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PRODUCTION CHANGES

Serial 57 and Above

Table of Replaceable Parts

Change V7, V8, V9, V 10 to:
Tube: 6 CB6, HP stock #2l2-6CB6

Change V 14 to:
Tube: 6AV6. HP stock #2l2-6AV6

Change R9, R18, R27 to:
Resistor: fixed, composition, 3900 ohms, ± 10%. 1W
HP stock #24-3900, Mfr. Allen-Bradley, #GB-392l

Change R5, R15, R24 to:
Resistor: fixed, composition, 39,000 ohms, ± 10%, lW
HP stock #24-39K, Mfr. Allen-Bradley, #GB-393l



LOW FREQUEHCY STAHDARD

MODEL lOOC

Q~1!T1..QN

READ BEFORE TURNING ON THE INSTRU}ffiNT

The heating of the crystal oven in this instrument is regulated
by a mercury-column switch. Occasionally, the mercury column is sep­
arated by jarring and vibration of the unit in shipment.

After turning the instrument on for the first time, keep a close
check on the temperature of the crystal oven as indicated by the
thermometer in the front panel. When the instrument has been on
about 30 minutes, the crustal oven should remain automatically at a
constant temperature. This condition will be indicated by a shut­
ting off of the crystal oven indicator lamp from time to time, and
by the fact that the thermometer will reach a steady reading of
650 c ±2oC.

However if the crystal pilot light stays on continuously, or
the thermometer goes up beyond 70 degrees, the mercury column in
either the thermostat or the thermometer has probably separated in
shipment. Turn the instrument off immediately and proceed as follows;

1. Remove the instrument from the cabinet and remove the
crystal oven unit which plugs into tube socket adjacent to thermo­
meter window.

2. Disconnect the thermostat wires froll the terminals (#3, Fig.
1). Remove the thermostat clamp by unscrewing the two screws ( #4,
Fig. 1). Draw the thermostat out of the oven. (#5, Fig. 1)

3. Inspect the thermostat for mercury column separation and
minute air bubbles in the mercury bulb.

~ 4. If either air bubbles or separation are present, place the
mercury switch bulb in ice water until mercury occupies only the

, bulb compartment. Tap lightly to remove air bubbles or mercury
~ globules left in column•

.'"
~

\~
Then place the bulb in a vessel of water and heat until mercury

completely fills column and a small portion of the enlargement at
the top of the column. Then remove the thermosta t and vla tch the

u mercury descent to room temperature. If there is no separation or
Q bubbles present, the thermostat may now be put back in service. It
~ may be necessary to repeat the above procedure more than once to

unite all the mercury and remove all bubbles.
~

? CAUTION: Immerse only the bulb portion of the thormostat. If
~ the thermostat leads get wet or any moisture collects beneath the
..) plastic insulator covering the contact rings, remove the plastic
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insulator and dry tube and insulator and leads thoroughly before
placing b~ck in service. Otherwise, leakage between leads may
cause heater relay to remain open.

5. Unscrew the two nuts holding tho thermometer clamps (#2,
Fig.l), and withdraw thermometer from the oven.

6. To unite the mercury column and remove air bubbles in the
thermometer, use the same procedure as that used on the thermostat.

7. Replace the thermostat and thermometer inthe crystal oven;
turn on the instrument and observe ovon temperature and operation
of the oven indicator lamp•
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INSTRUCTIONS

HODEL 100C

SECONDARY FREQUEnCY ST.' ITD.\.:aD

SPECIFICATIONS

output Rating--

Output Frequency

100 cycles per second

1000 cycles per second

10,000 cycles per second

100,000 cycles per second

Volts into 5000 ohms load

5 minimum

5 minimum

5 minimum

5 minimum

Distortion--

4~~ a t all frequencies with 5000 ohms load.

Internal impedance - 200 ohms load.

Quartz Crystal-­

100 kc

Wattage - - - 140 watts

Power Supply Rating--

Voltage - - - 105 to 125 volts

Quartz Crystal Oven-­

Heater voltago 6.3v

Oven temperature 65°C

50 to 60 cycle sFrequency

Overall Dimonsions--

Cabinet Hodel - 23t" 19 x 12t" h X 14-7/16" d

Rack l'lodel- - - 19" 19 x lot" h x 14-7/16" d

~veight

38 lbs.

