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WARNING
HIGH VOLTAGE

is used in the operation of this equipment.

DEATH ON CONTACT
may result if personnel fail to observe safety precautions.

Learn the areas containing high voltage
in each piece of equipment.

Be careful not to contact high-voltage or 115-volt ac input connections
when installing or operating this equipment.

Before working inside the equipment, turn power off and ground points of
high potential before touching them.
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SECTION |

GENERAL

1-1. DESCRIPTION.

1-2. The Hewlett-Packard Model 432A Power Meter,
with HPtemperature -compensated thermistor mounts,
measures RF power from 10 microwatt (-20 dBm)
to 10 milliwatts (+10dBm) full scale with 1% of full
scale accuracy from 10 MHz to 40 GHz. With a se
lector switch, the instrument normalizes the power
meter reading to compensate for the Calibration Factor
of a thermistor mount used for a given measurement.
For portable operation, Option 01 instruments have a
rechargeable nickel-cadmium battery. See [Table 1-1]
for complete specifications.

1-3. The Model 432A has provision for dc substitution
measurements and for power meter calibration. An
output is provided for recorders or digital voltmeter
readout.

1-4. Accessories, Two accessories are supplied with
the Model 432A Power Meter: a 7. 5-foot (2290 mm)
detachable power cable and a 5-foot ( 1520 mm) cable
that connects the thermistor mount to the meter. Ther -
mister mounts are available but not supplied with the
power meter (refer to[Table 1-27). lists
those accessories supplied and also those available.

Table 1-1.

INFORMATION

1-5. INSTRUMENT IDENTIFICATION.

1-6. Hewlett-Packard instruments are identified by
an 8-digit serial number. The first three digits are
the Serial Prefix. To properly match a manua with
the instrument to which it applies, the prefix on the
instrument must be the same as the pref ix at the front
of the manual. If the numbers are different, infor-
mation is supplied either on yellow Manual Change
Supplements, or in an Appendix in the Manual. If the
change information is missing, contact your HP Sales
Office (Sales Offices are listed a the b a ¢ k of the
Manual).

ol (SER. 545-00000 o

A

AY

SERJAL NUMBER PREFIX SERIAL NUMBER

Figure 1-2. Instrument Identification

Specifications

Instrument Type: Automatic, self -balancing power
meterforuse with temperature -compensated ther -
mister mount.

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

Accuracy: 1% of full scale on dl ranges (+O°C, to
+55°C).

Calibration Factor Control: 13-position switch nor-
realizes meter reading to account for thermistor
mount Calibration Factor.

Range: 100% to 88% in 1% steps.

Thermistor Mount: External temperature -compen -
sated thermistor mounts required for operation
(see[[Tahle_1-P).

Meter: Taut -band suspension, individualy com-
puter-calibrated, mirror-backed scales. Mini -
watt scale more than 4-1 4 inches (108 mm) long.

Zero Carryover: Less than +0.5% of f u 11 scale
when zeroed on most sensitive range.

Fine Zero: Automatic, operated by toggle switch.

Recorder Output: 1.000 volt into open circuit cor -
responds to full-scale meter deflection (1. O on
O,- 1 scde) +0.5%; 1000-ohm output impedance,
BNC connector.

RFI: Meets al conditions specified in MIL-1-6181D.

Power: 115 or 230 Vac +10%, 50 to 400 Hz, 2-1/2
watts. Optional rechargeable battery provides up
to 20 hours continuous operation. Automatic bat-
tery recharge.

Weight: Net 6-1/2Ib(3kg), shipping 9-1/41b(4,2kg).

Weight with Optional Battery Pack: Net 9-1/4 |b
(4,2 kg), shipping 12 1b (5,5 kg).
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Table 1-1. Specifications (Cont.)
Dimensions: Combining Cases:
1051A, 11-1 4 in. (286 mm) deep.
“ 1052A, 16-3 -8 in. (416 mm) deep.
NOTE g Ty ]
o rom TaTAL PG WL DN 008 i | I The combining cases accept the 1 3-module HP
(61 70 HEONT WCLUDIE FEET i instruments for bench use or rack mounting. See
oo e ‘ 1051A data sheet for details.
L e Options:
‘ ‘ 01: Rechargeable battery installed. provides up
\ to 24 hours continuous operation.
4 02: Rear thermistor mount input connector wired
in parallel with front panel input connector.
03: Input connector placed on rear panel instead
of front.
REAR Note
Thermistor mount cable impedance is part
of the 432A input bridge circuit. For cables
54 001 o] over 20 feet long the bridge is matched to

Accessories Furnished: 5-ft (1,42 m)cable for HP
temperature compensated thermistor mounts; 7-
1/2 ft (2,29 m) power cable, NEMA plug.

Accessories Available:

00415-606 Rechargeable Battery Pack for field
installation.

5060-0797 Rack Adapter Frame (holds three in-
struments the size of the 432A).

8477A Power Meter Calibrator.
11076A Carrying Case.

specific cable options, so the various
cables should not be interchanged.

09: 10-foot (3,05 m) cable for 100-ohm or 200-
ohm mount.

10: 20-foot (6,10 m) cable for 100-ohm or 200-
ohm mount.

11: 50-foot (15,24 m) cable for 100-ohm or 200-
ohm mount.

12: 100-foot (30,48 m)cable for 100-ohm or 200-

ohm mount.

13: 200-foot (60,96 m) cable for 100-ohm or 200-
ohm mount.

Table 1-2. Thermistor Mounts for the 432A
HP Model Frequency Range (GHz) Operating Resistance (Ohms)
COAXIAL MOUNTS:
478A (Type N Connector) 0.01-10 200
8478B (Type N Connector) 0.01-18 200
8478B-Option 11 (APC-7 Connector) 0.01-18 200
WAVEGUIDE MOUNTS:
S486A 2.6-3.95 100
G486A 3.95-5.85 100
J486A 5.3-8.2 100
H486A 7.05-10 100
X486A 8.2-12.4 100
M486A 10-15 100
P486A 12.4-18 100
K486A 18-26.5 200
R486A 26.5-40 200
WAVEGUIDE MOUNT ACCESSORIES:
11515A: Circular Flange Adapter for K486A.
11516A: Circular Flange Adapter for R486A.

1-2
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[Section 111
Installation

SECTION 11

INSTALLATION

2-1. INITIAL INSPECTION.
2-2. MECHANICAL CHECK.

2-3. If damage to the shipping carton is evident, ask
that the carrier's agent be present when the instrument
is unpacked. Inspect the instrument for mechanical
damage. Also check the cushioning material for signs
of severe stress.

2-4. PERFORMANCE CHECKS.

2-5. The electrical performance of the Model 432A
should be verified upon receipt. Performance checks
suitable for incoming inspection are given in
Maintenance.

2-6. DAMAGE CLAIMS.

2-7. 1f t h e instrument is mechanically damaged in
transit, notify the carrier and the nearest Hewlett-
Packard field off ice immediately. A list of field offices
is at the back of this manual. Retain the shipping car-
ton and padding material for the carrier’s inspection.
The field off ice will arrange for replacement or repair
of your instrument without waiting for claim settle-
ments against the carrier,

2-8. Before shipment this instrument was inspected
and found free of mechanical and electrical defects.
If there is any def iciency, or if electrical performance
is not within specifications, notify your nearest Hew-
lett -Packard Sales and Service Off ice.

2-9. THREE-CONDUCTOR POWER CABLE.

2-10. To protect operating personnel, t h e National
Electrica Manufacturers Association (NE MA) recom-
mends that the instrument panel and cab in et be
grounded. All Hewlett-Packard instruments are
equipped with a three-conductor power cable which,
when plugged into an appropriate receptacle, grounds
the instrument. The off set pin on the power cable
three-prong connector is the ground wire.

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

2-12. PRIMARY POWER REQUIREMENTS.

2-13. The Model 432A operates from 115 or 230 volts
ac line voltage. Line frequency may vary from 50 to
400 Hz. A dlide switch on the rear panel is moved to
the correct position for the | in e voltage available.
Before operating the equipment, ensure that the fuse
installed in the instrument corresponds to the value
marked on the panel for the line voltage available ( 1/8
amp slow-blow).

2-14. INTERNAL BATTERY OPERATION.

2-15. Model 432A Option 01 instruments contain an
internal battery and a battery charging assembly. By
connecting the 432A to an ac source, the battery may
be charged overnight. The battery can be maintained
in the charging state indefinitely without damage. It
will assume its full capacity, 1.25 ampere -hours, and
will not charge in excess of that. This enables the
instrument to operate for approximately 20 hours con-
tinuously without recharging.

2-16. BATTERY INSTALLATION.

a Set power switch to off and remove power plug
from rear panel,

b. Remove top and bottom, and s i d e instrument
covers.

C. The battery is installed with the terminals toward
the right hand side of the instrument when faced from
the front. The two terminals on the battery fit into
spaces provided on the circuit board.

d. Using the retaining nuts, fasten the battery firmly
in place. Be careful not to short the battery terminals
at any time as this may cause battery cell damage.

e. Install Assembly A7, battery charging board, in
the space provided for it just ahead of the battery.

f. Reinstall instrument covers and adjust circuit.
Instrument is now ready for operation.

2-17. BATTERY STORAGE.

2-18. Store the battery at or below room temperature.
Extended storage at high temperature will reduce the
cell charge, but will not damage the battery if t h e
storage temperature is below 140" F. Instal the bat-
tery in the instrument and recharge before using
Model 432A in battery operation.

2-19. RACK MOUNTING.

2-20. Model 432A is narrower than full-rack width.
It is what is termed a sub-modular unit. When used
alone, the instrument can be bench mounted. When
used in combination with other sub-modular units it
may be bench or rack mounted. The HP 1051A and
1052A Combining Cases and Rack Adapter Frames are
designed specifically for this purpose.

2-21. COMBINING CASE.

2-22. A model 1051A Combining Case is shown in

. This case is full rack width and accepts
varying combinations of submodular instruments. The
case, purchased separately, is provided with a rack
mount ing kit. The combining case will hold three

2-1
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ADAPTER
FRAME
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&

SPACER
CLAMP
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%

®

SPACER CLAMP
RETAINING SCREWS

Figure 2-1. Sub -module Installation in
Rack Adapter Frame

O)

INSERT DIVIDER, ENGAGING
TABS IN TOP AND BOTTOM
MOUNTING SLOTS

®

TWIST DIVIDER TO VERTICAL
POSITION

N\
(&
PUSH IN TO LIMIT

@

SLIDE LATCH TO LOCK
DIVIDER

Model 432A

instruments the same size as the Model 432A. When
instruments are installed in the combining case, they
may be installed or removed individually.

2-23. ADAPTER FRAMES.

2-24. The 5060-0797 Adapter Frame is shown [In_Figd
ure 2-2. The frame will accept a variety of submod -
ular units in a manner suitable for rack mounting.
Submodular units, in combination with anv necessarv
spacers are assembled within the frame. A submod-
ular unit cannot be removed individually.

2-25. REPACKING FOR SHIPMENT.

2-26. When returning an instrument to Hewlett-
Packard use the original packing material. If the orig -
inal foam type packing material is not available, con-
tact an authorized HP Sales Office for assistance. If
this is not possible, first protect the instrument sur-
faces by wrapping in heavy kraft paper or with sheets
of cardboard flat against the instrument, Protect the
instrument on all s i d e s using approximately 4 of
packing material and pack in a durable container. Mark
the container clearly for proper handling and insure
adequately before shipping.

2-27. When an instrument is returned to HP for ser-
vice or repair, attach atagtothe instrument specifying
the owner and desired action. All correspondence
should identify the instrument by model number and
full eight -digit serial number.

PUSH RETAINER DOWN
TO RELEASE

[

SLIDE INSTRUMENT
INTO CASE

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. HP Model 1051A Combining Case Instrument Installation

2-2
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SECTION Il

OPERATING

3-1. INTRODUCTION.

3-2. The Model 432A Power Meter operates with HP
temperature-compensated thermistor mounts such as
the 8478B and 478A Coaxial, and 486A Waveguide
series. The frequency range of the 432A with these
mounts in 50-ohm coaxial systems is 10 MHz to 18 GHz;
in waveguide systems it is 2.6 GHz to 40 GHz. Full-
scale power ranges are 10 microwatts to 10milliwatts
(-20 dBm to +10dBm). Extended measurements may
be made to 1 microwatt (-30 dBm). The tota meas-
urement capacity of the instrument is divided into
seven ranges, selected by a f rent-panel RANGE switch.

3-3. This section describes general operating pro-
cedures and error analysis in microwave power mess-
urement. Application Note 64, available on request
from Hewlett-Packard, is a detailed analysis of micro-
wave power measurement problems and techniques.

3-4. CONTROLS, CONNECTORS, AND
INDICATORS.

3-5. The front and rear panel controls, connectors,
and indicators are explained in[Figure 3-2. The des
c riptions are keyed to the corresponding items which
are indicated on the figure.

3-6, The COARSE ZERO and FINE ZERO controls
zero the meter. Zero carry-over from the most sen-
sitive range to the other six ranges is within + 0.5%.
When the RANGE switch is set to COARSE ZERO, the
meter indicates thermistor bridge unbalance, and the
front panel COARSE ZERO adjust is for initial bridge
balance. For best results, FINE ZERO the 432A on
the particular meter range in use.

3-7. The CALIBRATION FACTOR switch provides
discrete amounts of compensation for measurement
uncertainties related to SWR and thermistor mount
efficiency. The Calibration Factor value permits di-
rect meter reading of the RF power delivered to an
impedance equal to the characteristic impedance (Z,)
of the transmission line between the thermistor mount
and the RF source. Calibration Factor values a r e
marked on the label of each 8478B, 478A, or 486A
Thermistor Mount. For further details, [see Parad
graph [3-23]

3-8. The MOUNT RESISTANCE switch on the front
panel compensates f o r t h r e e types of thermistor
mounts. Model 486A waveguide mounts can be used
by setting the MOUNT RESISTANCE switch to 100W
or 200W, depending on the thermistor mount used
(refer to ). The 200W position is used with
Models 478A and 8478B Thermistor Mounts.

3-9. The rear-panel BNC connector lab e 1 ed RE-
CORDER provides an output voltage linearly propor -
tional to the meter current; 1 volt into an open cir-

INFORMATION

cuit equals full- scale meter deflection. This voltage
is developed across a IK resistor; therefore, when
a recorder with a IK input impedance is connected to
the RECORDER output, approximately .5 volts will
equal full scale deflection. This loading of the RE-
CORDER output has no effect on the accuracy of the
432A panel meter.

3-10. A digital voltmeter can be connected to the rear-
panel RECORDER output for more resolution of power
meter readings. When a voltmeter with input imped-
ance greater than 1 megohm is connected to the RE-
CORDER output, 1 volt equals full scale deflection.

3-11. The 432A has two calibration jacks (VrF and
vcomp) on the rear panel that can be used for pre-
cision power measurements. Instrument error can
be reduced from +1% =#(0.2% of reading +5uW) of
reading, depending on the care taken in measure-
ment, and on the accuracy of auxiliary equipment.
For further information,

3-12. BATTERY OPERATION,

3-13. The Model 432A Option 01 operates from battery
and conventional 115- or 230-volt line power. A re-
chargeable Nickel-Cadmium b att e r y is factory-
installed in Option 01 instruments. The same battery
can be ordered and later installed in the basic instru-
ment, thereby modifying the power meter to the Option
01 configuration. The battery installation kit (including
battery charging circuit ) may be ordered from the
nearest HP Sales Office.

3-14. It is recommended that the Model 432A be bat-
tery -operated for up to 8 hours, and then alowed to
recharge 8 hours, or overnight. Continuous battery
operation is possible for up to about 24 hours, but then
the battery must be recharged f o r about 24 hours.

3-15. The 432A automatically operates on its internal
batteries whenever the ac line power is disconnected
and the POWER switch is ON. When the battery ter-
minal voltage decreases far enough to f orce the power
supply voltage regulator out of regulation, then the
meter stops working and the meter indicator points to
the red RECHG BAT. To recharge the battery, simply
connect the 432A to ac line power, and turn it ON.

3-16. Battery Storage. Storage of the battery at or
below room temperature is best, Extended storage
at temperatures above room temperature will reduce
cell charge, but will not damage the battery; however,
the battery should not be stored where the tempera-
ture exceeds 60" C (+140° F).
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3-17. MICROWAVE POWER MEASUREMENT
ACCURACY.

3-18. A number of factors affect the overall accuracy
of power measurement. The major sources of error
are mismatch error, RF losses, and instrumentation
error.

3-19. Mismatch Error. In a practical measurement
situation, both the source and thermistor mount have
SWR, and the source is seldom matched to the ther -
mister mount unless a tuner is used. The amount of
mismatch loss in any measurement depends on the total
SWR present. The impedance that the source sees is
determined by the acutal thermistor mount impedance,
the electrical length of the line, and the characteristic
impedance of the line, Z..

3-20. In general, neither the source nor the thermis-
tor mount has Z,impedance, and the actual impedances
are known only as reflection coefficients, mismatch
losses, or SWR. The power delivered to the thermis-
tor mount - and hence the mismatch loss - can only be
described as being somewhere between t w o limits.
The uncertainty of power measurement due to mismatch
loss increases with SWR. Limits of mismatch loss
are generally determined by means of a chart such as
the Mismatch Loss Limits charts in Application Note
64. The total mismatch 1 oss uncertainty in power
measurement is determined by algebraically adding
the thermistor mount losses to the uncertainty caused
by source and thermistor mount 2,match.

3-21. RF Losses. 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.

3-22. Instrumentation Error. The degree of inability
of the instrument to measure the substitution power
supplied to the thermistor mount is called power meter
accuracy or instrumentation error. Instrumentation
error of the Model 432A is +1% of full scale, O“C to
+55°c.

3-23. CALIBRATION FACTOR AND EFFECTIVE

EFFICIENCY.

3-24. Calibration factor and effective efficiency are
correction factors for improving power measurement
accuracy. Both factors are marked on every HP ther -
mister mount. Calibration factor compensates f o r
thermistor mount VSWR and RF losses whenever the
thermistor mount is connected to an RF source without
a tuner. Effective efficiency compensates for ther -
mister mount RF losses when a tuner is used in the
measurement system.

3-25. When the 432A CALIBRATION FACTOR selec -
tor is set to the appropriate factor indicated on the
thermistor mount, the power indicated by the meter
is the power that would be delivered by the source to

3-2
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a load impedance equal to Z, More accurately, the
relationship between indicated power and the power
available to a Z. load is given by the following equation:
P indicated (1 = p p )2
P s"m

o Calibration Factor

P _ = power available to a Z, load

pg = source reflection coefficient
[ thermistor mount reflection coefficient
_SWR -1
P~ sWR+1

Calibration factor d o e s not compensate for source
VSWR, or for multiple reflections between the source
and the thermistor mount.

