«tio"

j(azi..klt Mini.IIM

756-A 1125 p..p.f I HoO 101__ ' I
Cod.
WorJ Pritr
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TYPE 380 DECADE·CONDENSER UNIT

The 1'l"Pt: 380 De<:ade-Colulcnscr nil is all
assembly of indi\'jdual paper or mica con·

densers and & selector switch arranged so that
any Qlle of 10 decade valucs may be cLoscn. It
is made in three individual decade series, each
WiUl 10 steps of 0.001 J.ll, 0.01 Itf, or 0.1 p£'
respecli,·e1y.

The excellence of these lluils is due. ill large
measure. to care in manufacture and aging. .:\11
mica is c8rcfull)' selected and units buill of
them are moulded in bakelite. Paper C01l­

densers are thoroughly imptCb'Dalcd with
mollen paraffin during winding. SuC\.-eedillg
layers of lite conducting foil make COntact.
thus a\'oiding the increase in power factor with
frequency whieh OCCurs when only the cuds of
the winding are connected.

SPECIFICATIONS

Capacitance: Three laes are K\'''-i1able with decade
!teps o( 0.001 p.f, 0.01 p.f, and 0.1 p'r pet step. Sec
lIle !lric:c List. The desired value of capncitance is
:lC<:urw b)' vnrious combinations of four condensers
h:wing values of 1, 2, 3, nnd 4, rcspecti,'ely_

Dielectric: MicA is used for the two ,maller $i%ea
and pm11.ffin paper for tbe Inrgesl one.

M,u:imum Voltage: Tile maximum peak alter­
natmg~llrrent "oltage should ne\'er be allowed to
exceed the mted direcl-(:urrent voltage, i,e., 500
\'olh. 'I'lle losses in any condenser with tbe solid
dieleclrie afC II. function of the IlPlllicd frequency anti
il is necc,sary to collsider frequellc~' when placing
II waximum \'oltage limit, since u0e5sive hent cnn
enuse lempemlure increnscs that are disastrous in II
calibrated unit. Toe peak \'oltnge may be kept nl
the SOD-voll mnximum for frequcncies below 1000
kc for the O.OOl-pf decade. below 100 ke (or lhe
0,01-~ decade, and below I ke for the O,l-~ decade.
Athigher frequencies the voltage should be reduced
in in\'crse proportion to Ute I<lulI.rc root of the
frequenc)'.

Power Factor: nwe, the power factor, is 0.002.
0.001, and 0.010 fOf the O.OOI-~, O.OI-pf, and O.l-...f
IInitt, rcspecti\·e!y.

Calibration: The Ihaft of each unit is provided
with a detent de\'i(:e to make definite the position

of the switch lor each Jetting. Unib will be (ollod to
be accurale lo witbin 1% lor theO.001-pr and o.ol-Jlr
deca.de uoits, and to wilbm i% lor the O.I-pr
dc<:ade unit.

Knob: Tl'PE 202·Z supplied.

Mounting: Individual decAdes are mounted in
brflS~ <::11115 with a bakelite pAnel COlllbinntioll$ of
d(:cnde.~, nlOlinted together in tile ','lIno box. :Iro
a\'llilnhlc as the '1'\'1"1 il!) DecAde Condcuscr.

Dimensions: llund 51'81.:e. height, 3M' indies;
willth A is ,111)\\'11 in price list. l~lI(,:h Iwit will extclltl
:lJ,i inches behind lhe back fblOC III the punet on
whicb it i.s mounted.

Net Welgbt: ApproxilUntcl)' I~ Jlouarls, 11.11 s~es.

ryp<

380~A

380-8
380-C

Capo.eitance

1.0 pJ total, in Iteps 01 0.1 ... r
0.10 p.( total, in steps 01 0.01 jJ.1
0.010 p.( total, in steps 01 0_001 pi

WidtA {A} Cod, ",ord Price

3~in. AO.\OI;

S~ in. ADDER

S~in. ADDLE
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TYPE 505 CONDENSER

Every pieceo! mien is carefullr inspected for
mechanical defecls and olber imperfections
which caus<: large didcdric losscs. Hesillual
losses are reducetl by Llll~ lise of ;ycllow IQw­
toss bnkelite for the cases.

The 1>llls·type lcrlllinalli perUliL these t:Oll­

densers to be ;;L:u.:kCtI ill parallel to Imild UI)
all,Y rC<lllircti value or eapucilal1cc.

This is a small.
haudy, mica COII­

denser having low
lossesand excellent
slabilil;rof calibru~
tion. ltistempcru­
lure cOlllpcllsah..'i.1
ami its priceis low.

TIl(~ Geuulll
Radio Company
has felt for some
Lim!!: that there is
need for a wcll-
designed conden- AU wodcl.!i u:ne both screw-t~yt' .011 plug.I)'pc t('rminals.

r II
> > lh uft. large casc; n,ltt. swall case

ser amgm c
quality scale IJclwcen accuratcl)' :uljusloo pri.
mllry stand ... rds 011 Ute one hand and the in·
e:q>ensi\'c mouklCll L:nx.'S 011 the otber.

India mica W/lS cbosen as Lbe dielectric
because of its excellent cl18r3clerislics and a
mounting meDlod was developed that makes
capucilance practically independent of tem­
peralure nnd power factor of humidity.

SPEClFI(ATlONS

EquivAlent.resisLnD('e-\·eT1llu!I"frcqucoc)' Ch3ntC­

temtic of a typical TypE 500 Comlcnser

nllowllole vollage decreKses inversely witb tile square
rOOl of the (requeney Ueeltuse of tile power lollS.

Power Factor: Less thon 0,05% for trcquenciC5
below t ~le, except for thc three smullsu;cs, Special
precautions arc takell in assembling aud sealiug the
oonrteusus to insure RGainst cUl\llge iu Cllpllcitancc
or JKlwer rnctor due Lo \'ar)'ing moisture content of
UIC !tir, and to aging. The dmrt shows t.he wtlue of
the equivalent $Cries resistnnce in ohms thnt woulrt
III\\'e to be placed in RriCS witb a pedect «lodenscr
lo give tlte rcal I>ower IUD of It 1'TPE 505 -IOO-Wlf
CondCIl5Cr,

Term.lnals: Screw tUlIlinub spaced;.:( inclJ apart,
Two Tn.: 9:7+.1' PllIgJ are supplied with eaclJ COD­

denser so that it may be converted to plug-temiuA!
model.

Mounllng: Low-loss (yellow) bakelite <:a5eS in two
.:lUes as sho\\-o in tbe sketch. "Ina S(lJ-R, ~T,
.505-U. and 5O.5-X take the large Cll$e_

Dimensions: See sketch,

Net "'ei~ht: .. ouuces for small. Il ounces tor large
Uu>

>, "'-··
•

~•· d:i'· " -· - ,
~~- ;"-·. . - .., . .. • .

Capacitance: Si7.ClI are available in stock as shown
in the Ilrice list. (Other lIi:t.<:s CUll he built Lo order,
priCfll on re<luest.)

I,

Accuracy of Adjustment: See Ilrice list.

Tempcruture Coefficient: I~ than 0.006%
per degree C. between 00 nnd 600 C.

l\'lazimum Voltage: See price 1i8t. Thill rlltin!;
means lImt the oondeuser will surd)' withstand the
a-c \'ollllgC whose pttlk eqUltb the givcn rating up
to the Giveo frequency. Abovc tlult (requeue)', the
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Adjuned '0
Copo.cit(lllct If'ithill Power Factor

Ma.:z;illlum Voltagt

Vollflgt at Frtqulmcg Code Word PriCt

505-A 100 p.p.f 10% 0.1 % liOO v !HOO kc COSOESALLT

505-8 200 p.p.f '% 0.1 % liOO v 1100 kc COSOESBELL

505·1:: 500 p.lJf i% 0.08% 1200 v 880 kc COS DES COAT
505-1o~ 0.001 p.f 1% 0.05% liDO ,. "olD kc COS DES DRAM

505-G 0.002 p.C 1% 0.05% 700 v 6010 kc CO:O;OJ.:SETlt.E

505-K 0.005 p.f 1% 0.05% 700 • fOO kc cOSDE:O;Y"CT

585-L 0.01 " 1% 0.05% JOO v 130 kc CO:O;OES(lIRL

505-M 0.02 " 1% 0.05% 700 • G5 kc COl'lDJ.:l'lln:An

"SOS-R 0.05 ,f 1% 0.05% 700 " 60 Icc cQSOJ.:SC"U1
'S05-T 0.1 ,f 1% 0.05% 700 v SO kc COSot:scnow

"50S· U 0.2 ,f 1% 0.05% 700 v 16 kc CO:O;OE:O;WlrE

"S05-X 0.5 " '% 0.05% '00 • Ii kc COSOESWILT

TYPE 492-A OXIDE RECTIFIER

One kind or junction or copper oxide has
the properly of unilaterul conductivity. The
T\'I'E ol9!!_A Oxide Rectifier consists of rour

1,."01>J1cr-oxitie rectifier units arranged in the
forlll or a bridge. thus providing full-wD.\'e
rectification of :I..n applied alternating voltage.
The rectifier is usc!ul ror operating relays and
ror meusuriug alteruating voltages b}' means
or d·e insLrUIIlCllts.

The unit is offcroo in its present rorm for
experimenLal purposes nnd it must be realized
ill lllis connectioll tbnt changes in both sCllsi­
tivity UtH.l frequeucy response wilh Olltput loaJ
nnd impressed voltage arc to be expected.
Fixed resistors can be illsertcd ill series or in
shunt with the rectifier unit to r<,'ducc these

A Tn'.: 40i-A Oxiete Ret:tifier Rnd Il 'l'yrF. i701-RJ
Moullting Balle

apparcllt variatiOlls. '1'n'& 500 Hesistors nrc
recommended,

SPECIFICAliONS

Obviousl,)', the appl\~nt chllnge of impedance
willi res;"lam:e can he greatl)' reduced by proper use
of series and sbunt resistance 00 tile input side.

MountJoi: As illustrated. Plllgs fit TYPE i74-RJ
Mounting &sc ("'bich it not supplied),

Dimensions: (Length) 2~ x (breadlli) I'" J

(deplli) M inches, esdUlli\'e of plugs.

Net Weight,' i ounces.

Frcquenc)' Erro,.: The rectifier rna)' be used
wiUlout appreciable frequcnc}' error al frequencies
below 5000 cycles per seeoncl.

Temperature I::rror: Temper.lture crrono! about
5% may be expected between normal extreme
temperature!. Maximum lcnsiti"ity is obtained willi
a load of !oOOO to 7000 ohms. 'This value should be
used when the inJitrumenl is operating a rela)', II a.
I-milliampere meter of 400- or 5OO-ohms resistance
is used, full·scale defltctioo will be obtained at about
t \'011.3 across the rfl:lifier input.

The IDalCUnUUl eurrent output from the rectifier
should not esceeJ 15 lWl, nor should tile impressed
"ultage uee-ecl S "011•. 492-A

Code Word

PLORA

Price
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TYPE 493 VACUUM THERMOCOUPLE

The \'3CUUm thermocouple presents a con­
venient means for measuring higb-(requenc~'

current. It consists of a jWlclion of two dis­
similar metals which. when healed. sets up 11

direct voltage capable of actuating a d-e
indicating meter.

This l,Ype of instrument is a true integrating
ammeter since the doc meter reading is a
fUDction of the f. Ill. S. current ill the heater
circuit. 'For this rcasoll 11 thcrlUot:ouplc and
meter gi\'c r<:sults tlmt arc independent. of
\\'(l.\'cform, ami frcq11cncy errors eRIl aceUf Ollly
ltl frequencies so high that the slfa:.' capaci.
lances ill the couple mounting become signifi.
cant (beyond 20 1\1e). '1'he couple rna;}' be
cnlihrnted 011 direct current.

llolh the contact. t}'PC and the separate­
healer type nre aVllilablc. Tn the contact type
thc heatcr eiullit is in electrical contact ,,-ith
the couple circuit. In the separate-heater type
the heating element is separated from the
couple junction by a small bead of glass, thus
electrically insulating the two circuits wlule
providing good thermal contact

The contact-type couples are easier to build
and consequently less expensive, and ~'el our
IlIcUl4xl of building tile separate·heater 1ll00lcis

Tn& oJO:.! Thermocouples au moullted
in l\ b;lkclite ease wilh Illugs to fit a

Tn): i74-n., Mounlinu BIl.SC

has been so greatly impro"ed that n com­
parahle degrce of sCllsilivit), is obLainel1.
Separate-heater collples can, of course, l>c used
al high frequencies wilh fewer precautions
against the effects of sLray capacitances Lo
ground.

Thermo-julictions are mounted in an c,tacu­
ated glass bulb. The vacuum reduces heat
conduction from the couple as well as the
effect of external temperature ,tnrlations. The
glass bulb is surrounded by fclt amI mounted
in the bakelite container sllo"'o in the illustra­
tion, ready for mounting in a Tl"pt: 'l74-RJ
Mounting Dase.

SPECIFICATIONS

150

Type of Couple: Tile t~·pe llumhcr "oJ9:\" is usetl
to desigllate all U,crulo<:nuplt.!. dCSl.:rihcd hert.!.
ConlHct-lypc therlllo(,:oupl~s llre indicated by JUeltn.
of a single letter which also designates the henter
current, ~.g.. '.93·:\. The letter ;'H" is used to indi­
cule n scp:uate-heater 1~'I.Ie ur 1,:t>ullle, e.g., -'93-HA.

Couple Resistance: Till: rcsisl:tUl.'t: of nil couples
is IUlju51e<1 to bcl ....I.'Cn 10 and Ii ohms, lhe "lIlue
engraved on each n:\meplRte being I\ccutllte to 0.1
ohm of the aetual collple resilltancc. This is II signif­
ic:'lnl .peciliC:ltion Sillte the user l."all lIClcd a weter
of the proper resulnn<:e Dnd sensili\'il~' to give full­
scnle IIe8ection without o\'crloading the thermo­
c1crneDt b.v considering the couple to be a ,renetlltor
of internal resist:mce eqUllI to ti,e coul,le fe$istance
and de\'cloping an open-circuit \·01t.a,,'C of \0 willi­
'·olt.. when the hcater eurrent is that given in the
tIIble on Ule nut PBl:c,

Heater Resistance: Heoten are adjusted to
within ± 1070 of the "Rluu gi\'cn in the table. The
lletUllI v:due engraved on the nlllUcplute is "riven to
within 0.01 ohm for TYI'F..B .J9S-A, 49S-C, 49S-HA,
and 4lt~-JIC; to wiUliD 0.1 ohm for 'I'Yl'.:! 49S-E and
49!J-IIE: llnd 10 within I 011111 for T\'l't;a 493-H,
4D3-K, 49:1-UH, and '.93-~1 K.

Electrical Sensitiviry: The pril'C lhlt gi\'C5 the
heater eurreut required 10 produce 10 millivolt.!!
neroM the couple terminills on open circuit. This
vRlue i~ held to withiu ± 10%.

Thel'lual Sensitivity: 20 Ulicru\"ultoll per degree
FnhrenlJeit.

O,'erload: All heater.!! wi\ll\'ith,tAlld " continuous
overload of 50'% ot the current gi\'en in price list.

Coefficient of Resistance: Couple clements,
OJ)OOIS per degree to'ahrenbeil; ~ater 0.00009 per
dcl.'tCe fo'alirelllldt,

Meter: TYrE 588-.;\).1 Dirccl-Current Meter is
recomm~ndetl for usc with these couples.

MountlnA: )Jounlcd in bakelite cue. u iIlwlrated,
with plugs to 6t TnoE 274 Mounting Bucs having
four jacks. The 'J'TpE i74-RJ Mountin" Due d
recommended.

Dimensions: (kn,,1h) f,!.l 1" (breadth) 1% s:
(dcplll) U iucllt.'t, exclusi\'e or Illul.'S.

Net WCI~ht: 2 ounces.
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CONTACT-TYPE COUPLES

1'/lpe

493-A
493·C
493·[
4?3-H
493-K

Yeater
Rui'/(mce

0.5 {}
2 0

10 0
100 {}
450 n

CIlTrtml 10 Gi~e

10 MifliflOli.t
Omn Circilit

300 ma
100 RIll

26 rna
8 DIll

".5 Ul(J

Code Word

"UN::\"
.'OCD&

.·OLtLY

.'OIlAY

POIUJ),I

Priee

493-HA
493-HC
493-HE
493-UH
493-ElK

SEPARATE-HEATER TYPE COUPLES

CII"e"t lo (Hue
11cat,,, 10 M illi~ofl8

R~J1iJl'aTl/:tI Ope" Circl/it COile Word

0.511 SOO rna .:AO£R

2 0 tOO mil. .:OICT

10 II i5 mil. F.ARLT

100 f! •m. .:,\$.:1.
'50 f! ,~•.::. mn .:111.',,"

TYPE 5SS.AM DIRECT·CURRENT METER

fIdel:

This is a direct·current gal \'1l.110wclcf having
rull-senle scnsitivil.r of 500 microamperes and
lL resistance of 10.0 ohms (5 willivolLs) which
adapts it for lise in conjunction with TYPE 403
Thermocouples. Since each tllermocouple mllst
be ilLdi\'iduall~· calibrated. the scale is laid out
with 50 equal divisions warked from 0 to 50.
thus mnkulg ens.)' tLte preparation and readuig
of calibration Ctlr\'CS, The meter is supplied
with the Tn.~ 298-D l\Ieter Mountwg which
has jacks for plugging in the lliermocouple.

The input terminals are set 011 the General
Radio standard M·inch spacing to take all
(Iouhie plugs or the 'InE 274 series.

A TYI'I: ;iSS-A:\t Di­
re<:t-Cur~lIL Meter
l'howinj; how a T1'1'E
40~ TbcrlllO\."Oul,le or
II """'1: 4!)i·A O:dde

nectilier CILII be
plugged ill

This meter mA.)' also be used with the Tn·[;
492-A Oxide Rectifier, described prCyiOlISI)'.

SPECIFICATIONS

Range: 0 to ~oo microamperes full scale.
Resistance: 10 ohms, ±O.5%,

Scale: Tile i>{-inch scale is divided into 50 equal
clh'isiollS mnrked 0 to 50,

Calibration: Jo'ull-SClJ,lo deflection is adjU5ted to
wilhin 2% of lhe specilied value of 500 micro­
lImperes. Other poin18 1U't! noL CIllibrah:d. but de-

Acetioll is approximately proportionnl 10 current
O\'eJ' the entire I'nnge.

Adjustment: A screw is pro\·ided in L1u.: gl3sS (flee

for mnking the l".ero ttdjustmenl.

Dimensions: (Length) 5% x (wid til) 3'% x
(height) 'l~ inches.

Net Weight: IY§ POWltls.

Typ,

588-AM 0-500 microamperes

CodG Word Price
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TYPE 572-8
MICROPHONE HUMMER

TYPE 358 WAVEMETER

SPECiFiC.... liONS

"rice
Code
Word

frtqulncy
Rntl9'Typ'

358 15 In to no m urrER
Additionnl inlludou ror
ntendiog range to 630 m ·COILT

=--

The T1'I'fj !Jj8 Wlwcmeler is It colIIVnct.
general-purpose instrullieut nf moderate ae­
('urncy covering n. wide fre<luCIlC:r range and
it is parlicularly well ntlnploo to scncral­
purpose cheekillg work nround the luUoratory.
The normal wnvelength rAllge or 15 to 2'20
melers (20,000 kc to 1304 kc) cnn he extended
Lo 1200 meters (250 kc) lJy onJering tile lwo
llddiliolllli coil. ml!nlioned in the price Jisl.

