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100C 6/5/51 Serial 57 to

PRODUCTION CHANGES

Serial 57 and Above

Table of Replaceable Parts

Change V7, V8, V9, V10 to:
Tube: 6 CB6, HP stock #212-6CB6

Change V14 to:
Tube: 6AV6, HP stock #212-6AV6

Change R9, R18, R27 to:
Resistor: fixed, composition, 3900 ohms, * 10%, 1W
HP stock #24-3900, Mfr. Allen-Bradley, #GB-3921
Change R5, R15, R24 to: :
Resistor: fixed, composition, 39,000 ohms, * 10%, 1W
HP stock #24-39K, Mfr. Alien-Bradley, #GB-3931
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LOW FREQUENICY STAITDARD

MODEL 100C

CAUTION

e . T

READ BEFORE TURNING ON THE INSTRUMENT

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
659C #20C.

However, if the crystal pilot light stays on continuously, or
the thermome%er 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 from 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.

L, 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 thermostat and watch the
mercury descent to room temperature. If there is no separation or
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 thermostat. If
the thermostat leads get wet or any moisturc collects beneath the
plastic insulator covering the contact rings, remove the plastic

-1 -
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insulator and dry tube and insulator and lcads thoroughly before
placing back in service, Otherwise, lcakage between leads may
cause heater relay to remain open,

5. Unscrew the two nuts holding the 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. Replacec the thermostat and thermometer inthe crystal oven;
turn on the instrument and obscrve oven temperature and operation
of the oven indicator lamp.
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INSTRUCTIONS

MODEL 100C

SECONDARY FREQUEIICY STANDARD

SPECIFICATIONS
Qutput Rating-=-
Qutput Frequency Volts into 5000 ohms load
100 cycles per second 5 minimum
1000 cycles per second 5 minimum
10,000 cycles per sccond 5 minimum
100,000 cycles per second 5 minimum

Distortion==-

47 at all frequencies with 5000 ohms load.
Internal impedance - 200 ohms load.

Quartz Crvstal--

100 kc

Quartz Crystal Oven--

Heater voltage 6.3V
Oven temperature 65°C

Power Supply Rating--

Voltage - = - 105 to 125 volts
Frequency = = 50 to 60 cycles
Wattage - - = 140 watts

Overall Dimcnsionsg=-

Cabinet Model = 23z" 1lg x 124" h x 1L4-7/16" 4
Rack lodel- = = 19" 1g x 10:" h x 1Lk=7/16" 4

Weight
38 1bs,
28 1bs.
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Tube Complemente—-

V1 6BH6 Oscillator

V2a, b 6ALS Rectifier

V3 6AS6 Frequency Divider

Vi 6A56 Frequency Divider

V5a 6ALY Rectifier

V6 6A36 Frequency Divider

V7 6AH6 100 ke isolating amplifier

V8 6AH6 10 ke output isolating amplifier

V9 6AH6 1000 cyecles output isolating amplifier
V10 64116 100 cycles output isolating amplificr
Vil 5R4GY  Power Supply Rectificr

V12 6L6G Voltage Regulator

V13 6L6G Voltage Regulator

Vik 6AQ6 Voltage Regulator

V15 0A2 Voltage Regulator

QPERATING INSTRUCTIONS

Inspecction==

This instrument has becn thoroughly tested and
inspected before being shipped and is ready for use when
received,

After the instrument is unpacked, the cover should be
removed (Sce Maintenance Section) so that the instrument may be
carefully inspected for damage rcccived in transit. While the
cover is off, the tubes should be checked to see that they are
firmly scated 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 100C, make sure that the
tubes and relay are secure in thelr sockets.

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

4

the

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

After the power is on, sceveral hours will elapse be-
fore the crystal oven temperature becomes constant. The instru-
ment should be run contlinuously so that the tempcrature of the
components reaches a steady statc and constant output frequen-
cies will be maintalned. Continucus 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 cquipment under test as it will
prevent the pick-up of extrancous voltages. Thec sinicld braid on’
the wire is connected to the "G" binding posts of the instrument,
To maintain a minimum output voltage of 5 volts, at cach frequen=
cy, a load of not less than 5000 onms impedancc may be conneccted
across the output terminals. The following table gives the max-
imum capacity that can be tolerated without exceeding the above
conditions.