3-26. To minimize mismatch between the source and
the thermistor mount without a tuner, insert a low
SWR precision attenuator in the transmission line be-
tween the thermistor mount and the source. Since the
mount impedance (and corresponding SWR) deviates
significnatly only at the high and low ends of a micro-
wave band, it is generally unnecessary to use a tuner.
A tuner or other effective means of reducing mismatch
error is recommended when the source SWR is high
or when more accuracy is required. For further de-
tails, there is a complete discussion of microwave
power measurement with emphasis on modern tech-
niques, accuracy considerations and sources of error
available in Application Note 64.

3-27. PRECISION POWER
MEASUREMENT.

3-28. GENERAL.

3-29. Using precision instruments and careful pro-
cedures, measurement error can be reduced to +0.2%
of reading +0.5 pW. The technique involves: 1) zero-
ing the bridge circuits and measuring the bridge amp-
lifier output voltage difference with a digital volt-
meter, then 2) connecting RF power to the thermistor
mount and then measuring the bridge amplifier output
voltage difference again, and 3) calculating the power
from ‘the two measurements. Eigure 3-1 Ishows the
instrument setup for dc substitution measurement.
Use an HP Model 3440A DVM, with a 3443A Plug-in
Unit or a digital voltmeter with equivalent accuracy,

3-30. MEASUREMENT PROCEDURE.

a. Connect the DVM to the 432A rear panel Vcomp
and VRF outputs. Be sure that the digital voltmeter
input is isolated from chasses ground,

b. Turn off, or disconnect the RF power from the
thermistor mount.
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c¢. Zero the 432A with the COARSE ZERO controls.

d. Depress the FINE ZERO toggle, and measure
the differential voltage (Vg) between Veomp and VRy.

V0=V

comp™ V.

RF °

e. Release the FINE ZERO toggle, and turn on, or
reconnect the RF power to the thermistor ,mount.

f. Measure again the differential voltage (V1) be-’
tween VR and V

F COMP-
V1=Vcomp - VRF
g. Measure Veoopmp to ground.
h, Calculate incident RF power from tzhe eqzuation
1
1® 2Veomp (V1 - Vo) +Vg - Vq

P =
RF EFFECTIVE EFFICIENCY

where
R is the thermistor mount resistance:
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Figure 3-2. Front Panel Controls, Connectors and Indicators (Sheet 1 of 2)
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Operating Information

1. POWER. Instrument power ON/OFF switch; 6. Mechanical Meter Zero. Sets meter suspen-

connects either ac line voltage or internal bat-
tery (Option 01 only) to internal voltage regu -
later circuits. When ac power is on, optional
battery charging circuit operates.

COARSE ZERO. Meter zero adjustment; set
the RANGE selector to COARSE ZERO, turn
OFF the RF power, and adjust to zero the meter.

RANGE. Power measurement range selector;
selects ranges from 0.01 to 10 milliwatts (-20
to +10dBm). COARSE ZERO setting is used
to zero meter with no power applied to ther -
mistor mount.

FINE ZERO. Electronic zero that balances
the compensation bridge with zero RF input.
To zero m e t e r during operation, close the
switch momentarily. Be sure that RF power
is not applied to the thermistor mount when the
FINE ZERO switch is depressed.

Meter. Indicates power input to thermistor
mount in milliwatts and dBm. To use the dBm
scale, note the vaue in dBm of the range in
use, and subtract from it the reading on the
meter dBm scale.

sion so that meter indicates zero. To adjust
the zero:

a Turn POWER switch off.

b. Turn the adjustment screw clockwise until
the indicator falls below zero and comes
back up to zero again.

c. Turn the adjustment very slightly counter-
clockwise to free up tbe mechanism from
the adjusting peg.

CALIBRATION FACTOR. Amplifier gain com-
pensation selector. Set to correspond to the
calibration factor printed on t h e thermistor
mount body. Sedrmmfor more

information.

MOUNT RESISTANCE. Selects resistance
equal to that of mount in use to balance bridges.
lists Hewlett-Packard thermistor
mounts and resistances. Set with meter power
OFF, when mount is initially connected to the
meter.

Thermistor Mount Cable Connector. Input con-
nectorfor 5-1/2 foot cable that connects to the
478A, 8478B, or 486A Thermistor Mounts.

Figure 3-2. Front Panel Controls, Connectors and Indicators (Sheet 2 of 2)
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Figure 3-3. Rear Panel Controls and Connectors (Sheet 1 of 2)
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Line Fuse. For 115 Vac or for 230 Vac use
1/8 amp dow-blow fuse.

Power Cord Input. Use power cord provided,
HP 8120 -0078. Line power limits are 115/230
Vat, 50-400 Hz. Check FUSE rating and Po-
sition of line voltage dide switch before con-
netting power.

Line Voltage Slide Switch: Set to line voltage
avalable (115 or 230 Vat, 50-400 Hz).

Mounting Hole for Option 02 Model Power
Meters.  Thermistor mount cable connector

installed and wired in paralel with f rent-panel
connector. Only one mount at a time may be
used with the power meter.

VRF Input. Connected directly to RF bridge.
Used for calibrating power meter with HP 8477A
Power Meter Calibrator. Also used for pre-
cision power measurements.

VCOMP Input. Connected directly to compen-
sation bridge. Used for calibrating power meter
with HP 8477A Power Meter Calibrator. Also
used for precision power measurements.

RECORDER OUTPUT. Voltage f r o m meter
circuit to be used for recorder or digita volt-
meter. Output impedance is approx. 1000W.

Figure 3-3. Rear Panel Controls and Connectors (Sheet 2 of 2)
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Figure 3-4. Turn On and Zeroing Procedure (Sheet 1 of 2)
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1. Connect the thermistor mount and cable to

THERMISTOR MOUNT connector. Refer to
for recommended thermistor mounts
and their frequency ranges.

Meter Mechanical Zero:

a. With the instrument turned off, rotate the
meter adjustment screw clockwise until the
pointer approaches the zero mark from the
left.

b. Continue the clockwise rotation until the
pointer coincides with the zero mark. If
the pointer overshoots, continue rotating
the adjustment screw clockwise until the
pointer once again approaches the zero mark
from the left.

c. Rotate the adjustment screw about three de-
grees counterclockwise to disengage screw
adjustment from the meter suspension.

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

Turn the 432A POWER switch ON. For battery
operation, the AC LINE indicator does not turn
on.

5. Set the RANGE selector to COARSE ZERO and

then zero the meter with the COARSE ZERO
screwdriver  adjustment.

Note

The power meter should be zeroed with the
RF power source turned off, or the mount
disconnected from the source.

6. Set the range selector to the 0.01 mW range;

then depress the FINE ZERO switch until the
meter indicates zero.

Note

Range-to-range zero carryover is 1 ess
than +0.5% if the meter zero has been ad-
justed (step 2 above), and the instrument
has been properly zero-set on the sens -
tive range. For maximum accuracy, zero-
set the power meter on the range to be
used.

Set CALIB FACTOR switch to correspond to
Calibration Factor imprinted on HP thermistor
mount label.

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

Figure 3-4. Turn On and Zeroing Procedure
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SECTION IV
PRINCIPLES OF OPERATION

4-1. SIMPLIFIED DESCRIPTION

4-2. The HP 432A Power Meter consists of two major
sections: the bridge and meter logic assemblies, The
instrument also contains an auto zero circuit which
provides for automatic zeroing on any range. A sim-
plified Mock diagram of the HP 432A is shown in

[Figure 4.

4-3. The bridge section contains circuits which form
two self-balancing bridge circuits when a suitable
thermistor mount is connected to the 432A. Each
bridge is automatically brought to balance by the
action of a high gain dc amplifier feeding power to the
top of the bridge, The voltage at the top of the RF
bridge VRFis responsive to both input RF power and
ambient temperature changes.. The voltage at the top
of the compensation bridge, Vcomp is responsive
only to ambient temperature changes. Knowing VRF
and Vcomp, the RFpower can be calculated.

4-4. The meter logic section processes VRF and
V comp to produce a meter current proportional to
RF power. The sum (VRrF + Vcomp) controls the
width of 5 kHz pulses. The difference (Vcomp - VRF)
is chopped, amplified and fed to an electronic switch
actuated by the controlled width pulses. Therefore,
the meter current is pulses of variable height and
width with the meter indicating the average current.
(This process produces a meter current proportional

to SV_RF + Vcomp) (VRF - Vcomp) Paragraph 4-10

explains why this is necessary.

4-5. FUNCTIONAL BLOCK DIAGRAM

4-6. A functional block of the 432A power meter is
shown in[Eigure 4-2] The instrument comprises two
major assemblies: bridge assembly Al and meter
logic assembly A2. Auto zero circuit Al Al, which
provides for automatic zeroing of the instruemtn, is
included as part of logic assembly Al.

4-7. The thermistor bridges are biased with direct
current from the bridge amplifiers. Each bridge
amplifier supplies enough heating current to br ing the
thermistor resistance to 100 or 200 ohms, depending
upon the setting of the MOUNT RESISTANCE switch
on the 432A. If one of the thermistor bridges is un-
balanced due to incorrect thermistor resistance, an
error voltage occurs and is amplified by the bridge
amplifier. The error voltage is applied to the top of
the bridge and changes the power dissipation of the
negative temperature coefficient thermistor. The
change of power dissipation causes the resistance to
the thermistor to change in the direction required to
balance the bridge. Application of RF power to the
RF bridge heats the thermistor and lowers its resis-
tance. The bridge circuit responds by reducing the
dc voltage applied to the top of the bridge thus main-
taining bridge balance.

4-8. If ambient temperature causes changes in the
thermistor resistance, the bridge circuits respond by
app(ljying an error voltage to the bridges to maintain
bridge balance. The voltage at the top of the RF
bridge is dependent upon both ambient temperature
and the RF input. The voltage at the top of the comp-
ensation bridge is dependent upon the ambient temp-
erature only. The power meter reading is brought to
zero with no applied RF power by making Vcomp
equal to VRrF so (Vcomp - VRF) equals zero. Since
ambient temperature causes both thermistors to re-
spond similarly, there will be no net difference be-
tween the amplifier output voltages. Therefore, any
difference in output voltages from the bridges is now
due to RF power absorbed by the thermistor mount.

4-9. The RF bridge voltage, VRF, and the compensa
tion bridge voltage, Vcowmp, contain the “RF power”
information. To provide a meter reading proportional
to RF power the dc voltages (VRF, VcompP) must be
further processed by the meter logic circuits.

4-10. The required processing is derived as follows:
P. is absorbed power needed by the RF thermistor
to bring its resistance to R ohms (100 or 200 ohms).
P. consists of two components: RF power from the
signal source to be measured and dc power supplied
by the 432A. The self balancing action of the bridge
circuit automatically adjusts the dc power so that the
total power in the thermistor is Pg. This de power
is related to the voltage VR at the top of the bridge
by (VRF/2)2/R. Thus

Py = RF power + DC power
VRF2

= RF POWer + —

4-11. RFpower can redetermined by measuring VRF
with and without applied RF power and then doing
some arithmetic. But this power measuring scheme
is neither convenient nor temperature compensated
(since P. changes with temperature). The 432A in-
troduces another thermistor bridge circuit exposed
to the same ambient temperature but not RF power.
This circuit includes adjustments (COARSE and FINE
ZERO) so that the dc voltage Vcowmp at the top of its
bridge can be set equal to VRr. Assuming matched
RF and compensation thermistors, VRF,(with no RF
power) and Vcowmp remain equa with ambient temp-
erature fluctuation. They cliff er only when the RF
power to be measured is applied to the RF thermistor.
Thus, we have

Vcomp = VRFO when RF power =0
b -0 . comp?
0 4R

and

4-1
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Combining equations, we have

2
v V.2
_____C?FI;/IP = RF power + ?;
- v2 -V .2
RF power -_COMP RF
p - iR
1
=418 Veomp * VRPVcomp ™ VrF

4-12. Thus an RF power measurement reduces to
setting Vcomp = VRF,(with zero RF power) initially,

measuring Vcomp and VRF, and computing with the
above formula. The 432A carries out the computation
by forming the indicated sum and difference, perform-
ing the multiplication and displaying the result on a
meter.

4-13. The meter logic circuits change the two dc
voltages to two pulse signals which contain all the RF
power information. One of the signals will be a square
wave whose amplitude is proportional to Vcowmp -
V RF. The other signal will have a pulse width pro-
portional to Vcomp = VRF.

4-14. The Vcompr- VRF signal is obtained by taking
the dc voltage outputs from the Al assembly and ap-
plying them to a chopper circuit. This chopper cir-
cuit is driven by a 5-kHz multivibrator. The output
of the chopper is a square wave signal whose ampli-
tude is proportional to Vcomp - VRF. The output of
the chopper is coupled to the range amplifier and then
to the calibration factor amplifier. The amplification
that the signal receives in these two amplifiers de-
pends upon the setting of the RANGE switch and the
CALIBRATION FACTOR switch. The output of the
calibration factor amplifier is V. This current is fed
to the electronic switch. A square wave current with
amplitude proportional to (Vcomp - VRF).

4-2
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4-15. The Vcomp + VRF signal is obtained by taking
the two dc voltages from Al assembly through a sum-
ming circuit and feeding this voltage to a voltage-to-
time converter. The voltage-to-time converter is
driven by a 5-kHz multivibrator. The output of the
voltage-to-time converter is a signal whose pulse
width is proportional to the sum of Vcomp + VRF.
This signal controls the electronic switch. From the
V comp - VRF and Vcomp + VRF inputs, the elec-
tronic switch provides a 5-kHz pulse train whose amp-
litude is proportional to Vcomp-VRF and whose pulse
width is proportional to Vcomp + VRF. The pulse
width is always 90 msec or less.

4-16. The bias circuit switch and filter provides a
zero current reference for the meter circuit. This is
accomplished by controlling the dc bias to the first
stage of the calibration factor amplifier. This circuit,
in effect, restores the dc component to the square wave
which has been amplified by ac coupled amplifiers.

4-17. The meter is 0-1 mA, full-scale meter that
has a capacitor across its terminals. The capacitor
integrates the output pulses from the current switch
so the current into the meter is proportional to the
time average of the input pulses. That is, the input
current to the meter is proportional to the product of

2 2

v e

V, )=V

comp *VrFVcomp™ VrF -

COMP)

4-18. The output from the meter is further filtered so
the voltage at the rear panel RECORDER output is
suitable for use with either a digital voltmeter or X-Y
recorder. The RECORDER output voltage is returned
to the compensation bridge through the automatic zero
circuit when the FINE ZERO switch is depressed.
The automatic zero circuit holds a correction voltage
at the input of the compensation bridge amplifier, so
when the RF is zero, the meter indication will also
be zero.
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Bridge Current Source

Thermistor Bridge

Consists of the thermistor, R29, R27, and R

(R4 and RS for 200-ohm thermistors). The

MOUNT RESISTANCE switch adjusts the bridge

cireuft for 100-ohm or 200-ghm thermistors.

The bridge output (V) 1s taken from 83 and is

applied to Q12A/B. As RF input power increases,
mul ihe thermistor resistance decreases and requires

less feedoack current from Q1. Accordingly,

% VR decreases with increasing RF input.

35

¢
11
3
€
i

-

L

Q15 & Q11 supply bias current to the
bridge circuit to maintain correct
thermistor resistance, RF power to
the thermistor decreases its resis-
tance; Q11 then supplies less current
to compensate. Q15 provides current
gain to drive Q11.

Difterential Amplifier
Q8 and Q10 amplity the yoltage difference
petween the collectors of @12 A/B.

Dmerenml Amplifier

QUZA/B amplity voltage differences be-
tween the two sides of the bridge. Q13 18

Thermistor Bridge

A

NN

Y e
‘5}7 19

Differential Amplifier

Q1 and Q2 amplify any current due to
meter current across RT3, R74 & B75.
With zero RF power to the thermistor,
any such voltage is an errvor signal.

The output is from Q2 to the relay A9K1.

Switch
Q3 is normally off; it satu-
rates when RANGE switch
is set to COARSE ZERO.
This gets the gate voltage
‘of FET A5Q1 at about -6.5
volts, which is halt way be-
tween its Jimits,

Bo€ At SCHEMATIC

Conslsts of the thermistor, B16, R14 and R3 (R3 and
R2 tor 200-ohm thermistors). . The MOUNT RES
TANCE switch adjusts the bridge circuit for 100~-chm
or 200-chm thermistors. The bridge output (V, )
18 taken from S3 and is applied to QTA/B. CO&W :
ZERO variable resistor R1 which is in parallel with
R14 and R18 is a bridge-balance adjustment. As the
ambient temperature changes, the thermistor resis-
tance changes, thus, requiring more or 1ess teedback
current from Q6. The resuvlf: YCOMP changes to R
compensate for variations in ambient temperatyre.

a high-impedance current source for high
amplifier common-mode rejection. R15 is
a balance poteritiometer to equalize the
. base voltages of Q12 A and B, CB/CH/R28,
and C7/R24 are for roll-off above about
100 Hz. C6 and C11 filter out RF infer-
ference, The guard rings around the base Q14 and Q6 supply bias current to the bridge
connections of QL2 A & Q128 protect the cireuit to mai&;i{t correct thermistor “:g
base cireuits from leakage current across L/l sigtance, Ambient temperature in¢reases
the board. pﬁ will decrease the thermistor resistance;

2 Q6 then supplies less current to compensate.

Bridge Current Source

Ditterential Ampiffer
Q4 and Q5 amplify the voltage difference
between the collectors of QT A and B,

e T

5 th s

P BERRTA >
Differential Amplifier
Q1 A & B amplifier voltage differences
between the two sides of the bridge. Q8 is
{ 2 high-impedance current source for high

amplitier common-mode rejection. R12

FET Memory Cifcuit 100 Hz. C2 and C10 filter out RF inter-
Relay K1 closes for fine and coarse Zeroing. [a3 ference. The guard rings around the base
charges to the error signal voltage at the collec~ connectors of Q7 A & B protect the base
tor of Q2. When K1 opens, C1 holds the charge, [px s+ anc cireuits from leakage current across the
FET QI is & source follower and has high ioput £ * board.

impedance. The output voltage drives the com- TONAL |
pensation bridge so that the meter reads zero | Fetoaack siaNk. WOT ASSED
when the RF input is zero. R1 and CR1 protect atand
the FET from static charge.