28 lbs.
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Tube Complement--

VI
V2a, b
V3
v4
V5a
V6
V7
v8
V9
VIa
VII
V12
V+3
v14
V15

6BH6
6AL5
6As6
6AS6
6AL5
6AS6
6AH6
6AH6
6AH6
6AH6
5R4GY
6L6G
6L6G
6AQ6
OA2

Oscillator
Rectifier
Frequency Divider
Frequency Divider
Rectifier
Frequency Divider
100 kc isolating amplifier
10 kc output isolating amplifier
1000 cycles output isolating amplifier
100 cycles output isolating amplifier
Power Supply Rectifier
Voltage Regulator
Voltage Regulator
Voltage Regulator
Voltage Regulator

OPERATING INSTRUCTIONS

Inspection--

This instrument has been thoroughly tested and
inspected before boing shipped and is ready for use when
roceived.

After the instrlli~ent is unpacked, the cover should bo
removed (See Maintenance Section) so that the instrument may be
carefully inspected for damage roceived in transit. While tho
cover is off, the tubes should be chocked to see that they are
firmly seated in their sockets. If any shipping damage is found,
follow the procedure outlined in the "Claim for Damage in Ship­
ment" page at the back of this instruction book.

Initial Installation--

Before installing the Model lOOC, make sure that the
tubes and relay are secure in their sockets.

The instrument should be situated so that there is
adequate ventilation. Lack of proper ventilation may cause the
ambient temperature in the instrument to rise high enough so
that the OV0n thermostat will lose control.

Observe the "Caution" regarding the crystal oven, in
the front of this book, before turning on the power.

After the power is on, several hours will elapse be­
fore the crystal oven temperature becomes constant. The instru­
ment should be run continuously so that the temperature of the
components reaches a steady state and constant output frequen­
cies will be maintained. Continuous operation of the instrument
will also improve the stability of the crystal.

Low capacity shielded wire should be used to distrib-
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ute the output voltages to the equipment under test as it will
prevent the pick-up of extraneous voltages. The shield braid on
the wire is connected to the "G" binding posts of the instrument.
To maintain a minimum output voltage of 5 volts, at each frequen~

cY, a load of not less than 5000 ohms impedance may be connected
across the output terminals. The following table gives the max­
imum capacity that can be tolerated without exceeding the above
condi tions.

Frequency

100 KC
10 KC

1 KC
100 cycles

Capacity for Capacitive Reactance • 5000 ohms

.0003 mf
.003 mf
.03 m.f
.3 mf

(')

,",

Maximum capacity across output terminalR a Max. length of
Capacity emf per foot) of wire shiolded wire

The length of the shielded line, carrying the lOOKC may
be extended by connecting a 100 KC tuned circuit across the line.
This tuned circuit consists of an inductance in parallel with a
variable c~pacitor. Tune the capacitor for maximum output.

Controls and Terminals--

FREQ. ADJ. - See section on "Standardization with \vl,'lV" for the
use of this control.

POWER - This switch controls all pOv!er supplied to the instru­
ment from the power line.

OUTPUT SELECTOR - This switch connects anyone of the four fre­
quencies to the "output" binding posts on the front panel.

FUSE - the fuseholder, located on the back of the chassis, con­
tains a 1.5 ampere cartridge fuse. The fuse may be replaced by
unscrewing the fuse holder cap and inserting a new fuse.

Power Cable - The power cable consists of three conductors. Two
of these conductors carry power to the instrument while the third
conductor (groen wire) is connected to the instrument chassis.
The third wire projects from the cable near the plug end of the
cable and may be connected to a ground when it is desirable to
have a grounded instr~~ent chassis.

Output Binding Posts - The four sets of binding posts on the
back of the chassis are the output terminals for the four fre­
quencies generated by the instrument. The ainding posts marked
"G" are connected to the chasses.

GENERAL INFORHATION

The Hewlett-Packard Low Frequency Standard Model lOOC
is an accurate and stable secondary frequency standard. It may
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be standardized with the Bureau of Standards transmissions from
~iN at intervals to maintain a high order of accuracy.

The Model 100C consists of a crystal-contro~led oscil­
lator operating at 100KC which controls the stability of all
frequencies generated by the instrument. The frequencies of
10KC, lKC and 100 cps are produced by 10:1 cascaded frequency
dividers which are driven by the 100KC precision oscillator.
Each divider operates its own isolatin~ a~plifier so that all
sine waves generated by tho instrumvnt are independently avail­
albe for external use.

A regulated ryower supply delivers all necessary volt­
ages to the instrument and maintains a constant voltage which
contributes to the excellent stability of the instrument.

100KC Oscillator Circuit--

The 100KC oscillator is a modified Pierce circuit. This
circuit allows the frequency to be changed ±l cps by changing
the capacity across the crystal. A very low temperature coef­
ficient crystal held at a constant temperat~ITe controls the fre­
quency to within 10 parts per million at normal room temperature.