Frequency Capacity for Capacitive Reactance = 5000 ohms
100 KC g OO03 wf
10 KC i3 mf
1 KC 03 nmf
100 cycles w3 mf

Maximum capacity across output terminals _ Max. length of
Capacity (mf per foot) of wire shiclded wire

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

Controls and Terminalg—-

FREQ. ADJ, - Seec section on "Standardization with WWV" for the
use of this control.

POWER - This switch controls all power supplied to the instru-
ment from the power linc.

QUTPUT SELECTOR - This switch connects any one of the four fre-
quencies to the "output" binding posts on the front panel.

FUSE - the fuscecholder, 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 (grcen wire) is connected to the instrument chassis.
The third wire projcects 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 instrument chassis.

OQutput Binding Posts = The four sets of binding posts on the

back af the chassis are the output terminals for the four fre-
quencies generated by the instrument. The binding posts marked
"G" are connected to the chasses.

GENERAL TINFORMATION

The Hewlett-Packard Low Frequency Standard llodel 100C
is an accurate and stable sccondary frequency standard. It may

= §
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be standardized with the Bureau of Standards transmissions fron
WWV at intervals to maintain a high order of accuracy.

The lModel 100C consists of a crystal-controlled oscil-
lator operating at 100KC which controls the stability of all
frequencies gencrated by the instrument., The frequencies of
10KC, 1KC and 100 cps are produced by 10:1 cascaded frequency
dividers which are driven by the 100KC precision oscillator.
Bach divider opcrates its own isolating amplifier so that all
sinc waves genegrated by the instrument are independently avail-
albe for external use.

A rcgulated nower supply delivers all ncecessary volt-
ages to the instrument and maintains a coanstant voltage which
contributes to the excellent stability of the instrument,

1O00KC Oscillator Circuit--

The 100KC oscillator is a modified Picrce circuits This
circuit allows the frequency to be changed #l1 cps by changing
the capacity across the crystal, A very low temperature coef=-
ficient crystal held at a constant temperature controls the fre-
quency to within 10 parts per million at normal room temperature.

Frequency Divider Circuilt--

The frequency divider circuit is composed of (sec fig.
2) tubes V2, V3 and assoclatéd components. Tube V3 is the actu=
al frequency divider, operating as a controlled one-shot multi=-
vibrator. The time constants of the circuit are adjusted so tnt
the circuit is triggered by everytenth cyclc of the oscillator,

Assuming for a moment that the oscillator 1s not oper-
ating, the operation of the circuit can be described as follows:
In a quiescent state tube V3 operates in such a manner that the
plate 1s at a higher voltage than the screen grid but draws no
current. This is explained by the fact that the suppressor grid
is suffieciently negative with respect to the cathode to cut off
the plate current. Therefore the scrcen grid acts as a plate
for the space current. The control grid is at cathode potential
and is thus drawing hcavy current. Thce cathode of Diode V2 is
connected to a higher dec voltage than its plate so that V2 is an
open circult to nositive voltages and to small negative voltages
applicd to its cathede. The negative portion of the oscillator
is large enough to pass through diodc V2 and trigger a nulti=-
vibrator action in V3: The negative voltage is passed from the
plate of V3 to the control grid through Cl. The negative con=~
trol grid reduces the Space current, causing the screen voltago
to rise and the cathode voltage to fall. This action reduces
the suppressor blas with rcspect to the cathode sufficiently
that current passes through the suppressor grid to the plate.
The plate voltage therefore drops rapidly, reinforecing the orig-
inal negative voltage on the control grid. Because the plate
voltage on V3 is now low, the platc 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 lcaks off through resistor R2. As
the grid voltage slowly riscs, the spacc current in the tube
slowly increases, causing the plate voltage to drop somewhat
more. At the same timc the cathode voltage slowly rises, in=-
creasing the blas on the suppressor grid, Finally., a critical
point is reached where the screen has morc atteraction for the
space current than the plate.

Jhen this critical point 1s reached, the second por-
tion of the multivibrator action occurs: The screen voltage
falls rapidly and plate currcnt ccases. This action transfers
a pesitive voltage to the control grid, rcsulting in more space
current and reinforcing the drop in scroen voltage. The cir-
cuit then becomes quiescent and is preparcd for the next nega-
tive pulse through Diocde V2a., The time constants in the cir-
cuit are adjusted so that thec total multivibrator action rec-
quires slightly more than nine cycles of thec oscillator fre-
quency, the ecircuit being again ready for triggering on the
tenth cycle. Thus, a frequency-dividing action has occurred.