Figure 4-3.

Model 432A RF Bridge Talking Schematic {Sheet 2 of 2)

is a balance potentiometer to equalize the ’ 3 M gl
base voltages of Q7 A & B. Cc4/C5/R15, [ P
and C3/R11 are for roll-off above about

VZEY 1I9POIN

uonesado Jo ssjdiourid

Al U0IN23S



9-v

P/0 A2 METER LOGIC ASSEMBLY (00432-6015)
v

Qz2, Q23
1884001

SKHz
v MULTIVIBRATOR

| ¥orizl

18540005
AMPUIFIER

TAGE ~TO~TINE

Q34-37
RANGE AMPLIFIER

Vooup—VRp
e

+0.6v

637 .
1854-0020  40.4V;

Yeour ~Ver
)

S

Var + Vooup —=
—

— PRIMARY $IGNAL
s SECONDARY SIGMAL PATH
s cmsen FEEDBACK

-Fi

cas

Y
et
x4z

[c]

@
P2 [l
;
i |
=
1 EE
| '
|
=
|
[
|
!
=]
el
NNcR
kA H
T &
Xaz

COPYRIGHT (968 BY NEWLETT-PACKARD CO
4324 METEN LOGIC ASSY A2

Figure 4-4. Model 432A Meter Logic Talking Schematic (Sheet 1 of 2)
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Amplitier
Q24 is driven from
saturation to cut-

off. The square wave
output is 180° out-of-
phage from the signal
from Q21. CR12
clamps the maximum
positive level at +0.6
volts, C23 decouples
the 5-kHz signal from
the power supply.

30 pA Current Source

Q20 supplies congtant current to charge

R_LOGIC ASSEMBLY t

the +7 yolt supply controls the ramp, and g
is adjusted for meter accuracy.

B e DT
i i

Amplifier

- e

Clock Multivibrator

o] Q22 and Q23 form an astable 5 kHz ¢
multivibrator. The output is a T-volt

S 4N square wave (-8V to -13V). Both out- d

7 puts are used (180° out-of-phase) to  }]

off. The square

drive other switching circuitry. from Q24. CR11
5 o r— =] clamps the maximum
s sEelii el ae i positive level at +0.6
: e ; volts.
= e g
. a s :
: & i 2 E 2 =

€25 to generate a ramp, The voltage of g’*

Q21 is driven from v
saturation to cut- i

output is 180° out-of- [
pbase from the signal

Switching Amplitier

Q27, Q28 and Q29 are fast de coupled switches.

When the Voomp + Yy signal is shorted to ground
thru Q26, the base of Q27 is pulled down below its
emitter and turns off; Q28, which was turned off, is
turned on and Q29, which was conducting, is turned
off. When the ramp at the base of Q27 forward biases
the base-emitter junction of Q27, the opposite se- -
quence occurs. As a result of the gain and timing of

Elgctronic Switch

Q44 switches output current from calibration
factor amplifier to the meter circuit {or the
duration of the drive pulse from Q28. CR15
is normally back-biased. For Option 01 units
when the battery is discharged, meter supply
voltage goes to -8V, so the meter indicates
RECHG BAT. ~

these stages, the ramp applied to the base of Q27
emerges as a rectangular wave at the collector of
Q29. The period of this wave is 200 usec (5 kHz)
and its symmetry varies with the amplitude of

Switeh

4 Q6 is either cut-off or saturated, depending

A on the state of the multivibrator. When Q28

is cut-off, €25 charges to Veomp + VR~

With Q26 saturated, its low impedance shorts
Veoomp + VRF to ground. Both sides of €25

are pulied negative by an amount equal to Veomp
+ VRF, turning off Q27. C25 charges thru cur-
rent source, Q20, generating a linear ramp which
holds off Q27 while it charges from the level set
by VcoMmp + VRF to approximately -12.5V. R86
is adjusted so that Voltage-to-time Converter
operates equally well for low values of VCOMP

+ VR 8 well as high values.

wave

Feedback Amplifier

Meter Circuits

Integrator capacitor C42 filters the
current pulses so that meter current
is proportional to (Voomp + VRp)

i (YCOMP - VRF)- R72, C43 and C44
4 form a low-pass filter. R74 cali-

i} brates the RECORDER OUTPUT for
2] 1 volt at full-scale meter deflection.
&4 CR14 bypasses R73 for meter cur-

] rents greater than about 50 A,

f% Bias Circuit Switch

2] Q38 conducts when Q44 is turned off. Any

!| residual current tlowing Irom Q42 (in excess
of that current drawn by current source Q43) is
shunted thru Q38 and charges C38. This charge
adjusts the bias on Q39, Q41 and Q42 and the
current from Q42 is reduced. This adjustment
of bias level provides good zero carryover.

Chopper

Q30 and Q32 are switches that are operated alternately by the

5 kHz Multivibrator signal. When Q30 conducts (Q32 non-con- ¥
ducting), the signal level at TP6 equals Vopps the signal
level at A2TP6 equals Vpy when Q32 conguc%. Therefore,

the peak-to-peak amplitude of the output signal is equivalent
to V,

comp ~ Yrr

ue g
Summing Junction

and R79. In the 200-ohm position, A2R78, A2R79,
| A2R50 and R14 provide a Voomp + VRF/2 voltage
] to the Voltage-to-time Converter.

R T

TR

] Circuit Grounds

Vcomp 3nd Vpp are summed at the junction of R78 [

o

Q39 and Q40 form a differential amplifier that
5 ; % converts input voitage pulses to output current
cose l ; “l) ) pulses that drive the meter circuit. Q41 isa

& oo B 4 common-emitter amplifier, and Q42 is the out-

4] put current source. Q43 is a negative current
3 X1 source (about 1.3 mA) 8o that the meter zero
2 21| circuits have adjustment range above and below
i ; 5 i ] zero.
s £ 1l 35 e
| Range Amplifier o REFEREACE DESIGNATIONS
2| The galn of the range amplifier is variable from 1 to 31,6, and is = A2 Assv ] 43 assv
. controlled by varying the feedback voltage with the RANGE selec- ot et v
tor. The input section is a differential amplifier, and its output 33-3¢
=1 goes to two cascaded common-emitter amplifiers. Feedback is o— i 14 assy
1 from the output (Q37 collector) to the base of Q35. C46 and C34 = o LR
| and R54 keep the amplifier from oscillating. oz0-24 kil
: Ry ot T..m — m :’q::i CHASSIS
5 e i t - ng;: :;
Feedback Loop “ 334 hid
Selects the range amplifier gain Calibration Factor Selector
in discrete steps from 1 to 31.6

A4S51 controls resistive feedback

C45, CR22 and CR23 isolate the power supply common [
|| from the thermistor common connection. C45 couples [
] the grounds at 5-kHz but blocks dc. CR22-CR23 are
<] normally nonconducting but keep the thermistor ground
*] close to power ground in case they are not connected
thru a thermistor mount and cable.

LY

4 for power ranges from 0.3 mW
=341 to 0.01 mW respectively). In all
{ other ranges amplifier gain
equals 1, and the switch atten-
wates the output. Maximum at-
tenuation is 31.6 in the 10 mW
range.

au

#{ to amplilier to vary current gain

in discrete steps. Current output
y121 is increased 12% for 88% cali-
bration factor.

Figure 4-4. Model 432A Meter Logic Talking Schematic (Sheet 2 of 2)
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Figure 4-5. Model 432A Power Supply Talking Schematic (Sheet 1 of 2)

uonesado Jo sajdidurd

VeeEy I3PON



6-v

Veey PPON

“VW;‘N:E‘M
‘Switch. osss-oces ; .
Q3 is normally off. If the battery {Option i = e
" 01 units only) is discharged, or the power - Comparison Amplitier Comparigon Amplifier ¢ =
i ~ supply drops out of regulation, Q5 turns ; compares the power sy, 5 i
; - Q -] on more until Q3 saturates, This turns off ;‘:,:‘t‘;i?m i'::::; (:fa ﬁoﬂxﬁhu}r Sxy xrofnd to the ngtage ol: e > s
e i the calibration factor amplifier and supplies and compensates (or temperature the divider R12 and R13. This i
I i ? negative current to the meter, which indi- b Q5 5 the way ~13 volts is referenced to i H
- PN e P w cates RECHG BAT. 7] divider which consists of RS, R6, [ +7V supply. If the -13V supply —
e o | B B - J -  and R7, and compares that to shifts, Q7 conducts more or less. [| Shunt Regulator
! oden o) i T L Amplifier E fgjrc;\xm*la I::yt dtg:rﬁei lsthampli- fﬂ'l cmpfs)::ti! :gl' :’empeﬂ- Q8 and Q10 form a shunt
! R s P L 7] Q1 amplifies the error signal [ 1¢d a0 0 Q4. s the ure varia n the base- regulatar that can pass cur-
).._] . D o 2 D ‘s From & to cantrol the baigxem 4 power supply adjustment poten- | emitter voltage of Q1. rent trom either the 47V
@ ol 5 j| urrent of Q2. CR8 ismor- | ﬁ‘;‘:f‘c‘:u‘; c‘:;"“l’ the power % - supply or the -13V supply
= oo 51 mally forward biased. For T cafbration. - to ground to hold the -13V
o QOvercurrent Protection Swltc?x | battery operation, CRS is . - supply constant.
Q11 turns on if current drain ex- reverse biased, to prevent Ampliffer Error Amplitier -
ceeds about 90 mA thru R2, which | [ the battery from charging C1 y: amplifies voll h )
tends to turn Q2 off and to iimit y each time the power is turned | Q4 amplifies error sighals 38 amp o i onge change é
from Qs and drives Q1. at the collector of Q7.
the current. |.Jon (Opmm 01 only). ? s)a-——q’ e
P/O_ Al THERMISTOR - - § s e
55 ] i Vol'.age Re[erence
Overcurrent Protection Switch (Option 01 @ Amp and Series Series Voltage Regul CR7 provides 2 ref-
Only) . ion 01 Onl; Q2 is driven by Q1 to erence voltage for
Q3 is normally off. If the current thru Q1 regulates the battery charging | hold the +7 volt supply +1V. R8 supplies REFERENCE DESIGRATIONS
R3 exceeds 60 mA (0.6V), Q3 turns on, current. Q2 amplifies error sig- [§ constant. bias current to CR7. ey vy
which tends to turn Q2 on. This tends nals from the collector of Q4 and 3 s cas o
to turn Q1 off & limit the charging current. varies base drive to Q1 to com- scaeel .
te. CR1 bypasses QI for o
marlson Amplifier A battery operation of the power NOTE: a-u .
meter. ST fme | 2
Q4 compares the voltage at # FACTORY SELECTED VALUE "7c xAZ
the center arm of R8 to the Gn-z
voltage at the anode of CR2. ]
Any change is amplified as NOT ASSIGMED:
. an error voltage. Q4 also Azca, azmia

| compensates for battery volt-
age variation withtemperature.

MEWLETT -PACKAND ¢D.
ARATHERN B, SATT. & METEN LOGC ASSY

uolreedo Jo seidiulid

Figure 4-5. Model 432A Power Supply Talking Schematic (Sheet 2 of 2)
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Table 5-1. Recommended Test Equipment

Model 432A

Instrument Type

Critical Specifications

Recommended Model

Power Meter Calibrator

Range: 0.1to 10 mW
Accuracy: .1to 10 mW ranges: 0.2%
.01 and .03 mW ranges: 0.5%

HP 8477A

[~
Accuracy: =0.05%
Input Impedance: 10 megohms, floating
Resolution: 4 digits

Storage Oscilloscope

Variable Persistence Display
Bandwidth: dc to 5 MHz
Input Impedance: 1 megohm
Sensitivity: 5 mV /division

HP 141A with 1405A
and 1420A Plug-in Units

Vertical Plug-in Bandwidth: 400 kHz HP 1401A
Input Impedance: 1 megohm
Sensitivity: 1 mV /division

Cable Assembly RG 58C/U coaxial cable with 2 each BNC HP 10503A

(2 required) male connectors

Test Lead Insulated cable terminated with dual HP 11001A
banana plug and test clips

Cable Assembly Shielded cable with one each BNC and dual HP 11000A
banana plug connectors

Thermistor Mount Operating Resistance: 100 ohm or 200 ohms HP 478, 8478

Filter Network See FiguTe 5-2

Oscilloscope Probes (2) Division Ratio: 10:1 +2% HP 10001A

Bandwidth: dc to 30 MHz
Rise Time: 5 nsec

Differential Voltmeter

~nE 07

Accuracy: x0.005% of reading
+0.0004% of range + 1 uV

HP 740B

Resistor (2)

10K 1%, 1/8 watt

0757-0442

5-0
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SECTION V

MAINTENANCE

5-1. INTRODUCTION.

5-2. This section provides information for perfor -
mance testing, adjusting, troubleshooting and repairing
the 432A Power Meter. Performance tests allow the
instrument to be checked for conformance to specifi-
cations. If performance is not within specifications,
adjust or troubleshoot the instrument.

5-3. CONTENT.

5-4. PERFORMANCE TESTS .

5-5. The procedures test power meter performance
for incoming inspection, periodic evaluation, -cali-
bration and troubleshooting, Specifications in[Table 1-1]
are the performance standards. If the power meter
fails to meet any of the performance test specifica-
tions. refer to the troubleshooting diagrams.

5-6. ADJUSTMENTS

5-7. Procedures describe the adjustments necessary
to calibrate the power meter. Adjust the power meter
only when it is determined that the meter is out of
adjustment, and not malfunctioning due to a circuit
failure.

5-8. To avoid errors due to possible ground loop cur-
rents, isolate the power meter from ground used for
other auxiliary equipment. A power plug adapter that
removes the ground connection at the line outlet can
be used to isolate the power meter.

5-9. Several circuit components are factory-selected

to meet specific circuit requirements. The factory
selected parts are indicated on the schematic diagrams.

5-10. TEST EQUIPMENT.

5-11. Instruments and accessories required for ad-
justing and testing the power meter are listed and
briefly described in[Table 5-11 Instruments used to
maintain the instrument must m e e t or exceed the
specifications given.

5-12. SERVICE INFORMATION.

5-13. Service information in the f o r m of trouble-
shooting, waveforms, schematics, and component 10-
cations are given in_Section VII. Also, an overall sys-
tem block diagram is included which contains keyed
numbers corresponding to the test points.

T S -
o 1| ¢ |
Wt 1 |
8477A
_ I RECORDER
]
o,
® [y |
©V$VCOM%§ ‘
S 4324
- ?
10 Veomp 1

\(___THERMISTOR MOUNT CABLE J

Figure 5-1. Check and Adjustment Test Set -up

5-14. 432A PERFORMANCE TESTS
WITH 8477A CALIBRATOR

5-15. INITIAL SET-UP.

a. Connect the 8477A outputs to the 432A inputs as
shown in [Figure 5-1.] Use appropriate test equipment
as listed in[Table 5-1]

b. If necessary, mechanically zero the meter move-
ment as follows:

(1) With instrument turned off, rotate meter adjust-
ment screw clockwise until pointer approaches
zero mark from the left.

(2) Continue rotating clockwise until pointer coin-
cides with zero mark. If pointer overshoots,
continue rotating adjustment screw clockwise
until pointer once again approaches zero mark
from the left.

(3) Rotate adjustment screw about three degrees
counterclockwise to disengage screw adjustment
from meter suspension.

5-16. METER ACCURACY TEST.
a. Set the 8477A Calibrator controls as follows:

POWER . .. ... ... . . . . 0.0lImw
FUNCTION . . ... 200W
ZEROITEST . ... e ZERO

b. Set the 432A controls as follows:

MOUNT RESISTANCE.. . .. ... ... ... .... . 200w
RANGE . ... ... . 0.0lImw
POWER . ... ON
CALIBRATIONFACTOR . ... ... i 100%
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c. Adjust 8477A ZERO knob for 0 volts +2 mV indi -
cation on the DVM.

d. Set the 8477A controls as follows:

POWER . ........ ... ... ... ... .. .. 0.01mw
ZEROITEST ..o e TEST

e. The digital voltmeter should indicate 1000 *10
millivolts.

f. The 432A meter should indicate full scale +1/2
division.

0. Repeat steps d through f for each of the other
ranges. Set the power meter range selector to the
position indicated in Column 1 of_Table 5P, and set
the 8477A meter reading selector to the corresponding
position indicated in Column 2 ofCTable 5-2. In each
case, the meter indications should correspond to those
shown in[Table 5-2] Columns 3 and 4.

Table 5-2. Meter Accuracy Test

432A | 8477A | Digital Voltmeter | 432A Meter
Range | Range | Indication (milli- | Indication (Full
(mW) | (mW) | volts +10 mV) scale +1/2 Div.)

.01 .01 1000 1

.03 .03 948.8 3

.1 .1 1000 1

.3 .3 948.8 3

1 1 1000 1

3 3 948.8 3

10 10 1000 1
5-17. CALIBRATION FACTOR TEST.

a. Set 432A controls as follows:
RANGE.......... ... i 0.1 mwW
CALFACTOR . ... e .88%
MOUNT RESISTANCE . .. .................. 2000

b. Set 8477A controls as follows:

FUNCTION ... . e 200w
ZEROITEST Switch . . ........ ..o i TEST
POWER ... ... ... . .. ... . . ... . ... ... 0.Imw

C. Set 8477A ZERO control sothatthe digital volt-
meter reads 1000 +2 mV.

d. Set the calibration factor selector to 89%.

e. The digital voltmeter should indicate 989 +10
millivolts.

5-2

Model 432A

f. Repeat steps d and e for each position of the
CALIBRATION FACTOR sdlector. In each case, the
digital voltmeter should indicate the voltage shown in
the second column of Table 5-3 for the CALIBRATION
FACTOR shown in the first column.

Table 5-3. Calibration Factor Test

Calibration Factor Digital Voltmeter

Selector Setting (%) Indication (mV)
88 1000 = 2
89 989 + 10
90 978 + 10
91 967 + 10
92 957 + 10
93 946 + 10
94 935 + 10
95 926 + 10
96 916 + 10
97 907 + 10
98 897 + 10
99 889 + 10
100 880 + 10

5-18. METER LINEARITY CHECK.

a Set the 8477A POWER (MW) selector to 1 mW,
and FUNCTION to 200W, ZERO/TEST switch to TEST.

b. Set the 432A RANGE selector to 3 mW, MOUNT
RESISTANCE to 200W.

c. The 432A meter should indicate 1 mwW #*1/2
division.

d. Set the 8477A POWER (MW) selector to 2 mW.

e. The 432A meter should indicate 2 mW +1/2
division.

f. Set the 8477A POWER (MW) selector to 3 mW.
g. The 432A m et e r should indicate 3 mW =1/2

division.

