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MOD:EL 335B

FM FREQUENCY MONITOR
AND MODUL.A.'l'Im !lETRR

SPECIFIC ATI CNS
F REQlJ"ENCY MONITOR

Frequency Range: Any frequenClJ fron 86 mc in 108 raCe Supplied with crystal
of frequency matching custcmer1s transmitter.

Deviation Rsnge: +3 kc to -3 1:c mean freque roy dev:iD. i:i one

Accuracy:
+'

Deviation indic ator accuracy better then ±1000 cps (- ,00110)

Power Required: Approximately 2 watts a Opere:te s :J8.tisfactori ly at levoJ.s
above and below 2 watts.

W~DULATION 1~TER:

Modulation Range: Meter 1'0 ads fu 11 S Gale on modu lation swing 0 f 100 kc.
Scale calibrated" to 100% at 75 kc; 133% at 100 kc o

.'I.ccuracy: ~lithin 5% modulation P9l'Coutage Olar enG ir e sca180

Meter Char a.oteri sties: :lJlctGr damped in e.ccord8noe vvi th Fcr; requirements c

Reads r;euk: value of modulation peal-c or durution between L~o and 90 milli­
seconds. Iii..eter returns from full reading to 10% of full valuo within 500
to 800 milliseconds,

.frequency R'3sponse: Flat wi thin :!:'~b from 30 to 15000 CpSI'

External Meters: Provisions aromade for instDlls.tirm or rdllots metor
having full scale sensitivity of 400 micro'31.peres. Scale should indieate
100% modulation at 300 m:~cro3I!lpercs. Extra meters can be stlppli.Jd wit h unit.

PE,,\K LIMIT INDIC.\TOR
Pe ak Limit Rnng G : From 50'10 to 120% modu J. uti. on (75kc := 100%) , Pro vis ion .
for external }X} ale indicator Sg

AUDIO au TPUT +J_
Frequoncy Range: ill cps to 20 kC g Response flnt v/ithin -·i~b. Equi ppcd
With stcnciard 75 microseccnd dt3-cmphusis clr cuit.

Distortion: Less tmn 0.2510 at 100% modulnt ione
I

Ou-bput Vol tal'!,'C: 10 vo Its into 20 ~OOO or-..nlS at low freq uonc ios l'J.t 100% medu­
Tnti on a-:CJOVJfreq'~el1eies •

i:ToiGe: At lOE-st 75'db below nudio output lnrol rcsul-i;:i.ng from lOO;s modulation
at law frequencies •

.Monitorinr, Output: L~,o Ill'll into 600 ohms bnJEme(l" D.t 100% modu lation at 10"/
i'requoncics(>

~; Fro nt panol lo-~r x 19":x 13" deepe

Pow'or: 115 volts 50/60 cps primary power. ReqUires ffpproximately 150 volts

-c..
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MODEL 335B

FM FREQ,uENCY HONrrOR
AND MODULATION ~STEF{

I N T ROD U C TOR Y

TIle -~p- Madol 335B FM }re~lency Monitor aDd
I:Iodulation MeteI' has been designed for monitoring the
carrier frequency and modalation of FM uroadcast trans­
mitt2rs.

TIle instrur.1ent a1.:'0 demoduls.i.;es t:le car:rie!' to
provide essentially distortion-free audio output for
aural meni taring and for measuring trrti18mi ttCI' perform­
ance characteristics. 'E"le ir.strul.I.ent h<:i.s been c9.l"efully
designed to provide the utmoet in stability and in trouble­
free performance. The ca!'rler deviat i')"L ine tel' read.s the
center frequency without OE:J7 ng affec cL)d by modtlla tion aHd
does not roqui.re frequent calitration ac1j ustnents e T!.lG

performance of the eq-llipment is to a hi~h doere0 independent
of monitoring power su.ppliod by the tr2.11smi-:;ter, :i.ine vol t­
age.v:ariatiuns, tube charaeteI'ist:t.cs, end temrGr~iture chan3es
wi thin tho range of "ariation norIi..all-y er:co'Vnter0d in br'oad­
east s8rvi~e¢

In addition '",0 ;no:'li t.)r':'ng t:l'3 c3..c'rier freqlJ.Gncy
and modt..lation of tho translil ttep, tl:le T,[Go.-.3). .33:JB 2.110vfs
mE'asurements of (a) i~cidental AM modu:::'atio'1., (B) PM :':1oise,
and (c) percentage modulatior: of the tl';-:nsm:' tter by the
carrier null method.

This manual pertains both to the 1'.IIodel 335B and
the t10del 335BR. '1'he S1Jffix "B tl distin~1)ishGs thi:; racl-::­
mountin.; st;;le from the cabinet style.

IT N ? A C KIN G

The crystal oven, its crystal, and the 200 kC/S
check crystal us'3o. in t:-LI s instr,..ment arc J,ac}{ed sGparatGly
to minimize the possibility of da.fl8.gc in trans5.t. TIle
crystal oven sbould be unwrapped ctJ.rcfully "aGing careful
not to damago the thcrmomett.3r prot:L"udin3 from the side of
the oven. 'rne RF fittIngs for thG rf input cable (not
supplied) are also packuBod with thu crY3tal qvon.

When the equlpr:.ent i.s first uYJ.pC'cked, it should
b6 carefUlly inspected for pOGsible damQge in ~r~YJ.s~t

and to make certain that all tubes 2nd l81ups are secure
in tho:!.1' sOGl.::etS$ If' aYl;j SllippiJ.1.5 c.arnago is discovered,
follow the dirE;ctions sot out in the Narranty at the back
of the m2nual. If the instr'J.P.18nt is rcturn8r1 to ~hp, factory
for anf reason, the cry'J tal uven must on p8.ckv(1 sOJ;JHl'at.::1.y
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to prevent its falling out of tho socl{f~t and damaging
the interior of tl1e cabinet. The 200 kc check crystal
also should be packed ~eEarately~

The crystal oven and check crystal should be
placed in their sockets before the dust cover is replaced
in this inspection.

INS TAL L A T ION

LOCA'rION

Special precautions should be takon to install
the Model 335B so that a generous circulation of air is
maintained. In order to obtain good circQlation, it is
desirable to mount the instrument above patch cord panels
or athol'" low power systems. Tne instrunlen~ can be oper­
ated in quite high ambient temperatures if this pre­
caution is folloNed.

In no case should the instr~llnent be operated in
surroundings such that the crystal oven t:nermostat loses
control; the crystal OVEm thermostat pilot lamp should
flash intermittently, showing that the theI'mostat is
controlling the oven temperature. If the lamp does not
light, tho uir flow ar:01.:nd the instr1.ll!lcnt should be in­
creased.

ELEC1'RICAL C01nJECTIOIJS

ThorG are trwee sets of electrical connections
to be made to the Model 335B and all of these connections
are made on tho back side of the instrumont:

(1) The motor base type plug on the ins trl.illlont
should b0 connected to a nominal 115-volt, 50/60 cycle
single phase supply. It should be noted that the
powor source for tbo OV0n ls connected pormB.ne"ltly across
the input circuit ahead of tho power switch so that tho
crystal will be maintained at the proper ton~orature

~hen the equipment is tur~cd off ~nd not in use.

(2) A coaxial type connoctor (Navy type-49l94)
is provided and should be connected to tho monitoring
p~ck-up provided by the trar.smitter m3.nufacturor. Pifty­
ohm coaxial cable such as RG-8/u should be used to cOllnect
the Model 335B to the pick-up loop. Relatively long lcn~ths

of cable can be tol'3l'ated for this connecticn. Directions
for adjusting the mcmitoring pick-up on the transmitter
are Qiven on page 5 o~ this manual,

(3) An eight-point terminal strip providos
connection3 for audio output, an extor'nal r.lOdulation
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• meter, and external peak modulation indicator lishts o

( a) Moni tor in['; autput : vVhen t orminal s 3 and 4·
are connected together, torminals 1 and 2 provide an audio
signal for fuoding a 600-ohm balancod circuit. ~rhe nominal
output is 1.55 volts (1+ mw) at 100% modulation at low mod­
Ulating frequencies.

(b) High Level Output: A high level output Is
provided between terminal 3 and ground (terminal 5) for
use with a noise and distortion analyzer or a his~l impodanc0
monitoring amplifier. The nominal output is 10 volts at
100% modulation at low modUlating frequencies and the applied
load should not bo less than 20,000 Oh111S. When making noiso
and distortion moasuremCJnts, terminal 1.,. should be disconnoct(~d
from t erminaI 3 to prevent any undesirable loading by the
monitoring circuits.

(0) External Modulation Meter: Terminals 5
and 6 aro normally joinod by a 1000-0:hm resistor. If
an external modulation meter is to be used, this resistor
should be removed ar.d tho meter connected between thase
terminals, 6 boing tho positive conn0ctlon and 5 (ground)
the negative. The external meter should "to identical
to the one in tho instrument in ordor to inrlicato accurately
and have tho proper dynamic ohuractoristics. It in re­
commended that oxtra mod'.llation motors bc obtained from
tho Hewlett-zackard Comp~~y, givins tho sorial nwnbcr of
the unit for whi eh the~T are intendod.

(d) External Peak Modulation Indicator: An
oxternaJ. indicating ldmp may bc placed in p,lrallJl with
the one in thu instrum.ont by connocting 1 t bCJtweon ter­
minals 7 and 8. Either a 3- or a 6- watt, 120 volt lamp
may bo usod. Not more than a fow hundrud. micromicro-farads
of capa.;i ty should be introduced by' th5.s connection so
that it is desirable to usc short lengths of low c~pacity

cable.

All leads connecting to tho torminal strip
and AC poywr c.onnvctiollS should bo isolated from strong
RF fields, pr'cferably using shiolded wire 0

I NIT I A L A D JUS T MEN T S

The initial adjustments for this unit ape the
samo as the usual operating adjustments, OXC0pt for thu
adjustment of the transmittor pick-up loop. The follow­
ing adjustmunts should bo made whon the f.1odul 335B is
first Installed and as often as dusired thereaftor:

(1) Turn on the instrumont aud allow a heating
period of at least a fOlJl.T hours, bocause the main crystal

-3-



will take somo time to be hoated to its propor tomperature.
Disconnect tho pick-up loop. During tho warm-up, koop Q

closo check T.oadin[S O".! th.e cT'j"stal thormomot8r wl-::ich ~G visible
throu~h the front panol Q If the reading of this ther-
mometer ovorshoots 65°c by any appreciable amount, tho
cause usually will b'J :'ound to be that the morcury column
in oi thc,r tho thormomoter 01' thol'most::tt is not unl ted.
Theso colurll.."Yls can be ro-united by removing tho unit in
question aLld 81tornatoly h8ating [lnd cJoling the unit.

Steps 2 and 5 below can bo performed aTter only
a few minutes warm-up, although as long a warm-up as
possible sho~ld be allowed boforo performing stop 6..

