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Section I Model 431B
Figure 1-1

Figure 1-1. Model 431B Power Meter
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Section I
Paragraphs 1-1 to 1-4

SECTION 1
GENERAL INFORMATION

1-1. DESCRIPTION.

1-2. The ¥ Model431B Power Meter, with & temper-
ature compensated thermistor mounts, measures rf
power from 10 microwatts (-20 dbm) to 10 milliwatts
(+10 dbm) in the 10-mc to 40-gc frequency range.
Direct reading accuracy of the instrument is +3% of
full scale. Instrument specifications are given in
table 1-1.

1-3. The design of the Model 431B and its thermistor
mount, results in almost complete freedom from
measurement error caused by ambient temperature
changes. The instrument incorporates two self-
balancing bridges with one arm of each bridge being
a thermistor. The two matched thermistors, both
located within the mount, are thermally coupled, but

Table 1-1.

electrically isolated.

power ranges.

1-4. The temperature compensated

40-gc frequency range.

operating resistance.

Specifications

Instrument Type:
Automatic, self-balancing for temperature com-
pensated mounts

Power Ranges:
7 ranges with full scale readings of 10, 30, 100
and 300 pw; 1, 3 and 10 mw. Also calibrated in
dbm fromi -20 to +10.

External Bolometer:
Temperature-compensated thermistor mounts
required for operation (% 478A and 4864 series).

Accuracy:
+3% of full scale from +20°C to+35°C, £+5% of full
scale from 0°C to +55°C

Zero Carry-Over:
Less than 0.5% of full scale when zeroed on most
sensitive range

Recorder, Voltmeter Qutput:
Phoue jack on rear with 1 ma maximum into 1000
ohms +10%; one side grounded

Calibration Input:
Binding posts onrear for calibration of bridge with
J 8402A Power Meter Calibrator or precise dc
standards

Power Supply:
115 or 230 volts+10%, 50 to 1000 cps, 2-1/2 watts

Dimensions:
6-17,32 in.(166 mm) high, 7-25,32 in. (198 mm)
wide, 12-1/2 in. (318 mm) deep

Weight:
Net 8 1b (3.63 kg) withcoverand cables 11-1/2 1b
(5.44 kg) including battery; shippingapprox. 131b
(5.9 xg)

Accessories Furnished:
5 ft (1.5 m) cable for ¢ temperature-compensated
thermistor mounts. 7-1/2 £t (2.3 m) power cable,
NEMA plug.

Accessories Available:
431A-95B Rechargeable Battery Pack for field

installation.
& Models 478A and 486A Thermistor Mounts
& Model 8402A Power Meter Calibrator
% Model HO1-8401A Leveler Amplifier
Options:

01. Rechargeable battery installed, provides up
to 24 hours continuous operation,

02. Rear input connector wired in parallel with
front panel input connector,
10. With 20 foot cable for 100 © or 200 © mount,
11. With 50 foot cable for 100 € mount,
12. With 100 foot cable for 100 € mount,
13. With 200 foot cable for 100 © mount,
21. With 50 foot cable for 200 € mount,
22. With 100 foot cable for 200 © mount,
23. With 200 foot cable for 200 & mount.

01370-3

1-1

One thermistor is used to
absorb rf power; the other is used toprovide temper-
ature compensation. Thus, thethermal drift problems
normally associated with the thermistor-power meter
arrangement have been greatly reduced. A single
setting of the ZERO control on the most sensitive
power range is maintained within +0.5% for all higher

thermistor
mounts used with the instrument are specifically de~
signed for % Model 431A/B Power Meters. Coaxial
and waveguide thermistor mounts cover the 10-mec to
Table 1-2 gives thermistor
mount operating frequency, mount configuration, and




Section I
Paragraphs 1-5 to 1-11

Table 1-2. Model 431B Thermistor Mounts

Type Operating
Frequency Resistance
Coaxial | Waveguide Range in ohms
@ 478A 10 mc to 10 gc 200
@ sS486A 2.6 to 3.95 ge 100
& G486A 3.95 to 5.85 gc 100
@ J486A 5.3 to0 8.2 gc 100
@& H486A 7.05 to 10.0 ge 100
& X486A 8.2tc 12.4 gc 100
@& Md486A 10.0 to 15.0 gc 100
& P486A 12.4 to 18.0 ge 100
®K486A | 150 t0 26.5 200
& K486AC*
®R486A |05, 400 200
& R48BAC*
* With circular contact flange adapter

1-5, The Model 431B has provisions for using the
dc substitution method of measurement and for check-
ing calibration accuracy of the power meter. The dc
substitution method of measurement which requires
other equipment provides greater power measurement
accuracies than can be obtained by the power meter

1-2

Model 431B

alone. In additiona jackin series with the panel meter
permits digital or chart recording of measurements,
operation of alarm or control systems and use in a
closed-loop leveling system.

1-6. ACCESSORIES.

1-7. Two accessories are supplied with the Mcdel
431B Power Meter: a 7-1/2-foot, detachable power
cable and a 5-foot cable that connects the thermistor
mount to the Model 431B. Thermistor mounts are
available (see table 1-2) but not supplied with the
instrument. A rechargeable battery with installation
kit is also available. A list of supplied and available
accessories is given in table 1-1, Specifications.

1-8. INSTRUMENTS WITH OPTIONS.

1-9. The options available with the Model 431B
Power Meter are given in table 1-1. The thermistor
mount cable options require modification and recali-
bration of the Model 431B Power Meter. The recali-
bration procedures for the cables are given in section
V, Maintenance, under Oscillator Frequency Adjust~
ment (paragraph 5-58) and Coarse Null Adjustment
{paragraph 5-63).

1-10. INSTRUMENT IDENTIFICATION.

1-11. Hewlett-Packard uses atwo-section eight-digit
serial number (000-00000). If the first three digits of
the serial number on your instrument do not agree with
those on the title page of this manual, consult the Ap-
pendix for information regarding manual changes.

01370-3
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Section I
Paragraphs 2~1 to 2-8

SECTION 1|1l
INSTALLATION

2-1. INSPECTION.

2-2. This instrument was carefully inspected both
mechanically and electrically, before shipment. It
should be physically free of mars or scratches and in
perfect electrical order upon receipt. To confirmthis,
the instrument should be inspected for physical damage
in transit. Also check for supplied accessories, and
test the electrical performance of the instrument using
the procedure outlined in paragraph 5-71. If there is
damage or deficiency, see the warranty ou the inside
rear cover of this manual.

2-3. INSTALLATION.

2-4. The & Model 431Bis fully transistorized; there-
fore no special cooling is required. However, the
instrument should not be operated where the ambient
temperature exceeds 55°C (140°F).

2-5. RACK MOUNTING.

2-6. The Model 431B is a submodular unit that when
used alone can be bench mounted only. Heowever,
when used in combination with other submodularunits
it can bebenchand/or rack mounted. The @ combining
case and adapter frame are designed specifically for
this purpose.

DIVIDER LATCH

2-7. COMBINING CASE. The combining case isa
full-module unit which accepts varying combinations
of submodular units. Being a full-module unit, it can
be bench or rack mounted analogous to any full-module
instrument. An illustration of the combining case is
shown in figure 2-1. Instructions for installing the
Model 431B in a combining case are given graphically
in figure 2-2.

2-8. ADAPTER FRAME. The adapter frame is
a rack frame that accepts any combination of sub-
modular units. It can be rack mounted only. An
illustration of the adapter frame isgivenin figure 2-3.
;I‘o assemble, refer to Figure 2-4 and proceed as
ollows:

a. Place the adapter frame (1) on edge of bench as
illustrated.

b. Stack the submodular units (2) in the frame.
¢. Placethe spacer clamps (3) between instruments.

d. Place spacer clamps (4) on the two end instru-
ments.

¢. Push the combination into the frame.

DIVIDER ASSEMBLY

:

\suBMODULE RETAINER

MP-8-i78

Figure 2-1. The Combining Case

01370-3
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Model 431B
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Figure 2-2. Steps to Place Instrument into Combining Case
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LD-5 680

Figure 2-3. Adapter Frame Instrument Combinations

2-2

f. Insert screws (5) on both sides of frame, and
tighten until submodular instruments are secure in
frame.

g. The complete assembly is ready for rack
mounting.

2-9. THREE-CONDUCTOR POWER CABLE.

2-10. To protect operating personnel, the National
Electrical Manufacturers' Association (NEMA) rec-
ommends that the instrument panel and cabinet be
grounded. All Hewlett-Packard instruments are
equipped with a three-conductor power cable which,
when plugged into an appropriate receptacle, grounds
the instrument. The offset pin on the power cable
three-prong connector is the ground wire.

2-11. To preserve the protection feature when oper-
ating the instrument from a two-contact outlet, use a
three-prong to two-prong adapter and connect the
green pigtail on the adapter to ground.

2-12. PRIMARY POWER REQUIREMENTS.

2-13. The Model 431B can be operated from an ac or
dc primary power source. The ac source can be either
115 or 230 volts, 50 to 1000 cps. The dc source is a
24-volt rechargeable battery. The rechargeable
battery is supplied with option 01 instruments only.

01370-3
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2-14. For operation from ac primary power, the
instrument can be easily converted from 115- to 230-
volt operation. The LINE VOLTAGE switch, Sl a
two-position slide switch located at the rear of the
instrument, selects the mode of ac operation. The
line voltage for which the instrument is setto operate
appears on the slider of the switch. A 15/100-ampere,
slow-blow fuse is used for both 115- and 230- volt
operation.

CAUTION

DO NOT CHANGE THE SETTING OF THE
LINE VOLTAGE SWITCHWHEN THE POWER
METER IS OPERATING.

2-15. INITIAL BATTERY OPERATION CHECK.

2-16. The following applies to option 01 instruments
or instruments that have field-installed batteries.
When the battery is used as the Model 431B power
source for the first time, perform the following steps:

a. Connect Model 431B to ac source. Set POWER
switch to CHARGE and charge battery for a minimum
of 16 hours or overnight. Note: the battery can be
maintained in the charging state indefinitely without
damaging the battery. It will assume itsfull capacity,
1.25 ampere hour, and no more.

b. Perform turn-on procedure given in figure 3-2
with POWER at AC. If the procedure checks out
normally, proceed to step c.

O]

ADAPTER
FRAME

172 MODULE
INSTRUMENT

|

SPACER
CLAMP

\\\
\
g/ /

%

SPACER CLAMP
RETAINING SCREWS

Figure 2-4. Two Half Modules in Rack Adapter

01370-3
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c. Repeat turn-on procedure given in figure 3-2
with POWER at BATTERY ON. If operationis not the
same as that obtained with ac power applied, refer to
paragrs ™ 5-40, Battery and Charging Checks.

2-17. REPACKAGING FOR SHIPMENT.

2-18. The Model 431B is shipped in a foam-pack and
cardboard carton (see figure 2-5). When repackaging
the instrument for shipment, the original foam-pack
and cardboard carton can be used if available. If not
available, they can be purchased from Hewlett-Packard
Co. (refer to section VI, misc). Use the following as
a general guide for repackaging the instrument.

a. Place the instrument in the foam-pack as shown
in figure 2-5.

b. Mark the packing box with ‘‘Fragile’’, ‘Delicate
Instrument."

Note

If the instrument is to be shipped to Hewlett-
Packard for service or repair, attach to the
instrument a tag identifying the owner and
indicating the service or repair tobeaccom-
plished, include the model number, and full
serial number, of the instrument. In any
correspondence, identify the instrument by
model number, serial number and serial
number prefix.

| INSTRUMENT

ﬁ
N

___FOAM-PACK

__——CARTON

0w &20

Figure 2-5. Repackaging for Shipment

2-3/2-4
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Section III
Paragraphs 3-1 to 3-16

SECTION 111
OPERATION

3-1. INTRODUCTION.

3-2. The @ Model 431B Power Meter measures rf
power ranging from .01 to 10 milliwatts with power
meter accuracy of +3%. The zero carries over from
range to range within +0.5% of full scale whenthe me-
ter is zeroed on the most sensitive scale.

3-3. MECHANICAL ADJUSTMENT OF
METER ZERO.

3-4. The procedure for performing the mechanical
adjustment of the meter zero is given in section V,
paragraph 5-54.

3-5. CONTROLS AND INDICATORS.

3-6. The front and rear panel controls and connectors
are explained in figure 3-1. The explanations are
keyed to corresponding controls and indicator on the
drawing of the front and rear panels of the instrument
provided with the figure.

3-7. OPERATING INSTRUCTIONS.

3-8. Figure 3-2, Turn-On and Nulling Procedure,
and figure 3-3, DC Substitution Technique, give step-
by-step instructions for operating the Model 431B. In
figsure 3-2, each step is numbered to correspond with
numbers on the accompanying drawing of the power
meter.

3-9. BATTERY OPERATION.

3-10. The following applies to power meters having
a factory or afield-installed rechargeable nickel-cad-
mium battery. See figure 3-1, Turn-On and Nulling
Procedure, for step-by-stepinstructions for operating
the Model 431B from a battery.

3-11. BATTERY CHARGING TIMES.

3-12. The battery used in the Model 431B requires
two hours of charge time for one hour of battery
operation. When the battery is fully charged, the
Model 4318 can be continuously operated for 24 hours
with 48 hours of charge time. However, it is recom-
mended that battery operated instruments be operated
for eight hour periods with a 16 hour recharge time.
This makes the Model 431B available for portable
use daily, yet maintains the battery at full charge.

3-13. BATTERY CHARGE CHECK.

3-14. Under normal conditions, a fully charged
battery will start at approximately 27 voits and drop
to about 22 volts after 24 hours of continuous use at
room temperature.

a. Connect the Model 431B to ac primary power.
Set POWER to AC and perform the turn-onand nulling

01370-3

procedure given in figure 3-2. This will check for
normal operation from ac primarypower. If perform-
ance is normal proceed to step b.

b. Set POWER to BATTERY CHARGE: the AC
CHARGE lamp will glow. Allow Model431Bto charge
the battery for 48 hours. This will allow the battery
to obtain a full charge.

c. After the recharge interval, set POWER to
BATTERY ON. Since battery is now fully charged,
you should be able to zero-set and null the meter
(figure 3-2). If not the battery or battery charging
circuit is at fault. Refer to Battery and Charging
Checks paragraph 5-40.

3-15. MAJOR SOURCES OF ERROR, MICROWAVE
POWER MEASUREMENTS.

3-16. In microwave power measurements, the follow-
ing are the major sourcesof error: 1) mismatcherror
or tuner loss (when a tuner isused to tune out mismatch
error), 2) bolometer mount efficiency, 3) substitution
error, 4) instrument error and 5) error due to the
unilateral properties of athermistor. Thusfive errors
must be known if accurate power measurements are
to be obtained. Expressed mathematically:

Total measurement error =

mismatch (or tuner) loss + calibration factor +
instrument error + error due to the unilateral
properties of a thermistor

a. Mismatch Loss. Unless the mount and rfsource
are perfectly matched to the transmission system, a
fraction of incident power is reflected and does not
reach the thermistor. Since there generally is more
than one source of mismatch in a microwave meas-
urement system and the resulting error signalsinter-
act, loss cannot be calculated from the swr figure, it
can only be expressed as lying between two limits.
Limits of mismatch loss generally are determined by
means of a chart such as the Mismatch Loss Limits
chart included in each of the thermistor mount
Operating Notes, A tuner such as the & Model 872A
or 870A can be used to minimize loss, although the
tuner itself will introduce some loss.

b. Bolometer Mount Efficiency and Substitution

Error. Not all the rf power applied to the mount is
used to heat the rf thermistor. Some of it is absorbed
by the other elements in the mount, such as the walls
of the rf chamber, the heat sinks, the leads, etc. Sub-
stitution error results because rf power does not affect
the thermistor to the same degree as dc power. Sub-
stitution error and mount efficiency are often combined
forsimplicity of measurement into what is termed
‘“calibration factor’’. Typically, the calibration factor
of the Model X486A waveguide mount is 97% to 98%.

3-1
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Figure 3-1
7/ 7
iw © VERNIER
- ZERC
[~} 4318 POWER NETER _
THERMISTOR MQUNT
OC CALIBRATION LINE
" ‘PCONER.""" RANGE 8 SUBSTITUTION WOLTAGE
v tanet P
POWER
IR \ !
1. POWER: The POWER switch setsup connections MOUNT RES: This two - position slide switch

to the selected power sources or to the battery
charging circuit. When the power switch is in
the AC position, externally supplied 115 or 230
volts is applied to the instrument. Ifthe instru-
ment contains a battery, a trickle charge is
applied to maintain the battery at full charge.
With POWER at BATTERY ON, a 24-vdc battery
within the instrument supplies primary power
to the instrument. With POWER at CHARGE,
115- and 230-volt power is used to charge the
battery (16 to 24 hours is required to obtain
full battery charge). The instrument is in-
operative in this position. Note: Batteries
are installed at the factory for option01 instru-
ments only.

RANGE: The RANGE switch can be set for full
scale power readings from .01 to 10 milliwatts
in seven steps. It also includes a NULL posi-
tion which, in conjunction with the adjacent
null screwdriver adjust, insuresthatthe meter-
ing bridge is reactively balanced.

THERMISTOR MOUNT: The THERMISTOR
MOUNT connector is a female receptacle that
accepts a specially-made cable whichis supplied
with the instrument. The cable connects the
mount thermistors into their respective bridges
within the power meter.

sets the power meter to accommodate therm-
istor mounts of 100- or 200-ohm nominal
resistance.

ZERO and VERNIER: The ZERO control
coarsely sets the meter pointer near zero; the
VERNIER control is a more exact adjustment
which sets the meter pointer on zero.

. In Option 02 instruments only, mount connector

wired in parallel with front - panel connector.
Two mounts cannotbe connected simultaneously.

. RECORDER: The RECORDER input is a grounded

telephone jack for monitoring the current which
operates the Model 431B meter.

. DC CALIBRATION & SUBSTITUTION: This

terminal permits application of known direct
current to the rf bridge. The power reading
obtained with the accurately known dc power
applied is then compared with the reading ob-
tained when rf power was applied. The dc sub-
stitution technique is used both to calibrate the
431B and to increase the accuracy of power
measurement.

LINE VOLTAGE: The LINE VOLTAGE switch,
81, is a two-position slide switch that selects
the mode of ac operation. The line voltage for
which the instrument is set to operate appears
on the slider of the switch. A 15/100 slow-blow
fuse is used for both 115 and 230volt operation.

3-2

Figure 3-1. Front and Rear Panel Controls and Indicators
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Figure 3-2
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OR  CHARGE OBK -20-15 -10 -8 O 53 +IC
W | A
THERMISTOR
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@ MOUNT neémﬁmgi"‘"”d_—@
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1. Connect thermistor mount and cable to the
THERMISTOR MOUNT. @ thermistor mounts
and their frequency ranges are given in table
1-2, Model 431B Thermistor Mounts.

Note

When possible, the Model 431B should be
zeroed and nulled with the power source to
be measured connected to the thermistor
mount. Ifthisisnotpossible, anda coaxial
thermistor mount is used, terminate the
rf input into a 50-ohm load. Power source
should be off while zero and null-setting
the Model 431B Power Meter.