5-19. ZERO CARRYOVER TEST.

a. Disconnect the 432A from the 8477A.

b. Turn the 432A power OFF, and connect the ther -
mister mount cable to a thermistor mount.



Model 432A

HP 4324
POWER METER peconnen
[ ouTPUT 10K
oj_ +_I_ F
TIOOF'F TIOF
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THERMISTOR
MOUNT O
'

OSCILLOSCOPE
HP-140A/1401A/1422A

Figure 5-2. Zero Carryover Test Setup

c.Set the 432A Power Meter MOUNT RESISTANCE
selector to the resistance shown on the thermistor
mount,

d. Turn ON the 432A power.

e. Connect 141A through ftiltering network to rear
of 432A as shown i Set 141A controls

as follows:

INPUT .. DC
Sensitivity . .. 1 mV/em
SWEEPTICE.........cciiiiiiaan 2 seelcm
TRIGGER LEVEL . ....... max clockwise (free run)

f. Zero the 432A as follows:

1) Set the RANGE selector maximum cw to
COARSE ZERO.

2) Set the COARSE ZERO screwdriver adjust so
that the meter indicates zero.

3) Set 432 ARANGE switch to .01 mW. Depress
the FINE ZERO switch. The meter indication
should to to zero without overshoot.

g. Rotate the RANGE switch clockwise, one step at
a time, while the oscilloscope is sweeping. On each
432 A range, the scope trace should be within .0lmw
divisions (5 mV) from where it was on the .01 mWrange,

5-20. FINE ZERO RANGE CHECK.

a Set the 432A RANGE selector to 0.3 mW. Leave
the thermistor mount connected to the cable, and the
MOUNT RESISTANCE selector set to correspond to
the resistance of the mount used.

b. Depress the FINE ZERO switch.

c. Slowly turn the COARSE ZERO screwdriver ad-
justment counterclockwise until the meter will no
longer zero. The FINE zero circuit is a one end of
its range.

d. Releasse FINE ZERO.

e. Set the COARSE ZERO screwdriver adjustment
so that the meter indicates full scale on the 0-3 scale
(0.3 ‘mW range).

Maintenance

f. Depress FINE ZERO switch (the fine zero circuit
is a the other end of its range). Meter should indicate
below 2 on the 0-3 scale. Record the indication.

g. Release FINE ZERO.

h. Rotate RANGE switch to COARSE ZERO position.
The fine zero circuit is now in the center of its range.
The meter reading should be (1.5 + reading of +1/2 of
reading in step f, £0.1 on the 0-3 scale.

5-21. 432A CALIBRATION WITHOUT 8477A
CALIBRATOR

5-22. The 432A Power Meter can be calibrated with-

out an 8477A Calibrator using a method similar to the

precision power method outlined ii_Paragraph 3-27]

5-23. A major difference between the two measure-
ments is that external power need not be applied when
calibrating the instrument. Normally, in a stable en-
vironment, the Vcomp output voltage remains con-
stant, not being affected by external RF power; only

the VRF output varies during power measurement.
Since the power that the meter indicates is propor-
tional to Vcomp and VRF, we can cause the meter
to indicate a power also by holding VRrF constant and
varying Vcomp. This is easily done on the 432A by
turning the COARSE ZERO control. Two calibration
procedures are given below.

5-24. CALIBRATION PROCEDURE 1.

a. Connect thermistor mount to power meter; let
instrument warm up for at least 10 minutes.

b. Select range which instrument is to be calibrated
on. Note: ranges below 0.3 mW require a precise
differential voltmeter capable of resolving 1 pV. The
HP 740B DC Standard/A Voltmeter, which has an ac-
curacy of +(0.005% of reading +0.0004%ofrange +1uV)
is recommended. A digital voltmeter is adequate for
the 1.0 mW and higher ranges.

c. Connect Differential Voltmeter (or DVM differ-
entially) between the Vcomp and VRF output jacks
on the rear panel. See[Figure 3-3for location of VR,
and Vcowmp outputs.

d. While pressing the FINE ZERO switch, measure
and record Vo. (V. is the difference of the bridge
voltages with no power applied. )

e. Turn COARSE ZERO control (on front panel)
clockwise to a convenient power, eg., 9 on the zero to
10 scale or 2 on the 0 to 3 scale.

f. Differentially measure and record V1. Viis the
difference voltage between Vcomp and VRF with
power applied.

g. Measure and record Vcompr. Note that the
Vcomp jack is isolated from chassis ground;, measure
from the center conductor of the BNC to the outer
conductor.

Note. Calibration will be performed in the AN/TSM=55V5 Maintenance >3

Calibration Equipment Shelter,
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INSTRUMENT SERIAL NO.

DATE

TABLE 5-4. PERFORMANCE TEST CARD

Data in this test card corresponds to Performance Tests in
through 5-20.

5-5
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TABLE 5-4. PERFORMANCE TEST CARD
Para. M easurement
Ref. Test Unit Min. Actual Max.
[5-16 1| METER ACCURACY
e 0.01 mW applied; measure RECORDER OUT voltage | mVdc 990 1010
f Meter indicates full-scale (0-1 scale) divisions -1/2 +1/2
Repeat on remaining 432A power ranges.
e Power applied: 0.03 mW mVdc 938.8 958.8
f Meter indication (0-3 scale) divisions -1/2 +1,2
e Power applied: 0.1 mW m.Vdc 990 1010
f Meter indication (0-1 scale) divisions -1/2 +1/2
e Power applied: 0. 3 mW mVdc 938.8 958.8
f Meter indication (0-3 scale) divisions -1/2 +1/2
e Power applied: 1 mW mVdc 990 1010
f Meter indication (0-1 scale) divisions -1/2 +1/2
e Power applied: 3 mW mVdc 938.8 958.8
f Meter indication (0-3 scale) divisions -1/2 +1/2
e Power applied: 10 mW mVdc 990 1010
f Meter indication (0-1 scale) divisions -1/2 +1/2
[5-I771| CALIBRATION FACTOR
i Calibration Factor (%) DVM Reading (mVdc )
88 1000 mVdc 990 1010
89 989 mVdc 979 999
90 978 mVdc 968 988
91 967 mVdc 957 977
92 957 mVdc 947 967
93 946 mVdc 936 956
94 935 mVdc 925 945
95 926 mVdc 916 936
96 916 mVdc 906 926
97 907 mVdc 897 917
98 897 mVdc 887 907
99 889 mVdc 879 899
100 880 mVdc 870 890
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TABLE 5-4. PERFORMANCE TEST CARD

Para. Measurement
Ref. Test Unit Min. Actual Max.

518 || METER LINEARITY

c 1 mW applied, 3 mW scale: meter indicates 1 mW | divisions -1/2 +1/2
e 2 mW applied, 3 mW scale: meter indicates 2 mW | divisions -1/2 +1/2
g 3 mW applied, 3 mW scale: meter indicates 3 mW | divisions -1/2 +1/2

5-19 ZERO CARRY-OVER

d Zero carry-over:
Range (mW) Scope Indication
.01 0 +5 mvdc mVdc -5 %
.03 0 +5 mvdc mVdc -5 %
1 0 £5 mVvdc mVdc -5 I
.3 0 5 mvdc mVdc -5 %5
1 0 +5 mvdc mVdc -5 .
3 0 £5 mVdc mVdc -5 .
10 0 +5 mVdc mVdc -5 +5

5201 FINE ZERO RANGE
f Meter indication on 1-3 scale: divisions 1.75 2.0

g Meter indication on 1-3 scale: 1.5+ 1/2 reading divisions 1.5
of step f.

5-7
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h. Calculate the power using the following formula®

1 2
P IR [2 Vcomp (Vl - VO) - Vl (1)
where R is the resistance of the thermistor mount and
should be identical to the setting of the MOUNT RE-
SISTANCE switch.

i. If calculated power is different from the value
that was set with the COARSE ZERO control, adjust
A2R6 so that the meter reads calculated power. If the
range of A2R6 is insufficient to set new power, it will
be necessary to change the value of A2R70.

j. Set COARSE ZERO so that meter reads one on
the O to 1'scale. Set A2R72 for 1.000 V+10 mV at the
RECORDER output jack on the rear panel.

5-25. There is a simpler form of the equation that
was used to calculate power in step h above. This
form ignores V, the small voltage difference be-
tween the two bridges with no power applied. How-
ever, V. becomes negligible on the higher ranges,
that is, 1 mV and above, and can be ignored with little
decrease in accuracy. I'he simpler form is as follows:

V., +V

_ 1
Pogir (Vg Vgp Vg *Vgp) @

5-26. CALIBRATION PROCEDURE 2.

a. Connect thermistor mount to power meter; let
instrument warm up for at least 10 minutes.

b. Select 1, 3, or 10 mW range.

c. Turn the COARSE ZERO control clockwise to
indicate some convenient on- scale reading.

d. Measure Vcomp and record. Note that Vcomp
jack is isolated from chassis ground; measure from
the center conductor of the BNC to the outer conductor.

e. Measure VRF and record. Follow measurement
procedure in step d.

f. Measure and record Vcomp - VRF. This term
must be measured differentially, that is, one side of
the DVM connected to Vcomp and the other side con-
nected to VRF. In this way the full resolution of the
DVM can be used.

g. Substituting the measured values into the above
formula, calculate the power,

h. If calculated power is different from the power
set with the COARSE ZERO control, adjust A2R6 so
that meter indicates that power. If the range of A2R6
is not great enough to set new power level, the value
of A2R70 will have to be changed.

i. Adjust COARSE ZERO so that meter reads 1 on
the O to 1 scale. Set A2R72 for 1.000 V +10 mV at the
RECORDER output jack on the rear panel.

*This formula is accurate for on- scale readings;, how-
ever, with no power applied (i. e, V1= Vo) it does not
solveto P = O because of a deleted term + Vo. This
term can be neglected for any on-scale reading.

5-8
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5-27. COVER REMOVAL AND
REPLACEMENT.

5-28. 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.

5-29. TOP COVER REMOVAL.

a At the rear of the instrument, remove the screw
that retains the cover.

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

5-30. TOP COVER REPLACEMENT.

a Rest the cover flat on the cast guides projecting
inward near the top of each side frame.

b. Slide t h e cover forward, alowing its forward
edge to enter the groove in the front panel.

c. Replace the cover retaining screw.

5-31. BOTTOM COVER REMOVAL.

a. Remove the retaining screw at the rear of the
cover.

b. Swing the tilt stand out to free the cover

c. Slide the cover rearward far enough to free the
forward edge.

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

5-32. BOTTOM COVER REPLACEMENT.
a Set the tilt stand out of the way of the cover

b. Rest the bottom cover flat on the cast guides
projecting inward near the bottom of each side frame.

c. Slide the cover forward on the guides so that the
formed portion at the rear of the cover dides over the
two short projections at the rear corner of each side
frame.

d. Replace the retaining screw.

5-33. ADJUSTMENT PROCEDURES.
5-34. INITIAL SETUP.

a. Remove the power meter side panels.

b. Connect the equipment as shown in
Refer to[[Table 5-1 for equipment specifications.
5-35. MECHANICAL METER ADJUSTMENT.

a. Whenthe meter is properly zero-set, the pointer
rests over the zero mark on the meter scale when the
instrument is:

(1) at normal operating temperature
(2) in its norma operating position
(3) turned off
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b. Set the pointer as follows to obtain best accuracy
and mechanical stability:

(1) Turn instrument off.

(2) Rotate the meter mechanical adjustment screw
clockwise until the meter pointer is to the left
of zero and moving up the scale toward zero.
Stop when the pointer is exactly over the zero
mark. If the pointer overshoots, repeat step 2.

(3) When the pointer is exactly on zero, rotate the
adjustment screw approximately 3 d e g r e es
counterclockwise.  This frees the adjustment
screw from the meter suspension. If the pointer
moves during this step, repeat steps 2 and 3.

5-36. BRIDGE AMPLIFIER TESTS
a. Connect equipment as shown irf_Figure 5-3

b. Compensation Bridge.

1. Connect 3440A/3443A between A1TP5 and
A1TP6 (using 10K isolation resistors).

2. Make the following settings:

432A
RANGE . ...... ... ... 10mwW
MOUNT RESISTANCE . . .. ........... 200W
8477A
FUNCTION ....... . . i SET

3. Adjust A1R12 (OFFSET ADJUST) for 0.0 £0.1
mV dc reading on the digital voltmeter.

4. Change 8477A FUNCTION to CHECK. The
digital VM reading should not exceed +0.4
mVdc.

c . RF BRIDGE

1. Connect DVM between A1TP3 and AITP4
using 10 kW isolation resistors in series with
the leads.

3. Set 8477A FUNCTION to SET. Adjust A1R15
(OFFSET ADJUST) for DVM reading of 0.0
+ 0.1 mVdc.

3440A/7 3443A

o[ 1| o

0K 10K

©
: [ TO AITPS TO AITPS
: | i
X [
| -

10 VaRF |
{REARS||
\

T0 VCOMF’If @ @
i

I

k THERMISTOR MOUNT CABLE /‘

4324

Figure 5-3. Bridge Amplifier Test

Model 432A

4. Change 8477A FUNCTION to CHECK. The
reading should not exceed +0.4 mVdc.

Note: Failure of the instrument to meet the specifica
tion of steps (4) of b and c above indicates insufficient
bridge gain. Refer[io Tabld 7-3 or 7-4 in the trouble-
shooting  section.

5-37. METER AND RECORDER OUTPUT
CALIBRATION

a. Connect the DVM to the 432A RECORDER outpuit.
b. Set 8477A controls as follows:

FUNCTION ..........covvnn. 200W
ZERO/TEST . ... oo ZERO
POWER....................... 1mw
c. Set 432A controls as follows:
MOUNTRES.................... 200W
RANGE . .......... ... i Imw
CALFACTOR ... 100%

d. Adjust ZERO control on 8477A for DVM indica-
tion of 0.000 *.001V.

e. ZERO/TEST on 8477A to TEST

f. Adjust A2R6 in 432A for 432A meter reading of
1.0 mW £.01 mW.

0. Adjust A2R74 in 432A for DVM reading of 1.0V
+.001V

h. Change the following settings:
432A RANGE to 10 mW
8477A POWER (mW) to 10 mW and ZERO/
TEST to ZERO.

Note: When switching 432A to 10 mW or switch-
ing from 10 mW to any other range, the meter
will react slowly for a short period. This is due
to time constants in the instrument and is normal.

i. Zero instrument as in step d and c.
j. Adjust A2R86 for DVM reading of 1.00 +.00 IV.

k. Return 432A RANGE and 8477A POWER switches
to 1 mW and zero as before.

1. Adjust A2R6 for DVM reading of 1.000 +.00 1V.

m. Perform the adjustments of steps h through 1
again until 432A reads 1 +.010V (at recorder output)
on both 1 mW and 10 mW ranges.

n. Turn to the beginning of this section; verify that
the instrument meets its specifications by completing
the PERFORMANCE TESTS.

5-38. BATTERY CHARGER ADJUSTMENT
(OPTION 01 ONLY)

a. Remove the power meter top panel.

b. Connect 432A to ac line power and turn ON.

5-9
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C. Set A7R8 fully clockwise for maximum battery
charge rate.

d. With the digital voltmeter, measure the voltage
between A7TP1 and A7TP2.

e. Adjust A7R8 for digital voltmeter reading of 0.2
to 0.4 volts (20 to 40 mA through R?3).

f. Disconnect the test equipment and power and re-
place the power meter top and side panels.

5-39. BATTERY REMOVAL

a. Remove the top cover.

b. Remove the two Phillips screws on the top rear
of the battery cover.

c. Lift off the battery cover.
d. Loosen the nuts on the battery binding posts.
e. Lift out the battery.

5-40. ISOLATING TROUBLE IN TRANSISTOR
CIRCUITS.

5-41. General. The following information should help
determine it a transistor works. There are tests for
both in-circuit and out -of -circuit transistors, which
help to determine if a particular trouble is due to a
faulty transistor or some other component.

ure 5-2.

5-42. hi-circuit Testing. Intransistor Circuit testing
the most important consideration is the transistor
base-emitter junction. Like the control g r id of a
vacuum tube, this is the control point in the transistor.

| Section V]
Maintenance

5-43. To check a transistor, first see if the emitter-
base diode is forward-biased by measuring the voltage
difference between emitter and base. When using an
electronic voltmeter, do not measure directly between
emitter and base; there may be sufficient loop current
between the voltmeter lead to damage the transistor.
Instead, measure each voltage separately with respect
to a voltage common point (e.g. , chassis).

5-44. If the transistor base-emitter junction is
forward-biased, the transistor conducts. If the diode
is heavily forward-biased, the transistor saturates.
However, if the base -emitter diode is reverse-biased,
the transistor is cut off (open). The voltage drop across
a forward-biased emitter-base junction varies with
transistor collector current. A germanium transistor
has a typica base -emitter voltage of 0.2-0.3 volt with
1-10 mA collector current, and 0.4-0.5 volt with 10-
100 mA collector current. In contrast, base-emitter
voltage for silicon transistors is about twice that for
germanium types, about 0.5-0.6 volt for low collector
current, and about 0.8-0.9 for high collector current.

5-45. If the emitter base-junction is forward-biased,
check for amplifier action by short-circuiting base to
emitter while observing collector voltage. The tran-
sistor should stop conduction (cut off), which should
shift the collector voltage close to the supply voltage.
Any difference is due to current leadage through the
transistor. In general, the smaller the current, the
better the transistor. If collector voltage does not
change, the transistor has either an emitter-collector
short circuit or emitter-base open circuit.

5-46. OUT-OF-CIRCUIT TESTING,

5-47. The two common causes of transistor failure
are internal short - and open-circuits. Remove the
transistor from the circuit and use an ohmmeter to
measure internal resistance. 5-5 for meas-
urement data.