(2) Opon tho panel door and set tho CALIBRA1'E
- USE - CAnnIER LEVEL switch to the CALIBRATE position.
The CARRIER DEVIATION motel' will read closo to conter
scale and the PERCEITT I'JIODULATION motel' will road approx­
imntely 100~~..

Adjust the SET T0 ZERO DEV. control so t~at tho
CARRIER DEVIATION meter rends exactly zero. Adjust tho
SET 'ro lOO~~ control so tho. t the PERCENT r.iODUT.J-l. TIOl.\T motor
reads exactly 100%. ~eso controls adj~st tho countor
circuits to normal operation.

(J) Set tho CALIBRATE - USE - CARRIER LEVEL
switch to a position hnlfwuy betweon USE anJ CARRIER LEVEL.
Thero is a detent mech..:.mism at this point, although not
labelled on the p~nel.

A readIng on the PERCENT MODULA'I'r01J meter be­
tween 40 and 75 will be obta~ned with no si~nal comin3
from the transmitter. '.rhis reading should be peak8c- by
adjusting the condensel' maI'l-;;ed MULT 0::1 the chassis (not
on front panel) .. With this conde~oer peaked, a reading of
at least 40 on t:-le PERCENT MODULATION meter s houlJ. be
obtained.

(4) The condenser marked OSC on the chassis
should not need' adjustment. However, if a reading of
leas than 40 is obtaIned with the previous adjustment
in (3) ab0ve, it 1,18] be desirable to retune the oscillator
tank circuit will be found to vary slowly on one side
of the maximum and rapidly on the other side.. T~le proper
setting for this condenser is that which will give a read­
ing about 15% below tl c maximUJ.'11 on the side which varies
slowly~ This adjustment is not critical, s.Lnce it affects
only slightly the frequency and stability of the crystal
oscillator ..

•

(5 ) Next, set the CALIBRATE - USE - CARRIER



•

•

LEVEL switch to the CARRIER LEV~L position and adjust the
pick-up loop in the transmitter to give a reading between
50 a.nd 100 on the PERCENT MODULATION meter. The carrier
input level is not critical. TI1e power from the trans­
mitter can be adjusted from abo~t one-tenth of a watt to
4 watts w~thout affecting the accuracy of the Model 335D.

The reading on the PERCEET I...1ODULATION meter
with the switch in the CARRIER LLVEL positioli is approx­
imately proportional to the input voltage. With 10 volts
of RF voltage from tha transmitter, a reading of Approx­
imately 100% will be obtained on the PERCENT MODULATION
meter with the switch in the CARRIER LEVEL pcsition.

(6) The frequency cf the compari.3on oscillator
in the equipment has been adjusted to the specified
channel at the factory and can be expected to be within
a few hundred cycles of the correct frec:u.el1c~T when the
instrument is received o After the equipment has been turned
on for several hours, . the temperature of tile crJ~stal oven
will come up to 650 C. If it is desired to check the
frequency of the monitor against a s tfu"ldard tranmnission,
this may be done and the f~equency of the monitor can be
adjusted by means of the screwdriver adjustment marked
CRYSTAL TUNING uJlder the cover on the front panel.. This
adjustment should be made with the switch in the USE
position.

(7) The instrument is now ready :'01' operation
and only those adjustllents described under "Maintanance"
in this mam.l8.1 should be required.

(8) '.Then making noise measuremerlt s on tra.'1s­
mitters operating on charu1els 201,221,241,261,281,300, or
on channels near those, a spurious beat note may appear
in the audio output of the monitor. Its maximum amplitude
is approximately 65 db below the output for 100~t modulation
at low frequencies. The signal is caused by a harmonic of
the 200 kc I.F. signal "beating with the high frecpency
crystal signal: hence, by detunine either the transmitter
or the monitor crystal oscillator a few hW1dred cycles, the
frequency of the beat can easily be shifte1 to a high fre­
quency whene the de-emphasis in the monitor will place it
below the residual noi5eo

-5-
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OPE RAT ION

COlTTROLS

The panel controls with their functions are given below:

•

•

CONTROL

USE - C1LIBTIATE ­
C,'\nr:IER Lb"VEL

SET TO 100%

SET TO ZLRO DEVIA­
TION

CRYS TAL TUNIl~G

MODULATION POLAI1I'Yi

PEAK riIODULATIOn
nWICATOR

CRYSTAL TEr.:iPERA '.I'lDE

FUNCTIon

Connect front nancl meters so as to e~able I
the instrUT!lent to be calibrated, to check
the perfor.llance of tile comparison freq lency ,I

raul tiplier c1rcui ts, and to TIL "lsure the
carrier input level from the transmitter. 1
Adjusts current In final switchi!1g tubes
to proper ~jlagnitucle to insure tbat sei1sitiv
ity of both the CARRIER DEVIATIOn indica- I
tion a:r:d PETICENT MODULNrION indication are
correct.

Adjusts balanci!1g current in CARRIER DEV­
IATION meter so that zero deviation is
indicated when exactly 200 kc is applied
to the counter circuits. This adjustment
is made in the CALIBRATE position of the
USE - OALIBHArrE swi tell, In this position
a 200 kc volta~e from an internal 200 kc
crystal-controlled oscillateI' is applied to
the counter circuits •

Adjusts frequency o~ local crystal-controll
ed comparison oscillator so themcnitor can
be adjusted to read zero deviation for the
correct frequency.

Oonn3c"ts tho ffiod-u.lation and ~)eak indicators
so they respond in accordance with either
positive or neGative sryin~s of modulation.

Adjusts tho firinG poh... t of tlJ.e lJeak l:lod.u­
IBtion indicator 1a:i1p so the modula tioD.
level at which the flash will be obtained
can oe set.

~lcrmometer which indicates temperature
within crystal oven; normal te~perature is
apppoximately 650 0.
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In addition to these controls on the front panel;
throe controls are located on the chassis of tho equipmep..'L o

A potentiometer R)+9, locatod on a terminal board at the
left side underneath the chassis, is provided to adjust
the voltage regulator circuit if necossary when the
voltEtge regulator tubes are changed. A screw driver
control of tho tuning condenser (Osc) in the crystal
tank circuit is located just behind the crystal oven on
top of tho chassis. Further back of the panel in tho
same area is located the crystal mul tipli0r tank ciI'cuit
control (MULT) which is also a screwdriver adjustment o

\Jlhen the equipment has beon instt:,113d and ildjusted
in accordance with the foregoing instructions, nothing fur­
ther is nocessary during the operation except occasionally
to check the readings of the CARRIER DEVIATION meter and
the MODULA'l'ION metor in tho CALIDRA'rE position. The
CARRIER DEVIATION meter should read oxactlJl· zero and the
MODULATION moter should read exactly 100% wIth the switch
in CALIBRATE position. Any variations from those rea i11gs
may be correctod from time to time by mGans of the SET
1'0 ZERO DEVIATION control and the SET TO 100 control.

It ma;y also be desirable occasionally to check
the carrier level by returning the 3wi tell to the CARIHER
LEVEL posj.tion and peading the m.odulation m.eter. Any
reading in this position between 50 and 100 will provide
satisfactory operation.

OVER MODULATION INDICATOR

1~e modulation meter in the Model 335B FM
Froquency Monitor and Modulation Meter has beon designed
so that .Lt will indicate 90% 01' tb8 va.lue of' a m.odulation
peak of 85 miLliseconds duration o FurthGr, the modulation
metor' will fall to 10~b from a 100% reading in not less
than 500 milliseconds and not more than 800 millisaconds
aftor tho complete romoval of 100% raodulation •. Th0se design
requirements are in accordance with FCC standards.

In practice, however, mal1JT bursts of modulstion
in a typical program are of nruch shorter duration than
85 milliseconds--perhaps one or two milliseconds--and the
Model 335B dOGS not indicate the full peat: value of modu-
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lation bursts of extremely short duration. Nevertheless,
these short intervals of hi:;h modulation ar-e important,
because, if substantial overmodulation occurs on such
peal{s, tho resul t lTlB:y be detoc ted in receivers and aJ. so
may C2use adjacent channel interference.

In order co iJrevent these eondi tiona, it is recOl;'U11cnded
thaI::; tl::e r.Iodel 335B bo operated with its overmodulation indi­
cator (l~;J) a.9...i.~stin": kno"\) set not hi:~her th,.?-l1 7Qb. and that
the modulation of ehc traJ9.sH1.i tter be a(~ju.3ted so that
occasional flashing of th3 overmodulation indicatin~ lamp is
obtatned wIth common progral,: material. This will mean that
the ,30n6ra1 p.r06:ram level will rcs-ul t in the ordor of .50~G
modulation as indicated by the ceter. Modulation peaks of
short duration will bo higher than this value but probably
will not exceed 100%. This condition of operation is
desirable as it permits the true capabilities of high quality,
unique only to PM more nearly to be roalizodo Ovormodulation
is to be avoided as it results in considerable deterioration
of the program quality.

Any limiti!13 amplifier used. in he alldio system
should be essentially instantaneous in its actian. Limit­
in~ M~lifiers havin3 a control action slo~er than a few
milliseconds will permit D~d.ulation peaks goin~ consider­
ably above the 100;& level. 'f.his emphasis of short :llodu­
lation peaks by li:',li t:'n: aY:1plifiers is o8.l"'ticularly bad
in FlI Systems 'lUG to the pre-emphasis of th.e high freql..:t.encies
in tho sys tern. Therefore it is recoJ11...":'lencJ.ed that li ni tin;
amplifiers bf'. avoided unless their charac t3ristics and effects
on the entire system ape well known.

MEA SUR E MEN T S

JllliASURr~LmN1' 07 nrc IDE;'TTAL AI.IPLITUDE MO:JULATION
~--_ .. OlJ F~/l BRO'/lDCAST Ci\TtRIERS

A special jack is provided in the -h~- Model
335B PM monitor and r.1odt..lation I'Jeter to faciJ i tate the
measurement of spurious Ai,,! modulation on t:1e carrier of
~M broadcast transmitters. This jack is located on the
bacle of th.e instJrument and is marked J3. l'kasurements of
spurious AM modulation can be made with the use of 'this
jack and a sens:Ltive vacuum-tube voltmeter in the follow­
ing manner:

1. Couple the ur~rodulated JF voltage from the
transmitter to the Model 335B so that the RF voltage causes
a readin,?; of 100;.~ on the PETICI!;l-JT r~ODULj\'l'IOH meter when the
Ci'.. LIDHJ\'l':C - US:C - CAHRI::R L~~VEL switch is in the Gi\RRIlm
LEVEL posi t.ion. '1'h1s 1s equivalont to a carrier voltage
of 10 volt s or to an audio level (aas'unlng lOO;~ AU modulation

-8-



•
of +22 0 2 db referred to a zero reference on one milliwatt
in 600 ohms) 0 If it is not .Oossible to couple closely
enou~h to obtain a reauins of 100;!', record the readin3 ob­
tained.