Frequency Divider Circuit--

The frequency divider circu1~ 1S composed of (see Fig.
2) tubes V2, V3 and associated conponents. Tube V3 is the actu­
al frequency divider, operating as a controlled one-shot multi­
vibrator. The time constants of the circuit are adjusted sot~t

the circuit is triggered by everymnth cyclo of the oscillator.

Assuming for a moment that the oscillator is not oper­
ating, the operation of the circuit can be described as follows:
In a quiescent state tube V3 operates in such a l~nner that the
plate is at a higher voltage than the screen grid but draws no
current. This is explained by the fact that the suppressor grid
is sufficiently negative with respect to tho cathode to cut off
the plate current. Therefore the screen grid acts as a plate
for tho space current. The control grid is at cathode potential
and is thus drawing hoavy current. Tho cathode of Diode V2 is
connected to a higher dc voltage than its plate so that V2 is an
open circuit to positive voltages and to soall negative voltages
applied to its cathode. The negative portion of the oscillator
is large enough to pass through diode V2 and trigger a multi­
vibrator action in V3: The negative voltage is passed froLl the
plate of V3 to the control grid through Cl. The negative con­
trol grid reduces the space current, causing the screen voltage
to rise and the cathod8 voltage to fall. This action roduces
the suppressor bias with respect to the cathode sufficiently""
that current passes through the suppressor grid to the plate.
The plQte voltage therefore drops rapidly, reinforcing the orig~

inal negative voltage on the control grid. Because the plate
voltage on V3 is now low, the plato of V2 is at a lower voltage
than its cathode and no negative trigger voltages can pass
through diode V2.
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The circuit remains in this condition as the negative
charge on the control grid leaks off through resistor R2. As
the grid voltage slowly rises, the space current in the tube
slowly increases, causing the plate voltage to drop some~mat

more. At the same time the cathode voltage slowly rises, in­
creasing the bias on tho suppressor grid. Finally, a critical
point is reached where the screen has more att~actlon for the
space current than the plate.

:Jhen this critical point is reached, the second por­
tion of the multivibrator action occurs: The screen voltage
f31ls rapidly and plate current ceases. This actionttansfers
a positive voltage to tho control grid, resulting in more space
current and reinforcing the drop in screen voltage. The cir­
cuit then becomes quiescent and is prepared for the next neg8­
tive pulse through Diode V2a. The time constants in the cir­
cuit are adjusted so that the total multivibrator action re­
quires slightly more than nine cycles of tho oscillator fre­
quency, the circuit being again ready for triggering on tho
tenth cycle. Thus, a frequency-dividing action has occurred.

This divider circuit is highly stable and will operate
for long periods of ti@e without correction.

The sinusoidal output from the divider is obtained
from a tuned circuit that is connected to the screen grid of
V3 through a large isolating resistor. This sinusoidal wave
is relatively harmonic-free, having less than 4% distortion.

The remaining divider circuits ate connected in cas­
cade and are driven from the cathode oircuit of V3. A rectang­
ular wave is present at the cat~ode and this wave, after dif­
ferentiation, triggers the following divider. Tho remaining
divider circuits operate in a na~ner siillilar to tho circuit of
V3, the major difference being that the time constants are ad­
justed to accomodate the lower repetition ratos involved.

Each divider is connected to its own isolating amp­
lifier. This amplifier isolates the divider from variable ex­
ternal loads and provides a low impedance output.

Power Supply and V91tago ~~Rulator Circuit--

The power supply consists of a transforDer to supply
the necessary voltages and a conventional full-wave rectifier
and filter system to convert alternating current to direct
current.

STANDARDIZATION WITH l.JI,'lV

The lOOKC oscillator circuit of the Model lOOC is set
to lOOKC at the factory and it vlill maintain this frequency
within ~.OOl% (10 parts per million) on the range of normal
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room temperatures. This degree of accuracy is sufficient
for many purposes. For a greater degree of accuracy the
100KC oscillator should be standardized with a primary fre­
quency standard at frequent intervals.

The most accessible prinary frequency standard is
the standard frequencies broadcast by the National Bureau of
Standards Station \~VV at Washington, D.C. This service may
be utilized to check tho Hodel 100C by employing a short wave
radio receiver and a frequency multiplier.

Station :~N broadcasts standard frequencies twenty­
four hours a day on the follo\ung frequencies: 2.5, 5, 10, 15,
20, 25, 30 and 35 megacycles. For the latest information on
using this service a Bureau bf Standards Circular "Methods of
Using Standard Frequencies Broadcast by Radio" may be purchased
from the Superintendent of Documants, Government Printing Offire,
Washington, D. C. A detailed announcement of v~N broadcast
services, 1c886 will be provided upon request from the National
Bureau of Standards, \Tashington 25, D.C.