This divider circuit is hicghly stable and will opcrate
for long periods of time without correction.

The sinusoidal output from the divider 1s obtained
from a tuned circuit that is connected to the screen grid of
V3 through a large isoleting resistor. This sinusocidal wave
is relatively harmonic-free, having less than 4% distortion.

The remaining divider circuits are connccted in cas-
ade and are driven from the cathode oeircuit of V3. A rectang-
ular wave is present at the cathode and this wave, after dif-
ferentiation, triggers the following divider. The remaining
divider circuits operate in a manner similar to the circult of
V3, the major difference being that the time constants are ad-
justed to accomodate the lower repetition rates involved,

Bach divider is connected to its own isolating amp-
lifier. This amplifier isolates the divider from variable cx-
ternal loads and provides a low 1lmpedance output.

Powecr Supply and Voltagze Regulator Circult--

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

STANDARDIZATION WITH WV

The 100KC oscillator circuit of the lodel 100C 1s set
to 100KC at the factory and it will maintain this frequency
within #,001% (10 parts per million) on the range of normal
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room temperatures. This degree of ac:zuracy 1s sufficient
for many purposes. For a greater degrece of accuracy the
100KC oscillator should be standardized with a primary fre-
quency standard at frequent intervals.

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

Station WV broadcasts standard frequencies twenty-
four hours a day on the following frequerdies: 2,5, 5, 10, 15,
20, 29, 30 and 395 megacycles. For the latest information on
using this service a Bureau of Standards Circular '"Methods of
Using Standard Frequencies Broadcast by Radio" may be purchased
from the Superintendent of Documents, Government Printing Office,
Washington, D. C. A detailed announcement of WWV broadcast
services, LC886 will be provided upon request from the National
Bureau of Standards, Washington 25, D.C.

A schematic wiring diagram for a suitable nulti-
plier is shown in the accompanying illustration. This circult
will give multiples of 100KC so that a signal is obtained on
all the VWV transmission frequencies. A wire from the antenna
terminal of the short wave recciver loosely coupled to Coil
L1 provides a signal to mix with the signal from WWV. This
coupling should be varied until it is approximately the san
strength as W.V.

The adjustment of the 100KC oscillator on the Model
100C is performed as follows:

1. Feed the 100KC oscillator output through the
multiplier to the r&dis receiver tuned to thse highest "MV
frequeney providing the best signal. The higher the WWV fre-
quency used, the greater the accuracy obtained in calibrating
the 100KC oscillator. Headphones or loudspecaker may be used to
indicate thc presence of a bheat betweecn the 10CKC oscillator
and WWV,

2. If a beat note is present the 1O0KC oscillater
has drifted from its correct frequency. To return the Hodel
100C oscillator to exactly 100KC it 1s nocessary to tune the
"FREQ. ADJ." capacitor in the lower left corner of the front
panel. Turn this control in the direction THEE prodices a
decreasc in the piteh until the zero beat point is reached and
then increase in piteh as rotation is continued. At the zero
beat point the 100KC oscillator will be standardized with WWV,

3. Should it be impossible to reach zero beat with
the "FREQ. ADJ." control, then set the control to approximately
onchalf 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 2zero beat point is
reached, 8
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Cl Capaocitor: fixed; mios; 5000 mmf;
200 vdow

c2 Cepmoitor:; fixed; mioa; 2700 maf;
300 vdow

C3, Capacitor: fixed; electrolytio;
4,5 10 mf; 450 vdow

Rl Resistor: fixed; composition; 190
ohms; $10%; 1 watt

R2 Resistor: fixed; oompmitia;
470,000 ohms; 410%; 1 wett

R3 Resdstor: fixed; emposgitian;
15,000 chms; !-_10%; 1 watt

Ry Resistor: fixed; oeomposition;
2 ,000 ohms; $10%; 1 watt

-‘?-

R5, Reslstor i fixed; c anpositd mn;

R6
RT

R8

Ll

Tl

39,000 chms; $10%; 2 watts

Resis to r: fixed; wirewound; L0O0O
ohma; 410%; 20 watts

Resl s tor : fi xed; wir ewaund; 10,000
ohms; 410%; 20 watts

12 Morohemry oil: W nding=-3, turns
oL, mmamelled wire on 5/8" diam,
bacel ite form, winding 3/ long.

Fower Tramafamer: pri, 115 v,
60 qroles; H.V. Sec. 5PV CT® 20 MA
See 5V @ 2A; 6.3 @lA.

