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Section I Model 431C
Figure 1-1

Figure 1-1. Model 431C Power Meter
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Model 431C

Section I
Paragraphs 1-1to 1-5

SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION

1-2. The Hewlett-Packard Model 431C Power Meter,
with hp temperature-compensated thermistor mounts,
measures RF power from 10 microwatts (-20 dBm) to
10 milliwatts (+ 10 dBm) full scale in the 10-MHz to
40-GHz frequency range. Direct reading accuracy of
the instrument is +1% of full scale. By selector switch,
the instrument normalizes the power meter readingto
compensate for the Calibration Factor of a thermistor
mount used for a given measurement. A rechargeable
nickel-cadmium battery is included with Option 01 in-
struments for portable operation. Complete specifi-
cations are presented in Table 1-1.

1-3. The Model 431C makes provision for using the
DC substitution method of measuring RF power and to
assure accuracy of the power meter calibration. Out-
puts are provided for a digital voltmeter readout, per-
manent recording of measurements, operationof alarm

Table 1-1.

or control systems, or to allow the Power Meter to
be used in a closed-loop leveling system.

1-4. INSTRUMENT IDENTIFICATION. The Model
431C carries aneight-digit serial number (000-00000).
Whenthe SERIALS PREFIXED number on the title page
of the manual isthe same asthe first three digits of the
instrument serial number, the manual applies directly
to the instrument. For other serial numbers, see the
change sheet enclosed with the manual.

1-5. ACCESSORIES. Two accessories are supplied
with the Model 431C Power Meter: a 7.5-foot (2290 mm)
detachable power cable and a 5-foot (1520 mm) cable
that connects a thermistor mount to the instrument.
Thermistor mounts are available (refer to Table 1-2)
but not supplied with the power meter. A rechargeable
battery with installation kit is also available. Supplied
and available accessories are listed in Table 1-1.

Specifications

Power Range: 7 ranges with full-scale readings of
10, 30, 100, and 300 uW, 1, 3, and 10 mW; also
calibrated in dBm from -20 dBm to +10 dBm full
gscale in 5 dB steps.

Accuracy: +1% of full scale from +20°C to +35°C,
+2.,5% of full scale from 0°C to +55°C.

Calibration Factor Control: 13 position switch nor-
malizes meter reading to account for thermistor
mount Calibration Factor (or Effective Efficiency).
Range: 100% to 88% in 1% steps.

Thermistor Mount: External temperature-compen-
sated thermistor mounts required for operation (hp
478A and 486A series listed in Table 1-2).

Meter Movement: Taut-band suspension, individually
calibrated mirror-backed scales. Milliwatt scale
greater than 4.25 in.(108 mm) long.

Zero Carryover: Less than 0.5% of full scale when
zeroed on most sensitive range.

Zero Balance: Continuous control about zero point.
Range below zero is equivalent to at least 3% of full
scale.

Voltmeter Output: With load impedance of 500k ohms
or more, voltmeter outputis 1.000Vdc 0.3% at full
scale meter deflection. BNC female connector.

Recorder/Leveler Output: With load impedance of
600 ohms or more, output is approximately 1 volt
dc at full scale meter deflection. BNC female
connector.

DC Calibration Input: Binding posts for calibration
of bridge with hp 8402B Calibrator or precise dc
standards.

RFI: Meets all conditions specified in MIL-I-6181D.

Power: 115 or 230 volts +10%, 50 to 400 Hz, 2.5
watts. Optional rechargeable battery provides up
to 24 hours continuous operation.

Dimensions: 7-25/32in. wide, 6-3/32 in. high, 11in.
deep from front of side rail (190 x 155 x 279 mm).

Weight: Net, 7 1b (3,2 kg), 9 1b (4,1 kg) withbattery.

Furnished: 5-ft (1520 mm) cable for hp temperature
compensated thermistor mounts; 7.5 ft (2290 mm)
power cable, NEMA plug.

Available: 00415-606 Rechargeable Battery Pack for
field installation.

5060-0797 Rack Adapter Frame, (holds two instru-
ments the side of the 431C, e.g., 431C and 415E
SWR Meter).

H01-8401A Leveler Amplifier.
8402B Power Meter Calibrator.

Combining Cases:
1051A, 11-1/4 in. (286 mm) deep.
10524, 16-3/8 in. (416 mm) deep.

These Combining Cases accept the small hpmodule
instrument for bench use or rack mounting.

02316-1
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Section I Model 431C
Tables 1-1 (cont'd) and 1-2

Table 1-1. Specifications (Cont'd)

Options: 11. With 50-foot (15240 mm) cable for 100 mount.

01. Rechargeable battery installed, provides up to

24 hours continuous operation. 12. With 100-foot (30480 mm) cable for 1002 mount.

02. Rear thermistor mount input connector wired 13. With 200-foot (60960 mm) cable for 10082 mount.
in parallel with front panel input connector.

09. With 10-foot (3050 mm) cable for 10082 or 2008 21. With 50-foot (15240 mm) cable for 2009 mount.

mount. 22. With 100-foot (30480 mm) cable for 20092 mount.
10. With 20-foot (6100 mm) cable for 1008 or 200§
mount. 23. With 200-foot (60960 mm) cable for 2002 mount.
Table 1-2. Model 431C Thermistor Mounts
hp Type
Coaxial Waveguide Frequency Range Operating Resistance in Ohms
478A 10 MHz to 10 GHz 200
S486A 2.6 to 3.95 GHz 100
G486A 3.95 to 5.85 GHz 100
J486A 5.3 to 8.2 GHz 100
H486A 7.05 to 10.0 GHz 100
X486A 8.2 to 12.4 GHz 100
M486A 10.0 to 15.0 GHz 100
P486A 12.4 to 18.0 GHz 100
K486A 18.0 to 26.5 GHz 200
R486A 26.5 to 40.0 GHz 200

1-2 02316-1



Model 431C

Section II
Paragraphs 2-1 to 2-6

SECTION 11
INSTALLATION

2-1. INITIAL INSPECTION.

2-2. Before shipment this instrument was inspected
and found free of mechanical or electrical defect. As
soon as the instrument is unpacked, inspect for any
damage that may have occurred in transit. Check for
the supplied accessories. Electrical performance may
be tested using the performance test procedure out-
lined in Paragraph 5-5. If there is any damage or de-
ficiency, or if electrical performance is not within
specifications, notify the carrier and your nearest
Hewlett-Packard Sales and Service Office immediately.

2-3. RACK MOUNTING.

2-4. The Model 431C isnarrower than full-rack width.
This istermeda' sub-modular' unit. Whenused alone,
the instrument can be bench mounted. When used in
combination with other sub-modular units it may be

DIVIDER LATCH

02316-1

bench or rack mounted. The hp combining case and
the adapter frame are specifically for this purpose.

2-5. COMBINING CASE. The Model 1051A Combining
Case is shown in Figures 2-1 and 2-2. This case is
a full-rack width unit which accepts varying combi-
nations of sub-modular instruments. The case itself
is a full-module unit. Itcanbe benchor rack mounted,
a rack-mounting kit is supplied with the case.

2-6. ADAPTER FRAME. The 5060-0797 Adapter
Frame is shown in Figure 2-3. The frame accepts a
variety of sub-modular units in a manner suitable for
rack mounting. Sub -modular units, in combination
with any necessary spacers are assembled within the
frame. The sub-modular units and the adapter frame,
together forming a complete assembly, can then be

DIVIDER ASSEMBLY

\ RETAINER

Figure 2-1. The Combining Case

GI8E~A~8
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Section II
Paragraphs 2-7 to 2-8

INSERT DIVIDER, ENGAGING N

TABS IN TOP AND BOTTOM — A ‘
MOUNTING SLOTS 1 h

) /:a@ib ===

TWIST DIVIDER TO VERTICAL ¢

POSITION N

®

PUSH IN TO LIMIT

O

SLIDE LATCH TO LOCK
DIVIDER

= o= T\

Model 431C

PUSH RETAINER DOWN
TO RELEASE

®

SLIDE INSTRUMENT
INTO CASE

Q)

TO SET RETAINER BACK IN
PLACE, ENGAGE HOOKS FIRST
ON ONE SIDE OF DIVIDER,
THEN ON OTHER

PUSH RETAINER UP TO LOCK

Figure 2-2. Steps to Place Instrument in Combining Case

mounted in a standard rack. The sub-modular units
cannot be removed individually when the adapter frame
is used. Instructions for assembly of the adapter
frame and sub-modular units are given below. Refer
to Figure 2-4.

a. Place the adapter frame on the edge of a bench,
step 1.

b. Stack the sub-modular units inthe frame, step2.

c. Placethe spacer clamps between the instruments,
step 3.

d. Place the spacer clamps on the two end instru-
ments. Push the combination into the frame, step 4.

e. Insert screws on either side of the frame, step
5. Tighten until the sub-modular units are tight in the
frame.

2-7. PRIMARY POWER REQUIREMENTS.

2-8. The Model 431C can be operated from an AC or
DC primary power source. The AC source can be
either 115- or 230-volt, 50 to 400 Hz. The DC source
is a 24-volt rechargeable battery. The rechargeable
battery is supplied with Option 01 instruments.

CAUTION

For AC operation, set the rear-panel 115-
230 volt switch to the proper position before
connecting the power cord to the service
outlet.

2.2

) . FILLER PANEL '

i \

o

\
O Ol
O O
@] Of
(@] O
o Ol
O O

[

4IBE-A-17

Figure 2-3. Adapter Frame Instrument Combinations
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ADAPTER
FRAME

SPACER CLAMP
RETAINING SCREWS

Figure 2-4. Two Half Modules in Rack Adapter
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Section II
Paragraphs 2-9 to 2-10

2-9. THREE-CONNECTOR POWER CABLE.

2-10. To protect operating personnel, the National
Electrical Manufacturers' Association (NEMA) recom-
mends that the instrument panel and cabinet be
grounded. This instrument is 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. To preserve the protection feature
when operating the instrument from atwo-contact out-
let, use a three-prong to two-prong adapter and con-
nect the green pigtail on the adapter to ground.

2-3



Section III
Figure 3-1

Model 431C

L1 VERNIER
7ER0

431C POWER METER
@E WewLET - eackrm EB
POWER CALIB. FACTOR
UNE— —BATTERY PERCENT
N ON
oer st

CHARGE

LINE/CHARGE. Lamp lights whenthe POWER
switchis inthe LINE ON or BATTERY CHARGE
position.

POWER. Determines connections to primary
power sources and the battery charging circuit.

LINE OFF: Instrument off.

LINE ON: Instrument on. Trickle charge ap-
plied to battery.

BATTERY ON: Instrument on, battery powered.

BATTERY TEST: Meter indicates battery
charge.

BATTERY CHARGE: Instrument off. Trickle
change applied to battery.

THERMISTOR MOUNT. Accepts thethermis-
tor mount cable.

CALIB FACTOR. Switch compensates for the
Calibration Factor of the thermistor mount.
Calibration Factor values from 88% to 100%
may be set in 1% steps.

RANGE. Sets power range; also includes a
NULL position which, in conjunction with the
adjacent null screwdriver adjustment, ensures
that the metering bridge is reactively balanced.

6.

10.

11.

12.

r 1 ]
THERMISTOR MOUNT
154
O
\ 3 )
/ \ \ 431C-A-1
9 10 1 12

MOUNT RES. A three position slide switch
which sets the power meter to accommodate
thermistor mounts of 100 ohm, 200 ochm and
200 ohm balanced operating resistances.

ZERO and VERNIER. Sets the meter pointer
over the zero mark. The VERNIER control is
a fine adjustment of the ZERO control setting.

DVM > 500 KQ. A BNC type jack providing an
output voltage linearly proportional to the meter
indication. A DC voltmeter with an input im-
pedance greater than 500 k ohms is required
to minimize introduction of measurementerror
(refer to Paragraph 3-49).

RECORDER/LEVELER. A BNC type jack pro-
viding a DC voltage of low source impedance
for a recorder or leveler amplifier.

In Option 02 instruments a thermistor mount
connector is wired in parallel with the front
panel connector. Two mounts cannot be con-
nected simultaneously.

DC CALIBRATION. This connector permits
a DC input for power meter calibration and DC
substitution method of power measurement.

LINE VOLTAGE. Selects 115-or 230-volt line
operation.

3-0

Figure 3-1.

Front and Rear Panel Controls, Connectors, and Indicators
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Section III
Paragraphs 3-1 to 3-13

SECTION il
OPERATION

3-1. INTRODUCTION.

3-2. This section presents the basic information re-
quired to operate the Model 431C Power Meter. A dis-
cussion of microwave power measurement with empha-
sis on modern techniques, accuracy considerations
and sources of error is available in Application Note
64, available from any Hewlett-Packard Sales and
Service Office.

3-3. The Model 431C is an automatic self-balancing
power-measuring instrument employing dual-bridge
circuits. The power meter is designed to operate with
hp temperature-compensated thermistor mounts such
as the Model 478A Coaxial and Model 486A Waveguide
series. Power may be measured with these mounts
in 50-ohm coaxial systems from 10 MHz to 10 GHz,
and in waveguide systems from 2.6 GHz to 40 GHz.
Full-scale power ranges are 10 microwatts to 10 milli-
watts and -20 dBm to +10 dBm. Extended measure-
ments may be made to 1 microwatt and to -30 dBm.
The total measurement capacity of the instrument is
divided into seven ranges, selectable by a front panel
RANGE switch.

3-4. ZERO and VERNIER zero-set controls zero the
meter. Zerocarry-over from the most sensitive range
to the other six less sensitive ranges is accurate to
+0.5%. Greater accuracy can be obtained by setting
the zero point onthe particular range tobe used. When
the RANGE switch is in the NULL position, the meter
indicates inherent metering bridge unbalance, and a
front panel NULL screwdriver adjustmentis provided
for initial calibration.

3-5. The CALIB FACTOR switch allows the intro-
duction of discrete amounts of compensationfor meas-
urement uncertainties related to SWR, and measure-
ment errors caused by substitution error and thermis-
tor mount efficiency. The appropriate selection of a
Calibration Factor value permits direct meter reading
of the RF power delivered to animpedance equal tothe
characteristic impedance (Zy) of the transmission line
connecting the thermistor mount to the RF source.
Calibration Factor values are determined from the data
marked on the label of each hp Model 478A or 486A
thermistor mount.

3-6. The Model 431C has a DC CALIBRATION jack
on the rear panel that can be used for DC substitution
method of power measurement. DC substitution is an
extension of the power measurement technique nor-
mally used. Through the use of DC substitution, in-
strument error can be reduced from a nominal value
of +1% to +0.16% of reading, or less, depending on the
care taken in procedure and accuracy of auxiliary
equipment.

02316-1

3-7. The MOUNT RES switch on the front panel per-
mits the use of three types of thermistor mounts with
the 431C. Model 486A waveguide mounts can be used
by setting the MOUNT RES switch to the 1008 or 2009
position, depending onthe microwave bandused (refer
to Table 1-2). The 20022 positionis used with Model 478A
thermistor mounts and the 2002 BAL position is used
with a balanced thermistor mount.

3-8. Two output BNC type jacks are provided on the
rear panel of the instrument, labeled DVM and RE-
CORDER/LEVELER. The DVM jack provides a volt-
age linearly proportional to the meter current; 1 volt
equal to full scale meter deflection. A DVM connected
tothe 431C must have an input impedance greater than
500 k ohms on the range used. The RECORDER/
LEVELER jack furnishes a DC voltage of low source
impedance necessary for isolationbetween a recorder
or leveler amplifier and the metering circuit of the
power meter. The output voltage is proportional to
the power measured and is offset +40mV orless from
its nominal value, depending on the load impedance.
This output voltage allows the Model 431C to be used
in a number of additional applications (refer to Para-
graph 3-53).

3-9. CONTROLS, CONNECTORS, AND
INDICATORS.

3-10. The front and rear panel controls, connectors,
and indicators are explained in Figure 3-1. The des-
criptions are keyed to the corresponding items which
are indicated on the figure. Further information re-
garding the various settings and uses of the controls,
connectors, and indicators is included inthe applicable
procedures of this section.

3-11. BATTERY OPERATION.

3-12. The Model 431C canbe operated from abattery
instead of a conventional 115- or 230-volt primary
power source. A rechargeable Nickel-Cadmium bat-
tery isfactory installed in Option 01 instruments. The
same battery can be ordered and later installed inthe
basic instrument, thereby modifying the power meter
to the Option 01 configuration. The rechargeable bat-
tery installation kit may be ordered by hp stock number
00415-606.

3-13. OPTIMUM BATTERY USAGE. It is recom-
mended that the Model 431C be operated by the battery
for up to 8 hours, followed by 16 hours of recharge.
If continuous battery operation is required for more
than 8 hours, the recharge time should be double the
operating time. Continuous battery operation is pos-
sible for up to 24 hours but this must be followed by
a prolonged recharge period.

3-1



Section III
Paragraphs 3-14 to 3-25

3-14, INITIAL BATTERY USE. Whenthe Model 431C
is to be battery operated for the first time, perform
the following steps:

a. Set the POWER switch to the BATTERY TEST
position and note meter pointer indication. A meter
pointer indication within the "BAT CHARGED'" area
indicates the internal battery is properly charged and
ready for use. A meter pointer indication to the left
of the "BAT CHARGED" area means that the battery
must be charged as described below. Actual battery
voltage canbe measuredonthe 0-3 mW scale. Battery
voltage is equal to 10 times meter scale reading.

b. Connect the Model 431C to AC power source. Set
POWER switch to BATTERY CHARGE and charge the
battery until a meter pointer indication withinthe "BAT
CHARGED" region can be obtained as in step a.

3-15. BATTERY STORAGE. Storage of the battery
at or below room temperature is best. Extended stor-
age at high temperatures, lessthan60°C (140°F), will
reduce the cell charge but will not damage the battery.
Charge the battery after removal from storage and
before using the Model 431C for battery operation.

3-16. OPERATING INSTRUCTIONS.

3-17. Figure 3-8, Turn-On and Nulling Procedure,
and Figure 3-9, DC Substitution, present step-by-step
instructions for operating the Model 431C. Steps are
numbered to correspond with the appropriate control,
connector, or indicator on the power meter and/or
required auxiliary equipment.

3-18. MAJOR SOURCES OF ERROR IN
MICROWAVE POWER MEASUREMENT.

3-19. A number of factors affect the overallaccuracy
of power measurement. Major sources of error are
presented in the following paragraphs to show the cause
and effect of each error. Particular corrections or
special measurement techniques can be determined
and applied toimprove overall measurement accuracy.
The following are the major sources of error to con-
sider: 1) Mismatch error, 2) RF losses, 3) DC-to-
microwave substitution error, 4) Thermoelectric effect
error, and 5) Instrumentation error.

3-20. MISMATCH ERROR. The following discussion
uses the terms conjugate power, Zg available power,
conjugate match and mismatch, and Z, match and
mismatch. These basic terms are defined as follows:

Conjugate power isthe maximum available power.
It isdependent on a conjugate match condition in which
the impedance seen looking toward the thermistor
mount is the complex conjugate of the impedance seen
looking toward the RF source. A special case of this
maximum power transfer is when both the RF source
and the thermistor mount have the same impedance as
the transmission line.

Zo available power isthe power a source will de-
liver to a Zg load. Itis dependent on a Zg match con-
dition in which the impedance seenlookingintoatrans-
mission line is equal to the characteristic impedance
of the line.

3-2
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3-21. In a practical measurement situation, both the
source and thermistor mount have SWR, and the source
is seldom matched tothe thermistor mount without the
use of a tuner. The amount of mismatch loss in any
measurement depends on the total SWR present. The
impedance that the source sees is determined by the
actual thermistor mount impedance, the electrical
length of the line, and the characteristic impedance
of the line, Zg.

3-22. In general, neither the source northe thermis-
tor mount has Z, impedance, and the actual impedances
are known only as reflection coefficients, mismatch
losses or SWR. Theseforms of information lack phase
information data. As a result, the power delivered to
the thermistor mount and hence the mismatch loss can
only be described as being somewhere between two
limits. The uncertainty of power measurement due
to mismatch loss increases with SWR. Limits of mis-
match loss are generally determined by means of a
chart such as the Mismatch Loss Limits charts in
Application Note 64. *

3-23. An example may explain how imperfect match
affects the uncertainty of power measurement. A
typical Z, available power measurement situation can
involve a source with an SWR of 1.7 (pg = 0.26) and a
thermistor mount with an SWR of 1.3 (p, = 0.13).
Figure 3-2 shows a plot of power levels and mismatch
power uncertainties that result from source and ther-
mistor mount mismatch. The source Zg mismatch
results in a power loss of -0.29 dB from the maximum
power that would be delivered by the source to a con-
jugate match. The power level that results from this
loss is the Z, available power. The thermistor mount
Z, mismatch causes an additional power loss of
-0.07 dB. However, on the thermistor mount Zo mis-
match loss is an uncertainty resulting from the un-
known phase relationships between the impedances of
the source and thermistor mount. This uncertainty
is +0.30 dB to -0.28 dB and can be determined from
the Mismatch Loss Limits charts in Application Note 64.

3-24. The result of the total mismatch loss uncer-
tainty on the Zo available power level is determined
by algebraically adding the thermistor mount loss to
the uncertainty caused by source and thermistor mount
Zo mismatch SWR. Thus, the Zy available power un-
certainty is (-0.07 dB) + (+0.30 dB), and (-0.07 dB)
+ (-0.28 dB), equal to a range of +0.23 dB to -0.35 dB
or +5.5% to -8.2%. The power delivered by the source
to a Zg load, with source and thermistor mount mis-
match as in this example, would be somewhere be-
tween 0.23 dB (5.5%) below the maximum power and
0.35 dB (8.2%) above the minimum power actually
entering the thermistor mount.

3-25. Power measurement uncertainty caused by mis-
match loss is one source of error to consider when
measuring Z_ available power without a tuner. A con-
tinuation of t?lis example is given in Paragraphs 3-38
through 3-39 to discuss the basic principle of Cali-
bration Factor correction to a measurement of Z,
available power.

*Detailed analysis of accuracy degradationdue to SWR
in the transmission line is presented in Application
Note 64. The Application Note may be obtained from
any Hewlett-Packard Sales and Service Office.