A schematic wiring diagram for a suitable multi­
plier is shown in the accompanying illustration. This circuit
will give multiples of 100KC so th~t a signal is obtained on
nIl the -.!'vN transmission frequencies. A wir8 froD the antennn
terminal of the short wave receiver loosely coupled to Coil
11 provides a signal to mix \u th t he signal from W1.VV. This
coupling should b8 varied until it is approxim~tely the sane
strength as ~Ir,!v.

The adjustment of the 100KC oscillator on the Hodel
lOOC is perfor~cd as follows:

1. Feed the 100KC oscillator output through the
mul tiplier to the r2.dio receiver tuned to the highest T f,IV
frequency providing the best signal. The higher the \~'N fre­
quency used, the greater the accuracy obtained in calibrating
the 100KC oscillntor. Headphones or 10udspeak8r roy be used to
indica te the presence of a bea t bet\leen tho 100KC 05cil1a tor
and T/f,lV.

2. If a boat note is present the 100KC oscillator
has drifted from its corr8ct frequency. To return the Hodel
100C oscillator to exactly 100KC it is nocessary to tun8 the
"FREQ. ADJ. 11 capaci tor in the ~o1...1er left corner of the front
panel. Turn this control in t he direction tha t produces a
decrease in tho pitch until the zero beat point is reached and
then increase in pitch as rotation is continued. At the zero
bent point the 100KC oscillator will bo standardized with \~N.

3. Should it be impossible to reach zero beat with
the lIFREQ. ADJ." control, then set the control to approximately
onehalf capacity. Next rotate the screwdriver adjustments
C2 and c4 located on the chassis in rear of crystal oven, to­
gether and in the same direction until the zero beat point is
reached.
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The accuracy of the 10KC, IKC and 100 cycles outputs
may be determined by comparing them with the 100KC output by
means of an oscilloscope.

APPLICATION

The LO\1 Frequency Stando.rd is applicable to nost
frequency mensurements from very low audio frequencies up to
about twenty megacycles. It may be used as a source of constant
frequency voltage to operate ti~ing circuits and modul~te radio
frequency generators.

The Model 100C is nost useful for the cnlibrntion of
audio, supersonic and rndio frequency generators. Also
as a comparison device to determine the frequency stability
of nll kinds of radio equipm.ent.

A typical arrangenent for the use of the standard
in low-frequency measurements is shown in Figure 4. Low
frequencies are most conveniently measured by means of Lissa­
jous figures on n n oscilloscope. However· for very conplex
Lissajous figures it is desirable to use n large-screen os­
cilloscope.

An external oscillator cnn be used to advantage to
increase the ease of identification of the mJre complex pat­
terns. For exnr..lple, when measuring "inconvenient" frequencies
such as 210 cps, the oscillator can be adjusted to 200 cps
against the 100 cps output of the standard, resulting in a
simple figure-eight pattern on the oscilloscope. By then
switching the standard to 10 cps and adjusting the oscillator
to the first frequency above 200 cps that results in a sinus­
oidal pattern, a frequency of 210 cps can be accurately ob­
tained on the oscil12tor. The oscillator frequency is then
compared with till unfulown frequency.

High frequency measurements are best made \nth the nid
of a suitable receiver. The transition point between low and
high frequency measurements is determined by tho characteristics
of the equipment at hand, by tho stability of tho unknown fre­
quency, and by the complexity of the ratio of the unkno\~ fre­
quency to the standnrd frequency. With modern oscilloscopes and
stable frequencies the transition point is above 1 meg~cycle.

The relatively pure sine wave output of the Hodel 100C may have
to be distorted to produce harmonics for some of the predeeding
applications. This may be acconplished by inserting a gernnn­
ium crystal in the output circuit of the 1'10del 100C or by using
an amplifier which draws grid current.
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/ Liss~jous Figure
-/'

I

Oscillntor /.1Under G}~ Hodel lOOC
Calibration

OscilloscopE
0 V HO -e i

GO -oG GO G I
I

:.
Figure 4.

Lissajous figures nre produced oh the screen of
cathode ray tube when an alternctingcurrent voltage is
corrected to both the horizontal and vertical deflecting
plates of the tube. When 3 standard frequency voltage is
fed to one set of plates and a voltage of unknown frequency
is connected to till other set, the resultant figure identifies
the ratio between the stand~rd and unknovm frequ~ncies

TYPICAL LISSAJOUS FIGURE SHOWING POINTS OF TAnGENCY

-__.(f_ ':·Y~: 1--

,~ " ...