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

Transistor Type Connect Ohmmeter
Positive Lead to Negative Lead to Measure Resistance (ohms)
small Signal emitter base * 200-500
emitter collector 10K - 100K
PNP Germanium Power emitter base* 30-50
emitter collector several hundred
Small Signal base emitter IK - 3K
collector emitter very high (might read open)
NPN Silicon -
Power base emitter 200 -1000
collector emitter high, often greater than IM
* To test for transistor action, add collector -base short. Measured resistance should decrease. ]

5-10
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DEVICE SYMBOL CUT OFF CONDUCTING
COLLECTOR +20V +20v
MAIN
NPN  TRANSISTOR SE (é’;’_ +3v CURRENT
o1
COLLECTOR -20v ~20v
MAIN
PNP TRANSISTOR BASE (OOI:H Y }URRENT
CONTROLN
EMITTER CURRENT =

BLACK EPOXY
(PLASTIC)

I

METAL CASE

FIELD EFFECT TRANSISTORS

METAL CASE

;]Iﬂ

CATHO

D
OR SGD
DS OR
6DS
DIODES
DIODE  SYMBOL
ANODE ———#f———CATHODE

“ CONICI\LFﬂ
END

BI-POLAR TRANSISTORS

BLACK EPOXY (PLASTIC) TRANSISTORS

1]

ﬂ

E

Tl
//
il

LBE

METAL CASE TRANSISTORS

c
SHIELD

=
!

Y
7
L 01
ECB

/

4

M

EBC
DUAL

-

A=

Figure 5-4. Transistor Biasing and Operating Characteristics
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Table 5-6. Etched Circuit Soldering Equipment

e V
Maintenance

Item

Use

Specification

Item Recommended

Soldering Tool

Soldering, unsoldering

Wattage rating: 37.5
Tip temp: 750-800°F
Tip size: 1/8" OD

Ungar #776 handle with
Ungar #1237

Soldering Tip,
General Purpose

Soldering, unsoldering

Shape: chisel
Size: 1/8"

Ungar #PL113

De-soldering Aid

Unsoldering multiconnection
components

Suction device to remove
molten solder from connection

Soldapult by the Edsyn
Company, Arleta, Calif.

Resin (flux)

Remove excess flux from

Must not dissolve etched cir-

Freon, Acetone, Lacquer

Solvent soldered area before appli- cuit base board material or Thinner, Isopropyl Alco-
cation of protective coating. conductor bonding agent. hol (100% dry)
Solder Component replacement, Resin (flux) core, high tin con-
circuit board repair, wiring tent (60/40 tin/lead), 18 gauge
(SWG) preferred
Protective Contamination, corrosion Good electrical insulation, Krylon #1302*, Humiseal
Coating protection after soldering corrosion-prevention Protective Coating, Type

properties

1B12 by Columbia Tech-
nical Corp., Woodside 77,
New York

*Krylon, Inc., Norristown, Pennsylvania

Table 5-7. Safe Ohmmeter Range for Transistor Resistance Measurements
Lead
Ohmmeter Safe Range(s) Open Circuit Voltage Short Circuit Current Color Polarity
Rx1lk 1.0V 1 mA
=D A10 A Rx 10k 1.0V 100 pA od .
T roma R x 100 k 1.0V 10 A o
HP 427A R x 1M 1Lov 1 uA Black -
R x 10M 1.0V 0.1 uA
Rx1Kk 1.3V 0.57 mA
Rx 10k 1.3V 57 uA Red .
HP 410C R x 100 k 1.3V 5.7 A Black R
R x IM 1.3V 0.5 pA
R x 10M 1.3V 0.05 A
R x 100 1.1V 1.1mA
Rx1lk 1.1V 110 pA
HP 410B Rx 10k 1.1V 11 yA gﬁfk *
R x 100 k 1.1V 1.1 pA
R x IM 1.1V 0.11 A
Simpson 260 R x 100 1.5V 1 mA Red +
Black
Simpson 269 Rx1lk 1.5V 0.82 mA Black +
Red
Triplett 630 R x 100 1.5V 3.25 mA
) B Rx1lk 1.5V 325 LA Varies with
Triplett 310 R x 10 1.5V 750 A Serial Number
R x 100 1.5V 75 pA

5-12
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5-48. COMPONENT REPLACEMENT IN
ETCHED CIRCUITS.

5-49. General. Etched circuit boards are sensitive
to heaf and to scratches with sharp objects. This is
because the conductors are plated o n t o the circuit
boards and the plating extends through the component
mounting holes. Whenever possible, avoid unneces-
sary component subgtitution; it can damage the circuit
board and adjacent components. See[ Table 5-6 for
recommended tools and materials.

5-50. AXIAL-LEAD COMPONENTS .

5-51. Resistors, tubular capacitors and other axial-
lead components can be replaced without unsoldering,
Cut the component leads near the body of the defective
component, remove the component and straighten the
leads left in the board. Wrap leads of the replacement
component one turn around the original leads, solder
the connection, and clip off the excess lead.

5-52. OTHER COMPONENTS.

5-53. Replace other components as follows:

a. Remove defective component from circuit board.
Use a low-power soldering iron because excessive
heat may lift a conductor or damage the board.

Model 432A

b. Remove solder from mounting holes with a suc-
tion device or a wooden toothpick. DO NOT USE A
SHARP METAL OBJECT SUCH AS AN AWL OR TWIST
DRILL. SHARP OBJECTS MAY DAMAGE THE
PLATED-THROUGH CONDUCTOR.

c. Shape the leads of the replacement component to
mat ch the mounting-hole spacing.

d. Insert the component leads in the mounting holes
and position it as the origina was. DO NOT FORCE
LEADS OF REPLACEMENT COMPONENT INTO
MOUNTING HOLES. A sharp edge on the lead may
damage the plated -through conductor.

e. Solder the component in place and remove excess
flux from the soldered a r e as. Apply a protective
coating to prevent contamination and corrosion. See

able 15:6 for recommendations.

CAUTION

Most ohmmeters can supply enough current
or voltage to damage a transistor. Before
using an ohmmeter to measure transistor
forward or reverse resistance, ¢ h e ¢ k its
open -circuit voltage and short -circuit cur -
rent output ON THE RANGE TO BE USED.
Open-circuit voltage must not exceed 1.5volts
and short-circuit current must be less than
3mA.

5-13
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REPLACEABLE PARTS

6-1. INTRODUCTION. 6-3. ORDERING INFORMATION.

6-2. This section contains information for ordering bty
replacement paffs._Tabld 6-1 lists parts in alpha-
numerical order of their reference designators and
indicates the description and HP stock number of each
part, together with any applicable notes. Miscella-
neous parts are listed a the end o ,

621 lists parts in alpha-numerical order of their HP
stock number and provides the following information

Iv obtain replacement parts for Power

Metar 4324, refer to Appeadix
D, tahT=—D-1, Repair Parts List,

6-5. To obtain apart that is not listed, include:

on each part:
o a, Instrument model number.

a. Description.

b. Manufacturer of the part in a five-digit code; b. Instrument serial number.
see list of manufacturers in_Table 6-3

, c. Description of the part.
c. Manufacturer’s part number.
d. Total quantity used (TQ column). d. Function and location of the part.

REFERENCE DESIGNATORS

A = assembly F fuse MP mechanical part v =  vacuum, tube, neon
B = motor FL = filter P plug bulb, photocell, etc.
BT = battery c integrated circuit Q transistor VR = voltage regulator
C = gapacitor J jack R = resistor w cable
CP - coupler X relay RT thermistor X socket
CR = diode L inductor 8 switch Y crystal
DL = delay line Ls loud speaker T transformer Z tuned cavity,
D8 = device signaling (lamp}) M meter TB terminal board network
E = misc electronic part MK = microphone TP test point
ABBREVIATIONS
A = amperes H henries N/O normally open RMO rack mount only
AFC = automatic frequency cont rol HDW hardware NPO negative positive zero RMS root- mean square
AMPL = amplifier HEX hexagonal (zero temperature RWV reverse working
HG mercury coefficient) voltage
BFO = beat frequency oscillator HR hour(s) NPN negative-positive- S-B slow-blow
BE CU = beryllium copper HZ hertz negative SCR screw
BH = binder head IF intermediate freq NRFR = not recommended for SE selenium
BP = bandpass MPG impr ted field replacement
egnates SECT section(s)
BRS = brass INCD = jincandescent NSR not separately SEMICON =  semiconductor
BWO = backward wave oscillator INCL include(s) replaceable st = silicon
CCcw = counter-clockwise INS insulation(ed} SIL silver
CER = ceramic INT internal ggD g::lext‘l::ddescrip tion SL = sglide
CMO = cabinet mount only ox oxide SPG spring
COEF = coefficient K kilo = 1000 SPL special
COM = common P - peak SST = stainless steel
COMP = composition LH left hand pe B ed circuit SR split ring
COMPL = complete LIN linear taper Pr =M ovad _“10-12 STL steel
CONN = connector LK WASH = lock washer - f:ig ds;ra s = TA tantalum
cp - cadmiium plate LOG = logarithmic taper PH BRZ phosphor bronze TD time delay
CRT = cathode -ray tube LPF = low pass filter i
cw = clockwise PHL Phillips TGL toggle
M milli = 1 0-3 IV peak inverse voltage THD thread
DEPC = depositedcarbon MEG meg = 106 PNP positive-negative- T titanium
DR = drive € = positive TOL tolerance
MET FLM metal film P/O art of TRIM trimmer
ELECT = electrolytic MET OX metallic oxide POLY e eatvrene TWT traveling wave tube
ENCAP = encapsulated MFR manufacturer PORC B e
EXT = external MHZ mega hertz poree U micro = 10-6
MINAT = miniature POS position(s) i
b3 farads MOM momentary POT potentiometer VAR variable
FH = {lat head MTG mount PP peak-to-peak VDCW de working volts
ing :
FIL H = fillisterhead MY tmylar' PT point w/ with
FXD = fixed ¥ PWV peak working voltage W watts
G = giga (109) N nano (10-9) RECT rectifier wIV working inverse
GE = germanium N/C normally closed RF radio frequency voltage
GL = glass NE neon RH round head or WW wirewound
GRD = ground{ed) NI PL nickel plate right hand w/0 without
01194-13
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Parts
Table 6-1. Reference Designation Index

Reference Part N D intion #

Designation & Part No. escription Note
Al 00432-6001 BUARD AS SY:BRIDGE

00432-2001 BUARD: BLANK PC
AlCl 0180-0374 C:sFXD ELECT 10 UF 10% 20VDCW
AlC2 0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCW
ALC3 0160-2950 C:FXD CER 0.0l UF +80-20% 100VDCW
AlC4 0160-0380 C:FXD MY 0.22 UF 10% 200VDCW
ALCS 0160-2930 C:FXD CER 0.0l UF +80-20% 100VDCW
AlCE 0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCW
ALCT 0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCW
AlC8 0160-0380 C:FXD MY 0.22 UF 10% 200VDCW
ALCY 0160-2930 C:FXD CER 0.0l UF +8B0-20% LOOVDCW
ALC10 0160-2930 C:FXD CER 0.01 UF +80-20% LOOVDCW
AlC11 0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCW
AlC12 0180-0374 C:FXD ELECT 10 UF 10% 20VDCW
A1C13 0160-2264 C:FXD CER 20 PF 5% 500VDCW
AlCl4 0160-2264 C:FXD CER 20 PF 5% 500VDCW
ALCR1 1901-0040 DIODE:SILICON 30MA 30WV
ALCR2 1901-0040 DIODE:SILICON 30MA 30WV
Al1QlL 1853-0020 TRANSISTOR:SILICON PNP
Al1Q2 1853-0020 TRANSISTOR: SILICON PNP
A1Q3 1853-0020 TRANSISTOR:SILICON PNP
AlQ4 1854-0071 TRANSISTOR:SILICON NPN
A1Q5 1854-0071 TRANSISTOR:SILICON NPN
ALQ6 1853-0001 TRANSISTOR:PNP SILICON 30V 900MW
A1Q7 1854-0221 TRANSISTOR DUAL:SILICON NPN
FACTORY SELECTED PART
AlQ8 1854-0071 TRANSISTOR: 51 1CON ypN
ALQ9 1854-0071 TRANSISTOR:SILICON NPN
A1Q10 1854-0071 TRANSISTOR:SILICON NPN
Al1Q1l1l 1853-0001 TRANSISTOR:PNP SILICON 30V 900MW
A1Q12 1854-0221 TRANSISTOR DUAL:SILICON NPN
FACTORY SELECTED PART

A1Q13 1854-00171 TRANSISTOR:SILICON NPN
AL1Ql4 1853-0020 TRANSISTOR: SILICON PNP
AlQ15 1853-0020 TRANSISTOR:SILICON PNP
ALR1 0698-3260 R:FXD MET FLM 464K OHM 1% 1/8W
AlR2 0686-1055 R:FXD COMP 1 MEGOHM 5% 1/2W
ALR3 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
ALR4 NOT ASSIGNED
ALRS 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
AlR6 0698~3160 R:FXD MET FLM 31.6K OHM 1% 1/8W

6-2
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Parts
Table 6-1. Reference Designation Index (Cont‘d)
Reference . .
Desienation | & Part No. ’ Description # l Note
A1R7 0698-3156 R:FXD MET FLM l4.7K DHM 1% 1/8W
AlRS 0757-0465 R:FXD MET FLM 100K OHM 1% 1/8W
ALRS 0698-3136 R:FXD MET FLM 17.8K OHM 1% 1/8W
AlR1O 0698-3441 R:FXD MET FLM 215 OHM 1% 1/8W
AlR11 0757-0416 R:FXD MET FLM 511 OHM 1% 1/84W
AlR12 2100-1770 R:VAR WW 100 OHM 10%Z LIN 1/2W
AlR13 0757-0461 R:FXD MET FLM 68.1K OHM 1% 1/8W
AlR1% 0811-2284 RIFXD WW 1K OHM 0.1% 1/40W
AlR15 2100-1770 R:VAR WW 100 OHM 10% LIN 1/2W
AlR16 0811-2284 R:FXD WW 1K OHM 0.1% 1/40W
AlR17 0757-0199 R:FXD MET FLM 21.5K OHM 1% 1/8W
AlR18 NOT ASSIGNED
AlR1S 0698-3441 R:FXD MET FLM 215 OHM 1% 1/8W
AlR20 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
AlR21 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
ALR22 0698-3156 R:FXD MET FLM 14.7K OHM 1% 1/8W
AlR23 07570465 R:FXD MET FLM 100K OHM 1% 1/8W
AlRZ24 0757-0416 WK:FXD MET FLM 511 OHM 1% 1/8W
ALR2S NOT ASSIGNED
ALR26 0757-0461 R:FXD MET FLM 68.1K OHM 1% 1/8W
ALR27 0811-2284% R:FXD WW 1K OHM 0.1% 1/40W
ALRZ8 0757-C199 R:FXD MET FLM 21.5K OHM 1% 1/8W
AlR29 0811-2284 R:FXD WW 1K OHM 0.1% 1/40W
AlR30 0757-0199 R:FXD MET FLM 21.5K OHM 1% 1/8W
ALR31 06983260 R:FXD MET FLM 464K OHM 1% 1/8W
AlR32 NOT ASSIGNED
ALR33 07570465 Rz FXD MET FLM 100K OHM 1% 1/8HW
ALR34 0757-0465 K:FXD MET FLM 100K OHM 1% 1/8W
A1R3S 0757-044% R:FXD MET FLM 10.0K OHM 1% 1/8W
ALR36 0757-0279 R:FXD MET FLM 3.16K OHM 1% 1/8W
A1R37 0757-0279 R:FXD MET FLM 3.16K OHM 1% 1/8W
A1R38 0757-0219 K:FXD MET FLM 3.16K OHM 1% 1/8W
ALR39 0757-0279 R:FXD MET FLM 3.16K OHM 1% 1/8W
81R40 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
AIR4 1 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
&1R42 NOT ASSIGNED
&1R43 0715 7-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
a1 0360-0124 TERMINAL : SOLDER LUG
AlAL 00432-6011 ASSY:AUTO ZERGC

# Seeintroduction to this section for ordering information



Section VI Model 432A
Parts
Table 6-1. Reference Designation Index (Cont'd)

Reference .

Designation & Part No. Description # Note
A2 00432-6015 BOARD AS SY: LOGIC

00432-2015 BOAR D: BLANK PC

A2C1 0180-1819 C:FXD ELECT 100 UF +75-10% SOVDCW
A2C2 0180-0229 C:FXD ELECT 33 UF 10% LOVDCW
A2C3 0160-2917 C:FXD CER 0.05 UF +80-20% 100VDCW
A2C4 NUT ASSIGNED
A2CS 0160-2917 C:FXD CER 0.05 UF +80-20% 1O0OVDCW
A206- NOT ASSIGNED
A2C20 NOT ASSIGNED
A2C21 0140-0234 C:FXD MICA 500 PF 1%
A2C22 0140-0234 C:FXD MICA 500 PF 1%
A2C23 0180-1746 C:FXD ELECT 15 UF 10% 20VDCW
A2C24 NUT ASSIGNED
A2C25 0160-0978 C:FXD MICA 1503 PF 1% 500VDCW
A2C26 0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCW
A2C27 NOT ASSIGNED
A2C28 NOT ASSIGNED
A2C29 0180-2178 C:FXD ELECT 220 UF 20% BVDCHW
A2C3C 0160-2930 C:FXD CER 0.0l UF +80-20% 100VDCW
A2C31 0180-1940 C:FXD ELECT 33 UF 10% 15VDCW
A2C32 NOT ASSIGNED
A2C33 0180-0197 C:FXD ELECY 2.2 UF 10% 20VDCW
A2C34 0160-2672 C:FXD MY 0.047 UF 5% 80OVDCW
A2C35 0180-0197 C:FXD ELECT 2.2 UF 10% 20VDCW
A2C36 0160-2917 C:FXD CER 0.05 UF +80-20% 100VDCW
A2C37 NOT ASSIGNED
A2C38 0160-2917 C:FXD CER 0.05 UF +80-20% 100VDCW
A2C39 0160-2150 C:FXD MICA 33 PF 5%
A2C40 0180-0229 C:FXD ELECT 33 UF 10% 10VDCW
A2C41 0160-2917 C: FXD CER 0.05 UF +80-20% 100VDCW
A2C42 0180-0106 C:FXD ELECT 60 UF 20% 6VDCHW
A2C43 0180-0197 C:FXD ELECT 2.2 UF 10% 20VDCW
A2C44 0180-0291 C3FXD ELECT 1.0 UF 10% 35VDCW
A2C45 0180-0106 C: FXD ELECT 60 UF 20% 6VDCW
A2C46 0150-0059 C:FXD CER 3.3-0.25 PF SO0VDCW
A2C4T 0160-2930 C:FXD CER 0.01 UF +80-20% 1OOVDCW
A2C4 8 0140-0192 C:FXD MICA 68 PF 5%
A2C49 0180-0229 C:FXD ELECT 33 UF 10% 1OVDCW
A2C50 0160-2917 C:FXD CER 0.05 UF +80-20% LOOVDCW
A2CR1 1901-0026 DIODE:SILICON 0.75A 200 PIV
A2CR2 1901-0026 DIODE:SILICON 0.75A 200 PIV
A2CR3 1901-0026 DIODE:SILICON 0.75A 200 PIV
AZCR4 1901-0026 DIODE:SILICON 0.75A 200 PIV
A2CRS NOT ASSIGNED