Rance: 15 to no melv's (20,000 Icc to ISG-i Itc).
Oy orooing the two est,. ioduelon' Qlentiooetl in
the price litt, tile range CAn be u:teodcd to G.'W
mttm (·no ke).

Accunley of Calibration: 1,%. Calibrated in
'II'/I.velength.

Condenller: 1'n>1ol U7 Condens~r1I,jUI ~Iow·motion

Ilinion-sear drive ill tlrnwn'sl~1 case.

Inductors: Io'oor, on bakelite (orms. fitted witb
pif1l!J to lit condenser terminals.

Resonance Indicator: SmaU flublight bulb in
IpcciaJ aocl::el whieh d~1 circuit on removal or
bulb.

CarTylne Case: Spate ptO\'ided i.n wooden e:-se r(N"
(our inductors, C.'Ondenxr, and c:.libral.ioo cba.rt.

DimensioM:Carr)'ill'cut, (length) J I'{s: (width)
7 :If (height) 5~ iDebts. ovtt·aU.

Net Weiltht: "}i pounds,

SPECIFICATlONS

Frequency: 1000 e)'des ±IO%.
OUlput: to rniUiW'alu. muimum.
[ntermat Output Impedance: 10 Of' SOC> Dbms.
Power Supply: This oscil1r.lor is designed to
operate rrom • 4M-voll batter)', Burgess No. !S70.
or equivalent.
!\'Iountlng: SUlllllied unmounted as iIlu5trated.
Dlmen.lons: (I.t.nlJlh) SU x (\\·jdlh) 2J1j J: (hcil:ht)
I~ indica, O\'tNlU.
Net Weight: 9 GUllet•.

TJ/1H Code Word Pric,

572-11 "PIUS

This i. an electro-mechanical oscillator in
which the frequenc.)T i. determined by a tuned
rCC(]. It iJ intended for lise as a low-po.....er.
n-c soun:e for bridge ami other mcasuremmls
"'I,ttC extreme purity of "'."dorm and Ire·
tlUene)' tal.tilil~' lI.re not ~nlial. 11lc ":tn-e­
form may he improved h)' the addition of :L

o !i.pC condenscr. mounting holes for which are
IItU\·jlled.
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TYPE 535-A FREQUENCY METER-MONITOR
This instrument

comhines 11 moni.
lor luul nn :It'cu.
rale heterodyne.
(rec:luCllc,r meter
for use ill all the
amateur lmllds in­
c1udiug 56 1\1e.
It is calibralerl at
13 poiuls in the
171;;-kc to 2000.kc
11:llld, IlurlllOllics
being IIs!....1 Cor the
higlter frC<lucllcics.
:\ "oltnge--stabilized
electron - coupled
Colpitts oscillator
is used to insure
the hest. possihle
frequency stability.
The Illcchnnicnl
construction is the
Silme high qualil)'
as lhaL used in
GCllcral Radio lau­
Or:llOf)' apPlIrallls. The a·iuch precision dial allows selling to be made to within

SPECIfiCATIONS

I part ill J500.

Condenser: Two-section, band-spread type.

Resonance Indicator: Phones can be plugged
inlo tile shlndnru ttlepllone jllck on the panel.

Dimensions: (Length) 11 x (Iwight) 7Y:l J: (widlh)
834 inches, over-Itl!.
Ner Weight: 11 IlOulltLi.

Frequency Ibll~c: 1700 kc to 2000 kc and all
llUfllluniCli of this mngc up to at least the Sind,
C<IW\'ulcul to 54.4 l\le to 6D Me.
Calibration: Each ilJlIlmmcnt is calibrated at 13
I>ointi against tI. prium.ry slll.ndard of frequenc;r.
Clllihrfllions cftn be rendily checked against ARRL
slnndard-freqUtlllcy lrllnsmissiol.ls or asainst brond·
l,:lIst slalioll.~.

Frequency Stability: Excellenl. Dulletin No.
:HS-U, l:'iviuloI iuforlUlItiOIi ill detail, \VilI be mailed
on request.

Ty,p~ f'reqlle1IC/J lIall!1~

535-A [ All amateur bands

Code
Word Price

TYPE 560-A CRYSTAL HOLDER
moisture-proof hakelite case with the spring
pressure on the top plate adjustable. Any
amateur crystal III) to 1;.) inches SCJullrf: can
1Jc IIsed. Electrodes 3re of chromium-plated
brass. tarnish and <..'Orrosion proof. Three blank
hakelite retention plates which may he cul to
lit the crystallised are provided. The spacing
between the two terminal plugs is General
nadia standard U. inch.

Net Wel~hr: '" OUJIC'CS.TYPE 560·:\ Cr)'stal Holder

This is aprcssure-typcqua.rtz-cr;ystal holder
primarily designed for operation with crystals
in tlte amateur bands. It has a dust- and 560-A

CoJe Word

ADAPT

Priec
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AUDIO -FREQUENCY TRANSFORMERS
Iu t.his section i.J described a complete line

or hig!l-<luaJily audio-frequency transformers.
including models designed for vBcuum-tube·
input. vacuum.tube-interstage, vacuum-tube­
outpuL, impedance-matching, and circuit­
isolation uses.

These trullsformers ha\-e lap-jointed lami.
nated cores of the ~l grade of silicon steel.
tlle use of Wllich resulLs in the unusually good
frequent:)· characteristics that are obtained.
By reason of the higb current that can be
tolerated before saluration occurs, paraUcl
plate reed does not have to he used under
normal operating conditions. The transformctS
are unaffected by mechanical shock, are
s11ielded against electrostatic fields. amJ.
becawe of thorough lOoo-volt insulation, lhey
are proof against b~aknown under transient
surge peaks. They may be used in permanent
installations with the l.."llowledge that they
wiU rctain their characteristics through years
of use.

To prC:Sen'c thc s~.. mmctry of push-pull
tapped windings so that SU"ScqUCllt stages

ma)' Uc lrul,\' balanced. thecoilsofthe vacuum·
Lul>e-illtcrstage transformers are built up in
allernate primar~t and balanced serondar:.'
la.rus. Tbisconstruction increases thecouplillg
coefficicnt of the transformer and decreases tile
distributoo capacitance of both ",hulings.
L1lerefore extending the upper-frequency limit
without introducing high-£requCJlc)" rcsonance
peaks on open circuit (interSlage) operation.

}~or use in high.fidelity circuits with un·
bala.nced stages. the light additional loo.dillgS
rccolD.Wended in the tables will prCSCf"\'c the
frequency characteristics to weU within the
Limits stated. All ratings are couscr\'ati,·c alJlI
represent the performance that may l>e cx­
pected under the most unpromising collditiollS.

Experimenters and de\'e!opment engineers
will find in these transformers reliable units
having negligible insertion 10Me5 when they
are properly terminated. The)' way he usaI
without fear of distortion in the mW1Y cow­
munic.o.tion. amplifier, linc, bridge, ba.Lanced,
and unbalanced circuits cncountcn.'ti in
engineering work_

VACUUM-TUBE-INPUT AND .INTERSTAGE TRANSFORMERS

XtlttE
T'"l,.,... non HI". TyPE , .. G

INPUT TYPES
CArbon microphol1es. pickul>s. and mixer

~ur<:es of from 50 ohws to 400 ohms internal
impedallce mny be llul.tchctllo a grid through
t1J(~ use of the 'l'n',: 585·i\I or T¥pt; 585-1\12
Trnnsformc.r$ diagra.med abo\'e.

UcOcctionlcss linc termination for lines
between 400 and GOO ohms and coupling to
either balanced or unbalanced amplifiers may
be obtained with the '1'\'1'£ 54t-G Transformer
which is designcd especialls for this ser\'ice.

;]E 31t! I
IYn ~~ • TY~f 10< J TYPE 'U H

INTERSTAGE TYPES
For the l11tcrmctlill.tc slll.S~ tile T'yl'.~ MI-J

Trllnsformer will llU:ct aU possible arrauge­
ments of cither single-tube or push-pull con­
nections. It will work from sources rtlllgiug
from 1000 to .'WOO ohms in impedance by using
half the primary winding.

Where a greater inlerstagc voltage step-up
is clesired for UJlballlncerl tlmpliGcrs at the
expense of a our rowed frequency rauge. T'ypES
541-:\ and 585-ll are recommended.

SPEClFICAnONS
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Use: TlJe mml common U5I'S of the lranstormen
are su~tecl in the JCCOod oolU1ll.D of Ute rollowing
tahle. Vlllu~ of aource impctlnnce and prim:u-y
direct atn'eol have been chORD ror t.ubes that are
most rr~u<:ntly encountered in practice.
Frequency Range: The tablegi~li the {~uenC'J'

range O\'U which the voltage ratio is less than i dh

l)C)ow its value OD Ole flat portion of the cbaracler­
islie. TItis rllJll,'e bolds for operation "Ollt of' •
source ha\'ing Llie iwpedance .I.to...n in column three
and into the grid or grids of the luc:ceeding stage.
"~or \'Bluet of lOurce inlpedance between tb~

tabulated, Ule (~uen('r range mA)' be found by
direct interpolation.
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The ·'Pri. DC" column gives the normal primary
current for the tmnsformer when working out of a
single lube or lIle permissible current unbalance
when working out of lubes in plUlh-pull. The specified
(requeDC)' moge wiU be obtained wilh this value of
current. The )ow.(reqllenc)' limit is dc<:reaseO by
approximatdy 25% when no direct current Dows.
The eRectoD the (requene)' characterisLic of a 100%
increase in "Pd. DC" is negligible at frcqucnc::k.!l
greater thaD 80 c~·clcs.

Turns Ratio: The ... Lio of turns of the whole
prim.u)· winding to the whole secondar)' winding is
ginn in the "TuT". Ratio" column of the table.

Primary Winding: The 60-cycle inductance of
the whole primar)' aa measured wilh the l."lbulaLcd
value of "Pri. DC" flowwg, is given in the "L"
column. The maximum VAlue of current tltaL may
be applied to any part of the primary is slate<! in
Lhc "I Ataz:' column.

Mounting: Each lransl'ormer is mounted in "
standard drawn-steel, w:u:·filkod Model 0 {"8!e,

illustrated on the next page.

Dimensions: See dimell$.ionec.1 drawing, Model B

""..
Net Weight: AlIl.\'IlC5, S pounds.

I' .
Cod,

IV d

Primary
II 1 Muz.

(') ( )

FrrqIlP,ft:y Rar",r. {DoltlN ~ db)1
Out of Pn·oDe ,"'rom To Turrill
(' ) ( ) ( I) ( I) II"T.'1" .. , m• ., eye e. qru ''" ., "' ""

P·I' Plntes 20.0001 0.2.-;1 .0 10.000 150lo 10.000 0.4% OS IS.OOO 140pop GriM .
One Platct

16,000 '.5 '0 11.000 \ 75541-J t. t. 1510,000 ; '5 IS,OOO 05 .'UHQK
!'.p Grid, '.\
Onc PIa.te4 IO,OOOS '.5 .0 11,000 75

to 10,000· ,
" 11,000 OS

One Grid l liOOO • OS 12,000 "One Plate -- --
10.000 5 00 8000 I S5541-A t. to 15 TALI,T

1'.1' Grids SOOO 8 .0 12.000 '.0 '0

One I'lute -- I
585-U to 10.000 5 '" 7000 t. 40 " TIPST

One Grirl •••
Line or 1\1 ixerS -- --

to 40o-UOO7 - '0 IS,OOO
(l.p Grid, I

541·G t. B SO AIU;"M
Line or MixerS 0.7

to 400-flOO' - .0 13,000
ODe Grid4

!;ingle- or
--- ----

Double-Dutton
'00 .' '" 7000 1

3
585·~t:2 Microphouc

200' .0 '" 7500 t. • SO TARRY
t. 1S.8

Sinp;le Grid
Sinlllc-Button

---
\Microphone '00 '0

.. 7000 to 0.7 100 T"lIn,·585-M t. 50 '0 8000
Single Grid 27.8

I D.tA &nl r".. ...hoIe 01 tApped windingll.
• Dc rOC' 10% unb.1aDoe i. pw.b·pllU con<iecliou.
• Connecl uo.oooa IlO"OSI each hair 01' _dary.
, U.e wbole wiodill(. P, or 0, 10 pate or Jrid.
• Coootd "".0000 bel_ 0, &tid P.
•e-..ect 100,0000 bet-.reelll O. &tid f.

1 Cunned 100.00011 .~ tllCU half 01 lIe('(Iodlry. Wit.OOul
ruilton _POOM i. up t db.t 11,000 I:)'cles.

'To ~8ect Ulictly .sooa 10 prilll&t)'. e:wwect. 25.0000 .~
cach hI! of ItCOndary; lor ...,ae.,nd 1Ut. bi&h.lrequ"ocy
Ii=t ;. Lbell 10.000 C)'dU.

'CoIIMct s.s.oooa bel1ftell G.aDd P.

SPECIAL TRANSFORMERS
The General Radio Company has had wide

experience in the custom design and production
of lra.nsrormcrs to meet requirements not
covered by stock models. Among these types
are tra.nsformers with extra and monitoring
windings, transformers to operate in mixer
circuit3 of unusual impedance. and to simulate
the characteristic or the buman ear. Special

transformers for the tripping or control circuits
as well as transrormers for inclusion in recording
seismographs and oUler scientific research
instruments C8Jl also be supplied.

Prices will be quoted on inquiry. Please
state desired fre<luency characteristic and the
values of generator and load impedances
between which the transformer is to work.
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VACUUM-TUBE OUTPUT TRANSFORMERS

...,

.........
1- 20hflll
'l- .. obUll
"-10ohlW

1.5- 3 ohms
3 - .5.7obms
.5.7-12 ohmll

the turus ratio of the. transformer for tbe
particular secondar;)' tall used. In particular,
the correct load for the 2AS tubes varies. de.
pending on wlletlter 6xcrl bias or seU-bias is
U5«1. The table ,110"'5 the hest conllccliolU.

lAtUllmpttllJlfoc TmflinaUlo Which
(StlJ.8i4.l) (FiztJ Didl) IA04 i, Ct/IfIfWaJ

Type 541-P
TYPE 5·U+[' Trans­

former "'i11 fet\l lines
oC from 400 to GOO
ohms impedance from
a pu h-pull stage of
output tubes. Its ex­
~lIent characteristic
allows it to be used

indiscriminately to interconnect high.6delity
~'stem.! with no loss in the o\'er.al1 £requenc,}'
range. This transformer is also rCCOllllDenrled
for feeding any balanced or llllbalancerl am­
plifieroutput into a lil1e·iml~allce-lc,'c1 mixer
lQ'stem, or for use ill the output stage of a
microphone pre.amplifier.

Type 541·8
TYPE sn_B is a

speaker·coupling de­
vice making use of
the greater efficiency
of allto-tmndormers
to drive a DlAgnetic
speaker or other '~OOO+

to 10,000 + ohm lood
from balo.ueed or unbalanced output stages.
DJocking condensers are includoo in the case
to keep tile bigh plnte potential off the output
terminnls tllul direct current oul or tllC lond.

An oUll'ullrandormer mAy be selected frow
the four showl) below to couple a vacuum lube
Lo all bul the most unusual \-alues of line or
speaker impedances. For a large number of
lliese special cascs designs are a.lready on hand
with the result that lUesc lypes rna)' be
rllrn~hed ",'ililoul undue CXI>Cll5e or delay.

Type 541.(
The TTPE Ml-C

Transformer is a\'ail.
able for output uses
where it is desired to
couple a push-pull.
4000- to l2.000.ohm
output slage to the
VOtee coils of one or

morc dynamic speakers. With multiple loads
the optimum impalllnce ratio of 1800 La 1
should go\'crn Lhe choice of arrangement of
secondary connections.

This is the trallsformer recommended Cor use
",jlh tubes of the following l:n>es: 10,31.45.46
eCI... A),'O (CI... A), 50 (el... A), 71·A. 80
(Class A), and 112·A.

Type 541·D
The T,'r£ .i41·D

Trlwsrormer is II uui+
,'ersal output trUIIs·
fortller for usc wit.h
two iAS tubes in 11

haJallCCtI (push - pull)
slage, although use of
generator impCllances
hetween 700 /lnd ;;WOO oblllswillcll.usenoappre.
cinble Chllllgll in the frcquCllcy characteristic,

The choil.'e of a secolJdary tap and the
arrangemeut of the speaker connections showd
he SUell as Lo lond correctly the output sl:1gc.
The lond presented to the lubes will be lhe
trnnsJorwcr lour! mulLiplioo by the square of

MODEL B MODEL C ~lODr.L 0

C~eral nadio trnnslormers are mounted in the three silol!l ol eNeS shown by tltc M.IlIples abo\'e

156



~''''------'''''AUDIO FREQUENCY TRANSFORMERS~M~ .

SPECIFICAnONS

Use: The wost common U!leS of the transformers
are suggested in the 5econd (."O)UUlll of the following
tuble. "aJues of source ami lond impt:dnnecs and
prilllflr)' direct curreut hlwe beta chosen lor (,'00­

clition! I.II"t wilimostlrl'<lllcntl:r he mel ill practice.

Fre<1 uel1CY H>lng,e: The table gi,'ci the frequenes
rnnge o\'er which the yollnge rnlio ill Icu thnn i db
helol\- ill value on tile Rnt-top portioD of lhe chnme­
tcriJuc. 'J'his fltnge holds for operation "Oul ('If' n
sourCf: having the impedance. shown in column three
IIlld "ltllo" R load of value sllown in column four.
For \tllines of source llUtI lond impedances bdwCi:.n
those lallllialcd, the frequency fnoge mny be fOilliu
b~' llirecl inlupol:,tion.

The "Pri. JJC" COIIlIllO gh'u tJ1C lIormlllllrimnr)'
current for the I.flHlsforJucr when working ouL of a
single lube or tile I)(!:rulwible current llnbal:mce
with push-pull input circuitJl, The specified frequc.oc)'
mngc wilt he obtained with this "nlue of currenl.
The low-frcqucllc,r limit ill decreased b." :tlJpwxi.
mnteJy 25% wluw no direct current f10Wll,

Turns R~tlo: The rntio of lurns of tim whole
primury wintling 10 the whole iiCt.'Olltlllry wimling ift
givcn iu tJlll "Til"" Rolio" t."lilumn 01 the tnblc.

Prlnl3ry Winding,: The GO-c)'de imluchmce of
the whole prinlnry n8 lIle3s11re<! willi tho tAbulatw
"lillie of "Pri. 1)(.'" flowing, is gi"cn in the
"L" column of the tnble, The 1I13ximuUl vnlue ur
CUlTent tllnt nllt~· be. applied to nn." Imrt of the
primnr.'· is slAted in Ihe "I J/uz," coluwn.

Mountlnlol: I-".uch lrnn.o;rorwcr ill mounted in n
stllnd:trd drnwll-stccl, wllx-13\le<1 Model Bease except
T'\'P)l 5U.Il, wl.icl. ill IUOlllltt.'tl in fl. 1\:10001 C cue.
Both nrc illustroted on the opposite ruge.