---' ...... I
I

Unknown
Frequency
(connected to vertical plates of

oscilloscope)

lOKC (connected to horizontnl plates of
oscilloscope)

No of horizontal tangencies Frequency
} No. of vertical tangencies x of standard • Unknown Frequency
.~

"'~ 2\ - x lOkc • 20 kc.1
,) HAINTK ANCE

''J Periodically the Hodel 100C should have the dust
" blown from tho chnssis .:lnd the tubes should b0 checlwd to seG

they are firmly soated in their sockets.

The following is a listing of possible synptoms and
\~ their rencdies:

•
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SYMPTOM:

Fuse Failure

Low Output Voltage:
(lOOKC output)

Low Output Voltage:
(lOOKC output normal)

Lack of Synchronism:

Crystal Oven
Not Heating:

Crystal Oven
overheating:

REl1EDY:

Inspect the instrunent for a short circuit
in the power circuits and clear the short
bafore replacing fuse.

1. Check for too low an impedance load
or a short circuit across the 100KC
output terminals.

2. Check Vl and V7 by replacing with
ne\'! tubes. Also tune C5 for peak voltage.

3. 1'1e~sure voltago froD pin 8 of V13 to
chassis. Should be .225V. If voltage is
too low) check power circuit for short
circui t.

1. Deternine which frequencies have sub­
nornal output and check for too low an
impedance load for a short circuit across
the output teroinals.

2. Check the tUbes and voltages in the
divider and isolating nnplifier of the
highest frequency with subnormal output.

3. Adjust the proper divider adjustment
for synchronisn. These adjustments are
screwdriver adjustments located on top
of the chassis near the panel and are
labeled "lOKC Divider", lKC Divider"
and"lOO'" Divider".

1. Connect 10Ke ouput to oscilloscope
vertical plates and 100KC output to hori­
zontnl plates. Adjust R6 ("10 KC divider")
so that a Lissajous figure for a 10 to 1
rn tio is obtained.

2. Follow the above procedure for 10Ke ane
lKC, lKC and 100 cycles. Adjust R14 (lKC
Divl.der) and R23 {'100'" Divider) respect­
ively.

1. Vlhile the instrument is in operation,
romove crystal oven from its socket. If
relay 1s operating correctly, the crystal
avon pilot lamp should burn. Clean relay
contacts if relay is defective.

2. If relay is correct, follow procedure
of "Caution" section in front of this book.

1. See llC2.utionll Section.
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Cover and Bottom Plate Removal--

The cover may bu romoved from tho i~rUDent withouttaking tho instrUQent out of tho vlOoden c.:tbinet. The instru­ment Dust be reI:loved fron the cabinet when it is necessQry toremove the botton plate.

To remove tho covvr, unscrew the four screws holdingtho cover to tho back of tho instrur:lOnt, This releases thecover so that it can be drawn out the back of the cabinet.
The bottom plate is removed by unscrewing the fourscrews, one in each corner of tho plate.

Crystal Qven Disassomblx--

The following is the step-by-step procedure necessaryto disassemble the crystal oven to the point thQt the heaterand socket connections are exposed. 3ee Figure 1 for partsnumbers referred to in this procedure.

1. Remove tho four wing nuts (#1), the cove~andthe inSUlating pad.

2. Remove the four spade screws and ring on top ofthe oven.

3. Rer::love tho two nuts holding tho therr:lO:Jeter (#2)and the thcroonoter.

4. Disconnect the th~rnostat wires at point ff3.
5. Remove the two s cre'V1S (#+) and the theroos ta tguard. Dr~w out the the~10stat.

6. ReLIOVO the four screws (#6) a t the bot too edge ofthe oven and slido clamp (#7) off' of the housing.The housin;~ vlill unwrap froLi around the bottomcastinG.

7. Unwrap the insulation and the heat ,dres andsocket are exposed.
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TABLE OF REPLACEABLE PARTS

Circuit Description I -hp- iMfr. & Mfrs.
Ref. _ __+-£t9ck No. rCSignation---_.-

R19 Resistor: fixed; conposition; '25-22K A-B GB-2231
22,000 oml!>; ±10%; 2 wa tts

R20 Resistor: fixed; composition; 24-90 A-B GB-7545
750,000 ohas; .t5%; 1 watt;
Factory Adjustment

R21 Resistor: fixed; composition; 24-1.5M IA-B GB-1551
1.5 ncgohQ; ±10%; 1 watt

IA-BR22 Resistor: fixed;conposition; 24-39K GB-3931
39,000 ohns; ±10%; 1 watt; I
Factory Adjustment i