02316-1



Model 431C Section III
Paragraphs 3-26 to 3-29
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-0.29 dB SOURCE
Zo MISMATCH +0.23 dB TO -0.35 dB
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UNCERTAINTY ON 2,
AVAILABLE POWER
Z, AVAILABLE A
POWER ~0.07 dB -1.7%) Y
; }THERMISTOR MT.
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Figure 3-2. Mismatch Power Measurement Uncertainty

3-26. RF LOSSES AND DC-TO-MICROWAVE SUB-
STITUTION ERROR. RF losses account for the power
entering the thermistor mount but not dissipated in the
detection thermistor element. Such losses may be in
the walls of a waveguide mount, the center conductor
of a coaxial mount, capacitor dielectric, poor con-
nections within the mount, or due to radiation. DC-
to-microwave substitution error is caused by the dif-
ference inheating effects of the substituted audio bias
or DC power and the RF power in a thermistor. The
difference results from the fact that the spatial dis-
tributions of voltage, current, and resistance within
the thermistor element are not the same for audio, DC
and RF power. RF losses and DC-to~-microwave sub-
stitution error are generally combined for the sim-
plicity of analysis.

3-27. THERMOELECTRIC EFFECT ERROR. A mild
thermocouple exists at each point of contact where the
connecting wires join to the thermistor elements. Each
thermocouple creates a DC voltage. Thus, two ther-
mocouple voltages of opposite relative polarity are
formed, one at each junction to eachthermistor element.

3-28. Ideally, each thermocouple voltage would be
equal in magnitude sothat they cancel with no resultant
effect onthe accuracy of power measurement. In prac-
tice, however, eachpoint of contact does not have iden-
tical thermocouple characteristics, and in addition, the
temperatures at each junction may not be the same.
These differences cause an incomplete cancellation of
the thermoelectric voltages, resulting in a voltage that
causes a thermoelectric effect error. The magnitude
of the error is important when making DC substitution

02316-1

measurements on the 0.1 mW, 0.03 mW, and 0.01 mW
ranges. On other ranges, the effectis negligible. For
hp mounts maximum error introduced by thermoelec-
tric effect is about 0.3 uW and is typically 0.1 uW on
the .01 mW range.

3-29, THERMOELECTRIC EFFECT ERROR COR-
RECTION. Use the following technique to correct for
thermoelectric effect error.

a. Measure power.

b. Connectanhp Model 8402 Power Meter Calibra-
tor to the power meter DC CALIBRATION jack.

Note
If a balanced thermistor mount is being used,
an 8402B Calibrator is required.

c. Zero and null power meter.

d. By DC Substitution (see Figure 3-9), duplicate
power measurement made in step a. Calculate and
record substituted power as Pj.

e. Reverse connection polarity between the cali-
brator and power meter.

f. Re-zero and re-null power meter, if necessary.

g. By DC Substitution, duplicate power measure-
ment made in step a. Calculate and record substituted
power as Pg.

h. Calculate arithmetic mean of the two substitution
powers Py and Py. This mean power includes a cor-
rection for thermoelectric effect error.

Power = El_i_Pj_
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3-30. INSTRUMENTATION ERROR. The degree of
inability of the instrument to measure the true substi-
tution audio bias or DC power supplied to the thermis-
tor mount is called power meter accuracy or instru-
mentation error. Instrumentation error of the Model
431C is +1% of full scale, +20°C to +35°C. Instru-
mentation error can be reduced to +0.16% of reading,
or less, by using DC substitution as described in Fig-
ure 3-9.

3-31. CALIBRATION FACTOR AND EFFECTIVE
EFFICIENCY.

3-32. Calibration Factor and Effective Efficiency are
two power ratiosused as correctionfactorsto improve
overall accuracy of microwave power measurement.
The ratios are used under different measurement con-
ditions. Calibration Factor is used when the ther-
mistor mount is coupled to the RF source without a
tuner. Calibration Factor corrects for both SWR and
inefficiency of the thermistor mount. Effective Effi-
ciency is used when a tuner matchesthe source to the
thermistor mount. Effective Efficiency corrects only
for the inefficiency of the thermistor mount.

3-33. Each thermistor mount has a particular imped-
ance. This impedance, and hence the mount SWR,
remain constant over the major portion of the mciro-
wave band for which the mount is designed to operate.
For hp thermistor mounts this constant SWR is low;
thus the mismatch uncertainty is small. Since the
mount impedance and corresponding SWR deviate sig-
nificantly only at the high and low ends of a microwave
band, it is generally unnecessaryto use atuner. How-
ever, a tuner or other effective means of reducing
mismatch error is recommended when the source SWR
is high or when high accuracy is required. To mini-
mize mismatch betweenthe source and the thermistor
mount without the use of a tuner, a low SWR precision
attenuator can be inserted in the transmission line to
isolate the thermistor mount from the source. Since
atuner is not often used, Calibration Factor is a more
practical term than Effective Efficiency.

3-34. CALIBRATION FACTOR. Calibration Factor
is the ratio of substituted audio or DC power in the
thermistor mount to the microwave RF power incident
upon the mount.

PpC Substituted

Calibration Factor = B wave Incident

Calibration Factor is a figure of merit assigned to a
thermistor mount to correct for the following sources
of error: 1) RFreflected by the mount due to mismatch,
2) RF loss caused by absorption within the mount but
not in the thermistor element, and 3) DC-to-micro-
wave substitution error.

3-35. The CALIB FACTOR switch on the front panel
allows rapid power measurements tobe made with im-
proved accuracy. The switch is set to the Calibration
Factor value, appropriate tothe frequency of measure-
ment, imprinted on the thermistor mount label. With
the proper setting, the 431C compensates for the Cali-
bration Factor of the thermistor mount.

34
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3-36. Calibration Factor is applied as a correction
factor to all measurements made without a tuner.
Under this condition, the power indicated isthe power
that would be delivered by the source to a load im-
pedance equal to Zg. This measured power is called
Zg available power.

3-37. Calibration Factor correction ensures that a
power measurement uncertainty range is centered on
the Z, available power level instead of on the power
delivered to the thermistor mount impedance. Total
measurement uncertainty limits for a given power
measurement using Calibration Factor are the sum of
the uncertainties contributed by: 1) Mismatch loss,
2) Calibration Factor uncertainty, and 3) Instrumen-
tation error.

3-38. An example of power measurement uncertainty
caused by source and thermistor mount mismatch is
given in Paragraphs 3-23 through 3-25. Continuing
the example will show the basic principle of Calibra-
tion Factor correction to a measurement of Z, avail-
able power. Figure 3-3 shows the relationship and
limits of error before correction. A source SWR
of 1.7 and a thermistor mount SWR of 1.3 result in a
Zo available power uncertainty of +5.5% to -8.2%.
Assuming a thermistor mount Calibration Factor of
94% (accuracy of +2%), the Calibration Factor uncer-
tainty is (-6%) + (£2%), or -4% to -8%. The 431C
Power Meter has an instrumentation error of 1%
(may be reduced by DC substitution, Figure 3-9). The
algebraic addition of Calibration Factor, instrumen-
tationand Z, available power uncertainties determines
the limits of error before Calibration Factor cor-
rection. In this case, the limits are +2.5% to -17.2%.

a

-40% TO -8.0%
) 94% CALIBRATION
FACTOR
UNCERTAINTY [
AN
2o AVAILABLE
Y Y Y #1%{J POWER

INSTRUMENTATION
+5.5% TO-8.2% ERROR
UNCERTAINTY

ON Zo AVAILABLE

POWER

+2.5% TO -17.2%
TOTAL LIMITS OF
ERROR BEFORE
CORRECTION 19.7%

MAXIMUM POSSIBLE ERROR = 17.2%
STATISTICALLY MOST PROBABLE ERROR =-7.35%

431C-A-11

Figure 3-3. Limits of Error Before Correction
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UNCERTAINTY
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THERMISTOR
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129, +1% T POWER
CALIBRATION INSTRUMENTATION
FACTOR ERROR
ACCURACY

> +10.2% T0 -9.5%
TOTAL UNCERTAINTY
%F_,F;SJWER MEASUREMENT

J

MAXIMUM POSSIBLE ERROR = 10.2%
STATISTICALLY MOST PROBABLE ERROR = +0.35%

43IC-A-12

Figure 3-4. Total Uncertainty After Correction

Before correction, the maximum possible error is
17.2% and the statistically most probable error is
-7.35%.

3-39. Figure 3-4 shows the total power measurement
uncertainty after Calibration Factor correction. Note
that the range of uncertainty, 19.7%, is the same as
it was before correction. However, the measurement
uncertainty range has shifted, and is now more sym-
metrical about the Zg available power level.* The
totaluncertainty after correction is the algebraic sum
of the instrumentation error (:1%), the accuracy to
which Calibration Factor is determined (+2%), and the
uncertainty on the power actually entering the ther-
mistor mount. After correction, the power measure-
ment uncertainty on the Z, available power is +10.2%
to -9.5%. The maximum possible error is 10.2% (was
17.2%) and the statistically most probably error is
+0.35% (was -7.35%). This is a typical example
showing how the use of Calibration Factor correction
to a measurement of Zy available power not only re-
duces the maximum possible error, but more impor-
tantly, the magnitude of the statistically most probable
error is reduced to very near the Zg available power
level.

*The relationship between indicated power onthe 431C
and the Z available power is given by the following
equation:

p.. - P indicated (1 + PsPm)?
Y Calibration Factor

Where: P, = Zg available power
ps = source reflection coefficient
pm = thermistor mount reflection coefficient
_ 8SWR -1
P = SWR+1
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3-40. EFFECTIVE EFFICIENCY. Effective Effi-
ciency is the ratio of substituted audio or DC power
in the thermistor mount to the microwave RF power
dissipated within the mount.

PDC Substituted

Ppwave Dissipated

This power ratio corrects for RF losses and DC-to-
microwave substitution error inthe thermistor mount.
It is largely independent of the level of input RF power.
When a tuner is used to present either a conjugate or
Zo match to the microwave RF source, Effective Ef-
ficiency is to be applied as a correction factor to the
power measurement because all of the power incident
upon the mount is absorbed in the mount. The use of
a tuner and application of Effective Efficiency is the
most accurate method of measuring power since source
and thermistor mount power reflections are eliminated,
and thus, measurement uncertainty due to mismatch
is eliminated. Tuner loss will generally be small.
However, its effects on power measurement can be
corrected for by dividing the indicated power by the
tuner-loss ratio, power out/power in.

Effective Efficiency =

3-41. Effective Efficiency can be applied as a cor-
rectionfactor toboth conjugate available and Z, avail-
able power measurements. The CALIB FACTOR
switch is set to the Effective Efficiency value, appro-
priate to the frequency under test, imprinted on the
thermistor mount label. The type of application of the
tuner determines if the power measured is conjugate
available or Z, available.

3-42. Conjugate available power is measured when
the system consisting of the RF source, transmission
line, tuner and thermistor mount is tuned for a maxi-
mum power level on the 431C. In this application, the
system-mount combination presents a conjugate match
tothe source. The power measured isthe actual power
that would be delivered by the source to a conjugate load.

3-43. Z, available power is measured when a tuner-
thermistor mount combination is tuned for minimum
reflection caused by mount mismatch at the frequency
of interest. The tuner adjustment is made on a re-
flectometer or slotted line system, external to the
measurement system used for power measurement.
After the tuner adjustment, the tuner-thermistor mount
combination is connected to the transmission line and
RF source on which a power measurement is made.

3-44. HIGH ACCURACY OF POWER MEASUREMENT
USING DC SUBSTITUTION.

3-45. The instrumentation source of error canbe re-
duced by using DC substitution. With precision instru-
ments used in a DC substitution set up, and careful
procedure, instrument error can be reduced from +1%
of full scale to +0.16% of reading, or less. The tech-
nique involves: 1) applying the RF power to be meas-
ured to the thermistor mount and noting the power
meter reading, 2) removing the RF power from the
thermistor mount and substituting a DC current from
an external DC power source to precisely duplicate
the meter reading obtainedin step1, and 3) calculating
the power from the substituted DC current and ther-
mistor operating resistance.

3-46. EQUIPMENT USED FOR DC SUBSTITUTION.
Figure 3-9 shows the instrument setup for a DC
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substitution measurement. The hp Model 8402B Cali-
brator conveniently provides DC power and appropriate
switching to perform DC substitution measurement with
the Model 431C. If the 431C is being used with a bal-
anced 200 ohm thermistor mount, the 8402B must be
used. If the 431C is used with an unbalanced thermis-
tor mount such as hp Model 478A Coaxial or 486A
Waveguide types, the 8402B may be replaced with an
8402A Power Meter Calibrator.

3-47. 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 DC substitution depends largely upon:
1) how accurately substituted DC is known, 2) how
precisely the power meter reading is duplicated, and
3) the actual operating resistance of the thermistor.

3-48. SUBSTITUTION FUNCTION MEASUREMENT
ACCURACY. Voltmeter terminals are located on the
rear panel of the 8402B Calibrator. These terminals
provide a means to monitor the magnitude of calibrator
output currents by presenting a DC voltage proportional
to the substituted current. For the purpose of calcu-
lating a substituted power, this voltage carries atotal
uncertainty of +0.12%. This uncertainty includes a
+0.06% uncertainty of the thermistor resistance func-
tion of the calibrator (steps 8 through 11 of Figure 3-9).
However, the output impedance of this voltage isfinite
(100 ohms on 1.0 mW through 10 mW ranges; 1k ohms
on lower ranges). This output impedance requires the
use of a differential or high impedance voltmeter in
order to obtain an accurate measurement of the cali-
brator output. At null, a differential voltmeter does
not draw current from the calibrator voltage output
circuitry. For this reason, a differential voltmeter
will not introduce measurement error due to loading.
When using a voltmeter other than a differential type,
correction must be made for the measurement error
that is introduced by the voltmeter input impedance.
For example, a digital voltmeter with an input imped-
ance of 1 megohm will introduce a measurementerror
of 0.1% when used to measure calibrator output on
ranges below 1.0 mW. Substitution current measure-
ment error corrections must be doubled since the
power measured is proportional to the square of the
substituted current. Twice the voltage uncertainty is
the power uncertainty introduced by the voltmeter.
Therefore, the correction to be applied in the above

Model 431C

example is 0.2%. Corrections should be added tovolt-
meter readings since voltmeter impedance loading
causes voltage measurements to decrease.

3-49. POWER METER DVM OUTPUT MEASURE-
MENT. A digital voltmeter can be connected to the
431C DVMjackto increase resolution of a power meter
reading. This feature provides a convenience to the
operator and allows an easy method of repeating a pre-
cise measurement readout value. Measurementerror
corrections for voltmeter impedance loading must be
made when using a voltmeter to measure the voltage
output of the 431C Power Meter. The DC voltage at
the DVM jack on the rear panel is developed across a
1 k ohm resistor. Therefqre, a voltage measurement
made with a digital voltmeter having an input imped-
ance of 500 k ohms will introduce an error of 0.2%. A
digital voltmeter with an input impedance of 10 megohms
will introduce a much smaller error of0.01%. Correc-
tion percentages should be added to voltmeter readings.

3-50. DETECTION THERMISTOR RESISTANCE.
Steps 8 through 11 of Figure 3-9 list a procedure to
determine the operating resistance of the RF detection
bridge at balance and thus measure the operating re-
sistance of the detection thermistor element (Rq) during
a power measurement. The actual operating resistance
of detection thermistors may deviate as muchas +0.5%
from their nominal values. For this reason, the actual
operating resistance should be checked. The true
operating resistance must be known in order to accu-
rately calculate substituted DC power in a DC substi-
tution measurement.

3-51. The hp Model 8402B Calibrator provides a con-
venient method of determining the detection thermistor
operating resistance. The thermistor mount cable is
connected between the 431C Power Meter THERMIS-
TOR MOUNT and 8402B Calibrator RESISTANCE
STANDARD connectors. Bythe THERMISTOR RESIS-
TANCE switch, the 8402B Calibrator substitutes pre-
cision resistance vaules in place of the thermistor
elements normally in the 431C bridge circuits. The
switched resistances provide a method of determining a
oscillation/no-oscillation state of the 431C Power Meter.

3-52. Withthe 431C RANGE switchat NULL, a stable
reading greater than zero indicates an audio-bias os-
cillation state. While changing the substituted resis-
tances, the operator can determine when oscillations

TEMPERATURE RECORDER/
COMPENSATED npMODEL3IC]  LEVELER 1, 401-8401
THERMISTOR  f—=  POWER — LEVELER
MOURT METER AMPLIFIER
AUXILIARY hp 4T8A4864
ARM f
OUTPUT
TS, ‘
MAIN
INPUT Po"{m DIRECTIONAL | ARM |
— SOURRE COUPLER | —
«— CONTROL VOLTAGE (NEGATIVE FEEDBACK)

431C-A-4

Figure 3-5. Output Power Leveling
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" - TEMPERATURE - RECORDER/ v
3 COMPENSATED hp J2 INPUT
sepp | OUTPUR WICROWAVE 1 ruERmisToR POWER — XY RECORDER
OSCILLATOR | — DEVICE — MOUNT METER
hp 4T8A 4864
SWEEP X
OUTPUT INPUT
o —
431C-A-6
Figure 3-6. Insertion Loss or Gain Measurement

cease by noting a change of meter readingtozero. The
operating resistance of the detection thermistor ele-
ment is measured by reading the resistance deviation
in percent directly from the switch setting that causes
oscillations to cease.

3-53. ADDITIONAL APPLICATIONS.

3-54. A discussion of microwave power measurement
applications is available in Application Note 64, avail-
able from any Hewlett-Packard Sales and Service
office. The RECORDER/LEVELER output allows the
431C to be used in systems of greater capability than
would be possible with a meter indication alone. Im-
portant applications include: 1) permanent recording
of measurement data, 2) output power leveling, 3) in-
sertion loss or gain measurement and, 4) control
system monitoring. These applications are discussed
in the following paragraphs. Other applications include
readout of the level of a microwave RF power source
at a remote location, and using the ratio of two power
meter DVM outputs to make precise measurements of
small attenuations.

3-55. OUTPUT POWER LEVELING. Ablockdiagram
of an output power leveling system is shown in Fig-
ure 3-5. The power meter is used as an element in a
control circuit that maintains a constant power level
at a particular point in the system. The thermistor
mount, connected to the auxiliary arm of a directional
coupler, senses a portion of the power incident upon
the directional coupler. The power meter RECORDER/
LEVELER output provides a DC voltage that is propor-
tional to the power measured at the thermistor mount.
This voltage canbe directly applied tothe power meter
leveling input of one of the hp Model 690 Sweep Oscil-

leveler amplifier, the voltage is compared to an inter-
nal reference, the difference voltage amplified, and
applied as negative feedback to the amplitude modu-
lation input of the source. The feedback maintains a
constant RF power level at the sampling point on the
auxiliary arm of the directional coupler. This control
will hold the forward power at the main arm of the
coupler at a constant level.

3-56. INSERTION LOSS OR GAIN. Figure3-6 shows
a block diagram of a system to determine insertion
loss or gain as a function of frequency. Initially, the
device to be tested is not connected into the system
and the thermistor mount is connected directly to the
sweep oscillator output. Variations in power ampli-
tude are measured by the power meter asthe frequency
range of interest is swept by the sweep oscillator. This
is a reference measurement and is recorded by the X-
Y recorder. The device to be tested is then inserted
betweenthe sweeposcillator and the thermistor mount.
Power amplitude versus frequency is again measured
and recorded. The difference between the second
reading and the reference, at any frequency, is the
insertion loss or gain of the device at that frequency.

3-57. CONTROL SYSTEM MONITORING. The ar-
rangement of a system to actuate alarm or controlcir-
cuits is shown in Figure 3-7. A relay circuit can be
connected directly to the RECORDER/LEVELER out-
put. This type of curcuit will provide a control system
operated by full-scale magnitude power changes of the
power meter. Small magnitude power change control
can be achieved through the use of a comparison ref-
erence level and a differential amplifier. The differ-
ential amplifier output can be connected to the relay

lators, or to the input of a leveler amplifier. At the circuit to actuate the alarm or control circuits.
TEMPERATURE RECORDER/ ALARM,
COMPENSATED hoANEL | LEVELER CONTROL,
THERMISTOR = POWER — RELAY |—=1 PROTECTIVE,OR
MOUNT METER CORRECTIVE
AUXILIARY hp 41844864 DEVICES
ARM 1 43iC-A -8
MAIN
RF SOURCE }—— cOUPLER |AEM]  1oap

Figure 3-7. Control System Monitoring
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1. Connect thermistor mount and cable to THER-
MISTOR MOUNT connector. Refer to Table 1-2
for recommended thermistor mounts and their
frequency ranges.

Note

When using an hp Model 478A or other 200 ohm un-
banalced coaxial thermistor mount, the power meter
should be zeroed and nulled with the RF power
source turned off and connected to the thermistor
mount. If the RF power source cannot be turned
off, the power meter must be zeroed and nulled
while the RF input connection of the thermistor
mount is terminated in the same 10kHz impedance
as that presented by the power source (short, open,
or 50 ohm). These precautions are not necessary
when waveguide mounts such as the hp Model 486A
series or balanced 200 ohm coaxial mounts are used.

2. Set MOUNT RES switch to correspond to the
operating resistance and type of thermistor
mount used.

3. Set RANGE to .01 mW.
4. Set POWER to LINE ON. If instrument is to

be battery operated, rotate POWER to BAT-
TERY ON.

431C-A-2

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

6. Rotate RANGE switchto NULL and adjust NULL
screwdriver adjustment (adjacent to NULL on
RANGE switch) for minimum reading.

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

8. Set RANGE switch tothe power range tobeused
and zero-set the meter with ZERO and VER-
NIER controls.

Note

Range-to-range zero carryover is less than 0.5%
if the zero is set on the most sensitive range. For
maximum accuracy, zero set the meter onthe range
to be used.

9. Set CALIB FACTOR switch to correspond with
Calibration Factor imprinted on hp thermistor
mount label.

10. Apply RF power at the thermistor mount. Power
is indicated on the meter directly in mW or
dBm.

Figure 3-8. Turn On and Nulling Procedure
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Figure 3-9
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1. Connect the equipment shown above. DC sub- 8. Disconnect thermistor mount from thermistor
stitution is discussed in Paragraphs 3-44 mount cable. Connect thermistor mount cable
through 3-52. between 431C Power Meter THERMISTOR

2. Set the 431C Power Meter for normal oper- g/’IrOAIi\]I\II)TA;Ir)ldco?;%i]‘?Oéahbrator RESISTANCE
ation using the procedure given in Figure 3-8. ’

9. Set 8402B Calibrator controls as follows:

3. Apply RF power to the thermistor mount; then a. THERMISTOR RESISTANCE . . -.5%
note and record the reading of the power meter b. MOUNT RESISTANCE tocorrespond with
as indicated by the digital voltmeter. This resistance and type of thermistor mount used.
recorded value is a reference to be precisely :

. : s 10. Set 431C Power Meter RANGE switchto NULL.
csltleph(éated inthe DC substitution measurement, Rotate THERMISTOR RESISTANCE switch on
po. 8402B Calibrator clockwise until the 431C
Note Power Meter changes from a zero reading to

a stable reading greater than zero.