6-4
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Model 432A [Section VI
Parts
Table 6-1. Reference Designation Index (Cont’d)
Reference .
Designatio . ¢ Part No. Description # Note

A2CRE 1902-0033 DIODE BREAKDOWN: 6.2V

A2CRT 1901-0040 DIODE:SILICON 30MA 30WV

A2CRE 1901-0026 DIODE:SILICON 0.75A 200 PIV
AZCRO NOT ASSIGNED

A2CR10 NGT ASSIGNED

AZCR1L 1901-0040 DIODE:SILICON 30MA 30WV

A2CR12 190 1-0040 DIODE:SILICON 30MA 30WV

A2CR13 1901-0040 DIODE:SILICON 30MA 30WV

A2CR14 1901-0040 DIODE:SILICON 30MA 30WV

A2CR15 1901-0040 DIODE:SILICON 30MA 30WV

A2CR16 1901-0040C DIODE:SILICON 30MA 30WV

A2CR1T 1901-0040 OIODE:SILICON 30MA 30WV

A2CR18 1901-0040 DICDE:SILICON 30MA 30WV

A2CR19 1901-0040 OIODE:SILICON 30MA 30WV

A2CR20 1901-0040 DIODE:SILICON 30MA 30WV

A2CR21 1901-0040 DIODE:SILICON 30MA 30WV

A2CR22 1901-0040 DIODE:SILICON 30MA 30WV

A2CR23 1901-0040 DICODE:SILICON 30MA 30WV

A2Q1 1854-0071 TRANSISTOR: STLICON NPN

A2Q2 1854—0062 TRANSISTOR:SILICON NPN 2N1701
A2Q3 1854-0071 TKRANSISTOR:SILICON NPN

A2Q4 1853-0012 TRANSISTOR:PNP SILICON 2N2904A
A2Q5 1853-0020 TRANSISTOR: SILICON PNP

A2Q6 1853-0020 TRANSISTOR:SILICON PNP

A2Q7 1853-0020 TRANSISTOR: SILICON PNP

A2Q8 1854-0071 TRANSISTOR: SILICON NPN

A2Q9 1854-0003 TRANSISTOR:NPN SILICON

A2Q1l0 1853-0001 TRANSISTOR:PNP SILICON 30V 900MW
A2Q11 1854-0071 TRANSISTOR: SILICON NPN

A2Q12- NOT ASSIGNED

A2G1S NOT ASSIGNED

A2Q2¢ 1853-0020 TRANSISTOR: SILICON PNP

A2021 1854-0005 TRANSISTOR:SILICON NPN 2N708
A2Q22 1854-0071 TRANSISTOR:SILICON Npn

A2Q22 1854-0071 TRANSISTOR:SILICON NPN

A2Q24 1854-0005 TRANSISTUR:SILICON NPN 2N708
A2Q25 NOT ASSIGNED

A2§26 1854-0071 TRANSISTOR:SILICON NPN

A2027 1854-0071 TRANSISTOR: SILICON NPN

A2Q28 1854-C009 TRANSISTOR:SILICON NPN 2NT09
A2Q29 1854-0009 TKANSISTOR: SILICON NPN 2N709
A2Q30 1855-0062 TRANSISTOR: FIELD EFFECT 30V
A2Q31 NOT ASSIGNED

A2Q32 1855-0062 TRANSISTOR:FIELD EFFECT 30V
A2Q33 NOT ASSIGNED

A2Q34 1854-0071 TRANSISTOR: SILICON NPN

A2Q35 1854-0071 TRANSISTOR:SILICON NPN

A2Q36 1853-0015 TRANSISTOR: SILICON PNP 2N3640

# See introduction to this section for ordering information
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Model 432A

[Section V1|
Parts
Table 6-1. Reference Designation Index (Cont'd)

Reference . .

Designation & Part No. Description # Note
A2Q37 1853-0020 TRANSISTOR: SILICON PNP
A2Q38 1855-0062 TRANSISTOR:FIELD EFFECT 30V
A2Q39 1854-0071 TKANSISTOR: SILICON NPN
A2Q40 1854-0071 TRANSISTOR:SILICON NPN
A2Q41 1853-00<0 TRANSISTOR:SILICON PNP
A2Q42 1853-0020 TRANSISTOR:SILICON PNP
A2Q43 1854-0071 TRANSISTOR: SILICON NPN
A2Q44 1854-0071 TRANSISTOR:SILICON NPN
A2R1 0757-0279 R:FXD MET FLM 3.16K OHM 1% 1/8W
A2R2 0683-0685 R: FXD COMP 6.8 OHM 5% 1/4W
A2R3 0757-0835 R:FXD MET FLM 6.81K OHM 1% 1/2W
A2R4 NUT ASSIGNED
A2R5 0698-3156 R:FXD MET FLM 14.7K OHM 1% 1/8W
A2R6 2100-1773 R:VAR WW 1K OHM 10% LIN 1/2W
A2RT 0757-0289 R:FXD MET FLM 13.3K OHM 1% 1/8W
A2RS8 0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W
A2R9 0698-3160 R: FXD MET FLM 31.6K OHM 1% 1/8W
A2R10 0698-3441 R:FXD MET FLM 215 OHM 1% 1/8W

FACTORY SELECTED PART

A2R11 0757-0465 K: FXD MET FLM 100K OHM 1% 1/84
A2R12 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2R12 0698-3136 R:FXD MET FLM 17.8K OHM 1% 1/8W
A2R14 NUT ASSIGNED
A2R15 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2R16 0757-0279 R:FXD MET FLM 3.16K OHM 1% 1/8MW
A2R1T7 0757-0198 R:FXD MET FLM 100 OHM 1% 1/2W
A2R18 0698-3401 R:FXD MET FLM 215 OHM 1% 1/2W
A2R19 NUT ASSIGNED
A2R20 NOT ASSIGNED
A2R21 0698-3156 R:FXD MET FLM 14.7K OHM 1% 1/8W
A2R22 0757-0442 KR: FXD MET FLM 10.0K OHM 1% 1/8W
A2R23 0757-0442 R:fFXD MET FLM 10.0K OHM 1% 1/8W
A2R24 0698-3260 R: FXD MET FLM 464K OHM 1% 1/8W
A2R25 0698-3260 R:FXD MET FLM 464K OHM 1% 1/8W
A2R26 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2R27 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2R28 0698-3156 R:FXD MET FLM 14.7K OHM 1% 1/8W
A2R29 0757-0397 R:FXD MET FLM 68.1 OHM 1% 1/8W
A2R30 NOT ASSIGNED
A2R31 NOT ASSIGNED
A2R32 0757-0199 R:FXD MET FLM 21.5K OHM 1% 1/8W
A2R33 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2R34 0757-04065 R:FXD MET FLM 100K OHM 1% 1/8W
A2R35 0698-3454 R:FXD MET FLM 215K OHM 1% 1/8W
A2R36- NOT ASSIGNED
A2R37 NOT ASSIGNED
\2R38 0757-04065 R:FXD MET FLM 100K OHM 1% 1/8W
A2R39 0698-3155 R:FXD MET FLM 4.64K OHM 1% 1/8W
A2R40 0698-3155 R:FXD MET FLM 4.64K OHM 1% 1/8W
A2R41 0757-0465 R:FXD MET FLM 100K OHM 1% 1/8W
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Model 432A Section VI
Part s
Table 6-1. Reference Designation Index (Cont'd)
D‘f,ﬁ{g;ﬁ’:ﬁ,‘; # Part No. Description # Note ‘
AZR&2 0683-1065 R: FXD COMP 10M OHM 5% 1/4W
A2R43 0757-1094 R:FXD MET FLM 1.47K OHM 1% 1/8W
A2R44- NOT ASSIGNED
A2R45 NOT ASSIGNED
A2R4 6 0757-0465 R:FXD MET FLM 100K OHM 1% 1/8W
A2R4T 0683-1065 R:FXD COMP 10M OHM 5% 1/4W
A2R4 8~ NOT ASSIGNED
AZR4S NUT ASSIGNED
AZR50 Q757-0280 R:FXD MET FLM 1K OHM 1% 1/8W
AZRS1 0698-3260 Rz FXD MET FLM 464K OHM 1% 1/8W
AZRS52Z 0T57-0279 R:FXD MET FLM 3,16K OHM 1% 1/8W
AZR53 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
AZR54 0698-3428 R:FXD MET FLM 14.7 OHM 1% 1/8W
FACTORY SELECTED PART
42R55 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
FACTURY SELECTED PART
A2R56 NUT ASSIGNED
AZR57 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2RS8 0698~3260 R:FXD MET FLM 464K OHM 1% 1/8W
82R59 0698-3260 R:FXD MET FLM 464K OHM 1% 1/8W
A2R60 0698-0084 R:FXD MET FLM 2.15K OHM 1% 1/8W
A2R61 0683-1055 R:FXD COMP 1 MEGOHM 5% 1/4W
A2R62- NOT ASSIGNED
A2R63 NOT ASSIGNED
AZR64 0757-0439 R:FXD MET FLM6.81K OHM 1% 1/8W
A2R65 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
12RE6 0757-0461 Rs FXD MET FLM 6B.1K OHM 1% 1/8W
\2R67 0698~3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
\ZRE8 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
\ZREG 0698-3438 R:FXD MET FLM 147 OHM 1% 1/8W
\ZRT0 NOT ASSIGNED
12R71 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
\2R72 0698-3444 Rz FXD MET FLM 316 OHM 1% 1/8W
\2R73 0757-0199 Rz FXD MET FLM 21.5K OHM 1% 1/8W
\ZR74 2100~ 1769 R:VAR WW 50 OHM 10% LIN 1/2HW
\2RT5 069 8-4466 R:FXD MET FLM 976 OHM 1% 1/8W
\2R76 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
(2RT7 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
(2R78 0811-2277 R:FXD WW 10K OHM 0.1% 1/40W
W2RT9 0811-2277 R:FXD WW 10K OHM 0.1% 1/40W
i2R80 0811-2537 R:FXD WW SK DHM O.1% 1/4MW
\ZR81- NOT ASSIGNED
«2R82 NOT ASSIGNED
ZRE3 0698-3441 K:FXD MET FLM 215 OHM 1% 1/8W
2R84~ NOT ASSIGNED
2R86 NUT ASSIGNED
12RB7 0683-1065 RIFXD COMP 10M OHM 5% 1/4W
A2 0360-0124 TERMINAL:SOLDER LUG
0370-0077 KNOB:5/8" SKIRTED BAR

# Seeintroduction to this section for ordering information
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Section VI Model 432A
Parts
Table 6-1. Reference Designation Index (Cont'd)
D]E;;gg;?tli(:)en ¢ Part No. Description # Note

A3 00432-6003 SWITCH ASSY: RANGE
A3R1 0811-2536 R:FXD WW 3167 OHM 0.1% 1/40W
A3R2 0811-2284 R:FXD WW 1K OHM 0,1% 1/40W
A3R3 0811-2534 R:FXD WW 314.3 OHM 0.1% 1/40W
A3RY 0811-2535 R:FXD WW 145.0 OHM 0.1% 1/40W
A3S1 3100-2470 SWITCH:ROTARY
Al 00432-6004 SWITCH ASSY: CALIBRATION FACTOR
A4R1 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
A4R2 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
A4R3 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
A4R4 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8w
A4RS 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
A4R6 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
A4RT 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
A4R8 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
A4RY 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
A4R10 0757-C346 R:FXD MET FLM 10 OHM 1% 1/8W
A4R11 0757-0346 R:FXD MET FLM 10 OHM 1Z 1/8W
A4R12 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
A4R13 0698-6635 R:FXD MET FLM 880 OHM 1% 1/8W
A4S1 3100-2469 SWITCH:ROTARY

0370-0193 KNOB: BLACK
A5 NOT ASSIGNED
A6 NOT ASSIGNED
AT 00432-6007 BOARD ASSY:BATTERY CHARGER

00432-2007 BUARD:BLANK PC
ATC1 0160-2930 C:FXD CER 0.01 UF +80-20% lO0OVDCW
ATCR1 1901-0026 DIODE:SILICON 0.75A 200 PIV
ATCR2 1902-0048 DIODE BREAKDOWN:6.81V 5%
A7Q1 1854-0039 TRANSISTOR: SILICON 2N3053
ATQ2 1853-0020 TRANSISTOR:SILICON PNP
A7Q3 1854-0071 TRANSISTOR:SILICON NPN
ATQ4 1854-0071 TRANSISTOR:SILICON NPN
ATR1 0698-3635 R:FXD MET OX 680 OHM 5% 2W
ATR2 0757-0280 R: FXD MET FLM 1K OHM 1% 1/8W
ATR3 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
ATRG 0757-0439 R:FXD MET FLM 6.81K OHM 1% 1/8W
ATRS 0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W
ATR6 0757-0199 R:FXD MET FLM 21.5K OHM 1% 1/8W
ATR? 0757-0199 R:FXD MET FLM 21.5K OHM 1% 1/8W
ATRS 2100-1775 R: VAR WW 5K OHM 102 LIN 1/2W
BT 1 1420-0062 BATTERY:RECHARGEABLE 24V
BT1 00432-0008 BRACKET:BATTERY UPPER
BT1 00432~0009 BRACKET:BATTERY LOWER
Cl 0160-3043 C:FXD CER 2 X 0,005 UF 20% 250VAC

# See introduction to this section for ordering information



Model 432A [Section V1|
Parts
Table 6-1. Reference Designation Index (Cont’d)
D’ig;;i?ﬁﬁ, @ Part No. Description # Note
DSl 2140-0015 LA MP:GLOW NEON NE- 2H
F1 2110-0027 FUSE: 0. 125A 250V
J1 1251-1280 CONNECTOR:AUDIO 6 FEMALE CONTACTS
Jz 1250-0118 CONNECTOR:BNC
J2 V-RF
J3 1250-0118 CONNECTOR:BNC
J3 v-COMP
J4 1250-0118 CONNECTUR: BNC
J4 RECORDER OUT
Js 1251-0148 CONNECTUR:PONER 3 PIN MALE
M1 1120-1497 ME TER
R1 2100-2849 R:VAR WW 50K OHM 5% LIN 1-1/2W(SERIAL PREFIX 904)
R1 21002659 K: VAR WW 50K OHM 5% LIN 1-1/2W(SERIAL PREFIX 919D
R2 0811-2538 K:FXD WW 100 OHM 0.1% 1/10W
R3 0811-2538 R:FXD WW 10G OHM 0.1% 1/10W
R4 0811-2538 R:FXD WW 100 OHM 0.1% 1/10W
RS 0811-2538 R:FXD WW 10O GHM 0.1% 1/10W
Ré 0757-0198 R: FXD MET FLM 100 OHM 1% 1/2W
R7 0757-0198 K:FXD MET FLM 100 UHM 1% 1/2W
RE 0757-0198 R:FXD MET FLM 100 OHM 1% 1/2W
R9 0698-3160 K:FXD MET FLM 31.6K OHM 13 1/8W
R10- NUT ASSIGNED
R13 NOT ASSIGNED
R14 0811-2277 R:FXD WW 10K OHM 0.1% 1/40W
S1 3101-0957 SWITCH:TOGGLE DPDT
sl POWER
s2 3101-0033 SWITCH:SLIDE DPDT 0.5A 125V AC/DC
s2 (115v/230V OPERATION)
53 3101~-1180 SWITCH:SLIDE 3pDT
s3 MOUNT RESISTANCE
s3 7204-0004 ALUMINUM: SHEET 0.063 THICK
53 0590~0041 NUT:zKNURLED 1-72 THREAD
sS4 3101-1357 SWITCH:TOGGLE SPDT
Sk (FINE ZERO)
T1 9100-2504 TKANSFORMER :28.4V SEC.
T1 00432-0005 | BRACKET: TRANSFORMER
Wl 8120-1082 CABLE ASSY:5 FT
W2 8120-0078 CABLE ASSY:POWER CORD
XAl 1251-0172 CUNNECTOR:PRINTED CIRCUIT 22-CONN
XAl [PART OF 00432-0006 DECK LUWER)
XA2Z 1251-0172 CONNECTORzPRINTED CIRCULT 22-CONN
XDS1 5040-0257 LAMPHOLDER
XpS1 5040-0235 BA SE: LAMPHOLDER
XF1 1400-0084 FUSEHOLDER: EXTRACTOR POST TYPE

# Seeintroduction to this section for ordering information
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[Section VT Model 432A
Parts
Table 6-1. Reference Designation Index (Cont'd)
R .
Degg;?tli%‘; & Part No. Description # Note
0403-0005 BUMPER: BLACK RUBBER
5020-0704 METER TRIM: THIRD MOD.
5040-0700 HINGE
5040-0702 INSULATOR:CONNECTOR
5040-4528 GUIDE:PC BOARDIGRAY PLASTIC)
00432-2003 NUT:DRESS
00432-2004 BUSHING: PANEL
00432-2005 NUT:zCONNECTOR

6-10
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Section VI

Model 432A
Parts
Table 6-1. Reference Designation Index (Cont'd)
—
Dlg‘;flgl‘;'t‘i‘fﬁl 4 Part No. Description # l Note

10,

5060-0703
1490-0031
5040-0700
5060-0727
5020-0700
5000-0703
5060-0706
5000-0711
00432-0002

00432-0001

FRAME ASSEMBLY

STAND:TILTY
HINGE

FOOT ASSEMBLY
SPACER

SIDE COVER
COVER:TOP
COVER:BOTTOM
PANEL: REAR

PANEL :FRONT

# See introduction to this section for ordering information
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[Section V1 Model 432A
Parts
Table 6-2. Replaceable Parts