R23 Resistor: variable; wirewound; 210-8 IClarostQt
5,000 ohms Type 58

R24 Resistor~ fixed; composition; 24-33K A-B GB-3331
33,000 OhL1S; ±10%; 1 watt

R25 Resistor: fixed; composition; 24-4700 A-B GB-4721
4,700 ooos; .110%; 1 watt I

1)26 Rcsttor: fixed; c08position; 24-470K A-B GB-4741
470,000 ohms; .110%; 1 watt

~ R27 Resistor: fixed; conposition; 24-3300 A-B GB-3321
3,300 ohms; .110%; 1 watt

f?
IA-BR28 Resistor: fixed; conposition; 25-22K HB-2231

~ 22,000 OhL1S; ~10%; 2 watts
.~ j

~ R29 Resistor: fixod; composition; 24-1M A-B GB-1051
'"' 1 mogoOO; ±10%; 1 \~tt;

Factory Adjustncnt
~.

I

c;:) R30 Resistor: fixed; composition; 24-1.5M IA-B GB-l5'5'l
~ 1.5 negohms; .110%; 1 watt I
--- I

24-2.2M
I

GB-2251R31 Resistor: fixed; composition; IA- B
~~ 2.2 negohns; ~10%; 1 watt I

.") I
c~ R32 Resistor: fixed; composition; 24-33 iA- B ~B-3301

33 ohms; ±10%; 1 WCltt
('< I

Resistor: fixed; composition; 24-330K
I

GB-3341R33 A-B
330,000 ohms; .110%; 1 watt I

R34 Resistor: fixed; composition; 24-220 A-B GB-2211
220 ohns; .110%; 1 watt

R35 Resistor: fixed; conposition; 25-8200 A-B HB-8231
I 8,200 ohms; .!.10%; 2 watts

- 16 -



T\BLE 02 R2PLACEABLE PARTS
Circuit

Ref.
R36

Description

Resistor: fixed; conposition;
10,000 ohns; ~10%; 1 watt

- hp­
Stock No.
24-10K

l~lfr. & Nfrs.
Designn tion

A-B GB-1031

<\-B GB-2211

~-B HB-8231

R37

R38

R39

R40

R41

R42

R43

1R46
;i

~ R47

Rosistor: fixed; cooposition
330,000 oans; ~10%; 1 watt

Resistor: fixed; cooposition;
220 ohos; ~10%; 1 W2tt

Resistor: fixed; composition;
8,200 ohos; ±10%; 2 watt

Resistor: fixed; cooposition;
10,000 Ohr.1S; ±10%; 1 watt

Resistor: fixed? cooposition;
330,000 om1s; ~10%; 1 watt

Resistor: fixed; conposition;
220 ohws; ±lo,%; 1 watt

Resistor: fixed; cooposition;
8,200 ohms; ±10~; 2 watt

Res~or: fixed; cooposition;
10,000 ohns; ±10%; 1 watt

Resistor: fixed; conposition;
330,000 ohos; ±10%; 1 watt

Resistor~ fixed; cooposition;
220 ohms; ±10%; 1 watt

Resistor: fixed; cooposition;
8,200 ohms; ±10%? 2 watt

24-330K

24-220

25-8200

24-10K

24-330K

24-220

25-8200

24-10K

24-330K

24-220

25-8200

\-B

A-B

A-B

A-B

A-B

~-B

~-B

t
-B
-B

GB-3341

GB-2211

HB-8231 I
I

GB-I031 l
I

GB-33~1 I
I
!

GB-22}_1 I

llB-8231 I
GB-1031

GB-3341

c.l R48

R49

R53

Rosistor: fixed; composition;
10,000 ohns; ±10%; 1 watt

. Resistor: fixed; cooposition;
33 ohms; ±10%; 1 watt

Resistor: fixed; cow~osition;

1,000 ohms; .!10%; 1f wa tt

Resistor: fixed; coofosition;
1,000 ohms; .!10%; 2 watt

Resistor: fixed; com}?osition;
1,000 ohos: .!10%; t watt

IResistor: fixed; composition;
560,000 ohos; .!10%; 1 watt

- 17 -

24-10K

24-33

23-1000

23-1000

23-1000

24-560K

A-B GB-1031

\-B GB-3311

·'\.-B BB-1021

~-B EB-1021

~-B EB-1021

't\-B GB-5641



TABLB 01 REPLACEABLE PARTS
Circuit

Ref.
Dl3scription -hp- Mfr. & Mfrs.