2. Set MOUNT RES to match thermistor mount
resistance (100 or 200 ohms).

3. Set RANGE to .01 MW,

4. Set POWER to AC; AC & CHARGE lamp will
glow. If instrument is battery-operated, rotate
POWER to BATTERY ON.

5. Adjust ZERO control for 25 to 75% of full scale
on meter.

6. Rotate RANGE to NULL and adjust null screw-
driver adjust (adjacent to NULL on RANGE
switch) for a minimum reading.

o-u 34
LO-M-604

7. Repeat steps 5 and 6 until NULL reading is
within NULL region on the meter.

Note

If instrument is battery-operated and you
are not able to zero the meter, or if meter
pointer fluctuates rapidly, battery needs
recharging. Refer to paragraph 3-11,

8. Set RANGE switch to the power range tobe used

and zero-set the meter with ZERO and VERNIER
controls.

Note

Zero-setaccuracy of 0.5%of fullscalecan
be obtained by zero setting the meter onthe
most sensitive range (.01 mw) only, and
assuming the meter is properly zeroed on
all less sensitive ranges. For maximum
accuracy, zero set the meter onthe range
to be used.

9. Apply rf power at the thermistor mount and
read power on Model 431B meter. Power is
indicated on the meter directly in mw or dbm.

Note

This instrument is aceurate to within+3%.
Accuracy to x1%, or better, is possible
using the dc substitution technique de-
scribed in figure 3-3. See alsoparagraphs
3-15 and 3-17.

Figure 3-2. Turn-On and Nulling Procedure
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Figure 3-3

Model 431B

POWER SUPPLY

DIGITAL VOLTMETER

0-300vdc accuracy: 0.2%

0-20mMo N MODEL 4318
(@4055R/cm

(@7r1ia) POWER METER

D

INPUT

S

DC_CAL {BRATION
& SURSTITUTION

|

[4)
O ﬁb{m, .05%, IW

. With power supply turned off, connect the
Model 431B as shown above.

. Set the Model 431B for normal operation on the
appropriate range using the procedure given in
figure 3-2.

. Apply rf power at the thermistor mount and
note and record the reading of the Model 431B
meter. This is the reference for the substi-
tution measurement.

Note

A second digital voltmeter, in parallel
with a 1000-ohm (x10%, 1 watt) resistor,
connected in series with the RECORDER
output of the Model 431B will increase
accuracy of reference duplication.

. Turn off, or disconnect, the rf source.

. Turn power supply on; adjust the output voltage
of the power supply until the reference of step 3
is duplicated. A potentiometer arrangement
may be substituted for the adjustable power
supply. However, at least 10,000 ochms must
remain in series with the supply.

AAA- Lo.u-s3w

10K, (0%, IOW

CAUTION

Never apply more than 20 ma d¢ tothe DC
CALIBRATION & SUBSTITUTION termi-
nals of the Model 431B.

6. Read the voltmeter which monitors the substitu-

tion current. The voltmeter reading can be
interpreted as current in milliamperes because
the voltage is measured across 1000 ohms.
This current is Idc'

Calculate power in mw from the expression

2
Ich

Power (MW) = ;
4x10
where Ry = operating resistance of the term-
istor (100 or 200 ohms)

and 1 de = substitution current in milliamps
(from step 6)

. To minimize error due to drift in either the

reference or substituted power level, steps 1
through 6 should be repeated.

Figure 3-3, DC Substitution Technique
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c. Instrument Error. This is the inability of the
power meter to accurately measure and interpret the
information available at the thermistor element. In
specifying the accuracy of a power meter, instrument
error is the figure usually given. For the Model 431B,
instrument error is £3% of full scale, 20°C to 35°C.
This error can be reduced by special techniques such
as the dc substitution method discussed in para, 3-17.

d. Error Due to the Unilateral Properties of a
Thermistor. The thermistor used in conjunction with
the Model 431A/B exhibitsunilateral properties which,
when the source of power is a dec current, causes a
slightly different indication of power than is obtained
by the calculation of 12R. Thus thede power required
to produce a reading on the Model 431A/B Power
Meter is not the same as the rf power required to
produce the same reading on the Model 431A/BPower
Meter. The maximum error produced from this source
of error is 0.3 uwatts, typical error is £0.1 pwatt.
Since the order of magnitude of this error is small
(0.3 pwatt) it need be minimized only on the two most
sensitive ranges of the Model 431A/B Power Meter.
Refer to the ¢ Model 8402A Power Meter Calibrator
manual for procedure used to minimize this error.

3-17. POWER METER ACCURACY OF 1% OR
GREATER USING THE DC SUBSTITUTION
METHOD.

3-18. Highly accurate instruments are available for
measuring direct current. Thus, where optimum
accuracy is required, there is considerable advantage
in using a technique where the rf measurement is
used only as a reference and the determination of rf
power is based on precise dc measurements. In
general the technique involves:

a. Applying rf power to the Model 431B inthe usual
manner, and noting the resulting meter indication for
use as a reference.

b. Removing the rf power and applying sufficientde
at the DC CALIBRATION & SUBSTITUTION terminals
to exactly duplicate the meter indication produced by
the rf power.

c. Using the value of dc which duplicated the ref-
erence in calculating rf power.

3-19. Although the dc substitution technique is the
most accurate method of measuring rf power, there
are sources of error that must be considered. The
accuracy of the dc substitution technique depends
largely upon:

a. how precisely the reference is duplicated,

Section III
Paragraphs 3-17 to 3-26

b. how accurately the value of the substituted dc is
known,

¢. the actual operating resistance ofthe thermistor,
and

d. theactual ratio of current division in the rf bridge.

3-20. With precision components in the substitution
setup and careful procedure, eérror produced by the
Model 431B Power Meter canbe reducedto 1% or less.
This is assuming nominal thermistor mount resistance
(100 or 200 ohms) and that half the applied dc flows
through the rf thermistor. The dc substitution tech-
nique using the Model 431B is shown in figure 3-3.

3-21. EQUIPMENT USED FOR DC SUBSTITUTION.

3-22. The ® Model 8402A Power Meter Calibrator
was specifically designed to be used for calibration
and dc substitution measurements of rf power. In
addition, the instrument will accurately measure the
operating resistance of the thermistor mount being
used. Use the procedures given in the manual provided
with the & Model 8402A Power Meter Calibrator to
perform the dc¢ substitution measurements.

3-23. Althoughthe most convenient and accurate means
of applying the dc substitution technique is by using
@ Model 8402A Power Meter Calibrator, it is also
possible to accurately measure power using the de
substitution technique with the arrangement shown in
figure 3-3. The digital voltmeter is used to monitor
the substitution current. The power supply outputand
voltmeter input are ungrounded to eliminate ground
currents,

3-24. ADDITIONAL APPLICATIONS.

3-25. At the RECORDER output, the Model 431B fur-
nishes a current (0 to 1 ma dc) which is proportional
to the power measured. This feature makes possible
a measurement system with more capability than
simply the indication of power ona meter. Some of the
more sophisticated measurement systems are shown
in block diagram form in figures 3-4 through 3-8.

3-26. PERMANENT RECORD. Use of a recorder in
the measurement system is indicated in figure 3-4.
Resistance across the Model 431B RECORDER output
should be 1000 ohms +10% for optimum measurement
aceuracy. Any type of recorder may be used with the
Model 431B; if input resistance exceeds 1000 chms,
use a shunt across the recorder input.

Jio2
RECORDER
TEMPERATURE :
R SOURCE COMPENSATED i MBI NP
— THERMISTOR — METER giooon INPUT RECORDER
NOUNT
{ @ 818A, 486A)
BD—S— 252
Figure 3-4. Making a Permanent Record
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RECORDER LOl,.1,1,1OMW
TEMPERATURE _ : "
RF SOURCE COMPERSATED PR 1 Rrg—o o i
== THERMISTOR -~ METER $R1-03,.33MW—— o THE TER
MOUNT e I
(% 4184 486A)
BD—-$§5-253

Figure 3-5. Obtaining Increased Resolution

3-27. INCREASED RESOLUTION. Digital readout of
power to three decimal places can be obtained with the
arrangement shown in figure 3-5. The value of Rl is
316.2 ohms :.1% and Ry is 1000 ohms £.1%. Correct
placement of the decimal in the readout isdetermined
by the setting of the power meter RANGE switch. On
the divider-switch arrangement at the voltmeter input
may be replaced by a single 1000-ohm .1% resistor.
With this arrangement, on the .01, .1, and 10 MW
ranges, power is read in the same way as when the
arrangement shown in figure 3-5 is used, decimal
placement being determined by the setting of RANGE.
On the .03, .3, and 3 MW ranges, however to obtain
the power readings the voltmeter indication must be
multiplied by the factor given in table 3-1.

Table 3-1. Voltmeter Readout to Power Multipliers

Range Multiplier
.03 MW 0.0316
3 0.316

3 3.16

3-28. LEVELER. Figure 3-6 is a block diagram of
a closed-loop control circuit for maintaining output
power at a constant level. It is recommended for use
in leveling the output of various types of @ microwave
equipment such as bwo sweep oscillators, twt micro-
wave amplifiers, and rf generators. In additionto the

Model 431B and its thermistor mount, such a leveling
system requires the (» HO1-8401A Leveler Amplifier
and a directional coupler with good directivity suchas
one of the & 752 series of waveguide couplers or 770
series of coaxial couplers. The output of the power
source is sampled by the coupler and applied to the
Model 431B. A dc signal, proportional to the power
sample, is fed (from the Model 431B RECORDER jack)
to the Leveler Amplifier. In the HO1-840]1A the signal
from the Model 431B is compared to an internal ref-
erence voltage, and the difference is amplified and fed
back as a control voltage to hold output power constant.

3-29. MONITOR CONTROL SYSTEMS. By adding a
dc amplifier and relay circuit to the rf monitoring arm
of a system, the dc signal provided by the Model 431B
can be used to actuate alarm or control circuits. Ar-
rangement of equipment to provide analarm or control
system is shown in block diagram form in figure 3-7.

3-30. DETERMINING INSERTION LOSS OR GAIN AS
A FUNCTION OF FREQUENCY. Arrangement of a
system to obtain information on insertion loss or gain
as a function of frequency is indicated in figure 3-8,
Initially, the device under testisnot connected into the
system; connect the thermistor mount directly to the
sweep oscillator. Set the sweep oscillator for the band
of interest, and record variations in amplitude as
frequency is swept; this curve is the reference. Next,
insert the device under test between the sweep
oscillator and the thermistor mount, and again record
frequency response. The difference between the
second reading and the reference, at any one frequency,
is the insertion loss or gain of the device at that
frequency.

RECORDER
TEMPERATURE @) MODEL 4318 GDHOI- 84017
COHPE:SATERD — POWER ineuT|  LEVELER
THERMISTO METER b AMPLIFIER
MOUNT ]
&) 478A,486A
f QUTPUT
AMPLITUDE ‘
MODULATION
INPUT RF
DIRECTIONAL
— POWER —1 oA
source | — | COUPLER
«+— CONTROL VOLTAGE (NEGATIVE FEEDBACK)

8D-8-254

Figure 3-6. Leveler Setup

3-6
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REéCI)%%ER
TEMPERATURE 15 M0 B' ALARN,
COMPENSATED "2 WODEL 43 D¢ CONTROL,
THERMISTOR — POWER L &3 AMPLIFIER |——5— RELAY —— PROTECTIVE,OR
MOUNT METER CORRECTIVE
(D a79a. 4884 10000 DEVICES
T BD~-5-255
RF SOURCE f—— COUPLER |—  LOAD
Figure 3-7. Monitoring Control Systems
RF TEMPERATURE 5 RECORDER v
swgep  |OUTPUT]  micRowE COMPERSATED i Iy INPUT 1 y-y RECORDER
OSCLLATOR —s N OEVICE — THERMESTDR — METER
M‘?UNT 1000A
32 4T8A, 4864
SWEEP X
OUTPUT INPUT
— —
8p-s5-256
Figure 3-8. Determining Insertion Loss or Gain
3-7
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{ | —=—a—e— g
|
I ) N
| | In
I |
| I i
! |
I 1
l ‘ L
| ,I 10KC STNCHRONOUS
| ] >t ANPLIFIER DETECTOR
i ] Ti02 aror-qi03 CR101 - CRIO4 ‘
| : T
' | ! [raner) !
! ! g L DIFFERENTIAL
L L o~ ANPLIFIER
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a8 arer
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Figure 4-1. Block Diagram
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SECTION 1V
THEORY OF OPERATION

4-1. OVERALL DESCRIPTION.

4-2, Pigure 4-1 is a block diagram which shows the
Model 431B Power Meter and its associated thermistor
mount. The thermistor mount ¢ontains two thermistor
elements (R4 and Re). Thermistor element Rqabsorbs
the rf power applied to the mount; thermistor element
R, converts the applied rf power toa meter indication
and provides compensation for ambient temperature
changes at the thermistor mount.

4-3. The power meter circuitry incorporates two
bridges which are made self-balancing by means of
separate feedback loops. Regenerative (positive) feed-
back is used in the detection loop; degenerative feed-
back in the metering loop. One thermistor element is
used in one arm of each of the self-balancing bridges.
In the detection loop, the 10 kc oscillator-amplifier
supplies enough 10 kc power (I1g e} tobias thermistor
element Rq to the operating resistance whichbalances
the rf bridge. The same amount of 10 ke power is also
supplied to thermistor element R by the series-con-
nected primaries of transformers T101 and T102.

4-4. When rf power is applied to thermistor element
R4, an amount of 10 k¢ power equal to the rf power is
removed from thermistor element R4y by the self-
balancing action of the rf bridge. Since the primaries
of T101 and T102 are series-connected, the same
amount of 10 kc power isalsoremoved from thermistor
element R, thus, the action which balances the rf
bridge unbalances the metering bridge. The metering
bridge loop automatically re-balances by substituting
dec power for 10 kc power. Since the 10 kc¢ power
equaled the applied rf power, the substituted dc power
is also equal to the applied rf power. Instead of
metering the feedback current directly, which would
require the use of a nonlinear meter scale, an analog
current is derived which is proportional to the square
of the feedback. Since power is a square-law function
of current, the analog current thus derived is pro-
portional to rf power, making possible the use of a
linear scale on the meter.

4-5. There is little drift of the power meter zero
point when ambient temperature at the thermistor
mount changes. If, for example, ambient temperature
at the mount increases, a decreaseinelectrical power
to the thermistors is required to hold their operating
resistances constant. The decrease, for both therm-
istors, is made automatically by the detection loop
(figure 4-1) which reduces 10 kc power. The amount
of dc power in the metering loop remains unchanged
however, and since this dc power controls the meter
action, the ambient temperature changes do not
affect the meter indication. The compensation capa-
bility depends upon the match of thermistor tempera-
ture characteristics. When thermistor mounts are
built, the thermistors are selected to insure optimum
match of thermal characteristics.

01370-2

4-6. CIRCUIT DESCRIPTION.
4-7. RF BRIDGE CIRCUIT.

4-8. A simplified schematic diagram of the rf bridge
circuit is shown in figure 4-2, The rf bridge circuit
consists of the rf bridge and 10-ke oscillator-amplifier.
The rf bridge includes thermistor Ry, the secondary
winding of T101, resistors R102 and R103, the MOUNT
RES switch, S101, and capacitance represented by C,
and Cy,. The rf bridge and 10 kc oscillator-amplifier
are connected in a closed loop (the detectionloop) which
provides regenerative feedback for the oscillator-
amplifier. This feedback causes the 10 kc oscillator-
amplifier to oscillate.

4-9. When the power meter is off, thermistor Ry is
at ambient temperature and its resistance is about 1500
ohms; the rf bridge is unbalanced. When the power
meter is turned on this unbalance of the rf bridge
causes a large error signal to be applied to the 10 ke
oscillator-amplifier. Consequently maximum 10 kc
bias voltage is applied to the rf bridge. As this 10 kc
voltage biases Ry to its operating resistance (100 or
200 ohms) the rf bridge approaches a state of balance
and regenerative feedback diminishesuntil there is just
sufficient 10 kc bias power to hold Rqat operating re-
sistance. This condition is equilibrium for the
detection loop.

4-10. With application of rf power, thermistor Ry’s
resistance decreases causing the regenerative signal
from the rf bridge to decrease. Accordingly, 10 ke
power diminishes, the thermistor returnstooperating
resistance and the detection loop regains equilibrium.

4-11. The MOUNT RES switch, S101, changes the
resistance arm of the rf bridge so thatthe bridge will
function witheithera 100 or 200 ohm thermistor mount.

IOKC BIAS TO_METERING BRIDGE
TiO0l
\ - —F—q =0
03 ¢ L i
5003 i=§<')%?3 <Ca AR
A
ioon RE| o
SHIELD! | =
{ RF
i |
el
=
10KC
— WGLLTOR (e s
aupLIFIER | ERROR
Figure 4-2. RF Circuit
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4-12. METERING BRIDGE CIRCUIT.

4-13. A simplified schematic diagram of the metering
bridge circuit is shown in figure 4-3. Operation of the
metering bridge circuit is similar tothe rfbridge cir-
cuit. It uses the same principle of self-balancing
through a closed loop (metering loop). The major dif-
ference is that dc rather than 10-kc power is used to
rebalance the loop. The resistive balance point is
adjusted by the ZERO and VERNIER controls which
constitute one arm of the bridge. The MOUNT RES
switch (not shown in figure 4-3) which is mechanically
linked to both the rf bridge and metering bridge,
changes metering bridge reference resistance from
100 to 200 ohms. When the MOUNT RES switch is in
the 200-ohm position some of the feedback current is
shunted to ground through R101. This maintains the
I2R function constant when mount resistance is changed
from 100 or 200 ohms. The switch also adds the
necessary reactance for each position.

4-14. The same 10 kc power change producedinthe rf
bridge by rf power also affects the metering bridge
through the series connection of T101 and T102 pri-
maries. Although this change of 10-kc power has equal
effect onboththe rf and metering bridges, it is initiated
by the rf bridge circuit alone. The metering bridge
cannot control 10-kc bias power, but the 10-kc bias
power does affect the metering circuit. Once a change
in the 10-kc¢ bias power has affected (unbalanced) the
metering bridge, a separate, closed dc feedback loop
(metering loop) re-establishes equilibrium in the
metering circuit.

4-15. Variations in 10-kc bias level, initiated in the
rf bridge circuit, cause proportional unbalance of the
metering bridge, and there is a change in the 10-kc
error signal (S1g xc) applied tothe 10-ke tuned ampli-
fiers in the metering loop. These error signal vari-
ations are amplified by three 10-kc¢ amplifiers, and
rectified by the synchronous detector. From the
synchronous detector the dc equivalent (Idc) of the
10-kc signal is returned to the metering bridge, and is
monitored by the metering circuit to be indicated by
the meter. This dc feedback to the metering bridge
acts to return bridge to its normal, near-balance
condition.

FROM I0KC METERING
RF BRIDGE B1AS BRIDGE
— A AAAAAAAS
Tioke =
® L ] -
- T102
r -
i ! | COMPENSATION ! ZERO
,%03 iC" TRERMISTOR | [} Sioke &
P4
1\’§ |
NoLL | ! VERNIER
ADI. Lo — oo
RF SHIELD
L oo =
IOKC ERROR SIGNAL DC BIAS
-— SIOKC I\ - IDC
RECTIFIED
¢ 10K / t

TURED  JIOKC] SYNCHRONOUS |'OKC De DC | DC BIAS
AMPLIFIERST =] DETECTOR > | AMPLIFIER | =] CIRCLIT
010¢,102 &103 01047105 o7

Sb-5-.78

Figure 4-3. Metering Bridge Circuit
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Figure 4-4. Nulling Circuit

4-16. The reactive components of the metering bridge
are balanced with variable capacitor C103 and inductor
L102. Null adjust, C103, is an operational adjustment
and L102 is a maintenance adjustment. Null adjust
C103, is adjusted with the RANGE switch inthe NULL
position. A simplified schematic diagram ofthe NULL
circuit is shown in figure 4-4. The 10 kc signal is
taken at the synchronous detector, rectified by CR105,
and read on the meter. The rectified signal contains
both reactive and resistive voltage components of the
bridge unbalance.