Twes:
1l 5Y3Gr
1L 6J6
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The accuracy of the 10KC, 1KC and 100 cycles outputs
may be determined by comparing them with the 100KC output by
means of an oscilloscope.

APPLICATION

The Low Frequency Standard is applicable to nost
frequency mecasurements from very low audio frequencics up to
about twenty megacycles. It may be used as a source of constant
frequency voltage to operate tinming circuits and modulote radio
frequency generators.

i |
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The Model 1O0OC is most useful for the caclibration of
audio, supersonic and radio frequency gencrators. Also
as a comparison device to dotermine the frequency stability
of all kinds of radio equipment.

A typical arrangement for the use of the standard
in low-frequency measuremecnts is shown in Figure 4. Low
frequencies are most conveniently measured by means of Ligsa-
jous figures onan oscilloscope. However. for very complex
Lissa jous figures it is desirable to use 2 large-scrcen os=-
cilioscope.

An external oscillator can be used to advantage to
increase the ease of 1dentification of the more complex pat-
terns. For exanple, when measuring "inconvenient" frequencies
such as 210 cps, the oseillator can be sdjusted 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 oseillator. The oscillator frequency is then

comparcd with tie unknown frequency.

High frequency measurenents are best made with the aid
of a suitable receiver. The transition point between low and
high frequency measurcments is determined by the characteristics
of the equipment at hand, by the stability of tho unknown fre-
quency, and by the complexity of the ratio of the unknown fre-
quency to the standard frequency. With modern oscilloscopes and
stable frequencies the transition point is above 1 megncycle.
The rclatively pure sine wave output of the Model 100C may have
to be distorted to producce harmonics for some of the predceding
applications. This may be accomplished by inserting a gernan-
ium erystal in the output circuit of the Model 100C or by using
an amplifier which draws grid current.
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Under (:Z) Model 100C
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Lissajous figurcs are produced oh the screcn of
cathode ray tube when an alternctingcurrcent voltage is
correccted to both the horizontal and vertical deflecting
plates of the tube. When a standard frequeney voltage is
fed to onc set of plates and a voltage of unknown frecquency
1s connccted to the other set, the resultant figurc identifies
the ratio between the standard and unknown frequencies

TYPICAL LISSAJOUS FIGURE SHOWING POINT3 OF TANGENCY

1 2 |
'“"';ﬁlf'"',ﬁ~“ﬂ“‘ — — Unknown
Frcquency
K\ X 21 (conneccted to vertical plates of
) * oscilloscope)
3 10KC (connected to horizontal plates of
~ oscilloscope)

~ Mo of horizontal tangencics . Frequency R
o No. of vertical tangcncics of standard MSHERN -2 T equonay

'% x 10kc = 20 ke

) MATIITE. ANCE

9 Periodically the Model 100C should have the dust
blown from thc chassis and the tubes should be checked to sce
they are firmly scated in their sockets.

The following is a listing of possiblc symptoms and
~ their rencdiess:

- 11 -



SYMPTOM:

Pusce Failurce

Low Output Voltage:
(LOOKC output)

Low Output Voltagec:
(100KC output normal)

Lack of Synchronism:

Crystal Ovecn
Not Hecating:

Crystal Oven
overhecating:

REMEDY :

Inspeet the instrument for a short circuit
in the power circuits and clear the short
before replacing fuse.

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

2. Check V1 and V7 by replacing with
new tubes. Also tune C5 forpeak voltage.
3. lHeasure voltage from pin 8 of V13 to
chassis. Should be #225V. If voltagce is
too low, cneck power circult for short
giraults

1. Deternine which frequencics have sub-
normal output and check for too low ar
impcdance load for a short circuit across
the output terminals.