Dimensions: See the dimensioned r1mwing, tilil
ptlSt:, l\..Iutleb IJ nnd C cnses.

Net Weig,h(": Tnt: 5·U-B, -I P01l1lt15; nil uther
t)'~S, S pounds.

I'

I)rirlwry
J.l JMuz. Code
0) ( ) IV I

Tllrl/~
/I .

QII/ oj ill/I) 1',i.DC Prom '1'0
(h) (1) ()1{1)(ft'T.,"" .0' o "'11 01/111/ "Ill I:Ut 1':/1 ell' n 1I/1fl , IIIn ... ru'r

1'·1' Pillte~ Sri.a
541-C to 10,000 H5 I '0 Ill,OOO to "5 '0 TAr~:K

Voil:c Coil 4UOO -I-IS 5 " 10,000 I '0

i/::3.0
---

1'·1' I'lates
541-0 to '000 010-10* 5 .0 1';,000 (53.S)* " 700000 I-liS , '0 15,000 (47.lil)* "

TUI.II'
rui~..e Coil

1.0 I

1'·1' J'lllles S:l,QOO '}OU-OOO 0.13 1; 18,000 75
to Line 2U,OOO '100-GOO 0.25 05 10,000 70

or Mixer IU,OOO 400-GOO OA 00 Il/,OOO .JA .,
541·P t. i.'i "IIIU~;

Onc~ 1G,OOO -IOn-GOO 2:..5 '0 lC.OOO 1 50
Plate to 10,000 40G-GOO 5.0 '0 10.000 .,

Lil1t:. )lixt:r 5000 400-IiOO S.O SO 19.000 'l!:) -1'.1' I'lates
------

10,000 4000-10,000 1 SO 8:.;00 l.'~

"$4.1-8 10 'j\1a~etit 4000 '000 5 55 800u to
~.j

;0 TOftSO
Sp..ll pr 1

Dimensions for SUlooaro ueneral namo ulUIslofluer·moUDuDg~
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All Gelleral
nadia trans­
fonners mAy
IJe Ust.·d as
impedance_
matcLing
transformers.
Tlle:\' will
tran form
impedances ill
the square of
their turns
tillio which
will [)e round
ill Ule ·'Turn.

T'"rJ: GGG-.\ Ratio"column
of the tables.

They Dlay be llsOO in either dirretion. lhat is.
as step-up Of' step-down illlpt.'tianec.malching
transformer. The frequency ranges gin~u in
the tahles hold for thi lise of tIle trlmsforwers
8.5 well. and the ·'I'ri. IJ ... limit still holds. U
the "secondary" wiudiug is COltnecloo to the
source Illld the fretwcllcy range is to be main­
lainC(1, the numher of llidillg do(: milliampere­
lutus for the whole lnlllsformer must nol
excoolthe value it 1.41 under ratoo conditions.

Type 585-R
The 'I'n·t; 585·n

Trl1l1Sforlilet is l\ high.
quality. unity.ralio. cir.
cuit isolator for use
between transmission
lilies of from ;;00 to 700
olll.nll impClIn.nce. Tile
prim/tiT and sC(:Olldnry
windings arc U,oroul:lhly hiclded from each
ollter lo minimize c1t.'Ctrostatie coupling witll
the resull that 011 balll.II(."Cd lines the p3rllJ1c1
COllllX)Ilellt of iulerferencc cllerg~' is filtered
from tllc Sigilli!. The provision of ccnter-lllppcd
\\'illllitl~ allows inlerchnngellblc 115f!: between
halalJecd aud UIII..mlnllCtt'1 ystellu and also for
thcir iutcrcollllcction.

LI bridge measurcments lLc usc of this
tfllusrvrlllcr lIHJI..c:O'i lh~ bridge balance iude­
l>endent of eleclricill or localionlll changes in
thc detector circuit. lI.!liurillg gre-oller accuracJo'
and case of balllncc.

Type 585-(
For Iiuc.interconnection Ilud ,uixCt prolJlcUlS

the. Tn'£ .i85-C Trarnlformcr l>rCSClIlS the
facilities of all impedance changing device: with
impedance: transformation ratios of 1 to 10.
1 to 2.5. 1 to 1..56. I to O.6·~. I to 0.2.;. and I
to 0.10. allo"'iIl8 Ule lr:msformatiOIl"ho,,-n in
LIllo! table 10 be takcli ill either direction. The
desired ratios a.rc oblllillOO u.s sho,,-u in the
diagralUs lltthe foot of the opposite page. The
terminals arc so arranged that ollly adjacent
OIlCS need be strapped.

LA80RATORY TRANSFORMERS
11,e following two trllnsform~ llrc Dot to

be used fvr impcdllllce matching in quality
communicatioll or program circuits. They are
valuable in a.lternatillg-currcnt measurements
1I0t dependent on rclati\' r ponse at l\'ideIS
sclJaratecl [recillencies.

Type 666-A
Where il is uesired to Im\'c llJe impedance

rUlio casily adjustable ovcr It wide range by
llIeallS of a. plug arraugelllclll lit L1IC expense
of atlentlulion of lhe high lUlU low frequcncies.
lhe Tn·.: G6G-A Yariublc TrwlIjformer is
r<:collllllended. IJrimnrilJo' it lahorlltorJo' instru*
ment, lhi transformer is provided with jaek­
lop binding I)()sls to recei"e II. Tn·£ 274 Plug
and hll5 multi-tapped windings with the in·
luded lurus frow oue end uUlrked plainly Oil

the 11Illle!. AllY portiolls of the wiudings mar
m: IIs(''lI: Iml on'~' is tile impt.'tlu.ncc rutio
udjllstublc but npproximutc rutios l.Ully be
ohtniued t1lrollglL dilfercul nrrnugclllCl1ls.
n.lIowillg Il choice of It fll\'orublc wlue of
primary illd'lclallC<.".

Type 166
':vr we ill a·e iJridge eircuiu with telephone

dcteelors. where the fre<luellcJo' charucleristie
is subordinate to the requirement of Il dclt.'Clor
of tile corr~t impedant.'e for DllLXimlitn scnsi.
th·ity. the'I',"'}; 166 Telephone Transformer
should be employ~1.

The various COllllcetiollS arc made direcLly
to binding IXI5ls mounted on the terminal
plntc of the illstrumt:nt.
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SPECIFICATIONS

Usc: Tue most oommon uses of Ihe im~d:tIl('''C­

mulchins lrnnsformi!=rli ure suggested in the sCl.'Olld
(:O]lImn uf lhe following table. The associated ualn
are chosen for conditions that will most frequently
be mel in lIle suggested uses.

Frequency Rllnlte: The tahle gives Ulldreqllc.ncy
range oW:.t which the \'olttlge mlio is lesli Lhnn i db
lJdo\\' il!l value till tile [Iut portion of the character­
istic. This range holds for operation "O'lf oj" n
SQHrl'c :tnd "/1/10" a load luwing the impcdnllcts
shown ill columns tlLree and four. For intc.rl.Ucdinlc
\·alucs of source !lut! 10:\<1 illll>ednnccs the frequency
r:mge may be fouud b)' direct interpolation.

Turns Ratio: The turns T/llia of the whole primnQ'
\\·inding to the whole of tile secondary winuing is
gi\'en ill the "T!'Tll.t Rutio" COllllllU of tllC table. For
the ndjustable·mlio lmns(ormer~, li·I'f:.9 G(i(i·:\ aud
IGG, Ul(: turns included between tbc Inp /lUll one end
arc shown in tJll: illdh'idunl diagrams at the fOOL of
the ollpositc pHge.

Prilll:\ry Windln~ (Higher lrllJlCtl:mcc Winding):
The lIoulinnl 60·qdc illlluctnllcc of the whole pn.

mary is given
in the"[;' (..'0[.

I1mn of tabll>.
The maximum
current lhat
may be applied
to no,)' part of
the willJing~ is
staled ulllier
"[ Muz."

i\'lounting:
'!'l'I'IUI5$:;·C
and 5SS·!l arc
mounted ill
standnrd
druwn-~tccl,

wOlx-fillc(! Tl'I'f:JGU
!\lodel D cases.
for TYI'};5 f,GG-A and 166 see illustrlltions.

Olmensions: For TVN::i 585·C alld 5S5·1l Sl:e
dilllensiollcJ drawing, Model B case, '!i'PE 6HIi-A:
S.!I:! x".l4 x;) in.; Tvl'!:; 16G: 2y,( x 2%, x Sh! in.
Net Weight: TYPES 585·C lind 585.n, ~ pounds:
'l'n'f: 666.A, 3% pounds; TYI'!:: 166, 1}1 pound.~,

Primelrll
TII"'SI F'!J Ll I.llax. ('odeDlIt of /lito from To

'1'111),' f ' .•e (ollm,.) (ohm,,) (c/lrlr.•) «('Urle.• 1 UII'in
,

. ell) ( ,,,n) Wont priN'
400-COO t50-!BO ., 10,000 1.0 A '0Linc, ~lixer '~00-600 40-60 ., 11,000 (:,J.2) Il 0 (pri.)

585-(; to 10n-150 150-250 ., 11,000 (0.5)2 C 100 ,\ nODE
Lin~, ~Iixer 100-150 40-60 25 12,000 t. I n ($.:.... )

l.iue. i'll ixcr
--- -I- -- - --- ---

SOO SllO 30 Ili,OOO 7.'1
:iS5·1{ ,.

·IUO 400 ., 18,000
,. " (pri.8.: \no:o.l~

Lin!', :\1 ixer \ ~e(".)--- -- --.-
IlriJge to I (pri.)166 4-50,n002 1-5002 ,. TOI'ICD('ledor • "(~cc.)--- --I- - --.0--- ---

CCIINnl Pur· \ (pri.)66(,·.0\
1:HJ$e ?\Intchiog 100-80002 I_8M2 '0 1:'iO .\0001':

\0
(sce.)
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TYPE 480 RELAY RACK

This rack is intended lor mounting standard
19·inch panels ""hose heights are integral
Uluhil)les of 1~ inches. nnek! of this type
have been in use in telephone planls lor man~f
,years, and the)· nre fast becoming standard in
laboratories for mountinG apparatus. Two
si~cs afC ll.vailablc.

Attention is also tlireetcd to the THE 660·.'\
Rack d~ril.x.-tJ 011 0PllOSilc page.

SPECIFICATIONS
ConSlTuctlon: leel frame lfilb welded joint•.
Both models h,,\,t: proviJion (or bolt.iog them to the
800r or table, but they are .t.ble enough to stand
witbout faslening for .11 ordillAf)' SUVKe.
Drilling: Stall.lanl drillin, for IO·incl! rclar-rack
pnnd. 11 cmplo.\·~I. Holes an: tapped and de.ned
for" 10-32 l",neI·u)Ounling JCn:W (TTPE 7S8-D).
Accessorie.: 1·;IDeI.mountin, seren, panel-pm-.
t«tinG WUhUII, lIInd bridle rings for cabled wiring
are lupplietl.
DImensions: TYPE 4SO-A: FraJM, (bcight) 69}i"
('I'\'idlh)!P:O" (1Iepth)::I inches, o\·cr-ll.lI. Ull.Se, (width)
to Jt (depth) 1.5 indIca. I'/lnel-wounting 'p3~, as
inches or 3G "mel. ullit....

'I'rrr.: ~H: Frnrne, (lu:ight) 44 Jt (width) to x
(depth) 1~ inches, over-all. &se, (,.idth) !P:O Jt

(depth) U iucht:S. IJanel,woWlting Epa(ll::, 4s~l inches
or is "rack units:'
Net W~Ig,hl: Tnt{ 'lSO·:\, 0+ pnuntlt, TfP£"so.D,
iO p+)umlt,

14t: Tn>£ 480-D; n'glrt: 1TPl': -lBO-A

PtJntl Space Code
Inchu nfl4:k l]nit. Word Price

NOTES ON LAYING OUT RELAY·RACK PANELS

T
~
i,

T
J
~ _.)
~ ''':

_. ---

'''"1:1..5

--r,,

:!.-
:,. ,

'_ _-i,,,,,,,

TOP
....

I, Milke JllInel height II

multiple o( 1~ inchelless Jl!
ineh (or c1carlmces.

i, Doth top nnd bollow
edges of Il properly mounted
panel will. neglecting dea.r­
ances. alwlI.)'s ra.1I hnlr wa.y
bet1l'een a po,ir or boleJI spaced
,!.i incb aparl Oil the rack.

,. It is ",loom necusary to
cut aJl the possible mounting­
~w slou in a panel. but it
can be done il deRt'td.
01. An)' pancllaid out 10 61
the rack will aL-o lit ir thf:
puel is lumctl eml-(or-end or
blick-Cor-front.

~tll!: Clear..""c "" ...c_ ....rt"1
...,po;r.... r.a"k 171 ;.,he...
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UNIT PANELS

The drawings ou the ned puge .sho\\' to scale
the locuLion of all holes. };llch I>anel lIus several
2~-inch diameter holes symll1etricltlly placed,
around each of which are three smnll holes for
mounting the sltw<.!;trd bakelite (Navy t,ype)
meter case, or for fastening mounting discs to
the panel. Adjac:entto each large "allel hole is
n }i-inch hole for the slow-motion mechanism
of a 4.iuch. '!'n1'; 70S Dial.

At boUI lop and bottom ncar either end are
located pairs of M-inch IJOles on U-illell centers
to fit TnE 274 Panel Insulators with T\'l'E
138-VD Binding Posts (or input nnd output
conncetions. Other holes arc intended ror
single-.hole-mountillg parts sucll as r!loostnls,
telephone jacks, clc. Uushings for reducing tbc
diameter or the holes to JM inch or I inch are
rurnished with thc pauel. Unused holes arc
plugged will. T>.·p.; 061-1'4 Snnp Buttons.

One pancl is rurnishet1 with a .'i-inch. per·
manent,..magnet dynamic loudspeaker. the
input impedance or "'hich is 3000 ohms.

I"our t)·pcs of mounting discs tire aVllilalJlc.
TYPE 661-PI Dlank Mounting Discs nre used
either to cover the !tUlle p3ncl holes not in use,
or to mount p3rh other thnn Ulose manu­
factured by General Radio. The center oC each
is pricked on the reverse to facilitate layout.

The TYPE 661-P2 S·Holc I\'[oullting Discs
have three small holes drilled 011 a YS.incb
radius Cor mounting General Radio parts
having the standard S.hole mounting. Short
spacers which provide clearance Cor the disc.
mounting screws arc rllrnished. Discs can be
mOl1llted at 30° angles around 360°.

The '1'yp~~ 661-1'3 Adapter .Disc has a 2,!.i.
inch hole and is designed to mount meters such
IlS the Weston lype 506.

Dust covers ror the two si~es of cnd plates
llre available. They fit tighll)· and slide on
from the rear so that they may Le removed
when the panel assemblies are lllountC(! one
above another 011 a relay rack.

.'Iff prien mId ilIJI~lrcJ/ioll¥ 01/ "txt Iwo llf/Yu

(lI; GO

'0· G) 0
• •• r'• ,

• ,
•

• d'

• ee "
~ •

.0.-'J

• .,

An R.»eUlbl~' of Tnt; GGI Unit Ptmel cquijJlIlcnt Oil
a Tn.: 000 Ruck

General Uudio Ims recently developed tL

series or unit panels cltosignoo Lo facilitate the
labrication oJ exlx:rimcnlal and scmi-Jlcrll:)a·
"Cllt assemblies. All parls nre interchangeable.
J':lroul changes cnn be mat.lc at /lny lime
without disfiguring U1C panel. aud a uuit is
easily disassembled lor <:ouversian into an
entirely different inslrumeuL

The parls required lor n complete metal box
arc a base, lwo end plnles, a dust cover. l'lnd
n panel (willI lhea<.:tC$SOrics accompanying it).
All principal parts nrc ronde of Era.;ydo, 11 non·
Dlagnetic, nOll.corrosivc alloy of copper, silver.
and zinc. which is stronger limn materials
commonly used for such parts. One face is
sntin finished find conled with clear lacquer.

TYPE 660-A UNIVERSAL RACK

or these are supplied with c.·nch unit panel, but
none are supplied with the rack. 'rile rllek can
he IIsed ror panels oC any width.

The height of tlle T\"I'E 660·"\ Back is 26M
inches (fiItee.n Hi-inch rack units).

Typ~ Ract· Uni/II emi,. Word I'rirr.

This is the rack shown in the cut 011 this
page. It consists of two redangular steel
Cramcs which Dlollnt partlllci to each other,
These fromcs may be screwed to lhe Lench. or
they rna)' be rllSlcned to the bench and wall
by the four clamps supplied with eacb rack.

'11;rE 661-P5 Panel Clamps will clamp a
panello the rack in any desired position . .Four 660-A "
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UNIT PANELS AND ACCESSORIES '0,••'." ~., ••"., Sf..,

19 • a.INCH UNIT PANELS
... .-

00 00 Type 661-1\, with uccnoricl,o •

O'
0

,"M'"
E> 0 S."l_ hilt Dum..., (\(II-PI OIuk Mounting Discs, 661-Pi "Uole~lountingDisaI

0 •• 681-N SnIp Bullons

• e ! pro GGl.~Pntl Clamps
• • or .. 681- Mounting~cefS• 681-~:\fi-ineb BillS• 661-PO ;~ ..jnch Buthing.., M.ciline 1CrtW'J and nuts

• • (for base, ends, and dillCS)

• •
• 0

Type 661.AX, blank ~"el only,
e. • flO

19 X 7-INCH UNIT PANELS
T"pc 661.8, with Iceenolie.,

(\)0 00 • 601-P11Dluk ~IOUDti.DgDiscs
o • Cil 0 0 • 0 • 861-1lf S-lloleMouotiog Disc!

" 661-P",I D.lp Buttons

®
Ii! pro 661-PS P"n~1 Clam)>J

r
, GGI-P6 ),Iollnting Spacers

• 661-1'8 ".inch Hushing

• 861-P9 %...inch Dusbing

• • O. 0 17 Machine IC'I'eWS aoJ nuls

ee • 60 (tor bale. ends. and di.K1i)

Type 661-BX, blank p.nel only.

o •

• •

CDO

O~

o

•

•

•

o 00
• 0

t) j'o 0

00 •

I (l(n-PIIBlllnk l\!ounliog Disc
I 601-PiS-UoleM"ounl.ingDisc

t9 BOI-N SnAp Dulton.
2pr. 601·P5 rand Clamps

o 061-1'6 ;\IouDlingSpace.rs
" 66)·P8 %-inch Bushing
" 661-1'9 ~~6-inch Bushing

13 :\lachine screws and nuls
(rCt blUe, ends, and discs)

:;-ineh O>'Dnmic S~.kct and
('1aml)

ACCESSORIES '\1....«""".,
o 0

T.,IM ",.pI
Ileftia Mo.......' Oftc

t'....... blaaIi: m....- 00'
"drill )'OW' 0 ........ Ccato:.
Drick-JHI.cbN IQI' cur
la,roul.

TVIM"l."
).Hole Movfttlq DUe
For S·1toIc _liD(.
IW &pon OD ~ , ..ad>
radi.... n: poAibk po­
.ilioDJ.

T.,.,.. ..,.P)
""o"",,Ollc

.'00' t~'.. ·'odo _lIft'S
(..... ""at.. 501).