If the .01, .1, 1, or 10 mW power meter ranges . . .

are used, the digital voltmeter reads directly. If 11. T}.le operatm.g res1stan9e of the de?ec’glon ther -

mistor (Rg) is the nominal value indicated on

the .03, .3, or 3 mW power meter ranges are used, ¢ .

. \ R the thermistor mount label plus or minus the
the digital voltmeter reading must be multiplied by tion indi dbv th tti £ the THE
.0316, .316, or 3.16 respectively. correctionindicatedbyt e se ting of the THER-

’ ’ MISTOR RESISTANCE switch. The percentage

: correction is a value in-between the limits set

4. Turn off, or disconnect, the RF source. by the two positions of the THERMISTOR RE-
Turn on 8402B Calibrator by setting the FUNC- SISTANCE switch that correspond to the zero
TION switch to CURRENT OFF; then apply a reading and the stable meter reading obtained
substitution current by setting FUNCTION in step 10. If desired, the average of these
switch to SUBSTITUTE. two values may be calculated and used as the

6. Using 8402B Calibrator CURRENT CONTROL correction value.
and VERNIER controls, adjust the substitution 12. Calculate power in mW from the following
current until the reference reading of step 3 expression: X 3
is precisely duplicated. Power (mW) = (IDpC) 4(Rd) {10-9)

7. Note 8402B VOLTMETER output DVM reading.

On .01,.03,.1and .3 mW ranges, reading is sub-
stituted current (Inc) in mA. On other ranges
multiply reading by 10 to obtain Ipc in mA.

Where: IDC = Substitution currentin mA (from step 7)

Rqg = Operating resistance of the detection
thermistor (from step 11)

02316-1
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DC Substitution
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Figure 4-1
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SECTION 1V
PRINCIPLES OF OPERATION

4-1. OVERALL DESCRIPTION.

4-2. Figure 4-1 is a block diagram which shows the
Model 431C Power Meter with an associated thermistor
mount. The thermistor mount contains two sets of
thermistor elements, Re and R4, which are mounted
in an identical thermal environment with R isolated
from appliedmicrowave power. Thermistor elements
Rq absorb the microwave power applied to the mount
and initiate a power level data conversionto a corres-
ponding meter indication. Thermistor elements R
provide compensation in the metering circuit to cor-
rect for ambient temperature changes at the thermis-
tor 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. Thermistor elements are
used in one arm of each of the self-balancing bridges.
In the detection loop, the 10 kHz oscillator-amplifier
supplies enough 10 kHz power (I;g kHz) to bias ther-
mistor element Rq to the operating resistance which
balances the RF bridge. The same amount of 10 kHz
power is also supplied tothermistor element R by the
series-connected primaries of transformers A1T1 and
Al1T2.

4-4. When RF power is applied to thermistor element
Rq, an amount of 10 kHz power equal to the RF power
is removed from thermistor element Rq by the self-
balancing action of the RF bridge. Sincethe primaries
of A1T1 and Al1T2 are series-connected, the same
amount of 10 kHz power is also removed from ther-
mistor element Rq, thus, the action which balances
the RF bridge unbalances the metering bridge. The
metering bridge loop automatically re-balances by
substituting DC power for 10 kHz power. Since the
10 kHz power equaled the applied RF power, the sub-
stituted DC power is also equal to the applied RF
power. Instead of metering the feedback current di-
rectly, 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-lawfunction of current, the analogcurrent
thus derived is proportional to RF power, making pos-
sible 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 because of compensating thermistors. For
example, if the ambient temperature at the mount in-
creases, a decrease in electrical power to the ther-
mistors is required to hold their operating resistances
constant. The decrease, for both thermistors, is made
automatically by the detection loop which reduces
10kHz power. The amount of DC power in the metering

02316-1

loop remains unchanged however, and since this DC
power controls the meter action, the ambient temper-
ature changes do not affect the meter indication. The
compensation capability depends upon the match of
thermistor temperature characteristics. When ther-
mistor mounts are built, the thermistors are selected
to insure optimum match of thermal characteristics.

4-6. CIRCUIT DESCRIPTION.

4-7. RF DETECTION BRIDGE. A simplified sche-
matic diagram of the RF detection bridge is shown in
Figure 4-2. The RF detection bridge combines with
a high gain 10 kHz tuned amplifier to form a 10 kHz
oscillator -amplifier. The bridge and amplifier are
connected in a closed loop (the detection loop) which
provides positive feedback to the input of the ampli-
fier. Thefeedback causesthe amplifier and associated
bridge circuitry to oscillate. The RF bridge includes
thermistor elements Ry, secondary windings of trans-
former A1T2, capacitance represented by Cy and Cy,,
and a fixed resistance bridge arm consisting of A1IR10
and parallel resistances selected by the MOUNT RES
switch.

4-8. When the power meter is off, thermistor Rq 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 alarge error signal tobe applied to the
10 kHz oscillator-amplifier. Consequently, maximum
10 kHz bias voltage is applied to the RF bridge. As
this 10 kHz voltage biases Rq to its operating resistance
(100 or 200 ohms) the RF bridge approaches a state
of balance and regenerative feedback diminishes until
there is just sufficient 10 kHz bias power to hold Rq
at operating resistance. This condition is equilibrium
for detection loop.

4-9. With application of RF power, the resistance of
thermistor Rq decreases causing the regenerative sig-
nal from the RF bridge to decrease. Accordingly,
10 kHz power diminishes, the thermistor returns to
operating resistance and the detection loop regains
equilibrium.

4-10. The MOUNT RES switch, S1, changes the re-
sistance arm of the RF detection bridge so that the
bridge will function with either a 100 ohm, 200 ohm,
or 200 ohm balanced thermistor mount. The 20092 BAL
position allows the power meter to be operated with
balanced thermistor mounts. When the MOUNT RES
switch is inthis positiontwo equal capacitors are con-
nected in series across the thermistors with their

4-1
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Figure 4-2. RF Detection Bridge

common point grounded. Identical capacitors are con-
nectedin a similar manner across A1R10 inthe resis-
tance arm of the RF detectionbridge. All other grounds
are removed from the bridge so that the entire bridge
is floating with respect to DC ground. This circuit
configuration provides a virtual 10 kHz ground at the
RF input point to the balanced thermistor mount.

4-11. COMPENSATION AND METERING BRIDGE

CIRCUIT.

4-12. A simplified schematic diagram of the compen-
sation and metering bridge circuit is shown in Fig-
ure 4-3. Operation of the metering bridge circuit is
similar to the RF detection bridge circuit. It uses the
same principle of self-balancing through a closed loop
(metering loop). The major difference is that DC
rather than 10 kHz power is used to re-balance the
loop. The resistive balance point is adjusted by the
ZERO and VERNIER controls which constitute one arm

4-2

of the bridge. The MOUNT RES switch, which is me-
chanically linked to both the RF bridge and metering
bridge, changes meteringbridge reference resistance
from 100 to 200 ohms. When the MOUNT RES switch
is in the 20082 or 2002 BAL position some of the feed-
back current is shunted to ground through R1. This
maintains the I2R function constant when mount resis-
tance is changed from 100 or 200 ohms. The switch
also adds the necessary reactance for each position.

4-13. The same 10 kHz power change produced in the
RF bridge by RF power also affects the metering bridge
through the series connection of A1T1 and A1T2 pri-
maries. Although this change of 10 kHz power has
equal effect on both the RF and metering bridges, it is
initiated by the RF bridge circuit alone. The metering
bridge cannot control 10 kHz bias power, but the 10kHz
bias power does affect the metering circuit. Once a
change in the 10 kHz bias power has affected (unbal-
anced) the metering bridge, a separate, closed DC
feedback loop (metering loop) re-establishes equilib-
rium in the metering circuit.

02316-1
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4-14. Variations in 10 kHz bias level, initiated in the
RF bridge circuit, cause proportionalunbalance of the
metering bridge, and there is a change in the 10 kHz
error signal (119 kHz) applied tothe 10 kHz tuned am -
plifiers in the meteringloop. These error signalvar-
iations are amplified by three 10 kHz amplifiers, and
rectified by the synchronous detector. From the syn-
chronous detector the DC equivalent (Ipc) of the 10 kHz
signal is returned tothe meteringbridge, and is mon-
itored by the metering circuit to be indicated by the
meter. This DC feedback to the metering bridge acts
to return the bridge to its normal, near-balance
condition.

4-15. Thereactive components of the metering bridge

Section IV
Paragraphs 4-14 to 4-17

Al1L1. Null adjust, C1, is an operation adjustment
and L1 is a maintenance adjustment. Null adjust C1,
is adjusted withthe RANGE switch in the NULL position.
The 10 kHz signal is taken at the synchronous detector,
rectified by A1CRS8, and read on the meter. The rec-
tified signal contains both reactive and resistive volt-
age components of the bridge unbalance.

4-16. SYNCHRONOUS DETECTOR.

4-17. A simplified schematic of the synchronous de-
tector is shown in Figure 4-4. The synchronous de-
tector converts the 10 kHz error signal from the me-
tering bridge to a varying DC signal. The detector is
a bridge rectifier which as a rectifier in series with

are balanced with variable capacitor C1 and inductor a linearizing resistance in each of its arms. Two
R2A TO (FEEDBACK
@) CURRENT)?
rR28 O GENERATOR
P/O S| Q
|
e [»]o]
| I FEEDBACK |t ™") pieFEReTIAL
GENERATOR b
AIQI0 AIQ8-AIQ8
1l)c
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Figure 4-3. Compensation and Metering Bridge
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Figure 4-4. Synchronous Detector

10 kHz voltages, designated E3 and E4 in Figure 4-4,
are applied to the bridge; 1) voltage E3, induced inthe
secondary of transformer A1T3, is proportional tothe
metering bridge error signal and is incoming from
10 kHz tuned amplifier Q3; 2) voltage E4, induced in
the secondary of A1T4, is proportional to a voltage
supplied by the 10 kHz oscillator-amplifier. Voltage
E4 is much larger than voltage E3 and switches appro-
priate diodes in and outof the circuit to rectify voltage
E3. Section (a) of Figure 4-4 shows the current path
through diodes A1CR2 and AICR3 for a negative-going
signal. The rectified output istaken at the center taps
of transformers A1T3 and A1T4.

4-18. The synchronous detector operates in the fol-
lowing manner. When the left side of A1T4 is positive
with respect to the right side, as in Figure 4-4(a),
diodes A1CR4 and A1CR5 conductwhile diodes A1CR2
and A1CRS3 are biased off. With the polarities reversed,
as in Figure 4-4(b), the diodes A1CR4 and A1CRS5 are
biased off. The resultant output is a pulsating DC sig-
nal equivalent to the applied 10 kHz error signal. The

4-4

pulsating DC signal isfiltered and applied to differen-
tial amplifier A1Q8 and A1QS.

4-19. The operation of the synchronous detector re-
quires an in-phase relationship between E3 and E4.
The amplitude of E4 must be greater than that of E3
at all times.

4-20. FEEDBACK DIFFERENTIAL AMPLIFIER.

4-21. A simplified schematic diagram of the feedback
differential amplifier is shown in Figure 4-5. The
feedback circuit differential amplifier comprises A1Q§
Al1Q9 and associated circuitry. Pulsating DC from the
synchronous detector is filtered by A1C19, A1C20, and
A1R35, amplified by A1Q8 and fed to both the feedback
current-squared generator A1Ql1, and the feedback
current generator A1Q10. Temperature compensation
and low emitter circuit resistance for A1Q10 is pro-
vided by A1Q9. Diode AICRT protects A1Ql10 and
A1Q11 from excessive reverse bias when A1Q8 is not
conducting.
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Figure 4-5. Feedback Differential Amplifier
FROM
COLLECTOR OF
AlQ8,P/0
DIFFERENTIAL
4-22. FEEDBACK CURRENT GENERATOR. AMPLIFIER
AlQ8/AIQ9
4-23. A simplified schematic diagram of the feedback DC BIAS TO )
current generator is shown in Figure 4-6. The DC COMPENSATION ¢ AIR40
signal from the differential amplifier is applied to the AN%Q’}EDE%R'NG
feedback current generator A1Q10. A1Q10 servestwo
functions: 1) it completes the metering loop to the FEEDBACK (;%Eggig,(o':
metering bridge, and 2) it operates in conjunction with CURRENT CURRENT)
the first 10 kHz amplifier, A1Ql, and the RANGE GENERATOR GENERATOR
switch to change metering loop gain so that the meter
will read full scale for each power range. Potentiom- AIRS6
eter adjustments are provided to accurately set the —O0
calibration oneachrange. Diode A1CR6 providestem- Y
perature compensation for A1Q10. AN —Oe 0 } ’
7 \ -18VDC  -25VDC
7 \
P/O
.—Jmn——?ﬂﬁ———g;lo C)SZ
¢ L3
4-24. METER CIRCVUIT. |
4-25. A simplified schematic diagram of the meter : =
circuit is shown in Figure 4-7. The meter circuit in- ,—M«——y{——o
cludes feedback current-squared generator AlQl1l, a
squaring circuit, the meter, RECORDER/LEVELER '-‘W*—‘}'{———o
and DVM jacks, J2 and J4. The purpose of the meter
circuit isto convert a linear voltage function, propor- FX'EEUSEQYLE
tional to applied power, to a square function so that POTENTIOMETERS
power may be indicated on a linear meter scale. The } esteeoT
linear voltage function is applied to the base of A1Q11 -18VDC
and is converted to a square law function by the squar-
ing circuit in series with A1Q11 emitter. Figure 4-6. Feedback Current Generator
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4-26. METERING CIRCUIT DIFFERENTIAL
AMPLIFIER.
4-27. The metering circuit RECORDER /LEVELER
output is a voltage of low source impedance necessary I okH:
for isolation between a recorder or leveler amplifier Z?%'f\
and the metering circuit of the power meter. The iso- (PRIMARY)
lation circuit comprises the differential amplifier SAIT2A
A2Q6- A2Q7 and output transistor A2Q8. The voltage \“’R'M“‘Y)
developed across A2R38 for the DVM output is refer- DETECTION \
enced at the base of A2Q6 for comparisontothe voltage T“ERKLSToRS \ il

at the RECORDER/LEVELER jack placed on the base
of A2Q7. Anydifference voltage creates anerror volt-
age that changes the base-emitter bias on A2Q8. A
corresponding change in A2Q8 collector currentoccurs
and the RECORDER/LEVELER voltage across A2R41
automatically adjusts to maintain the same magnitude
as the DVM reference voltage.

4-28. SQUARING CIRCUIT. A simplified schematic
diagram of the squaringcircuit is shown in Figure 4-17.
The squaring circuit includes diodes A1CR9-14, and
resistors A1R42-54. Temperature compensation for
the squaring circuit is provided by AI1CR15.

4-29. The design of the squaring circuit is such that
individual diodes are normally reverse-biased. The
diodes arebiased sothat they conduct one after another
at discrete values of emitter voltage. This causesthe
emitter resistance to be proportionately greater for

4-6
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Figure 4-8. DC Calibration and Substitution
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larger currents. Thus, the collector current of A1Q11
is made to approximate a square law function, and the
meter indicates power on a linear scale.

4-30. ZEROING. Perfect balance of the metering
bridge would mean that no 10 kHz error signal would
be applied to the 10 kHz amplifiers, there would be no
DC feedback from A1Q10, and the metering loop would
be open. With an open metering loop, zero reference
couldnot be accurately established. Inthe Model 431C
this occurrence is prevented by insuring a closed me-
tering loop even when the ZERO control causes the
meter pointer to deflect down-scale from zero. By
the combined actions of A1R36 and A1R33, the zero
setting of the meter pointer does not coincide with ab-
solute balance of the metering bridge. A slightunbal-
ance of the bridge is maintained by A1R36, while A1R33
provides a counter - action in the feedback current-
squared generator, A1Ql1, so that the meter can in-
dicate zero even though the metering bridge is not
perfectly balanced. Resistor A1R33 also sets the full
scale accuracy of the meter.

02316-1
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Power Switch Arrangement

4-31. DC SUBSTITUTION.

4-32. A simplified schematic diagram of the DC Sub-
stitution and Calibration circuitis shownin Figure 4-8.
A block diagram of the auxiliary equipment required
to perform DC substitution is presented in Figure 3-9
and discussed in Paragraphs 3-34 through 3-36. An
accurately determined DC current, Ipg, is supplied
to the DC CALIBRATION terminals on the rear panel
and adjusted to allow the RF detection bridge to pre-
cisely duplicate the RF power measurement reading.
Calculation of DC power from the substituted DC cur-
rent gives an accurate measure of the unknown RF
microwave power.

4-33. REGULATED POWER SUPPLY.

4-34. A simplified schematic diagram of the power
supply is shown in Figure 4-9. The power supply op-
erates from either a 115- or 230-volt, 50 to 400 Hz
AC source or from an optional 24 volt, 30 mA re-
chargeable battery. Three voltages and two current
outputs are provided by the power supply. Regulated

4-7
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voltages of -18, +1.3, and -25 VDC operate the power
metercircuits. The current outputs areused for main-
taining a trickle battery charge for recharging the
battery.

4-35. The -18 VDC is regulated by a conventional
series regulator, A2Ql through A2Q5. The unregu-
lated -25 VDC is developed across A2CR1 and A2CR4.
The +1.3 VDC is taken across the series diodes, A2CR6
and A2CR7. The -18 VDC supply is adjusted by A2R36.

4-36. POWER SWITCH.

4-37. A simplified schematic diagram of the power
switch arrangement is shown in Figure 4-9. The

4-8

Model 431C

POWER switch has five positions: LINE OFF, LINE
ON, BATTERY ON, BATTERY TEST, and BATTERY
CHARGE. In the LINE ON position the instrument
operates from the conventional line voltage. If a re-
chargeable battery has been installed, atrickle charge
is supplied to the battery. Inthe BATTERY ON po-
sition, instrument operation is dependent on the battery.
In the BATTERY CHARGE position, -25 volts is con-
nected to the battery for recharging. Inthe BATTERY
TEST position, battery voltage can be measured on
the 0-3 mW scale. Battery voltage is 10 times meter
scale reading. Proper charge of the battery is indi-
cated by a reading within the BAT CHARGED region
on the hottom of the meter face.
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SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2. This section provides instructions for perfor-
mance testing, calibration adjustments, trouble-
shooting and repairing the 431C Power Meter. Front
panel controlled performance tests allow the instru-
ment to be checked for conformance to specifications.
If performance is not within specifications, adjustment
and troubleshooting instructions are provided.

5-3. Testequipment and accessories required to per-
form maintenance are listed in Table 5-1. Equipment
other than the recommended models can be used pro-
vided their performance equals or exceeds the critical
specifications.

5-4. MECHANICAL METER ADJUSTMENT. When
the meter is properly zero-set, the pointer rests over

the zero markon the meter scale whenthe instrument
is: 1) at normal operating temperature, 2) inits nor-
mal operating position, and 3) turned off. Set the
pointer as follows to obtainbest accuracy and mechan-
ical stability:

a. Turn instrument off.

b. Rotate the meter mechanical adjustment screw
clockwise until the meter pointer is to the left of zero
and moving up the scale towards zero. Stop when the
pointer is exactly over the zero mark. If the pointer
overshoots, repeat step b.

¢. When the pointer is exactly on zero, rotate the
adjustment screw approximately 15 degrees counter-
clockwise. This frees the adjustment screw from the
meter suspension. If the pointer moves during this
step, repeat steps b and c.

Table 5-1. Recommended Test Equipment

Instrument Type

Critical Specifications

Recommended Model

Frequency: 10 kHz

Resolution: Five digits

Direct Current Power Range: 0.01 to 10 mW hp 8402B
Source Accuracy: 20.1%
Electronic Counter Sensitivity: 4V rms hp 5512A

Accuracy: £0.01% or better

Accuracy: +5%
Input Impedance: 1 Megohm
Sensitivity: 1 mV/division

DC Voltmeter Range: 0.5 to 50 volts DC hp 3440A with 3443 A plug-in
Accuracy: +0.05% unit
Input Impedance: 10 Megohms, floating
Resolution: Three or more digits
Ohmmeter Range: 1 ohm to 10 Megohms hp 410B/C
Accuracy: +5% hp 412A
hp 427A
AC Voltmeter Range: 10 to 100 mV hp 403A/B
Accuracy: 5% hp 427A
Input Impedance: 1 Megohm
Oscilloscope Bandwidth: 100 kHz hp 140A with 1400A and 1402A

plug-in units

Thermistor Mount

Refer to Table 1-2 for recommended
thermistor mounts

hp 478A
hp 486A Series

Decade Capacitor

Range: 0.0 to 0.01 uF
Capacitance per step: 100 pF
Accuracy: 2%

General Radio 1419-B

Audio Oscillator

Frequency: 10 kHz
Accuracy: 2%

hp 200AB
hp 200CD

02316-1

5-1



Section V
Paragraphs 5-5 to 5-13

5-5. PERFORMANCE TESTS.

5-6. PURPOSE. The procedures listed in Table 5-2
test power meter performance for incoming inspection,
periodic evaluation, calibration and troubleshooting.
The tests can be performed without access to the in-
strument interior. Specifications in Table 1-1 are the
performance standards. If the power meter fails to
meet any of the performance test specifications, refer
to the adjustment procedures. If a circuit malfunction
is suspected refer to the troubleshooting paragraphs.

5-7. ADJUSTMENTS.

5-8. GENERAL. The following procedures outline the
adjustments necessary to calibrate the power meter.
The actual adjustments should be made only when it is
determined that the instrument is out of adjustment,
and not malfunctioning due to a circuit failure.

5-9, Toavoiderrors due to possible ground loop cur-
rents, isolate the power meter from ground used for

Model 431C

other auxiliary equipment. A power plug adapter that
removes the ground connection at the line outlet can
be used to isolate the power meter.

5-10. Several circuit component parts of the power
meter are selected at the factoryto meet specific cir-
cuit requirements. The factory selected parts are
indicated by an asterisk on the schematic diagrams
and in the replaceable parts list. Table 5-3 lists the
circuit requirements for factory selected parts.