2. Connect a tip-and-sleeve l/~.ll dia'neter tele­
phone t)'Pe !.)lu:5 to a sensit:Lve vacuum tube voltmeter and
connect the voltmeter to J3 on the back of the Model 335B.
;;n -hp- Model L~OOA., 400c, or the VTVM section of an -hp­
j\iodel 330B or 330C can be used for thi s meaSUrel.lent. The
lead Gonnectin3 the voltmeter to the jack slwuld be shielded
and the capacity should not exceed 100 mmf. Also connect
a 2-me..;ohm l'esistor across the terminals of the voltmeter so
that the resistor is shuntin:::; the line to the IVIodel 33~~B.

3. Read &nd record the audio volta3e reading
obtained on the voltmeter.

obtained
L~ •

froin
The percenta:?;e of ],,1:1 modulation can then be
the f'ollowin'::; formula:

%AM = Audio Volta0e x 1000
• dO i '(.1carr1.er rea In,:?; n:o

For example, aSSli...11le tho nF input was set to 100%
and that a rcadin3 of 0.1 volt was obtained on the voltmeter.
~hen, the percentabe of ~n)litude modulation is;

0.1 x 1000 =
100

100
100

5. On a db basis, 100~ carrier readin:::; corresponds
to an audio level of +22.2 db. The meter readin:::; of 0.1 volt
corresponds to -17 08 db. Therefore the Arl! modulation e.xpres3ed
in db is 22.2 db +1708 db or 40 db. Thus, the spurious AM
is, 40 db below tile condl tion of 100% AI'.! modulation.

NOIS:2: GL!'illTIA'J'::D IN MONITOR

The noise ~enerated in the Model 335B is at least
75 db below the audio output level resultinG from ~OO~
modulation at 10;/ frequencies. Assuming that 100;~ modulation
at a low frequenc~T provides exactl"JT 10 volts output at
the hi~"J.l-impedanco audio output of the LIodel 335B, the noise
as measured across a 20,000 oruu minimum load on terminals 3
and 5 should be not more than 1.8 millivolts.

l'J'oise should be measured with the swi teD. in the
CAIIBTIAT:: position. :;:n no case should noise be measured by
removing the RF input from the monitor vlth the switch in
the USE position, nor should the noise be measured by short­
ing the RF illput. rll1.en the Rl" is removed with the switch
in the US:;]; position, the monitor operates w1.th the equivalont
of a floatin3 Jrid circuit causing an increase
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in the noise level •

MODuLATION CHECK

The percent modulation of an FM transmitter
may be measured conveniently by the carrier null method
using the :!:F' signal from this monitor. Jack J2, which
is a phoJ.18 jack on the rear of the chassis, supplies a
small IF signal ""hieh. is ncrmalJ.y 200 kc in frequency and
contains the full FM swing of the transmitter. This output
should be connected to the antelma term.inal of !J. communi­
cations type receiver, preferably on.e which will tune to
200 kc. However, the signal is appro:;dmately a square wave,
so that the second or thi.pd harmonic could be used." 1'he
transmitt8r should be unmoc1ulated and the receiver BFO
adjusted to give a beat note of seve:oal hundred cycles.
As sine wave modulation is gradually applied to the
transrr.itter, the amplitude of the transrr..itter carrier, and
hence the receiver beat note output, will go through
successive amplitude nulls. Table 1 on page II gives
various combinations of percentp..ge modulation and modulating
frequency for the convenient _umber of nulls.

Other combinations may be computed using the
following relation:

Modulation index = freguepcy swing
modulat:'ng fl'eque:1cy

The values of the modulation index for which the carrier
disappears are those which are equal to the arg1..unent of
the zero order Bessel fUllctiolJ. when the function has zero
value. These values of modulation indices are given in
the following table. Additional values are spaced at
intervals of pi.

Null No.

1
2

~
~
7
8
9

10

Mod. Index

If the receiver is tuned to 200 kc, a rrodulation
swing of 75 kc is used at 100~ modulation. However, if
it is tuned to a harr'1onic, the modulation swing is also
multiplied, giving a correspondingly higher modulation
s-rIling fGT' 100% raodulation.
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• It should be noted that the accuracy of measure­
ment of modulation percentage is equal to the accuracy of
calibration of the modulation frequency. Also, it is
necessary that the modulation Sio Il3.1 have low Qistortion
if the nulls are to be very sharply i.ndics.ted.

The method described is ~sefu1 in setting the
modulation monitor sensitivity if it becomes necessary
to replace some critical part. Components whose value
directly affedts the accuracy of the modulation meter are
R38, H39, R4o, R53, Fi.58, and the meter Ml itself. If any
of these parts are replaced, it will be necessary to use
Gxact duplicate valLes or r·::;sct R39 as follows: Witt.
the transmi ttAr modulated 1007's wi th some convenient fre­
quency between 1 and 5 kc. Set R26 for 100% reading in
tlle USE position.. Then switch to CALII3RA. TE and set R39
for 100~~ reading. The monitor shoulc. read correctl"JT as
long as this 100/~ rcadill['; Is maintained in th0 GAT..J IBRAT:;;;
position.

No. of
Nulls

Receiver tuned to
200 KG

(751CC = 1001& mode)
Audio

%Mod~ ~;rGg "

Receiver tuned to
~_OO KG

(150 KG - 100% modo)
Audio

%Mod. ['reg.

Receiver tuned.
to 600 KG

(225KG=100%mod.)
Aud~1

~;; lYIod~ Freg.

15,000

15,000

15,000

15,070
10,000
5, 000 j

9,240
10,000

5,000

!
12,450 I

10,000 i

5,000 I

I

57.7

100
108 0 2

54·01

100
80.3
+0.2

J.5,OOO

12,720
10,000
5,000

17,330
15,000
10,000

100
86.5
57.7

100
78~6
39.3

100
120.5

60 0 2

6,360
5,000
2,000

5,020
5,000
2 , 000

4,150
5,000
2,000

13,950
10,000

5,000

8,670
10,000
5,000

100
73 0 6
36.8

100
115,,4
57.7

100
99~5
39.8

100
laJ 05
38 .. 2

100
129-9

64.9

2

8

3

5

6

I
I

10,050 ,I
10,000
5,000

8,300 I
10,000 I

5,000 I
3,080 100 6,160 I
4,000 81.2 5,000 I
2,000 32.5 2,000 i

1

10 100' 2,450 100 4,900 11 100' 7,340 II

8107 2,000 10201 5,000 6B o 1 5,000 ..
40.8 1,000 40.8 2,000 27.2 2,0001.--__....JI__-..,;.... ~__.....:__.....:_ __= ._ _'_ ~. _

•
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MAINTBNANCE

DAILY ~AINTENANCE

A daily maintonance check of the Model 3J5B is
recommended before the transmltter is put on the 8.ir.
This check can be made quickly by ~eans of the internal
calibration controls provided on the equipment. The
followins proceduI'e is reco::nrnended:

(1) Set the switcD under the panel door to
the CALIBRATE position. Set the CAR?I2R CKJIATION meter
to zero and the PERCENT AlODULL'l'ION meter tJ 2.0010 by
lueans of the correspondingly marked controls.

(2) Next, set the s~itch halfway between the
USE and CARRIER LBVEL positions. IL t~is position the
MODULti'.l'ION meter should read at least f11~o"- witb no power
coming from the t~ar-smitter.

(3) \Vhon the transmitter powe~ l3 turned O~,

set the awi teh to the Cj\RRIR.Lt LEVr:;L po s1 tioD to J:1al:e
certain tha~ TIP power is being rece:i.v"'J froin the tl'ans­
mittel". A readin~ between 50 and 100 should be obtain0d
on the PERCENT MODULATION meter. Lo~er readings indicate
insufficient power being received from the transmitter.

(4) Make certain that the:: f~or:.t pal~el thermo­
stat indicates that the temperature of tLe crystal oven
is at 65 degrees Centigrade.

(5) Set tbe switch to the USE position. The
instruxnent is now ready for use.

(6) If any of the above readings fail to come
~i thin th.e l.imi ts indicated, follow the:; procedure des­
cribed l.mder' fl Installationa Or' check fol' t"'J.be failure.

TlJBB REPLACEI,m::T'r

All of' the t1lbes in this instrum.en-s, 1J1iith the
exception of the crystal oscillator' tube, can be changed
without special precaution. \fuen any tube is changed,
it is deeirable to go through the routine maintenance
check as described above.

If the crystal oscillator tube is changed, a
shift in f~equcncy of the comparison oscillator m~y cause
an error of several hundred cycles in the readin~ of tho
CARRIER DElTATION metGr.. Althou3h this vartation is w811
within the limits of accuracy prescribed for FM service,
it is desirable to Ch0Ck this frequency when the oscillator
tube Vl is replaced.
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Tubes in the voltage regulator circuit can be

replaced wi tl1.out appreciably affecting the accuracy of
the instrument g although it is desirable to measure the
rGgulated voltage i'lhenever any of tubes VIOB, VIJ, '/14,
o~ v15 are replaced. The reoulated·voltuge should be
set at 300 volts de; hy means of R490

If abnormally high or low line voltages are
present at the station installation, it may be desirable
to check the operation of the voltaGe rec:ulator at line
voltagas within the range likely to be encountered. This
check can be 1';l8.de by connect lng a de meter to the regulated
side of the power supply and varying the input line voltage
to the instrument with an a"i.lto-trarlsforl:1er over the antici­
pated range of line voltage o The de voltage will be
constant wi thin the region of cOl1.trol of t.he reg"'J.la tor
circuit and will change at the enJ of the region of control.
~lis region of control c~n be adjusted somewhat by po­
tentiometer R49. N~rm2l1y, a varIation in line voltage
from 105 volts to 125 volts will have no measllrable effect
on the accu:r.-uc-.y" of the monitor.

STAJ~DARDIZING_OF CmiIPARISON OSCILLA'l'OH FRE'J§NCY

The frequency 0,[ the local cOElparison oscillator
is of the order o~ ~ megacycles. Tne circuits have beon
designed so this oscillator can operate at 1/20 of a
fY'lJquency 200 kc less ther: the transmitter frequency.
This design fe-cili tates checldng of the crystal oscillator
in the monitol' because the frequency' is always a fiUJ. tiple
.;:)1' 5 kc. Thus, a source of 5 kc s:!.gnal controlled by 2
crystal can be first set to zero beat lId th a W. W. V. tra..'1s­
mission at 5 megacycles. Then this same 5 kc frequency will
beat with the local comparison oscillator frequency to
provide a difference signal well within the audio range.
This beat ca1J. be brought to zero boat w"Lth the pre-sta~.ldaI'dized

5 kc signal by means of the crystal t'.l!15.ng adju.stment of
thG FM. mon1 tor. The o:ll~7" equipment EGC ';8 sary for thi s ad­
justment is a receiver ~lich will cover tho frequency r~nge

around 5 me8acycles 8.nd a sourC8 at 5 kc voltc.gc whicb can
be crystal controlled and adjusted slowly.