T.,.,.. ..I-PtI
C..... Ploto

Fill' ..witk TTI'llln.B
hdllClor FIll'Ill &lid TY..c
111,)( lod..e:t« Sh>dd.
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ENDS, BASES, DUST COVERS I.".',,, Y..h.",.ISI..,

Type: 661·K
End- and S.sc-PI.te

Assembly
Por 19:1: Ii-inch Panel.

Bue plate CUD be mounted
in any olle of four position3.
Machine screws anti spite­
iog pillars supplied. Order
panel (sbown dotted) and
Ju.~t co\'cr separalely.

--

Type: 661-L
End_ Ind Bast.PI.te

Assembly
For 10 x 7-inehPancJs

Utlse plate CliO be mounted
ill nn.v one of four positiolls.
Machine screws aud spnc­
iug pillars supplied. Order
panel (.'11101\'0 dolled) and
dust ('(Wer sep.ualely.

,•..~~ -----------------
i
1
0

I
I
io
I ~~......~--._­ ---"--

-,

.I
,

01
I ..-

J,
I

_...-- ,
I
I

C' to---
Type 661·R Dust Cover

Por Ill-inch PllO~ls

--~..._-.---.....

Typ. 661-5 Dull Cov.,
I;;'r 7-inch L'ancl.'l

"~il closely. Can be nU:acilcd
and rCUlO\'ell when panels
are mounted Oue ahove an­
olhl!t on a rack. Macl1ine
lIerews for back supplied.

•

o

ACCESSORIES ISh.., ."""".,

T"pc 661·P6
Mauntln. Span"

Provide dtlLlllUW for
Jlllru inmf.-r;nr wilb
dUt,,"ounli"ll ...""....

T're Ul.P7
Ola In"leala,

FQt G.It. di..1. Surpli,"
f,etl willi uclldia wben
order ~~fiuUy r..
flllU~ it.
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PLUG·IN INDUCTORS FOR UNIT PANELS

164

The three basic components shown below,
together wilh n '!',"PF.: 6ti)·PII Cover Plate eLln
be assembled ill thrcc ways to lUake up 1111

etr<:clivc sl.ielded plug-in inductor for use ill
ltigll-frcqucIIC)f eXI>criUlcl11nl work. The 'l'''''''l~

177·B Inductor .Porm can be used alolle Of, if
desired. n Tl"PE li7.X lndudor Shield call he
attached to mllke one integral unit. Tlten.
when a shielded inductor is required for use
with ullit.pnucl nssemblics. tile cover plate is
added. ns shuwn in the pllologrnph below. The
shildd base is securely 10ck(:(1 to tile shield top
by llle thr<.'C hllYOllcL cnlclics. III the center is
u thrC(Hk·d rod wlliclJ cngllges IllllrcadeJ insert
in the Tl'1'E OGI-1'1O Ja'k U:ISC nlld draws the
cover plate firm I)' llgninsl tbe panel.

The Tnt: 001.1)10 Jack HlLSc call he IIsetl
hehind llle pl\lIcl or moulltcd horizontally Oil
a shell IIsiug shorl spacer studs,

All important feu.ture in short·wavc work is
the e.xccJJcnt. noise-free contact providcc-j b.y
tlte usc of spring-lype pings and jacks. The
t'iglll sets of contacts arc adequate lor t.he
IlIOSt. elaborate circuit.. llot.1i plugs and jacks
can be removed if fcwer conlacts arc 1lCt.'cJccJ.
Complete assemlJly instructions nrc supplietL

Type 171-K Induelor Shield

AluminulII.
Fnstens to1'\'P&
177-0 lmluctor
I··orm with two
IlIllchine screws
llupplied. TiJe
knob, clamping
rod. etc., are in­
cluded together

with c;omplele IUlSewbly instructions,
Cdde Word: tXOCC'l'KE~lr

A shielded inductor-rorm nsscmbl)', mll.Je UII
rrom Q. Trl'p.I77·ij Inductor Form. It TTY!:: 177-K
IlIIluctor Shield, nnd a TTrF. 601·1'11 Cover Plntc,

, .

The complele !Ihirldcd indu<'lor mounhi in Ihis
lIl;tnner IIIl ~l Imil IXlud. The lhree Sl)rlngs OD

the T"pt: 601·1'10 J;l;(;k U:I!IC guide 1I1c iuductor
iulo I'bl'e

Type 111·8
Indudo, Fo,m

ClUJ be use.1 a1011e,
witla shiel/I. or with
sllie1rl fllul c:over I>lnte
{nr 1I11il'IJ:IOCI IIlQUlll·
ing. Set phologrnplls,

SlIPr,licd WiU, eight rtmo\'ahle phlb~ (wilh lock­
"'liS 'eu ao.1 lugs). Windil1~ {onn: 1M'indles (di­
nlllctC!r), 1M inclJC's (Iengtll). :\IOllldClI bakelite.

Code Word: IS"OliC'l'OQAT

Type 661·Pl 0
Jack B",c

Includes eight
rcmO\'lI.blt: jacks
nnd lugs. Uniquc
IOO::llling dC\'ice
lllllkes pluggin;:
in coils cxlremel.\'
eas~'. Spa('Cr bnr!
lit unit pnnels.
llase n1.3~·. if lie­
sired, be mounted
on lllclr base

(51lorl SP.'1lXn nol included), Dr"sigut:o for sllieldc:J
or uDshicldl-d Tn.: 177-8 Inrluch>r Porm.

CfHlll Word: US"lrANIIA!H:
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TYPE 679 INDUCTOR TYPE 677 INDUCTOR FORM

Typ< Ducriptioft Code Word Price

679·A Inductor c,\.s-.u.
679·8 Inductor c",snl'

680-1 Dan CAS-Or.

Tlli$ IJlug-iu inductor is wound wit.h U-incb,
t.a.rnish-rcsisting. llickcl-plat.ct.l copper tubing.
and is eXlcrnaJly c1nmped by three Illoist.ure­
proof gla7.c<1 porcelaiu btlrll. ribbed and holed
tor the sUPPol'l ami terminntioll of external
COli piing WillclillgS.

COllper clips wilh scwicircular (ormed jaws
lWei three 2.'j-:l.mperc Tnt: 074.P Plugs arc
pro\,jded wilh each inductor. As mnny as rour
additional plugs mny be added as desired.

CoJ,
Typ< Dw:riptio1l Word Price

611-U Coil i-~orm KUUC
677·Y Coil Porm llILSl:ft

611·Pl Spa(:u (2 req'J) .loIISIK

678·P Basewitb 7 Plugs ~ISOR

678·J Ib.st. willi 7 Jrldu )lISS"

SPECIFICATIONS

Dimensions: I.ength, all unils, "% inches. Oi·
,uneter, 1'Y,..; 677·U. 2M indl«'3; Type 677.\', S~
inl;;he.s. Wid til, 'I'Yr£:9 G78-I', 678-J. 1M indlC$.
Height, T.,-rp. G77-PI. I inch .
Nel WeiCht: TYPE: Gn· .10 ounces. Tn>.: 077-PI
(peT- p1lir), 2 ounces. 1'1'''''' 617-1\ ·1 OUll~"ell. Tv...:
G7'·J. 4 UUllcn. TYf'E 677.)'.1% pounds.

Thesc coil rorms arc made or 1ll01lIdl."lII)Orcc.
laill ill 1\\'0 COII\'cniclll sizcs. Tilc eigll1llo!chetl
ribs provide )erl1lancul wilHliug spacing while
the series of SUlall holes gin'S :ule(!uate anchor­
age. TOilS and separate windings Ull to a tolal
or SC\'cn terminals are Ilcconullodaled by a
matched plug.in blUe ami jnek, sellaralcl)'
IlvnilaLle.

For complete lUlscmLI)' two Tn>.: ti77-I')
Coil Form Spnt:ers. wilh whieb llrc illcludl.-d
the necessltry llIaehine screws. nllls "lid leud
washers, lIrc re(!llirCl.1. These sp:lcers lII11y also
lie llsed to support the jack plnl<:.

Tile V·cutlhrends JlcrmilllSc or wire size up
lo 110 ll. . S.. nllrl e"lcml over thrl.'e inches.

7 nod"

•
2p.h, I.5 p h

•SK in.
7Min.
6~io.

4}i in.
i~Ib5.

r!l~ 679-1J,.
1

10/0111

•
S~in.

7Min.
S~iD.

6}i io.
'}i II».

SPECIFICATIONS
TypeC10·A

'rUtUS
Number of liCClious
Inductance.
ClijU supplieJ
Outside dinmeter u[ roil
l...eugth, ovr:r-all
I-Ieight, over-all
Oel)lb. o\-er-aIl
l'd ,,"eight
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TYPE 577-U INDUCTOR FORM TYPE 269 VARIOMETER

The Tt"PE 577·U moulded
bakelite inductor form is
.\·nilable to meet the need
for convclliellllaborntory in.
ductors. It is pro\'ided wilh
four IlIg!, which may be pried
loose iJ not required. and is

drilled lor '(YP.: 2:74-l' J)lug5 and a TYPE ~74-Q

Locating Pin ",-hjeh are not supplied.

SPECIFICATIONS
Dimension.: (Uiameter) SM I: (height) ij{ incbcs.
MountinC: J(O~I are pf'(wi,lctl in the ww to lake
.. TvPI; i7"4r Plup and • locating pin (nolrurni.Jbed).
Drilled to fit TT..~ in·CJ or i"4-f.~ Mounting......
Net Welltht: S OUlltei.

Type Code Wo,d P,.iu

SAT"'-J.

This unit is intended
tor use llS n. varial;le ,
inductor, but it CRII also
he used to vary tile -'=='
coupling between two
circuju. It i.!I readily
mounted on a pand,
and it offers a ver,r satisfactory weans of
adjusting tbe total inductance in a circuit.

SPECIFICATIONS

TYPE 519-A DIAL LENS

SPECIFICATIONS
Dime.n.atoru: (Height aoo\"c pIIonel) , x (width)
lti x Oength or radius) '* inches.

Jo'oeallen"oth, Ij.( inchu.
Mountinlt: ODe '-finch hole required for mounling.
tet WeiCht: t ounces•

Inductance: Wilh rotor and stalor conDeCtetl in
seriet the maximum wlluc:lance is approximate!)'
SlO ~h; the minimum. 100 ~h.

Shaft Dlnmeter: M iuch.
l'o'1ountinlt: Two hole. in bracket. Sec: a«:ompllny­
ing sketcb.
Dimensions: See accoml_nying sketch. (lJeplh)
4M incbd over-all.
Net Wel~ht: 7 ounces.

Pril;,

Prire

'"Al.lli

Cod, Word

Cod~ Word

2.'

CSt« IlIu5tr.lion Oppo51te P.ge)

TIlis cansisb or a lI1llaU lens with an ad­
justable LLolder to mount ou a panel over Ule
dial indiCAtor. and makes possible the reading
or a dial (especially those shown on the 0PIJo.
site page) to a higb degree of precision. "'ICU
not ill use the arm can be swung out of till'
way and the lens pushed against the panel to
winimizespace requirements. Wbca in use the
lens is helrl ill proper l)()!IiLion by a deteut
Jevi«.

TYPE 520-A DIAL LOCK

An,)' Gcncrul Hadio llilll mu,)' be firmly
clumped ill OilY position Ly means of Lhe
'1'''1'£ 520·}\ Dial Lock which holds lhe ooge
of the dial ill 11 \'ise-like grip, without exert·
ing appreciable lorce on the shall on Wllich
the Ilia! is moulltOO. 'J1le lock does nol alter
tlte dial selling aud may be undamped llr
loosening the knurled knob when it is de­
sirecJ to change ,Jial to a new setting.

SPECIFIC."TlONS
Dimensions: (Length) i x (width) I x (height)
1}.S inches o"er·"Il. IIdgbt aoo"c PAnel, I inch.

Mountln2: Two No. is Iiolet. '" inch allol.rt, :ue
required Cor mounting_
. 'et Welabt: 1~ ounoes.

TrlN Code Word Price

ASATIl 519-A
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TYPES 704 AND 706 PRECISION DIALS
These are bigh-grade precision dials, with scales

individually engraved 011 an automatic self.
indexing engraving machine in 6ne. rndinl and
ae<:urnlcly located lines. The dilll scale nud the
slow.ruotion knob rotate in tile same directiOIl.

The accuracy of the cllgraving und the precisioll
of selling obtainable juslir.y the lise of a 'J'no~

ij 19~A Dial Lens.
Dacklash hns bccn eliminated ill the construc­

lion of these long-scale (linls by llctlil1g the scale
pcrnl:lllciltly allli sccurely on tbe mniu 81mft
which thlls Illis its angular position tl<,.'<:llrulcl:,"
inrliclIlcd. Tile tension of the Criction lIth'c is
ndjuslahle to suit lhe lund ami the prctcrcnce of
lhe operator. and the position of tllc friction drive
SI1Uft 111:.1)' be adjusted to compensate for errors ill
lllC centering of the main sllllfL in the center hole
h~' means of all \.'(:ccntric hushing.

Tl"rE 70o-C

'fYI'E 70·l·U

These dials arc secured to their
shafts through the usc of two set·
screws separated by 1200 ami arc
supplied bored Lo receive a %.
inch shaft. For lise with a U-illeh
shaft. a split collar bushing is pro·
vided which securcl~' grips the
shalt throughout oue inch of its
IcngUI. II \'crtillg aU possibility of
slipping.

SettilJgs of t1csc dials may eon·
sistent!)· be duplieaLet"lto one-firth
of a division. allowing an accuracy
of resetting. for the '1'n'£ 706·0.
of better than 0.0';%. Parallax is
eliminated through the use of all
indicator which ulw3vs remains
flush wilh the surface ·of the dinl.
and lit the same Lime absorbs lite
slight eccentricities of the maill
shaft through the lJexil>i1it.y of iu
mounting arm.

Qnly one additional hole ill the
panel is required for mounting: tilt
driUing template furnished ennblc.~

it to be accuralely located.
The llial indica lor is SUI>lllied.
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Prier

Pn'u
Ntl Cod,

",tight Word

oounces DADDY

oOUIICc:i DAIR"

Ntt Cod,
Wei!}hl Word

I llound DA811Y

1 pound DATtlW

1:8
1:8

1:6
1:6

FricUOII
nrir:fJ Ratio

Friction
Driu Rali"

300
450

Arc

;IreT.",

706·0
706·1)

• 4-INCH DIAMETER PRECISION DIALS
Dird

704·0 ISO· 200
704·0 270· 300

• 6·INCH DIAMETER PRECISION DIALS
Dial
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FRICTION.DRIVE AND PLAIN DIALS
The dil\l~ dcsaibcll

here hA\'e photo-dehed.
nickel-silver !JellIes and
usc tile nuled bll.kdile
knoL IIClIeribed on the
opposite Imge.

Two \lillUlelers arc
:l\,;til:lhlc either l\'ith or
without the !riction
'[ri,·c. '\11 iudicator and
drilling template :tre
supplied.

AlI,Ii:tls ate insulated
(rum tile shuft.

See Pi!!!! 110 for new
3V4-inch di.ls.

TTPt:87Qt·,\ nUll 70i·f' 'l'TP£8 710·8 snd 710-G

• 23A·INCH DIAMETER - TYPE 702 FRICTION·DRIVE DIALS
Sh/lft IJial friCli(Jn·J)ri~e

Type /)iall/(/u Arc 1);";,ioll' flllfio
Nel

Weight
Code
Word Price

702·A Yt in. 180· 100 I:S.9 " (lZ. DIACK

702-8 J1 in. 270· 100 t :3.9 oJ oz. OI.DOO

,Ol·F • in. tSO· 100 1:3.9 40$. f)lPAO

?Ol·G % in. 270· 100 I:S.S • oz. IlIOOD

--'- -
710-A Uin. l80· 100 0 •••••••••••• 'lM Ol':. DI.I.LY

110·n !4' in. 270· 100 .. .......... i.!-iol':. DIDIN

710-G 31 in. 270' 100 .. .......... \!,Mt.I%. llIGUT

• 2'1. INCH DIAMETER TYPE 71 0 PLAIN DIALS

- - -
03·.-\ Kin. ISO· 100 1:5 SOl':. DIA:':T

03·U J.:(in.. 270· 200 t :5 80:'. DIDliT

03·F ~In. 180· 100 1:$ 801. IlIFUS

03·G Hin. 270· 200 1:5 801.. 01(j01\

7
7
7
7

• 4 INCH DIAMETER TYPE 703 FRICTION DRIVE DIALS

• 4·INCH DIAMETER - TYPE 717 PLAIN DIALS
717·A U In. 180· 100 .
117·8 Min. 270· 200 .
111·F ~i In. 180· JOO _ .
717·G !-iin. 270· 200 _._ ..

a oz. D1AJUI

50'1. DinAR

50l':. DIFIT

a 01.. DIOAR

168
TTPa 70S-A and 70S·F

AJI iII,lIt.... t.io.. H arlll.J .iK
TyPES 717·8 ..nd 717·C
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TYPE 637 FLUTED KNOBS
The moulded bakelite knobs in this lYI>e

series are now used 011 all new Generailladio
al>l>aralus. They were chosen (rom among
dozens of preJilllinar)' designs as the ones hest
suitetl to the requirements of measuring in­
struments. The smoothed RUled L-nutling

affords a pO!ilive. cramp.Cr« grip (or lhe wost
delicate adjustments.

The _-hite pointers are made of non-con_
ducting material. and they can be pried off
"'ben knobs aloue arc required. Each knob has
two Jelsert';\'s to insure perm:Ulence of setting.

lV.,INCH DIAMETER-WITH POINTER

•
SAg!t

Typ' Oiamtler :Vel Wt1'ghf Code Word p,ju

637-/\ U inch J.i ounce SQRLSOIJAST

637-8 Ji loch }i ounce SURl.SODI)OT

15~.INCH DIAMETER-WITH POINTER
Shall

Diamtl~' Net Weigh' Cod_ Word

U incb
Ji inch

I ounce
I ounce

:SI1RLNOIiOOIf

HURLNOBIIAT

Pritt

637-J
637-1\.

l%.INCH DIAMETER-WITH SKIRT
hit

DilllllC!t:T Ntt W61',At CoJ~ Word

!4 Inch ! oUllces NURr,.:-iOBJ'llf
3i inch ! ounces Nonr,.SOBKO..

(Diameter 0' ,kirt, t!1f, ille-hes)

Price

Price

low""'...., I
aW'Tcnn\tRO

NUItI.NOUI'IQ

~UItr,.NOllQOO

I ounce
I ounce

:I ounces
S ounce_

J4 inch
;1 Inch

TYPE 202 SWITCH KNOB

!4 Inch " ouo«s NUlUSOBRA"

U inch " ounet's l'VRLXOD&lIN

(Dinmetcr or skirt, , inches)

'¥a.INCH DIAMETER-WITH POINTER
SAafl

lJil1n1t'cr N~I W(i,ht COd6 lVord

'¥a·INCH DIAMETER-WITH SKIRT
S/IIJ/t

Diorne/v Ntt W,i,AI eodll Word

SAal' Dia"..