5-11. COVER REMOVAL AND REPLACEMENT.

5-12. The side covers can be removed and replaced
independently of the top and bottom covers. Each side
cover is held in place by four screws retained by nuts
which are fastened to the side frames.

5-13. TOP COVER REMOVAL.

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

Table 5-2. Performance Tests

1. ACCURACY: #1% of full scale from +20°C to
+35°C.

Procedure
a. Connect equipment as shown in Figure 3-9.

b. Set 8402B Calibrator controls as follows:
FUNCTION. CURRENT OFF
RANGE . . . .. 01l mW
MOUNT RESISTANCE to correspond with resis-

tance and type of thermistor mount used.

c. Set 431C Power Meter controls as follows:

CALIB FACTOR. . . . . . . . . . . 100%
POWER. . . . . . . v v v v e . ... ON
RANGE . .01 mW

MOUNT RES to correspond Wlth resistance and
type of thermistor mount used.

d. Null and zero-set the power meter (refer to
Turn-On and Nulling Procedure, Figure 3-8).

e. Set 8402B FUNCTION switch to CALIBRATE.
Successively set RANGE (mW) switchon calibra-
tor and RANGE switch on power meter to iden-
tical range values starting with the counter-
clockwise position of .01 mW. The power meter
should read the power setonthe calibrator with-
in 1% of full scale.

f. Set RANGE (mW) switch on calibrator and
RANGE switch on power meter to 10 mW.

g. If necessary, adjust ZERO and VERNIER
controls on power meter to obtainan exact 10 mW
reading.

h. Successively set RANGE (mW) switch on cali-
brator to 8, 6, 4, and 2 mW positions while ob-
serving power meter reading. The power meter
should read the power seton the calibrator with-
in 1% of full scale.

2. ZERO CARRYOVER: Less than +0.5% of full
scale when zeroed on most sensitive range.

Procedure

a. Connect hp 3440A DC Voltmeter to DVM out-
put jack on rear of 431C Power Meter (refer to
Paragraph 3-49).

b. Set power meter controls as follows:

POWER. . . . . . . ..+ + .. ... ON
RANGE. . . .01 mW
CALIB FACTOR ... 100%

MOUNT RES to correspond w1th resistance and
type of thermistor mount used.

c. Adjust ZERO for 0.000 VDC reading on 10 volt
range of DC voltmeter.

d. Rotate power meter RANGE switch clockwise
through remaining ranges. Reading on DC volt-
meter should remain within 0,000 z.005 VDC on
each range.

3. VOLTMETER OUTPUT: 1.000 VDC =20.3% into
500 k ohm or greater load at full scale meter
deflection.

Procedure

a. Perform steps a through d of ACCURACY
performance test.

b. Set 8402B FUNCTION switchto CALIBRATE.
Reading on DC voltmeter should be 0.997 to
1.003 VDC, and correspond with full scale meter
reading of power meter.

5-2
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PLASTIC FOOT BOTTOM COVER

ASSEMBLY RELEASE

BUTTON

REAR
PANEL

TOP COVER

Figure 5-1.

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.

5-14. TOP COVER REPLACEMENT.

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

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

c. Replace the two cover retaining screws.

5-15. BOTTOM COVER REMOVAL.
a. Set the tilt stand as shown in Figure 5-1.

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

02316-1
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TILT STAND

431C-B-1

SIDE COVER

Cover Removal

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.

5-16. BOTTOM COVER REPLACEMENT.
a. Set the tilt stand as shown in Figure 5-1.

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 onthe 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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Table 5-3. Circuit Requirements for
Factory Selected Parts

Part . . ;

Ref. Desig. Circuit Requirements

R25 Full scale deflection of meter M1
when 1 mA of DC flows through
the combination of the meter and
R25.

AlIRT Balance of RF detection bridge
when using a 100 ohm thermistor
mount with no microwave power
applied.

A1R9 Balance of RF detection bridge
when using a 200 ohm thermistor
mount with no microwave power
applied.

AlC1 NULL capacitor, C1, set near

midrange for null when using a
200 ohm thermistor mount. Refer
to Paragraph 5-20.

Al1C2 NULL capacitor, C1, set near
midrange for null when using a
100 ohm thermistor mount. Refer
to Paragraph 5-20.

Al1C3 10 kHz oscillation of oscillator
amplifier, A1Q4-Q7, when using

a 100 ohm thermistor mount. Refer
to Paragraph 5-22.

Frequency of 10 kHz for A1T5/
A1C15 tuned circuit combination.
Refer to Paragraph 5-21.

AlC22

5-17. POWER SUPPLY ADJUSTMENT.
Procedure

Note

An adjustment of the power supply voltage
may require a readjustment of the full scale
accuracy potentiometers (refer to Paragraph
5-18).

a. Connect a DC voltmeter between pinW, XA2 and
ground.
b. Adjust A2R36 for -18.00 x0.02 VDC.

5-18. FULL SCALE ACCURACY ADJUSTMENTS.
Procedure.

a. Connect equipment as shown in Figure 3-9.

b. Set 8402B Calibrator controls as follows:

FUNCTION. « +« .+« . . . CURRENT OFF
MOUNT RESISTANCE to correspond with resis-
tance and type of thermistor mount used.

5-4
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c. Set 431C Power Meter as follows:

POWER . . . .. ... .. ... ... .ON
CALIB FACTOR . . . . . . . . . . . .100%
MOUNT RES to correspond with resistance and
type of thermistor mount used.

d. Null and zero-set the power meter (refer to Turn
On and Nulling Procedure, Figure 3-8).

e. 200 OHM THERMISTOR MOUNT. Setcalibrator
and power meter controls and make corresponding
adjustment as listed below.

8402B Calibrator 431C Power Meter
Range
(mW) | Function Adjust Reading
.01 CURRENT OFF ZERO 0.0
.01 CALIBRATE A2R14 .01 mw
.03 CURRENT OFF ZERO 0.0
.03 CALIBRATE A2R13 .03 mwW
.1 CURRENT OFF ZERO 0.0
.1 CALIBRATE A2R12 1 mW
.3 CURRENT OFF ZERO 0.0
.3 CALIBRATE A2R11 .3 mW
1 CURRENT OFF ZERO 0.0
1 CALIBRATE A2R10 1.0 mW
3 CURRENT OFF ZERO 0.0
3 CALIBRATE A2R9 3.0 mW
10 CURRENT OFF ZERO 0.0
10 CALIBRATE A2RS8 10.0 mW

f. 100 OHM THERMISTOR MOUNT. Setcalibrator
and power meter controls and made corresponding
adjustments as listed below.

Range 8402B Calibrator 431C Power Meter
(mW) Function Adjust Reading
.01 CURRENT OFF ZERO 0.0
.01 CALIBRATE A2R1 .01 mwW
.03 CURRENT OFF ZERO 0.0
.03 CALIBRATE A2R2 .03 mW
.1 CURRENT OFF ZERO 0.0
.1 CALIBRATE A2R3 .1 mwW
.3 CURRENT OFF ZERO 0.0
.3 CALIBRATE A2R4 .3 mwW
1 CURRENT OFF ZERO 0.0
1 CALIBRATE A2R5 1.0 mW
3 CURRENT OFF ZERO 0.0
3 CALIBRATE A2R6 3.0 mW
10 CURRENT OFF ZERO 0.0
10 CALIBRATE A2R7 10.0 mW
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5-19. ZERO AND VERNIER CONTROL
ADJUSTMENT.

Procedure

a. Perform steps a through ¢ of ZERO CARRY-
OVER performance test, Table 5-2.

b. Rotate 431C Power Meter RANGE switch clock-
wise through remaining ranges. Adjust A1R37 to hold
DC voltmeter reading within 0.000 +0.005 VDC oneach
range.

5-20. COARSE NULL ADJUSTMENT.
Procedure
100 OHM THERMISTOR MOUNT

a. Connect 100 ohm thermistor mount to power
meter.

b. Connectoscilloscope or ACvoltmeter from A1R55
to ground.

c. Set power meter controls as follows:

POWER. . - « « « « v « v v « v . .. .ON
RANGE . .« « « « v v v e et .01 mW
CALIB FACTOR . . . . « « « . . . . . 100%
MOUNTRES. - « « « « « « « « « . . . 1009

d. Adjust ZERO control for an on-scale meter
reading. :

e. Mechanically center NULL capacitor, C1.

f. Adjust A1L1 for a voltage null at A1R55. Fine
adjust NULL capacitor C1 forless than 1.5 volts peak
to peak.

g. Set power meter RANGE switch to NULL, and
fine adjust NULL capacitor C1 for a zero power meter
reading. C1 should remain near mechanical center
of range +10°.

h. Rotate power meter RANGE switch clockwise
through remaining ranges. Voltage null at A1R55
should remain less than 1.5 volts peak to peak.

200 OHM THERMISTOR MOUNT

i. Connect 200 ohm thermistor mount to power
meter.

j. Connectoscilloscope orAC voltmeter from A1R55
to ground.

k. Set power meter controls as follows:

POWER . . .. .. ... ... .. .. .0ON
RANGE . . . . . . . . .« . .. .01 mW
CALIBFACTOR . . . . . . . ... . .100%
MOUNTRES. . . . . . . . . . . . . . 2000

m. Adjust ZERO control for an on-scale meter
reading.

n. Mechanically center NULL capacitor C1.
0. Select capacitor A1C1 (refer to Table 5-3) for a

voltage null at A1R55. Fine adjust NULL capacitor
C1 for less than 1.5 volts peak to peak.

p. Set power meter RANGE switch to NULL, and
fine adjust NULL capacitor C1 for a zero power meter
reading. C1 should remain near mechanical center
of range +45°.
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Note

If a null cannot be obtained, do not select
A1C1 for a value greater than 1000 pF. In-
crease A1C2 in 50 pF steps, and repeat steps
d through g until limits are met.

5-21. OSCILLATOR TANK CIRCUIT TUNING.
Procedure

a. Connect 100 or 200 ohm thermistor mount to
power meter,

b. Set power meter MOUNT RES switch to corres-
pond to resistance and type of thermistor mount used.

¢. Disconnect negative side of capacitor A1C18 from
power meter assembly board Al.

d. Connect 200CD Oscillator output and electronic
counter input between negative lead of capacitor A1C18
and ground.

e. Connectoscilloscope probe between point of cir-
cuit from which A1C18 was disconnected and ground.

f. Set vertical sensitivity of oscilloscope to 0.2V/
division.

g. Adjust 200CD Oscillator amplitude to obtain a
sine wave display on the oscilloscope.

h. Using a decade capacitance, select a value for
A1C22 that causes a peak display on the oscilloscope
at a frequency of 10.00 +0.02 kHz. Range of A1C22:
300 pF to 6000 pF.

i. Install selected value of A1C22 and reconnect
negative lead of A1C18 to assembly board Al.
5-22. OSCILLATOR FREQUENCY ADJUSTMENT.
Procedure

a. Connect 100 or 200 ohm thermistor mount to
power meter.

Note

Oscillator frequency will vary approximately
+0.1 kHz depending on thermistor mount ter-
minating impedance. For the following ad-
justments, terminate the thermistor mount
with a standard 50 ohm termination. Bal-
anced and waveguide mounts do not require
termination.

b. Set power meter controls as follows:
POWER . . . .. .. .. ... ... ..0ON
CALIBFACTOR . . . . . . . . . . . .100%
MOUNT RES to correspond to resistance and type
of thermistor mount used.

c. Connect an electronic counter between the pos-
itive side of capacitor A1C18 and ground.

d. Perform the following adjustment that corres-
ponds to the resistance and type of thermistor mount
connected to power meter.

(1) 100 OHM THERMISTOR MOUNT. Use adecade
capacitance to select a value for A1C3 (1000 pF
maximum) that causes an oscillation frequency
of 10.00 £0.05 kHz. Install selected value of
Al1C3.
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(2) 200 OHM THERMISTOR MOUNT. Adjust A1L2
for an oscillation frequency of 10.00 +0.01kHz.

5-23. TROUBLESHOOTING.

5-24. Check the fuse to ensure that it is not open.
Make a thorough visual inspection for burned out or
loose components, loose connections, contaminated
switch contacts or any condition that may suggest a
source of trouble.

5-25. The first step in troubleshooting the 431C is to
isolate the trouble to either the thermistor mount and
thermistor-mount cable combination or the power
meter. The operating note furnished with hp thermis-
tor mounts gives a procedure to check the thermistor
mount. This procedure will indicate any deficient per-
formance of the mount. An ohmmeter continuity check
canbe used to determine if the thermistor mount cable
or cable connectors are defective.

Model 431C

5-26. TROUBLE ISOLATION. Circuits in the 431C
can be divided into five basic functional units as fol-
lows: 1) RF detection bridge and 10 kHz oscillator-
amplifier (A1Q4-A1Q7), 2)compensation and metering
bridge, 10 kHz amplifier (A1Q1-A1Q3) and synchro-
nous detector, 3) differential amplifier (A1Q8-A1Q9)
and feedback current generator (A1Q10), 4) feedback
current-squared generator (A1Q11) and metering cir-
cuits, and 5) power supply.

5-27. The procedure in Table 5-4 allows front panel
controls and indications to be used to isolate failures
to particular basic functional circuits. The procedure
is limited by the extensive use of feedback loops and
interdependence of circuit operation.

5-28. The following assumptions are made throughout
the front panel trouble isolation procedure: 1)the ther-
mistor mount and thermistor-mount cable combination
is working properly, 2) transformers inthe detection

Table 5-4. Front Panel Trouble Isolation

Step Instructions

Indication

Action or Trouble Circuit

1. a. Connect thermistor mount

No meter reading

Proceed with step 2

b. Set RANGE to .01 mW

c. Set POWER to ON

d. Adjust ZERO for zero meter
reading, if possible

e. Rotate RANGE from .01 through | [mit

Meter reads below low
scale limit or meter
reads above high scale

Proceed with step 3

c¢. Decrease RANGE from 10 mW
until reading is obtained

10 mW
2. a. Set RANGE to 10 mW No meter reading Proceed with step 3
b. g%%lgtRF power to thermistor Any meter reading a. Perform ACCURACY performance

test, Figure 5-2. Particular range in-
accuracy: check first for improper
range resistance selected by RANGE
switch (A1S2). All range inaccuracy:
10 kHz amplifier (A1Q1-A1Q3) and
feedback current generator (A1Q10)
combination or power supply.

b. Proceed with step 3.

3. a. Remove RF power from
thermistor mount
b. Set RANGE to NULL

Meter reading that
changes with NULL
adjustment -

Proceed with step 4

¢. Adjust NULL screwdriver

Meter reading that

Compensation and metering bridge,

adjustment does not change with 10 kHz amplifier (A1Q1-A1Q3) and
NULL adjustment synchronous detector combination
No meter reading RF detection bridge, and 10 kHz
oscillator-amplifier (A1Q4-A1QT7)
combination
Power supply
4. a. Set RANGE to .01 mW Zero Feedback current-squared generator
b. Adjust ZERO for zero meter (A1Q11) and metering circuits
reading . . i
c. Rotate RANGE from .01 through No zero Differential amplifier (A1Q8-A1Q9% .
10 mW and feedback current generator (A1Q10)

combination

cations

Zero does not carry-
over within specifi-

Differential amplifier (A1Q8-A1Q9)
and feedback current-squared generator
(A1Q11) combination

5-6
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bridge, metering bridge and synchronous detector have
not failed, and 3) onlyone basic functional circuit has
failed.

5-29. Front panel trouble isolation is intended only to
suggest the most probable functional circuit failure and
to give a general direction in which to look before
starting a detailed troubleshooting procedure.

5-30. It is important that the procedures listed in
Table 5-4 be performed inthe order listed. Each step
forms the basis on which the indications of a subse-
quent step are analyzed.

5-31. DETAILED TROUBLESHOOTING. To assist
detailed troubleshooting, normal-operation waveforms
are given in Figures 7-3 and 7-8. Locations of test
points and components are given in Figures 7-2, 7-4,
and 7-6. In addition, normal-operation voltages rela-
tive to chassis ground are provided on the schematic
diagrams for the collector, base and emitter of every
transistor in the instrument. Waveforms and voltage
measurements were made with a thermistor mount
connected, and the instrument nulled, according to in-
structions given in Figure 3-8. The first detailed
troubleshooting checks should be performed in the fol-
lowing order: 1) check for power supply output voltages
of +1.3, -18, and -25 VDC, 2) check at test point 6 to
ensure that the 10 kHz oscillator - amplifier, Al1Q4-
A1Q7, has the proper output waveform, 3) check at
test point 2 for correct output of the 10kHz amplifier,
Al1Q1-A1Q3. Forsignal tracing throughthe amplifier
stages, capacitor A1C10 can be disconnected from Al1L1
and used as a means to inject a 10 kHz test signal to
the input of the first 10 kHz amplifier, A1Ql.

5-32. COMPONENT TROUBLE ISOLATION. The fol-
lowing procedures and data are given to aid in deter-
mining whether a transistor is operational. Tests are
given for both in-circuit and out-of-circuit transistors
and should be useful in determining whether a partic-
ular functional circuit trouble is due to a faulty tran-
sistor or an associated component.

5-33. IN-CIRCUIT TESTING. The common causes of
transistor failures are internal short- and open-cir-
cuits. In transistor circuit testing the most important
consideration is the transistor base-emitter junction.
Like the control grid of a vacuum tube, this is the op-
erational control point inthe transistor. This junction
is essentially a solid-state diode. For the transistor
to conduct, the diode must conduct; that is, the diode
must be forward biased. As with simple diodes, the
forward bias polarity is determined by the materials
forming the junction. Use the transistor symbol on
the schematic diagram to determine the bias polarity
required to forward-bias the base-emitter junction.
The A part of Figure 5-2 shows transistor symbols
with terminals labeled. The emitter arrow points
toward the type N material. The other two columns
of the illustration compare the biasing required to
cause conduction and cut-off in transistors and vacuum
tubes. If the transistor base-emitter diode (junction)
is forward - biased, the transistor conducts. If the
diode is heavily forward-biased, the transistor satu-
rates. However, if the base-emitter diode is reverse
biased, the transistor is cut off (no conduction). The
voltage drop across a forward-biased emitter-base
diode varies with transistor collector current. For
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example, a germanium transistor has atypical forward
bias, base - emitter voltage of 0.2 - 0.3 volts when
collector current is 1 - 10 mA, and 0.4 - 0.5 volts
when collector current is 10 - 100 mA. In contrast,
forward-bias voltage for silicon transistors is about
twice that for germanium types: about 0.5 - 0.6 volts
when collector current is low, and about 0.8 - 0.9 volts
when collector current is high.

5-34. Figure 5-2, part B, shows simplified versions
of the three basic transistor circuits and gives the
operating characteristics of each. When examining
a transistor stage, firstdetermine if the emitter-base
diode is biased for conduction {forward -biased) by
measuring the voltage difference between emitter and
base. When using an electronic voltmeter, do not
measure directly between emitter and base since there
may be sufficient loop current between the voltmeter
leads to damage the transistor. Instead, measure
eachvoltage separately withrespect to a voltage com-
mon point (e.g., chassis). If the emitter-base diode
is forward biased, check for amplifier actionby short-
ing base to emitter while observing collector voltage.
The short circuit eliminates base-emitter bias and
should cause the transistor to stop conducting (cut off).
Collector voltage should then shift to near the supply
voltage. Any difference is due to leakage current
through the transistor and, in general, the smaller
this current, the better the transistor. I collector
voltage does not change the transistor has either an
emitter-collector short circuit or emitter-base open
circuit.

5-35. OUT-OF-CIRCUIT TESTING. Remove the tran-
sistor from the circuit and use an ohmmeter to meas-
ure internal resistance. Referto Table 5-5 for meas-
urement data.

Table 5-5. Out-of-Circuit Transistor
Resistance Measurements

Transistor Connect Ohmmeter Measure
Type Pos. Neg. Resistance
lead to lead to (ohms)
; x _
Small emitter base 200-500
PNP Signal | emitter collector | 10k-100k
Ger- emitter base* 30 - 50
manium 1, oo
emitter collector | several
hundred
Small base emitter 1k-3k
NPN Signal | collector | emitter very high
i (might
Silicon
read open)
base emitter 200-1000
Power collector | emitter high, often
greater
than 1M
*To test for transistor action, add collector-base
short. Measured resistance should decrease.
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Figure 5-2
DEVICE SYMBOL CUT OFF CONDUCTING
PLATE +200V +200V
VACUUM TUBE GRID -I5v -3v —-—)
CATHODE =
COLLECTOR +20V +20V
MAIN
NPN TRANSISTOR BASE ov +3v ) SumReENT
(OR-) \
EMITTER = 882528%’ =
COLLECTOR -20V -20V
GORKENT

PN P TRANSISTOR BASE (gryﬂ -.3v \ >/

EMITTER = SONREOL L

BASE EMITTER COLLECTOR
INPUT 2 30-50 N 500-1500 N1 20-500K O
OQUTPUT Z 300-500K Q1 30-50K 0} 50-1000 Q
VOLTAGE GAIN 500-1500 300-1000 < |
CURRENT GAIN < | 25-50 25-50
POWER GAIN 20-30db 25-40db 10-20db

-15v
-5V -15V
OUTPUT
INPUT QUTPUT
INPUT INPUT
= < OUTPUT
Figure 5-2. Transistor Biasing and Operating Characteristics
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Table 5-6
CAUTION
Most ohmmeters can supply enough current or voltage to damage a transistor. Be-
fore using an ohmmeter to measure transistor forward or reverse resistance, check
its open-circuit voltage and short-circuit current output ON THE RANGE TO BE
USED. Open-circuit voltage must not exceed 1.5 volts and short-circuit current
must be less than 3 mA.
Table 5-6. Safe Ohmmeter Range for Transistor Resistance Measurements
Open Ckt Short Ckt Lead
Ohmmeter Safe Range(s)
Voltage Current Color Polarity
Rx1lk 1.0V 1 mA
Rx10k 1.0V 100 A Red +
Iﬁp 232 Rx 100 k 1.0V 10 A Blk -
P R x 1M 1.0V 1A
R x 10M 1.0V 0.1 A
Rx1lk 1.3V 0.57 mA
Rx10k 1.3v 57 A Red +
hp 410C Rx 100k 1.3v 5.7 uA Blk -
Rx 1M 1.3V 0.5 pA
R x 10M 1.3V 0.05 uA
R x 100 1.1v 1.1 mA
Rx1k 1.1V 110 uA Blk +
hp 410B Rx10k 1.1V 11 pA Red
R x 100 k 1.1v 1.1 A
Rx 1M 1.1V 0.11 A
Simpson 260 R x 100 1.5V 1 mA Red +
Blk -
Simpson 269 Rx1lk 1.5V 0.82 mA Blk +
Red -
Triplett 630 R x 100 1.5V 3.25 mA
Rx1lk 1.5V 325 nA Varies with
Serial Number
Triplett 310 R x 10 1.5V 750 LA
R x 100 1.5V 75 A
02316-1 5-9
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6-1. INTRODUCTION.