4-17., SYNCHRONOUS DETECTOR.

4-18. The synchronous detector converts the 10-kc
error signal from the metering bridge to a varying dc
signal. A simplified schematic of the synchronous
detector is shown in figure 4-5. The detector isa
bridge rectifier which has a rectifier in series with a
linearizing resistance in each of its arms. Two 10-ke
voltages, designated E3 and E4 in figure 4-5, are
applied to the bridge; 1) voltage E3, induced in the
secondary of transformer T103, is proportional to the
metering-bridge error signal and is incoming from
10-kc tuned amplifier Q103; 2) voltage E4, induced in
the secondary of T104, is proportional to a voltage
supplied by the 10-kc oscillator-amplifier. Voltage
E4 is much larger thanvoltage E3 and switches appro-
priate diodes in and out of the circuit to rectify voltage
E3. Section (a) of figure 4-5 shows the current path
through diodes CR102 and CR104 for a positive-going
signal; section(b)shows the current path through diodes
CR101 and CR103 for a negative-going signal. The
rectified output is taken at the center taps of trans-
formers T103 and T104.

4-19. Operation of the circuit is as follows: When the
left side of T104 is positive with respect to the right
side as in figure 4-5a, diodes CR102 and CR104 con-
duct while diodes CR101 and CR103 are biased off.
With the polarities reversed, as in figure 4-5b, the
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SYNCHRONOUS
DETECTOR

FROM 10KC FROM 1OK( WRCRIO3
TUNED — TU!:ED b
AMPLIFIER, AMPLIFIER,
Qlo3 R Q03 CRIC4
‘ ! ! ,
' ' ' ;
' ‘
) - - ' -~ - -
' '
: — RECTIFIED b RECTIFIED
¥ R IOKC —» ¥ —— I0KC ~—»
T OouTPUT UTPUT
[0 KC—s : (o4 |OKC —» TI04 oUTPU
FROM H FROM
OSCILLATOR/ OSCILLATOR/
AMPLIFIER e A AMPLIFIER I e e
(a) - (b) )
Figure 4-5. Synchronous Detector
diodes CR102 and CR104 are bhiased off. The resultant
output is a pulsating dc signal equivalent tothe applied cuggefﬁ?gﬁﬁgéo
10-kc error signal. This pulsating dec signal is filtered GENERATOR
and applied to differential amplifier Q104/Q105. Qi06 Ipc bC BIAS TO
¥ METERING
4-20. Proper synchronous detector output requiresan BRIDGE

in phase relationship between E3 and E4 and for ampli-
tude of E4 to be larger than that of E3.

4-21. DIFFERENTIAL AMPLIFIER Q104/Q105.

4-22. A simplified schematic diagram of the amplifier
is shown in figure 4-6. The pulsating dc from the
synchronous detector is filtered by C117, C118, C119,

-25v
OUTPUT TO: (1)QI06
SRI39 (2) Ql07
215K
-18v
Leciig
S
seci7 SRI4]
3
:%RMO
1 @104 | DIFFERENTIAL

AMPLIFIER

—
RECTIFIED
IOKC

RCOM
SYNCHRONOUS

DETECTOR cite

——

+1.5v d

5D-3-182

Figure 4-6, Differential Amplifier
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FEEDBACK CURRENT
GENERATOR
Qio7

—
FROM
COLLECTOR
OF Qi04

-18VDC

SD—S5—174

Figure 4-7. Feedback Current Generator

and R140, amplified by Q104 and fed to both the feed-
back current-squared generator, Q106 (figure 4-7) and
feedback current generator Q107. Temperature com-
pensation and low emitter circuit resistance for Q107
are provided by Q105. Diode CR106 protects Q106 and
Q107 from excessive reverse bias when Q104 is cut off.

4-23. FEEDBACK CURRENT GENERATOR Q107.

4-24. A simplified schematic diagram of the feedback
current generator is shown infigure4-7. Thedc signal
from the differential amplifier is applied to feedback
current generator Q107. Q107 has two functions: 1) it

4-3
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Figure 4-8. Meter Circuit

completes the metering loop to the metering bridge,
and 2) it operates in conjunction with the first 10-ke
amplifier, Q101, and the RANGE switch to change
metering loop gain so that the meter will read full
scale for each power range. Diode CR107 provides
additional temperature compensation for Q107.

4-25. METER CIRCUIT.

4-26. The meter circuit is shown in figure 4-8. It
includes feedback current-squared generator Q106, a
squaring circuit, the meter, and RECORDER jack,
J102. The purpose of the meter circuit is to convert
a linear voltage function, proportional to applied
power, to a squared function so that power may be
indicated on a linear meter scale. The linear voltage
function is applied to the base 0fQ106 and is converted
to a square law function by the squaring circuit in
series with Q106 emitter.

4-27. SQUARING CIRCUIT. The squaring circuit in-
cludes diodes CR109-113, and resistors R167-177.
Temperature compensation for the squaring circuit
is provided by CR108.

4-28. The design of the squaring circuit is such that
individual dicdes conduct at discrete values of emitter
voltage so that emitter conductance approximates a
square law function. Thus the collector current of
Q106 is made to approximate a square law function,
and the meter indicates power on a linear scale.

4-29. RECORDER OUTPUT. The current whichdrives
the meter can be monitored at the RECORDER output,
a telephone-type two-wire jack. A RESISTOR OF
1000 OHMS MUST REMAIN IN SERIES WITH THE
METER FOR ALL APPLICATIONS USING THE
METER-DRIVING CURRENT.

4-30. ZEROING. Perfect balance of the metering
bridge would mean that no 10 kc error signal would
be applied to the 10 kc amplifiers, there would be no
dc feedback from Q107, and the metering loop would
be open. With an open metering loop, zero reference
could not be accurately established. In the Model

4-4
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Figure 4-9. DC Calibration and Substitution

431B this occurrence is prevented by insuring a closed
metering loop even when the ZERO control causesthe
meter pointer to deflect downscale from zero. By the
combined actions of R141 and R179, the zero setting
of the meter pointer does not coincide with absolute
balance of the metering bridge. A slight unbalance of
the bridge is maint2ined by R141, while R179provides
a counter-action in the feedback current-squared
generator, Q106, so that the meter can indicate zero
even though the metering bridge is not perfectly
balanced. Resistor R178 also sets the full scale
accuracy of the meter.

4-31. DC CALIBRATION AND SUBSTITUTION.

4-32. A simplified schematic diagram of the de¢ cali-
bration and substitution circuit is shown infigure 4-9.
Highly accurate rf power measurements can be made
using the dc¢ substitution technique given in figure 3-3.
In the dc substitution methoddc isused to duplicate the
rf power reading. An accurate, known current (I4.)
is supplied externally at the DC CALIBRATION and SUB-
STITUTION terminals. Calculation of the substituted
dc power gives an accurate measure of the rf power.
Effectively, dc power is substituted for rf power.

4-33. REGULATED POWER SUPPLY.

4-34. A simplified schematic diagram of the power
supply is shown in figure 4-10. The power supply
operates from either a 115 or 230 volt, 50 to 1000
cps ac source or from an optional 24 volt, 30 ma
rechargeable battery. Three voltages andtwo current
outputs are provided by the power supply. Regulated
voltages of -18 and -25 vdc and unregulated +1.5 vde
operate the power meter circuits. The current outputs
are used for maintaining battery charge (trickle
charge) for recharging the battery.

4-35. The -18 vdc is regulated by a conventional
series regulator, Q1 through Q5. The -25 vdc is
developed across CR9Y, a 6.8 volt zener diode refer-
enced at -18 vde. The unregulated +1.5 vde is taken
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across the series diodes, CR5 and CR6. The -18 vdc
supply is adjusted by R13.

4-36. POWER SWITCH.

4-37, A simplified schematic diagram of the power
switching arrangement is shown in figure 4-11. The
power switch, S2, has four positions: OFF, AC,
BATTERY ON, and BATTERY CHARGE. In the AC
position, the instrument operates from the conven-
tional line voltage: if a battery has been installed in
the instrument, a trickle charge is supplied to the
battery. In the BATTERY ON position, instrument
operation is entirely dependent on the battery. In
the CHARGE position, -25 volts is connected to the
battery for recharging: the Model 431B cannot be
operated during this time. Approximately 37 ma dc is
applied to the battery during charge time.

Section 1V
Paragraphs 4-36 to 4-37
-40V FROM
CR! & CR4 R4
A AAA -25VDC(PEG)
-25V FROM
CR2 & CR3 | - \1oR ~18 VDC(REG)
+ [.5 VDC(UNREG)
CENTER
TapP QF T|
CRS CR6 J_ spms-irr

Figure 4-10. Regulated Power Supply
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Figure 5-1
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Figure 5~1. Cover Removal

5-0 01370-1



Model 431B

Section V
Paragraphs 5-1to 5-7

SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2. This section includes instructions and informa-~
tion for the maintenance, troubleshooting and repair
of the Model 431B Power Meter.

5-3. The testing and repair of & Model 486A and
478A thermistor mounts are discussed in the Oper-
ating Notes for each instrument. Complex procedures
and special equipment are needed for some of these
operations. Therefore, if the trouble proves to be a
thermistor mount, contact an ¢ field office for assist-
ance. Except as stated in the Operating Note, DO NOT
ATTEMPT TO REPAIR THE THERMISTOR MOUNT.

5-4. COVER REMOVAL AND REPLACEMENT.

5-5. Refer to figure 5-1 when removing instrument
covers. Removal of the top cover exposes the circuit
areas shown in figure 5-2. Routine checksand adjust-
ments can be performed without the removal of other

the circuit board and removal of the meter, RANGE
POWER, or MOUNT RES switch would require the
removal of the bottom cover and one, or both, of the
side covers.

5-6. TOP COVER REMOVAL.

a. At the rear of the instrument, remove the two
screws which retain the cover.

b. Grasp the cover from the rear, slide it back 1/2
inch, then tilt forward edge of the cover upward and
lift the cover from the instrument.

5-7. TOP COVER REPLACEMENT.

a. Rest the cover flat on the cast guides projecting
inward near the top of each side frame (see
figure 5-1).

?

b. Slide the cover forward allowing its forward
edge to enter the groove in the front panel.

covers. However, operations such as soldering on c. Replace the two cover retaining screws.
Table 5-1. Test Equipment
Instrument . . R Instrument
Type Use Critical Specifications Recommended
DC voltmeter DC voltage measurement | Range: 0.5 to 50 volts dc ® 405BR/CR
Calibration accuracy Accuracy: :0.2%
check Resolution: three digit
Ohmmeter Continuity & resistance Range: 1 ohm to 10 megohms ®410B
checks Accuracy: 5% of full scale ®412A
Precision Calibration accuracy Milliammeter | Accuracy: 0.1% of Sensitive Research
milliammeter or check full scale Instrument Corp
Power Meter Range: 0to 30 ma Model B, Bamilek
Calibrator
Calibrator Current accuracy: @ 8402A Power
0.1% Meter Calibrator
Resistance accuracy:
0.2%
Milliammeter Battery circuit check Range: 3 to 60 madc ® 412A
Accuracy: 5% ¢ 428A/B
Oscilloscope or Power supply ripple Oscilloscope Bandwidth: 100 kc @ 130B/C
AC voltmeter check Accuracy: 5% @ 120B
10 ke oscillator- Input impedance: @ 122A
amplifier check 1 megohm
10 kc amplifier check Sensitivity: 1 mv/cm
10 k¢ amplifier null
adjust AC voltmeter | Accuracy: 5% @ 400D/H/L
Input impedance: @ 403A/B
1 megohm
Range: .01 to 100 mv

01370-2

5-1



Section V

Paragraphs 5-8 to 5-9

Table 5-1. Test Equipment (Cont'd)

Model 431B

Instrument cps CFt s Instrument
Type Use Critical Specifications Recommended
DC Source or Calibration accuracy Range: 0 to 220 vdc or ®1711A, T12B
Power Meter check Current Qutput: 0to 20 ma Power Supplies
Calibrator 8402A Power Meter

Calibrator

Thermistor Mount

Completion of test

See table 1-2 for list of suitable

®478A, 486A

circuit mounts
Frequency 10 kc oscillator~ 5 place readout #%521C or E
counter amplifier check Min. input sensitivity: 4 v rms 52124
10 kc oscillator -amp- Max. frequency: greaterthanlOke ®5512A
lifier frequency adjust Accuracy: better than 0.1%
Variable Power supply adjustment | Range: 103 to 127 vac @ 7-1/2 amp General Radio type
Transformer 206 to 254 vac @ 4 amp WI10MT3A

Voltmeter range: 100 to 127 vac
200 to 254 vac
Voltmeter accuracy: +1 volt

Soldering Iron
& Tips

Repair

Wattage rating: 50 watts
Min tip temp: 800°F

Ungar #776 solder-
ing iron handle

Coarse null adjustment

Tip size O.D.: 1/16" to 3/32 Ungar #PL333
tiplet
Ungar #854 Cup tip
Resistor Charging checks Value: 780 @ Dale
Accuracy: +1% Type RS-2
Wattage: 3 watts
Resistor Charging checks Value: 7500 Electra MF2, T-0
Accuracy: +1%
Wattage: 2 watts
Decade Zero and vernier Range: 50Q to 50K @ GR1432P Decade
Resistance control adjustment Multiple: 10 Q Resistance Box
Divider Full scale accuracy adj Accuracy: 1% per decade
Precision Zerc and vernier control } Value: 1000 Ultronex
Resistor adjustment Accuracy: +0.1% Type 205A
Wattage: 0.25 watts
Decade Oscillator frequency Range: 10 to 1000 pf General Radio
Capacitors adjustment Capacitance per step: . 0001 ufd Type 1419-B

Accuracy: . 1% per decade

5-8. BOTTOM COVER REMOVAL.

a. Set the tilt stand as shown

in figure 5-1.

5-9. BOTTOM COVER REPLACEMENT.

a. Set the tilt stand as shown

in figure 5-1.

b. Remove the two retaining screws at the rear of
the cover.

c. Slide the cover rearward far enough to free its
forward edge from the front foot assembly.

d. Tilt the forward edge of the cover upward and
lift the cover from the instrument.

5-2

b. Rest the bottom cover flat on the cast guides
projecting inward near the bottom of each side frame
(see @ , figure 5-1).

c. Slide the cover forward on the guides so that
the formed portion at the rear of the cover slides
over the two short projections at the rear corner of
each side frame (see @ , figure 5-1).

d. Replace the two retaining screws and the rear
foot assembly.
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5-10. SIDE COVER REMOVAL.

5-11. The side covers cannot be removed until the top
and bottom covers are off (seeparagraphs5-6and>5-8).
Eachside cover is held in place by four screws retained
by nuts which are not fastened to the side frames.

Note

Replace side covers before replacing either
the top or the bottom cover.

5-12. TEST EQUIPMENT.

5-13. Any instruments which satisfy the specifications
of table 5-1 can be used for thetests described in this
maintenance section.

5-14. TROUBLESHOOTING.

5-15. The first step in troubleshootingthe Model 431B
Power Meter should be isolation of trouble to the
thermistor mount and thermistor mount cable or tothe
power meter itself. The thermistor match check in
the maintenance section of the @ Operating Note per-
taining to the thermistor mount in use will indicate a
defective thermistor or thermistors. A simple ohm-
meter continuity check and inspection of the thermistor
mount cable and its connectors can be used to prove
the cable.

Table 5-2.

Section V
Paragraphs 5-10 to 5-18

5-16. Table 5-2, Troubleshooting, and the following
detailed tests are given to aid in correcting trouble
within the Model 431B. To make localizing of trouble
easier, the 431B circuitry is divided into five sections;
the power supply, the 10 ke oscillator-amplifier (in-
cluding the rf bridge), the 10 ke amplifier (including
the metering bridge), the dc metering and feedback
amplifiers, and the squaring circuit. Tests are given
for each of these sections.

5-17. THE POWER SUPPLY.

5-18. The dc test point voltages shown on the power
supply schematic diagram, with two exceptions, apply
to instruments operated from either acor battery pri-
mary power. Voltage limits shown atCland C2 apply
only to instruments operated from ac primary power.
Refer to figure 5-2, Top View, for component location.

a. Connect Model 431Btoa variable line transformer
and set transformer for 115 vac (or 230 vac).

b. Connect a d¢ voltmeter (see table 5-1 for volt-
meter requirements) between the negative terminal of
C6 and Model 431B ground. The voltage here should
be -18 vdc; adjust with potentiometer R13.

¢. With the voltmeter connected as above, test the
regulation of the power supply (for instruments

Troubleshooting

Trouble Indication

Possible Cause

Null impossible

Thermistor mount
Thermistor mount cable
MOUNT RES switch
T102

Meter does not indicate, does not zero but does null

Q106

Meter pointer drifts during readings

Thermistor mount

Q106, Q107

Thermistor mount in unstable thermal environment
RF source unstable

DC calibration/substitution source unstable
Oscillator -amplifier

10 ke amplifier

Interference from external 10 kc signal

Rotation of the ZERO or VERNIER control results
in erratic movement of the meter pointer on the
.01 MW range

ZERO or VERNIER potentiometer

Movement of the thermistor mount cable causes ab-
rupt flicker of the meter pointer onthe . 01 MW range

Thermistor mount
Thermistor mount cable

Meter pointer stays down scale

T102

Thermistor mount
Thermistor mount cable
Power supply

Meter

RECORDER jack

Q106

Cc102, C101

10 kc amplifier

01370-2
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Model 431B

Table 5-2. Troubleshooting (Cont'd)

Trouble Indication

Possible Cause

Meter pointer stays up scale

T102

Oscillator failure

Thermistor mount cable

Large unbalance in the metering bridge
C105

C104

10 kc amplifier failure

Calibration inaccurate, all power ranges

Thermistor mount in strong rf field
Interference from stray 10 kc signal
Thermistor mount

Meter not mechanically zero-set
Meter

MOUNT RES switch

Power supply

Battery

10 kc amplifier

Resistor, collector Q101

Q107, Q106

Q102

Calibration inaccuracy, NOT all power ranges

Resistors emitter Q107
Q106
10 kc amplifier

Zero setting does not carry over from range to Q106
range within specification R141
Q104

operated from ac primary power) by varying the line 5-23. STEP 1.

voltage +10% about the nominal 115 or 230 vac. There
should be no perceptible variation of the -18 vdc.

d. If -18 volts cannot be obtained by adjustment of
R13, or if regulation is not satisfactory, proceed with
the following test to determine the causes:

(1) Use a dc voltmeter (see table 5-1) to check the
ac voltage limits at the points listed intable 5-3.
See figure 5-2, top view, for component loca-
tion. All voltages are measured with reference
to the Model 431B ground.

(2) Check ripple voltages (ac operation), using an
ac voltmeter or oscilloscope, at the points
listed in table 5-4. Table 5-1 gives require-
ments for the voltmeter or oscilloscope.

5-18. If the power meter does not function normally
(e.g., pointer driven to its limits, nopower indication)
and power supply regulation isunsatisfactory, another
circuit area, such at the 10 kec oscillator-amplifier
or 10 kc amplifier, could be the cause.

5-20. A -18 vdc supply which is set high or low
causes calibration inaccuracy of the Model 431B.

5-21. 10-KC OSCILLATOR-AMPLIFIER CHECK.