I Yo inch I
Ulnch

Type

637-P
637-Q

This is the bakelite knob llJal is used all our re:si tance hoxeJ
and dec:l.de condensers because it enables the operator La estimate
the value of a setting by his sense o( touch. 'nu:~ pointer is o(
niekel.plated brass. It is not insulatoo (rom t1lcslJa(l.
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NEW 31f4·INCH DIALS
Cod,

A DCW teries of frietion-.<lri\'e and plain dia.ls
Ty7" Silojt Ori" Word Pritt.

like lllOSC! aho""n 011 l>age 168. but SU inches 705-A Min. Friction D~'

in diameter. is now availahle. Each has 100 105-F ~in. FrielibD DI""".
di\'isioltsspread over 180°. Dial insulatOO (rom

712-A Kin. Pl.in IIiAPEshafl.Indicator and drilling template 5uW1ietl.
712-F ~ ill. !'I.in Ulr,UI

DIAL PLATES
These two di.1 plates

ba,-e photo-etched seales
wilh raised nickel. il\'er
graduation 011 a. Hat black
background. F..ach can be
altached to the pAnel ~'ilh

the same sere'" which hold
the rheostat-l>otculiomeler
with which the dialillatc is
"..d.

Typ.318.A
A :I·incb di.~tef plate 'or U!C with a I~.inch

knob. eitber pointer or .IUtI, anll with any rheostat·
potentiometer having ,tandard S-oole mounting,
Marked will. 20 divisiortllU'Ound 298-,

('od, WUrll: 1";\'11.

Typ. 522.A
A 2M-inch di.amet~r plate for we with a Tyt·£

f137-A Knob and a Tn!:: SOl-A or ilO-A Hbcos:t:t.t­
PotentiOlktt.r. Marked with iO divUions around
254-,

COife lJ'ard: DOOlO.

SWITCHES

Typ.202
TlIi. is a qUl'druple­

lear plJospllor - bronze
switch ~'hich makes
wiping cnnlacl on both
the Pitch po\nU: and
the find bw:bin,. Il is
intended for use with
TYPE IS8-8 or TT1'1l
lSS-C Switch Contaeb
mOUDttd on • I*-inch
radiw:,

Typ.339·A .nd Typ.339.8
'rhi. i!J a rotary, S-position rwitch for .11 llppliclllion. ,,'bere a toggle­

switch-Action "Ilnti-alpacily" .witclJ would ordinarily be used, The entire
throw is lSO-, from one position through "off" to the third posilioo. ncb
position being ma.rked by a detent devic:e:, The movable .witch blades arc
actuated by a moulded b&l.::dit.c wom.

Only one maUDling hole is required fOf aU panels up to ~incb thick.
Both 4-pole double-throw and i-pole double-throw models are Il.\'ailnble.
The cnntact springs can be bent for .witching in UDusual circuia.

The eapacitance between rwiteb elerN:nll is Ww. The switch itself is
insulated ror.1I \'oltaga up to t50 \-oIl&, and the conlada will uJeI)' break
t anlpue5.
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202-A
201-8 I )i to U in, IWJTCIITO-,D

K lo '" in. SwtTCUGOOD

Price
Cod,

Type I)c~riplio,. Word Price

339-A I,-role, I>oubl~Throw II"11rrT I
339-8 i-Pole. Double Thro'fl' PUTTY
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SWITCH CONTACTS AND STOPS
Switch contacts are lWllilllble made of

nickel-plnted bronze and arc either with plane
(acL'S or with clipped-shaped deprc.ssiol.ls ",hidl
nct u.s uelents definitely to center the switclt
blade in position. Each switch contact has a

knurletJ shoulder which, whell drtlWll into the
pallel by tightenins the lIuL, prc\,(~lIls rolation
of the <..'OulncL head.

The switch slop is made of lIickel-plateJ
brass. and is without n knurled shoulder.

,,, e" ';Ai- -;A!- -;A!- 1A l-

tIe t!c
,

"! it If~ ~c
.,
_€ __c o c + co ~

~. L,

Iss·B ISS-C ISf!·O 138-PIJ ISS-CD ISS·Q

Diml:ll~io"8

Type DU~T1'p'ion A /I C /) Codt Word Prict

138-U I)Jaue Switch c:mtnct Mit H~" '10 clt·ill ~~" lIunc. (,'O:"i'TACTA~T

138-0 Plaue Switch Contact ~1'G" l1'o" /10 llrill }i" mnx. CUNTACTnlJO

138-0 ""nne Swilcll onlad ;.{G" ~" 128 drill J1" CONTACTCAT

138-CD Detent S,,'ilcl. Contact ~,. l16" 110 drill >1" max. 8T"-,,,'I',,n~tJD

US-PO Detent Switch Collta('t W' ~" 110 drill ;i" IUIlX. STA~I'AIUH1T

138-0 Switch Stop
~"" J.ill" 0-32 stud

"''' mu.
ST.HU'AlIllUI.

BINDING POSTS AND ASSEMBLIES
J'arLicular attention is cHrcctct.l to Ute three

binding posts h:1\'lns jack tops wltich lake
plugs oC the TYPE 274 series. (TypJ:l ISS-YD.
'fl'I',E ISS-V willi longer stud. is not illustra.ted.)

The binding-post U5."icmIJlies nre coll\'cnient
means Cor mounting hinding po$ls on Oletnl
panels. The 'fypE 73S-A is clesigned for mount­
ing, by drive lit. in a bakelite panel.

198-A I:lli-V 13S-X i3S-A 274-10:

Dim,,,riOlll

TY'Pe DCB'Cri,Jlioll " /I C I) Code Word Pricc

138-A Binding Post (bllkclite top) U" %" mill. lO-!}i %" mux, STA~I'.'IH'U"

138- V lIinding Post (small jack top) W' I!-U" min, 10.32 M" 01(1:'(, STAS"I'ARAST

138- VO Binding Post (small jnck top.
10llg stud) W' '!.U" min. 10-32 ~" mllx. STASf'ARI'O:S

t3S-X Ilinding PO!t (large jack top) M" 1J.1G" min. 10-32 ,lIZ" mn:<. STASl'AnSOl"

214-K Assembly (with 138-\' Posts) 2!1G" I" (1·32 U" ftTASl'AIiSAG

274-L Assembly (with 13S-X Posts) !!~M" I" 0·32 7.'1" 8TASI'AI{TMl.,
738-A Insert Terminl11 un U" max. 110 drill ONIPART4f'E
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PORCELAIN INSULATORS
These ceramic insul:tLOrs are made of hjgh~

grade brOll'1l glazed porcelain and they are
inlClldcd for use in wiring circuits in both

inside and outside illslalbt iOl1s. Each insnlMor
is SIlI)!)lil..J with wooJ screws and IC:lrl washers
which will prC\'cnl Lrcaknge in lllOUlltillg.

'i'rPE 6S0·A 'In!: 630-1$ 'hPJ: oso-C

TnE 200 TyrE GU-A '.!'nl': 627-A

OimClIsioll .•

cType l)escri.ptir/Tt A i J .- I Qrd I ricc

260 l'utl,:claill Insulator :O1~" 13/" }{" - - - COI'IC,-,
627-:\ Jack-Top Iusulator 2%" 2,{" - 0;4-.1 - - ;\I .......on
628-A Insulator ~%" 1/3/." i/." - - - ,\U;O,l.L~...-.1 "629-/\ I.eaJ-ln AS!ellibl~' 1;";" M" For walls up to 9" thick ~n:ltcY.,
630-A I-Termilltli Insulator - lU" }1" 1!1" - - £01:CI;;

630-8 i-TerOliU:l1 InsuJ:,tor :". ." 1!-i" X" - i"''' - EmU:TA

630~C 3-TcrmiuHI Insulator Mil IX" X" - - S!j.f' i:JECT
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GENERAL RADIO VACUUM-TUBE SOCKETS
Here is a complete line of high-grade sockets

designed particularl)' lor use in mC3SlIring­
inslrument assemblies boll. ill the "bread­
uoard" and final model slages. Contacts arc
spring tempered and will make 6rm connection
with the tube prongs even a.fler long periods
or repealed lube replacements.

Sockel..!! Me available with either bakelite or
glazed isolantile bases. For most work bakelite

bases arc preferable becanseof lu.::ir lower cost,
hut where low high.£requenc)' losses llnrl high
stlrface rcsisli\'ity ure essential. isoltullite hases
are recommended. The illustrations with the
dimensions given ill the price list completely
describe each unit.

The net weight of all sockets is 2 ounces.
except TYI'ES 156 and 656 which weigh "
ounces.

Tn!> IH7-A TYPE 650 '1'YPfJ 647·13
Tum 657 ·1\·1'10: 658

Ball Hale Cod,
Type Jfoleriol TY1H of Tube Diomtler Height Word Price

156 Bakelite UV. UX. West. E:lcc. E Tube ~Ji6 inchell Jl;..(§ inches SOBER

34' Bakelite UX-Sm:\l1 4-prOll~ 13-8 inches % inch ljEOAN

438 Bakelite UY-Sm:\l1 5·pronC IJ1 inches J.1l inch STOUT

444 Bakelite Small 6-pronc lJ1 inches 11 inch NOVEL

647-A Bakelite Small 7-pronjt 2}(6 iocltt:! ~ inch OIPSY

647·8 Bakelite Medium 7·prong !~ inches .% inch OONNT

656 Isolantite UV. UX. West. Elec. E Tube 2}{, inches Ir~ inches SOLID

657 Isolllot:lte UX -prong l~ inches I~~ inch AMAZE

658 iaolaotite UY-5-proD~ lYl illochu 1~6 inch A~IONO
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PLUGS AND JACKS
The following seclioll lists small parts which

the lauoralory worker alld t\.mateur will find
useful in tILe conslrllClil,Ju of Ilis el1u;pmcul.

All multiple plugs :md jacks have thc GClleral
Radio standard %.inch spacing between
centers.

174

Type 274·P Plug
Basic plug IIllil. - .\Inl.

current, 8 n.
A ""'~ inch IllfiX.
lJ =78 inch
C =6-3\1
D-% iuch

CO/Ie lI'or(/: STAI"I',\II.CAT

Type 274·J J"k
Ullsic jllck unil.

II -=J{G incb
1J=~ inch lIIax.
C =Yoi inch-:.?S

C(J(lt I!"lIrd: STAllo""AWrtW

Type 274·E Single Plug
As itluslrlltlld, with JILl'!':

opellillg in stem.
.'I"'~ inch
B =31 inch IImx,
C = Y.( i IIch-lZS
D-U incll

('od~ W",d: i$'r"'~I'M")(l(l

Type 274·U Single Plug
Like Tn-I': :n~-E but witt,·

oul thumbscrew.
A ='U6 inch
Il =% inch mIn:,
C-Y.: inch-2M
f) =VI inch

('fltlr IJ'tmf: ST,\l"r,\HGOT

Type 274·0 Insulated
Plug

Similnr to Tn.: 'li·~-E but
willi Il:lke/ilc sl<:f:\'c.

A ...Y:i Im'il H_l~ iudl
('od~ Wnrd: s't.\XI'.HIEn:

Type 274·M, ·ML
Double Plugs

1\1 ouMetl bukditc with jucks
in tOJlllud setscrews for corJ
lip~. U-illch sp..'lcing.

A =1Y.; iudl B-1%, inch
COlle Word: STA:>"!'.-\!Ull'O
Type 274.i\'1,

l'.Qw·loss b'cltow) Lnk~Ji!e.
f'nt/e Wnr;f: STA:"I'AIIIU;Y

T)'pe 274·~U..,

Type 274·G Double
Plug

Two Tn!; 'IN-!:: Plugs
.~cpllralcd 11,\' a hnkelitc spucer.
h-incll8p:H:ing. A =I%illch.
('ode WI'n'J: STA:st'.-\.Rf'IG

Type 674·P Jumbo Plug
Hasie jUJIlho-plll~ ullit-

)1I1x. current. 2;) a.
.-1- Minch
IJ = % inch
C"" % indl-:l!l
J)-I;{G inch

tmle II'wd: i1T.\NI'AIt"N:

Type 674·J Jumbo J.ck
Ua!lic jllml)(.-j"ck unil.

.-I =34 inch
It =J.{s illcll 1I1:1X.

(, =Y.! ind.-'lO
e<lIfe IrQrd: ST.\NP.\IUYC

Type 674·( Jumbo Plug
Witl. ~(lJd('r-fillt.'t1 CliP in

$.h;lllk fl'lr !i\\'caling-in. M-im:h
lubi,,~.

A =.!4 indl B =M inch
('nth; Wort!: ST.\Nf'.\IICQX

Type 674-0 Insulated
Jumbo Plug

With insulll!c!1 sll;l1Ik rlllt!
....Itlering lug - jack iu lUll.

A =% iudl Ii =1!{,; im·h
('nde Il"ortl: ST"""'AU,IIIK

Type 274·BL Series Plate
I'ermil!! t.'t.IllIlcctillg lWI)

cir(;lIil.~ ill series wit II a ULird
Imving lwo juck.tnp hilUlill1l
l""~ls on standnr!! sJlllcing.

A=I}i inch
('ode Word: !;T,\XI'.\US.\~1

Type 274·SB
Short-Circuit Plug

1"N, 5!H--U Plugs wilh n
nickel-p!nlcd "raS~ bur.
Cnde Il'0rtl: ST"XI',\R7.IP
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MOUNTING BASES
These units erlend the possibilities of "plug in" to coils, condensers, transformers, etc.

Tnt: U~AP

TYPE 27"-;\J

'J'yPE "14_DlI

Typt; 27~1.u

TYPE n~·Cr

TYPE i7....CJ

Tn'!'; 27;,_EIJ Tn'l': 214-H1)

Ty.. ~: iN-!'.:J 'I'YVF. iH·HJ

Oi/ltt",;.,'11

TYf" /Jtlcriplioll A n C Colie Word Price

274-AP i-Gnog I-'Iug Il~" K" *" ST.\srARBIB

274·AJ i-Gang Jack i6TAS"I'ARUIJI>l

274·BP s.Gang Plug 'tj.~" S"''' JI6" 8TANI'AKSUS••
174-8J S-Gug Jack 8TASI'AK(jIS"

274-CP 4-GaDI 111uI II~" IU" l," SY.\SP.\Rl!IC)l

174-CJ ..-Gang Jack iST"NP.,RGIS

274-EP "·Gune Plug S« T Yl'1:S 'iN.. II P "nJ -HJ
STASI'AROA!

274-EJ "-Cug Jack IIT....sPAKI'AD

214-LlP G-Gaog Plug is,...'' l}i" lJi" STASP.\aBEf)"214-IU 6-Gang Jack 8T.\:"·PARSOT

274-0 I.ocating Pin (To insure
corrttt orientation) 8TAsrA8C.\O
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PARTS AND ACCESSORIESr?~~

Type 274-NC Shielded Conductor
:\ conoenlrie-sbiddctl COlldudor with plugs.

c.paotance: 100 ""I per foot
tUlpcdance: About 30 ohDl5

COile Word: IlT.\SrAKZOO

Type 214·RJ Four.G.ng Jack Base
For mounting therlUOCOllplu, oside ~i5en, elc.

A .,U ine:bes C-" inch
B-I}04 inches

Cod. Word; Il1'ANPARPUP

Type 738-M Brlcket
~loUDlini foot
for TrPE $3",

Cccd<=cn.
• A,-il{incla

B= l}i inch
C-ForISma­

chine screw
D-For a 110
machine ICrcw

Type 738-0 Panel Screw
A nickel-plated brau madline

screw for fastening panels to •
relay rack.

A ... a. inch
n-1Jit inch
C- JO-S2
D_~ incb

Cod41 Word: lISll'AltTBAT

Type 274 Panel Terminalln,ula!ors

Bakelite insulalOrt, u.sed in paill with
TYPE ISS·VI) Ilinding Po~u, for mounting
on 8 melal pAnel

A -1M inches C-" incb dillW.
B- U inch V- J.i inch Lo~ inch

Bakelit, Cod, Pric,
d/(lL,rial Word (Pill"')

TWO

TYPE
+ 138­

VD

214.-vi
274·Z

Bla.ck I"T.......PAltOEL \
Yellow ITASI'AnUOD

TYPE 379 RADIO·FREQUENCY CHOKE

Priu
Cod.
Word

SPECIFICA­
TIONS

Dimensions:
i :r t'i x 1~
inc:he•.
Net Weight:
i}Ai ounco.

Mounting:
See drawing.

The ']'n'& 379 Rnuio.
F'1"t.'tIUCIlCY Chokes arc
available in two models.
one of low inductance to
carry n Ilea-v)' current,
aocJ one or high indue.
lance to carry n lower
current. In both. the

Ctlpacily docs not cllCeOO 4 micromicrofarads.

AllollCObi. C,,,r,nt D-C

JI,'crlll;'. CortliltilOllr F'UllltMCr Rnrtg' RuilllJIt«

379·1'
379·R

8mh
t.O mh

300 rna 1140 rna \1:500-1'.000 kc I ... n
lJO m:, 65 rna 400- iooo kc 1<10 n

Jllrun
JKWEl.
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============================ APPENDIX

APPENDIX

LOSSES IN AIR CONDENSERS

c'

(b)

R

(a)

n,}, workin8 oulthe ellerg,>' relllliOll5 ill (a) nlld in
(tI) on the lLUumpl.ioo that 11.11 the losses are ver)'
.!IIDall. it is round that

The ('hoice or RwC" as th~ figure or merit it bused
llpon lhe foJlo,,'ingcollsidention.: Any air condenser
C ha,;ng an equivtlJent seri~ resistanoe R may be
represented by a conde.oser C, formed of the IOlid
tlielectric circuitt and .uppan. and having aUlhe
losses ROo in parallel with. lon·free condenser C'
(tote the accompanying diagram).

C Co

U !.he ener~ losaes in Ule condel15f:r lire COMan!
with selling. U14~D C, U II fixed condeoser with an
oolanLite or hard-rubber dielectri~. depuJing upon
the actual conslruction of the. condenser C. Por
dill'uent rrequencies the power ractor or \hit solid
Jide~lri~ is euentiall)' constant. henO! the quantity
~etU constant ror all ordinary values of wand C.
and is a ~baraclerislie or the conde..nJer.

11

-orwally the energy loss in an air con­
denser is composed of the energy 10sse.ll in
the solid dielectric supports and in the
resistance of the conducting materials. hill
the presence of any solid dielectric male­
rial. such as dust. between the plates will
increase the loss by u mcasurable nmounl.
With high voltages. lhe ioniznlion losses
ill the air dielectric and in the gas oc'Cluded
allhe plate surfaces cease lo be negligible.

lAW air-eolldcnscr losses arc, of c.:ourse.
desirable, but they cannol be reduced in­
definitely without sacriliciug mechanical
rigidity nnd the ability of the condenser
to hold a calibration. Forlunalel.y, practi­
('ally all of the laboratory measurements
in which UlC loss of the condenser must be
known can be arranged so that it is merely
necessary to know how they change as the
condenser capacitance is varied.

The higher-grade Inborn tory condensers
manufactured by the General Radio
Company arc designed so lha l the small
amount of solid dielectric used is placed
in an electric field that is unvarying with
respect to rotor position. Hence tlle losses
are constant with selling. It is then
possible to assume that tbe condenser
behaves as a loss-free variable condenser
io parnJlel with 3. fixed condenser having
all the losses. This menns that, when using
one of these condensers to measure the
loss in some other condenser, the loss in­
troduced by the standard condenser. since
it does not change with rotor setting, can
be elimLnated from the measurement by
the choice of a suitable method.