6-2. This section contains information for ordering
Table 6-1 lists parts in alpha-
numerical order of their reference designators and
indicates the description and hp stock number of each

replacement parts.

SECTION VI

REPLACEABLE PARTS

Section VI

Paragraphs 6-1 to 6-5

6-3. ORDERING INFORMATION.

part, together with any applicable notes. Miscellaneous

parts are listed at the end of Table 6-1.

Table 6-2

lists parts in alpha-numerical order of their hp stock

number and provides the following information on each

part:

a. Description.

b. Manufacturer of the part in a five-digit code; see b.

list of manufacturers in Table 6-3.

¢. Manufacturer's part number.

d. Total quantity used (TQ column).
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assembly

motor

battery

capacitor

coupler

diode

delay line

device signaling (lamp)

amperes

automatic frequency controt

amplifier

beat frequency oscillator
beryllium copper

binder head

bandpass

brass

backward wave oscillator

counter-clockwise
ceramic

cabinet mount only
coefficient
common
composition
connector
cadmium plate
cathode-ray tube
clockwise

deposited carbon
drive

electrolytic
encapsulated
external

farads

flat head
fillister head
fixed

EOR ot g
& |l

IF
IMPG
INCD
INCL
INS
INT

LIN
LK WASH

LPF

MEG

MET FLM
MET OX
MFR
MINAT
MOM
MTG
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6-5.

a. Instrument model number.

¢. Description of the part.

REFERENCE DESIGNATORS

misc electronic part MP
fuse P
filter Q
jack R
relay RT
inductor S
meter T
ABBREVIATIONS
germanium N/C
glass NE
ground (ed) NI PL
N/O
henries NPO
hexagonal
mercury
hour(s}) NRFR
intermediate freq NSR
impregnated
incandescent
include(s) OBD
insulation(ed) OH
internal ox
. P
kilo = 1000 PC
linear taper PF
lock w{zashgr PH BRZ
logarithmic taper
low pass filter PHL
PIV
P/O
milli = 1073 POLY
meg = 10 PORC
metal film POS
metallic oxide POT
manufacturer PP
miniature PT
momentary PWV
mounting RECT
"mylar" RF
9 RH
nano (10°°)

L1 L L 1 | [

L1 N | B | B )

[ TE]

LT T S | ' N 1 S {1 N 1 N1}

mechanical part
plug

transistor
resistor
thermistor
switch
transformer

normally closed
neon

nickel plate

normally open
negative positive zero
(zero temperature
coefficient)

not recommended for
field replacement
not separately
replaceable

order by description
oval head
oxide

peak

printed circuit
picofarads = 10~
farads

phosphor bronze
Phillips

peak inverse voltage
part of

polystyrene
porcelain

position(s)
potentiometer
peak-to-peak

point

peak working voltage
rectifier

radio frequency
round head

12

Instrument serial number.

TB

-

RMO
RMS
RWV

S-B

SCR

SE

SECT
SEMICON

SIL
SL
SPL
SST
SR
STL

TA
TGL
TOL

TRIM
TWT

VAR
VDCW

w/

w/0

Function and location of the part.
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6-4. To obtain replacement parts, address order or
inquiry to your local Hewlett- Packard Field Office (see
list at rear of this manual for addresses).
parts by their Hewlett-Packard stock numbers.

Identify

To obtain a part that is not listed, include:

terminal board

test point

vacuum, tube, neon
bulb, photocell, etc.
cable

socket

crystal

rack mount only
root-mean square
reverse working
voltage
slow-blow

screw

selenium
section(s)
semiconductor
silicon

silver

slide

special
stainless steel
split ring

steel

tantalum

time delay

toggle

titanium

tolerance

trimmer

traveling wave tube

micro = 1076

variable
dc working volts

with

watts

working inverse
voltage
wirewound
without
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Section VI Model 431C
Table 6-1
Table 6-1. Reference Designation Index
g&@f& & Stock No. Description # Note

Al 00431-6001% BOARD ASSEMBLYs AMPLIFIER
AlCt 01u40=0198 CIFXD MICA 200PF 5% 300VDCW

FACTORY SELECTED PARTS TYPICAL VALUE GIVEN
AlC2 0160-2201 CIFXD MICA S1 PF 5%

FACTORY SELECTED PART! TYPICAL VALUE GIVEN
AIC3 0140-0198 CIFXD MICA 200PF 5% 300VDCW

FACTORY SELECTED PARTt TYPICAL VALUE GIVEN
AlCY 0160-0185 CtFXD MICA 2100PF 1% 300VDCW
ALCS 0160-0185 CSsFXD MICA Z2100FPF 1% 300VDCW
AlCé 0180-0116 CIFXD ELECT TA 6.8 UF 10% 35VDCW
A1C? 0180-0116 CIFXD ELECT TA 6.8 UF 10% 35VDCW
AlC8 0180-0106 CIFXD ELECT TA 6QUF 20% 6VDCW
AlLC9O 0170-0069 CIFXD POLY Q+1UF 2% SOVDCW
A1C10 0160-0174 CIFXD CER Us47UF +80-20% 25VDCW
Al1C11 0160=-0174 CtFXD CER Qe d47UF +80-20% 25VDCW
AlCi2 0170-0069 CIFXD POLY O.1UF 2% 50VDCW
Al1CL3 0180-0116 CSFXD ELECT TA 6.8 UF 10% 35VDCW
AlCLY 0180-0116 CiFXD ELECT TA 6.8 UF 10% 35vDCW
AlC1S 0170=-0069 CIFXD POLY O.1UF 2% S0VDCW
Al1CLS 0180-0116 CtFXD ELECT TA 6.8 UF 10% 35VDCW
AICL17 0180-0116 CtFX0 ELECT TA 6.8 UF 10% 35VDCW
AlCl8 0180=-0049 CIFX0 AL ELECT 20UF 50VDCW
Al1CL9 0180-0045 CIFXD ELECT 20UF 25VDCW
A1C20 0180-0045 CIFXD ELECT 20UF 25VvDCw
AlC21 0160-0174 CIFXD CER OQ.47UF +80-20% 25VDCW
AlCR2 Q140-0159 CI1FXD MICA 3000PF 300VDCW

FACTODRY SELECTED PART?® TYPICAL VALUE GIVEN
AICR1 1901-0025 DIODE+JUNCTIONISMA AT 1V 100 PIV
AICR2 1910-0016 DIODE:GERMANIUM 100MA AT 0.85V 60P1V
AICR3 1910-0016 DIODESGERMANIUM 100MA AT 0.85V 60PIV
ALCRU 1910-0016 DIODEtGERMANIUM 1O0OMA AT 0,85V 60PIV
AL1CRS 1910-0016 DIODE $GERMANIUM 100MA AT 0,685V 60F1V
ALCR6 1901-0450 DIODESSILICON
AL1CR7 1901-0025 DIOCE +JUNCTIONISMA AT 1V 100 PIV
AL1CRS8 1901-0025 DIODE +JUNCTIONZSMA AT 1V 100 PIV
AL1CR9 1901-0450 DIODESSILICON
ALCR10 1901-0450 DIODEISILICON
AlCR11 1901-0450 DIODEtSILICON
AlCR12 1901=-0450 DIODESSILICON
AICRL3 1901-0450 DIOCDEtSILICON
AICR1Y 1901-0450 DIOCDESSILICON
AICRIS 1901-0450 DIODESSILICON
AlLl 9140-0122 COILIVAR 2X 9=-20 WHY EACH
AlL2 9140~0122 COILIVAR 2X 9=20 UHY EACH
AlLL3 9110-0040 INDUCTORSAUDIO
AlL4 9110-0040 INDUCTORSAUDIO
A1Q1 1853-0020 TRANSISTORISILICON PNP
AlQ2 1854-0071 TRANSISTORISILICON NPN 2N3391
ALQ3 1853-0020 TRANSISTORISILICON PNP
ALQ4 1854-0071 TRANSISTORISILICON NPN 2N3391

# See list of abbreviations in introduction to this section
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Model 431C Section VI
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
R .
Deesfiegl;gggn % Stock No. Description # Note
Al1Q5 1853-0020 TRANSISTORISILICON PNP
AlQé 1854-0071 TRANSISTORISILICON NPN 2N3391
A1Q7 1853~-0020 TRANSISTORI!SILICON PNP
Alas 1853-0020 TRANSISTORISILICON PNP
A1G9 1853-0020 TRANSISTORSISILICON PNP
A1Q10 1854-0071 TRANSISTORSSILICON NPN 2N3391
AlQilL 1854-0071 TRANSISTORSSILICON NPN 2N3391
AlRY 0811-0066 RIFXD wWw 887 OHM 1% 8/100W
Al1R2 0811-0065 R$FXO WW 511 OHM 1.0% 1/20W
A1R3 0811-0065 RIFXD WW 511 OHM 1.0% 1/20W
Al1R4 0757-0199 RIFXD MET FLM 215K OHM 1% 1/8W
A1RS 0811-1571% RS$FXD Ww 189 OHM Q.1% Ll/8W
AlRG 0811-1572 RIFXD WW 255 OHM Q.1% l/8W
ALR7 0757-0460 RIFXD MET FLM 61.9K OHM 1% 1/8W
FACTORY SELECTED PARTe: TYPICAL VALUE GIVEN
AlRB 0811~-1645 RIFXD WW 202.1 OHM O.1% 1/8W
ALRS 0757-0123 RIFXD MET FLM 34.,8K OHM 1% 1/10W
FACTORY SELECTED PART: TYPICAL VALUE GIVEN
Al1R10 0811-1566 RIFXD ww 200 OMM Q.1% 1/8W
AlR11 0757-0417 R$FXD MET FLM 562 OHM 1% 1/8W
AlR12 0757-1094 RIFXD MET FLM 1.47K OHM 1% 1/8W
ALR13 0757-0279 RIFXD MET FLM 3.46K OHM 1% 1/8BWw
AlRL 4 0698-0085 RIFXD MET FLM 2.61K OHM 1% 1/8W
AlR1S 0757-0440 RIFXD MET FLM 7.50K OHM 1% 1/8W
Al1R16 0757-0279 RIFXD MET FLM 3,16K OHM 1% 1/8W
AlRL7 0757-0280 RIFXD MET FLM 1.00K OHM 1% 1/8W
AlR18 0757=0440 RIFXD MET FLM 7.50K OHM 1% 1/8W
AlR19 0698-3156 RIFXD MET FLM 14.7K OHM 1% 1l/8W
ALR20 0698-3157 RIFXD MET FLM 19.6K OHM 1% 1/8W
AlR21} 0698-3157 RIFXD MET FLM 19.6K OHM 1% 1/8W
AlR22 0757-0279 RIFXD MET FLM 3.16K OHM 1% 1/8%
AlR23 0698~-3438 RIFXD MET FLM 147 OHM 1% 1/8W
AlR24 0757-0465 R3FXD MET FLM 100K OHM 1% 1/8W
AlR25 0698-3452 R$FXD MET FLM 147K OHM 1% i/8W
AlR26 0698-3440 R$FXD MET FLM 196 OHM 1% 1/BW
ALR27 0757-0442 RIFXD MET FLM 10.,0K OHM 1% 1/8W
AlR28 0698-3160 RIFXD MET FLM 31.6K 1% 1/8w
AlR29 0757-0199 RIFXD MET FLM 21.5K OHM 1% 1/8w
AlR30 0757-0442 RIFXD MET FLM 10.0K OHM 1% 1/8Bw
Al1R31 0757-0280 R3FXD MET FLM 1.00K OMM 1% 1/8w
AlR32 0757-0280 R$FXD MET FLM 1.,00K OHM 1% 1/8%
ALR33 0757-0280 RIFXD MET FLM 1.00K OHM 1% 1/8W
ALR34 0757~0280 RIFXD MET FLM 1.00K OHM 1% 1/8BW
ALR35 0658-0084 RIFXD MET FLM 2150 OHM 1% 1/8Ww
ALR36 0658-3450 RIFXD MET FLM 4242K OHM 1% 1/8W
AL1R37 2100-0144 Ri1VAR COMP 250K OHM 30% LIN 1/5W
ALR38 0698-3447 RIFXD MET FLM 422 OHM 1% §/8W
ALR39 0757~0417 RIFXD MET FLM 562 OHM 1% {/8W
ALR40 0757-0274 RIFXD MET FLM 1.21K OHM 1% 1/8W
ALR4 ) 0698~3449 RIFXD MET FLM 28.7K OHM 1% 1/8W
# See list of abbreviations in introduction to this section
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Section VI Model 431C
Table 6-1
Table 68-1. Reference Designation Index (Cont'd)
geff;n%?fgn @ Stock No. Description # Note
Al1RY2 0698-4028 RIFXD MET FLM 48.64K OHM 1/2% 1/8W
ALRY43 0698-4029 RIFXD MET FLM 53,39K OHM 1/2% 1/8W
AlR4Y 06984027 RIFXD MET FLM 64.45K OHM 1/2% L/8W
ALR&S 0698-U026 RIFXD MET FLM 89.90K OHM 1/2% 1/8W
AlR4é6 0698-4025 RIFXD MET FLM 128.5K OHM 1/2% 1/8W
ALR47 0698=4024 RIFXD MET FLM 259.6K OHM 1/2% 1/8W
ALR4S8 0698=-4023 RIFXD MET FLM 130.4K OHM 1/2% 1/8W
AL1R49 0698=-4034 R$FXD MET FLM 84.32K OHM 1/2% 1/8W
A1RS0 0698-4032> RIFXD MET FLM 62.26K OHM 1/2% 1/8W
ALRS ) 0698=4032 RIFXD MET FLM 51.22K OHM 1/2% 1/8W
AlRS52 0698-4031 RIFXD MET FLM 43.25K OHM 1/2% 1/8W
ALRS3 0698-4030 RIFXD MET FLM 40.77K OHM 1/2% 1/8W
ALRSY 0698-4028 RIFXD MET FLM 48.64K OHM 1/2% 1/8W
A1R55 0757-1094% RIFXD MET FLM 1.47K OHM 1% 1/BW
AlR56 0698-3449 REFXD MET FLM 28.7K OHM 1% 1/8W
ALT1 9120-0066 TRANSFORMER$1AUDIO
AlT2 9120-0066 TRANSFORMER1AUDIO
ALT3 $120-0065 TRANSFORMERIAUDIO
ALTH 9120~-0065 TRANSFORMERIAUDIO
ALTS 9100-1677 TRANSFORMER S INPUT
A2 00431-6009 BOARD ASSYs+ POWER SUPPLY
A2CY 0180-0138 CIFXD ELECT 100UF =10+100% 4OVOCW
A2C2 0180-0049 CIFXD AL ELECT 20UF 50VDCW
A2C3 0150-0093 C1FXD CER Q+.0lUF +80-20% 100VDCW
A2Cu 0150-0012 CIFXD CER Q.01 UF 20% 1000VDCW
A2CS5 0160-0174 CIFXD CER O 47UF +80-20% 25VDCW
A2Cé 0180-0059 Ci1FXD ELECT 10UF =10%+100% 25VDCwW
A2C7 0180-=0105% CIFXD ELECT SEMI-POLARIZED SOUF 25VDCW
A2C8 0150-00%96 CIFXD CER Q«05UF 100VDCW
A2C9o 0180-~0060 CIFXD ELECT 200UF =10%+100% 3VDCw
A2CR1 1901-0025 DIODE +JUNCTIONtSMA AT L1V 100 PIV
A2CR2 1901-0025 DIODE+JUNCTIONSSMA AT LV 100 PIV
A2CR3 1901-0025 DIODE+JUNCTIONSSMA AT 1V 100 PIV
A2QCR4 1901-0025 DIODE + JUNCTIONSSMA AT L1V 100 PIV
A2CRS 1910-0016 DIODEIGERMANIUM 100MA AT 0,85V 60P1V
A2CR6 1901~-0026 DIODESSILICON 200 PlV 0.5 AMP
A2CR?7 1901-0026 DIODEISILICCN 200 PIV 0.5 AMP
A2Q1 1853-0020 TRANSISTORISILICON PNP
A2Q2 1850-0064 TRANSISTORtGERMANIUM PNP 2N1183
A2Q3 1853-0020 TRANSISTORISILICON PNP
A2Q4 1854=0071 TRANSISTORSISILICON NPN 2N3391
A2Q5 1854-0071 TRANSISTORSSILICON NPN 2N3391
A2Q6 1854-0071 TRANSISTORISILICON NPN 2N3391
A2Q7 1854~0071 TRANSISTORISILICON NPN 2N3391
A2Q8 1853-0020 TRANSISTORSISILICON PNP
A2R1 2100-~1613 RtVAR COMP 2K OMHM 20% LIN 1/5W
A2R2 2100-4617 RIVAR COMF 1K OHM 20% LIN 1/5W%W
A2R3 2100-1612 RIVAR COMP 500 OWM 20% LIN 1/5W
A2R& 2100~1612 R3VAR COMP 500 OHM 20% LIN 1/5W
# See list of abbreviations in introduction to this section
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Model 431C Section VI
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
]?e‘;ffg’{g‘{icgn @& Stock No, Description # Note

A2RS 2100-1616 RSIVAR COMP 200 OHM 20% LIN 1/5#
A2R6 2100~1615 R$VAR COMP 100 OHWHM 20% LIN 1/5W
A2R7 2100=-1615 RtVAR COMP 100 OMM 20% LIN 1/5W
A2R8 2100-1615 RIVAR COMP 100 OHM 20% LIN 1/SW
A2R9Q 2100-1615 RIVAR COMP 100 OHM 20% LIN 1/5W
A2R10 2100-1616 R3IVAR COMP 200 OHM 20% LIN 1/5w
A2R11 2100-1612 RIVAR COMP SO0 OHM 20% LIN 1/5w
A2R12 2100-1642 R$VAR COMP 500 OHM 20% LIN 1/5W
A2R13 2100-1617 R3VAR COMP 1K OHM 20% LIN 1/5W
A2RtY 2100-1613 REVAR COMP 2ZK OHM 20% LIN 1/5W
A2R1S 0698-3337 REFXD MET FLM 137K OHM 1% 1/2W
A2RLE 0757-0826 RIFXD MET FLM 2.43K OHM 1% 1/2W
A2RY7 0757-0436 RIFXD MET FLM 4.32K OHM 1% 1/8w
A2R%t8 0757-0440 RIFXD MET FLM 7.,50K OHM 1% 1/8w
A2ZRL9 0698-358] RIFXD MET FLM 13.7K OHM 1% 1/8W
A2R20 0757=045] RIFXD MET FLM 24.3K OHM 1% 1/8W
A2R21 0757-0456 R3FXO MET FLM 43.2K OHM 1% 1/84
A2R22 0698-3582 R$FXD MET FLM 41.2K ONM 1% 1/8W
A2R23 0698-0063 RIFXD MET FLM 5.,23K OHM 1% 1/8W
A2R24 2100-1615 R3VAR COMP 100 OHM 20% LIN 1/5W
A2R2S 0757-0399 RIFXD MET FLM 82.5 OHM 1% 1/8W
A2R26 NOT ASSIGNED
A2R27 0811-1562 RIFXD WW 8 OHM % 1/4W
A2R28 0757-0279 RIFXD MET FLM 3.16K OHM 1% 1/8W
A2R29 0698-3155 R1FXD MET FiLM 4640 OHM 1% 1/8
A2R30 069g-3132 RIFXD MET FLM 261 OHM 1% 1/8W
A2R31 0757~-0279 RSFXD MET FLM 3.16K OHM 1% 1/BW
A2R32 0698-3155 RIFXD MET FLM 4640 OMM 1% 1/8
A2R33 0757-0279 R3FXD MET FLM 3.,16K OHM 1% 1/8w
A2R34 0787=-0278 R:FXD MET FLM 1.78K OHM 1% 1/8W
A2R3S 0757-0442 RIFXD MET FLM 10.0K OHM 1% 1/BW
A2R36 2100-0182 RIVAR COMP 3.3K ObM 10% LIN O.15W
A2R37 0698-3155 RIFXD MET FLM 4640 OHM 1% 1/8
A2R38 0698=349} RIFXD MET FLM 1K DHM Oesi% 1/8W
A2R39 0757-0290 RIFXD MET FLM 6.19K OHM 1% §/BW
A2RY40 0757=0463 RIFXD MET FLM 82.5K 1% 1/8W
A2R& 1L 0757~-044} R$FXD MET FLM B+i5K OHM 1% 1/8W
AZQR42 0757-0180 REIFX0 MET FLM 31.6 OHM 1% L1/8W
A2RT} 0839-0011 THERMISTOR3100 OHM 10%
A2VR1 1902-0017 DIQDE +BREAKDOWNI6 81V 10% 400 MW
A2VR2 1902-0017 DIODE +BREAKDOWN6.81V 10% 400 MW
A2VR3 1902-0018 SEMICON DEVICE'DIODE SILICON IN94] 11.7V

CHASS IS PARTS
ci 0121-0035% CIVAR AIR 7.2~143,7PF
ca 0150~0119 CIFXD CER 2 X 0,01 UF 20% 2S0OVACW
DSl 1450-0048 LAMPENEON
Fl 2110-0017 FUSESCARTRIDGE (.15 AMP SLOW BLOW
Fl 1400-0084 HOLDERIFUSE POST TYPE 3AG
Ji 1251-0149 CONNECTORt6 FEMALE CONTACTS