2. Check the tubes and voltages in the
divider and isolating amplificr of the
highest frequcncy with subnormal output.

3. Adjust the proper divider adjustment
for synchronism. These adjustments are
screwdriver adjustments located on top
of the chassis near the panel and are
labeled "10KC Divider", 1KC Divider"
and"100~ Divider",

1. Connect 10KC ouput to oscilloscope
vertical plates and 100KC output to hori=-
zontal plates. Adjust R6 ("10 KC divider")
so that a Lissajous figure for a 10 to 1
ratio is obtained.

2. Follow the above procedure for 1OKC anc
1KC, 1KC and 100 cycles. Adjust R1% (1KC
Divider) and R23 ('100~ Divider) resncct=
ively.

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

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

1. 8ee "Coaution" Section.

o T
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Cover and Bottom Plate Removal--

The cover may be removed from the imstrument without
taking the instrument out of thce wooden cabinet. The instru-
ment must be removed from the cabinet when it is necessary to
rcniove the bottom plate.

To remove the covur, unscrew the four screws holding
the cover to the back of the instrument, This releases the
cover so that 1t can be drawn out the back of the cabinet.

The bottom plate is removed by unscrewing the four
screws, onc in each cornor of the plate,

Crystal Oven Disasscmbly=--

The following is the step-by-step procedurc necessary
to disassemble the crystal oven to the point that the heater
and socket conncctions arc cxposcd. BSee Figure 1 for parts
numbers referred to in this proccedure.

1. Remove the four wing nuts (#1), the cover, and

the insulating pad.

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

3. Remove the two nuts holding thc thermometer (#2)
and the thecrmometer.

4. Disconnzet the th.rnostat wires at point 3.

5. Romove the two screws (#4) and the thermostat
guard, Draw out the thermostat.

6. Remove the four screws (#6) at the bottom edge of
the oven and slide clamp (#7) off of thc housing.
The housing will unwrap {ro. around the bottom
easting,

7. Unwrap the insulation and the heat wires and
socket are exposed.

- 13 -
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Circuit | -hp=  {1fr. & Mfrs.
Ref, Description Stock No. (Designation
Rl Resistor: fixed; composition; 24=11 1fkllon Brudloy

1 megohm #1043 1 watt | GB=1051
R2 Resistor: fixed; composition: 24~ 560K .A—B GB-5641
560,000 ohis; {10%; 1 watt ‘
R3 Resistor: fixed; composition; ok -10K fA-B BG-1031
10,000 ohms; %10%; 1 watt
RL R051stor’ fixed; composition; 244700 )A B GB-=4721
4, 700 ohnas +lOﬁ, 1 watt
RS Resistor: fixzed; composition; 24-33K |A-B  GB-3331
33,000 ohms j w;Op, 1 watt
R6 Roslstors rlaolg; wirewound; 210~8 | Clarostat
5,000 obn s £10% Typec 58
R7 Resistor: 39,000 ohms; #107; 24— 39K A-B (B=-3931

1l watty; Pactory Adjustment

R8 Rosistor: fixed; com0051tLon 244 70K A-B GB=-L741
47,000 ohms; +lO,Js 1 Attt |

R9 Resistor: fixed; composition; 1 24-3300 ‘A=B  GB=3321
34 300 ohme; +lOa 1 watt ]
\
R10 Resistor: fixed; composition; |25-22K ;A -B HB-2231
22 000 ObrlS, 'l'lO/o 2 watts f I
R11 Rosistor: fixed; composition; |24-1.2M |A-B GB-1251
1.2 megohms; #10%; 1 watt | !
|

[

|

}

R12 Resistor: fixed; composition 24-1,5M A-B (GB-=1551
| 1.5 megohns; #10%; 1 watt
R13 | Resistor: 39,000 ohmsj 524-39K [A-B (B=3931
i Factory Adjustment :
R1k4 Resistor: varicblej; wirewound; 210-8 Clarostat
5,000 ohns \Type 58
R15 Resistor: fixed; composition; | 24=33K 'A-B  (B=3331

‘ 33,000 ohns; +10m 1 wott i §

R16 Resistor: fixed; composition; 24-4700 ;A-B GB=-4721

4,700 ohms; +1QOJ_MLt |

R17 Resistor: fixed; composition; 24-4+70K  1A-B GB=-L4+741 |
470,000 ohms; +lOm 1 watt ? 4

R18 Resistor: fixed; cown031tlon, 24-3300 A-B (GB=3321
3,300 ohms +lOn 1 watt

T L
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TABLE OF REPLACEABLE PARTS

|

_hp_
Stock No.