This qUlllit;r of blWing approximately
constAnllosses wiLh changes in rotor set­
ting is possessed by all General Radio
condensers, and this leads to our choice of
the quantity RwCt as the figure of merit
for expressing the energy loss in an air
condenser. It turns out that RwC2 is con­
stant (or all values of wand C. RwCz is
therefore preferred to powcr factor RwC
as:1 6gure of merit for the condenser.

The equivalent series resistance nof an
air condenser may be calculatcd for any
frequency when the figure of merit RwC':
is known. Thus for a figure of merit of
0.06 X 10-12 the resistance of a condenser
of 1000 ppf capacitance at a frequency of
WOO c)'des is 10 ohms.
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REACTANCE CHART
Always use corrll:spondin9 sClles

w
U

Z

<
~

U

<
w

'"

r\/~t',/~t\/><t,>/~t>! lX / * x::~
1M' --fXx*f-,+\9'''"'',><~HI7~x~HV~x~'+-V~y~:+-,**f-B*y':~.:~8.,~--j

::-X/IX ~~%fX1"~/lX~/lX~/lXy/T'-X/T'-::~:.> )~
100,000 .. -+17~x~:+-fl7~X*H~b)~~,><¥1-1-~X~:+-~X*Hf¥X~' 8--i"~'~+--i

, ~

IO.QO,) n

l000e

lOOn

lOr.

. "-
~/I;~~IX /IX /IX /IX /~I~~

" ;'Y. X

,1 .•

"
10, 100, Ik 10 ~c IOO~( IOOOk

1M<
(300m)

10 10k
(lOm)

100 WI(: 1000 M, 10.000 WIe 100,000 WI\: 1,OOO,OOOMc
(3101) 00 cm) (3,m) (.3 on) (.03 '<II)

FREQUENCY
1~IG. 1

178

The a('{:omlXlIlying cli:lrl may he u5ell 10 lind:
(I) The reactulice or l\ gi\'cn induct alice nt n gi,'cn

rrL'q lle.nC)'.

(i) The t\:uctnnce of l\ "h'clI CRI)ll.cilnnce at n
given frcquenc)'.

(S) The resonant frequc:ucy of llJ,;iven imluCIIIIII:t'
and cnp.,citllIlCC.

Ll order to facilitate the determinntion or nmgni.
tude of lhe quantities involvell to t\\'o or thrt!e
sigllillennl figures 111e chnrl is divided into two pnrts.
Pil,OUTC 1 is the complctc clmrl lo bc usetl (or rough

t·nlcuhlLiol\s. j?igure S!, wllidl is n single de<:acle 01
"'igurc 1 clllarl:cd Ilpproximnlely 7 times, is to I>e
ll~d where lhe significant tW(I or tlm:e figurt::!! arc
to be tlclNlUillCtl.

TO fiND REACTANCE
I';nlcr the elJart~ vertie::tlly (rom the hollom

«(requeue;)') and along the Iincs slanting upward to
the left (inductllnce) or lo the rigM (enpaeitltnl-e).
Corresponding scales (upper or lower) must be used
lhroughout Project horitont.illl~' to tllc le(t rrom the
interseclion tlnd read rellctnnl'e.

Write for Enlarged Copies



REACTANCE CHART

Alw4Yl ob~in .pprokim.le v.rue hom Figure 1 before \lsing Figure 2

7 8 9 106

~ '\ b :>
CAPAC NCE

J~-----_I.---t·--t-

3 4 ;
FREQUENCY

FIC.2

I N D N C E
('0 S> .. > • "1D

9 c...
• /

7 -.0

6

UJ ,
u
Z ,
<
~ 3
u

<
UJ

'"
2

TO FIND RESONANT FREQUENCY
Enler lhe slanting lines fOT the given iuduc:tall(:e

lInrl cllp,,\citam:.-e. Project dowDward from their inter­
section llnd read resonant frequene)' from the boUom
$CAle. Corresponding sealts (upper or lower) mllst be
ll~ l.lu·oIlShou!.

RZlImplt: The 5tlmple I>oillt indicatf!J (Figure I)
corrC$ponds to a frequene)' of about 700 kc nod an
ilhJuclltilCe of 0.5 henry, or n ctl.pncilnnce of 0.1 ~/olr,

giving in either Cllse 11. renctnn~ of about 2,000,000
uillns, The resollanl fn!f)utnc)' of II dreu it contninins
IhcJ'le values of illduclnnce lind cnpncitnnce is, of
course, ;00 kc, approximatel)'.

USE OF FIGURE 2
Figure '1 is IlSed to obtain additions I precision cor

rc~(ling but does DoL pllf;ce the decimal point whieh
mUlil he locnll'ld Crom a preliminary cotry on Figure I.
Since lbe chart llel-e5S;lril)' requires two logllrithmie
decades for inuuct'llIlce aod capacitllnce Cor ('\'ery
single d~dc oC frequency lUlU reaelAnce, unless the
correct decade ror L tlnd C is cbosen, the calculnted
ytlluc& of reactance nnd frecjuency will be in error
b~' a C:t<:lor or 3.16.

R:licwr,plc: (Continued.) The rettc(lllll'e corre.­
.,ponding loO.51IcnryorO.1 /.l"f isq,i!SO,OOO ohms III
ill! kc, their resonant Crequellc.\'.

of The.e Two Ch.rts 179



DECIBEL CONVERSION TABLES
It is convenient in measurements and

calculations on communications systems
to express the ratio between any two
:lmounts of electric or acoustic power in
units on a logarithmic scale. The decibel
(1/101h of the bel) on the briggsian or
hase·l0 sc.'lle and the 71eptron the napierian
or basc-e scale arc in almost ulliversal use
Cor this purpose.

Since voltage and currenl are related
to power by impedance, both the decibel
and the nepcr ctln be used to express
\'ollage and current ratios, if care is taken

to account for the impedances associated
with them. In a similar manner the corte·
sponding acoustical quantities can be
compared.

Table I and Table IT on the following
pages have been prepared to facilitate
making conversions in either direction
between the number of decibels and the
corresponding power, voltage, and current
ratios. Both tables can also be used (or
nepers and th.e mile of standard cable
by applying the conver~ion factors from
the table on tile opposite page.

where ZI and Z, are the absolute magni.
tudes of Lbe corresponding impedances
and k l and "'-are Lbe vMueso! power factor
for Lhe impedances. Note thaL Table I and
Table n can be used Lo evaluale the im­
pedance and power (aelor terms, since
both are similar to lhe expression for
power ratio, equation (1).

(6)

P,
"I',

1 P,
2 log, 1'2

i\r"ep I E, (7)"'" og, -:;-
/'"

and N
1,

... log. -• 'lip J,

I, 1 I ZI 1 I k, ()Nnep-Iog,-+- ogt-+- og.- 9
I, 2 Z'l 2. k2

where ZI and Zt aDd k l and k, are as in
equations (4) and (5).

When Eland E2 or 11 and It opera te in
unequnl impedances,

E I 1 Zt 1 ~~2
N -log -+-10. -+-10"- (8). "'P , £2 i Ot Zt 2. ~ ~~l

and

. I, k' . h Irabos - war 'mg Jll t e same or cqUil
It

impedances.

E,
For \,ollllge ralios or currcnL

1'.:2

corresponding to no power ratio

Neper - The number of nepers N "tp

(5)

(2)

(8)

(I)

(4)

and

and N db - 20 loglo !2
It

I
k,+ 10 oglo ­
k,

IJeuibel- The number of decibels Ndb

corresponding to lhe ratio between two
amounts of power PI and P'J is

I
P,

NdIJ - 10 oglo -P,
When two voltages E I and E z or two

currents 11 and I, operate in the same or
equal impedances,

I
E,

Ndb -= 20 oglo ­
E,
1

Ndb - 20 loglo --.!
I,

If E1 and E1 0r II and I, operate in
unequal impedances.

E, z.
Nib =20 log" - + 10 log,,--=

E, ZI
k,+ 10 loglo ­
k,

Z+ 10 loglo--.2.
Z,
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================== DECIBEL CONVERSION TABLES

RELATIO.NS BETWEEN DECIBELS, NEPERS, AND MILES OF STANDARD CABLE
Mulliply

dedbcll .
c.lecibeh....•.

mile.s of awdnrd cable
mila of !tando.rd cable

nepers ...• _..
nepers ...•...

u.
.1Ml

1.056
.o-n
.100

8.686
9.175

To Filld

nepers
miles or standard cable

decibels
nepers
decibe.ls

miles of .tandard cable

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES
Values outside the range of either Table

[ or Table II on the following pages can

TABLE" DECIBELS TO VOLTAGE AND
POWER RATIOS

Number of decibels positive (+) :
Subtract +20 decibels successively from
the given Dumher or decibels until the
remainder falls within range of Table I.
To find tht l;altage Tat:io, multiply the
corresponding value from the right-band
volttlgc~ratio column by 10 for each time
you subtracted 20 db. To find the power
'Talio, multiply the corresponding value
from the right-band power-ratio column
by 100 roreach time you subtracted 20 db.

Example-Given: 49.2 db
49.2 db - 20 db - 20 db - 9.2 db
VoUage ratio: 9.2 db -0

2.884 X 10 X 10 - 288.4
Power ratio: 9.!l db -,

8.318 X 100 X 100 - 83180

Number of decibels negative (-):
Add +2:0 decibels successively to the
given number of decibels until the sum
falls wiLhin the range of Table I. For tlte
volLage ratio, divide the value lrom the
lefL·hand voltage·ratio column by 10 for
each lime you added 20 db. For th8 power
ratio, divide the value (rom lhe left-hand
power-ratio column by 100 Cor each time
you added 20 db.

Example- Given: -49.2 db
-49.2 db + 20 db +20 db - -9.2 db
Voltage ratio: -9.2: db-o

.3467 X 1/10 X 1/10 - .003467
Power ratio: -9.2 db -0

.1202 X 1/100 X 1/100 - .00001202

be readily found with the help of lhe
following simple rules.

TABLE II, VOLTAGE RATIOS
TO DECIBELS

For ratios smaner than those in
table-~fu1tiply the given ratio by 10
successively until the product can be
found in the lable. From the number of
decibels thus found, subtract +2:0 decibels
(or each time you multiplied by 10.

Example-Given: Voltage ratio., .01S1
.0181 X 10 - .131 X 10 ~ 1.31

From Table II, 1.81-

2.345 db - 20 db - 20 db - -37.655 db

For ratios greater than those in
table-Divide the given ratio by 10
successively until the remainder can be
(ound in the table. To the number of
decibels thus found, add +20 db Cor each
time you divided by 10.

Example-Given: Voltage ratio ... 712
712 X 1/10 - 71.2 X 1/10 - 7.12

From Table II, 7.12-

17.050 db + 20 db + 20 db - 57.050 db
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APPENDIX =======================
TABLE I

GIVEN, Decibel, TO FIND, Power and {VColta9
t
e} Ratio,

urren

TO ACCOUNT FOR THE SIGN OF THE DECIBEL
For positive (+) values of the decibel-BoUI For neg,atlve(-) ,'alues of tbe dccibel- Hoth
\'ollage lIud power ratio~ are grenter than unity. voltage anll!)Owcr rlltios nTe less th/ln unit.\", UliC
Usc tile two right-hand columns. the two lcft-Jl:l,nd cohlmns.

Example-Gitell: ±!U db. PlIlJ:

Po Iter Villlf/!}'
!lllli(l Ratio

+9.1 db B.HS \l.S51
-9.1 db 0.1~30 0.3505

-d&+ -db+.. .. ... ..
VII/I/l9U 1'1II./.'(.r

db
Va/II/ge 1·'mN:r VQUO!!r. Pow,r

db
VfllIng... Prnulf

({Mill RII/ill Rntio Ru/in Rillin fllllio Rnlil) Rutio

I .{lOOO 1.0000 0 1.000 1.000 .5623 .3162 5.0 1.718 3.162
.0886 .D772 .1 1,012 l.0'l:1 .5.~59 .3090 '.1 1.790 3.286
.977.i .9550 •• I.Oi~ 1.047 .M% .3020 ••• l.siO 3.311
.0601 .!)S3S •• 1.0S.~ 1.072 ..'i483 .i9fil lUI 1.841 9.9SS
.9550 .9120 .. 1.047 1.006 .5310 .iB!U .., 1.862 8.467

.9BI .8915 •• 1.059 1.122 .5309 .iSIS ••• 1.884 3..548

.OSS3 .S710 .G I.on 1.14S .52·iS .2754 5.6 HIO.'; 3.631

.lIliO .8511 .7 LOS4 1.175 ..5188 .'l692 '.7 1.028 3.7li,i

.01'l0 .831S .8 1.096 1.20i .5120 .2630 '.8 1.950 !'l.802

.0016 .8128 ., 1.109 1.2:)0 .5070 .'l570 ,.. 1.972 :U190

.8913 .794.\ I., 1.122 1.259 .5012 .2512 6.0 1.995 3.981

.8810 .7702 U 1.135 L'l1l8 .411Mi .i45.'i G.' 1.01S 4.0N

.8710 .71iRG I.' l.U8 1.318 .4808 .2300 6.' 'i.OU 4.160

.8010 .7413 1.8 1.16\ 1.349 .4842 .21H·i 6.3 2.065 ·ti66

.8.; II .7'iU 1.' 1.175 1.380 .4786 .'l201 G" 2.0S9 4.565

.8414 .7079 1.' 1.180 1.413 .4732 .2239 6.' 2.113 4.41l7

.8S18 .nol~ I.G 1,201l 1.445 .4677 .2188 Ij.6 l!.lj8 4-.571

.89:22 .6761 1.7 1.216 1.47!1 .·IGI!·~ .2188 0.7 2.163 +.1i77

.S128 .(;(i07 1.8 1.'130 l.514 ,4571 .2089 6.8 2.18S 4.786

.8035 .(;457 1.9 1.2-~5 1.54!! .4519 .20·12 (Ul 1!.213 4.R~)R

.7943 .6310 2.0 1.159 1.585 .4467 .1995 7.0 2.239 5.012

.7852 .6166 '.1 U14- 1.622 .4416 .10:'i0 7.1 2.265 5.120

.7i02 ,602l) ,., 1.28S 1.060 .4365 .1005 7.' Vt!ll fUN8

.7674 .5888 ,.. I.:JO~ l.698 ....315 .1ROi 7.:1 VI17 3.870

.7586 .5754 ... 1.318 1.798 .•'l1l6 .IS20 7A- i.9·H 50495

.749!.l .56'l9 Vi I.S34 1.718 .4217 .1778 7.5 2.1371 5.623

.NIS .5405 2.6 1.349 1.820 .-l169 .1738 7.6 2.399 5.1M

.iSi8 .5$70 2.7 1.36;; 1.81ii AI'll .1{198 7.7 2.427 !i.BSS

.7244 .5248 '.8 1.1380 1.005 .4074 .1660 7.8 2.455 6.026

.7161 .5129 '.9 1.396 1.950 .40i7 .1622 7.9 2,483 6.166

.7079 .5012 .~.O 1.413 1.995 .3981 .1585 8.0 2.5U 6.310

.B09S .4898 '.1 IA29 2.042 .!JYS6 .11i49 8.1 2.541 6.457

.0918 .4786 ••• l.445 2.089 .3890 .l514 8.' 2.570 6.607
,GSSll .4677 ••• 1.462 2.138 .~84G .B79 8.' 2.600 6.761
.6761 .4571 ,., L470 2.188 .:3802 .144.'; 8.' 2.6S0 6.918

.6683 .4467 ••• 1.+96 i.iS!1 .S758 .1413 8.' 'l.GGI 7.079

.l1007 .4S65 9.6 1.514 'l.:!91 .3715 .1380 8.G i.692 7.24·'

.6531 A'ltl6 '.7 1.5SI 2.941 .:)675 .1949 8.7 i.7iS 7A18

.64.')7 .,H69 :i.S 1.5409 2.899 .8691 .1818 8.8 2.7M 7.586

.6883 .4074 '.9 1.667 'lASS .3589 .1288 8.9 2.786 7.76'l.

.6310 .3981 '.0 1.585 :2.5l2 .3548 .1259 '.0 2.818 7.943

.6237 .3890 '.1 1.605 i.570 .9508 .12:30 9.1 2.851 8.128

.61GO .3802 ... 1.01!2 2.090 .3467 .1202 0.' 2.884 8.1318

.6095 .5715 4.3 1.641 !l.60i .SUS .1175 9.' 2.017 8.511

.6026 .S63t 4.4 1.660 2.754 .9388 .1148 0.' 2.951 8.710

.5957 •35018 ,.. 1.679 i,818 .93.'50 .1122 0.' 2JlS5 fUll9

.588S .3+67 '.6 1.698 2.88·i .mnl .1090 0.0 3.0iO 9.120

.SStl .3988 '.7 1.718 2.051 .52i5 .1072 '.7 S.OlioS 0.::133

.5754 .3311 '.8 1.738 3.0iO .9i30 .1047 9.8 3.000 9.550

.5680 .3i::l6 '.0 I. 7.'iB 3.090 .S199 .IOiS 0.' 3.126 9.i7'l
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=======::=DB TO POWER AND VOLTAGE RATIOS

TABLE I (continued)

-dH.. ...
I'tll/fiye Power db

VoII1/ge Porlier

/tulio UaI'io Uatio /{alio

.3162 .1000 10.0 3.162 10.000

.:1120 .O!177:i: 10.1 3.199 to.iS
,30110 .01)550 10.2 :USO 10047
.3055 .09383 10.3 9.i7:1 IO.7:l
.9020 .09120 IDA 3.::111 10.00

.29$5 .08913 \0.5 3.350 II.i2

.!i!9!i) .08710 10.0 :1.988 11.408
,S!1)17 .08511 10.7 SAS!8 11.75
.iSS4 .08318 10.8 3.'~a7 12.02
.28/H ,08128 10.9 8.508 1!i!.SO

.2818 .07943 J1.0 3.548 12.59

.2786 .07762 I 1.1 3.580 li,AI)

.27/H .07MIO n.1i! S.691 IS.18

.2723 .07413 11.3 3.073 13.49

.2692 ,07iH 11.4 3.715 13.KO

.'lOGI .07079 11.5 S.75fl 14.1S

.2630 .06918 11.6 5.802 14..15

.2(100 .00761 11.7 3.846 14.79

.2510 .061;01 11.8 3.890 15.14

.2541 .06457 II.!l 9.U36 ISAD

.2512 .06310 12.0 3.981 15.85

.U83 .00166 12.1 ".O'i!7 IG.2:l

.24.U .06026 12.2 4.07·~ 16.00

.Hi7 .05888 12.S 4.121 l6.!lS

.2~{Hl .0,:i7;1'" ItA '~.IO!J 17.38

.2571 .05023 li..5 4.i17 17.78

.is,,,4 .O.HOS 1'l.G ....i66 18.20

.!l317 .05370 12.1 4.SI.5 lR.O:!

.i2!JI .05248 li.8 4.S0.5 10.05

.H6S .05129 12.9 4.416 19.50

.2239 .05012 13.0 4A.67 19.95

.UIS .04898 13.1 -l.5 I0 iDA'!