@& Part No. Description # Mfr. Mfr. Part No. TQ
0140-0192 C:FXD MICA 68 PF 5% 28480 | 0140-0192 1
0140-0234 C:iFXD MICA 500 PF 1% 28480 | 0140-0234 2
0150-0059 C:FXD CER 3.3-0.25 PF 500VDCW 72982 | 301-000-C0J0-339C 1
0160-0380 C:FXD MY 0.22 UF 10% 200VDCHW 28480 | 0160-0380 2
0160-0978 C:FXD MICA 1500 PF 1% S500VDCW 28480 | 0160-0978 1
0160-2150 C:FXD MICA 33 PF 5% 28480 | 0160-2150 1
0160-2264 C:FXD CER 20 PF 5% 500VDCW 72982 | 301-000-C060-200J 2
0160-2672 C:FXD MY 0.047 UF 5% 8OVDCW 28480 | 0160-2672 1
0160-2917 C:FXD CER 0.05 UF +80-20% 100VDCW 84411 | TYPE TA 6
0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCW 91418 | TA 12
0160-3043 C:FXD CER 2 X 0.005 UF 20% 250VAC 56289 |29C147A-CDH 1
0180-0106 C:FXD ELECT 60 UF 20% 6VDCW 28480 | 0180-0106 2
0180-0197 C:FXD ELECT 2.2 UF 102 20VDCH 28480 | 0180-0197 3
0180-0229 C:FXD ELECT 33 UF 10% 10VDCW 28480 | 0180-0229 3
0180-0291 C:FXD ELECT 1.0 UF 10% 35VDCW 28480 |0180-0291 1
0180-0374 C:FXD ELECT 10 UF 10% 20VDCW 28480 |0180-0374 2
0180-1746 C:FXD ELECT 15 UF 10% 20VDCW 28480 |0180-1746 1
0180-1819 C:FXD ELECT 100 UF +75-10% 50VDCW 28480 |0180-1819 1
0180-1940 C:FXD ELECT 33 UF 10% 15VDCW 56289 |1090336X9015C2-DYP 1
0180-2178 C:FXD ELECT 220 UF 20% BVDCW 56289 |109D227X0008F 2-DYP 1
0360-0124 TERMINAL :SOLDER LUG 28480 |0360-0124 17
0370-0077 KNOB:5/8 SK BAR 28480 |0370-0077 1
0370-0193 KNOB : BLACK 28480 |0370-0193 1
0403-0005 BUMPER:BLACK RUBBER 70485 | #1059 1
0590-0041 NUT:KNURLED 1-72 THREAD 28480 |0590-0041 1
0683-0685 R:FXD COMP 6.8 OHM 5% 1/4W 01121 |CB68GS 1
0683-1055 R:FXD COMP 1 MEGOHM 5% 1/4W 01121 [CB 1055 1
0683-1065 RIFXD COMP 10M OHM 5% 1/4W 01121 [CB 1065 3
0686-1055 R:FXD COMP 1 MEGOHM 5% 1/2W 01121 [EB 1055 1
0698-0084 R:FXD MET FLM 2.15K OHM 1% 1/8W 28480 |0698-0084 1
0698-3136 RIFXD MET FLM 17.8K OHM 1% 1/8W 28480 |0698-3136 2
0698-3155 R:FXD MET FLM 4.64K OHM 1% 1/8MW 28480 |0698-3155 2
0698-3156 R:FXD MET FLM 14.7K OHM 1% 1/8W 28480 |0698-3156 5
0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W 28480 |0698-3160 14
0698-3260 R:FXD MET FLM 464K OHM 1% 1/8W 28480 |0698-3260 7
0698-3401 R:FXD MET FLM 215 OHM 1% 1/2W 28480 |0698-3401 1
0698-3428 R:FXD MET FLM 14.7 OHM 1% 1/8W 28480 |0698-3428 1
0698-3438 R:FXD MET FLM 147 OHM 1% 1/8W 28480 [0698-3438 1
0698-3441 R:FXD MET FLM 215 OHM 1% 1/8W 28480 |0698-3441 4
0698-3444 R:FXD MET FLM 316 OHM 1% 1/8W 28480 |0698-3444 1
0698-3454 R:FXD MET FLM 215K OHM 1% 1/8W 28480 |0698-3454 1
0698-3635 R:FXD MET OX 680 OHM 5% 2W 28480 |0698-3635 1
0698-4466 R:FXD MET FLM 976 OHM 1% 1/8W 28480 [0698-4466 1
0698-6635 R:FXD MET FLM 880 OHM 1% 1/8W 28480 |0698-6635 1
0757-0198 R:FXD MET FLM 100 OHM 1% 1/2W 28480 |0757-0198 4
0757-0199 R:FXD MET FLM 21.5K OHM 1% 1/8W 28480 |0757-0199 7
0757-0279 R:FXD MET FLM 3.16K OHM 1% 1/8W 28480 |0757-0279 7
0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 28480 |0757-0280 4
0757-0289 R:FXD MET FLM 13.3K OHM 1% 1/8W 28480 |(0757-0289 1
0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W 28480 |(0757-0346 14
0757-0397 R:FXD MET FiM 68.1 OHM 1% 1/8W 28480 (0757-0397 1
0757-0416 R:FXD MET FLM 511 OHM 1% 1/8W 28480 |0757-0416 2
0757-0439 R:FXD MET FLM 6.81K OHM 1% 1/8W 28480 |0757-0439 2
0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W 28480 |0757-0442 12
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Parts
Table 6-2. Replaceable Parts (Cont’d)

& Part Ne. Description # Mfr. Part No. TQ
0757~0461 RzFXD MET FLM 68.1K DHM 1% 1/8W 28480 | 0757-0461 3
0757- 0465 R:FXD MET FLM LODK OHM 1% 1/8W 28480 [0757-0465 9
0757-0835 R:FXD MET FLM 6.81K OHM 1% 1/2W 28480 [0757-0835 1
0757-1094 R:FXD MET FLM 1.47K OHM 1% 1/8W 28480 [0757-1094 1
0811-2277 R:FXD WW 10K OHM O.1% 1/40W 28480 [0811-2277 3
0811-2284 R:FXD WW 1K OHM 0.1% 1/40W 28480 [ 0811~-2284 5
0BL1-2534 R:FXD WW 314.3 OHM 0.1% 1/40W 28480 [0811-2534 1
0811-2535 R:FXD WW 145.0 OHM 0.1% 1/40W 28480 |0811-2535 1
0811-2536 R:FXD WW 3167 OHM O.1% L/40W 28480 [0811-2536 1
0811-2537 RIFXD WW 5K OHM 0.1% 1/4W 28480 [0811-2537 1
0811-2538 RzFXD WW 100 OHM 0.1% 1/10W 28480 |0811-2538 4
1120-1497 METER 28480 [1120-1497 1
1250-0118 CONNECTUR 2 BNC 28480 |1250-0118 3
1251-0148 CONNECTOR:POWER 3 PIN MALE 87930 [1065-1 1
1251-0172 CONNECTOR:PRINTED CIRCUIT 22-CONN 28480 [1251-0172 2
1251-1280 CONNECTUR:zAUDIO 6 FEMALE CONTACTS 28480 |1251-1280 1
1400-C084 FUSEHOLDER:EXTRACTOR POST TYPE 79515 | 342014 1
1420-0062 BATTERY:RECHARGEABLE 24V 28480 | 1420-0062 1
1490-0031 STAND:TILT 28480 |1490-0031 1
1853-0001 TRANSISTUR:PNP SILICON 30V S00MW 28480 |1853-0001 3
1853-0012 TRANSISTOR:PNP SILICON 2N2904A 04713 | 2N2904A 1
1853-0015 TRANSISTOR:SILICON PNP 2N3640 28480 |1853-0015 1
1853-0020 TRANSISTOR:SILICON PNP 28480 [1853-0020 13
1854-0003 TRANSISTOR:NPN SILICON 28480 |1854-0003 1
1854-0005 TRANSISTOR:SILICON NPN 2N708 02735 |2NT708 2
1854-0009 TRANSISTOR:SILICON NPN 2N709 07263 [2N709 2
1854-C039 TRANSISTOR:SILICON 2N3053 02735 [2N3053 i
1854-0062 TRANSISTOR:zSILICON NPN 2N1701 02735 [2N1701 1
1854-0071 TRANSISTOR:SILICON NPN 28480 |1854-0071 22
1854-0221 TRANSISTGR DUAL:SILICON NPN 28480 [1854-0221 2
1855-0062 TRANSISTOR:FIELD EFFECT 30V 28480 [1855-0062 2
1901-0026 DICDE:SILICON 0.75A 200 PIV 28480 |1901-0026 6
1901-0040 DICDE:SILICUN 30MA 30WV 28480 |1901-0040 16
1902-0033 DIODE BREAKDUWN:6 .2V 04713 |1N823 i
1902-C048 DIODE BREAKDOWN:6 .81V 5% 28480 |1902-0048 1
2100-1769 RIVAR WW 50 UHM 1C0% LIN 1/2W 28480 [2100-1769 1
2100-1770 R:VAR WW 100 OHM 10% LIN 1/2W 28480 |2100-1770 2
2100-1773 R:VAR WW 1K OHM 10% LIN 1/2W 28480 [2100-1773 1
2100-1775 R:VAR WW 5K OHM LO% LIN 1/2W 28480 [2100-1775 1
2100-2659 RIVAR WW 50K OHM 5% LIN 1-1/2W 28480 |2100-2659 1
2100-2849 R:VAR WW 50K OHM 5% LIN 1-1/2W 28480 [2100-2849 1
2110-0027 FUSE30C.125A 250V 75915 (312.125 1
2140-0015% LAMP:GLOW NEON NE-2H. 24455 |NE 2H 1
3100-2469 SWITCH:ROTARY 28480 [3100-2469 1
3100~-2470 SWITCH:RUTARY 28480 [3100-2470- 1
3101-0033 SWITCH:SLIDE OPDT 0.5A 125V AC/DC 79727 [6326-0001 1
3101-0957 SWITCH:TUGGLE DPDT 28480 [3101-0957 1
3101-1180 SWITCH:SLIDE 3PDT 82389 [11L-1020 1
3101-1357 SWITCH: TOGGLE SPDT 09353 [7109 1
5000-C703 SIDE CUVER 28480 [5000-0703 1
5000-0711 COVER:BUTTOM 28480 [5000-0711 1
5020-0704 METER TRIM:THIRD MOD. 28480 [5020-0704 1
5040-0235 BASE: LAMPHULDER 28480 [5040-0235 1
504G-0257 LAMPHOLDER 28480 |5040-0257 1
5040-C700 HINGE 28480 |5040-0700 1

# See introduction to this section for ordering information
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Table 6-2. Replaceable Parts (Cont ‘d)

& Part No. Description # Mfr. Mfr. Part No. TQ
5040-0702 INSULATUR : LONNECT OR 28480 | 5040-0702 1
5040-4528 GUI DE:zPL BUAKD{ GRAY PLASTIC) 28480 | 5040-4528 i
5060-C703 FRAME ASSY:o6 X 11 SM 28480 | 5060-0703 1
5060-0706 COVER:=TuP 28480 | 5060-0706 1
5060-0727 FOOT AS>Y 28480 | 5060-0727 1
1204-0004 ALUMINUM: SHEET 0,063 THICK 28480 [ 7204-0004 1
3120-0078 CABLE ASSY:PUOWER CORD 28480 | 8120-0078 1
3120-1082 CABLE ASSY:» FT 28480 | 8120-1082 1
2100-2504 TRANSFURMER: 8.4V SEC. 28480 | 9100-2504 1
J0432~0001 PANEL : FRUNT 28480 | 00432-0001 1
J0432~0002 PANEL :REAK 28480 | 00432-0002 1
J0432~0005 BRACKET: TRANSFURMER 28480 | 00432-0005 1
J0432~0006 DECK:LOWER 28480 [ 00432-0006 1
3J0432~0007 DECK:UPPER 28480 [ 00432-0007 1
)J0432~0008 BRACKET:BATTERY UPPER 28480 | 00432-0008 1
Y0432~0009 BRACKET:BATTEKY LOWER 28480 | 00432-0009 1
J0432~2001 BUOARD:BLANK PC 28480 [ 00432-2001 1
30432-2003 NUT:DRESS 28480 | 00432-2003 1
10432-2004 BUSHING:PANEL 28480 | 00432-2004 1
J0432~2005 NUT s CUNNECTUR 28480 | 00432-2005 1
104322007 BOARD: BLANK PC 28480 [ 00432-2007 1
J0432~2015 BOARD:BLANK PC 28480 |00L432-2015 1
)J0432~-6001 BUARD ASSY:8k IDGE 28480 | 00432-6001 1
)0432~6003 SWITCH ASSY:RANGE 28480 | 00432-6003 1
J0432-6004 SWITCH ASSY:CALIBRATION FACTOR 28480 | 00432-6004 i
10432~6007 BUARD ASSY:BATTERY CHARGER 28480 | 00432~-6007 1
10432~6011 ASSY:AUTU ZtRuU 28480 |00432-6011 1
)0432~6015 BOARD ASSY: LOGIC 28480 |00432-6015 1
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Model 432A Section VI
Parts
TABLE 6-3.
CODE LIST OF MANUFACTURERS
The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks 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,
Code Code Code
No.  Monufacturer Add Ne. M turer Address  No.  Manufacturer Address

00000 U.8. A, Commen
00136 McCoy Electionics
00213 Sage Etectroaics Corp
00287 Cemca lnc.
00334 Humidial
00348 Microtion Co. , e,
00373 Gatloek Inc,
00656 Agrovox Lorp.
pOITY Amp ac. Ratrishutg, Pa.
00781 Al gcrafi Radia Corp Boonton, N.J.
00815 Northern Engineerin g Laboratori es, Inc,

Burlington, Wis,
00853 Sangamo Elecliic Co, , Pickens Div.

Any supplier of U. S,
Mount Holly Springs, Pa,
Rochester, N. Y.
Danielsen, Conn.
Colton, Calif,

Valley Stream, N.Y.
Chenry Hill, N, J.

New Bedford, Mass.

Pickens, S$.C.
00866 Goe En gingering Co. City of industry, Cal,
00891 Cadl E. Helmes Ceorp, L o5 Angeles, Calif,
DO929 Mictplab Inc. tivingston, N.J.
01002 Gemeral Electric Co., Capacitor Dept
Hudson Falls, N, Y.
Brockton, Mass,
Milwaukse, Wis,
Beverly Hills, Calif,
Lawndate, Calif.

51003 Afden Producis Go.
01121 Allea Bradiey Co.
01255 Litten Indusbiie s, Inc.
0128 1 TRW Semiconductors, tac.
01295 Texas Jastruments, In ¢.,
Transister Products Div
1349 The Alliance Mfg. Co.
01983 Pacilic Relays, Inc.
01930 Amerack Cerp.
01861 Pulse Engineeri ng Co.
02114 Ferroxcube Corp. of Ametica
02116 Wheelock Signals, inc
02286 Cole Rubber and Plastics lac. Suany vale, Calit.
02660 Am pheno!- Barg Electionics Coep. Chicago, .
02735 Radis Carg. of America, Semicondutior
and Materials Div, Samerville, N.J.
0271 ¥ocaline Co of America, Int.

Dallas, Texas
Alliance, Qhia
Van Noys, Calit.
Rockfard, (1l
Santa Clara, Calif.
Saugerties, N. Y.
Long Branch, N, J.

01d Say brook, Coun.
02777 Hopkins Engineering Co. San Fernando, Cal if,
03508 G. E. Semiconductor Prod. Dept. Sycacuse, N. Y.
03705 Apex Mach joe & Tool Co. Dayten, Ohio
$3797 Eldema Corp Compton, Cahif,
03877 Transitrea Elestric Corp Wakefieid, Mass.
03888 Pyrotiim Resi stor Co. |, Ing Cedar Knolls, N.J.
03954 Singer Co., Diehi Div.

Findeine Plaat Sumerville, N.J.

04009 Arsow, Hart and Hegeman Elect Co,
Hartterd, Con n,
Lam bertville, N, J.
Great Neck, N. Y.

04B13 Taurus Corp.
04062 Aeco Electigaic tnt.
£4227 Hi-Q Division of Aerovox Myrite Beach, $. 0.
{4354 Preci sion Paper Tube Co, Wheeling, Hi.
04404 Dymec Divi sion of Hewlelt-Packard Co
Palo Alto, Calif.
04651 Sylvania Efeciric Products, Micro wave
Device Oiy Mountain View, Calif.
Motorsla, lnc Semiconductor Prod. Div.
Phognix, Arizena

4711

04732 Fittron Co , inc. Westemn DBiv.
Culver City, Cati L.

(44773 Astemali ¢ Electii ¢ Co, Nocthiake, [t
04798 Sequoia Wite Co Redwaod City, Calif.
04811 Precision Coil Spring Co £l Monte, Calif
G4870 P M. Moior Campany Westchester, 111

04919 Componeni MIg. Service Co.
W. Biidgewater, Wass,
05006 Twentieth Century Plastics, [nc.
Los Angeles, Calif.
05237 Westinghouse Electric Corp.
Semi-CondyclaiDept
BHronix, Int

Youngwood, Pa.

05347 San Mateo, Cali f.

05397 Union Carbide Coip. , Linde Div. Kemet Dept.
Cleveland, Qhio
05593 Jliumitroast Engi neering Co Sunnyvale, Calif.
05616 Cosmo Plaslic
{t/0 Electrical Spec, Co. )
05624 Barber Colman Co
65728 Tiffen Dptic al Co
Rosiyn Heights, Long Island, N. Y.
Westbury, N.Y.

Cleveland, Ohio
Rock ford, NI

05729 Meto-Tet Comp
05783 Stewart Engineering Co $anta Cruz, Calif,
05820 Wake fjeld Engineering Inc Wake tield, Mass.
06004 Bassick Co , Div of Stewart Warner Corp,
Bridgeport, Conn
Redwood City, Calif.
Rochester, N. Y
Chi cago, 111,

06090 Raychem Corp

06175 Bausch and Lomb QOptical Co
06402 E. T. A. Products Co of America

06540 Amatom Electronic Hardware Co , Inc.
New Rochelle, N.Y,

06555 Beede Electrical Instrument Co , Inc,
Penacook, N. H.
Indi anapolis, Ind
Phoen ix, Ariz.

06666 General Devices Co Inc.
05751 Sem cor Div, Components Inc,
06812 Tortington Mfg Co. , West Div.
Van Nuys, Calif
San Carlos, Cal if.
Van Noys, Calif.
Pasadena, Cal if.
Minne apolis, Minn,

06980 Varian Assoc. Emmar Div,
07088 Kelvin Efectric Co.
07126 Digt tran Co
07137 Transis tor Electronics Corp.
07138 Westi aghouse Electric Corp.
Electronic Tube Div
07149 Filmohm Corp
07233 Cineh Graphi k Co
07261 Avnet Corp
07263 Fairchiid Camera & Inst Cormp
Semiconductar Div. Mountain View, Cali f
07322 Miane sota Rub ber Co Minneapoli s, Minp
07387 Birtcher Corp The Monterey Park, Cal if
07397 sylvania Elect Prod Inc. Mt View Qperations
Mounta in view, Calif.
Cranford, N J.
Hawthome, Cal if

Etmia, NY.