|Mfr, & Mfrs.
Designation

Ciregit Description

Ref., N

R19 Redlgtor: fixed; comppsitlons
22,000 ohms; #10%; 2 watts

R20 Resistor: f[ixed; composition;
750,000 ohns; 25%; 1 watt;
Factory Adjustment

R21 Resistors fixed; composition;
1.5 mecgohm; #10%; 1 watt

R22 Resistoprt Tixed;composition;
39,000 ohnsy +10%; 1 watt;
Factory Adjustment

R23 Resistor: variablc; wircwound;
5,000 ohns

R24 Resistor: fixed; composition;
33,000 ohms; #10%; 1 watt

R25 Resistor: fixed; conposition;
4,700 ohms; #10%; 1 watt

R26 Resistor: fixed; conmpositiong
470,000 ohns; #10%; 1 watt

R27 Reslstors ZIfimed; composltion;
3,300 ohms; #10%; 1 watt

R28 Resistor: fixedj composition;
22,000 ohns; :10%; 2 watts

R29 Rosistors rixed; composltion;
1 nogohn; #107; 1 watt;
Factory Adjustrnent

R30 Resistor: fixed; composition;
1.5 megohms; #10%3 1 watt

R3X Resistor: fixed; composition;
2.2 nmegohns; 210%; 1 watt

R32 Reslistors  fixed: composition;
33 ohms; 110%; 1 watt

R33 Resistor: fixed; composition;
330,000 ohms; #10%; 1 watt

R3k Resistor: fixed; composition;
220 ohns; #10%; 1 watt

R35 Resistor: £fixed; composition;

8,200 ohns; #10%; 2 watts

25-22K

24-90

2l-1,5M

2L4-39K

210-8

24=33K

244700

2Ll 70K

24-3300

25.22K

2L-1M

Lol1,.5M
24-2,2M
24-33
24-330K
24-220

25-8200

A-B GB-2231

A-B GB~7545

A-B GB-1551|

A-B  GB=3921|
|

'

Clarostat
Type 58

A=B GB-3331
A-B (B-4721
A-B GB=4741
A-B GB=3321

A-B HB-2231

A-B GB-1051

iA—B GB-1551
A-B GB-2251
'A-B (B-3301
A-B GB-3341
A-B (B-2211

A-B HB-8231

G=16
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560,000 ohis; elOm 1 watt

Circuit Description - hp- | Mfr. & lfrs.
Ref. Stock No. Dosignation
R36 Resistor: <fixed; com0051tlon, 24-10K A<B GB-1031
10,000 ohns; ~lON, 1 watt
R37 Reosistors fixed; cowposition 24~ 330K A-B GB=-3341
330,000 ohns; +l , 1 watt
R38 Resistor: fixed; composition; 24-220 ﬁ-B GB-2211
220 ohms; #10%; 1 watt
R39 Resistor: fixed; composition; 25-8200 A-B HB-3231
8,200 ohns; $104; 2 watt f
R40 Resliatori Xixeéd; comp051tlon, 24-10K =B GB-lO}lE
10,000 ohns; +lOp 1 watt
R41 Resistor: fixed; composition; 24=330K A<B  GB=3341
330,000 ohms; flOp 1 watt |
RL42 Resistor: flxoa, coriposition; 24-220 A-B (GB-2211
220 ohms; #10%; 1 watt
RL3 Resistor: fixed; composition; 25-8200 HB-8231
8,200 ohns; +10ﬁ 2 watt
5
RYLt Resigor: fixed; composition; 24-10K A-B GB-1031
105000 ohig ~l-lO,o7 1 watt
R4S Resistor: fixedj; composition; 24-330K A-B GB=3341
330,000 ohis; *lOp 1 watt
| R46 Resistor: fixed; composition; 24-220 A-B GB-2211
: 220 ohms; #1074; 1 watt
Xl R4 Resistor: fixed; composition; 25-8200 @A-B HB-8231
8,200 ohms; flOp 2 watt
R4S Resistor: fixed; composition; 24~10K A-B  GB-1031
10,000 ohns; +lOo, 1 watt
R49 Resistor: flxed, conposition; 2h-33 A-B GB-3311
33 chmsj +lON 1 watt T
R50 Resistor: fixed; conE031tlon 23-1000 \-B 10B=~1021
1,000 ohns; flOp z watt
R51 Resistor: fixed; CO“?OSltlon, 23-1000 A-B EB-1021
1,000 ohmns; +lO/, 4+ wat
R52 Resistor: filxed; con3051t10n, 23=1000 A-B EB-1021
1,000 ohns: +lOp 7 watt
R53 Resistor: fixed; corp051*10n, 2456 0K h—B GB-5641