Many stations will prefer to 'J,se staEda:;,"d
monitoring servic3 periodically to chock their tral1.smicturs.
In this case, it 1s desirable to adjust the transrnittor
in accordance with the ~~structions of the frequency mODitor­
ing service and adjust the FM monitor to the transnltter
immediately thereafter.

Chocks of tho crvst&l frequency should not be
required except over very iong inte~vals: The accur8cy of
~he Modol 335B is such as to 1Esure va~iations in readiugs
of not more than 200 cycles over long periods of time.
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R. F. TUNING
,

Rot,"u.r..in3 of the ~iF r.:ircuits is inJj ce.ted if
the MODULATIO£ motor rJads less LlCn "40" when th3
CALIPRATE - USE - CARRI~R L~V~L switch ~s set ~idway

botvveen the USE and CARRIER LEVEL positions with no power
coming from the transmi ttor. (With power com1ng fI'om the
transmitter, tho roadlng will be 10 or so h13her on the
MODULATION meter than with no tr8.nsmitter power.)

TQ~ing the RF 38ction of the Model 335B consists
solely of peaking the crystal oscillator VI. This oscillator
operates at one-twentieth of a frequency 200 kc"below ~ho

transmitter antenna frequency (f~~itto;-200KC)c
---20--

Since the 1/10:101 335B mon~.tors the 88...100 rr.c band.,
thv oscillator oporates in tho vicinity of 5 mc, the exact
frequency depending upon the particular channel for which
it is to be used.

To aid in tunir-g the 08c111a[;or, the MODULA'rl:0N
meter acts as a tuning indioator when the CllliIB~ATE ... USE ­
CARRIER LEVEL switch is sat midway between the USE and
CARRIER LEVEL positions (with no trs.nsmi t te::> powel" applied).
This tuning should be made as fol~ows:

(1) T'n8 dust cover should be removed from the
instrument (l Switch sh'Juld be midway between USE ane,
CARRI~R LEVEL positions.

(2) Tune C2. (marked lIIUL'l' ::m chassis) for a max­
imum reading on MODULATION meter.

(3) Tune c6 (marlced OSC on d1 as sis) on the
high frequency side of resonance for a l'ead:Lllg a.bout J..51~
below the maxirrnm attainable 0 On the high frequ'.;mcy side
of resonance the moter reading varies much s~ owe ......, than on
tIle low frequency sidG as c6 is tunedo By tnnlnt?; 15f-
or more down in level, the frequency a; oscIllation is
made practically independent of tuning.

(4) If the reading on the MODULATION meter 1s n'J'iV
less than "40", a new 6AC? tube should be inserted a.nd allowed
to heat for twenty minutes or more. '1'he proceedure should
then be repeated.

CliANGE OF CHAN1TEL

If it is necessary to retune the oscillator
completely as, for exa:mple, when a new crystal .for a diff­
erent channel is inserted, the following p~ocedure is re­
cO!Tll'nended.
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Wi th no crystal in the circuit or when tilO
new crystal is inserted, a reading of abc'ut "20" is Gften
obtai~ed on the MODULATION r:1eter when the swttch is :::1io.­

way betw8en the UuE and CARRI]~ LEVbL positions. TI~is

reading is caused by osd llation duo to thE' 200kc t1.lned
circuits in the plate and sc.peen cil·cuits.

Now, per form step U) above. The ~lODULA'l'ION

meter reading will fall (;ff ';'I11en c6 is tlmed to the propcr
fJ."equency (unless C2 should happe!l to be tunec. properly,
L1 which case the ItIODULATIOI,j l!leter readil...g .vilJ. rise) 0

Now perform steps (2) and (3) in t~at order to
complete the J'et',Hling of the oscillator. There is a poss­
ibility that C2 (MULT) can br.:; tuned to tre wrong harmon.ic,
becaus e the t tming rans.') of C2 is about; 25% IrL d the c i1'Gui t
tu..YJ.6S to the fourth har:-.1oniG of thp. crystal c This can oe
avoided by reloovlng the bottom pl~te from the Hod01 335B
and observing that conder-sel' C2 (lvTCLT) is adjus teJ ll.ear r.llnirnurn
capacity for tLe higher <:hann01s and near maximu..:r: chp9.ci ty fo:!.~

the lower c1:Ja!lnels. Anotl:er indicatic'1 cf ~,'.121in3 C2 to the 'oJIT.i'on:
harmonic is that the CAR' IER DEVIA'rrON meter \"ill r'ead ::;.ff
scale when the Wodel 335B is returned to service.

It should alac, be rome:,:absred that tll.e freq.l ency
of' oscillator VI C2.n be adjusted o-,.-er a ral.1se of several
kc of the transmitter antenna fre'1ucncy by mer:ms of t~e

CRYSTAL TUNING control. Theref8r·.;, when using £, new crystal,
t~e Model 335D should not be uBsd on a new channel until
the crystE'.. l f:requency (and thus tlJ'" aCClJI'BCY of t~1e r!iodal 335B)
has been checked accuratoly or the Mojel 3353 zeroed against
a tranSlai tter whose frequency is lUlOwn at tht;) time of C01Jl­

parison.

C IRe U I T DES C RIP T ION

BRIEF DESCHIPTION OF orF;RATIOl~

The general operation of the r"10de1 3353 can be
described by referrin; to the bl0~k diagram on Page 18.
The transmitter frequency i8 combined w~tt an accurately
controlled frequency derived fro~ a crystal-controlled
oscillator in the instrwnent so t~&t a difference frequency of
200 kc plus or minll~ the modulation co~woncnts is obtained.
The frequency of UJis 200 kc moan diff0ronce frequency is
measurod by frequency counter circuits. 'The frequency count­
er circuits also demodulate the sIgnal. From this demodulated
signal the percentage of modulation is neasureo.o
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Also, audio voltages are obtained for measuring the dis­
tortion and frequency responsG characteristics of the trans­
mitter.

The local crystal-controlled oscillator operates at
1/20 of a fr8ql:ency 200 kc less than ti.le; transmi ttor frequoncy
(fxmittGr-200kc). Tho output of the crystal controlled

Tho frequency cOli.'1tor circuits are of tho pulse
integrating type and are designed to provide a high degree
of linearity over the fr8quency I'm ge 01' 100 l\:c t·J 300 lr.c"
A direct current meter in the output circu.it of these counter
tubes is used to measure the freqt.:ler~cy d0viD.tion of the carrier.
In order to 'J.se a mete"" of adequate s ens ~ tivi ty, a de cor.:pen­
sating current exactly eClual to the current generated. 1n the
counter circuits with 200 kc applied is used to b&lancs the
meter current to zero when the carrier of the tI'9.lliJlllit'cer is
on frequency. The sensitivity of this moter is such that,
when the counter circuits are driven by a freque~cy which
deviates by 3 kc above or 3 kc belovI 200 kc, a full scale
reading is obtained.

Sin~e the 200 kc signal applied to the counter
circui ts contains also the full ~nJ(tElation f:lw:1.ng, the counter
circui t s can be arl'anged to demodulate the frequency modu­
lation. The magnitude of t~is de llodnlated volta6e is uued
to measure the percentage modulation of the transmitter.
The audio amplifier which follows ~he freque~cy cour!ter cir­
cuits, drives th'3 modulation meter ani the peak modulation
indicator.

The frequency counter clrcuit~ are extromely stable
and will drift generally less than 100 cycles ove~ a 24-hour
period. However, an internal 200 kc check frequuncy is
provided to set the frequency deviation m6ter to zoro
deviation and thus assure accurate calibratioE of the fre­
quency counter circuits.

The calibration of the modulation l:J.oni tor is
standardized by standardizing the current fed into the fre­
quency counter circuits.

A'o.ldio output vol tag(:-s are provided for monitar­
ing or mee.suring the transmitter ontput.

The deviation metor is fuJly protectod from
overloads a~d no d<'?,ma~G to the in,Ttrurtlnnt will 0 ccur' if the
transmitter input is sudac~ly removed.
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An external modulation meter Bay be c~nnected

in series with the internal meter. Terminals aro providod
at the rear of thu chassis for this purpose •

DETAILED DESCRIPTION OF CIRCUITS

The scnGmatic ca8.<];ram o.-r: the £,1odol 335B at the
back of this manual should De followed in conjunction with
the followin[' descrip-:;ion.

Tube VI is the local crystal oscilJator tube which
generates the basic frequency with which the transmitter
f'requ8!lcy is comparcd. This tube is op0ratGd as an electron
coupled oscillator. The crystal :~s connected from grid to
ground when switch 32 is in the U8E position. The crystal
is mounted in a double chffinber oven whose temperature is
regulated by means of a mercury column the 1:'l!lostat. The
ch£..racterist::'cs of thi3 oven 5.re such that the temperature
at uhe crystal varies by considerably less than 1 degree
C as a function of time and ove~ an ambient range from
+10 degrees to +40 de3rees c.

The screen of VI is tuned to the crystal fre­
quency by means ot L3 and c6. The plate is tuned to four
times the crystal freqJ.ency by means of )',1, C2, and C3 ~

A small ca.paci ty Gl is connected d:i.rectlJ· across
the cryntal RLd provides for adjustment of ehe crystal
freq~ency by about 3 kc around the nominal transmitter fre­
quenqr.

V2A is the mi.::~er t-ube. A signal from the trans­
mitter is applied direc~ly tc the c£..thode of V2A across n9
and RIO parallel. The input signal is fed to the mixer
tr.trough a 50-ohm concentric cable and tl:e aharacteri stlcs cf
the termination R9 and RIO are such that a standin~l: wave r'atio
of not over lel/l is obtained lookin[; intG t~le RF h:put.
'rhe grid of V2A is driven by- the output voltage .from the crystal
oscillator tube at a froquency of four times the crystal fre­
quency_ This sigYla:!. ~o ...1blnes ','lith the sienal frm'1 the tr&ns,·
mitter to give a difference frequency in the plate circuit
of V2A which is 2JO kc plus the .full modulation swing 80n­
tained in the mcnitored signal.

VI is also arranged to provije the 2001;:c signal
for calibration of the pulse count-er circuits. 'I'his signal
is obtained by switching a 200kc cryst~ between Grid and
ground of VI and tuning the scrBen circuit of VI to 200kc
by nsans of L4 and Ce. ~ 200kc resonant circuit, L2 and c5,
is placed in series with the high frequency resonant circuit
in the plate of VL. This is possible because the tuninJ;
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capacities c8 and c5 are large enough to provide adequate
by-passing for the high fr3quency voltages generated when
VI is cOlmected in the USE position. Switching is done
by me~ns of switch S2B whic~ co~~~ects t~e input of the
counter circuits to either the output of ~ixer tUbe V2A in
the USE position or directly to the 200kc voltage in the
output of VI in the CALIBRA'rE posi tion.