THERMISTOR MOUNT
# See list of abbreviations in introduction to this section
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Section VI Model 431C
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
&f&gﬁ{t‘f& @ Stock No. Description # Note
J2 1250-0083 CONNECTOR IBNC
RECORDER LEVELER
J3 1251-0148 CONNECTORIPOWER 3 PIN MALE
J4 1250-0083 CONNECTORBNC
DVM
Js 1251-0149 CONNECTORS6 FEMALE CONTACTS
THERMISTOR MOUNT OPT 2
Jé - CONNECTORIDC CALIBRATION INCLUDES!
1510-0006 BINDING POST ASSEMBLY$BLACK
1510~-0007 BINDING POST ASSEMBLYIRED
0340-0086 INSULATORIBINDING POST
0340-0090 INSULATORIBIND ING=POST DOUBLE
M1 1120-1101 METER
R1 0698-3444 RIFXD MET FLM 316 OHM 1% 1/8W
R2 2100-0342 RIVAR WW 10K 10% 800 OHM 10% LIN 2w
R3 NOT ASSIGNED
R4 0698-3151 RQFXD MET FLM 2.,87K OHM 1% 1/8Bw
RS 0757-0421 RtFXD MET FLM 825 OHM 1% 1/8W
R& 0698-344y RSFXD MET FLM 316 OHM 1% 1/8W
R7 0698-3158 RIFXD MET FLM 23.7K OHM 1% 1/8W
RS 0757-0280 RIFXD MET FLM 1.00K OHM 1% 1/BW
RO 0698-3441] RIFXD MET FLM 215 OHM 1% 1/8W
R10 0757~-03%8 RIFXD MET FLM 75 OHM 1% 1/8W
R11 0757-0180 RIFXD MET FLM 31.6 OHM 1% 1/8W
R12 0757-0277 RIFXD MET FLM 49,9 OHM 1% 1/8W
R13 0787-0277 RIFXD MET FLM 49.9 OHM 1% 1/8W
Ri4 07570277 RIFXD MET FLM 49.9 OHM 1% 1/8W
R15 0698-3566 RIFXD MET FLM 53.0 OHM 1% 1/8W
R16 0698-3566 RIFXD MET FLM 53,0 OHM 1% 1/8W
R17 0698-3566 RIFXD MET FLM 53,0 OHM 1% 1/8W
R18 0757=0395 RSFXD MET FLM 56.2 OHM 1% 1/8W
R19 0757-0395 RIFXD MET FLM 56.2 OHM % 1/8Ww
R20 Q757-0395 RSFXD MET FLM 56,2 OHM 1% 1/8W
R21 0757=-1104 RIFXD MET FLM 60,0 OHM 1% 1/8W
R22 0757-1104 RSFXD MET FLM 60.0 OHM 1% 1/8W
R23 0757~-1104 RE¢FXD MET FLM 60.0 OHM 1% 1/8W
R24 0698~-3160 RIFXD MET FLM 31.6K 1% 1/8W
R25 0698 RESISTORs FIXED 17.8KOHM=TO INFINITY
R26 0757-0401 R$FXD MET FLM 100 OWHM 1% }/8BW
RrR27 0757-0401 RIFXD MET FLM 100 OHM 1% 1/8W
R28 0698=3160 REFXD MET FLM 31.6K 1% 1/8W
R29 0698~3404 RIFXD MET FLM 383 OWM 1% 1/2W
R30 0757-0821 RSFXD MET FLM 1.21K OHM 1% 1/2W
S1 00431-6005 SWITCH ASSEMBLYs MOUNT RES INCLUDES R1
S2 00431-6002 SWITCH ASSEMBLYs RANGE INCLUDES:
R4 THRU R1}
3100~-1817 SWITCHIROTARY
S3 00431-6004 SWITCH ASSEMBLY s POWER INCLUDES:
R24,R28 THRU R30
3100-1820 SWITCHIROTARY
# See list of abbreviations in introduction to this section
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Model 431C Section VI

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
c s
&iﬂfég‘{ign @& Stock No, Description # Note
sS4 00431-6003 SWITCH ASSEMBLY. CALIB INCLUDES:
R12 THRU Ra3
3100-1818 SWITCHIROTARY
Tl 9100-0400 TRANSFORMER tPOWER
Wi 00431~-6011 CABLE ASSY!THERMISTOR MOUNT, S FT,
w2 8120~-0078 CABLEIPONER 745FT,
XAl 1251-0233 CONNECTORIPC 44 CONTACTS
XA2 1251-0233 CONNECTORIPC 44 CONTACTS
MISCELLANEQUS
0370-0064 KNOB
VERNTER
0370=-0067 KNOBIBLK CONCENTRIC 1 INs OD 17/64INe HOLE
ZERO
0370-0112 KNOBtBLK BAR W/ARROW 3/4 IN. OD 1/4 SHAFT
POWER
CALIB FACTOR
RANGE
5020~-0705 TRIMIMETER
5040-0701 EXTENDERIMETER CASE
00431-0004 BRACRET: PANEL
OPTION 01
004 15-606 BATTERY INSTALLATION KITe«INCLUDESS
B8T1 14200009 BATTERYI:RECHARGEABLE 24V 1.25AH
004 15-006 COVERIBATTERY
2420-0001 NUTIHEX ST NP 6=32 X 5/16 W/LOCKWASHER

# See list of abbreviations in introduction to this section
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Section V1 Model 431C
Table 6-1
Table 6-1. Reference Designation Index (Cont' d)
&fig%?fgn & Stock No, Description # Note

oW D e

10

5060-0703
1490-0032
50400700
5060-0728

5020-0701
2370-0015

5000-0703
2370-0020

5060-0720
2370-0016

5000-0717
2570-0016

00431-0003
2370-0015

00431-0002
2370-0002

000-8-37
CABINET PARTS
FRAME ASSEMBLY
STAND:TILT, HALF=MODULE
HINGE
FOOT ASSEMBLY sHALF~-MODULE
CABINET SPACER
SCREW:SS ,FH,SLOT DR 6~32 X 3/8"
COVER:S!DE
SCREW:SS,FM,PHILLIPS DR 6-32 X 3/16"
COVER :TOP
SCREW:SS,FH,PHILLIPS DR 6<32 X 5/16"
COVER :BOTTOM
SCREW:SS,FH,PHILLIPS DR 6-32 X 5/16"
PANEL tREAR
SCREW:SS ,FH,SLOT DR 6~32 X 3/B" ,W/EXT LOCKWASHER
PANEL :FRONT

SCREW:SS,FH,SLOT DR 6-32 X 3/8%

6-8

# See list of abbreviations in introduction to this section
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Model 431C Section VI

Table 6-2
Table 6-2. Replaceable Parts

@ Stock No, Description # Mir. Mir. Part No. TQ
0121-0035 CIVAR AIR 7+2-143.7PF 28480 .0121-0035 1
0140-0159 C1FXD MICA 3000PF 300VDCW QU062 |[RDM19F302G3S 1
0140-0198 CtFXD MICA 200PF 5% 300VDCW Q4062 [RDM15F201J3C 2
0150~0012 CtFXD CER 0+01 UF 20% 1000VOCW 56289 [ 29C214A3-H-1038 1
0150-0093 CIFXD CER Q+QlUF +80-20% 100VDCW 91418 | TA 1
0150-0096 CiFXD CER 0O+«05uUF 100VDCW 91418 |-TA 1
0150-0119 CIFXD CER 2 X (01 UF 20% 250VACW 56289 |36C219A 1
0160-0174 CIFXD CER O«4TUF +80-20% 25VDCW 56289 |5C11A 4
0160-0185 Ci1FXD MICA 2100PF 1% 300VDCW 14655 | RDM20OF212F 3C 2
0160-2201 CtFXD MICA 51 PF 5% 28480|0160-2201 1
0170-0069 CIFXD POLY Qe¢1UF 2% S50VDCW 56289 | 114P1042R5S3 3
0180-0045 CtFXD ELECT 20UF 25VDCW 56289 | 30D206=-G0-25UB=-6M1 2
0180-0049 CtFXD AL ELECT 20UF 50VDCW 56289 |30D206GOS0DCOML 2l
0180-0059 CtFXD ELECT 1OUF =-10%+100% 25VUCW 56289| 3001066025884 1
0180~0060 CIFXD ELECT 200UF =10%+100% 3VOCW 56289 |300207G0030CH 1
0180~-0105 CtFXD ELECT SEMI-POLARIZED 50UF 25vDCwW 56289 |0D34114 1
0180-0106 CtFXD ELECT TA 60UF 20% 6VOCW 56289 1500606 X000682 1
0180-0116 CIFXD ELECT TA 68 UF 10% 35VDCw 56289 150D0685x903582 6
0180-0138 CtFXD ELECT 100UF =10+100% 40VDCW 56289 | 036254 1
0340-008%6 INSULATORSBINDING POST 28480|0340-0086 1
0340-0090 INSULATORSBINDING~-POST DOUBLE 28480|0340-0090 )
0370-0064 KNOB :VERNIER 28480|0370-0064 1
0370-0067 KNOBSBLK CONCENTRIC 1 INe OD 17/64IN. HOLE| 28480|0370~0067 1
0370-0112 KNOBIBLK BAR W/ARROW 3/4 INe O0D 1/4 SHAFT 28480|0370-0112 1
0698-0062 RIFXD MET FLM 5.,23K OHM I% 1/8W 28480 | 0698-0063 1
0698-0084 RIFXD MET FLM 2150 OHM 1% 1/8W 28480 0698~0084 1
0698-~0085 RIFXD MET FLM 2.,61K OHM I% 1/8W 28480 | 0698-0085 1
0698-3132 R$FXD MET FLM 261 OHM 1% 1/8Ww 28480 |0698-3132 1
0698-3151 R2FXD MET FLM 2.87K OHM 1% 1/8W 28480 0698-3151 1
0698~3155 R$FXD MET FLM 4640 OHM 1% 1/8 28480| 0698-3155 3
0698-3156 RIFXD MET FLM 14.7K OHM I% 1/8W 28480|0698~-3156 1
0698-3157 RIFXD MET FLM 19.6K OHM I% 1/8w 28480|0698-3157 2
0698-3158 R$FXD MET FLM 2£3+.7K OHM I% 1/8W 19701 | MF5C T-0 1
0698=-3160 RtFXD MET FLM 31.6K 1% 1/8w 28480|0698~-3160 3
0698~-3337 REFXD MET FLM 137K ORM I% 1/2% 28480|0658-3337 1
0698-3404 R$FXD MET FLM 383 OHM 1% 1/2W 28480 |0698-3404 1
0698-3438 RIFXD MET FLM 147 OHM 1% 1/8W 28480|0698-3438 1
0698-3440 RIFXD MET FLM 196 OHM 1% 1/8W 28480 | 0698-3440 1
0698-344} RtFXD MET FLM 215 OHM 1% 1/8Ww 28480|0698~3441 1
0698=-3444 RIFXD MET FLM 316 OHM 1% 1/8Ww 28480 | 06983444 2
06968-3447 RIFXD MET FLM 422 OHM 1% 1/8w 28480 | 0698~3447 1
0698-3449 RIFXD MET FLM 28.7K OHM 1% 1/8w 28480 |0698-3449 2
0698=-3450 RIFXD MET FLM 42.2K OHM 1% 1/8w 28480 0698~-3450 1
0698-3452 RIFXD MET FLM 147K OHM 1% 1l/8W 28480 |0698=-3452 1
0698-3491 RIFXD MET FLM 1K OHM Oel% Li/8W 28480 0698-349} 1
0698-3566 RIFXD MET FLM 530 OHM 1% 1/8% 28480 |0698-3566 3
0698-358] RIFXD MET FLM 13.7K OHM I% 1/8W 28480|0698-3581 1
0698-3582 R3FXD MET FLM 41.2K OHM [% 1/8W 28480|0698-3582 1
06968=-4023 RIFXD MET FLM 130.4K OHM 1/2% 1/8W 28480 | U698-4023 1
0696-4024 RIFXD MET FLM 259.6K OHM 1/2% 1/8W 28480|06986-4024 1

# See list of abbreviations in introduction to this section
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Section VI Model 431C
Table 6-2
Table 6-2. Replaceable Parts (Cont'd)

& Stock No., Description # Mir. Mir. Part No. TQ
0698=4025 RIFXD MET FLM 128+5K OHM 1/2% 1/BW 28480 (0698-4025 1
0698-U026 R3IFXD MET FLM 89+490K OHM 1l/2% 1/8W 28480 | 0698-4026 1
0698~-4027 REIFXD MET FLM 6U4,45K OHM 1/2% 1/8W 28480 0698~-4027 1
069B-4028 RIFXD MET FLM 48.6U4K OHM 1/2% 1/BW 28480 | 0698-4028 2
0698-4029 RIFXD MET FLM 53.39K OHM 1/2% 1/8W 28480 | 0698-4029 1
0698-4030 R$FXD MET FLM 40+¢77K OHM 1/2% 1l/8BW 28480 | 0698=4030 1
0698-4031 RIFXD MET FLM 43.25K OHM 1/72% L/8W 28480 | 0698~-4031 1
0698-4032 RIFXD MET FLM 51.22K OHM 1/2% 1/8W 28480 | 0698-4032 1
0698~4033 RIFXD MET FLM 62.26K OFiM 1/2% 1/8W 28480 | 0698~4033 1
0698-4034 RIFXD MET FLM 84.32K OHM 1/2% 1/8W 28480 0698-4034 1
Q757-0123 RIFXD MET FLM 34.,8K OHM 1% 1/10W 28480 |0757~-0123 1
0757-0180 RIFXD MET FLM 31.6 OHM 1% Ll/8W 28480 |0757-0180 2
0757=-0199 RIFXD MET FLM 21.5K OHM 1% l/8W 28480 (0757~0199 2
0757-0274 RIFXD MET FLM 1.21K OHM 1% 1/8W 2848007570274 b
0757-0277 RIFXD MET FLM 49.9 OHM 1% i/8Ww 28480 |0757-0277 3
0757-0278 RIFXD MET FLLM 178K OHM 1% 1/8Ww 2848010757-0278 1
0757-0279 RIFXD MET FLM 3.16K OHM 1% 1/8W 28480 (0757-0279 3
0757-0280 RtFXD MET FLM 100K OHM 1% l/8W 28480 (0757-0280 [
0757-0290 RIFXD MET FLM 6+.19K OHM 1% 1/8Ww 28480 (0757-0290 1
0757-03%95 RIFXD MET FLM 56+2 OHM 1% 1/8W 28480 (0757-0395 3
0757-0398 RIFXD MET FLM 75 OHM 1% 1/8W 28480 (0757-03%98 1
0757-0399 RIFXD MET FLM 82:¢% OHM % 1/8Ww 28480 0757-0399 1
0757-0401 RIFXD MET FLM 100 OHM 1% 1/8W 28480 1 0757-0401 2
0757-0417 RIFXD MET FLM 562 OHM 1% 1/8W 28480 [0757-0417 2
0757-0421 RIFXD MET FLM 825 OHM 1% 1/8Ww 28480 |0757-0421 1
0757~-0436 RSFXD MET FLM 4432K OHM 1% 1/8W 28480 |0757-0436 1
0757~-0440 R$FXD MET FLM 7.50K OHM 1% 1/84w 28480 [0757-0440 3
0757-044} RIFXD MET FLM 8+25K OHM 1% 1/8w 28480(0757-0441 1
0757=-0442 RSFXD MET FLM 100K OHM 1% 1/8Ww 28480 |0757-0442 3
0757-0451 R$FXD MET FLM 243K OHM 1% 1/8W 28480 (0757-045) 1
0757-0456 RSFXD MET FLM 43¢2K OHM 1% 1/8Ww 28480 |0757-0456 1
0757-0460 R$FXD MET FLM 61+9K OHM 1% 1/BW 28480 (0757-0460 1
0757-0463 RIFXD MET FLM B2.5K (% 1/8W 28480 (0757-0463 1
0T757-0465 R$FXD MET FLM 100K OHM 1% l/8W% 28480 |0757~-0465 1
0757-0821 RIFXD MET FLM 121K OHM 1% 1/2w 28480 (0757~0821 1
0757-0826 RIFXD MET FLM 2.43K OHM 1% 1/2W 28480 0757-0826 1
0757-1094 RIFXD MET FLM 1+47K OHM I% 1/8W 28480 (0757-1094 2
Q757-1104 RIFXD MET FLM 60.0 OHM 1% 1/8W 28480 |0757-1104 3
0811~-0065 RIFXD WW S11 OHM 1.0% 1/20W 28480 (0811-0065 2
0811-0066 RIFXD wWw 887 OHM 1% 8/100W 99957 ([MJA/887~-1% 1
0811~-1562 RIFXD ww 8 OHM 1% 1/4W 28480 (0811-1562 1
0811~1566 RIFXD WW 200 OHM 0O+1% 1/8W 28480 |0811~1566 1
0811-1571 REFXD WW 189 OHM O.1% 1/8W 28480/0811-1571 1
0811-1572 RIFXD ww 255 OHM Oe.1% l/8W 28480 |0811-1572 1
0811-1645 RIFXD WW 202¢1 OHM O.l% 1/8W 28480 |0811-1645 1
0839-0011 THERMISTORS 100 OHM 10% 33173 |20-204 1
1120~1101 METER 28480 |1120-1101 P
1250~-0083 CONNECTOR$BNC 28480 | 1250-0083 2
1251-0148 CONNECTORIPOWER 3 PIN MALE 60427 | H~1061-2 1
1251-0149 CONNECTORt6 FEMALE CONTACTS 02660 [ 91=-PC6F=1000 2

# See list of abbreviations in introduction to this section
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Model 431C Section VI
Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
¢ Stock No. Description # Mfr. Mir. Part No. TQ
1251-0233 CONNECTORPC 44 CONTACTS 28480 | 1251-0233 2
1400~-0084 HOLLERSFUSE POST TYPE 3AG 75915 | 342014 1
1420-0009 BATTERYSIRECHARGEABLE 24V 1.25AH 28480 | 1420-0009 1
1450-0048 LAMPINEON 28480 | 1350~-0048 i
1490-0032 STANDITILT HALF-MODULE 28480 | 1490-0032 1
1510-0006 & BINDING POST ASSEMBLYI!BLACK 28480 |1510-0006 1
1510-0007 % SINDING POST ASSEMBLYIRED 2848011510-0007 1
1850-0064 [ TRANSISTORIGERMANIUM PNP 2N1183 02735(2N1183 1
1853-0020 ] TRANSISTORISILICON PNP 28480]1853-0020 ]
1854-0071 | TRANSISTORISILICON NPN 2N3391 89473 | L6AT92 9
|
1901-0025 DIODE+JUNCTIONISMA AT LV 100 PIV 28480 |1901-0025 7
1901-0026 DIODESSILICON 200 PIV 0.5 AMP 28480|1901-0026 2
1901=-0450 GICDE:SILICON 28480 (1901-0480 8
1902-0Q17 DIODE +BREAKDOWNS6.81V 10% 400 MW 28480 |1902-0017 2
1902-0018 | SEMICON DEVICEIDIODE SILICON ING41 1le7V QU713 1IN94UL 1
} 1910-0016 ! CIODESGERMANIUM 10OMA AT 0.85Vv 60P1V 28480|1910-0016 )
. 2100=0144 { RIVAR COMP 250K OHM 30% LIN 1/5w 28480|2100=-0144¢ 1
| 2100-0182 ¢ RIVAR COMP 3.3K OMM 10% LIN Cel15W 28480|2100~-0182 1
2100~0342 ! RIVAR WW 10K 10% 800 OHM 10% LIN 2w 28480 |2100-0342 1
2100-1612 } RIVAR COMP 500 OnM 20% LIN 1/5w 28480(|2100~-1612 4
2100-1613 R3IVAR COMP 2K OHM 20% LIN 1/5W 28480 2100-1613 2
2100-1615 R3VAR COMP 100 OHM 20% LIN 1/5w 284802100~-1615 5
2100~1616 RIVAR COMP 200 OHM 20% LIN 1/5w 28480 2100~-1616 e
2100-1617 REVAR COMP 1K OHM 20% LIN 1l/5% 28480 2100-1617 2
2110-0017 FUSESCARTRIDGE 0415 AMP 3LOW EBLOW 75915313150 1
2420-0001 NUTtHEX ST NP 6-32 X 5/16 W/LOCKWASHER 78189 | OBOR 5
3100-1817 SWITCHIROTARY 28480 3100-1817 1
3100-1818 SWITCHIROTARY 28480 |3100~1818 1
3100-1820 SWITCHIROTARY 28480|3100~1820 1
5000-0703 COVERSSIDE 6X11 SM 28480 |5000-0703 1
5000~-0717 COVERIHALF-MODULE BOTTOM 28480 5000-0717 1
5020-0701 SPACERSCABINET 28480 5020-0701 1
5020~-0705 TRIMSMETER 28480 |5020~0705 1
5040~-0700 HINGE 28480  5040-0700 1
5040-0701 EXTENDERIMETER CASE 28480 5040~0701 1
5060-0703 COVERte X 11 SIDE 28480 |5060-0703 1
5060-0720 COVERIHALF~RECESS TOP 28480 |5060~-0720 1
5060-0728 FOOT ASSYtHALF MODULE 28480 |5060-0728 1
8120-0078 CABLEIPOWER 7.5FT. 70903 | KH4 147 i
9100~0400 TRANSFQORMER $POWER 28480 |9100=-0400 1
2100-1677 TRANSFORMER $ INPUT 28480 |9100-1677 1
9110-0040 INDUCTOR:AUDIO 98734 [9110-0040 2
9120~-0065 TRANSFORMER$1AUDIO 28480 |9120-0065 2
9120-0066 TRANSFORMER $AUDIO 28480 (9120-0066 2
9140~-0122 COILIVAR 2X 9-20 UHY EACH 28480 (9140-0122 )
00415-006 COVERIBATTERY 2848000415006 1
00415-606 BATTERY INSTALLATION KIT 28480 |00415-606 1
00431-6001 BOARD ASSEMBLY. AMPLIFIER 28480 |00431-6001 1
00431-0002 PANEL + FRONT 28480 |00431-0002 1
00Q431-0003 PANEL» REAR 28480 |00431~0003 i
1 See list of abbreviations in introduction to this section
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Section VI

Model 431C
Table 6-2
Table 6-2. Replaceable Parts (Cont'd)

@& Stock No, Description # Mir. Mfr. Part No. TQ
00431-0004 BRACKET PANEL 28480 |00431-0004 1
00431-6002 SWITCH ASSEMBLY+ RANGE 28480 |00431-6002 b
00431-6004 SWITCH ASSEMBLY+ POWER 28480 |00431-6004 1
00431~6003 SWITCH ASSEMBLY. CALIB 28480 [00431-6003 1
00431-6009 BOARD ASSY.+ POWER SUPPLY 28480 |00431.6009 1l
00431-6011 CABLE ASSYITHERMISTOR MOUNT 5 FT, 28480 |00431-6011 i

# See list of abbreviations in introduction to this section
6-12 02316-1



Model 431C

Code
No.