5-22. Tests of the oscillator-amplifier should be made
according to the step sequence in which they appear
below. A dc voltmeter, an ac voltmeter or oscil-
loscope and a frequency counter are needed for the
tests (see table 5-1 for test instrument specifications).
Figure 5-2, Top View, shows component location.

5-4

a. Connect the oscilloscope between the positive
lead of C125 and ground, check the 10 kc oscillator-
amplifier output amplitude and waveform. Output
amplitude, with a 200 ohm thermistor mount con-
nected to the Model 431B, should be 15 vac +20%
peak-to-peak. If 2 100-ohm mount is used, the
amplitude should be 8 vac +20% peak-to-peak. The
waveform must be sinusoidal with only slight cross-
over distortion (caused by Q110 and Q111).

b. Check the frequency of the oscillator-amplifier.
If a Model 478A thermistor mount is used, terminate
the rf input to the mount in 50 ohms. A Model 486A
thermistor mount does not require termination. Con-
nect the frequency counter between the positive lead
of C125 and ground. With Model 478A thermistor
mount connected to the Model 431B, the oscillator-
amplifier frequency should be 9750-10,000 cps. With
a Model 486A thermistor mount connected, the fre-
quency should be 10 ke +50 cps.

5-24. STEP 2.

a. Connect the oscilloscope between the base of
Q108 and ground; observe the amplitude of the feed~
back signal to the oscillator-amplifier. It must be
less than 12 mv peak-to-peak: if not, 10kc oscillator-
amplifier gain is incorrect. The cause couldbe Q108,
Q108, C124, 1101, L105 or T101. IfT101 is the cause
of trouble use a special soldering tip to remove it
from etched circuit board (see table 5-1).
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Section V
Tables 5-3, 5-4, 5-5

Table 5-3. Power Supply DC Voltage Checks

Test Point

DC Voltage Limits

Voltage Out of Limits, Check

Minus end of C1
Minus end of C2
Anode of CR8
Anode of CRT
Minus end of C6
Base of Q1
Anode of CR9
Plus end of C1

-38 to -43
-24 to -27
-10.7 to -12.3
- 6.0to - 1.5
-18

-18.3 to -18.6
-24.0 to -25.6
+ 1,4to +1.5

ac line voltage, CR1, CR4, C1

ac line voltage, CR2, CR3, C2, battery
CRS8

CRT, Q3

R13, Q5, Q2

Ql, Q3, Q2, CRT

CRSY, POWER switch

CR5, CR6

Table 5-4. Power Supply Ripple Checks

AC Voltage Limits

Test Point Voltage Out of Limits, Check
R.M.S. Peak-to-Peak
Minus end of C1 1.8 v max. 5 v max. CR1, CR4, C1
Minus end of C2 1.1 v max. 3 v max. CR2, CR3, C2, C6, Q13
Minus end of C6 10. 6 mv max, 30 mv max. Q1 to @5, CR7, CR15, C2, C6

Table 5-5. 10 KC Oscillator-Amplifier DC Voltage Checks

Test Point

DC Voltage Limits

Voltage Out of Limits, Check

Collector of Q110
Emitter of Q109
Minus end of C121

-18
-10.0 to -14.0
- 5.0to - 6.5

Power Supply
Q108, Q109, C122, C121
Ci121, Q108, R153

Table 5-6. 10 KC Amplifier DC Voltage Checks

Test Point

DC Voltage Limits

Voltage Out of Limits, Check

Emitter of Q101
Collector of Q101

Positive end of C116*

-1.5 to -2.5
-4,5 to 6.0
-3.5to -4.5

C112, R116, R115, C110, Q101
Q101, C113, R117 to R124
Q103, R132, Q102, C115

* Short base to emitter of Q101

Table 5-7. DC Voltages in Squaring Circuit

Test Point

DC Voltage Limits

Voltage Out of Limits, Check

Cathode CR113
Cathode CR112
Cathode CR111
Cathode CR110
Cathode CR109
Cathode CR108

+10.30 to + 10,46

+ 8.50t0+ 9.64

+ 6,41to+ 6,51

+ 4.39to+ 4.47

+ 2.48to + 2,52
0

CR113, R167, R173
CR112, R174, R168
CR111, R175, R169
CR110, R176, R170
CR108, R1T7, RIT1
CR108, CR109 to CR113

01370-1

5-5
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Paragraphs 5-25
POWER DC METERING AND R13
SUPPLY RITY FEEDBACK CIRCUITS -18V REG. ADJ.
BATTERY
TERMINALS
RI4 SYNCHRONOUS
DETECTOR
1OKC
0SC/AMP
AND 1CKC
RF BRIDGE AMPLIFIERS
AND
METERING BRIDGE
L10}
ciol Cios
SQUARING
CIRCUIT Li02
MP-$-1149

Figure 5-2. Top View

b. Using the dc voltmeter, make dc measurements
at the points listed in table 5-5. If the presence of
10 kc signal interferes with the dc measurements, the
10 kc oscillator can be disabled, without appreciably
affecting the dc voltages, by grounding the collector
of Q109. DC voltages are measured with reference
to the Model 431B ground.

5-25. STEP 3. If there is no 10 ke output from the
oscillator-amplifier proceed as follows:

a, Disconnect the thermistor maount.
5-6

b. Disconnect the positive lead of C125 from the
circuit board.

¢. Make a direct connection between the positive
lead of C125 and bridge side of C120 (terminal 35 on
the underside of the circuit board).

d. Using the oscilloscope, monitor the output of the
oscillator-amplifier. If oscillation is present, the
metering and rf bridges should be examined for defect.
The waveform of the oscillation under this condition
may show limiting,
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5-26. If component replacement is required as a
result of the foregoing tests, note the following:

a. After replacement of Q110 or Ql11, check the
amplitude of the 10 kc oscillator-amplifier output
(paragraph 5-23a).

b. 1f Q108 or Q109 hasbeen replaced, check the out-
put frequency of the oscillator-amplifier (para. 5-23b).

¢. After replacement of L.105 or C124, readjustment
of the oscillator frequency could be necessary. See
paragraph 5-58 for this procedure.

5-27. 10 KC AMPLIFIER CHECK.

5-28. A dc voltmeter and oscilloscope are needed for
checking the 10 k¢ amplifier. Table 5-1, Test Equip-
ment, gives equipment requirements. Refer to figure
5-2, Top View, for component location.

5-29. Table 5-6 lists dc voltage check points and
possible causes for deviations from the given limits.
All voltages are referenced to the Model 431B ground.
If the presence of a 10-kc signal interferes with dc
measurement, ground the center tap of L.102.

5-30. Calibration inaccuracy, common to all power
ranges, can be caused by the 10 kc amplifier. In
particular, an out-of-tolerance resistor in the collector
of Q101 or a defect in the Q102 stage, which results
in improper gain, will produce calibration error.

5-31. An open signal pathor verylowgainin the 10-kec
amplifier can drive the meter pointer toitsdownscale
limit. For signal tracing, the 10ke error signal from
the metering bridge canbe used, or C110 can be discon-
nected and used as a means of injecting a substitute
10 kc test signal.

Note

A special soldering tip is required to replace
transformer T102. Refer to table 5-1 for the
type of soldering tip to be used.

5-32. METERING AND FEEDBACK CIRCUIT.

5-33. Before performing thisprocedure refer topara-
graphs 5-69 and 5-70 and check values of R141 and
R179. The differential amplifier (Q104 and Q105), the
feedback current squared generator (Q106), the feed-
back current generator (Q107), and the squaring circuit
comprise the metering and feedback circuit. See figure
5-2, top view, for component location.

Note

Transistors Q106 and Q107 are selected for
optimum calibration accuracy. If Q106 or
Q107 is replaced, check calibrationaccuracy
using procedure given in paragraph 5-76 or
5-78. It may be necessary to try several
transistors to get proper calibration
accuracy.

5-34. SQUARING CIRCUIT CHECKS.

5-35. A check of the squaring circuit is advisable if
full scale or tracking accuracy of the Model 431B does
not meet specifications. The squaring circuit includes
CR108 through CR113 and R167 through R177. Figure
5-2, Top View, shows component location.
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5-36. The squaring circuit is tested under two condi-
tions: (1) when all diodes are conducting, and (2) when
no diodes are conducting. Both conditions should be
used whenever the squaring circuit is tested.

5-37. A digital voltmeter (seetable5-1 for specifica-
tions) is recommended for the following measurements.

5-38. DIODES CONDUCTING. The following pro-
cedure measures the forward voltage drop of each
diode in the squaring circuit.

a. Set the Model 431B RANGE switch to 1 MW, and
adjust the ZERO and VERNIER controls for exact full
scale deflection of the meter pointer.

b. Disconnect the grounding link at the digital volt-
meter input, and measure the voltage drop across the
individual diodes of the squaring circuit. The require-
ment is 0.4 to 0.5 vdec.

5-39. DIODES OFF. The test points listed in table
5-7 are the midpoints of five two-resistor voltage
dividers connected between -18 vde and ground. This
check verities that each diode is properly backbiased.

a. Adjust the Model 431B ZERO control for a below-
zero deflection of the meter pointer.

b. Connect the voltmeter (ungrounded input) be-
tween the regulated -18 vdc supply and the test points
listed in table 5-7. The voltmeter readings should be
within the limits specified in the table.

5-40. BATTERY AND CHARGING CHECKS.

5-41. The information and procedures which follow
pertain to power meters having the optional nickel
cadmium battery. The battery is an assembly of 20
individual, permanently sealed cells connected in
series. At full charge, battery terminal voltage
should be 27 volts 11 volt. Aninoperative cell reduces
terminal voltage by approximately 1.3 volts.

5-42. BATTERY CHECK.

5-43. BATTERY VOLTAGE. A dc voltmeter is
needed for this test. See table 5-1 for voltmeter
requirements.

a. Make sure that the Model 431B is disconnected
from the ac line. Connect the dc voltmeter between
the BATTERY - and BATTERY + terminals on the
etched circuit board.

b. Set the POWER switch to BATTERY ON and
observe the voltmeter reading. Battery voltage should
be -24 to -27 volts. If it is not, and the battery has
been charged, check the charging circuits and the
current drain imposed by the Model 431B circuitry.
If the state of charge of the battery is uncertain,
allow a 48-hour recharge, then recheck the battery
voltage. Check the charging circuits if the battery
voltage is still not within 27 +1 volt.
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5-44. BATTERY CURRENT DRAIN. The current
supplied by the battery to the Model 431B circuitry
should be checked if the battery does not seem to
maintain a charge. A clip-on or series-connected
current meter (see table 5-1) is required for the
following procedure.

a. Check that the Model 431B is disconnected from
the ac line.

b. Connect the current meter to monitor the current
in one of the leads between the battery terminals and
the BATTERY - and BATTERY + terminals on the
circuit board.

c. Set the POWER switch to BATTERY ON and
observe the reading on the current meter; it should
read 40 to 53 ma.

5-45. CHARGING CHECKS.

5-46. The following procedures test the recharge and
trickle charge capability of the Model 431B. A direct
current meter (see table 5-1), a 7500 chm 1%, 2 watt
resistor and a 780 ohm +1%, 3 watt resistor are re-
quired for these tests. The battery is disconnected
from the BATTERY - and BATTERY + circuit board
terminals during both tests.

5-47. TRICKLE CHARGE CURRENT. The following
procedure is used to check the trickle charge current
applied to the battery whenthe power meter is operated
from ac primary power.

a. Connect the 7500 ohm 2-watt resistor between
the BATTERY - and BATTERY + terminals of the
circuit board.

b. Connect the current meter to monitor the current
through the resistor.

c. Connect the Model 431B to the ac line, set the
POWER switch to AC, and observe the reading of the
current meter. Trickle-charge current should be 3.2
to 4.8 ma.

5-48. CHARGE CURRENT. The following procedure
checks the current supplied for recharging the battery.

a. Connect the 780 ohm 3-watt resistor betweenthe
BATTERY - and BATTERY + terminals of the circuit
board.

b. Connect the current meter to monitor current
through the resistor.

c. Connect the Model 431B to the ac line, set the
POWER switch to BATTERY CHARGE, and observe
the reading of the current meter. Charging current
should be 27 to 40 ma.

5-49. A battery which will not assume rated terminal
voltage with proper charging current may have adefec-
tive cell or cells. In such cases the battery must
be replaced (see section VI Table of Replaceable
Parts).
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5-50. BATTERY WARRANTY,

5-51. The warranty, appearing on the inside of the
rear cover of this manual, also applies to the acces-
sory battery (option 01). Within the warranty period,
the battery may be returned to & Customer Service
for repair or replacement.

5-52. REPAIR.

5-53. The etched circuit board used inthe Model 431B
is of the plated-through type which consists of a base
board and conductor. The board does not include
funneled eyelets. The conductor material is plated to
the wall of the holes; thus the conductor is effectively
extended into the hole. This type of board can be
soldered from either the conductor or component side
of the board with equally good results. The rules given
below should be followed when repairing a plated-
through type etched circuit board.

a. Avoid applying excessive heat when soldering on
the circuit board.

b. To remove a damaged component, clip component
leads near the component; then apply heat and remove
each lead with a straight upward motion.

¢. Use a special tool to remove components having
multiple connections, such as potentiometers, trans-
formers, etc. Refer to table 5-1 for type of soldering
tip required.

d. Use a toothpick to free hole of solder before in-
stalling a new component.

5-54. MECHANICAL ADJUSTMENT OF
METER ZERO.

5-55. When meter is properly zero-set, pointer rests
over the zero calibration mark on the meter scale
when the instrument is 1) atnormal operating temper-
ature, 2) in its normal operating position, and 3)
turned off. Zero-set as follows to obtain best accu-
racy and mechanical stability:

a. Allow the instrument to operate for at least 20
minutes; this allows the meter movement to reach
normal operating temperature.

b. Turn instrument off and allow 30 seconds for all
capacitors to discharge.

¢. Rotate mechanical zero adjustment screw until
pointer is on zero. Reverse direction of adjustment
screw approximately 3° in order to free adjustment
screw from meter movement. If the pointer moves
while freeing the adjustment screw, this step must
be repeated.

Note

Use of the parallax-eliminating mirror on
the meter scale increases the accuracy of
the mechanical zero-set.
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5-56. ADJUSTMENTS.
5-57. POWER SUPPLY ADJUSTMENT.

a. Connect a dc voltmeter (see table 5-1 for re-
quired specifications) between the negative end of
C6 and Model 431B ground.

b. Adjust -18 v REG. ADJ., R13, for -18 vdc.

c. Vary line voltage from 103 to 127 vac {207 to 253
vac): ~18 vdc should not vary perceptibly.

5-58. OSCILLATOR FREQUENCY ADJUSTMENT.,

5-59. If both 100 and 200 ohm thermistor mounts are
tobeused interchangeably with the Model 431B, the
frequency of the 10 ke oscillator-amplifier should be
adjusted in the following sequence: the 200 ohm mount
procedure, paragraph 5-61, then the 100 ohm mount
procedure, paragraph 5-62. If only one type of mount
will be used with the power meter only the appropriate
procedure is required.

5-60. An oscilloscope and frequency counter are
needed for these adjustments. See table 5-1, Test
Equipment for requirement. A plastic alignment tool
should be used for the adjustment of L101 to avoid
core damage.

5-61. 200 OHM MOUNT. The following procedure
adjusts the 10 ke oscillator frequency when a 200 ohm
thermistor mount is connected to the Model 431B.

a. Connect the 200 § thermistor mount and cable to
the Model 431B; set the MOUNT RES switch to 200 §2.

b. Connect the frequency counter between the plus
end of C125and ground; adjust 1,101 togive a frequency
of 10,150 cps.

c. Connect the oscilloscope to the base of Q108 and
observe the feedback signal amplitude. It should not
exceed 12 mv peak-to-peak.

5-62. 100 OHM MOUNT. The following procedure
adjusts the 10 kc oscillator frequency when a2 100 ohm
thermistor mount is connected to the Model 431B.

a. Connect the 100 ohm thermistor mount and cable
to the Model 431B, and set MOUNT RES to 100 .

b. Connect the frequency counter between the posi-
tive end of C125 and ground. The frequency should be
10 KC +50 cps. If it is not, proceed with step c.

c. Substitute values of capacitance for C101 until
the frequency is within the limits of step b.
Note

A decade capacitance box can be used to de-
termine proper value of capacitance that must
be used (see table 5-1).
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5-63. COARSE NULL ADJUSTMENT.

5-64, If both 100 and 200 ohm thermistor mounts are
to be used interchangeably with the Model 431B, the
coarse null adjustment should be made in the following
sequence; the procedure in paragraph 5-67 first, and
then the procedure in paragraph 5-68.

5-65. If only a 200 ohmthermistor mountisto be used
with the power meter, follow the procedure of para-
graph 5-68. When only a 100 ohm thermistor mount
is to be used, the procedure of paragraph 5-67 is
sufficient.

5-66. An oscilloscope or ac vtvm is needed for these
adjustments. See table 5-1, Test Equipment, for
requirements. A plastic alignment tool should be
used for the adjustment of LL102 toavoid core damage.

5-67. 100 OHM MOUNT., The following procedure is
used to make coarse adjustment of the null when a 100
ohm thermistor mount is connected tothe Model431B.

a. Set MOUNT RES to 100 Q.

b. Observe the arrangement and travel of null
capacitor C103, then mechanically center C103.

c. Connect the oscilloscope or ac vtvm between
ground and the base of Q103.

d, Switch the Model 431B on and set RANGE to
10 MW.

e. Adjust the ZERO control to maintain a meter
indication of less than 5% of full scale on the Model
431B while adjusting L102 for a minimum indication
on the oscilloscope or vtvm.

f. Set RANGE to .01 MW and repeat step e, this
time maintaining an on-scale meter indication on the
Model 431B.

g. Move the oscilloscope or vtvm connection from
the base of Q103 to the lead of R138 nearest T103.

h. Adjust null capacitor C103 to minimize oscillo-
scope or vtvm indication. Minimum indication should
occur with the capacitor near the center of its range.

Note: A decade capacitance box can be used
to determine the value of capacitance to be
added (refer to table 5-1),

i. SetModel 431B RANGE switch to NULL. Adjust
the null capacitor, C103, for a minimum indication on
the Model 431B meter. Minimum indication should
occur at less than 4% of full scale and C103 should be
near its mid-range.

Note: When only a 100-ohm thermistor mount
will be used with the Model 431B, the value
of C104 may be changed to obtainthe null re-
quirements specified above.

5-68. 200 OHM. The following procedure is used to
make coarse null adjustment when a 200-ohm therm-
istor mount is connected to the Model 431B.

a. Set MOUNT RES to 200 ©.




Section V
Paragraphs 5-68 to 5-74

b. Set RANGE to .01 MW,

c. Connect the oscilloscope or vtvm betweenground
and the lead of R138 nearest T103.

d. Mechanically center the null capacitor, C103, by
observing its rotor plates.

e. Using the ZERO and VERNIER controls, maintain
an on-scale indication on the Model 431B meter while
substituting values for C105 to obtain a minimum
indication on the oscilloscope or vtvm.

f. Adjust C103, the null capacitor, to improve the
minimum indication on the oscilloscope or vitvm. The
null capacitor should be near mid-range.

Note

A decade capacitance box can be used to de-
termine the value of capacitance to be added
(see table 5-1).

g. Set RANGE to NULL., The Model 431B meter
deflection should be less than 4% of full scale. If it is
not, increase the value of C104 in approximately 50 pf
increments to a maximum value of 500 pf. If 100 and
200 ohm thermistor mounts are to be used, repeat the
null procedure for 100 ohm mounts (paragraph 5-67)
after each increase in capacitance of C104.