V2B serves as s.n amplifier tube to amplif'JT the
200kc signal. A cr'ystal limiter, Yl and Y2, is connected
to the grid cir-cult of V2B so that the drivinG voltage 5.s
limi ted and clipped to provide a squ.are V!aV0 shape.

V3 is a phase inverter which applies the 200 kc
si~nal to the g~ids of v4 and v5 liliich are the initial
svITi tching tube~.. (.rhe space current for v4 and v5 are de­
rived from a constant current Generator tube v6. (.rhis tube
has a large un-bypassed cathode :r-csistor R60, a..7J.d tlle g:>.... ld
of v6 is held at a constant potential froin th(:- reg"l:~lated
power supply by means of F.2.3 and R24.. Wi th this clrcuit,
the current pClssint}; through vb, and consequently v4 and 1'51
is, to a high degree, independent of the amplitudo of tho
driving si3nal on tubes VL~ and v5 •

The operntion of svri tching t'J.bes v4 &.nd. v5 can
b~ described as follo'lIfs: 'l'he gi!id of vL. is driv8D positive
while the grid of v5 is driven to cut of1'. All the current
from v6 flows throush v4 al d P.21, thereby i~en3rating a flat
topped wave across R21. When the grid of v5 is positive,
a similar action takes place with all of the current flowing
through R22. Thus, the output of switching tubes v4 and v5
provides a driving signal 1~ switching tubes V7 an~ vB
\'\i'1, leb is nearly independent of tht:.: am.pli tude of the 200 kc
voltage, provided the 200 kc voltage is at least large enough
to provide the switching action thus described" Jwitching
tubes Vi and '18 oper'at0 2-D simila.r manner. vrnen thegr.i.d
of '17 is driven p03itiv~, the constant current provided by
V9 flows through V7. In this caS0, howover, C22 t~kes

all of the current initIally, but as the charge oE 022 Is
buildinG up, more of l-he cu~rent flows throu:::;l~ R33 vntil
finally C22 is fUlly charged to a voltage 'vhich is (,xa~tly

equal to the constant current provided by V9 flowing
through R33. In this manner, a pulse 01' accuratoly con­
trolled current flows throu~h C22 for Gach alternative half
cycle. In a 8i:'UIla.r lnariller, tho switching of: '13 g0Leratcs
a pulse of accura~ely controlled c~rront through c26.

C22 and c26 provido an addicional function.
3ince C22 is fully charged when the voltaiso ch ang88 so o..s
to cause vB to conduct, the anode of tub0 V7 is lwlc1 at a
low voltage, thus assIsting in the cut-off of V7 at the
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instant tube vB begins to draw current. In this manner, tho
time of rise of curr'Emt conduction in tubes V7 aYld vB is
Gxtremely rapid so that either ono tube or the othor is
conducting the entire COr-still1t current.

If the circuit constants are so arranged that C22
and c26 are fully charged within 1/2 cycle of the highest
frequency involv:)d, tho amount of current flowing through
C22 is a function of frequency on~y~ Tho current pulses
flowing through C22 and c26 arc rectified by means of a
bridg3 rectifier, and the r"sulting dc current is applied to
M2. This operation makes the response of M2 directly pro­
portional to freq'J.ency. In or-der to balaJ.1cG out the r08.clYlg
which vlJould be obtain3d on 1\:12 v.rtth a 200kc sic;nal, some
current is appliad in roverso through I.'I2. This current is
generated by a voltage drop across resistor R37 which
carries the SalTI-:: current wnich flows through current 1'0­

~ulator tUbe V9 and throush switching tubes V7 or VB.

The sensitivity of this circuit as a frequency
metGr is directly proportional to this constant current.
The balancittg current L.1 the mete:c varies in exact
accordance with the constant current. Thus, should there
be variutions in either the constant current or in the
characteristics of the tubes, the neter will still read
zero center v"i th 200 !{C appllec:. The current appl -!.ed. to t~e

deviation meter consist8 of & s0r1es 0: pulses of direct
current, the AC components of whieh are by-pn.~3sed thr-ough
C30. C30 is al so effecti.ve tc low audio f'requenc:!.e 8, thns
preventing the meter l'rom trying to follow the mod1.Jlat.ion.

When frequency modulation is arplied to this
counter circuit, the rectified value of the current varies
linearly with modulation. Tlis rGctified current generates
an audio si~nal in the primary of transformer Tl+ •. V17 sorves
as an audio amplifier stabilized with fee.dback by moans of'
a tertiary· windin6 on Tl!. so the response aild gain is
stabil:'zed o Tr.:.e al'.dio output from V17 is aJ)plied to v16A
wJ11ch serves D s an impedance trai13i'ormcr to operate the
modulation metor.. vl6B serves as 8.n imp6dance transforlaer
to provide a distortion-free audio output for ~onitori~g

and for measuring purpososft

The nctwoT'ks. and t~e rectif ioy' which determine
the operation of modulation meter Ul a~e conncct~d to
the cathode clrc-.:lit or V16A. This circuit is a peak
readin~ voltmeter in which a dc vu1ta3e is generated
across C39 equal in value to the pea.k v~Jlti.e of tho audio
frequency. C38 is arranged to feoc} additional powor
into the modulation meter ~n on rapid upswings, ane. the
n8twork of n53, in combination with C3U, together with the
dynamic characteristics of the meter movement provlde the
desired response and time characteristics of the modulation

-20-
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meter. The same d~ volta7,e w:l~_ch operates the modulation
meter is fed through RbI to the Jrid of VII. VII is a
thyratron arrangod to flash a lamp when the peak value of
audio voltage exceeds a pre-set level which is cont~ollcd

by R42 in the cathode circuit of VII.

Since the sensitivity of the deviation meter and
the ~alibration of the modula.t5.on motor aro d eIH.mdEmt, among
other things, on the rr-agnitude of' the constant current switch­
ed by tubas V7 and v8, a:.."'rangclUonts have been made for accurabe­
ly measuring that current~ Switch S2C and S2B connect meter
Ml to measure the cOrlstant current fed to thE' S'l'li tchJng t'J.bos.
This current is adjusted by means of R26 in thB grid of V9.

VIOA is a tube which compensates for h"LUll generatod
in the switchinc-; tubes. The hUD voltage is picked up in l:r3,
amplified .in VIOA, and applied as a control signal OYl V9.
This feature is of import:ll1ce when the equipment is uS6d for
meas 1.lring purpo ses c

Meter- HI is also arranged to measure the
grid current of the mi.xer tube. VVhe11 the f>w.i. tch is in t21e
CARRIER IE VEL position, Meter TIl is conI1.Gcted to the brill
circuit of V2A .so tn~t the grid r,ur:>ent drcWY"l by V2A because
of applicaU.on of input volta~e c an be determined. When
swi tcll S2 is in a position halfway between USE aI1.d CABRIBH
LEVEIJ, meter Ml is connectea. so as to measure thE; gric..
current of V2A 3enerated by the appl~cat~on of voltage
from tho local oscillator. '.rhus, thu tWll7.lG of t:r'e circui'~8

in the screen and plate of VI can be adj .lsted to make sure
adequate voltag'.' is obtaine d from the local crystal to pT'O­
vide proper mixing action.

DE;-emphasis of the audio v(,lta~jo is ol)taineci by
a network'R52 dnd c46 in the grid of v16So

Vl}+, \ilOB, V13, and v15 p:covi.du a regulated v,)lcage
supply for the operation of the critical circuits in the
equipment. V12 together with Tl, Lll, L12, C32, 033, and 034
provide the dc power for' the operatlon of the equipment.

The rectifier cryutals in the output of the
swi tchini.S tUbes and other ori tical compollonts r:H'e f5.1 tered
ar~d by-passod to eliminate opur)~ ous rl' plekup Wh~LC:o. otheI'wise
might have a deleterious effect on the operation of the
equipm.ont •
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CHART OF CRYSTAL F?c.l~QUE~JC rES

FO~ MODEL 33.5J3

F. 1.1 •. TRANSrU TTER 335B l' •
~. T11J\ NSIVII TI':::::R 335BJ;i"

CHAI!1:n~L PTE' uEHCY CRYJTAL Fi{FQ. CfiANNEL FRLQUEI:CY "R'T"TAL l'BF"--- --_ ..- ;:;22._-_tJ._'I'd...,.

201 88~1 tt4
Q5 251 98~1 L~895I' /202 8a~3 .. c5 252 98;3 4905

20~ 88 0 5 1 }' 253 98.5 ~-915~'_15
20 L 8G~7 Wi-25 2~L:_ 98.7 L~925

~ 88 .. 9 Li1-35 255 98~() h93520.:;;
206 89 ;1 -fiJi.1i5 25""0' 99.1 . 1+91i"5'
207 89~3 -~J-55 257 99~3 "Cic;'5,+, ,
208 89~5 ~1;,65 258 99~5 J~-9C.5
20g Gn'? 41.75 250 99iJ7 li(l~'S

I :"'. r/ I,
210 8009 LJ:55 260 99.9 L!::9!!5
2i-l- 90~1 h[j..9~ 261 100~1 1+995'
212 90;3

";T' " rJ 262 100,,3 5005L'_>O:J

~i?:_
90;5 Ii·SlS 26?: 100$5 501S
90.7 l-i-525 26.:- 100,,7 5025

215 90;9 1 ['''') r..J 265 100"Cj ~o"5tt-'1i':;; g04521b 91.1 C' e 266 101~1,./ ./

217 9' .., L~555 267 101 0 3 5055.... ...:;

2J.8 91~5 1!-565 263 101.5 5065
219 91 .. 7 ~~:)75 269 101,,7 5075
220 91.,9 t585 27() 101 ~.2 5085
221 92~1 459:5 2T1 102.1 5095
222 92.3 L~605 272 102~3 5105
22~ q2 5 1+615 27,? 102,,5 5115, .