00000
00136
00z13
to287
00334
00373

00656
00779
00781
00815

00853

00866
00891
L1748
01255
e1281
01295

01349
01589
01930
01961
02114
02286
02660
02735

0rn

027
03508
03708
03797
03877
03888
03954

04009

04013
04062
04222
04354
04404

04551
04713
04732

04773
04796
04811
04870
05006

05217

05347
05593
05616

05624
05728

05729
05783
05820
05004
06175
06402
06475
06540

06555

06666
06751

06812

06980
07088

00015-41
Revised:

The following code numbers are from the Federal Supply Code for M

TABLE 6-3.

CODE LIST OF MANUFACTURERS

facturers Cataloging Handb

t ks H4-1 (Name to Code|

and H4-2 [Code to Name) and their latest supplements. The date of revision and the date of the supplements used appear at
the bottom of each page. Alphabetical codes have been arbitrarily assigned to suppliers not appearing in the H4 handbooks.

Manufacturer Address
U.S.A. Common
McCoy Electronics
Sage Electronics Corp.

Any supplier of U. 5.
Mount Helly Springs, Pa,
Rochester, N.Y.

Cemco inc. Danielson, Conn.
Humidial Colton, Calif,
Garlock inc.,

Etectionics Products Div. Camden, N.J.

Aerovox Cofp. New Bedford, Mass.
Amp, Inc. Rarrisburg, Pa.
Aircraft Radio Corp. Boonton, N.J.

Northern Engineering Laboratories, Inc.
Burlington, ¥is.

Sangamo Electric Co., Pickens Div.

Pickens, S.C.
Los Angeles, Calil.
Los Angeles, Calil.
Mitwauvkee, Wis.
Beverly Hitls, Calil.
Lawndale, Calil.

Goe Engineeting Co.

Cart E. Holmes Cotp.
Alfen Bradiey Co.

Litton Industries, Inc.
TRW Semiconductors, Inc.
Texas |nstruments, inc.,

Transistor Products Div. Dallas, Texas

The Alliance Mfg, Co. Alliance, Ohio
Pacific Relays, Inc. Van Nuys, Calil.
Amerock Corp. Rockfard, 1.

Pulse Engineering Co.
Ferroxcube Corp. of America
Cote Rubber and Plastics Inc.  Sunnyvale, Calif.
Amphenol-Borg Electronics Corp. Chicago, HI.
Radio Corp. of America, Semiconductor

and Matesials Div. Somervitle, N.J.
¥ocaline Co. of America, Inc.

01/d Saybrook, Conn.

Hepkins Engineering Co. San Fernanda, Calif.
G.E. Semiconductor Prod. Dept. Syratuse, N.Y.
Apex Machine & Tool Co. Dayten, Ohie
Eldema Corp. Compton, Calif.
Transitron Eleclric Gorp. Wakefield, Mass,
Pyrofilm Resistar Co., Inc,  Cedar Knolls, N.J.
Singer Co., Oienl Div.

Finderne Plant Sumerville, N.J.
Arrow, Hart and Hegeman Elect, Co.

Hartlord, Conn.
Lamberlville, N.J.

Santa Clara, Calif.
Saugerties, N.Y.

Taurus Corp.

Elmenco Products Co. New York, N.Y.
Hi-Q Division of Aerovox Myrtle Beach, S.C.
Precision Paper Tube Co. Chicago, 11,

Dymec Division of Hewletl-Packard Co.
Palo Alto, Calif.
Sylvania Electric Products, Microwave
Device Div. Mountain Yiew, Calif.
Motorola, Inc., Semiconductor Pred. Div.
Phoenix, Arizona
Fitron Co., Inc. Western Div.
Culver City, Calil.
Northlake, 1H.
Redwood City, Calil.
£l Monte, Calif.
Westchester, Il

Automatic Electric Co.
Sequoia Wire Co.
Precision Coil Spring Co.
P.M. Motor Company
Twentieth Century Plastics, fnc.
Los Angeles, Calif.
Weslinghouse Electric Corp.
Semi-Conduclor Dept.
Ultranix, Inc.
Miumitronic Engineering Co.
Cosmo Plastic
(c/o Electrical Spec. Co.)
Barber Colman Co.
Tiffen Optical Co.
Roslyn Heights, Long Island, N. Y.
Westbury, N.Y.
Santa Cruz, Calif.
Wakelield, Mass.
Bridgeport, Conn.
Rochester, N.Y.

Youngweod, Pa.
San Mateo, Calif.
Sunnyvale, Calif.

Cleveland, Ohio
Rockford, (1.

Metro-Tel Corp.
Stewart Engineeting Co.
Wakefield Engineering Inc.
Bassick Co., The
Bausch and Lomb Optical Co.
E.T.A. Products Co. of America Chicago, 1.
Western Devices lnc. Burbank, Calil.
Amatom Eleclionic Hardware Co., Inc.
New Rochelle, N.Y.
Beede Electrical Instrument Co., Inc.
Penacook, N.H.
General Devices Co., Inc. Indianapolis, fnd.
Nuclear Corp. of America
U.§. Semcor Div.
Torrington Mfg. Ca., West Div.

Phoenix, Arizona

Van Nuys, Calif.
San Carlos, Calif.
Van Nuys, Calif,

Eitel-McCullough [nc.
Kelvin Electric Co.

November, 1965
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Code
No.

07126
07137
07138

07149
07233
07261
07263

07322
07387
07700
07910
07933

07966
07980

08145
08289
08358

08664
08717
08718

08792

08984
09026
09134
09145
09250
09569

10214

10411
10645
11236
1237

11242
1312
11534
nr

Hn7
11870
12136
12697
12859
12881
12930
12954
13103
13396
13835

14039
14183
14238
14433

14493
14655
14674
14752
14960
15203
15291
15558

15172

15818
15909

16037
16179
16352
16688

16758
17109

Manufacturer Address
Digitran Co. Pasadena, Calif,
Transistor Electronics Corp,  Minneapolis, Minn.

Westinghouse Efecliic Corp.

Electronic Tube Div. Elmira, N.Y.
Filmohm Corp. New York, N.Y.
Cinch-Graphik Co. Cily of {ndustry, Calif.
Aynel Corp. Los Angeles, Calif.
Fairchild Camera & Inst. Corp.

Semiconductor Div. Mountain View, Calif.
Minnesota Rubber Co. Minneapolis. Mins,

Birlcher Cosp., The
Technical Wire Products Inc.
Continental Device Corp.
Raytheon Mfg. Co.,
Semiconductor Div. Mountain View, Calif.
Shockley Semi-Conductor Laboratories
Pale Alte, Calif.
Hewlett-Packard Co., Boonton Radic Div.
Rockaway, N.J.
Los Angeles, Calif.
Pomona, Calif.

Mcnterey Par«, Calif,
Cranfoid, N.J.
Hawthomne, Calif,

U.3. Engineering Co.
Blinn, Delbert Co.
Burgess Battery Co.
Niagara Falls, Ontario, Canada
Bristel Co., The Waterbury, Conn.
Sloan Company Sun Valley, Calif.
ITT Cannon Electsic Inc., Phoenix Div.
Pheenix, Arizona
CBS Electronics Semiconductor
Operations, Divof C.B.S. Inc.
Lowell, Mass,
Indianapolis, Ind.
Cosla Mesa, Calif.
Houston, Texas
Sun Valley, Calif.
Chicago, 1l

Mel-Rain
Babcack Relays Div.
Texas Capacitor Co.
Atohm Electronics
Electro Assemblies, Inc.
Mallory Battery Co. of
Canada, Ltd. Toronto, Ontario, Carada
General Transistar Weslern Corp.
Los Angeles, Calif,
Berkeley, Calif.
Niagara Falls, N.Y.
Beine, Ind.

Ti-Tai, Inc.
Carhorundum Co.
CTS of Beme, Inc.
Cticago Telephone of California, Inc.
So. Pasadena, Calif.

Bay State Electronics Corp. Waltham, Mass.
Microwave Electrenics Corp. Pale Alto, Calif.
Duncan Electronics Inc. Costa Mesa, Calif.
General Instrynent Cofp. . Semiconductor

Div, . Products Group Newark, N.J.
Impesial Electronic, Inc. Buena Park, Calif.
Melabs, Inc. Palo Alte. Calif.

Philadelphia Handle Co. Camden, N.J.
Clarastat Mfg. Co. Dover, N.H.
Nippan Electric Co., Ltd. Tokyo, Japan
Metex Electronics Corp, Clark, N.J.

Delta Semiconductor Inc.
Dickson Efectronics Corp.
Theimelloy Dallas, Texas
Tetefunken (GmbH) Hanover, Geimany
Midland-Wright Div. of Pacific Industries, Inc,
Kansas City, Kansas
Newbury Park, Calif.
Calif, Resistor Corp. Santa Monica, Calif,
American Components, Jac. Conshohacken, Pa.
ITT Semiconductor, A Div. of Int. Telephone
& Telegraph Corp. West Palm Beach, Fla.
Hewlell-Packard Company Loveland, Colo.
Cornetl Dublier Electric Corp. Newark, N.J.
Corming Glass Works Carning, N. Y.
Electro Cube Inc. So. Pasadena, Calil,
Williams Mfg. Co. San Jose, Calil.
Webster Electignics Co. New York, N.Y.
Adjustable Bushing Co. N. Hollywood, Calif.
Micron Electronics
Garden City, Long Island, N. Y.
Twentieth Century Cail Spring Ca.
Santa Ctara, Calil.
Amelco {nc, ML View, Calil.
Daven Div. Thomas A, Edison Ind.
McGraw-Edison Co. Long Island City, N.Y.
Spruce Pine Mica Ce Spruce Pine, N.C.

Newport Beach, Calif.
Scottsdale, Arizona

Sem-Tech

Omni-Spectra Inc. Detrait, I
Compuier Diode Corp. Lodi, N.J.
Ideal Prec. Meter Co., lnc.

Oe Jur Meter Div. Brooklyn, N.Y.
Delco Radio Div. of G.M. Corp. Kokome, fnc.

Thermonetics Inc. Canoga Park, Calil.

Code
No.

17474
18042
18476
16485
18583
18873
18911
193158

19500

19644
19701
20183
21226
21335
21520
24455

24655
26365
26462

25992
28480
33173
35434
36196

37942
39543
40920
42190
43890
44655
47904
48620

49956
52090
52983
§4294
56026
55933
§5938

56137
56289
59446
53730
60741
61775

62119
63743
64959
65092
66295
66345

10276
70318

70485
70563
70903
70998
71002
71041

71218
71286
71313

71400

71436
71447
71450
71468
71471

71482
71530

71616
71700

Manufacturer Address
Tranex Company
Power Design Pacific lac
Ty-Car Mfg. Co., inc.
Radia Industres
Certés Instiument, Inc.
E.l. GuPont and Co., Inc.
Durant g, Co.
Bendix Corg., The
Eclipse-Poineer Div. Teterboro, N. J.
Thomas A. Edison Industries, Div. of
McGraw-Edison Co. West Orange, N.J.
LRC Electronics Horseheads, N.Y.
Electra Mfg. Co. Independence, Kansas
General Atronics Corp. Philadelphia, Pa.
Executone, Inc. New York, N.Y.
fafnicr Beanng Co., The New Britain, Conn.
Fansteel Metallurgica) Corp N. Chicago, IIl.
G.E. Lamp Division

Mounlain View, Calif
Palo Alto, Calif.
Holliston, Mass
Des Plaines, 1
Mt. Kisco, N.Y.
Wilmington, Del.
Milwaukee, Wis.

Nela Park, Cleveland, Qhio
General Radio Co. West Concord, Mass.
Gries Reproducer Corp New Rochelle, N. Y.
Grobet File Co. of America, Inc.
Carlstadt, N.).
Lancaster, Pa.
Palo Aitp, Calif.
Owensboro, Ky.
Chicago, {H.

Hamtlton Watch Co.

Hewtetl-Packard Co.

G.E. Receiving Tube Dept.

Lectrobm Inc.

Stanwyck Coil Products Ltd.
Hawkesbury, Ontario, Canada

P.R. Maltory & Co. Inc. Indianapolis, Ind.

Mechanical Industiies Prod. Co. Akron, Ohia
Miniatuse Precision Bearings, inc.  Keene, N.H.
Muter Co. Chicago, Il
C.A. Norgren Co. Englewood, Colo.
Ohmite Mfg. Ca. Skokie, NI,

Polanid Corp, Cambridge, Mass.

Precision Thermometer & inst, Co.

Southamplon, Pa.
Waltham, Mass.
Westminster. Md.
Waltham, Mass.

Microwave & Power Tube Div.
Rowan Centrofler Co.
Sanbomn Company

Shallcrass Mtg. Co. Selma, N.C.
Simpson Electnic Co. Chicago, HI.
Sonotone Corp Elmsford, N.Y.

Raytheon Co. Commercial Apparatus &

Syslems Div So. Norwalk, Conn.
Sgaulding Fibre Co., Inc. Tonawanda, N.Y.
Sprague Electric Co. North Adams, Mass.
Telex, Inc, St. Paul, Minn.
Themas & Betts Co Elizabeth, N.J.
Tripleit Electrical Inst. Co. Blufttan, Ohio
Union Switch and Signal, Div. of

Westinghouse Air Brake Co. Pittsburgh, Pa.

Universal Electric Co. Qwosso, Mich.
Ward-Leonatd Electric Ca. ML Vernon, N.Y.
Western Electric Ce., Inc New York, N.Y.
Yieston Insl. Inc. Weston-Newark Newark, N.J.
Wittek Wfg, Co. Chicago, I1I.

Revere Woltansak Div. Minn. Mining &

M. Co. $t. Paul, Minn
Allen Mfg. Co Harttord, Conn.
Alimeta! Sciew Praduct Co., Inc.

Garden City, N.Y.

Atlantic India Rubber Warks, Inc. Chicage, L
Ampesite Co., Inc. Union City, N.J.
Belden Mfg. Co. Chicago, Il1.
Bird Electranic Corp. Cleveland, Ohio
Birnbach Radio Co New York, N.Y,

Boston Gear Works Div. of Murray Co.
of Texas Quincy, Mass.
Bud Radio, Inc. Witloughby, Ghio
Camloc Fastener Corp. Paramus, N.J.
Cardwell Condenser Corgp.
Liadenhusst L.)., N.Y.
Bussmann Mfg. Div. of McGraw-Edison Co,

St. Louis, Mo.
Chicago Condenser Corp. Chicago, i
Calif. Spting €o., Inc. Pico-Rivera, Calif.
CTS Corp. Elkhart, ind.

ITT Cannon Electric Inc. Los Angeles, Cahf.
Cinema Plant, Hi-Q Div. Aerovox Corp.
Burbank, Calif.
C.P. Clare & Co. Chicago, 1.
Centralab Div. of Globe Union inc.
Milwaukee, Wis.
Chicaga, [I1.
New York, N.Y.

Commercial Plastics Co.
Comish Wire Co., The

Code
No.

71707
71744
71753

71785

71984
72136
72354

72619
72655

72765
72825
72928
72964
72982
73061
73076
73138

73293
73445

73506
73559
73682

73134
13743
73793
73846
7389
73905
74276
74455
74361
74858

74570
75042
75378
75382
75818
75915
16005
76210
76433

76487
76493
76530
76545
76854
77068

77075
17221

17252
17342

77630
77638

77754
77969
78189

78283
76290
78452
78471
78488
78493
78553
78730
78947
79136
79142
79251
79721

79363

From

Section VI
Table 6-3

Manufacturer Address
Coto Cail Co.. Inc.
Chicago Miniature Lamp Works
A.Q. Smrth Corp., Crowley Div
West Orange, N.J.
. Howard 8. Jones Biv.
Chicaga, Il
Dow Corning Corp. Midland, Mich.
Electro Molive Mfg. Co., tnc. Willimantic, Conn.
John €. Fast Co., Div. Victoreen Insti. Co.

Providence, R.I.
Chicago, I1).

Cinch Mfg. Co

Chicage, Il
Dialight Corp Brooklyn, N.Y.
Irdiana General Corp., Efectionics Div.

Keasby, N.J.
Drake Mfg. Co. Chicaga, Iil.
Hugh H. Eby Inc. Philadelphia, Pa.
Gudenan Co. Chicage, Il
Robert M. Hadley Co. Los Angeles, Calif.
Erie Technological Products, Inc Erie, Pa.
Hansen Mfg. Co., Inc Princeton, Ind.
H. WM. Harper Co Chicago, 1.

Helipot Div. of Beckman Inst., Inc.
Fullerton, Calil.
Hughes Products Division of Hughes
Airciaft Co. Newporl Beach, Calil.
Amperex Electronic Co., Div. of Nosth American
Phillips Co., lac. Hicksville, N.Y.
Bradley Semiconducter Corp. New Haven, Conn.
Carting Electric, Inc. Hartford, Conn.

George K. Garrett Co., Div. MSL

industues nc. Philadelphia, Pa.
Federal Screw Products Inc Chicage. 111
Fischer Special Mfg. Co. Cincinnali, Qhio
Genera! Industries Co., The Elysia, Ohio
Goshen Stamping & Tool Co. Gosher, Ind.
JFD Electronics Corp. Brooklyn, N.Y.
Jennings Radio Mfg. Corp San Jose, Cahf.
Signalite Inc. Neptune, N.J.
J.H. Winns, and Sons Winchesler, Mass.
Industrial Condenser Carp Chicago, NI

R.F. Products Division of Amghenal-Borg
Edectronics Corp. Danbury, Conn.

E.F. Johnsan Co. Waseca, Minn.

International Resistance Co. Philadelphia, Pa

James Knights Co Sardwich, 11l
Kulka Eleclric Cosporatien Mt Veman. N.Y.
Lenz Electiic Mtg. Co. Chicago, 111,
Litttefuse, Inc. Des Plaines, 1ll.
Lord Mfg. Co. Erie, Pa

C.¥. Marwedel
Genesal Instrument Corp,

San Francisce, Calif.
Micamold Div.
Newark, K.J.
Malden, Mass,
Los Angeles, Calif.
San Leandre, Calif.
Cleveland, Ohio
Crystal Lake, 1.

Janes Millen Mfg. Co., tnc,
J.W. Miller Co.
Moaadnock Mills
Mueller Electric Co
Oak Manutacturing Co.
Beadix Cosp. . The
Bend:x Pacific Div. N. Hollywood, Calif,
Pacific Metals Co San Fraacisca. Calif,
Phanostran Instrumend and Electronic Co.
South Pasadena, Calif.
Philacelphia Steel and Wire Corp,
Philagelghia, Pa
American Machine & Faundry Co. Potter
& Brumfield Div Princeton, Ind.

TRY Electronic Components Oiv.  Camden, M.}
Genera! Instrument Cosp., Rectifier Div.
Brooklyn, N.Y,

Resistance Products Co Harrisburg, Pa.
Rubbercrafl Corp. of Calif. Torrance, Calif,
Shakeproot Division of {I1inois Tool Works

Elgia, (1.
Signal indicator Corp. New Yark, N. Y,
Struthers-Dunn Inc. Pitman, N.1i.
Thompsen-Bremes & Ca. Chicago, L.

Tilley Mfg. Co.
Stackpole Carbon Co.
Standard Therson Corp.
Tinnerman Products, lnc
Transformes Engineers
Ucinite Co.
Waldes Kohinoor Inc.
Veedel Root, In¢
Wenco Mfg. Co.
Contineatal-Wirt Electionics Corp.

Phitadelphia, Pa.
New Rochelle, N.Y.

San Francisco, Calif.
St Marys, Pa
Waltham, Mass.
Cleveland, Ohwo

San Gabuiel, Calif,
Newtonville, Mass.
Lang Island City, N.Y.
Harlfard, Conn.
Chicago, I,

Zierick Mfg. Corp

FsC Handbook Supplements
He-1 Daleg JULY 1965
Hi-2 Dated NOV 1962
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Section VI
Table 6-3

Code
No.
80031

80120
80130
BO131

80207

80223
80248
80294
80411

80485
80509
BCSE3
80640
81030
81073
81095
81312

B1349
81415
81483
81541
41862

82042
82047

q2142
82170

82209
82218

82376
8238%
B2647

82768
82866
82877
82893
83083
83058
83086

83125

83148

Manufocturer Address

Mepco Division of Sessions Clock Co.
Morristown, N.J.

Schnitzer Alloy Products Co. Elizabeth, N. 1.
Times Telephoto Equipment New York, N. Y.
Etectronic industries Association. Any brand

Tube meeting EIA Slandards-Washinglon, DC.
Unimax Switch, Div. Maxoa Eleclronics Corp.
Wallinglord, Conn.

New York, N.Y.

Chicago, 1.

United Transformer Corp
Qxford Electric Corp.

Bourns fnc. Riverside, Cahi.
Acro Div. of Robertshaw Controls Co.

Columbus, Ohio
Ail Star Products Inc. Defiance, Qhio

Avery Adhesive Label Corp.
Hanmartund Co., Inc.
Stevens. Amold, Co., Inc.
International instrements In¢
Grayhill Co. LaGrange, Iil.
Triad Transformer Corp Venice, Calif.
Winchester Elec. Div. Litton Ind., Iac,

Qakvitte, Conn,

Monrovia, Calif.
New York, N.Y,
Boston, Mass.
Orange, Conn,

Military Specification
Wilkor Products, Inc.
International Rectifier Corp. E! Segundo, Calil.
Airpax Products Co., The Cambridge, Mass.
Barry Contrels, Div. Barry Wright Corp.

Walerton, Mass.

Cleveland, Qhio

Carler Precision Electric Co Skokie, 111
Sperli Faraday Iac., Copper Hewitt

Electric Div. Hoboken, N.J.
Jeffers Electronics Division of Speer

Carbon Co Du Bois, Pa.
Fairchild Camera & tnst. Corp.,

Defense Prod. Division Chifton, N.}.

Maguire Indusiries, In¢
Sylvania Eleciric Prod. Inc.
Electrionic Tube Divisian
Astron Corp. East Newark, Harrisan, N, J,
Switcheraft, Inc. Chicago, Il1.
Metals & Controls (nc. Spencer Products
Attleboro, Mass.
Jotiet, 111
Madison, Wis.
Woodstock, K.Y,
Glendale, Calif.

Greenwich, Conn.

Emporium, Pa,

Phillips-Advance Control Co.
Research Products Corp.
Ratron Mfg. Co., Inc,
Vector Etecticnic Co
Western Washer Mig. Co. Los Angeles, Calif
Carr Fastener Co. Cambridge, Mass.
New Hampshire Balt Bearing, Inc.