.2188 .04780 13.2 4.571 20.89

.2103 .0·1(.77 IS.S 4.0U 2I.3S

.21S8 .04571 I~A 4,077 21.88

.211S .fH407 IS..5 4.732 n.SO

.i080 .04365 13.0 4.780 22.01
,2065 .04'l60 18.7 "".8U 23."'"
.!lO'l! .04109 IS.8 4.898 23.99
.2018 .04074 IS.9 ".955 U.55

.1995 .03981 14.0 5.012 25.12

.1972 ,03890 \4.1 5.070 25.70

.1f~50 .03802 l4-.i 6.1i9 ~6.30

.1928 .08715 14.ti tUSS 26.92

.1905 .03081 14.4 5.248 2i.54

.1884 .03548 I·U 5.300 is.18

.180i .03467 14.6 5.870 28.84

.1841 .OllSS!! 14.7 5.438 i9.51

.18iO .03311 14.8 6.40" 30.20

.1799 .082S6 14.0 G.559 30.90

.1718 .03162 15.0 5.623 31.62

.1758 .08090 15.1 5.689 32.S0

.1788 .03020 1.5.2 .5.754 38.11

.1718 .02951 15.5 5.821 55.88

.1608 .02884 15.4 .5.888 84.6;

.1670 .02818 1S.5 5.057 35,48

.IOOIl .02754 15.6 6.026 86.31

.16'1 .02692 15.7 6.095 87.15

.16n .02630 15.8 6.166 88.02

.100S .02570 15.9 6.237 8S.90

-db+.....
Voltage Power db Vol/I"'Je Po~er

Ratio Rlltio Ratio flalit.,

.1585 .02512 J6.0 6.310 39.81

.1:i6? .02455 16.1 6.888 40.7'6

.1540 .02399 16.2 6.457 4Ul9

.ISSI .02544 16.S 6.591 42.66

.1514 .OU91 16.4 6.607 'i8.65

.14-06 .02239 16.5 6.683 44.67

.1470 .02188 16.6 6.701 ",S.7l

.H6i .02138 16.7 6.880 40.77

.]'l'U .02089 16.8 6.018 "7.86

.1429 .Oi042 16.9 0.908 ·i8.98

.1413 .01995 17.0 7.079 50.12

.1306 .01050 17.1 7.161 5Um

.1380 .0190,'; 17.2- 7.2""- 52.48

.1306 .01802 17.9 7.928 IiS.70

.1549 .01820 17..10 7.418 54.0.5

.ISS4 .01778 17.5 7.499 56.i8

.1318 .01798 17.6 7.586 57.54

.IS08 .01698 17.7 7.674 58.88

.1288 .01660 17.8 7.762 aO.i6

.1274 .01022 17.9 7,852 01.66

.1259 .01585 18.0 7.943 63.10

.It--U .01649 18.1 8,09.5 6<10.57

.12:10 .0151010 18.2 8.128 06.07

.IUIl .OB?9 18.9 8.2n 67.61

.liOi .01445 18.'" 8.318 69.18

.1189 .01413 18.6 8.414 70.79

.1115 .01980 18.6 8.511 72.44

.1161 .01301,9 18.1 8.610 14.lS

.11~8 .01818 18.8 8.110 75.86

.11 5li .01288 18.9 8.811 71.62

.1122 .01259 19.0 8.913 19.43

.1I0U .01230 19.1 9.016 SUi!8

.1090 .01202 HU- 0.120 8S.18

.1084 .01175 19.9 9.2i6 85.11

.107i .01148 10.4 9.S95 87.10

.IO.'jQ .OHU 19.5 9.441 8D.IS

.1041 .01090 19.6 9.550 OUO

.10:15 .01012 19.7 9.661 OS.SS

.10iS .010·11 19.8 9.172 0.5.50

.1012 .0102S 19.9 9.886 97.72

.1000 .01000 20.0 10.000 100.00

-dH.....
Vol/age Power

db
Vollag, Power

Ra/io Rutio Ralio llatio

3.162 X 10-1 10-1 10 3.162 10
10-1 10'" <0 10 10'

S.162.XIO-1 10-' '0 3.16iX10 10'
10-' 10-4 '0 10' 10'

8.162XIO-' "r' '0 8.16tXI0~ 10'
10-' 10-' 60 10' 10'

3.IOilX 10~4 10-' 70 8.162XIO' 10'
10-4 H)-I BO 10' 10'

S.lll'tXI0-S 10-< • 0 S.162X 10• 10'

10-i 10-10 100 10' 1010

To find decibel values outside the range of tlus table, see page 181
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APPENDIX =======================

TO FIND; Decibels

II

RATIOS
one-hair of the Dumber of decibels titus
found.

Example-Gi~,,":It power ralio of 3Al.
Filld: S.41 in the lable:

9.·n->IO.655 db X J.i _ IUJ28 lib

TABLE
GIVEN; {Voltage} Ratio

Current
POWER

To find the number of decibels
corresponding, (0 :1 given power
ratio-Assume the given power rutio
to be a \'oltage ratio Ilnd find the
correliponding number of decibels from
the lablc. 'rhe desired result is exactly

"01//.19" .00 .01 .0' .0' .04 .05 .0. .07 .0' .0'Ilatio

..0 .000 .086 .172 .257 .341 ..,. .506 .588 .668 .74.?
1.1 .828 .I)OU ,niH 1.062 1.1:18 l.214- 1.289 1.564- IAS8 1.511... 1.58·~ 1.Ii.;6 I.727 1.798 I.SGS 1.988 'l!.OO7 2.07G 2.144 !l.i12
1.3 2.210 2.S45 2.411 20477 2.642 2.G07 2.671 2.754 i.708 2.860
1.4 2.923 2.084- 3.046 S.IUi 3.161 S.tiT 3.287 3.346 SAOS 3.464

1.5 3.•522 9.580 3.6S7 S.694- 3.1.50 3.807 3.862 S.918 3.973 4.028
1.. 4.0Bi 4.137 4.1!l0 4.2H 4.297 4.S50 4.402 4.454 4.600 ·US8
1.7 4.609 4.060 '1.711 4.761 ".811 4.801 4.010 4.9.59 5.008 5.057

I.' 5.105 5.15'l 5.!I!OI 5.U9 5.296 5,943 5.800 5..137 5.48S 5.520.., 5.575 5.02'1 5.060 5.711 5.756 5.801 5.8"5 .5.889 5.9$3 5.977

2.0 6.021 6,064 6.107 6.150 6.193 6.235 6.277 6.319 6.361 6.403
'.\ 6.444 6.480 0.527 0.568 6.008 6.649 6.689 6.729 6.769 6.809
U 6.848 6.888 0.027 6.966 7.00S 7.044 7.082 7.1t1 7.169 7.197
'.3 7.iS5 7.212 7.810 7.347 7.884 7.421 7.458 7A,{l5 7.592 7.568... 7.604 7.UO 7.676 7.7l5i! 7.748 7.783 7.819 7.854 7.889 7.92·1

2.5 7.959 7.09S 8.028 8.06i 8.097 8.181 8.165 8.199 8.iSi 8.266... 8.299 8.555 8.866 8.809 8.4S2 8.46.5 8.4098 8.580 8.56S 8.595
2.1 R.627 $1,059 8.6!H 8.728 8.755 8.787 8.818 8.S50 8.881 8.912
',8 8JH3 8.914 0.005 9.086 9.066 9.097 9.1i!7 9.158 0.188 IUl8,.. 9.248 0.278 0.508 9.S87 9.807 9.890 9.4026 9.455 0,484 0.518

3.0 9.542 9.571 9.600 9.629 9.657 9.686 9.714 9.743 9.771 9.799
3.1 I).Ri!7 0.865 l).88S 9.91J lU8D 9.966 9.994 10.021 10.049 10.076.., 10.10S 10.130 10.167 10.184 10,211 10.298 10.i04 10.291 10.317 10.S44
S,S 10.870 10.397 10.425 10.449 10.476 10.601 10.527 10.569 10.578 10.604
SA 10.680 10.655 10.681 10.700 10.7S1 10.7.56 10.782 10.807 10.8S2 10.857

S.6 10.881 10.906 10.991 10.955 10.980 11.006 11.029 11.05S 11,078 11.102
S.6 11.12G 11.150 11.174 11.198 ll.iii 11.i46 11.270 ll.iDS 11.317 I1.S41
S.7 11.864 11.587 11.411 IlA84 11.4!i7 11.481 11.604 11.527 lU50 11.573
S.8 11.696 11.618 11.041 11.604 11.687 11.709 11.752 11.754 11.777 11.799
S.' 11.821 11.844 11.8G6 11.888 11.910 11.982 11.954 11.976 11.998 12.019

4.0 12.041 12.063 12.085 12.106 12.128 12.149 12.171 12.192 12.213 (2.234
4.\ 12.256 1i.277 a.20S 12.819 12.84.0 12.861 12.382 12.403 12,424 12.44,1
U li.40S 12.486 12.500 12.527 12.547 12,50S 12.588 12.GO!) Ii.629 12.049... 12.669 1i.690 12.710 12.780 12.7.50 12.770 Ii.790 12.810 12.8iO 1i.8·i9
H 1!.80!J l!t889 12.908 12.9i8 li.948 12.907 li.987 15.006 18.026 19.045

4.S 18.064 IS.084 13.103 IS.ln 18.1"1 18.160 18.179 13.198 18.217 13.286
Hi 18.255 lS.i74 18.i93 IS.Sll!: 13.880 13.549 1S.868 18.586 13.405 ISAtS
4.7 1S.442 IS.460 13,471.1 18,497 IS.516 IS.r.:H 13.55i 18.570 IS.589 13.607
4.8 IS.GiS 13.643 13.661 IS.679 18.097 13.716 18.788 15.751 18.708 18.786.." IS.804 1S.82i! 13.839 IS.857 18.87.5 13.892 18.910 IS.9U 18.945 IS.90t

5.0 13.919 13,997 14.014 14.031 14.049 14.066 14.083 14.100 14.117 14.134
5.1 14.1.S1 lUOS 14.185 1·4.t02 140.219 14.286 14.255 14.270 14.287 14.805,., 14.82(1 14.S87 14.365 14.370 14.887 14.408 l'l.tiO 14,486 14.453 14,469
'.S 14,496 1·1.50!! 14.518 14.585 14.551 14.567 14.588 14.599 101.616 14..682-
5.' 14.6411 H.GO'l 14.680 14.696 14.71i 14-.728 14.7401 14.760 1·..,76 14.791

5.5 14.807 14.825 14.889 14..855 14.870 14.886 14.90i 14.917 I,U5S 14.1)48
5.6 14.964 14.079 14.995 15.010 15.026 15.041 15.05G 15.012 15.087 15.102-
5.7 15.117 16.183 16.148 15.163 15.178 15.195 15.208 15.224 IS.U9 l6.i54
5,8 15.f09 15.284. 15.298 15.818 15.828 1.5.8'S8 16.858 15.878 15.888 15.402
5.' 16,417 15ASi 15,446 15,461 15.476 15.490 15..505 15.519 15.684 15.549
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::::::::==================VOLTAGE RATIOS TO DB

TABLE II (eontinued)

1'01109(1
.00 .01 .DO ." ." .05 .0. ,07 .08 .00/lull'o

6.0 15.563 15.577 15.592 15.606 15.621 15.635 15.649 15.664 15.618 15.692
•. 1 15.707 15.721 IS.7S5 I5.H9 15.763 15.778 15.792 15.806 15.8iO 105.834-

6.' U.84S \!i.S6l! U.S70 1.5.890 l:'U)Q4 U.!H8 15,931 15.945 15,959 15.973

0.3 IUIS7 16.001 16,OI·~ IO.OtS IG.on 16.055 16.009 16.085 16.000 16.110
0.• IG.IU 16.137 10.151 16,164- 16.178 10. lin 16.205 10.218 16.232 10.24-5

6.' 10.258 Ill-nIP: 16.28.'5 16.298 16.312 16.S25 16.S38 IG.SSI 10.365 16.578

••• 16.391 100404 16•• 17 16.430 16.445 16.456 16.469 16.4SS tOADG 16.509
•.7 to..,IH!! 16.584- 16.•"'7 10.500 16.573 16.580 16.5U9 la.lilt 16.625 1(UIS7.., 10.650 16.663 16.670 10.688 16.701 16.714 10.726 16.7S9 16.752 10.764
•.0 10.777 16.790 10.802 16.815 10.827 10.840 11:1.852 10.805 10,877 10.890

7.' 16.902 16.914 16.927 16.939 16,9.51 16,964 16,976 16.988 17,(101 17.013
7.1 17.025 17,037 17,050 17.062 17.07' 17.080 17.0!l8 17.110 17.122 17. IllS

7.' 17.147 17.159 17.171 17.183 17.195 17.207 17.210 17.231 17.'iH:J 17.'U.5

7.' 17.206 t7.278 17.290 17.502 17.314 17.826 17.338 17.349 17.961 11.373
7.4 17,385 17.S06 17.408 17.420 17.431 17.443 17.455 17.400 17,418 17.490

7..'1 17....iOI 17.513 17.524 17.530 17..~47 17.559 17.570 17.582 17.593 17.G05
7.• 17.Gt6 17.628 17.630 17.050 17.662 17.673 17.685 17.606 17.707 17.719
7.7 17.7S0 17.741 17.7St 17.70·l 17.775 17.786 17.797 17.80S 17.8SW 17.831
7.8 17.842 17.863 17.1:10·' 17.875 17.886 17.897 17.90S 17.1H9 17.031 17.942:

7.' 17.953 17.964- 17.07t; 17.985 17.996 18.007 18.018 18.029 18.040 18.051

8.0 1t1.062 18.073 18,083 18,094 18.105 18.116 18.127 18.131 18.148 18.1.59
8.1 18.170 18.180 18.191 18.202 18.2Ii 18.2i3 18.234 IS.244 18.255 IS.266

8.' lS.210 18.287 IS.t!.17 Hums 18.319 18.520 18.340 18.350 18.361 18.371

'.8 1803St 18.S9t 18.402 Itl,4IS 18.4023 1$.4034 18,4014 18.455 18.465 18A15

8A 18.480 18,406 18.506 IS.517 18..527 18.5S7 18.547 IS.5:i8 18.568 18.578

8.5 18.588 18.509 18.609 18.019 18.629 18.639 18.0"'9 18.660 18.670 18.680

••• 18.690 18.700 18.710 18.TiO 18.730 18.740 18.7'0 18.760 18,770 18.780
6.7 18.790 18.800 18.810 18.820 18.830 18.840 18.850 18.860 18.870 18.880
8.8 18.890 18.900 18.909 18,910 18.9~9 18.0S0 18.049 18.951:1 18.968 18.978

8.' 18.9S8 18.90S 19.001 10,017 10.027 19.036 19.040 19.056 10.066 19.075

'.0 IlJ.085 19,OlJ4 19.10. 19.114 19.123 19,(33 19,143 19.152 19.162 19.171
9.1 19.181 19.190 19.200 19.209 19.219 19.228 IIUSS 10.247 IlUS7 (!).266

0.' 19.2.76 19.2S5 19.295 10.30" 19.913 10.32S 19.332 10.S42 19.351 19.300
9.3 10.970 19.379 10.888 10.908 190407 10,416 10,420 10.485 19.444 19A53
9.11 19.403 19.472 10.481 IOA90 19.409 19.509 19.518 19.527 10.596 19.5:15

0.' 19.554- 19.564 19.573 19.582 19.591 10.600 19.609 19.618 10.027 10.036
D.6 10.0"5 19.654 HU64 19.678 19.682 10.691 19.700 19.709 19.718 19.726
0.7 10.795 19.7H 19.753 19.762 10.711 19.780 19.789 19.798 19.807 19.816
0.8 19.825 19.89S 19.84i 19.851 to.860 19.860 19.818 19.886 10.895 10.OO~

0.0 19.013 1!1.(121 19.9ao 19.9::19 19.948 19.9a6 10.965 19.914 19.988 10.991

Vol/all'
0 I , 8 • • • 7 8 •ita/tO

10 20.000 20.828 21..58. 22.279 22.923 23.522 24.082 24.609 25.105 25.575
iO 20.021 26.44.4 26.84.8 27.235 27.604. 27.050 28.299 28.627 28.IH$ 29.U8
80 29..542 29.827 90.103 30.370 80.680 30.881 81.126 Sl.364 SI.fi06 81.821

'" 32.04.1 32.250 320405 32.009 3i.869 39.004 39.255 33.4H 9::1.6i5 33.1104

50 83.979 84.151 94.320 34..486 84.648 3....807 34.964 85.117 35.209 35.417
.0 35.603 35.707 35.848 3.5.087 36.124 36.i58 S6.891 36.421 SO.050 36.777
70 36.002 37.025 97.147 37.266 37.98.5 37.501 37.610 37.730 37,8U 37.95S
80 38.062 38.170 88.270 38.382 38.486 38.588 88.690 38.790 S8.800 ~8.088

00 39.085 3lU81 S!U76 30.S70 39.463 89.564 8!).6'!-5 39.735 SO,825 SO.9IS

160 40.000 -

To find ratios outside the ran~e of this table, see page 181
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INDEX BY TYPE NUMBER ================
INDEX BY TYPE NUMBER

Type ltem Page Type itelll Pilat
'00 '"ariae. 140 419·.'\ R«tificr-Typc Wa\·ctllc.lrr . 53
lOG Standard llllluCl;tIl(,.'C 3' 421-A Reactance l\Tder 74
107 Yariable 11llluctor 3~ ·l~!)·H Attclluation Box . 15
,0· Phantom·Antenna R('Sistor '8 ·J:H..R Audio Frcqueuc,r :\fcter 5,),.
'38 Binding Posts 171 437 Cenlcr:rap Resishuu:e Unit '"'1~~8 Switch Conlucts ami Stops. 171 ·'38 Socket . 17·:1
143.1) Hectificr Tuhe: 100. 1m! ·IS!) Center:!'"p Resistal!(,c Unit I :{!)