- 17 -
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Circult i 5 e -hp- Mfr. & Mfrs.
Ref. IeRT NG Stock No. |Designation
RS54 Resistor: fixed; composition; 25-10K A=3 HB-2531
10,000 ohms; #10%; 2 watts
R55 Resistor: fixed; composition; 24 -270K A-B (GB-2741
270,000 ohns; #£10%; 1 watt
R56 Resistor: fixed; composition; 24-33K A-B (GB-3331
33,000 ohms; #10%; 1 watt
R57 Resistor: variablej; 25,000 ohms; [210-11 !Ccntralab:
Conposition BA1-010-1990
R58 Resistor: fixed; composition; 247K A-B  GB-=h731
47,000 ohms; +10%; 1 watt
R59 Resistor: 56,000 ohms; #107%; 23-56K A=3 EB=5631
¥ watts; fixed; composition
R60 Resistor: 56,000 ohms; £#105; 23-56K A-B EB=-5631
+ watts; fixed; composition
R61 Resistor: 56,000 ohms; #1053 23=55K A-B EB-5631
+ watt; fixed; composition
Cl Capacitor: wvariablej air; 10 mmf [12-9 Sarkes-Tarz-
ian #A-=-25L
£ Capacitor: variable: air 12-17 3-T J103L
c3 Capacitor: fixed; micaj 5000 mmfj|l4-1k liicamold
#1055 300 vdew \Type U
cY Capacitor: variable; air; 100 mmf|l12-17 3-T J103L
|
cH Capacitor: variable; airj; 100 mmf |12-11 15-T J103L
cé6 Capacitor: <fixed; micaj 40O mnf; 114_;00 I{icanold
500 vdew f Type OXM
i Capacitor: fixed; paper; .0l mf; [1l6-41 Solar Mfe.
£ 2055 600 vdew Corp.ST-56-01
c8 Capacitor: fixed; micaj 20 mmf; | 14=20 Micanold
4103; 500 vdew Type OXM
Cco Capacitor: fixed; mica; 100 mmf; |14-100 Micanold
#10: 500 vdew Type OXM
cl0 Capacitor: fixed; mica; 2000 mnf;|1h=13 Micamold:
21073 500 vdew Tyose W
S 1 This refecrence symbol not assigned |
1
g1g Part of Tuned Circuit Assenbly ! f

A8 -
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Circuit S -hp=- Mfr. & lifrs.
Ref. Description 3tock No. [Designation

€13 Capacitor: fixed; mica; 500 mmf; |1%-500 Micanold
#1075 500 vdew Type OXM

C1k Capacitors fixed; mica; 1000 mnf; 14-11 Micanold
41073 500 vdew Tync W

c1l5 Capacitor: fixed; mica; 5000 mmfj |1h-1k Micamold
#107%3 300 vdew Type W

Cl6 Part of Tuned Circuit Assembly

Cl17 Capacitor: fixed; micaj; 2000 mnfj [14-13 Micarniold
#1005 500 vdew Type W

c18 Capagitors #£ixed; nmica; .01 mf; 14-23 Micamold
+10%3; 300 vdew Type W

C19 Capacitor: fixed; micaj .01 mf. [14-23 liicamold
4105%; 300 vdew Type W

c20 Part of Tuned Circuit Asscmbly

821 Cﬂpac1tor. fixed; mica3 500 mmf; [14-500 Micamold
+10%3 500 vdew Type 0XM

g2 Capac1tor. fixed; paper; .0l nfj; |16-11 lerovox
-10% #30%; 500 "vdew prc 63k

c2a3 Capacitor: LlXCd papar: .0l ol 16-11 Lerovox
~10% #30 /%3 600 vdew ype 684

cak Cepacitor: fixed; paper; .1 mf; (16-1 Aerovox
-10 #20%; 600 vdew Type 684

c25 Capacitors fixed paper; .0l mf; 16-11 Aerovox
-10 #3053 600 vdew Lype 684

c26 Capacitor: fixed; paper; 1 mf; 17-12 eneral Elec.
+10%; 600 vdcw IF467GL03

27 Capacitor: fixed; paper; Ol mfj; |16-11 Aerovox
600 vdew Typc 684

c28 Capacitor: fixed; electrolytic; 18-20 .R.i¥allory
20 nf; 450 vdew PS~-14k

Cc29 Capacitor: fixed; paper; Y mf; 17-10 orncll~Dubi=-
#1053 600 vdew ier TLA6O4O