5-69. ZERO AND VERNIER CONTROL ADJUSTMENT.

a. Connect a dc digital voltmeter (see table 5-1) at
the Model 431B RECORDER jack. Use a special
telephone-plug-to-dual-banana-plug cable assembly
terminated with a 1000-ohm +0.1% 0.25-watt wire-
wound resistor.

b, Set Model 431B RANGE to .01 MW, and adjust
Model 431B ZERO and VERNIER controls for zero
meter reading on the Model 431B.

c. Set Model 431B RANGE to 10 MW.

d. Connect a decade resistance box across R141
(see figure 5-2), and adjust to obtain zero indication
on Model 431B Power Meter.

e. Note amount of resistance required from resis-
tance box to obtain zero indication.

f. Remove the decade resistance box, and replace
with resistor of value noted in step e.

g. Check the Model 431B range-to-range zero drift
by 1} setting Model 431B RANGE to .01 MW, and re-
adjusting its VERNIER for zero meter reading, 2)
switching the Model 431B through its complete range
while observing the digital d¢ voltmeter reading. Test
limits; digital de voltmeter reading must not exceed
+5 mv (+0.005V) on any Model 431B range,

5-70. FULL SCALE ACCURACY ADJUSTMENT.

a. Connect a ® Model 8402A (see table 5-1) at the
Model 431B POWER METER terminals. Check that
Model 8402A QUTPUT CURRENT is off.
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b. Set Model 431B RANGE to 10 MW; set Model
8402A RANGE (MW) to 10 MW, and FUNCTIONto CAL.

c. Adjust the Model 431B ZERO and VERNIER
controls for a zero indication on the meter.

d. Set Model 8402A OUTPUT CURRENT to ON;
connect decade box across terminals of R179. Adjust
decade box for a reading of exactly 10 mw on 431B
panel meter. Switch Model 8402A to 8 mw, 6 mw,
4 mw, then 2 mw. Model 431B panel meter should
track within +2% of full scale (see table 5-8). Dis-
connect decade box.

e. Set Model 8402A OUTPUT CURRENT to OFF.

f. Set Model 431B RANGE to 3 MW; set Model
8402A RANGE (MW) to 3 MW.

g. Reset Model 431B VERNIER to zero the meter,
if necessary.

h. Set Model 8402A OUTPUT CURRENT to ON;
note and record the Model 431B percent - of - power-
reading error (1.7%/division on 0-3 meter scale).

i. Repeat steps b through h for all Model 431B
RANGE positions.

j. Connect a decade resistance box across R178
(see figure 5-2).

k. Select the resistance value which equalizes the
magnitude of the largest positive and negative percent
error.

m. Remove the decade resistance box and replace
with a resistor of the value selected in step k.

n. Check all Model 431B RANGE positions. Test
limits: the Model 431B full-scale power -reading
error must not exceed 3% at ambient temperatures of
20°C to 35°C on all range positions (refer totable 5-8).

5-71. PERFORMANCE CHECK.

5-72. The tests described below which verify that the
Model 431B meets specifications, use only panel con-
trols and connectors. These tests can beused for in-
coming quality control, for routine preventive main-
tenance, and after repair. A thermistor mount must be
connected to the Model 431B for the performance
checks, though no rf power will be applied.

Note

If there is possibility of rf pick-up, the ther-
mistor mount should bhe appropriately
shielded.

5-73. Check the mechanical zero-set of the Model
431B meter according to paragraph 5-54.

5-74. ZERO CARRY-OVER CHECK.
a. Set Model 431B RANGE to .01 MW.
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b. Adjust ZERO and VERNIER controls to set the
meter pointer over the zero calibration mark.

c. Rotate RANGE through its .03, .1, .3, 1, 3, and
10 MW positions, observing the accuracy of the zero
setting at each position. The zero must carry over
from range to range within 0. 5% of full scale.

5-75. CALIBRATION AND RANGE TRACKING
ACCURACY.

5-76. Calibration and range tracking accuracy is
verified by dc substitution. Briefly, dc substitution
involves 1) applying enough direct current at the DC
CALIBRATION & SUBSTITUTION terminals to obtain
the desired meter indication 2) accurately determining
the applied current and 3) calculating the dc power
applied. The difference between the substituted dec
power and the meter indication it produced is the cal-
ibration error. The & Model 8402A Power Meter
Calibrator, or other means of producing accurate
direct currents, is used as the substitution source.

Section V
Paragraphs 5-75 to 5-80

5-77. CALIBRATION AND TRACKING ACCURACY
TEST USING THE @ MODEL 8402A POWER METER
CALIBRATOR. The Model 8402A Power Meter Cal-
ibrator provides constant currents sufficient to cause
full scale meter indication on each of the Model 431B
power ranges. It also has provision for checking the
tracking accuracy of the Model 431B on the 10 mw
range.

5-78. Refer to the Operating and Service Manual of
the Power Meter Calibrator for correct test procedure.

5-79. ALTERNATE METHOD FOR CHECKING CAL-
IBRATION AND RANGE TRACKING ACCURACY. The
calibration and range tracking accuracy of the Model
431B can be checked by dc substitution using the equip-
ment and connections shown in figure 3-3.

5-80. Using the data in table 5-8 the full scale cal-
ibration accuracy of each range and the tracking
accuracy of the 10 mw range can be tested.

Table 5-8. Data for Calibration, Tracking Accuracy Check

Test Point Substitution Current (I5,)
Sf:llé Tracking Mo;x gg I;Zes Mo;(r)x(t) %es Model 431B Meter Reads
10 mw 20.00 ma 14,14 ma 9.7 to 10.3 mw
8 mw 17.89 12.65 7.8 to 8.2 mw
6 mw 15.49 10.95 5.8 to 6.2 mw
4 mw 12.65 8.94 3.8 to 4.2 mw
2 mw 8.94 6.32 1.8 to 2.2 mw
3 mw 10.95 7.75 2.91 to 3.09 mw
1 mw 6.32 4,47 0.97 to 1.03 mw
.3 mw 3.46 2.45 0.291 to 0.309 mw
.1 mw 2.00 1.41 0.097 to 0.103 mw
.03 mw 1.10 0.775 0.0291 to 0.0309 mw
.01l mw 0.632 0.447 0.0097 to 0.0103 mw
01370-3 5-11
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Figure 5-3
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Section VI
Paragraphs 6-1 to 6-7

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information for ordering
replacement parts. Table 6-1 lists parts in alpha-
numerical order of their reference designators and
indicates the description and & stock number of each
part, together with any applicable notes, Table 6-2
lists parts in alpha-numerical order of their & stock
numbers and provides the following information on
each part:

a. Description of the part (see list of abbreviations
below).,

b. Typical manufacturer of the part in a five-digit
code; see list of manufacturers in appendix.

¢. Manufacturer’s stock number.

d. Total quantity used in the instrument (TQ columnj).

6-3. Miscellaneous parts not indexed in Table 6-1
are listed at the end of the table.

6-4. ORDERING INFORMATION.

6-5. To order a replacement part, address order or
inquiry to your nearest Hewlett-Packard field office.

6-6. Specify the following information for each part:
a. Model and complete serial number of instrument.
b. Hewlett-Packard stock number.

c. Circuit reference designator.
d. Description.
6-7. To order a part not listed in tables 6-1 and 6-2,

give a complete description of the part and include its
function and location.

REFERENCE DESIGNATORS

A = assembly F = fuse P = plug v = vacuum tube, neon
B = motor FL = filter Q = transistor bulb, photocell, etc.
C = capacitor J = jack R = resistor W = cahle
CR = diode K = relay - N X = socket
DL = delay line L = inductor SRT _ t.he.rn:stor XF = fuseholder
DS = device signaling (lamp) M = meter = switc XDS = lampholder
E = misc electronic part MP = mechanical part T = transformer z = network
ABBREVIATIONS
A = amperes F = farads NC = normally closed S-B = glow-blow
BP = bandpass FXD = fixed NE = neon SE = selenium
BWO = hackward wave NO = normally open SECT= section(s)
oscillator GE = germanium NPO = negative positive zero SI = silicon
B i GL = glass (zero temperature SIL = silver
CER - ceramic GRD = ground(ed) coefficient) SL = slide
CMO = cabinet mount only -
Al NSR = not separately TA = tantak
COEF= coefficient _ . um
H = henries replaceable D =t del
COM = common HG - mercu ime delay
COMP= composition HR - hour(s)ry OBD = order by de- TI = titanium dioxide
CONN= connection scription TOG = toggle
CRT = cathode-ray tube IMPG = impregnated P - peak 'I'I%I_l.“: :gi;::;x;cre
DEPC= deposited carbon INCD = incandescent PC = printed circuit TWT = traveling wave tube
: INS = insulation (ed) hoard e
EJA = Tubes or transistors F = picof _ _§
meeting Electronic K = kilo = 1000 PF = picofa rads = ¥y =micro=10
Industries' Associa- PP = lgak farads VAC = vacuum
tion standards will - = peak-to-peak VAR = variable
21l : LIN linear taper PIV = peak inverse -
normally result in LOG = logarithmic taper voltage W/ = with
instrument operating ’ POR = gla' w = watts
within specifications; (] = porce’ain WW = wirewound
tubes and transistors M = meg = 10 POS _= position(s) W/0 = without
selected for best MA = milliamperes POLY= polystyrene - withou
:;.’ performance will be MINAT = minjature POT = potentiometer
& supplied if ordered METFLM= metal film * = optimum value
3 by #. stock numbers MFR = manufacturer RECT= rectifier selected at factory,
’ ' ROT = rotary average value
ELECT = electrolytic MTG = mounting RMS = root- mean-square shown (part may
ENCAP = encapsulated MY = mylar RMO = rack mount only be omitted)
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Table 6-1
Table 6-1. Reference Designation Index
geesfiegxrgéggn % Stock No, Description # Note
ALOL 431B=65A ASSY:ETCHED CIRCUIT, INCLUDES:
Cl THRU Cé6 R102,R103
€102,C106 R105 THRU R110
€110 THRU C125 R113 THRU R116
CR1 THRU CR9 R125 THRU R140
CR101 THRU CR113 R142 THRU Rl44
L101 THRU L105 R150 THRU R155
Q1 THRU Q5 R167 THRU R178
Q101 THRU Q111 R180
R2 THRU R?7 1
R9 THRU R1l4
BT1 SEE OPTION 01
c1 0180-0049 C:FXD ELECT 20 UF 50vVDCwW
c2 0180-0138 C:FXD ELECT 100 UF +100-10% 40VDCW
c3 0150-~-0012 C:FXD CER 0,01 UF 20% 1000VDCW
c4 0160-017% C:FXD CER 0,47 UF +80-~20% 25VDCW
c5 0180-0059 C:FXD ELECT 10 UF +100-10% 25VDCW
c6 0180-0105 C:FXD ELECT SO UF 25VDCW
C?7 THRU
€100 NOT ASSIGNED
Ci101 0140-022¢C C:FXD MICA 200 PF 1% 300VOCW »
c102 0160--0185 C:FXD MICA 2100 PF 1% 300VDCW
€103 0121~0035 C:VAR AIR 7,2-14%3.7 PF
C104 0140-~0204 C:FXD MICA 47 PF 5% S500VDCW .
€105 0140-0220 C:FXD MICA 200 PF 1% 300VOCW .
Cl06 0180--0106 C:FXD ELECT 60 UF €6VDCW
€107 THRU
€109 NOT ASSIGNED
€110 0160-0174 C:FXD CER 0,47 UF +80-20% 25VDCW
111 0180~0059 C:FXD ELECT 10 UF +100-10% 25VOCW
Ci12 0170-0069 C:FXD POLY 0.1 UF 2% SOVDCW
€113 0160-0174 C:FXD CER 0,47 UF +80-20% 25VDCW
cli4 01800059 C:FXD ELECT 10 UF +100-10% 25VDCW
c115 0170-0069 C:FXD POLY 0.1 UF 2% 50VDCW
Clil6 0180-0059 C:FXD ELECT 10 UF +100-10% 25VDCW
€117 0160-0174 C:FXD CER 0.47 UF +80-20% 25VOCW
c118 01800105 C:FXD ELECT 50 UF 25VDCW
Cl119 0180-0105 C:FXD ELECT 50 UF 25VDCW
€120 01600174 C:FXD CER 0,47 UF +80-20% 25VDCW
Cl21 0180-0059 C:FXD ELECT 10 UF +100-10% 25VDCW
c122 0180-0059 C:FXD ELECT 10 UF +100-10% 25VDCW
ci23 0160-0174 C:FXD CER 0,47 UF +80-20% 25VDCW
Cl24 0170-0069 C:FXD POLY 0.1 UF 2% 50VDCW
c125 0180-0049 C:FXD ELECT 20 UF 50vDCw
CR1 THRU
CR4 1901-0025 DIODE :S1LICON 50 MA 1V 100 PIV
CR5 AND :
CR6 1901~0026 ! DIODE :SILICON
CR7? 1902-0017 | DIODE :SILICON AVALANCHE
CR8 1902-001®  ; DIODE :SILICON AVALANCHE 1N941
CR9 1902~-0017 i DIODE :SILICON AVALANCHE
CR10 THRU !
CR100 | NOT ASSIGNED
CR10) THRU
{. CR104 1910-0016 l DIODE :GERMANIUM 100 MA 1V 60 PIV
= See list of abbreviations in introduction to this section
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Table 6-1. Reference Designation Index (Cont'd)
geesfi;ﬁgéfgn @ Stock No, Description # Note

CR105 1901-0025 DIODE :SILICON 50 MA 1V 100 PIV
CR106 1901-0025 DIODE :SILICON 50 MA 1V 100 PIV
CR107 THRUY
CR113 1901-0024 DIODE :SILICON
DS1 1450-0048 LAMP :NEON NE2H
Fl 2110-0017 FUSE :CATRIDGE 0.15 AMP
Jl 1251-0148 CONNECTOR :POWER MALE 3 PIN
J2 THRU
J100 NOT ASS!IGNED
J101 1251-0149 CONNECTOR :FEMALE 6 CONTACT
J102 1251-0066 JACK :TELEPHONE FOR 2 CONNECTOR PLUG
J103 DC CALIBRATION &SUBSTITUTION, CONSISTS OF :

5060-0632 BINDING POST:BLACK

5060~0633 BINDING POST:RED

0340-0086 {NSULATOR :BLACK 2-HOLE€ INSIDE)

0340-0090 INSULATOR sBLACK 2-HOLE(OUTSIDE)
L1 NSR PART OF Z1
L2 THRU
L100 NOT ASSIGNED
L101 9140-0122 COIL:VAR 2 WINDINGS 9-20 UH EACM
L102 91400122 COIL:VAR 2 WINDINGS 9-~20 UH EACH
L103 THRU
L105 9110-0040 INDUCTOR :AUDIO 2,5 MH
M101 1120-0311 METER,CAL I BRATED
P1 NSR PART OF wl
P2 NSR PART OF w1l
Q1 1850-0065 TRANS | STOR :GERMAN UM 2N1370
Q2 1850-0064 TRANS ISTOR:2N1183
Q3 1850-0065 TRANS }STOR :GERMANIUM 2N1370
QUL 1851-0017 TRANS | STOR :GERMAN| UM 2N1304
Q5 1854-0003 TRANSISTOR:SILICOM
Q6 THRU
Q100 NOT ASSIGNED
Q101 1850-0065 TRANS ISTOR :GERMAN | UM 2N1370
Q102 1851-0017 TRANS ISTOR :GERMAN! UM 2N1304
Q103 THRU
Q105 1850-0065 TRANS | STOR sGERMAN UM 2N1370
Q106 18540045 TRANS ISTOR:S1LICON
Q107 1854-0003 TRANSISTOR:SILICON
Q108 1850-0065 TRANS ISTOR sGERMANI UM 2N1370
Q109 1851-0017 TRANSISTOR :GERRANTUM 2N1304
Q110 1850-0040 TRANSISTOR :28383
Qll1 1851-0024 TRANS | STOR :GERMANI UM 2N388A
Rl 0687-33351 R:FXD COMP 33K OHM 10% 1/2W
R2 0687=3321 R:FXD COMP 3_,3K OHM 10% 1/2w
R3 0690-3911 R:FXD COMP 390 OHM 10% 1
R 0690-1221 R:FXD COMP 1,2K OHM 10% 1w
R5 0687-4721 RsFXD COMP &,7K OHM 10% 1/2W
R6 0687-2711 R:FXD COMP 270 OHM 10% 1/2w
R7 0687-3321 R:FXD COMP 3.3K OHM 10% 1/2w
RS NSR PART OF 71
R9 06874721 R:FXD COMP 4,7K OHM 10% 1/2W
R10 0687-3321 R:FXD COMP 3,3K OHM 10% 1/2W