156 Socket. Ii:} ·B-I Socket. 173
llin Telephone Transformer. l.i8 4.i7-B Modulation i\fcler "'177 fnc!llclor As..~l1lbl,v liB 471-A Hlleo.slaL.Polcllliomclcr 1:17
'lOO Vurinc. I·W 475-.'\ Frequency 1I'£oniLor ."
'lO2 Switch 170 47ij·A (~lltl.rb: Uar '~I)

2012 Switch Knob 10' '~80 Heiny Rack 100
21~J Audio Oscillator 04 ·ISS Output Metcr I~I

214-A HIleoslal·Pot culiomct C'r 136 ·~S'I·:\ Modulated Oscillnlnr G:j

l21 G Capacity nridgc . 80 48'l·V Inductors . nn
~19 Decade Con~I(;lIser 30 488-D.1\[ Allernllting-Currcnl':Hdcr . 1!!3
~;Z2 I-'rt..>cisioll Conc.!cllscr . ~I;!,!!'" 'l88-Ill\ L<\lterna Ling-CurrcnlGnlvu l10lllcler124-
;!'?4 Precis.ion Wll\'C.lIlctcr .;, ·Hl'.!·A Oxide RectiGer 14!1
••9 Gal"unomeler hunt 8< 'l93 Vacuum Thermocouple!! l.iO
'H6 \'llriable Air Condenser _ "" 5011 Resistor I'?!}
'l·lI·F '-ari.:lhle Air Condenser. 145 505 Coudcllser "'8
'?-li.(; "llriahle Air COl1dCIISer , .- 50S·.\ OscillAtor . r':J.,
,?49 .\Uelluntioll Oox . ,. 509 Shmd:lr<! Condenscr , <8
260 "or(:elain Insulator 1'0 510 Ot.'Carle-Rcsistullcc UI,il 1:111,,

'!O9 \·ariometer 166 514-:\ .'\mplifier (i7

5!i·l Plugs llnd .Jacks 17-1 5IG-C Radio-Fre<luCI1C:r nritlgt! -.,,

2H Mounting lluses . 175 519-:\ Dinl Lens _ 106
'lH Pand Terminul lnsulators li(i 520-)\ Dial Lock 11;0
274-NC Shielded Condllctor liG 522-:\ Dill! r'llIte Ji(1

!l!JS-}\ Universal Bridge 17 .,.
Ilcsislor ,._0

293-.1' Accessories 78 .H6 l\[oullterl Rheoslat.Polent iomcler 20
aOI-:\ Hbcosta l- Potcution lcter 139 52!) AllcllualiOIl Box. 17
3H-A Itheosla l-Polcn liolllctC'r 137 5:!9-P I (jO~DU Attenuator 17
318·.'\ Din.ll'lnte 170 530 Daud·Pass }'i1t~r _ 114
3<O·J Attenuation Dox _ 15 53S·A Rheostat-Potentiometer 138
330 Filler Seclion 116 5::H Band_IJass Filler. 115
333-:\ RLeostal-Polellliollleler 138 535-A J··rC<luency 1\feler..Monilor 158
334 Variable Air Condenser. 144 63B·A Dislortion.Factor .Meter 11'il
335·Z Variable Air Condenser _ 144 539 '-ariable Air Condenser. 'ilG. 14~

339 Switch '10 5S9-I.-' Incremental-Pitch COllllelllOcr 0-_.
349 Socket, 173 541 Audio-1"requeuc."
358 Wavemet.er !·o Transformer 151.156.-
368 Yariahle Air ConueDser , 146 5-14-A :\legohm Meter '.j
371 Uheostat·PotcutiolDeter !36 a-H_PI ]}ower-Snpply Unit i6
376 Quartz Plales .,. 5·la·A i\ficrovoltcr 12~

S77~n Low.Frequency Oscillator 61 548·A Edgerton Stroboscope •
Si9 Radio-Frequency Choke '16 549·n Synchronolls~i\fotorContaclor , .,
380 Decade·Coudcuscr Unit. 147 .549·P2 Huud Contactor 5
'110-:\ Rheostat·Potentiomcler 130 552 Volume Control las
'118 Dummy Anlellna 96 !i!i9·A Noise Meter 5
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===================== INDEX BY TYPE NUMBER

INDEX BY TYPE NUMBER (continued)
Type Utili Page TyJ1ff 1tC1IL Page

tiOO-.\ Crystal Iluldl'r 153 G5'~·A l)eclldc \'oltagc Di,·idcr I"
5GI-C \'llcullm:l'uhc Urillxc •• 655-.\ Uedell SWeel) Circuit 103

.iliS "3.riable .\it COlldcn..~r . 143 656 ~ket . 1,:1

J7-t-Jj ;\ficro"llullC J1lllI1l11cr 15~ G.i'i' Socket . 1i:t

57... Wa\'cmcter 5·' 6.i8 Sockel . 173

5iJ-E l'it.-z.o..Ekdric Oscillator 4G 600-.\ 'ni\'cr al nack 161
5;;.U JIltluctor ....orm Itl(; 661 unit P:aucls am! :\~ries liN. 163
;;;8-.\ hicldetJ'I'randormer 86 GllG-.\ \'QrinL1c TralidorUler 158

J81-U FrI."Qucllcy-l)c"ialitlll i\lcLcr 40 60i·,\ 11U1'lclllucc Ilridge 79
.it.CJ-.\ Outpul I'ower Meter 119 GUS ('mUllellsated l)eclllle-HCliiltla'I~'C

.i8." AIldiu.PrC(lucllc~' Unit 131

Transformer 151. 1;;i8 GO!) Compensat.ed Slide-Wire Resistor 1:J1
58li l'ower·Levellndiculor 120 6iO (;oDlllClI§atoo Dt.'Clule Resislor I.
588-:\ill Din..'d·Currelll Meter 151 6H·.\ Po.....er uPI)ly I~

GOI-:\ Ul.ndanJ-Siguat Gellcrulor . 93 673-.\ Power SUPI>I.r 12(j
tiOl·P Induclors . 94 G'4 I'lugs autl Jacks 1'i4
60. Dccadc-UcsistanCC! llox . 9 67.5-1:1 l'io:o-Eleclric Oscillalor "6
003-:\ Slulldan.l- igll.lll Gc.ncr:l.lor 96 Oi.i·1. l'iczo·Eleclric Osc::ilJ:l.lor 4;
tiO!l-P Inductors . 9. (i';o.:\ Quarlz liar ami i\lountiug 4J

flO ~-" Tcsl-Signal GCllernlor 05 tiii Il1tluclur Form lWi

610·.\ R:\lio·:\rm Uux R6 618 Plug lUll) Juek UltS(' 16.';

611 Syncro·Clock ·~9 G79 1nduclor HJ~

GI'l-U Coupling llllllel 37 680·J Jnck Huse. 16.j

GIg-U Bent-Frequcncy Oscillntor GO 68;-:\ mt.'<:lron Oscillogr::tpllluHI Betlcll
614 ••\ Sclcct.in· Amplifier 48 SWttil Circuit 1m
615-.\ tleterod~'lle'f'reqllCllC~' Meler .iO GS1-PI CathoJe.Uuy Tillie 160
GIO-U Ilelerotlync }"'t'(."<!UCllcy Meler .50 68j'-T'~ Cathodc-Uay Tuhe 106
617-13 Inlerpolntion Oscillalor . 47 G90-B Piczo·Ek'Clric Oscililltor :J,j

(jIS·A lIn.rmonic Oscillulor . 39 GOI-B 'j'cmpcrulurc,Colllrol Ullil . 35
011.1 Ilct.erodync Dcli,.'<:lor 48 (192·:\ 1\1 \llLi \'iLrntor 35
(J-! 1·:\ J~llgert.oll I'ower SlroLoseope g 699--' Sync.ro-Clock: and Amplilicrs 3,:;
mn-A I'tl,.'<:.isioll \\'Il\'emclcr ;j~ 69·'-11 C<-nlrol 1'llnel :15
l.i'!.i-:\ Bridge s.; 69;i-A Chnrging £(luipmCllL 3,j
lj":2lk\ '·:.t.Cuurn-'I'ulJe Voltmeter 118 {j9{j·A I'ower Supply 35
627·.\ .Illek-Top .Insulator 17'2 702 Frictioll-Dri\'c Dial IG8
(J~8-A lusulalor 17~ 703 Friclioll·Dri\'(~ Oi:" ItiS
G-?f1-:\ I..c.'l.d-ln Assemhly 17'2 704 PrecisiOIl Dial Wi
630 Sland-OfT lmmlnlor 1-0 70.5 Fricliou-Dri\'e Dilll 170,-
GS,i_n F.lectron Oscillogrnph 101 'iOG Precision Dial 167
03:;- 1"'2 Clltluxlc-Iby Tuhe 102 ",0 Pluill Diu I 16/l
685-1"1 Clillloc.lc-Jlay Tuhe IO~ 712 Plain Dilll 170
636-}\ \\'ll\'C AIlIlI.yzer 10' 713-.\ Bent-Frctluclley {)",c·illlilur 58
637 l-1uled Knobs IG9 714-:\ Amplifier. tiS
GS9-.\ "arillblc Air Conclenser 145 7"17 Plaiu Di..1 ItiS
0411-U \'olume Control 13-1 7S0-.\ Tr.aIl~1I1 iOIl .)Iollitoring As-
646--:\ Logarithmic Hesistur 14 .sembly III
Uti Socket . 118 738-.\ lusert Termiual 171
650-A bopedance Bridge 70 7S8-D Pand Screw J'i6
651-A-E Camera Assembly 105 7ss-M Graeket 176
631-A-M Camera Asscmltly lOG 747-A Temperature-Control llox H
6.:iS \'olllll1e Control I" 756-:\ Yariahle Air Comlenscr . 146
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p,,,
:10

B7
o

'80
18

=S7 ,4~
.I08,liO

• ,GO
• lGO

.168,170
liO

''''1.."1
It~
!lli

~. :i
09,101

,114, 115
• lUi.0
.53
~7.50

· 1~3
.w.41
S4,SS

. lr.s, liO
· 124
· tSI

8,~

DO,93
95

108.11 I, 11~
SO

S1,4S
87,50

152
70.,
I~O

79
Sl

.104-100

. lli4, Iii,';
32,166

li1
17':!
\70

'"SO
3i,47

1G.&. 111;;, 175. 176
Iii!
174
169
17'!
HiG
lOG,.

01
75

1:i1.1~.1':!4

17
55

1;.\
m
••Si,50

.. 75
.110, til

•

I)CClIOO C(lIldCIlk'r .
-oondellser lIuit
-l'fiIislance box
-resistAnce nllil
\'Oltllh't ,Ii\·..kr .

Oett'Ctor, hch:rotl)'Ik' .
Dial, fridion-dri\'e..,~

"""plain
plales
~II

Oiret.1.-cunoent melf.·r •
Dislortion-fAdM n\etM'
011111111)' IlIlelllla .
&Igl.'tlOIl slrol.Jo!k.'tIllC
Bledron OtIcillogrnph .
Filler, b:nu.l-pou .

8CCtion . • , •
F~IIIC1lC.')· ..devilltioa meter
Fl'ft.tuto,lle,)· meter, aUllic

meter, neterotlrnc:
meter-munilor
UM)uilor
stllllliard •

f'rietion-drh'" dilll . ..
G.lvanumeler, Illlcrllll ting-I'lllTrn t

direct "(,.'\.Irr<:n t
shunt, • . . .

Cenerltlor, standnnl-lIigllal
tCll-signal

n.rlllonic analyzer
oscillator ..

Heterod)'tle de.t~tor

fre<IUCllC,)' ulClc:r
[(timmer, microphone
Impc:dnnce bridge. .
Incremenl"I'llilcil l.'oll,I('IlW:r
Indicator, po\\'er-Ievel.
lnductnnce brillge

stllndnrd •
Inductor form.

1'11I7-ill
\'llflllllie

Insert terminnl.
1nsulntor, jack.ttll).

pAnd terminlll
.tand-olf •

[ntefJlOlntion equiplllt'ni
oscillator .

JlIck bnse: • •
Jal:k..lol'insulalor
Jacl:Jl . .
Knob, fluted
Lead-in 1l.$Sl.'lIlhl.r .
Len.5,lli.1 .
Luck, dial. . .
Logarithmic l'6istor ,
Lo~-rrelluellc~' O!lcilllltur •
Megohm melcr
1\1 eter••Ilemat ing..t:urrt:lll

audibility.
audio frtquc:llC)' •
direcl.--c:urrtnl. •
distortiull-f.c:tor. .
rrequenc~'«\'ialion .
hc:terod)'tle frt!quencr
megohm •
moduilition
noise .

Page
· I,m

.121,129

· '"Gi.G8
· ,..
37.48

,OS
.00

'8
}j, 17, lR

\7
55

.154-159
GI--6-l, 15~

!lol, 115
_ 140
35,"5

ltH, 165, I7G
_ 175
.1012
.;soo

i..
171.,
so
77
50
7S7.7.
"70, ;7,8:;

• 77,85
78,86, 158

77••
o 176

2~,i4.27.~S,:lO,I"7,148

. 31,32
0,18-20, 129

.10·1-107
80

o 91),101
.100,102

· IS9

"· 176
35 49
· bl,.

• • lSI
2:t-'!7,14l-l4G

• 1-16
• 142

· :)0,147
lltl,30,14i,a8.,

22,24
· is,1-I8

1-12,143,146
.1-l9-145
.lol-H46

-l,ti
· 171
.S>
• 1-19

12I,I23,12l

"'55
.'l7

Atljustnble transformer (Ynri:II~)

Alh'rnating-eurn:nt meier .
gnl"l\lIollleter

Amplilier . .
OIciUOb'TSj,h
seltctin .

Allal)"U:r, wave
Antenna, tltulllU~·. .

raislor, phaulom
AHMuatton box .
Audibilil)' meter . .
Audto-(n."queney mel"r

lraJaformer
Audio oscillnlor. .
U:mJ'llass liIla
Band-spread OOlllknser
ILu, quut111
11uc:. jack. .

lUoul1li~ .
Uc::at.(rcttuenl"y romlellSer

oscilb.tor.
Ikdcll.tl'''«11 cin-uit
Binding poI15 AUll ~IIlLlia
Orid~ Ac:oeuories •

O'pacit:r •
<kt:ltlle •
fn:quenc)'. •
Iligh·rt5istllllCf:
illlpe<bmte
imluctalll'C
l1Illiu.fl't."Qucney
mistnn<:e .
skeleton-type •
transformer .
uni\·c:rsa.1 ,
Vnl.l.IUln·tube •

Clihle, shielded. . •
C.lihfflle.1 tmulcllllt'-r ,

intluclor ,
resistor . ,

CAIIIl'.rllllllJlClllbly •

c.IJlIt'il)' hrid/ll' • ,
(;lllilodc-rll.)' oscillogrilpll

tube, • ' .
Ccnler.lnJ> rcsisIRlIl.'C unil
Chllr"oing CfIUipl11clll. •
Chuke, rllilio-frequcnc)' ,
Clot:k, ',)'lIctO-. ,
Compensated decade-rt$isllUll'e Ilnil

,Iecade rniJ!lor ,
llide-wire rcWl'tor

VIlUlellller, air tlickt:lric
band,spread .
beAt-frc<luCnC)'
tlCallle
rUled , , .
incremenllll'!litch
precision •
stamla,..1 , ,
slraight.line.rrt:eIIIC'IIC.\'
trtUlSmilling •
lW'O-lCdion , • • •

Conlaclors, Ed~rtollalrol~
Cont.d.s, switch . • _ . •
Control panel .
Copper-oxide m.1 irlt!r

\'olt:meter
Coupling panel.
Cr,)'ltaJ bolder .
D~tJe bridge .
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Pug,

· lSI
• - . ISO

9, I~, 18-to, 1t1H31,.
· 131

9. I~, ISQ, lSI
18, 19, It!)

18,19

"IS
9,19, liD

.W,I55-IS9
37,48
• tj6....

OO,9S,D::i7.,.,
17S,..
172

\tS, 1.J8
Sl,SS.,

••
19.1~

90,03

'..
1("
171

'"170

•....
158

••...
"'".,..

, 1ti~-MlJ
78,80, 15S

I7S

••158
158

'".145-1·15
• 165

.161-164
77

· 161· .,
o 118

o'li!~f7, 142-146

••15.
'40
'66· ,.

Iii, I~, li-i
· 118

.ISiH:l4
· liD
· '98

.51-54, 15i!, 1;iS
51,5i

58

I\et:islance unil, compen51llcd dM"Rde
d«ll.de •

Resistor, t...libratW
compensated decade.
compensated .Iide-wire

-'"fixed •.
heav)'-dut)'
logarithmic _ .
phlnlonl-lUllennll
.tantlard . . ,

Hbeoslal'IKltt'uliomeler
Selecti"e :lrnplifier .
Shielded conductor

tnonslorwer •
hunt, gnlVlUlomeler

SiP,U'1 ge~rator .
SllI.lc-wirc resi.lor. . .

(,'Ompens:all'\l
Sockets. . . . •
SqUIre-laW plvlnomtll':r
Stand-off iosulator
Standard C<NXkwer .

.rrcquency auemblr.
inductance . .
mutual induetallt:e
m.istor . . .
-...ignal ~neralor •

Strobo6cope. Edgtrlon 0

Swu:p circuil, Beddl. .
S"ih:h contacts and .lops
Switch knob
Switdttl . . . • 0 0

Syoc:htoootl.$-lUolor contacl!,)r
Sym..TfH:lock 0 • _ 0

S~'1I('to·c1ock and Rlllplific.rs
Telephone trnndonner
TemperntllnHlOntrol box

unil .
'I'esl.Jliglllll gcnerator .
Thermocouple, \'IICIIlIIIl . 0 •

Trllll~rUrTller, n.djustllhlc (\Indue)
liuJio.rrC(IUt:lICY
bridge ..
mounting b,t$(:5

,hiclded .
telephone.
\'Arill.ble . . 0 • 0 •

Transmission monitoriugaAAClIIbl)'
TmnslllillillK condenser

illtluclor .
Unil.panell!quipmcnt.
Uni'-ersal britlge .

J'IIdc . . . •
YaCUUlll-lube hridb~ .

"oltmcl~r .
V.,iahle air condelliel'

inductor .
tnnsl'ormcr _

Variac .
V.riolB('ltr . . .
Voltage di"ilkr. l~tle
Voltmete.r,oxide-fL"Clilkr

Vll<:tlum-tube
Volume control

indicator .
'~a\'e InalY7.er
\\. vcutCtcr

precision .
r~tilier.l~·~

Pog_
, Ifl
· 119

121,1.25, If..
7<

'"".IS',..
'ii
G5

.110,111
.JO.41
• I.5S

W
.17a, 176

· ti5..
••15, 17, li2
5

lil-fH lSi
aH.OO

s.
;Ji•.J7

GI....
:J5,"6.47

G5,OO,Oli,05

••..
· ,OS

99, tal
99,101

'01
, 110
· 149

~7, 10i
· 176
• 170

.101-10:i,.
::'5,40,47..

· 105
· 174

20
.1$.5-1$0

· 120
· 110

35,I25,liG7.
ii,"
· W7
Iii. Sf.......... ..

.160.161,.
"....••
",..

,1't5, JiG
· 5.

.160,161

• •
70, i1,83

• 1:19

Meter, output.
tlutpul JlOv.'er .
oxide·redi6~r
~daQce .
tJlermorouple

:'Ilicropbonc bumlot-T .
mixing control
transformer .

Microvoltu . .
.\IOIlulatal oscillator
Modulation meter
Monitor, frequency

fl'fllW':IU=-.r meter- •
~louJlletl rhtostat-polclll iometer
Mounting bue .

Iron (mller •
Mulli\·ibralor. . . .
:\llIllIal intluctam.'C slumla"1
Xdwurk, aucnuntion
~oi:ie o\Cler . .
Oscillator, audio •

beat-(requcnr,)'
harwonic .
ioterpolalion .
lo\\··rrequeoC)" _
mOOulatal. .
picw-cledric •
n&tlio-freql1('nc,)'
luning-fork .

fkc-illognph amplifier
call1erv.. •
cathode-ray
electron .

Ouiliut meter .
power meter

Oxille rectiller .
l~ullcl. blank

lK.TeI\'. • •

terminAl insulnh)r
unit • •

I'hUlIlum-unl\:llIIlI resistor
Piela·electric OIlCilllllor
Ijlutu, qllart?. .
"lug I\lId jllck huse:
1~llIgs

t'olentiOlneler, mouuled
UlIlUOUlIt.a1 • •

Power-level indicator.
mtter, output
suppl1' . .
'SUllP)' unil .

PreeisioD condenser
dial.
wa\'cweter •

IlriDllU")" lta,odutJ or rmluellc,r
Quarls bar .

plates .
Rack, relay , , .
Hadio-rrequenc)' brKlge

eboke .
MC:iIJalor

1laLio-arm box .
neadan~ meter .
RediGer, oxide.

laboratory
Rtod..i6er·t.ype ""a"enJelcr
Rel.y r.ek, . . .
Re.islance box, dC(.'8tk

bridge
unit, center-lap .
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