Cc30 C“pac1tor fixed; paper; 4 nf; 17-10 ornell=Dubi=-
410%; 400 vdcw ior TLAG6O4O

G3i Capacitor. fixed; paper; .05 nfj; |16-15 Aerovox

i $10%3 600 vdew &ype P6388

19 =



JOC &

TABLE OF REPLACEABLE PARTS

Clrcult Description ~-hp=- Mfr. & lifrs,
Ref. Stock No. |Designation
2 Capacitor: fixed; paper; 4 nf; 17-10 Corncll-Dubi-

+105; 600 vdew licr TLAGOMO
Binding Post 312-3 Hewlctt-
Pacrard
Crystal Oven: (Less crystal) M=69A H-P
Replaccable Ports in Crystal Ovens:
Crystal, Quartz: 100 ke 41-13 Jas. Knight
H-18-55
Thernometer, Contact: Ll-5 Precision
Inst. 440
|
Thernoneter: (41-6 Jensen Inst.
Co. B« F.
Fl Fuse: l.6 anp; 3AG type 211-15 Bussman Mfg.
Co. MDLI. 6
Fuscholder: 312-8 Littelfusec
#342001
I1, 1I2 Lamp: 211=47 GtE. Supply
7
Knob: k) H-P
Power Cables 812-56 H-P x
]
Power Transforner: 910=43 H-P
Ll Coil, R.Ft 50 nh 48=3 Maguire Inda
Inc. 19-4551
L2, L3,L4
Cl2, Clé, Tuncd Circuit issenbly: 911-22 H-P
Cc20
5 Reactor: 6H C 125 ma; 240 ohms 911-12 H-P
REL-1 Relay: SPST normally closed 49.6 Sigma Inst.
Tyne %1RO7~
10,000-5
5=1 Toggle Switch: SPST 310-11 Arrow=-Hart &
Hegenan
20994 ~HW
S=2 Rotary Switch: 310-39 Oak Mfg. Co.

36072-H2

=
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NOTE: Any tube with RMA standard
characteristics may be used
except as listed for V3,

Vi, and V6.

I

| Circuit -hp= Mfr. & Mfrs.
Ref. Description Stock No. [{Designation
TUBES: See NOTE below
V1l 6BH6, Oscillator 212-6BH6 See Note
Ve 6AL5, Rectifier 212-6AL5 |See Note
V3 61386, Frequency Divider 212-6A86 |Western Elec.
Vi 6036, Frequency Divider 212-6186 |Western Elecd
V5a 6AL5, Reectifier 212-6AL5 [Sce Note
V6 6AS6, Frequency Divider 212-6AS6  [Western Elocf
V7 6AH6, 100 ke isolating amplifier 212 -6AH6 Sece lote %
V8 64H6, 10 ke output isolating 212-6AH6  |See llote |
amplifier !
V9 6AH6, 1000 cycles oitput isolating [212-6AH6  [See Note {
anplifier j
V10 6AH6, 100 cycles output isolating |[212-6iH6 [See Note ‘
anplifier
Vil 5R4GY, Power Supply Rectifier '212-5R4GY See Note
V12 6L6G, Voltage Regulator 212-6L6G  [See Note
V13 6L6G, Voltage Regulator 212-6L6G  |Scc Hote
V1ik 6AQ6, Voltage Regulator 212-64Q6  [See Note
V15 0A2, Voltage Regulator 212=-0A2 See Note

i A




LIST OF MANUFACTURERS CODE LETTERS
FOR REPLACEABLE PARTS TABLE

Code Letter 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.
International Resistance Co.

TOZZO R IOMBOQW®

an
gy

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

NHKNMsSs<acrs®WIpP
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