|
# See list of abbreviations in introduction to this section
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Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
&:&gg’;fgn % Stock No. Description # Note
R11 0687=-1821 R:FXD COMP 1.8K OMM 10% 1/2W
R12 0758-0006 R:FXD MET FLWM 10K OHM 5% 1/2W
R13 2100~-0182 R:YAR COMP 3,3K OMM 10% LIN 1/3W
R14 0758-0005 R:FXD MET FLM &4,7K OHM 5% 1/2W
R15 THRU
R100 NOT ASSIGNED
R101 0727-0395% R:FXD DEPC 316 OMM 1/2% 1/2W
OPT 10 0727-0483 R:FX0 DEPC 318,1 OHM 1% 1/2W
OPT 11 0727-0484 R:FXD DEPC 320.1 OHM 1% 1/2%
OPT 12 0727-0485 R:FXD DEPC 323.4 OHM 1% 1/2W
OPT 21-23 0727-0486 R:FXD DEPC 32G.8 OHM 1% 1/2W
| r102 0811~0051 R:FXD Ww 200.3 OHM 0,1% 1/4W
OPT 10- 0811-0096 R:FXD WW 200,7 OHM 0,1% 1/4W
OPT 11,21 0811-0085 R:FXD WW 201.5 OHM 0,1% 1/4W
OPT 12,22 0811-0086 R:FXD WW 203,3 OHM 0,1% 1/4W
OPT 13,23 0811-0087 R:FXD WW 207.1 OHM 0,1% 1/4W
R103 0811-0051 R:FXD Ww 200.3 OHM 0.1% 1/4W
OPT 10 0811-0099 R:FXD WW 202.5 OHM 0,1% 1/4w
OPT 11,21 0811-0088 R:FXD WW 206,6 OHM 0.1% 1/4w
OPT 12,22 0811-0089 R:FXD Ww 213,0 OHM 0.1% 1/56W
OPT 13,23 0811-0090 R:FXD Ww 226,3 OHM 0,1% 1/4W
R105 0811-0063 R:FXD WW 189,0 OMM 0.1% 1/4w
OPT 10 0811-00%4 R:FXD WW 190.2 OMM 0,1% 1/4wW
OPT 11,21 0811-0095 R:FXD wWW 192,7 OHM 0.1% 1/4W
oPY 12,22 0811-0112 R:FXD wWw 197,7 OHM 0,1% 1/4W
OPY 13,23 0811-0101 R:FXD Ww 208,2 OHM 0,1% 1/8W
R106 0811-0064 R:FXD WW 255.0 OHM 0,1% 1/4W
OPT 10 0811-0091 R:FXD Ww 256,0 OHM 0,1% 1/4W
OPT 11,21 0811-0098 R:FXD WW 258,0 OMM 0.1% 1/4W
OPT 12,22 0811-0092 RiFXD WW 261.4 OHM 0,1% 1/4Ww
OPY 13,23 0811-0093 R:FXD WW 268.2 OHM 0,1% 1/4W
R107 0811-0065 R:FXD WW 511 OHM 1% 0,08W
R108 0811-0066 R:FXD Ww 887 OHM 1% O,08BW
R109 0758-0020 R:FXD MET FLM 22K OHM 5% 1/2w
R110 0811-0065 R:FXD Ww 511 OHM 1% 0.08W
R111A/8 2100-0342 R:VAR CONCENTRIC
FRONT SECT:Ww 10K OHM 10% LIN 2W
REAR SECT:Ww 800 OHM 10% LIN 2w
R112 NOT ASSI1GNED
R113 0686-7525 R:FXD COMP 7,5K OHM 5% 1/2W
R114 0686-3325 R:FXD COMP 3,3K OHM 5% 1/2W
R115 0686-2725 R:FXD COMP 2,7K OHM 5% 1/2W
R116 0686-3325 R:FXD COMP 3,3K OHM 5% 1/2W
R117 06834315 R:FXD COMP 430 OHM 5% 1/4W
R118 0683-3305 R:FXD COMP 33 OHM 5% 1/4W
R119 0683-7505 R:FXD COMP 75 OHM 5% 1/4W
R120 0683-2215 R:FXD COMP 220 OHM % 1/4W
R121 0683-1025 R:FXD COMP 1K OHM 5% 1/4w
rR122 0683-2435 R:FXB COMP 24K OHM 5% 1/4W
R123 0683-9115 R:FXD COMP 910 OHM 5% 1/4W
R124 0683=2725 R:FXD COMP 2,7K OHM 5% 1/4W
R125 0686~1025 R:FXD COMP 1K OHM 5% 1/2W
R126 0686~1525 R:FXD COMP 1.5K ONM 5% 1/2W
i B
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Table 6-1
Table 6-1. Reference Designation Index {Cont'd)
geegégearéggn % Stock No. Description # Note 1
R127 0686-7525 R:FXD COMP 7,5K OHM 5% 1/2W
R128 0686=3%25 R:FXD COMP 3,3K OHM B% 1/2W
R129 0686=153%5 R:FXD COMP 15K OHM 5% 1/2W
R130 0687-3321 R:FXD COMP 3,3K OHM 10% 1/2W
R131 0687-5611 R:FXD COMP 560 OHM 10% 1/2W
R1%2 0686=-3325 R:FXD COMP 3,3K OHM 5% 1/2W
R133 0687-1511 R:FXD COMP 150 OHM 10% 1/2W
R134 THRU
R137 0758-0003 R:FXD MET FLM 1K OHM 5% 1/2W
R138 0687-1521 R:FXD COMP 1,5K OHM 10% 1/2W
R139 0687-1531 R:FXD COMP 15K OHM 10% 1/2W
R140 0686-1025 R3:FXD COMP 1K OHM 5% 1/2W
R141 0687~3931 R:FXD COMP 39K OHM 10% 1/2W .
R142 0687-1221 R:FXD COMP 1,2K OHM 10% 1/2W
R143 0687-5611 R:FXD COMP 560 OHM 10% 1/2W
R144 0687-5611 R:FXD COMP 560 OHM 10% 1/2w
R145 THRU
R149 NOT ASSIGNED
R150 0727-0131 R:FXD DEPC 3920 ONM 1% 1/2W
R151 0687=3321 R:FXD COMP 3.3K OHM 10% 1/2W
R152 0727-0124 R:FXD DEPC 3K OHM 1% 1/2W
R15% 0727-0124 R:FXD DEPC 3K OHM 1% 1/2wW
R154 0687-5611 R:FXD COMP 560 OHM 10% 1/2W
R155 0687-3311 R:FXD COMP 230 OHM 10% 1/2W
R156 THRU
R159 NOT ASSIGNED
R160 0727-0396 R:FXD DEPC 1,.194K OHM 1/2% 1/2W »
R161 0727-0397 R:FXD DEPC 2,13X OMM 1/2% 1/2w »
R162 0727-0398 R:FXD DEPC 3.79K OHM 1/2% 1/2W .
R163% 0727-0399 R:FXD DEPC 6,73K OHM 1/2% 1/2W .
R16%4 0727-0341 R:FXD DEPC 12K OHM 1/2% 1/2W *
R165 0727-0400 R:FXD DEPC 21.36K OHM 1/2% 1/2w »
R166 0727-0342 R:FXD DEPC 38.05K OHM 1/2% 1/2W .
R167 07270407 R:FXD DEPC 82.09K OHM 1/2% 1/2W
R168 0727-0346 R:FXD DEPC 63,14K OHM 1/2% 1/2W
R169 0727-0404 R:FXD DEPC 52,.55K OHM 1/2% 1/2W
R170 0727-0402 R3FXD DEPC 46.67K OHM 1/2% 1/2W
R171 0727-~0401 RIFXD DEPC 41.46K OHM 1/2% 1/2W
R172 0727=-0403 R:FXD DEPC 52,3K OHM 1/2% 1/BW
R173 0727-0805 R:FXD DEPC 57.46K OHM 1/2% 1/2W
R174& 0727-0406 R:FXD DEPC €69.49K OHM 1/2% 1/2w
R175 0727-0408 R:FXD DEPC 94.,2K OHM 1/2% 1/2W
R176 0727-0409 R:FXD DEPC 142K OHM 1/2% 1/2W
R177 0727-0410 R:FXD DEPC 256.8K OHM 1/2% 1/2W
R178 0687-5631 R:FXD COMP 56K OHM 10% 1/2W
R179 06875631 R:FXD COMP 56K OHM 10% 1/2W .
R180 0758-0021 R:FXD MET FLM 51K OHM 5% 1/2W
R181 0727-0100 R:FXD OEPC 1K OHM 1% 1/2W
s1 3101-0033 SWITCH:SLIDE LINE VOLTAGE
s2 3100-0370 SWITCH:ROTARY POWER
$3 THRU
$100 NOT ASSIGNED
5101 3101-0032 SWITCH:SLIDE MOUNT RES
$102 3100-0273 SWITCH :ROTARY RANGE
# See list of abbreviations in introduction to this section
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Table 6-1. Reference Designation Index (Cont'd)
geesfiegxrgéggn @ Stock No. Description # Note
Tl 91000141 TRANSFORMER :POWER
T2 THRU
7160 NOT ASSIGNED
T101 91200066 TRANSFORMER :AUD IO
T102 9120-0066 TRANSFORMER :AUD1O
T103 91200065 TRANSFORMER :AUDIO
T108 9120-0065 TRANSFORMER sAUD 10
w1l 8120-0078 ASSY,POWER CABLE :SMOOTH BLACK, EXTRA LIMP,
7.5 FT, NEMA PLUG=IN
XFl 1400=-0084 FUSEMOLDER tEXTRACTOR POST TYPE
21 431B-60A ASSY,COILsINCLUDES: L1, R8
MISCELLAREOUS
03700064 KNOB s VERNIER
0370-0067 KNOB sZEROD
03700104 KNOB tPOWER® RANGE
5000-0703 COVER, 6 X 11
5060-0718 COVER,HALF RECESS 2TOP)
5000-9717 COVER,HALF MODULE (BOTTOM)
50600728 FOOT ASSY, HALF MODULE
431B-16A ASSY,CABLE 5', THERMISTOR MOUNT
4318-19A ASSY,POWER SWITCH INCLUDES : R1, S2
4318-198 ASSY ;MOUNT RES SWITCH, INCLUDES : R101, S101.
431B=-19W ASSY,RANGE SWITCH, INCLUDES:
R117 THRU R124 s102
R160 THRU R16&6 STK, NG, 4318-16A
05100123 RETAINER, INDICATOR LIGHT(USED WITH DS¥)
12050002 HEAT SINK:TRANSISTOR
92110160 CARTOM,CORRUGATED
92200225 PAD ,FOAM
# See list of abbreviations in introduction to this section
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Table 6-1
Table 6-1. Reference Designation Index (Cont’d)
ge?sfiegrrg%ggn @ Stock No, Description # Note
OPT{ONS
OPTION O1
14200009 BATTERY,RECHARGEABLE(BT1)
431 A-64A SUPPORT,BATTERY
431 A~648 COVER,BATTERY
#4331 B-95A RECHARGEABLE BATTERY INSTALLATION XIT
OPTION 02
#431A-16G ASSY,CABLE, SPEC|AL PURPOSE INCLUDES:
1251-0149 CONNECTOR,FEMALE
OPTION 10
4%18-1€D ASSY, CABLE 20' THERMISTOR MOUNT FOR USE WIiTH
HP MODEL 48€A OR 478A THERMISTOR MOUNT
OPTION 11
4%1B-16E ASSY, CABLE 50' THERMISTOR MOUNT FOR USE WITM
HP MODEL 486A THERMISTOR MOUNT
OPTION 12
4%18-16F ASSY, CABLE 100' THERMISTOR MOUNT FOR USE WITH
HP MODEL 486A THERMISTOR MOUNT
OPTION 1%
4%18-16G ASSY, CABLE 200' THERMISTOR MOUNT FOR USE WITH
HP MODEL 486A THERMISTOR MOUNT
OPTION 21
431B-16E ASSY, CABLE 50' THERMISTOR MOUNT FOR USE WITH
HP MODEL 478A THERMISTOR MOUNT
OPTION 22
4318-16F ASSY, CABLE 100" THERMISTOR MOUNT FOR USE WITH
HP MODEL 478A THERMISTOR MOUNT
OPTION 23
431B-16G ASSY, CABLE 200' THERMISTOR MOUNT FOR USE WiTM
HP MODEL 4978 A THERMISTOR MOUNT
# See list of abbreviations in introduction to this section
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Table 6-2
Table 6~2. Replaceable Parts
# Stock No. Description # Mfr. Mir. Part No. TQ
0121-0035 C:VAR AIR 7,2-143,7 PF 28480 0121-00%3% 1
| 0140-020% C:FXD MICA 47 PF 5% 500VDCW 08062 DM15E 470J 1
01500220 C:FXD MICA 200 PF 1% 300VDCW 04062 DM1SF 201F 300¥ 2
0150-0012 C:FXD CER 0,01 UF 20% 1000VOCW 56289 H-10%8 1
0160-0173 C:FXD CER 0.47 UF +80-20% 25VDCW 56289 5C11A 6
0160-0185 C:FXD MICA 2100 PF 1% 300VDCW 14655 CD20F 212F 1
0170-0069 C:FXD POLY 0,1 UF 2% SOVDCW 56289 114P1042R5S83 3
0180-0049 C:FXD ELECY 20 UF 50VDCW 56289 30D0198A1 2
0180-0059 CsFXD ELECT 10 UF +#100-10% 25VDCW 56289 30018241 6
0180-0105 C:FXD ELECT 50 UF 25VDCW 56289 97341 ]
0180-0106 C:FXD ELECT 60 UF 20% 6vDCW 56289 1500606X000682 1
0180-0138 C:FXD ELECT 100 UF +100-10% 40VDCW 56289 TYPE 41D 1
0340-0086 INSULATOR :BLACK 2—HOLE§!NSIDE) 28480 0340-0086 1
0340-0090 INSULATOR :BLACK 2-HOLE(OUTSIDE) 28480 0340-0090 1
0370-0064 KNOB :VERNIER 28480 03 70-0064 1l
0%70-0067 KNOB :ZERO 28480 0370-0067 1
0370-0104 KNOB :POWER , RANGE 28480 0370-0104 2
431A-16A ASSY, CABLE 5' THERMISTOR MOUNT 28480 | 431A-16A 1
4331A-16G ASSY, CABLE%INCLUDES 1251-0149) 28480 | 431A-16G 1
531 A—60A ASSY, COIL,(ONCLUDES L1, R8) 28480 | 431A-60A 1
431A=-64A SUPPORT, BATTERY 28480 431 A~64A 1°
431A-648 COVER, BATTERY pBABO | 431A-648 Te
431B-16A wiRING HARNESS 8480 | 431B-16A 1
4318-16C WIRING HARNESS 8480 | 4318-16C 1
2;15-123 ASSY, CABLE 20' THERMISTOR MOUNT 8480 | 4318-160 1e
1B-1 ASSY, CABLE 50’ THERMISTOR MOUNT 8480 431B-16E o
431B-16E ASSY, CABLE 50* THERMISTOR MOUNT§2§§:} 4 %a-%ee %.
4318-16F ASSY, CABLE 100' THERMISTOR MOUNT(486 g P8480 | 431B-16F 1e
4318-16F ASSY, CABLE 100° THERMISTOR MOUNT(478A) P8&80 | 431B-16F 1¢
431B-166 ASSY, CABLE 200' THERMISTOR MOUNT 486Ag D8480 | 431B-16G 1°
431B-16G ASSY, CABLE 200' THERMISTOR MOUNT(478A} 28480 4318-16G 1°
4318-19A ASSY, POWER SWITCH(INCL R1,S2)431B-16C 28480 431B-19A 1
431B-198 ASSY, MOUNT RES SWITCH(INCL R101, S101) 28480 | 431B-198 1
4318-19W ASSY, RAND SWITCH(INCL R117 THRU R166) 28480 | 431B-19W 1
431B-65A ASSY, ETCHED CIRCUIT DBABO | 4318-65A i
431B-95A RECHARGEABLE BATTERY INSTALLATION KIT 28480 | 431B-95A 1°
0510-0123 RETAINER:INDIGATOR LIGHT 78553 C12008-014—4 1
0683~1025 R:FXD COMP 1K OHM 5% 1/4W 01121 C8 1025 1
0683-2215 R:FXD COMP 220 OHM 5% 1/4W 01121 cB 2215 1
0683-2435 R:FXD COMP 24K OHM 5% 1/4W 01121 8 21435 1
0683-2728 R:FXD COMP 2,7K OHM 5% 1/4W 01121 c8 2725 1
0683-3305 R:FXD COMP 33 OHM 5% 1/4W 01121 CB 3305 1
06834315 R:FXD COMP &30 OHM 5% 1/4W 01121 c8 4315 1
0683-7505 R:FXD COMP 75 OHM S% 1/4W 01121 CB 7505 1
089%2-9115 R:FXD COMP 910 OHM 5% 1/4W 01121 €8 9115 1
0686-1025 R:FXD COMP 1K OHM 5% 1/2w 01121 EB 1025 2
0686-1525 R:FXD COMP 1,5K OHM S% 1/2w 01121 EB 1525 1
0686~1535 R:FXD COMP 15K OHM 5% 1/2W p1121 EB 1535 1
0686~-2725 R:FXD COMP 2,7K OHM 5% 1/2W 01121 E8 2725 1
0686~3325 R:FXD COMP 3,3K OHM 5% 1/2W p1121 EB 3325 4
0686~7525 R:FXD COMP 7,5K OHM 5% 1/2w 01121 EB 7525 2
©20PT1ONAL
i# See list of abbreviations in introduction to this section
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Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
43 Stock No. Description # Mfr, Mfr. Part No, TQ
0687-1221 R:FXD COMP 1.2K OHM 10% 1/2W 01121 | EB 1221 1
0687-1511 R:FXD COMP 150 OHM 10% 1/2W 01121 | EB 1511 1
0687-1521 R:FXD COMP 1,5K OHM 10% 1/2w 01121 | EB 1521 1
0687-1531 R:FXD COMP 15K OHM 10% 1/2wW 01121 | EB 1531 1
0687-1821 R:FXD COMP 1.8K OHM 10% 1/2W 01121 | EB 1821 1
0687-2711 R:FXD COMP 270 OHM 10% 1/2W 01121 ! EB 2711 1
0687-3311 R:FXD COMP 330 OHM 10% 1/2W 01121 | EB 3311 1
0687-3321 R:FXD COMP 3,3K OHM 10% 1/2wW 01121 | EB 3321 5
0687-3331 R:FXD COMP 33K OHM 10% 1/2W 01121 | EB 3331 1
0687-3931 R:FXD COMP 39K OMM 10% 1/2w 01121 | EB 3931 1
06874721 R:FXD COMP &,7K OHM 10% 1/2W 101123 | EB 4721 2
0687-5611 R:FXD COMP 560 OHM 10% 1/2W 01121 | EB 5611 r
0687=5631 R:FXD COMP 56K OHM 10% 1/2wW 01121 | EB 5631 2
0690-1221 R:FXD COMP 1,.2X OHM 10% 1w {01121 | GB 1221 1
0690-3911 R:FXD COMP 390 OHM 10% 1W 101121 | GB 3911 1
0727-0100 R:FXD DEPC 1K OHM 1% 1/2W ’19701 DC 1 0BD 1
0727-0124 R:FXD DEPC 3K OHM 1% 1/-W 119701 | DC 1/2C 08D 2
0727-013% R:FXD DEPC 3920 OHM 1% 1/2W 119701 | DC 1/2C 080 1
0727-0341 R:FXD DEPC 12K OHM 1/2% 1/2wW 119701 | DC 1/2A 0BD 1
0727-0342 R:FXD DEPC 38,05K OHM 1/2% 1/2W 119701 | DC 1/2A 0BD 1
0727-0346 RiFXD DEPC 63,14K OMM 1/2% 1/2w 119701 | DC 1/2A 0BD 1
0727-0%95 R:FXD DEPC 316 OHM 1/2% 1/2% 119701 | DC 1/2A OBD 1
0727-0396 R:FXD DEPC 1,194K OHM 1/2% 1/2W 119701 | DC 1/2A OBD 1
0727=0397 R:FXD DEPC 2,13K OHM 1/2% 1/2w 19701 | DC 1/2A 0BD 1
0727=-0398 R:FXD DEPC 3.79K OHM 1/2% 1/2w 19701 | DC 1/2A 0BD 1
0727-0399 RsFXD DEPC 6.73K OHM 1/2% 1/2W 19201 | DC 1/2A OBD 1
0727~-0400 R:FXD DEPC 21,36K OHM 1/2% 1/2w 19701 | DC 1/2A O8O 1
0727-0401 R:FXD DEPC 41.46K OHM 1/2% 1/2w 19701 | DC 1/2A 0BD 1
0727=-0402 R:FX0 DEPC 46,67K OHM 1/2% 1/2W 19701 | DC 1/2A 0BD 1
0727=0403 R:FXD DEPC 52.3K OHM 1/2% 1/2W 19701 | DC 1/2A 0BD 1
0727-0404 R:FXD DEPC 52,55K OHM 1/2% 1/2w 19701 | DC 1/2A 08D 1
0727-0405 R:FXD DEPC 57,46K OHM 1/2% 1/2W 19701 | DC 1/2A OBD 1
0727-0406 R:FXD DEPC 69,49K OHM 1/2% 1/2W 119701 | DC 1/2A 08D 1
0727-0407 RsFXD DEPC 82,.09K OHM 1/2% 1/2w 19701 | DC 1/2A 0BD 1
0727-0408 R:FXD DEPC 94,2K OHM 1/2% 1/2W 19701 | DC 1/2A 08D 1
0727-0409 R:FXD DEPC 142K OHM 1/2% 1/2W {19701 | DC 1/2A 0BD 1
0727~0410 R:FXD DEPC 256,.8K OHMM 1/2% 1/2W 119701 | DC 1/2A 08D 1
0727-0483 R:FXD DEPC 318,1 OHM 1/2w {28480 0727=-0483 1°
0727-0484 R:FXD DEPC 320,1 OHM 1% 1/2W | 28480 | 0727-0484 1°
0727=-0485 R:FXD DEPC 323.4 OHM 1% 1/2W 28480 | 0727-0485 1°
0727-0486 R:FXD DEPC 329,8 OHM 1% 1/2W 2 -0486
0758-0003 R:FXD MET FLM 1K OHM 5% ifaw 'o$§§8 8723 08D %'
0758~-0005% R:FXD MET FLM 24,7K OHM 5% O,5W 07115 | C 20 0BD 1
0758~0006 R:FXD MET FLM 10K OHM %% 275v 07115 | € 20 OBD 1
0758-0020 R:FXD MET FLM 22K OHM 5% 1/2w 07115 | € 20 08D 1
0758~0021 R:FXD MET FLM 51K OHM 1/2w
0811~0051 RFXD ww 200.350HM o.12%1/£w 8;%&; Ekzgoggg 0BD %
0811-0063 R:FXD WW 189 OHM 0.5% 1/4W 05347 | LR 205RP 08D 1
0811~0064 R:FXD WW 255 OHM O,.5% 1/4W 05347 | LR 205RP OBD 1
0811-0065 R:FXD WW 511 OHM 1% O.08W 99957 | M3 A 08D 2
°=OPTIONAL
# See list of abbreviations in introduction to this section
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Section VI Model 431B
Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
# Stock No. Description # Mir. Mir. Part No. TQT T
0811~0066 R:FXD ww 887 OHM 1% 0.08W 99957 | M3 A OBD 1
0811-0085 R:FXD ww 201.5 OHM 0,1% 1/4W 28480 | 0811-0085 »
0811-0086 R:FXD WW 20%,.3 OHM 0,1% 1/4W 28480 | 0811-~0086 le
0811-0087 R:FXD ww 207,1 OHM 0,1% 1/3¥W 28480 | 0811-0087 1e
0811-0088 R:FXD WW 206.6 OHM 0.1% 1/4W 28480 | 0811~0088 le
0811-0089 R:FXD ww 213,0 OHM 0,1% 1/4W 28480 | 0811-0089 )1°
0811-0090 R:FXD WW 226,3 OHM 0,1% 1/4W 28480 | 0811-0090 le
0811-0091 R:FXD WW 256,0 OHM 0,1% 1/4W 28480 | 0811-0091 le
0811-0092 RiFXD WW 261.4 OHM O,1% l/aW 28480 | 0811~-0092 le
0811-0093 R:FXD WW 268,2 OHM 0,1% 1/4W 28480 | 0811-0093
' 0811-0094 R:FXD WW 190,2 OHM 0,1% 1/aW 28480 | 0811-009% 1le
! 0811-0095 R:FXD ww 192.7 OHM 0,1% 1/4W 28480 | 0811-0095 le
. 0811~-0096 R:FXD ww 200,7 OHM 0,1% 1/4W 28480 | 0811-0096 e
I 0811-0098 R:FXD ww 258.0 OHM 0,1% 1/4W 28480 | 0811-0098 le
| 0811=0099 R:FXD Ww 202,5 OHM 0,1% 1/4W 28480 | 0811-0099 le
1
i 0811-0101 R:FXD ww 208,2 OHM 0,1% 1/4W 28480 | 6811-0101 le
1 0811-0112 R:FXD ww 197.7 OHM 0,1% 1/4W 28480 | 0811=0112 1o
|  1120-0311 METERICALIBRATED 28480 | 1120-0311 1
| 1205-0002 HEAT SINK:TRANSISTOR 07386 | 3AL635-2R 2
| 1251-0066 JACK, TELEPHONE, FOR 2 CONNECTOR PLUG 82389 | 2u-1339 1
. 1251-0148 CONNECTOR sPOWER MALE 3 PIN 60427 | H=1061 1G-3L 1
1251-0149 CONNECTOR tFEMALE 6 CONTACT 02660 | A1-PCEF-1000 1o
1400-0084 FUSEHOLDER :EXTRACTOR POST TYPE 75915 | 342014 1
14200009 BATTERY ,RECHARGEABLE 1-25 AH 88220 | 0BD le
1450-0048 LAMP sNEOM NE2M 08717 | 858~R 1
1850-0040 TRANS ISTOR :GERMANIUM 2N383 94154 | 2N383 1
1850-0064 TRANS ) STOR :GERMANIUM 2N1183 02735 | 2N1183 1
1850-0065 TRANSISTOR :GERMANIUNM 2N1370 01295 | 2N1370 7
1851-0017 TRANS I STOR :GERMANIUM 2N1304 01295 | 2N1304 3
1851-0024 TRANS | STOR :GERMANIUM 2N38BA 01295 | 2N388A 1
1854-0003 TRANS I STOR :S IL1CON 07263 | S-3056 1
1854-0045 TRANS ISTOR:SILICON 49956 | RT 2022 1
1901-0024 D!GDE :S|LICON 82647 | G=355-1 9
1901-0025 DIODE :SILICON 50 MA 1V 100 PiV 198925 | C€SD2693 6
1902-0017 DIODE :S1LICON AVALANCHE 01281 | PSB135 2
1902-0018 DIODE sSI1LICOM AVALANCHE 04713 | 1N941 1
1910-0016 DIODE :GERMANIUM 100 MA 1V 60 P1V 93332 | D2361 4 |
2100-0182 R:VAR COMP 3,3K OHM 10% LIN 1/3W 11237 | UPE-~70 1
2100-0342 R:VAR ww 2SECT 10K/800 OHM 10% 2w 11237 | C2-252 1
2110-0017 FUSE :CARTRIDGE 0,15 AMP 75915 | 313,150 by
3100-0273 SW1TCH :ROTARY ,RANGE 76854 | 213364-K3 1
3100-0370 SWITCH :ROTARY , POWER 76834 | OBD 1
3101~0032 SWITCH:SLIDE MOUNT RES 42190 | 6613M(SPECIAL) 1
3101~0033 SWITCH:SLIDE, LINE VOLTAGE 42190 | 4633 1
5000-0703 COVER, 6 X 11 288380 | 5000-0703 2
5000~-0717 COVER,HALF MODULE(BOTTOM) 28480 000--0
50600632 BINDING POST:BLACK 28480 goso-oz%z T
5060-0633 BINDING POST:RED 28480 | 5060-0633 1
5060-0718 COVER,HALF RECESS(TOP) 28480 | 5060-0718 1
5060-0728 FOOT ASSY, HALF MODULE 28480 | 506G-0728 1
8120-0078 ASSY ,POWER CABLE ,BLACK 0 KM=
9100-0141 TRANSFORMER :POWER 33-’}32 el 1
9110-0040 INDUCTOR sAUD | O 98734 | 1895 3 |
9120-0065 TRANSFORMER :AUD10 98734 | 2-2690 5
9120-~-0066 TRANSFORMER :AUD (0 98734 | 2-2695 2
9140-0122 COILSVAR 2 WINDINGS, 9-20 UH EACH 09250 | 18-47% 2
*=OPTICNA