Stoele No. Dosignn tion

25-10K

24-270K

R54

R55

R56

R57

R58

R59

R60

Resistor: fixed; co~position;

10,000 omns; .110%; 2 watts

Resistor: fixed; composition;
270,000 ohms; .110%; 1 watt

Resistor: fixed; composition; 24-33K
33,000 ohos; ±10%; 1 watt

Resistor: variablo; 25,000 ohms; 210-11
COL1position

Resistor: fixod; composition; 24-47K
47,000 OhL1S; ±10%; 1 watt

Rosistor: 56,000 ohms; ±10%; 23-56K
t watt; fixed; cOwposition

Resistor: 56,000 ohffis; .110~; 23-56K
t watt; fixed; composition

A-B HB-2531

A-B GB-2741

(-B GB-3331

Centrnlab:
BAI-OI0-1990

A-B GB-473J.

A-13 EB- 5631

A-B EB-5631

A-B EB-5631

Nicaoold
Type OXM

Sarkes-Tar z­
ian #1\-25L

S-T J103L

Solar liIfg.
Corp.ST-6-01

Micano1d
Typo OXH

MicQoo1d
Type OXM

Hicntl01d:
Type W

I
Hi camold
Type \l

I
IS-T JI03L

S-T J103L
I,

23-56K

12-17

Capacitor: fixed; mica; 5000 mnf; 14-14
.!.10%; 300 vdcw

Capacitor: v3riable; air, 100 mnf 12-17

Resistor: 56,000 ohms; ±10~';;
t watt; fixed; composition

Capacitor: variable; air; 10 mmf 12-9

Cnpacitor: variab1o: air

R61

CI0

C9

Capacitor: variablo; air; 100 ~ 12-11

Cnpacitor: fixed; mica; 400 rrr.lf; ,114-400
500 vdcw

I
I

Capncitor: fixed; paper; .01 mf; 116- 41
~20%; 600 vdcw i

I
I

Capacitor: fixed; mica; 2Q mnf; '14-20
.110%; 500 vdcw

Capncitor: fixedj mic~; 100 mmf; 14-100
.!10/~ 500 VdCvl

Capncitor: fixed; mic~; 2000 mmf; 14-13
.!10~; 500 vdcw

Cll This reference symbol not assigned I

1,_C_12 ..LI_p_a_r_t_o_f_T_u_n_e_d_C_i_r_cU_i_t_A_S_S_e_I:l_b_l_y__....L- 1.. . _

-18 -

c4

J c5
\:J

~ c6,
~ c7

I

~

~ c8

•



TABL,-; OF REPLACE:.,RT.R PART~
I Circuit -hp- Mfr. &: Hfrs.

Ref. Description stock No. Dcsigna tion

C13 Capacitor: fixed; mica; 500 r.nnf; 14-500 Micano1d
.!.1~~; 500 vdcw Type OXM

c14 Capacitor: fixed) tlic.:l ; 1000 mI:lf; 14-11 IvIicano1d
.!.10%; 500 vdcw Type W

C15 Capacitor: fixed; nic.:l ; 5000 t1L1f; 14-14 Mlcamold
.t10%; 300 vdcw Type W

C16 Part of Tuned Circuit Assenbly

C17 Capacitor: fixed; r.1ica; 2000 m:of; 14-13 Micar:101d
.t10ft; 500 vdm'l Type W

c18 Capacitor: fixed; 14-23
,

mica; .01 mf' 'Mic.:lmold,
.t10%; 300 vdcw Typo W

C19 Capacitor: fixed; "'lic" • • 01 r1f. 14-23 It1iC~jjl01d.. u,
.!.10%; 300 VdC\'l Type W

C20 Part of Tuned Circuit Asso:o~ly

C21 Capacitor: fixed; oica; 500 nmf; 14- 500 lMicanold
.!.10%; 500 vdcw Type OXM

C22 Capacitor: fixed; paper; .01 r:lf; 16-11 ~crovox
-10% +30%; 600 vdcw Iype 684

C23 Capacitor: fixed; paper; .01 of' 16-11 ~erovox
-10% .30 ~; 600 vdcw

,
trype 684

c24 Capacitor: fixed; paper; .1 mf; 16-1 ~erovox
-10 .20%; 600 vdcw [type 684

c25 Capacitor: fixed paper; .01 L1f; 16-11 ~orovox
-10 +30%; 600 vdcw 'ypo 684

C26 Capacitor: fixed; paper; 1 mfj 17-12 Paneral Elec.
.!.10%; 600 vdc,'l ~3F467GI03