€}~ '? L;-625 271.'.- 102.7 5125224- . -. I
22~) _,22.9 4635 275 102.9 5~-ti;:T20 '4t)Ii.s '27b 1'03.1

._----;=
93.1 .)1·S'

227 93.3 L~655 277 103.3 5155
22t3 9.3~5 [I c.·6e; 278 1()J~5 S165_v ~

229 93.7 );.675 279 103~7 5175
230 ~~9 1'6 280 103,,9 5185.:- 85
231 9.•1 . 4695 281 ·--ioJ.f.oJ. 519>
232 91:..3 4705 282 104,,3 5205
23~ 9L.5 1 71~ 28? 10" 5 5215i..l. ./ .~ Lt"
23L:. " L.725 104~7 52259. '7 28Lt:'-... ,
235 qL:.- 9 1i-7~5 285 loL~o 9 5235."236 9;;1 4·7~+5 '2"8'"D 105.1 52~5
9') 7 95.3 I ..... r'"' 287 105~J 5" C:r'(..-' "r ( /':J c.:;:;)

238 95.5 4765 288 105~5 5?-65
2'IQ 95.7 4775 289 10507 5;~75
2t6 95~9 1~785 290 10~~9 5') [J c-',- ;.;

21.~1 96.1 ~79j 291--10 .f
u

S295
2)12 96.3 )~G05 292 106.) 5305
2L~3 96~5 1.;.815 293 106~5 5315
24.1+ 96.7 ~1·825 291L 106.7 5325

• 245 96.9 4835 29~ J.06>19 5335
246 97~1 --'-BE 296 107.]. 5JT~Sl.!- Lj.
21~7 97 ~3 11 n c'c; 297 107~3 c;"55.0,), ,.j
21 1-8 97~5 L;.865 290 107~5 5365
2t~9 97~7

I ~ 299 107,,7 5375,+875
250 97.9 4885 300 107.9 5385
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TABLE OF Rl::PLACEABLE PPR TS

•
~ir_

cuit
Ref o Description

-np­
StockoUo,

Aanufncturer
and 'l'ype

1 +- -1 -4..,__' -4

•
Cl C~PACITOR: variable (trimmer type);

approx 25 mmf mnx; locking Wpe shuft
12-15 Sill'kG s-Tnrzi o.n:

J-2L~p

C2

C3

cL~

C5

C.AP.ACITOR: vc.riable (trimmer typo);
approx 50 mmf max; lockins type sh oft

CAP_I\CITOR: oeromic; 47 mmf; 500 VdCV7

CAPACITOR: micn; 5000 mnd'; 300 vdcw

CAPACITOR: silver mioo.; 620 mmf -t5%;
500 vdow

I ~.2-16

115-34
I
1 14- 14
I

15-12

S~rkes-Tnrzian;

J-55L

E1octricfl1 Reactanoe
Corp: SI-7 EPa

NJic A. mo ld: Typ0 "';1

Sangnmo: Type J

C)~ACITOR: silvor mica; 1800 l~; 500
VdCVl

CAP1\CITOR: silver mica; 620 mm±' ·t5%;
500 vdcw

c6

C7

C8

C"\PACITOR: varia blo
ap!Jrox,ilOO mmf m.ax;

't . .f )\ rlmmor cypo
locking type ShC.ftI12-17

115-19
I,
I

15-12

Sarkes-T~rzlan:
J-lO:5L

S:}ugmao: Type CR

C9

C10

Cll

CAPACITCR: mioa; 5000 nJci'; 300 vdow

CAFACI~OR: cera mic; NPO: 22 mmf; 500
vdcw

CAPACITO~: mioa; 5000 mmf; 300 vdcw

. 14-14
I
1 15- 2
I

I J.}~-14

rt.i.ca. mold: Type W

Electrical 'React6r1CE
Corp: CI-2

Mi.camold: Type';'\[

C12 C.\PAC:lTOR: mic a ; 1000 rmd'; 300 vclcw JV(ic amold: Typo) OXH

C13 CAPACITOR: ceremio; NPO: 22 mmf;
500 vdcw

c14 CAP.ACITCR: paper; two ;:lections each
a, b 0 0 25 mf; 6co vdow

C15 I CAPACI~OR: mm a; 1000 mrr£; 300 vdcw

c16 CAPACTi. CR: mica; 1000 mmf; 300 vdcw

C17 CAPACITOR: mica; 1000 nwf; 300 vdcw

1 15-21

I
I 17-14

II 14- 11

1
14

-
11

I 14-11

Elc::ctrical ::leaotlUlcE
Corp: CI-2

C'..elleral Ele ctrL:
23:F'628

fl:ia arno ld: Type OXM

Mia arno ld: Type OXM

Jliliu amold: Type OXM

Gene ral E1e ctric:
23F467 GI03

W.cumold: Type OXM14-11
CAPACITOR: paper; 1 mf; 600 vdcw

CAPACITOR: mica; 1000 mmf; 300 vdcwC18

C19

1;
7-12

I C20 CAPACITOR: paper; 1 mf; 600 vdcv . 17-12 General E18ctric:L_-",._. ._~--- , ---l.._£...t")~"L;i[i'i..!=.))~,.6~7IG~1.0"'_1:~'-____J

-25.-
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TABLE OF REPLACEABLE PARTS

Cir­
cuit
Ref . Description

-hp­
Stock No.

Hanufacturer
and Type

• 021 CAPACITOR: ceramic; 1000 mmf; feed thru
type

15-21 Electrical Reactffilre
Co:cp: OF-1

C22 CAPACITOR: ceramic; NPO: 110 mmf =-2 10 15-22 Elect!'ical Reacta.'1re
Corp: SI-7

C23 This reference not assigned.

c24
a,b

CAPACITOR: paper; two sections each
0.25' rnmf; 600 vdcw

17-14 Goneral Electric:
23F628

C25 CAPf,CITOR: paper; 0.05 mf; 600 vdClJ 16-15 Aerovox: Type ~84

026 CAPACITOR: ceramic; NPO; 110 mmf :-2% 15-22 Electrical Roactanre
Corp: SI-7

C27 CAPACITOR: cerandc; 1000 mmf; feed thru 15-21
type

Electrical Reacta.'1~)

Corp: CF-l

028 This reference not assigned

CAPACITOR:
type

ceramic; 1000 mmf; feed thru 15··21 El0ctri cal Rea ctanre
Corp: OF-l

C30 CAPACITOR: dry electrolytic; 50 mf;
50 vdcw

18-50 Mallory: TC-39

C31 Cl'.PACITOR: paper; 1 mf; 600 vdcw 17-12 General Electric:
2}p'467G103

C32 CAPACITOR: paper; 4 mf; 600 vdcw 17-10 Cornel1-Dubilier:
TLA 6040

C33 CAPACITOR: papar; 4 mf; 600 vdcw 17··10 Cornell-Dubilier:
TLf 6040

17-10CAPf.CITOR: paper; 4 mfj 600 vdew Cornell-Dubilier:

I
TIl- 6040

C35 I CAPlI.CITOR: paper; 1 Tllfj 60() vdcw 17-12 General Electr'tc:
I I 23F467GI03

C36 I CAPACITOR: paper; 1 mfj 600 vd.c" 17-12 I, Geil.eral Electric:
i 23F467GI03

C37 ,I CJ~ACITOR: paperj 4 mfj 600 vdcw 17-10 Cornel1-Dubilier;
TLA 6040

I-

C38A 1__C_A_P_h.._C_IT_O_R_:,_P__8._
p_o_r_;._1_mf_;._6_0_0_V_d-:CW;:;;,-:- .l--_1_7_-_

1
__
2

,General Electri c:~ 23F467GI03
-24...
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TABLE OF REPLACE.I'J3LE PARTS

C-5)

-72

ance

XM

°

Cir-
cuit -hp-', Manufacturer'

Ref. Description Stock No. andTyPc

.

c38n CAPACITOR: paper,: 1 mf; 600 vdew 17-12 Genoral Electric:
23"FL~67Gl03

C39 CAPACITOB: paper; 4 m'.fl:; 600 vdc,.". 17-10 Corne11-Dubi1ier:
TLA 6040

c40 C/.PACITOR: dry electrolytic; 10 rof; 18-10 Mallory: Type l>ffi

450 vdci';

1
041 Ci~ACITOR: silver mica: NPO; 62 mmf; 15-25 Aeravox: Type 14·

500 vdmT I

C42 I Cl.PACrfOR: dry electr:)lytie; . 50 mf; 18-50 Mallory: Typo T

I 50 vdcw

c43 I CAPACITOR: papar; 1 ml'; 600 vdcw 17-12 General Electric:
I 23F467GI03

cl+4 CJ'.PACITOR: mica; 1000 mmf; 300 vdcw I 14-1000 Micamold: Type °
C45 CAPACITOR: paper; 1 mfj 600 vdcw 17-12 Gp,neral Electric:

I

23F467GI03

c46 CAPACrrOR: silver mtce.; 510 romf ~510; 15 ..2 4 Micamald: Type P

I 500 vdcw
I

c47 CJ;PACITOR: cera.m.i.ej 110 romf 15-2?
I

E1oetriea1 React,
Carp: 81-7

c48 This reference not assigned.

•

C49

C50

C51

CfUlACITOR: mica; 150 rrunf; 500 vd.cw

Cl~ACITOR: mica; 150 mmf; 500 vdew

CAPACITOR: mica; 150 ~f; 500 vdew

14-150

14-150

Micamo1d: Type OXM

MiC8J1l.01d: Type OXM

Micem:.>1d: T.\rpe OXM

C52 CAPACI'L'OR: mica; 150 mmf; 500 vdcw 14-150 MiCarD.::J1d.: Type OXM

C53. CAPACITO'R: mica; 150 mmf; 500 vdcw 14-150 Micamo1d: Type OXM

CAPACITOR: mica.; 150 mmf'; ;00 vdew Micam.o1d.: Type OXM

C55 CAPACITOR: mica; 150 mmf; 500 Vdew 14-150 Micamold: T'Jpe 0:x1-1

CAPtCITOR: mica; 150 mmf'; 500 vdew

057 CAPACITOR: mica; 1000 mmf; 300 vdew

C58 CAPACITOR: mica; 1000 mmf; 300 vd.ew

~2.2....-1 CAPACITOR: mica; 10QO mmf; 300 vdcw-25 '.

14-150

14-11

14-11

.-l-_---'=14-11

Mlcamo1d: Type OXM

I
Micamold: Type OXM

Mi camo1d: Type OXM

~lCamOl9:;_~qPi



TABLE OF REPLACF.JiBLE P/\RTS

Fl

F2

11

,12

Ll

L2

L4

FUSE: cartridge typo, sizG 3AG; rated
0.025 amp .. 250 volts

FUSE: caftridge type, size 3AG; rated
2 amp; slow-blew type

Lf~: incandescent; 6 watts; 120 volts;
candelabra screw base

LAM?: incandescent; 6-8 volts, 0.15
lamp; min bayonet base

UHF PANEL .TACK: Navy Type -49194

JACK: telephone tJ'''Pe

JACK: telephone type

COIL: 0.9.- microhenry; phenolic form

COIL: 1.1 millihenry; plwJ10lic form

COIL: 2 m.~crohenry; phenolic form

COIL: 0.9 millihenry; phonolic form

211-6

211-16

211-5

211-47

38-50

38-10

38-10

/ 35F-6oA

35F-60B

35F-6oC

35F-6oD

Littelfuso: 312.25

:Eu~n: MDL2

Gen8ral Electric:
s6/6w

Gen8ral Electric:
#4 C

(

}\mpheno1: #83-1R

Switchcraft

Switchcraft

Hewlett-P?ckard:
35G.. 6oA

Hewlett-Pnckard:
35F-GOB

Hm.,rlcrtt-Packllrrd;
35F-6oc

HewlJtt-Pnckerd:
35:B'-60D

, L5

L6

L7

L8

L9

COIL: 1.5 microhenry chok8; phenolic form 118-1

COIL: 1.5 miorohenry choko; phenolic form 48-1

COIL: 1.5 microhenry choke; phenOlic form 48-1

COIL: 1.5 microhenry choke; phenolic form 48-1

COIL: 1.5 microhenry choke; phenolic form 48-1
:-26-

Eloctrical Reactanre
C01~P

Electrical Reactanro
Corp

Electrical Reactanro
Corp

I Electrical Reactanro
I Corp

I Electri cal Reactlillro
i .corp



TABLE OF REPLACEABLE PARTS

Manuf~cturer

and Type

Electr::'cal Roactan09
Corp

Description

1.5 m.i.crohenry choke; p~enolic f:n:ln 48-1COIL:

Cir­
cuit
Ref.