# See list of abbreviations in introduction te this section
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TABLE 6-3.
CODE LIST OF MANUFACTURERS

Section VI
Table 6-3

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 {Name to Cade)
and H4-2 (Code to Name) and their latest iuprlemanfs. The date of revision and the date of the supplements used appear af

the bottom of each page. Alphabetical codes

Code
No.  Menufacturer Address
SOC3C U.5,A. Comman Any suppleer ol U.S.
C3136 WcCoy Electiomes Mount Hot'y Springs, Pa.
$5213 Sage Etectromics Corp, Rochester, N.Y.
334 Hurigial Cottan, Caltt
36373 Garlock Inc.,
Elect-omics Psoducls Ow. Camgen, N.J.
00656 Aerovos Corp. New Begtord, Mass.
ITI9 Amp. lec. Harnsbuig, Pa.
69781 Aucealt Radia Corp. Boonlon, K.J.
35819 Nortmern Engineering Lavocioties, g,
Burtingtan, Wis.
G083 Sangame Electic Co.,
Picxens Div. Pickens, S.C.
00866 Goe [ngineering Co. Los Angeles, Calif,
00891 Can €. Kolmes Corp. Los Aageles, Calif,
01121 Atles Beadley Co, Widwaykee, Wrs,
€125% Litlan Industiies, Inc. Beverly Kitis, Call.
0126} TRW Semiconducloss, Inc. Lawndale, Calif.
€1295 Texas lastruments, Inc.
Transisior Products Ow. Dallas, Texas
01343 The Al.ance Mfg. Co. Aihance, Omo
01589 Paciic Relays, Inc. van Nuys, Calil,
01930 Amecock Cotp. Rocktorg, WL
01961 Pulse Enguneenng Co, Santa Clara, Calf,
02114 Ferroacube Cotp. of America  Saugerbes, XY,
02286 Cole Runbes aad Plastics Inc, Palo Alto, Catit.
02660 Ampheno)-Baig Eleclronics Coip.  Chicago, (5.
02735 Radio Cacp. af America, Semiconduclor
and Maleiials Dwv. Somesyilie, N.J.
02771 Vocaline Co. of Amensca, Inc.
01d Saybiook, Conn,
02777 Hopiins Engineering Co.  San Fenando, Cald.
03508 G.E. Semiconductor Prod. Dept. Sytacuse, R.Y.
03705 Apex Machine & Tool Co. Dayton, Gho
03797 Elgema Catp. Complon, Calt,
03877 Teansiteon Eleciric Corp. Wakelield, Mass.
03888 Pyrolilm Resistor Co.Inc. Cedar Xnolls, ¥.).
03354 Singes Ca., Drent Dov.,
Finderne Plant Somerviile, N.J.
08009 Aigw, Ratl and Hegemaan Elect, Co.
Harltord, Conn,
G403 Taveus Corp. Lambellvilie, N5,
04062 Eimenco Products Co. New Yok, K.Y,
04222 Ri-Q Division of Aetovax  Myitle Beach, S.C.
04354 Precision Papes Tubde Co. Chicago, iil.
04404 Dymec Division of Hewlett-Packaig Co.
Palo ARte, Cal.
0465)  Sylvania Electoc Products,
Mictgwave Device Div. Mountain Veew, Cald,
04713 Mototola, fnc., Semiconductor Prod. Drv.
Phoeniz, Anizona
04732 Fuson Co., Inc., Westera Duv. Culver Cily, Cant.
04773 Agtomatic Electric Co. Northlake, 1t1
04296 Sequoid Wue Co. Redwood City, Calif.
04811 Precrsian Carl Spung Co. T) Ronle, Cabf.
04870 P.M, Kotor Company Wesichester, iff,
DSODE  Twentieth Century Plastics, Inc.
Los Angeles, Cahl,
05211 Wesunghouse Edeciiic Corp,
Semi-Concuctor Depl, Youngwaod, Pa.
09347 Unronis, lac. San Mateo, Calt,
05593 Unmitconsc Engineenng Co.  Sunnyvale, Calt.
05616 Cosmo Plastic
¢ "o Electrscal Spec. Ca.i Cleveland, Owo
05624 Rarber Colman Co. Rocktord, MM,
05728 Titlen Opuical Co.
Rasiyn Heights, Long Island, K.Y,
05723 Metro-Tei Corp, Plaaeccw, N.Y.
05783 Stewart Engineening Co_ Santa Civ2, Calt.
05820 Wanetieid Engineening Inc, Wakefield, Kass.
06094 The Bassich Co. Bndgeport, Conn,
06175  Bausch and Lomb Dptical Co.  Rochester, N.Y.
06402 E.T.A, Producis Co. of Amenica  Chicago, I,
06475 Westein Devices inc. Burbank, Caht.
06540 Amatom € lecitonic Kargware Co., inc,
New Rochelie, N.Y.
06555 Beede Eectitcal Instipmeat Co., Inc,
Penacosk, N.K.
06666 General Devices Ca., lac. Indianapolis, Ind.
06751 Nuclea Cosp. of Americd
U.S. Semcor Div. Phoenx, Anz.
06812 Tomagton Mtg. Co., West Dav. Van Kuys, Caht.
06980 Eutet-ReCullough Inc. San Catlos, Cati.
07088 Kelvin Electric Co. Van Ruvs, Calil,
CH1% Coraing Glass Woiky
Electrionic Companents Dept.  Bradford, Pa.
01126 Digutran Co. Pasadena, Calif.
00015-4C
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Code
No.

137
07138

07148
07233
07261
07253

07322
07387
07700
07910
07933

07966

07980
0845
08289
08358

08664
08717
08718

08792

48334
09026
0134
48145
03250
09969

10214

10411
10646
11236
12y

2
11312
15834
um

nir
11870
1213%
12697
12859
1288}
12930
13103
13396
13838

14099
14193
14298
14433
14655
14960
15203
15281
15558

18172

15818
15303

16037
16352
16688

16758
17108
nan
18476
18486
18983
18873
19315

18500

19104

Monufacturer Address

Transistor Electionics Carp. Minneagolis, Minn,
Westinghouse Etectric Corp.

Electromc Tyde Div.
Filmohm Cotp.

Elmira, K.Y,
New York, N.Y,
Cinch-Graphik Co. City of (odustry, Calif,
Avnel Corp. Los Angeles, Calit.
Fauchid Camera & Insi. Corp.,

Semiconductor Div. Mountain View, Caif,
Minnespta Rubber Co. Minneagohs, Minn,
The Burtcher Corp. Los Angeles, Calit,
Technical Wite Producis inc. Crantord, N.J.
Conlineata! Device Corp. Hawthoine, Calif.
Raytheon Mig. Co.,

Semiconductor Dy,
Shockley SemsLenductor

Laboralores
Boonton Radio Corp.

U.S. Zegineering Co.
Blinn, Defbert, Co.
Burgess Battery Co.

tiagaia fails,Oatano, Canaga
The Brstol Co. Waterbury. Coan,
Sloan Company Sun Valley, Calil,
ITT Cannon Etectric Inc,, Phoesix Div.

Phoenx, Anzona

CBS Electronics Semiconductol

Qpecations, Div. of C.B.S. Inc. Lowell, Mass.
Mel-Rain Indsanapolis, ad.
Babcock Reiays Div, Casta Mesa, Calif.
Texas Capacitor Co. Housion, Texas
Alohm Electranics Sur Vatiey, Cahtf.
Electio Assembhies, Inc. Chicage, 111
Nallory Battery Co. of

Canada, Lid.

Mountaw Yiew, Call.

Palo Allg, Calit.
Rockawav, N.J.
Los Angeles, Calil.
Pomona, Call,

Totooto, Ontazie, Canada

General Traosistar Westetn Corp.

Los Angeles, Cahf.
Te-Tal, Ing, Berkeley, Galit,
Carbarundum Co. Nragara Falls, N.Y.
CTS of Betne,Inc. geroe, Ind.

Chicago Telephore of Califoraia, Inc.
So. Pasagesa, Calit.
Bay State Electronics Corp. Waltham, Mass.
Mrcrowave Efectronics Corp.  Paio Afta, Calit,
Duncan Electronscs Inc. Costa Mesa, Cakif,
General Insttument Corp.. Semiconductor Duv.,
Ptaducts Group Newack, N.J.

Imperial Electronic, inc. Buena Park, Calt.
Melabs, Inc, Palo Allo, Canl.
Philadeiphia Haedte Co. Camden, N.J
Clarostat Mig. Co_ Dover, NH.
Nippon Etectne Co., LUd. Tokyo, fapan
Netex Electronics Comp. Clark, N.J.

Detta Semiconductot Inc. Newport Beach, Calt.
Thermolloy Dallas, Teass
Telelunken (G, M.B.H,) Hanover, Germany
Midiand-Wright Div. of Pacilic Industises, inc.
Kansas City, Kansas
Rewbyiy Park, Calif.
San(a donica, Calil.
Conshohocken, Pa,
Lovelang, Colo.
Newark, N.J.
San Jose, Caiil.
New York, N.Y,
K_Hollywood, Cant,

Sem-Tech
Caut, Resistor Corp,
Amencan Components,inc.
Hewlett-Packard Company
Cornell Dudblies Electric Corp,
Wiihams Wiz, Co.
Webster Electionics Co.
Adjustadle Bushing Co.
Micron Electronics
Garden Cty, Laag Istand, R.Y.
Twentieln Ceatyry

Conl Spring Co. Santa Clata, Cald.
Amelco inc. Mt, View, Call,
Daven Oev. Thomas A, Edison Ind,

McGiaw-Edison Co.  Long Island City, N.Y.
Speyce Pine Mica Co. Spruce Pine, N.C.
Computer Diode Corp. Lodi, N.J
ideal Prec. Meter Co., Inc,

De Jur Meter Drv. Brooklyn, N.Y.
Deico Radio Ouv, of G.M. Cotp. Kokomo, Ind.
Thermonetics Inc, Canoga Park, Calif.
Tranex Company Mountain View, Cald.
Ty-Car Mtg. Co. Mnc. Holhislon, Mass,
Radiq Industries Des Planes, M,
Curtis Instiument, Inc. M1, Kisco, K.Y,
E.l. DuPont ang Co.,lIsc. Wilmington, Del.
The Beadix Corp.,

Ectipse-Pioneet Div,
Thomas A, Edison Industnes,

Div, of McGraw-Edison Co. West Drange, N.J.
Electra Mig. Co. Independence, Kansas

Tetewora, N.J.

Cods
No.

20183
21226
21570
2335
244585

24655
26365
26462

26992
28430
33113
35434
36196

7942
39543
40320
42i90
43990
£4853
47904
48620

49956
52090
52983
54294
95026
55933
99938

96137
56289
59446
S9130
60741
61779

62119
63743
64359
65032

66288
66346

0276
70309
0318

10485
10%63
70993
70938
1002
71041

nas
11286
nsn3
71400

71436
71447
1450
71468
na
73482
11530

11616
717100
TIT4
71183
71185

11984
12136

71701
7235¢

12819
72656

72165

Manufacturer Address

Geneial Atronics Gorp,
Executone, inc.
Fansieel Metallurgical Corg,
The Fatnu Bearing Co.
6.E. Lamp Dwision

Nela Park, Cleveland, Orio
Genecz! Radio Ca. West Concord, Mass.
Gries Reproducer Corp, New Rochelle, R.Y,
Grotet ¥ i'e Co. of Amernca, Jnc.

Philadetphia, Pa.
New York, N.Y.
No. Chicago, 111,
New Butam, Gonn,

Carlstadl, N.J.
Lancaster, Pa.

Palo Allo, Cahil.
Owensboco, Ky.

Cmcago, I

Hamilton Watch Co.
Hewlett-Packars Co.
G.E. Recewviag Tube Dept.
Lectrohm inc,
Stanwych Coil Products Lid.
Rawdesbury, Onatario, Canada
P.R. Mallory & Co..inc, ind1anapolis, Ind.
Wechanical Industaes Prog, Co. Akron, Dhio
Wintature Precision Beatiags, Inc, Keene, K.H.
Muter Co, Chcaga, NIl
C.A. Norgren Co, Englewaod, Colo.
Ohmite Meg. Co. Sxokie, 11,
Palatord Cotp. Cambrioge, Mass.
Precision Thermometer & last, Co.
Southam pton, Pa,
Lexington, Mass.
Westminster, Md.
Kaltham, Mass.
Selma, N.G.

Raytheon Company
Rowan Contraltet Co,
Sanborn Co,
Shaficross Mig. Co.
Simpsan Elactne Co. Chicago, M.
Sonotone Corp. Eimsford, N.Y.
Raytheon Co. Commercaal Apparatus &

Systems Diwv. So. Motwalh, Conn,
Spaulding Fbre Co.,tnc. Tonawanda, N.Y,
Sprague Electric Co, Nosth Adams, Mass.
Tetex, Inc. St.Paul, Minn,
Thomas & Beits Co. Elizabeth, N.J.
Teiplett Electrical Iasi. Co. Blutton, Ohio
Union Swtch ang Signal, Div. ot

Westinghouse Au Brake Co,  Pittsburgh, Pa,
Univeisal Electuc Co. Owossa, Mich,
Ward-Leanxd Electric Co. WM. Vernon, N.Y.
¥estein Electic Lo lnc, New Yorx, N.Y.
Weston Inst. Div. of Daystrom, Inc.