Peterborough, N.H.
General lastrument Corp., Capacitar Div.

Darlingten, §.C.

ITT Wire and Cable Div. Los Angeles, Calif.

00015-~41
Revised. November, 1965

Cods
No.

83186
83298
83315
83330
83385
835Ct

83594
83740

B3777
83821
84171
84396
84411
84970
85454
B5471
B5474
BS660
BS311
B6197

B6579
B6684

87216
87473

B766¢
87930
88140
88220
88421
88698
89231
89668
90179

90970
91260
91345
91418
91508
91637
91662
91737
91827
91929

91961

TABLE 6-3.

CODE LIST OF MANUFACTURERS (Continued)

Address

Manutacturer

Victory Engineering Corp. Springfield. N.J.

Bendix Corp., Red Bank Div. Red Bank, N.J.
Hubbell Corp Mundelein, (V1.
Smith, Herman M., Inc. Brooklyn, N.Y
Central Screw Co. Chicago, Il

Gavitt Wire and Cable Co
Biv. of Amerace Corp. Brookfield. Mass
Burroughs Corp. Electronic Tube Div.
Plainfield, N.J.
Eveready Div. National Carbon Div,

Union Carbide Cerp. New York, N.Y.
Model Eng. and Mfg., Inc, Huntington, (nd,
Loyd Scruggs Co. Festus, Mo

Arco Electronics ing.
A.J. Glesener Co., Inc.

Great Neck, N.Y.
San Francisco, Calif

TR¥ Capacitor Div Qgallala, Neb
Sarkes Tarzian, Inc. Bloomingten, Ind.
Baonton Molding Campany Boonton, N. 1.

A.B. Beyd Co
R.M. Bracamonte & Co.
Kotled Kords, Inc,
Seaniess Rubber Co.
Clifton Precision Products Co., Inc,
Clifton Heights, Pa.
Precision Rubber Products Corp. Dayton, Ohio
Radio Corp. of Americal. Electronic
Comp. & Devices Div. Harrisen, N ).
Phtico Corporation {Lansdale Division}
Lansdale, Pa.
Viestern Fibrous Glass Products Co.
San Francisce, Calif.
San Francisco, Calif.
Providence, ®.1.

San Francisco, Calif
San Francisco. Calif.
Hamden, Cann.
Chicago, I1l.

Van Waters & Rogers Inc
Tower Mfg. Corp.

Cutler-Hammer, (nc, Lincofn, 11}
Gould-Nalicnal Batleries, Inc St. Paul, Minn.
Federal Telephone & Radio Corp. Clifton, N.J.
General Mills, Inc. Buffalo, N.Y.
Graybar Electric Co. Dakland, Calil
United Transformer Co Chicaga, HI.

US Rubber Co., Consumer Ind. & Plastics

Pred. Div Passaic, N.J.
Bearing Engineenng Co. San Francisco, Calil.
Connor Spring Mfg. Co San Francisco, Calil.
Miller Dial & Nameplate Cuo. El Monte, Calil.
Radic Maferials Co. Chicago, 1II.

Auvgat Inc. Attleboro, Mass.
Oale Electronics. Inc. Columbus, Nebr.
Elco Corp. Witlow Grove, Pa.

Gremar Mig. Co.. Iac. Wakefield, Mass.
K F Oevelopment Co. Redwood City, Calil.
Honeywel Inc., Micro Switch Div

Freeport, 11t

Nahm-Bros. Spiing Ca Dakland, Calif.

Cod
No.

92180
92367
92196
92607

43332

93369
93410
93788
93929
94137
94144

94148

94154
94197

94222
94310

94330
94682

94696
95073

95236
95238
95263
95264
95265
95275
95348
95354
95712
95984
95987
96067
96095
96256
96296
36330
96341
96501
37464
97539
57979
97983

ELTENS
98153

Monufacturer Address
Tru-Connector Corp.
Elgeet Optical Co. Inc. Rochester, N.Y,
Universal Industries, Inc. City of Industry, Calif,
Tensolite Insulated Wire Co., Inc.

Tarrytown, N.Y.

Peabody, Mass.

Sylvania Electric Prod. Inc.
Semiconductor Div.

Robbins and Myers, Inc.

Stevens Mfg. Co., Inc

Howard ). Smith Inc.

G. V. Cantrols

Woburn, Mass.
New York, N.Y,
Mansfield, Ohio

Port Monmouth, N.J.
Livingston, N.J.

General Cable Corp. Bayonne, N.J.
Raytheon Co., Comp. Div., Ind.
Comp. Operations Quincy, Mass.

Scientific Electronics Producls, Inc.
Loveland, Colo.
Tung-Sol Electric, Inc. Newark, N.J.
Curtiss-Wnght Corp, Electronics Div.
East Paterson, N.J.
South Chester Corp. Chester, Pa,
Tru-Ohm Products Memcor Compoaents Div
Huntington, Ind.
Wire Clath Products, Inc. Bellwood, 111
Worcester Pressed Aluminum Corp.
Worcester, Mass.
Magnecraft Electric Co. Chicago, I1E
George A, Philbrick Researchers, Inc.
Bosten, Mass.
Miami, Fla.
Woodside, N. Y,
Long Isfand, N.Y.
Burbank, Calif,
Sheridan, Wyo.
Bridgeport, Corn.

Allies Products Carp.
Continental Connector Corp.
Leecraft Mg, Ca., Inc.
Lerco Electronics, Inc.
National Coil Co.
Vitramon, Inc.

Gordos Corp, Bloomfield, K. ).
Methode Mfg. Co. Chicago, II1.
Dage Electric Co., Inc. Frankha, Ind.
Siemon Mfg. Co. $t. Charles, II1.
Weckesser Ce. Chicago, 11,
Huggins Labcratories Sunnyvale, Calif,
Hi-Q Div. of Aerovox Corp, Olean, N.Y,
Thordarson-Meissner Inc, Mt. Carmel, .
Solar Manutacturing Co. Los Angeles, Calif.
Carltan Screw Co. Chicago, 1.

Microwave Associates, Inc.
Excel Transtormer Co.

Burlingten, Mass.
Qaktand, Calif,

Industrial Retaining Ring Co. Irvington, N, J.
Automatic & Precision Mfg. Englewood, N.J.
Reon Resislar Gosp. Yonkers, N.Y.

Litton System [nc., Adler-Westrex

Commun. Div. New Rochefle, N. Y.
R-Troncis, Inc. lamaica, N.Y,
Rubber Teck, inc, Gardena, Calif,

Code
No.

98220
98218
98291
98731

98821
98978

99109
99313
99515

99707
99800
99848
93934
99942

99957

Model 431C

Monufocturer Address
Francis L. Moseley Pasadena, Calit.
Microdot, Inc. So. Pasadena, Calil.
Seafectro Corp. Mamaraneck, N.Y.
General Mills Inc., Efectignics Owv.

Minneapolis, Minn.
North Hills Electronics, Inc Glen Cove, N.Y.
Internatliona! Elecirenic Research Corp.

Burbank, Calil.
New York, N.Y.
Pale Alto, Calif.
Products Oiv.

San Maring, Calif.
Control Swilch Division, Controls Ca

of America El Segunde, Calif.
Deievan Electronics Corp East Aurora, N.Y
Wilco Corporation Indianapalis, Ind
Renbrandt, Inc. Boston, Mass.
Hoffman Electronics Corp.

Semiconductor Div. El Monte, Calif.
Technology Instrument Corp. of Calif.

Newbury Park, Calif.

Columbia Technical Corp.
Varian Associates
Marshall Ind. Elect

THE FOLLOWING HP VENDORS HAVE NO NUMBER
ASSIGNED IN THE LATEST SUPPLEMENT TO THE
FEDERAL SUPPLY COOE FOR MANUFACTURERS

HANDBOOK.

0000F  Malco Tool and Die Laos Angeles, Calif.

0000M  Western Coil Div. of Automatic Ind., Inc.
Redwood City, Calif.

00002 Willow Leather Products Corp. Newark, N.).

Q0DAA  British Radio Electronics L1d.

Washington, D.C.
00DAB  ETA England
000BB  Precision Instrument Components Ce.

Van Nuys, Calil.
0INMM Rubber Eng. & Development Hayward, Calil.
000NN A ““N'' D Mfg. Co. San Jose, Calil.
0009Q  Coollren Oakland, Catil.
000%WW  Calilornia Eastern Lab. Burlington, Calif.
000YY  S.K. Smith Co. Los Angeles, Calif.
From: FSC. Handbook Supplements

Ha-1 Oated JULY 1965
H4-2 Dated NOV. 1962
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Model 431C

Section VII
Paragraphs 7-1 to 7-7

SECTION Vil
SCHEMATIC DIAGRAMS

7-1. INTRODUCTION.

7-2. Schematic presentations in this manual show
electrical circuit operation and are not intended to
serve as wiring diagrams. Figure 7-1 lists notes
which apply to the schematic diagrams.

7-3. Some switch and circuit board assemblies are
shown in part on different pages. To find a specific
instrument component, refer to the "REFERENCE
DESIGNATIONS" box which appears on each schematic
diagram. Reference designations within assemblies
are abbreviated. The full designation includesthe as-
sembly on which the component is mounted, and the
individual component designation. For example, Re-
sistor R1 mounted on Assembly Al has the complete
reference designation of A1R1. Certain parts are not
included on assemblies, and are classified as chassis
parts. Chassis parts are assigned only the reference
designation shown on the schematic diagram.

7-4. This section also contains information on com-
ponent and test point locations within the instrument.
Figure 7-4 shows the Power Meter Assembly, Al, and

Figure 7-6 shows the Power Supply Assembly, A2.
Figure 7-2 shows switch component locations.

7-5. Figures7-3 and 7-8 illustrate normal-operation
waveforms obtained at test points 1 through6. Normal-
operation voltages are given on the schematic dia-
grams, adjacent to the point of measurement. All
voltages and waveforms were taken with the instru-
ment zerced and nulled and a 200 ohm thermistor
mount connected in accordance with Figure 3-8, Turn-
On and Nulling Procedure. Full scale voltage meas-
urements were made by setting the meter to full scale
deflection with the ZERO control.

7-6. An asteriskindicates a factory selected part;the
component value shown is the typical or most com-
monly selected value. Circuit requirements that de-
termine the values of factory selected parts arelisted
in Table 5-3.

7-7. Component procurement information and specific
component descriptions are included in Section VI.
Refer to page 6-1 for information on how to order parts.

1. Resistance inohms, capacitance in microfarads
unless otherwise indicated. pF indicates pico-
farads, equivalent to micro-microfarads.

2. Module board assemblies Al and A2 plug into
connectors XAl and XA2 respectively.

3. @

Screwdriver adjustment.

Panel control.

5. __ _ _J Rear panel designation.

6. [ | Front panel designation.

7. Voltage regulator (breakdown) diode.

|
8. 4 Indicates plug-in socket number.
>i>—

9. — - - —— Circuit assembly borderline.

10.

DC feedback signal.
— w10 kHz feedback signal.
= = == 10 kHz error signal.

O

Wire color is standard color code
(MIL-STD-681). Firstnumber iden-
tifies ground color, second number
identifies wide stripe, third number
identifies narrow stripe. E.g., 947
denotes white ground, yellow wide
stripe, violet narrow stripe.

12. %K

Factory selected part: typical value
shown. Refer to Table 5-3 for cir-
cuit requirements that determine
part values.

Figure 7-1. Schematic Diagram Notes

02316-1
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Section VII Model 431C
Figure 7-2

RZ2

54 Rig
CALIB. FACTOR
SWITCH

RZ28 R4

R29._

R30
S2
S3 RANGE SWITCH
POWER SWITCH
Sl
MOUNT RESISTANCE
SWITCH 43iC~ A~T

Figure 7-2, Switch Component Locations
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Model 431C

1O

COLLECTOR AIQ3

10kHz AMPLIFIER
OUTPUT

ZERDO METER
DEFLECTION

SWEEP: BOus/DIV

SENSITIVITY: 0.5V/DIV

1O

1O¢

COLLECTOR AlQ3

. 10kHz AMPLIFIER
OUTPUT

FULL SCALE METER
DEFLECTION

SWEEP; 50 ps /DIV

SENSITIVITY: 0.2v/DIvV

BASE AlQ4 BASE A1QS
IOkHz OSC-AMP IOkHz DRIVER INPUT
INPUT .
SWEEP: 50ps/DIV SWEEP: 20ps/DIV
. SENSITIVITY:
SENsmgggx}/mv e 7DIV

BASE AlQ6, AIQ7

10kHz EMITTER
FOLLOWER INPUT

SWEEP: 20ps/DIV

SENSITIVITY
BV/0lV

EMITTER AIQ8,AIQ7

I0kHz EMITTER
FOLLOWER OUTPUT

SWEEP: 20us/DIV

SENSITIVITY:
5vV/D1v

431C-A~8

Figure 7-3. Assembly Al Waveforms
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Figure 7-4. Power Meter Assembly Al
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Section VII
Figures 7-3, 7-4 and 7-5
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Figure 7-5. Detection and Metering Bridges
with 10 kHz Oscillator Amplifier
and 10 kHz Amplifier
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Q3 Q4 Q5 R3g GRIC~A -9

Figure 7-6. Power Supply Assembly A2
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Section VII
Figures 7-6 and 7-7
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COLLECTOR A201,A2Q2
REGULATOR INPUT
SWEEP: 5ms/DIV

SENSITIVITY. 0.5V/DIV
4310~ A8

Figure 7-8. Power Supply Waveform
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NOTES

SEE SCHEMATIC DIAGRAM NOTES, FIGURE 7-1L

VOLTAGES MEASURED RELATIVE TO GROUND.

DUAL VOLTAGES ARE FOR ZERO AND FULL SCALE METER
DEFLECTIONS:

ZERO DEFLECTION VOLTAGE
FULL SCALE VOLTAGE

VOLTAGES MEASURED WITH /p3440A DIGITAL VOLTMETER

WITH 3443 A PLUG-IN UNIT.

INPUT IMPEDANCE 10.2 MEGOHMS.

WAVEFORMS MEASURED WITH /4p140A OSCILLOSCOPE WITH
1400A/I420A PLUG-IN UNITS AND Ap 10003B PROBE. INPUT
IMPEDANCE 10 MEGOHMS, SHUNTED BY 10PF.
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Model 431C

Appendix I
Paragraphs Al-1 to Al1-2

APPENDIX |
OPTION 01

Al-1. The 431C Option 01 instrument consists of a
standard Model 431C Power Meter with arechargeable
battery installed. A list of Option 01 component parts
is given in Table 6-1. Instruction for installation of
the battery is given in the following paragraph.

Al-2. OPTION 01 INSTALLATION PROCEDURE.

a. Set POWER switch to LINE OFF and remove
power plug from power meter.

b. Remove top and bottom instrument covers.

c. Referto Figure Al-1 which shows the battery
cover disassembled from the battery. Install the bat-
tery and battery cover from the bottom of the instru-
ment into the top chassis. Note that the battery is
installed so that the two battery terminals are toward
the top and front of the instrument.

d. Secure the battery in place with four retaining
nuts.
CAUTION
Be careful not to short the battery terminals;
battery cell damage may result.

e. Solder a red wire (No. 22 gauge, stranded) be-
tween the positive battery terminal and circuit board
connector XA2, pin Z.

02316-1

f. Solder a black wire (No. 22 gauge, stranded)
between the negative battery terminal and circuit board
connector XA2, pin 1.

BATTERY

~~—_____BATTERY
COVER

415€-A-20

Figure Al-1. Battery and Battery Cover Assembly

Al-1



HEWLETT \h

MANUAL CHANGES

POWER  METER

Manual Serial Prefixed: 548~
Manual Printed: Feb. 1966

To adapt this manual fo instruments with other serial prefixes check for errata
below, and make changes shown in fTables.

Instrument Serial Prefixes Make Manual Changes
G-615- and above

G=-615-~00221 and above 1

G-615-00261 and above 1 -2
G-615-00341 and above 1 -3
G=-647-00561 and above 1 -4
G--657-00811 and above 1 -5

ERRATA: For instruments supplied with "German Schuko" power cable change

W2 to cable power -hp- Stock No. 8120-0100

Paragraph 3-12:
Add the sentence, "Option O1 installation instructions are
given in Appendix 1".

Paragraph 3-29, step h: . Pl + P2

Change gquation to read, ... Power = — -
Paragraph 4-34:
Change fourth sentence to read: "... and unregulated -25 VDC

operate..."

Paragraph 3-7 and Figure 3-8, step 2, add the following:

CAUT I ON
To avoid severe damage to the thermistor
mount, be careful not to move the MOUNT RES
switch while operating the RANGE switch.

March 17. 1967

9282 -0572 Page 1
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HEWLETT hp, PACKARD

GmbH

MODEL 431C
ERRATA: {Conte)

Figure 7-9:
Add connection between terminad '"V" and the -25¥ tead ¥o R30.
Paragraph 4-25
Change third sentence to read:
"... proportional to the square root of appiied power..."
Figure 7-5, 7-7, and Parts List:
Change R6, A1C4, AI1C5, and AIR3G to fectory sebected parts,
typical value shown.
Figure 7-7:
Change AIR47 to 259.6 K

Table 1-1:
Change Zero Carryover specification to read, "Zoro-Carryouver:

tess than +1.0 % of full scale..."

Paragraph 3-4:
Change second sentence to read, "... is accurate to #1.0 %..."
Table 5-2:
Change Performance Test 2, ZERO CARRYOVER to read, '"Less than
+1.0 % of full scale..."
Change step ¢ to read, "Adjust ZERO for 0.00 VOC..."
Change step d to read, "... within 0.00 +0.01 VDC..."
Paragraph 5-19:
Change step b to read, "... within 0.00 +0.01 VDC..."
Tables 6-1 and 6-2, add: -hp- Stock No.

A2Z1, choke, 431A-60A
Table 1-1 and 5--2,O change ;Accuracy" to read:
Accuracy: (+20°C 1o +357C)
+1 % of full scale (.1 mw range and above)
+1.5% of full scale (.03mw range)
$2 % of full scale (.0lmw range)
(0°C to +557°C)
+3 % of full scale on all ranges
Paragraph 1-2: Delete reference to 1 % accuracy.
CHANGE 1: J1,5: Change Connector - recept.6 pin to 1251-1280
CHANGE 2: AI1C4, AICS5: Change to C:fxd., 2250 pF 1% 300VDCW 0140-0235
CHANGE 3: VR1: Change fo Diode-avalanche 6.81V + 5% 1902-0048
Page 2

8.Mov.66

33-0167-20000



HEWLETT hp, PACKARD

GmbH

MODEL 431C
ERRATA: (Cont.)
Figure 3-8: Change the Note following step 8 to read as follows:

TZ=ZIZRERRE

Range - to - range zero carrycver is less than + 1,0 % if the meter
has been properly adjusted mechanically (Paragraph 5-4) and the
instrument has been properly zero - set clectrically on its most
sensitive range. For maximum accuracy, zero - set the power meter
on the range to be used.

CHANGE 4
~hp- Stock Ho.
Change: R32. R:fxd., to 1.21 K Ohm, +15%, 1/8W 0737-0274
R33 37: R:fxd. to 10 K Ohm, +15 . 1/8Y 07570442
34 : R:fxd.. fo 5.8t K Ohm? +1%. 1/8W 0757-0439
VR3: Diode to Zener 9.0V 1902-0071
Delete: AfC2: Capacitor-fixed (51 pF normally) 0160-2201

CHANGE 5:  Change Figure 7-9, Power Supply and McteringOutput as follows:

P/o A2 Power Supply Assy.

" ‘ | ey
B J 7 > >
s R42 |
o E o, 147 Ohm Co L + i
2.6V, A v 200 71
““§»~m 4 — > .
Z R30 ol =

Change - POR4* R:fxd.. mct flm to 3.4 K Ohm, +1%, 1/8W 0698=-13440

A2R:2 R:fxd., met fim to 147 Ohm, +1%, 1/8W 0698-3438

VR3 Diode Zener to 1802-0596
Add: AZVR4 Diode brcakdown 2,61 V 1902-0126
Delcto: A2CR6 7 Dtodc - Si 200 PV .5 Amp. 1901-0026

March 17, 1967

Page 3

33 -0167-20000



HEWLETT h

MANUAL CHANGES

POWER METER

Manua! Serial Prefixed: 707-
Manual Prinfed: Mérz 1967

| PACKARD

GmbH

To adapt this manual to instruments with other serial prefixes check for errats

below,

ERRATA:

Change:

Delete:

Add:

9282 - 0572

and make changes shown in tables.

Instrument Serial Prefixes Make Manual Changes
G-726~ and above
4 to R4* R:fxd., 3.5K Ohm, +1%,1/8W(fac.sel.val
A1CA C:fxd., to 2250 pfF, +1%, 300 VDCW
A2R2 R:var. to 1 K Ohm, + 20 %
A2R42 R:fxd., to 147 Ohm, +1%, 1/8W
A2VR1 to Diode - avalanche 6.81 V * 5 %
R24 R:fxd. to 28.7 K Ohm, +1%, 1/8W
51 Switch Assy:Mount Res. to
S4 Switch Assy:Cal. incl.: R12-RZ, R33 to
A2CR6,7 Dicde - Si 200 PIV  .5Amp.
J1 Connector : €& Female Contacts
J1 Nut : knurled
AZ2VR4 Diode breakdown 2.61 V
J1 tnsert Connector
J1 Insulator Connector
J1 Body female connector
S5 Switch - slide

For instruments supplied with German "Schuko" power cable
W2 Cable : Power tfo

June 6, 1967

-hp= Stock No.
) 0695-3440

0140-0235
2100-1617
0€98-3438
1902-0043
0698-3449
00431-6005
00431-6C03
1901-0026
1251-1280
1251-1281
1902-0126
1251-1628
1251-1629
00431-2011
3101-C033

change:
8120-0100

Page 1



o PACKARD

HEWLETT |
GmbH

MODEL 431C
ERRATA: (Cont.)
In Figure 7-9, Power Supply and Metering Output change as follows:
S4 should read S5
P/c A2 Power Supply Assy.
- 0 u’ 2V
- > > =

- W
L. |

+
r R42
2.6V VR4 147 Ohm cS
a 200 | S'S
] o)L

R30

Page 1-1, Table 1-1, Change Accuracy specification o read:
+20°C 1o + 35°C

+1, 10C uY Ranae and above

¥1.57% 30 uv Range

+2% 10uM Range

=37 ity

D7C to + 557C

+3, on all Ranges.

Sept. 14, 1967

33-0567-10000