L10

-hp­
stock No.

I----f-------------~,----+-------I
•

Lll FILTER CHOKE: 6 henries at 125 madc;
240 de obm.

~-61 Robert M. H~dleyCo.

(911-12A) #81()9A

tv1ETER: 400 micr~amp full scale 4-1/4"
x 3-15/16"; illuminated type

ttlETER: zero contor miCJ"08.111meter;-:15.0-15
mtcro .:mps full 8cale; ~.-1/4" x 3-15/16";
illuminated type

L12

Hl

M2

FILTER CHOKE:
2~·0 de ohm.

6 henries at 125 made; M-61
(911-12A)

1
112

-
13

I 112-12
I

Robert M. H?dlcy:
#8169A

Weston: Hodel 861

Weston~ M8del 861

R2 HEATER: wi rewound; 5 ohms (part of oven I
assembly; see entry followi-:ng lIXtal-2"

Rl RESISTOR: composition; 2701000 ohms;
~ watt

23-270K fillen-Bradley:
EB-2741

Allen- Bradley:
HB-2231

P-llen-Brad.ley:
GB-5631

~:5-18K Al1en-Brac1l8Y:
HB··1831

24-56K

25-22K

2~'-120K Allen-Bradley:
GB-1241

23-30K Allen-Bradley:
EB-3031

24-6800 Allen-Brcdlcy:
GB-682 I

composition; 120,000 ohms;RESISTOR:
1 watt

RESISTOF: composition; 56000 o~ms; 1 watt

I

RESISTOR: composition; 22000 ohms; 2 wattJ

I
I

RESISTOR: composition; 18000 ohms; 21watt1

RESISTOR: composition; 30;000 ohms; "2 wat1

RESISTOR: composition 6800 oh~; .
I watt

R4

R5

R3

Ro

R7

R8

R9 RESISTOR: composition; 100 ohms; 2 watts 25- 100 Allen-Bradley:
HB-IOll

RlO RESISTOR: compo8ition; 100 ohms; 2 watts 25-100 A11en-Brcdlcy:
HB··lOll

•

Rll RESISTOR: c~position; 10;000 ohms;
1 iofatt

24-l0K Allen-Bradley:
GB-I031

I
Rl2 RESISTOR: compesition; 100 Olillill; 1 w~tt 24-100 Allen-Bradley:

.:.-__.L... -=-2=-'7'-- .l...- ~__G_B_-_10_1_1 ...



TABLE OF REPLA CEABLE PARTS.
Cir- I
cuit -hp- Henufecturer
Ref . Description stock No. and Type

:Rl3 RESISTOR: composition; 820 ohms; 1 watt 24-820 JIllr.n -Bl'adJsy;
GB··8211

rn4 RESISTO:R: composition; 82aO ohms; 1 watt ?It-8200 All-on-Bradley:
GB-8221

R15 RESISTOR: c:Jmpcsi tion; 560,000 ohms 24-560K Allen-Bradley:
1 watt

R16 RESISTOR: co:apositi on; 82000 ohms; 1 ltlntt 21.. -82K i ..llon-B radley:
GB-8221

R17 RESIS'l'OR: camp 03 i. i.ion; 4700 ohm.s; 2 watts 25-4700 f,llen -Braclle;y;
HB-1~'i'21

R18 RESISTOR: compo;3i tion; 4700 ohms; 2 watts 25-4700 Allen-Br9.dloy:
EB-4721

R19 RESISTOR: compositior~; 33000ohms; 1 wat.t 24-33K Allen-Bradley:
GB-333l

R20 RESIS']OR: composition; 33000 ohms; lwatt 24-33K Allen-Br9.dley:
GB-j33l

R21 RESISTOR: composj. tion; 4700 ohms; 2 watts 25-4'700 Allen-Bradley:
HB-h721

R22 RESISTOR: composition; 4700 ohms; 2 watts 25-1+700 J\llen-Bradley:
HB-472l

R23 RESISTOR: cO!lxpBsi tion; 560,000 obms; 24-560K Allen-Brad.ley :
1 watt GB-S6)+1

R2).j. RESISTOR: composition; 82000 ohins; 1 watt 2h-cl2K '\llen··Bradl1y:
GB-5231

R25 RESISTOR: composi tj.on; 830,000 ohmB; jl-830K VTilkor: OF-l
precisIon type; 1 watt

R26 POTENTIOMETER: camposltion; 50 ,000 oboe 210-1·8 Centrl1.1ab:
33-010-176

R27 RESISTOR: compostti~m; 103,000 ohms; 3l-l03K Wilkor: CP-l
precision t.yp0; lwatt

R28 RESTSTOR: c:)'!D.posi tion; 1500 ohms; 2 watts I 25-1500 Alltm-Bradloy:

I
BB-152l

R29 RESISTOR: composition; 1000 ohms; 1 watt I 24-1K Allen-Bradley:

I I GB-l021

R30 RESISTOR: c:mpooition; 220,000 ohms; I 24-220K Allen-Brlldloy:
1 w~tt

I GB-2241
, 28- -l -r- .-

•

•



• Cir- I
cuit
Ref. Description

TABLE OF :REPLACEABLE PAR'l'S

I ··hp-
stock...~o.

Milliufacturer
and Type

• I----+-----------------------.-.t---------i-.-.--.------~

R3l RESISTOR: composition; 33000 ohms.: 1 "ratt 24-,53K

RESISTOR: comp~sition; 33000 clmlli; 1 watt 2~-33K

A11en-TIrad.1ey:
CB-33)1

f111<.:n -Br9.dlDy:
UB-3331

R3.3

R35

R36l\.

RESISTOR: 1virewound on phenolic card;
1200 ohms; precision type

RESISTOR: wirewound on phenolic card;
1200 ohms; prec.ision type

POTENTIOMETER: wire lJ.nd; 300 alms;
scrowdriver adjusting

RESISTOR: precision wirewound type; 9100
ohms; wound on phenolic card

35F-55

I 35F··55

210-53

35F-55A

Hewlett-Packard:
35E-55

Hf:'wlett-Paclmrd
35F-55

Centra1ab;
21-010-358

Hewlett-Packard:
35F-55A

R36B
or
R37B

R37A

RESISTOR: precision cc:mposition type;
1 watt; exact value selected during
Ill.8.nufacturer:· .:. t'3stS

RESISTOR: precision wirewound ~ty"pe;

510 ohms; wound on phenolic card

RESISTOR: wirowonnd on phonoli 0 card;
62 ohms; precisi on type-

Hilkor: CP-l

35F-55B Hewlett-Packard:
35F-55B

35]'-26 Hewlett Pc.ckard
35F-20

31-683.7K Wilkor: C1'-1

R39

R40

I

IR41

R42

POTENTIOMETER: \lirewound;, '1000 ohms

RESISTOR: wirewound on phenolic card;
4700 ohms; precision t~~e

RESISTOR: composition; 683,700 ohms;
1 watt; precision typo

POTENTIa4ETER: wirewound; '25000 omus

210-5

35F-27

210-10

Centralab:

1

21 010-355

Hewlett-Packnrd.:
35F-27

C1arostat: Typo 58

RESISTOR: ccmpofJi tion; 1)-1-,400 ohms; 31-11.j., ):K WilkoI': CP-l

R4)·~ RESISTOR: w-Irewoul1d; 5000 o:b.lllS; 20 watts

RESISTOR: wirewound; 4000 ohms; 220watts

27-5K

26·· 1m:

Lectrobm: Type 2R

L80trohm: 'fype 2R

•

•

RESISTOR: composition; 560,000 ohms;
1 watt

RESISTOR: compssi tiOll; 82000 ohms; 2w

24-560K Allen..Bradloy:
GB-5641

25-82K Al:i1.:en-Brad1ey:
EJ3-8231



TABI,E OF REPLACEiffiLE PARTS

•

Cir­
cuit
Ref. Description

-hp­
St.ock N~.

Hanufncturer
and 'l'ype

R47B I RESISTOR: composit:Lon; 82000 ohIill3.: 2 w 25··82K /;llGJ~ -Bradley:
liB-823l

B48

R50

R51

R52

R53

RESIs'rOR: c8mpositi::m; 316000 ohms; 1 w
precisioD.C' .. tYllc

PW'ENTIOMETER; composition; 20,000 ohms

RESISTOR: composition; 90,000 oh~s;

1. watt; precision typo

RESISTOR: composition; 10,000 obms;
2 watts

RESISTOR: composition; 144000 obms;
1 watt; precision type

RESISTOR: precision composition t;ype;
33000 ohms; 1 1tratt

31-316K Wilkor: CP-l

210-16 Contralab:
33-010-725

3l-90K Wilkor: CP-l

25-l0K Allen-Bradloy:
HJ3-103l

31-144K Wilkor: CP-l

31--33K Wilk:Jr: CP-l

R54 RESISTOR: composition; 5100 ohms; 1 ;mtt 2J.+-5lUO '\llen-Bradley:
GB-512l

R55 RESISTOR: composition; 22,000 :)hms; 2w 25-22K Allell-Bradley:
HB·-2231

R56 RESISTOR: precision c~uposition type;
216,300 or~; 1 watt

31-2l6.3K WilK8r: CP-I

R57 RESISTOR: composition; 2200 ohms; 1 watt

RESISTOR: precisian caO-posi tion typo;
62,000 ohms; 1 watt

24-221)0

31-62K

1\11en-Brad.ley:
GB-2~~21

Hilkor: CP-l

RGo

R61

RESISTOR: composition; 560 ohms; Iwatt

FESISTOR: composition; 2,800; 2 w~tts

RESISTOR: composition; 1,000,000 ohms;
~ watt

24-560 Allen-Bradley:
GE--5Gll

25-2,200 All0n-Bradley
IIB-222I

23-~1 Allen-Bradley:
EB-l05l

•

•

R62

H65.-

R64

RESISTOR:

RESISTOR:

RESISTOR:

composi tion; 18000 ohms; 1 w

t 5o'~ bIn 1 ttcomposi ion; 0 os; "2 iVa ,

composition; 8200 ohms; } watt

-30-

24;l8K

23-56

23-.8200
_L- .