C27 Capacitor: fixed; paper; .01 :of; 16-11 ~erovox
600 vdcw trype 684

)

c28 18-20 IP.R.Ha11oryCapacitor: fixed; electrolytic;
20 wf; 450 vdcw IFPS-144

C29 Capacitor: fixed; paper; 4 mf; 17-10 borne11-Dubi-
.!.10%; 600 vdcw tlier TLA6040

C30 capacitorl fixed; paper; 4 raf; 17-10 borne11-Dubi-
.110%; 00 vdcw tii or TLA6040

C31 C.:lpacitor: fixed; paper; .05 rnf; 16-15 r"1erovox
.al0tg· hOO vd~w ITvne p6888

t·

- 19 -



TABLE OF REPLACEABLE PARTS
Circuit

Ref.
Description I h- p-

stock No.
Nfr. & Nfrs.
Designation

C32 Capacitor: fixed; paper; 4 [~;

.tlO%; 600 vdcw
17-10 Cornell-Dubi·

lier TL1\.6040

Binding Post 312-3 Hew1ett­
Pnclcard

•

Crystal Ovon: (Less crystal)

Replaceable P~rts in Crystal Oven:

Crystal, Quartz: 100 kc

11-6911.

41-13

H-P

Jas. Knight
H-18-55

Therooneter, Contact: 41-5 Precision
I Inst. 40

Fl

11, 12

TherI:100e ter :

Fuse: 1.6 aop; 3AG type

Fuseholder:

Lanp:

1 ~·1-6

I
1211-15

312-8

211-47

I
Jonsen Inst.
Co. S. F.

l'Bus snan l1fg.
Co. HDLI.6

Littelfuse
#342001

G.E. Supply I
#+7

J
I

) Ll
'.i L2 1 L3,Ll

CL~, C16,
C20

ICnob:

Powor Cable:

Power Tr~nsforner:

Coil, R.F: 5.5 nh

Tuned Circuit Assenbly:

I
'37-11

812-56

910-43

48-3

911-22

H-P

H-P

H-P

Mnguiro Ind"
Inc. 19-4551

H-P

~

\~I ~5
I

.~ REL-l

Reactor: 6H 0 125 L~; 240 OhrlS

Relay: SPST norrnlly closed

911-12

49-6

H-P

SigI:1a Inst.
Type 41R07­
10,000-5

310-39

310-11Toggle Switch: SPST

Rotary Switch:

S-l Arrow-Hart & I
Hegomn
20994-HW I
Oak Nfg. Co.

I !36072
-

H2

, ---l. --'-__.. ..Li _

\)

~ S-2

- 20 -
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TABLE a? R~P1ACEAB1E PARTS~

i Circuit I -hp- Nfr. & Hfrs.
Ref. D0scription Stock No. Designa tion

----
TUBES: See NOTE below

VI 6BH6, Oscilla tor 2l2-6BH6 See Note

V2 6A15, Rectifier 2l2-6A15 See Note

V3 6.I.S6, Frequency Divider 2l2-6AS6 \"lestern Elec

v4 61\S6, Frequency Divider 2l2-6:~s6 Western Elec

V5a 6AL5, Rectifier 2l2-6A15 'See Note

v6 6AS6, Frequency Divider 2l2-6AS6 Wes tern Eloc.,

V7 6AH6, 100 kc isolating QQplifier 2l2-6AH6 See Note

V8 6AH6, 10 kc output isolating 2l2-6AH6 See ITote
anplifier

V9 6.iH6, 1000 cyqles 0 ' ), tput isola ting 2l2-6AH6 See Note
anplifier

VI0 6AH6, 100 cycles output isolating 2l2-6AH6 See Note
amplifier I

f1 5R4GY,
I

VII Power Supply Rectifier 1212-5R4GY See Note
...

2l2-616Gl') V12 6L6G, Voltage Regulator See Note

~ V13 616G, Voltage Regulator 2l2-616G See Note

~ v14 6AQ6, Voltage Regulator 2l2-6AQ6 ISee Fote
l?

V15 OA2, Voltage Regulator 12l2-0A2 Isee Note

d I
\!l NOTE: Any tube with Rl~ standard

<:)... characteristics r.~y bo used
except as listed for V3,
V4, and v6.

I
..
r
'<)

•
('t)
J I

I')

I
I

I
I

I I I

•
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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

a
P
HP
Q
R
S
T
U
V
W
x
y

Z
AA
BB
CC
DD
EE
FF
GG
HH
II
JJ
ZZ

Manufacture r

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.
International Resistance 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 Electric Products, Inc.
Western Electric Co.
Wilkor Products, Inc.
Amphenol
Dial Light Co. of America
Leecraft Manufacturing Co.
Any tube having RMA standard characteristics
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