Newark, N.).
Wittek Mig. Co. Chicago, 1L,
Revere Wollansak Div, Mina, Mining &

Mtg. Co. St. Paul, MWinn.
Allen Mtg. Co. Hartiord, Conn,
Allen Mig. Co. Hartford, Conn,
Altmetal Screw Product Co. Inc.

Garaen Cily, X.Y.
Atlantit tndia Rubber Works, dnc. Chicago, M.
Ampenite Co..lac. Umon City, X. J.
Belden Mig. Co. Chicago, B,
Burd Electronic Cotp, Cleveland, Ohio
Bundach Radio Co. New York, N.Y,
Boston Gear Works Otv. of

Muitay Co. of Texas
Bud Radio, lec. Witioughby, Onie
Camloc Fasteaer Colp. Paramus, ¥.J.
Cardweil Candenser Corp. L indenbuest L.L, N.Y,
Bussmann Mfg, Div. of

McGraw-Edison Co,
Chicago Condenser Corp.
Cant, Spring Co.,Inc,
CTS Comp.

ITT Cannon Eleciac Inc,

Cwema Engineering Co.

C.P. Clare & Co,

Centratab Dev. of Globe Union Inc.

Wiiwavkee, Wis.
Chicago, 1IN,

New Yaix, N. Y.
Chicago, .

Quincy, Mass,

St Louts, Mo.
Chicago, JI1.
Picc-Rivera, Calil.
Elxhart, ind,

Los Angeles, Calif.
Burbank, Calif,
Chicago, fIl.

Commeicial Plastics Co.
The Cornish Wre Co.
Chicago Miniature Lamp Works
A.0. Smith Corp., Crowiey Duv,
West Drange, N,J.
Cinch Wfg, Co,, Howatd B, jones Div,
Chicago, 111,
Dow Corming Corp. MWidtand, Mich.
Electro Xotive Mig. Co.,lnc.
Wiltemantic, Conn,
Coto Coil Co.,lInc. Providence, R.1
Jaha E, Fast Co,, Div. Vicloreen Instr. Co.
“hicago, 111,
Gialight Corp. Brooklyn, N.Y.
ind1ana Genetal Coxp., Elecironics Dtv.
Keasby, N.J,

Drake Wig. Co. Chicage, 1,

12825
12928
72964
72982
73081
73076
73138

9
73445

13506
13558
73682

13138
3143
73193
73846
189
13905
14276
74455
74851
74868

1970
15042
75308
15382
75818
79919
76005
76210
76433

76487
76483
76830
76545
76854
11088

17018
e

ms2
11342

77630
77638

11764
17968
18189

78283
18280
784582
78471
78488
78493
78953
78790
78847
78136
KM
79251
91

79963
80031

40120
8130
8013)

80207

80223
80248
80284
30441
80486
80503

ave been arbitrarily assigned fo suppliers not appearing in the H4 handbooks.

Manufocturer Address

Hugh H. Eby Inc.
Gudeman Co.
Robert M. Hadley Co.

Philagelphia, Pa.
Chicago, 1.
Laos Anpeles, Cahl.

Eoie Techaologicat Producis, Inc. Etie, Pa,
Kansea Nfg, Co., Inc, Piinceton, Ing,
H.M, Haiper Co. Chicage, 111,

Helipot Giv. of Beckman inst., Inc.
Fullerton, Cald,

Hughes Products Division of

Hughes Awcralt Co.  Newport Beach, Calil,
Amgerex Electranic Ca., Div. of North

American Phitlips Co,, InC. Richsville, N. Y,
Bradley Semicanductor Corp. Ramden, Conn,
Cathing Electue, Inc. Haitford, Conn,
George K. Garret! Ca., Duv.

MSL Industiies thc.
Federal Screw Products inc.
Fischer Specaal Mig, Co.
The General Industries Co.
Goshen Stamping & Tool Co.
JFD Electionics Corp,
Jennings Radio Mig. Corp.
Signabite Inc.

Philadeiphia, Pa.
Chicage, 11,
Cwcianali, Ohio
Elyna, Oho
Goshen, Ind.
Brooklyn, .Y,
San Jose, Cald.
Reptune, N 1.
J.K. Wions_ and Sons Winchester, Mass.
Industrial Condeaser Corp. Chitago, fli,
A.F. Ploducts Division of Ampaenol-

Borg Electiomes Corp, Danbury, Conn.
E.F. Johason Co, Waseca, Minn,
International Resisiance Co. Philadelphia, Pa.
James Kmights Co. Sandwich, 1),
Kulka Electrsc Corparation ML Veroan, N.Y,
Lenz Etlectric Mig. Co. Chicago, LIt,
Lsttletuse, inc, Des Plaines, .
Lord Mtg, Co. Ene, Pa,
C.¥. Marwedel $an Francisco, Cant.
General Instivment Corp.,

Micamold Div.

James Millea sig, Co.,Inc.
J.¥. Miilet Co.
Nonadnock Wills

Mueller Electric Co.

Dak Manufactuning Co.
The Bendix Corp,

Berdix Pacific Div,
Pacihc Metals Co.
Phanostsan Instiument and

Etectrome Co. South Pasagena, Calif.
Philadelphia Steel and ¥ure Corp.

Philagelpniz, Pa,
Aneican Mathine & Foundry Co.

Polter & Brumlield Div. Princeton, 1ag.
TRY Electronic Components Div. Camden, N.J.
General laslrument Corp., Rechitier Div.
Brooklyn, N.Y.
Kammisburg, Pa.
Totrance, Caid,

Newari, N.J.
Maiden, Mass.

Los Angeles, Calif.
San Leandio, Caii.
Cleveland, Oho
Crystal Lake, it,

No. Hotlywood, Calif.
$3n Frantisco, Calit.

Resistance Prioducts Co.
Rubbercraft Corp, of Calif,
Shakeprosl Divisian af Ilhinois

Tool Warks Elgm, 11,
Signal Indicator Coip. New Yaik, H.Y.
Stethers-Duna Inc. Pitman, N.J.
Thompson-Bieme: & Co, Chicago, 111,

Tilley Mlg, Co.
Stackgole Carboa Co,
Standars Thamson Corp.
Tionesman Products, Inc.
Transtormee Eagineers
Ucwmte Co.
Waides Kohinoor inc,
Veedes Root, Int.
Wenco Mfg. Co.
Continental-Wut Electronics Corg,

Ptilagelphia, Pa,
New Rachelle, X.Y.

San Francisco, Calil.
Si. Marys, Pa.
Waitham, Mass.
Cleveland, Ohio

San Gabriel, Cahf.
Newtonvilte, Mass.
Long Isfand City, N.Y.
Hartford, Conn.
Chicago, (W1,

Ziericx Mtg. Corp.
Wepco Division of Sessions
Clock Co. Mornsiowa, N.).
Schnitzer Alloy Products Co, Ehzaveth, W J.
Times Telepholo EQuipmenl New Youk, N.Y,
Electionic Industries Assocsation. Any brand
Tube meeting EIA standargs-Washington, D.C.
Uneras Switch, Dev, Maxon
Electonics Corp.
United Transtorme: Corg.
Oxford Electiic Corp.
Boutns Laboratonses, fac.
Robeitsdaw Conzols Co.
Al $1ar Progucts lac,
Avery Adhesive Ladel Corp.

Wallingtord, Conn,
New Yok, N.Y.
Chicago, (1.
Ruvussde, Catul.
Hilisbore, Ghio
Dehance, Ohia
Moniovia, Caht.

From: FSC. Hangbook Supplements
Hé-{ Daled DECENBER 1964
Ka-2 Dated MARCH 1962
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Section VI
Table 6-3

Code
No.

8125

8243
e3lgh
83298
€338
£330
€238
63583

3534

834, Everealy Dw. Natignat Carbon

Oiv. Umon Casbde Cero. New Yok, N.Y.
83770 Hode! Eng. ang Mig., Inc, Huntingtae, nd.
560i5-40

Monufacturer Address

New Yaik, N.Y,
Basion, Mass.

Hanrarlung Ce., Irc.
Steverss, Aragid, Ce,, €.

Internaticnat Instiurients Inc. Orange, Cona,
Grayryi Ca, LaGrange, 11i.
Tnag Transtarrer Corg. Vence, Calif.

Winchester Electiomies Co,, inc. Norwafk, Canl.
Mibtarg Specihication ... .....
Wokot Progucts, Inc, Cleveiand, Ohio
Internztional Rectil er Corp. €' Segunda, Calil,
The A-rpax Products Ce. Carbodge, Mass.
Barry Lontigis, Oiv. Barry ¥ught Cocg,
Watetton, Mass.
Carler Prec si0n Electrc Co,
Sperh #acagay lac., Cocper Hewdt
Llecing D,
Jeliers Etectromics Dives.ca sl

Hobaker, N.J.

Sceer Carder Co. De Bois, Pa.
faich 'd Caeea & Lnst. Cap.,
Delense Prod. Division Chiltos, N,J.

Maguwe Indusines, inc. Greeuwich, Comn.
Svlvan 2 Eiectne Pra¢. lng,

Etectronee Tube D:vision
Astien Division, Renwel® Indusiries lac.

East Newaik, N.f.

Switch.(31t, Inc, Chicage, W1,
Metals & Conleols Inc.

Spenzer Praducls
Phi'lips-Advance Canliol Co.
Researzh Progucts Corp.
Rolion Mlg. Cu,, Inc,
Veclor Electrenic Co,
Wester Washer Wig. Co.  Los Angeles, Cahf,
Cais Fastener Co. Canhndge, Mass.
New Himashae Ball Bearnng, Inc,

Attleboro, Mass.
Jehet, 1.
Madison, Wis.
Waocgslock, N.Y.
Glendale, Calil,

Peterboraugh, N.H.

Genedal Instrument Carp.,
Capacitor Div.

ITT Wire ang Cadle Orv,

Victory Engueenng Corg.

8eadix Corp., Red Bank Dw,

Hubbel Corg.

Svih, derman H., (e,

Cenua Screw Co,

Gavill Wire aad Cable Co.
O, of Arierace Corp.

Burroughs Cosp. °
Eleczrome Tube Div.

Rev:sed: May, 1965
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Skoxie, 1M,

Emporum, Pa.

Dartangton, S.C.
Los Ange'es, Ca"it,
Spraaglield, N.J.

Red Banx, N.J.
Hungelen, I
Biooalyn, N.Y,

Chicago, M.

Biookhield, Mass.

Plammhietd, §.J,

Code
No.

8282]
§4.71

4296
84411
3497¢
89454
85471
§5474
55862
35913
86197

36579
36684

87216

8743

<

67664
§193C
88130
a822c
8420
35698
89231
89473

29665
9Cize

99929
91260
91345
$1318
91506
91637
91662
91737
91827
91978

91961
$218)
$2367
9218
92637

93332

TABLE 6-3.

Manufacturer Address

Fesms, W,

Great News, NY,
San fFrancesce, Ca b,
Oga' 2 », Nex,

Layd Sciuggs Co.
Atca Electrenics Inc.
A.J. Giesener Co., Inc,
TRW Cagaciter Dev.
Sarkes Taiz-an, lac,
Boonlon Mciding Cerpany
A.B. Beye Ce.
R.M. Bracampnte X Co,
Koiled Kails, Inc,
Sean:less Rudbe: Co.
CHftan Precisien Praduets Co., nc,
Clelion Heights, Pa,

Piecision Rubber Preaucts Core.  Dayton, D%
Radio Cotp of America, Electiomic

Coxp. & Oevices Ouv, Harnses, N.J,
Phiicy Corpatat-on «Laasdale B v.sean:
nsdale, Pa,

LN
San Franc-sey, Calrt,
San Franciscz, Ca o',
Hawden, Caun,
Chicage, t'l,

Western Fibrous Glass P:aducts Ce.
$an Francisce, Calil
Van Waters & Rogers Inc, Sau Francisce, Co°
Tower Mig. Corp. Providence, R.1.
Cutier-Hammer, ic. Linesln, 1,
Gould-Nalionat Battenes, lac.  St. Paul, Minn,
Fedeiat Telephone & Radw Cosp. Chition, N.J.
Geneial Mills, Inc, Buffale,
Graybar Electric Co. Qaklang, Canl,

Cenera! Elecine Distriputing Corp.
Schemectady, N.Y.
Uniteg Transtormer Co. Checago, W,

US Rubber Co., Consumer nd. & Plast«cs

Preg. Dw. Passaic, N.J.
Bearmg Engineering Co, San Francisce, Cail.
Connor Spring Mfg. Co. San Fiancisce, Calf,
Mules D-at & Nameplale Co. €1 Monte, Calil,
Radis Matetals Co. Chicago, NN,

Avgal Inc. Allieboio, Mass.
Dale Elechonics, Inc. Columbus, Ned:,
E'co Corp. Willow Grove, Pa_

Cierar Mtg. Co., Inc. Waxelield, Mass,
K F Development Co. Redwood City, Caldt,
Honeywell (nc., Mics0 Switch Dy

Freeport, M),
Oakland, Cald,
Peabody, Mass.
Rochesler, N.Y.

Natm-Bios., Spong Co.
Tru<Connector Corp.
E1geet Opuical Co., Ine,
Universal Industries, Inc.

City of Industy, Cabt,
Tensohte Insulated Wire Co., Inc.

Tanytown, N.Y.

Sylvan.a Electiic Prod. Inc.

Serucanducier Div. Wobutn, Mass,

Code
No.

CODE LIST OF MANUFACTURERS (Continued)

Manufacturer Address

New Yack, N.Y.
Manstield, Ohio
Port Monniguth, N.J.
Livingston, N.J,
Bayonne, N.J.

Robbns and Myers, Inc.
Stevens Mig. Co., Inc.
Howard J. Smith tnc.
G.v. Conlrels
Genera: Cable Corp.
Raytheon Co., Comp. Qiv.,
Iad. Comg. Operalions Quincy, Mass.
Scientiic Electromes Products, lac,
Laveland, Colo,
Teng-Sol Electing, dnc. Newark, N.J.
Cutliss-Rerght Corp,
Eleclremcs Div.
South Crester Corp.
Teu-Ghm Products
Memcar Congonents Dev. Hurlinglon, Ind,
Wwire Cloth Producls, Inc. Bellwood, (1.
Worcestes Pressed Alumiaum Corp.
Waicester, Mass.
Gearge A, Phulbi«a Researchers, lnc,
Boston, Mass.
Miam:, Fla,
Woodsde, N.Y.
Long Islang, N.Y.
Burbank, Calit,
Sheridao, Wyo.
Bridgeport, Conn.
Bloomfield, N.J.
Chicago, 11,
Franklin, lnd,
Chucago, M.
Sunnyvale, Cald.
Otean, N.Y,

Easi Paterson, N.J.
Chester, Pa.

Alhes Products Corp.
Conteaentat Connector Corp.
Leecralt Htg. Co., Inc.
Lerca Electroncs, inc.
National Coil Co,
Vitramon, Inc.
Gordo# Corp.
Methode Mig. Co.
Qage Electnic Co., Inc,
Wockesser Co.
Huggias Laboratories
H1-Q Dsv_ ot Aetovox Corp.
Thotdarson-Messsnet Div. of

Maguire Industies, Inc.
Solar Manutaclusmg Co.
Carllon Screw Co.
Microwave Assoriales, Inc.
Excel Tiansioimer Co.
industiial Retaimng Ring Co.
Automatic & Preciseen Mg,
Reon Resistor Corp,
Lilion System loc., Adles-Westtc

Commyn, Oiv. New Rochelle, N.Y.
R-Troncis, Inc. famaica, Y.
Rubber Teck, inc. Gaidena, Calil.
Francis L. Moseley Pasadena, Catil.
Microdot, Inc. So. Pasagena, Call.
Sealecho Cosp. Mamaroneck, N.Y.
Carad Corp. Redwood Cily, Cahi.

Mt Carmel, 111,
Los Angeles, Canf.
Chicago, 1.
Butlington, Mass.
Qakland, Caht.
Irvington, N.J.
Englewood, N.).
Yonkers, N.Y.

Cod
No.

98731

98821
98925

98978
99109
94313
99515
99707
99300
99842
99934
99942

93957

Model 431B

Manufacturer Address

Genera) Mulls Inc.,
Electrames Div.
North Hills Electronics, inc.

Minocapnies, Mirs,
Glen Cove, N.Y

Semiconductor Div. of Clevite Corp,
Waktham, Yass.

taternatona! Electronic

Research Coip.
Colunbia Techmcal Corp.
Varan Associates Pale Ala, Cali,
Matshali tnd. Elect. Pioducts Div,

San Mawwg, Call,
Control Switch Division, Controls Co.

ol Amenca El Segumow, Cant,
Defevan Etechiomcs Corp, Eas) L Ny
Wilco Cotpotatim Infeandaa's, wd.
Renbrandt, lac. Busta, Muss.
Hollrian Electromes Corp,

Semconduclor Div,
Techuglogy Instrument Corp.

of Canf, Newbury Paia, Cah,

El Momie, Cald,

THE FOLLOWING H-P VENDORS HAVE N0 Niw.
BER ASSIGNED IN THE LAYESY SUPPLEMENT Y3
THE FEDERAL SUPFLY CODE FODR MANUFAC-
TURERS HANDBODX.

00goF
00008

00002
000AA

000AB
000AK

booge

BO0MM
000NN
000QQ
00055
000w ¥
00gYY

Malca Tool and Die Los Aageles, Cau',
Western Coil Div. ol Automalsc

ind,, Inc. Redwood City, La .,
¥illow Leatter Progucls Corp. Newarn, N_J,
Bustish Radio Elecionics Lid.

Washioglun, 0.C,

ETA Eugi v e
Stemens-Amenca

Comgonents Dev.
Precision lastiumeat

Whiie Plans, NV,

Componenls Ca. Var Buvs, Cabi,
Rubbei Eng. & Dcvefapment  Haywad, Ol
AN D Mig, Ca. San Jose,

Cootiron

Cantasl of Elgsn ¥alch Co.
Califoraia Eastem Lah,
S.X. Suln Co.

Baslang,
Bitbans,
Butmptas, Ca
Los Angeles, Cal-,

from. FSC, Hardbook Suprtonents
Hd-3 Dated DECEMBER tind
H&Z Dated YARCH (9p)
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Model 431B Appendix

APPENDIX

MANUAL CHANGES

This manual describes directly instruments with serial prefix 451-. For other serials,
change the manual as indicated below. If your serial prefix does not appear either here
or on a change sheet supplied with the manual, the correct information can be obtained
from your nearest Hewlett-Packard Field Office (see lists on following pages).

Serial Prefix 432-:

Table 1-1: Change Zero Carry-Over to read, ""Less than 1% of full scale when zeroed
on most sensitive range."”

Paragraph 1-3, last sentence: change to read, "...within + 1% for all higher power
ranges.
Paragraph 3-2, second sentence: change to read, "...from range to range within +1%

of full scale...."
Figure 3-2, item 8, Note: change to read, "Zero-set accuracy of 1% can be obtained..."

Paragraph 5-T4c: Change last sentence to read, ""The zero must carry over from range
to range within 1% of full scale.”

Serial Prefix 221, 223, and 301:
Make above changes plus:
Figure 5-3, Q106: Change type to 1854-0003.
Table 6-1, Q106: Change hp Stock No. to 1854-0003.

Table 6-2, 1854-0003: Change TQ to 3.
1854-0045: Delete

01370-3 i-1