Allen-Bradley:
GB-l831

Allen -Bradley:·
00-5601,

If..1Ien-Bradley:
I EB--3221 . _



TABLE OF' REPLACEABLE PARTS

Cir-

• cuit
Ref.

R65

R61)

Description

RESISTOR: composition; 12 aluns; ~ w

RESIST0R:' cOOlposi ti-on; 1 1YlT.t·':; .valil e .
Belcc ted to circuit u.1lri _g cel:i.-orQ"ti :>n;
8200-15000ol"..?:ls

I
I -hp- '"'
StocL N~).

I
I

23-12 ..

Hanufact-uror
and 'i'YPl::.

All en-Bredley':
EB-23C1

Ro7 "R,ESISTOR: c').mpositic.'Uj 56 OIlIns; ~ "mGt 23-56 All.en-Brndluy:
EB··5601

R68 RESISTOF: c~npositi')n; 120,000 oruns;
1 1vatt

24-120K f\ 11en-Bradle;r:
GB-1241

I
Relay

1

RESISTOR: c')mposition; 18000 ohms; 1 w

RELAY: SPPT: plug-in type

24-l8K

49-6

JUlen··Br~~d1r)y:

GB 1831

Sigma Inst: 41RCZ

SWITCH: r'otary; two sections, four pole, 310-39
five position

Sl

IS2
SWITCH: togGle; SPST; 5/8" bat hsndle 310-11 Arrow-IT &.H

H8wlatt-~Packard

310- 39

I~

SWI':J:lCH: toggle; DPDT: 5/8" bat handle 310-41

r?J1UISFO~mR: power; 115v, 50/60 cycle pri; 35F-8
sec 1!1, 520 vdc D.t 12) rna; sec {'=2., 5 vac
at 3 amp; sec #3) 6.3. v~c at 5 mnpj cec
#!~, 6.:5 vacat 2 amp j f3 e c #5, I) .3 V 't·t;
1 amp

TRANSFOR\1ER: power; 117v, ')0/60 cyclfJ pri; 35F-3A
sec #1, 180 v ~t 0.1 ~mpj sec #?, 6.3 v ~t (9l0-32)
2 :J.!llp

Arrow E: & H

E.xcel Tre.nsfonuf'r Cb
910-26

Excel TransforQor ~
910-.32

T3

I
TRANs~oru~: audio; turn~ r~tio 1:2 (912-10) Pe~r1Gss E1,.ctricc.l

PY0dncts: No.4G03

'r':rall:Jformer EngineEi!J'
912-17

912-7TRAi'\rsnrCJPMER: flU<U.O; 20 cps to 20 kc +~dl';
300 ohm primary, l?OO ohm and 60,000 811m
sec. I
TRANSFORMER: audiC'j 20 -::ps to 20 kc "t~dbj C35F-9) T-r-ensfo :'Iller EngineEfl' II

25000 ch_m pri, GOO ehn! stJconda:cy 912-3 912-8

TUBE: RMA typo 6;\.C7 [' 212-6 Cl

~:: :: :::: :::7~._. __.;:::::::1._ _ .

T4

T5

Vl

V2•



TABLE OF REPLACEA13LE PARTS

I
J

I
I
I

i

I

I

I
Instru..::nerrt I

H-13

BUley: Type MC(

Manufactnrer
and Type

Precisi:)n
C:).

212-6v6

212-6v6

212-6v6

212-6v6

212-·6v6

212-6SL7-G':'
I

212-2050 !
I

i
2l2-5R4r;.Yi

I
212-VR-75 1

I

2l2-bY6G I
. I

212- ,\"R-751

212-6SN'7-GT

212-6SJ7 I
I

I
i Y..niBht:

41-)

I
41-(Spec.i

freq. ?

3JF-25 IHewle~t-Packard
I35F-2:3

I
I
IIM~ellcr Ins~rument
Co.

I
I

·-hp­
stock N:>.

0.02CRXSTAL: Cluartz; rated 200 kc
20 C. ,·to 60':! C. '~emp range;
includes holder and. pins

I 41-10

I
I

CRYSTAL: quartz; freq acc~rdin~ to I
desired channel; temp coeff 1 cycle pe~ mel
per degree C. I

I
,

141-,)
inter-

CRYSTAl'" OVEN: includes hea ter, the:·l1lo,·
meter, and thermostat; does not include
crystal

Ti:iERMOM1~TER: mercur-.i column elcnent;
o ~ '"'55 c. to 75"C. range graduated at l.-C

vals; L-shaped

Descripti::m

TUBE: RM!. type 6v6

, TUBE: ID1A type 6v6

TUBE: RMt type 6v6

TUBE: RMh. t ;rpe 6v6

T'UBE: RHA type ovG

TlT. iE: RNA t..'}'Tl G (51l6

TUBE: RMft. t;rpe SSL7-GT

TUBE: RHA t;YPG 2050

TUBE: RMA type 5RllGY

TtJBE: RMt t-l.pe VR-'7<)

TUBE: :ffi1A type oy6G

TUBE: RMA. type VR-75

TUBE: RMc type 6sN7-GT

TUBE: W.A type 6SJ7

CONTACT ~~OMETER (The:~ostatic switch)
mercury 8:)lunm e1.~mont; oJ.)erating temper
ature 65 C.; O.l~ C. differential

•
~tr-cuit

Ref.

---
V~·

V5

Vb

,n

vB

V9

'JlO

Vll

Vl2

V13

VJ.4

Vl5

Vlb

1[17

xtal-
1

Xtal-
2

IYl to RECTIFIER CRYSTAL: Type IN34 212-3)+ ISylvl'lnia: IN34
Yll _-L. ---=-=-- --L. .l-- ~

-32-



TABLE OF REPLACEABLE P!illTS

37-5 Kurz-Kasch:
S-38o-64L i

M-59 Kur Kasch: 8-308- 6L

37-1 Federal Screw Proel: !
lUO

DIAL LIGHT J,sSEMBLY (red)

KNOB: molded black phenslic; 1-1/81
' diem;

no skirt
KNOB: molded black phenolic; 11116" diam

KNOB: tIloldcd b1a k -:.'henoUe: l_~" (Ham;
l ,.,hi te ina.icator linE-

Circuit
Ref. Description

-hp- I" Manufacturer
Stock Iio.~Type

~~~~I~-·U-S-E-H-O-L-D-~~:~e-Y-~-r-a-c-t-o-r--p.-oo-t~t-y-p-e-;~f-o-r~~~-3-1-2---8- ILittel~se: ~~OOll
s1ze 3AGfuBes I I

I
312-93 I Dial Lip,ht Co: I

910 c-161

SOCKET: tube; standard octa~; molded
mica·-filled phenolic

38-8M Cinch: 9890

• SOCKET: tube; ....octal; polysty;rene 38-47 AIr,phenol: 54-::L

SOCKET: crystal; molded mica-filled
phenolic

38-~9 Cinch: 9816

SOCKET: 6-corrtact; molded mica-filled
phenolic

38-'57

R~CEPTACLE: motor base type; t,.,o para··
llel byaonet contacts

39-)2 General Electric;
2711

LIl"j'E CORD: approximAtely 7~; parallel C;'/P6l M-72
contact plup. ::m one end and m:)'tor bt..se

jtype receptacle on other

TERMINAL STRIP: molde1 clack pher-olic: 36-30
,3 ter:ninals

Hewlett ··Packard.
M-72

J:mes: 8-141-Y

FLEXIBLE SHAF'J.': National Co. Inc.
TX-ll :i

312-47

I
I

I
I

I
I i

.__J J_~.

for t ll shafts 5~" lonG.

I
fi
~
I

l.

-33-
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LIST OF MANUFACTURERS CODE LETTERS
FOR REPLACEABLE PARTS TABLE•

•

Code Letter

A
B
C
D
E
F
G
H
I
J
K
L
M
N
o
P
HP
Q
R
S
T
U
V
W
X
Y
Z
AA
BB
CC
DD
EE
FF
GG
HH
II
JJ
ZZ

Manufacturer

Aerovox Corp.
Allen-Bradley Co.
Amperite Co.
Arrow, Hart and Hegeman
Bussman Manufacturing Co.
Carborundum Co.
Centralab
Cinch Manufacturing Co.
Clarostat Manufacturing Co.
Cornell Dubilier Electric Co.
Electrical Reactance Co.
Erie Resistor Corp.
Federal Telephone and Radio Corp.
General Electric Co.
General Electric Supply Corp.
Girard-Hopkins
Hewlett-Packard
Industrial Products Co.
Inte rnational Re sistance Co.
Lectrohm, Inc.
Littelfuse, Inc.
Maguire Industries, Inc.
Micamold Radio Corp.
Oak Mfg. Co.
P. R. Mallory Co. , Inc.
Radio Corp. of America
Sangamo Electric Co.
Sarkes Tarzian
Signal Indicator Co.
Sprague Electric Co.
Stackpole Carbon Co.
Sylvania Ele ctric Products, Inc.
We stern Electric Co.
Wilkor Products, Inc.
Amphenol
Dial Light Co. of America
Leecraft Manufacturing Co.
Any tube having RMA standard characteristics



CLAIM FOR DAMAGE IN SHIPMENT

The instrument should be tested as soon 'as it is received. If it fails to..
operate properly, or is damaged in any way, a claim should be filed with the
carrier. A full report of the damage should be obtained by the claim agent,
and this report should be forwarded to us. We will then advise you of the
disposition to be made of the equipment and arrange for repair or replace­
ment. Include model number, type number and serial number when referring
to this instrument for any reason.

WARRANTY

Hewlett-Packard Company warrants each instrument manu­
factured by them to be free from defects in material and work­
manship. Our liability under this warranty is limited to servicing
or adjusting any instrument returned to the factory for that
purpose and to replace any defective parts thereof (except tubes,
fuses and batteries). This wa~anty is effective for one year after
delivery to the original purchaser when the instrument is re­
turned, transportation charges prepaid by the original pur­
chaser, .and which upon our examination is disclosed to our satis­
faction to be defective. If the fault has been caused by misuse or
abnormal conditions of operation, repairs will be billed at cost.
In this case, an estimate will be submitted before the work is
started.

If any fault develops, the following steps should be taken:
1. Notify us, giving full details of the difficulty, and include

the model number, type number and serial number. On receipt of
this information, we will give you service instructions or ship­
ping data.

2. On receipt of shipping instructions, forward the instru­
ment prepaid, and repairs will be made at the factory. If re­
quested, an estimate of the charges will be made before the work
begins provided the instrument is not covered by the warranty.

SHIPPING

All shipments of Hewlett-Packard instruments should be
made via Railway Express. The instruments should be packed
in a wooden box and surrounded by two to three inches of excel·
sior or similar shock-absorbing material.

DO NOT HESITATE TO CALL ON US

HEWLETT.PACKARD COMPANY
...eal",ratory Q!Jn"trume,n"for eJ';.udalld~uurat:y
395 PAGE MILL lOAD PALO ALTO,CALIF.

l

•

•
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