New York, N Y,

City of industry, Calif.
Culver City, Calif,

07700 Techaical Wire Products {nc.
07310 Continental Device Carp
07933 Raytheon Mg, Co
Semigconductor Div. Mountain View, Calif
017980 Hewlelt- Packard Co. , Boonton Radio Div.
Rockaway, N ).
Los Angeles, Calif.
Pomona, Calif

08145 1. S Engi neeri ag Co
08289 Blinn, Deibert Co
08358 Burgess Ballery Co.,
Niagara Falls, Ontarig, Canada
08524 Deutsch Fastener Corp. Los Angeles, Calif.
08664 Bristol Co.., The Waterbury, Conn.
08717 Stean Cempany Sun Valley, Cali f.
08718 iTT Cannon Electric [nc, Phoeni x Div,
Phoenix, Arizona
08737 CBS Electronics Semiconduclor
Operations, Div of C B S. (nc.
Lowelf, Mass.
Indi anapolis, Ind,
Costa Mesa, Calif,
Houston, Texas
Butbank, Calif.
Chicago, I}

08984 Mel-Rain

09026 Babcock Refays Oiv

09134 Texas Capaci tor Co

09145 Tech Ind Inc Atohm Elect

08250 Electro Assemblies, lac,

09569 Maitory Battery Co. of
Canada, L1d. Toronto, Ontar {0, Canada

10214 General Transi stor Western Corp

Los Angeles, Calif

Berkeley, Catif.

Niagara Falls, N.Y.

Berne, Ind

10411 Ti-Tal, jac
10646 Carhorundum Co
11236 CT§ of Berae, Inc
11237 Chi cago Telephone of Cali fornia, Inc.

So. Pasadena, Cal if.

11242 Bay State Electronics Cotp. Waltham, Mass.

11312 Teledyne Jac. Microwave Div. Palo Alto, Calif.

11314 National Seal Downey, Calif.

11534 Duncan Electronics Inc. Costa Mesa, Calif,
11711 General Instrument Corp, , Semiconductor

Div., Products Group Newark, N.J.

11717 imperial Efectronic, Inc. Buena Patk, Cali f.

11870 Melabs, inc. Palo Alto, Calif,

12136 Phitadelphia Handfe Co. Camden, N.J,

12361 Grove Mfg. Co. , tnc, Shady Grove, Pa.

12574 Gulton Ind. Inc. Data System Div.

Albuguerque, N. M.

Dover, N.H.

W. Haven, Conn.

Tokyo, Japan

Clark, K.J.

Newport Beach, Cal if,

Scottsdale, Arizona

12697 GClarostat Mfg. Co.
12728 Elmar Filter Corp,
12859 Nippen Electric Co., Ltd.
12881 Metex Electronics Corp.
12930 Delta Semiconducter lac,
12954 Dickson Electronics Corp,
13103 Thermolloy Dallas, Texas
13396 Telefunken (GmbH) Hanover, Germany
13835 Midland-Wri ght Div. of Pacific Industii es, Inc.
Kansas City, Kansas
Newbury Park, Calif,
14193 Cal if. Resis tor Corp. Santa Monica, Calif.
14298 American Components, inc. Conshohocken, Pa.
14433 ITT Semiconduc for, A Div. of int Telephone
& Telegraph Cotp. West Palm Beath, Fla.
14493 Hewlett-Packard Company Loveland, Cola,
14655 Cornell Dublier Electric Cotp. Newark, N.J,
14674 Corning Glass Works Corning, N.Y.
14752 Etectro Cube lac. San Gabriel, Calif,
14960 Williams Mfg. Co San Jose, Calif.
15203 Webster Electroni cs Co. New York, N.Y.
15287 Scionics Corp, North tidge, Calif,
15291 Adjustable Bushing Co. N. Hollywoed, Calif.
15558 Micron Electroni ¢s
Garden City, Long Island, N.Y,
15566 Amprobe Inst, Cotp Lynbrook, N. Y,
15631 Cable tronics Costa Mesa, Calif.
15772 Twentieth Century Coil Spring Co.
Santa Clara, Calif.
Framingham, Mass,
Mt View, Calif,
Spruce Pine, N. C.

14099 Sem-Tech

15801 Fenwal Elect Inc.
15818 Ametco fnc
16037 Spruce Pine Mica Co

16179 Omni-Spectra tnc. Detroit, 111,
16352 Computer Diode Corp, Lodi, N.J.
16688 tdeal Prec. Meter Co. Inc.

De Jur Meter Div. Brooklyn, N. Y.
16758 Delco Radio Div. of G. M. Corp. Kokoma, Ind,

17108 Theimeneti ¢s [nc

17474 Tranex Company

17675 Hamlin Metal Preducts Corp.
17745 Angstrohm Prec. Inc.
17870 McGraw-E dison Co.

18042 Power Design Paci fic inc
18083

Canoga Park, Cal if.
Mauntain View, Cal if.
Akron, Qhio
No Holly wood, Calif.
Manchester, N. K.
Palo Alto, Calif.
Ctevite Corp. Semiconductor Div.
Palo Alto, Calif.
Sunnyvale, Calif,
Hollis ton, Mass.
Des Plaines, |Il.
Mt Kisco, N. Y.

18324 Signetic s Corp.
18476 Ty-Car Mfg Co. , Inc
18486 TRW Eject Comp Div.
18583 Curtis Instrument, Inc.
18873 £ 1. DuPont and Co. , Inc. Witmingtan, Del.
18911 Durant MIg. Co. Milwaukee, Wis,
19315 The Bendix Corp. Navigation & Control Div
Teterboro, N.J,
19500 Thomas A Edi son industri es, Div. of
McGraw-Edison Co, West Orange, N.J.
19589 Concoa Batdwin Park, Calif,
13644 LRC Electroni cs Horseheads, N.Y.
19701 Electra Mfg Co. Independence, Kansas
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Code
No.  Manufacturer Address
20183 General Atronics Corp. Phifadelph ia, Pa
21226 Execulone, inc Long Island City, N. Y.
21335 Fafnir Bea rin g Co The New Britain, Conn
21520 Fansteel Metallurgical Corp N. Chicago, (N
23783 British Radio Efectronics Ltd Washington, D C
24455 G E Lamp Division
Nela Park, Cleveland, Ohio
24655 Genera! Radi o Co West Concord, Mass
24681 Memc or In ¢ Com p. Div, Huntingten, Ind.
26365 Gries Reproducer Corp. New Rochelle, N Y.
26462 Grobet File Co of America, Inc.
Carlstadt, N.J.
26992 Hamilton Watch Co Lancaster, Pa.
28480 Hewlett Packard Co Palo Alto, Cal if,
28520 Heyman Mfg Co. Kenifworth, N.J.
33173 G E Recei ving Tube Dept. Owens boro, Ky
35434 Lectrohm Inc Chicago, IlI.
36196 Stanwyck Coi | Products Ltd
Hawkes bury, Ontaric, Canada
36287 Cunmingham, W.H. & Hill, Ltd.
Toronto Ontario, Canada
37942 P.R Mallory & Co Inc tndianapol is, Ind
39543 Mechanical Indystii es Prod. Co Akron, Ohio
40920 Min iature Prec ision Bearings, Inc. Keene, N.H.
42190 Muter Co Chicago, Il
43990 C A. Norgren Co Englewood, Colo
44655 Ohmite Mig Co Skoki e, Il
46384 Penn Eng & Mig Corp. Doylestown, Pa.
47904 Polaroid Corp Cambridge, Mass
48620 Precision Thermometer & Inst Co.
Southampton, Pa
49956 Microwave & Power Tube Div Walth am, Mass.
52090 Rowan Contialier Co Westminster, Md.
$2983 Sanboin Company Walth am, Mass.
54294 Shal} cross Mfg Co Selma, N.C
55026 Simpson Electr ic Co Chicago, il
55933 Sonotone Corp Elms ford, N Y.
55938 Raytheon Co Commercial Apparatus &
Systems Div So Norwalk, Conn.
56137 Spaulding Fibre Co Inc Tonaw anda, N. Y.
56289 Sprague Electnc Co North Adams, Mass.
59446 Telex Corp Tulsa, Okla.
99730 Thomas & Betts Co Elizabeth, N J.
60741 Triplett Electncal Inst, Co Blufften, Ohio
61775 Uni on Swi tch and Signal, Div of
Westinghouse Air Brake Co Pittsburgh, Pa.
62119 Uni versal Electnc Co Owosso, Mich,
63743 Ward -Leonard Electric Co Mt Vernon, N.Y.
64959 Western Electri ¢ Co Inc New York, N.Y
65092 Weston [nst Inc Weston-Newark Newark, N J.
66295 Wittek Mfg Co. Chicago, Il
66346 Minnescta Mming & Mfg Co. Revere Mincom Div.
St Paub, Minn.
70276 Allen Mfg Co Hart tord, Conn.
70309 Allied Control New York, N. Y.
70318 Aiimetal Screw Product Co Inc
Garden City, N Y.
70485 Atlantic Indi a2 Rubber Werks, Inc Chicago, (I,
70563 Am perite Co Inc Union City, N.J.
70674 ADC Products Inc. Minneapolis, Minn.
70903 Belden Mfg Co Chicago, IlI.
70998 Bird Electrenic Corp Cleveland, Ohio
71002 Birnbach Radio Co. New York, N.Y.
71041 Boston Gear Works Div of Murray Co.
of Texas Quincy, Mass
71218 Bud Radio, Inc. Willoughby, Ohio
71286 Camloc Fastener Corp Paramus, N. J.
71313 Cardwell Condenser Corp.
Lindenhurst L. 4., N Y,
71400 Bussmann Mfg. Div. of McGraw- Edison Co

TABLE 6-3.

CODE LIST OF MANUFACTURERS (Cont'd)
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Code
No.

71436
71447
71450
71468
71471
71487
71590

71616
71700
1707
11744
71785

71984
72136
72618
72656

72699
72765
72825
72928
72964
72982
73061
73076
73138

73293

73445
73506
73559
73586
73682

73734
73743
73793
73846
73899
73905
73957
14276
74455
74861
74868

74970
75042
75378
75382
75818
75915
76005
76210
76433

76487
76493
76530

76545
76703
76854
77068

71075
77221

Manufacturer Address
Chicago Condenser Corp.
Cal if Spring Co Inc
CTS Corp.
ITT Cannon Electric Inc,
Cinema, Div Aerovox Corp.
C P Clare & Co
Centr alab Div. of Globe Union lac.

Milwaukee, Wis,

Chicago, [}
Pico-Rivera, Calif.
Eikhart, ind.

Los Angeles, Cal if,
Burbank, Calif.
Chicago, Ilf.

Commercial Plastics Co. Chicago, L.
Cornish Wire Co The New York, N.Y .
Coto Coil Co I[nc Providence, R. .
Chicago Miniature Lamp Works Chicago, Il

Cinch Mfg. Co., Howard B. Jones Div

Chicago, Ill.
DowCo tningCorp. Midland, Mich.
Efectro Motive Mfg Co lac. Willimant ic, Coan.
Dialight Corp. Brooklyn, N Y
Indi ana General Corp., Electronics Div

Keasby, N.J.

General Instrument Cosp. , Cap. Di v. Newark, N. J.
Drake Mfg. Co. Harwood Heights, Ifl.
Hugh H. Eby Inc. Phitadelphia, Pa

Gudeman Co. Chi cago, 1l
Robert M. Hadley Co. Los Angeles, Cal if
Eri e Technolegical Products, Inc Erie, Pa
Hansen Mfg. Co. , Inc. Ptinceton, ind.
H.M. Harper Co Chicago, I'l.

Helipot Oiv of Beckman Inst. | Inc
Fullerton, Calif
Hughes Products Division of Hughes
Aircraft Co, Newport Beach, Calif
Amperex Elect Co, Hicksville, L | N.Y.
Bradley Semiconductor Corp. New Haven, Conn
Carfing Efectnic, Inc Harstford, Conn
Circle F Mfg. Co. Trenton, N.)J.
George K Garrett Co , Div. MSL
Industries Inc. Phitadelphia, Pa.

Federal Screw Products inc. Chicago, 1if
Fischer Spec ial Mfg. Co Cincinn ati, Qhio
General Industri es Co The Elyri a, Ohio
Goshen Stamping & Tooi Co. Goshen, ind
JED Electronics Corp. Brooklyn, N.Y.

San Jose, Calif
Ridgefield, N.)J.

Jennings Radio Mfg Corp
Groov-Pin Corp.

Signalite Inc Neptune, N J
J.H Winas, and Sons Winchester, Mass
Industrial Condenser Corp Chicago, I

R F Products Divis ion of Amphencl-Borg
Etectronics Corp Danbury, Conn

E.F Johason Co Waseca, Minn

Internati onal Resistance Co Philadelph ia, Pa

CTS Knights Inc. Sandwich, i1l
Kulka Electric Corporati on Mt Vernon, N.Y.
Lenz Electric Mfg Co, Chicago, Il
Little fuse, inc Des Plaines, I
Lord Mfg Co. Etie, Pa
C W Marwedel San Francis co, Calif

General Instrument Corp., Micam old Division
Newark, N ).
James Millen Mfg Co. | Inc. Malden, Mass.
J. W Miller Co. Los Angeles, Calif.
Cinch Monadnock, Div. of United Carr
Fastener Corp. San Leandro, Calit
Mueller Electsic Co Cleveland, Qhio
National Unian Newark, N.J.
Qak Manufacturing Co. Crystal Lake, 11l
The Bendix Corp Electrodynamics Div,
N. Hollywood, Cali f
Pacifi ¢ Metals Co San Franc isco, Calif
Phanos tran Instrument and Electronic Co.
South Pasadena, Cal if.

Code
No.

77252
77342

77630
77638

17764
77969
78189

78283
78290
78452
78471
78488
78493
78553
78790
78947
79136
79142
79251
18727

79963
80031

80120
80131

80207

80223
80248
80294
80411

80486
80509
80583
80640
81030
81073
81095
81312

81349
81483
81541
81860

82042
82047

82142
82170

82209
82219

82376
82389
82647

82768
82866
82877
82893

Model 432A

Moanufacturer Address
Philadeiphia Steel and Wire Corp
Phitadeiph ia, Pa.
Ameri can Machi ne & Foundry Co Potter
& Brumfield Div Princeton, Ind
TRW Electronic Components Div Camden, N J
General instrument Corp Rectifier Div
Brooklyn, N Y

Resi staa ce Products Co Harri sburg, Pa

Rub be rcraft Corp of Calif Torrance, Calif
Shake proaf Divi sion of [Ilinois Tool Works

Elgin 11,
Signal Indr cator Corp New York, N Y.
Str uthers-Ounn inc Pitman, N.J.
Thompson -Bremer & Co Chicago, HI
Tiliey Mfg Co San Francisco, Calif
Stack pote Carbon Co St Marys, Pa

Standar d Thomson Corp
Tinne rman Products, Inc
Transfor mer Engineers
Ucinite Co
Waldes Kohinoor Inc
Veeder Root, Inc
Wenco Mfg Co
Continental -Wirt Electroni ¢s Corp
Philadelphia Pa.
Zier ¢k Mfg Cormp New Rochelle, N. Y
Mepco Division of Sessions Clock Co
Morristown, N.)
Schni tzer Alloy Products Co Elizabeth, N.J)
Elect ronic industr ies Association. Any brand
Tube meeting EIA Standards-Washington, DC
Umimax Switch Div Maxon Electronics Corp
Watli ngford, Conn
New York, N Y

Walth am, Mass,
Cleveland, Ohio

San Gabri el, Calif.
Newton vilie, Mass
Long Istand City, N. Y
Ha rtford, Conn

Chi cago, 1l

Uni ted Transfor mer Corp
Oxford Electric Corp Chicago, i
Bourns lnc Riverside, Calif
Acro Div of Rober tshaw Controls Co

Columbus, Ohio
Oefiance, Ohio
Montov ia, Calif
New York, N Y.

All Star Products Inc.
Avery Label Co
Hammarlund Co Inc

Stevens, Arnold, Co Inc Boston, Mass
Internati onal Ins truments tnc Qrange, Cean.
Grayhill Co LaGrange, [l
Tir ad Transformer Corp Venice, Calif,
Winchester Efec Div. Litton Ind Inc

Oakville, Conn.
Mili tary Specification

Inter national Rectifi er Corp El Segundo, Cali f.
Aipa x Electronics, Inc Cambridge, Maryland
Barry Controls Div. Barry Wright Corp

Watertown, Mass.

Carter Prec is ion Electric Co Skokie, (M.
Sperti Faraday Inc Copper Hewitt

Etectric Div Ho boken, N, J.
Jetfers Electroni cs Div ision of Speer

CarbonCo Du Bois, Pa

Fairchild Camera & Inst. Corp. Space & Defense
System Div Patamus, N. J.
Maguire industries, Inc Greenwich, Conn
Sylvania Electric Prod Inc

Electronic Tube Division Emporium, Pa
Astron Corp East Newark, Harri son, N J,
Switchcraft, inc Chicago, I,
Metals & Controls Inc. Spencer Products

Attteboro, Mass.

Phillip s-Advance Control Co Joliet, 1.
Research Products Carp. Madison, Wis.
Rotron Mfg Co Inc, Woodstock, N. Y.
Vector Electronic Co Glendale, Calif.



Model 432A
TABLE 6-3.
CODE LIST OF MANUFACTURERS (Cont'd)
Code Cod
No. Monufacturer Add No.  Manuf Address
8305¢ Carr Fastener Co. Cambridge, Mass. 91418 Radio Materials Co. Chicago, Il
8308k HNew Hampshire Bal{ Bearing, Inc. 91506 Augat Inc. Attleboto, Mass.
Peter botough, N, H. 91637 Dale Electronics, tnc, Columbus, Nebr.
83125 Gemeral instrument Cotn Capacitor Oiv. 91662 Elco Corp Willow Grove, Pa.
Darti agton, 5. C. 91737 Gremar Mfg. Co. , Inc. Wake field, Mass.
83148 1TT Wire and Cable Div Los Angeles. Calif. 91827 K F Developm eat Co Redwood City, Cal if,
&31BE  V¥ictory Eng. Corp. Springti =i K_J. 51886 Malco Mfg. Co., Inc. Chicago, Jli.
83298 Bendix Corp Red Bank Div Red Bank, N . 51923 Honeywell tnc Micro Switch Div.
83315 Hubbelf Corp. Mundelein, 1. Freeport, HI.
83330 Smith, Hefman H. (nc. Brooklyn, N.Y. 91961 Nahm- Bros, Spring Co. Oakland. Calif.
83337 Tech Labs Palisade’ s Park, N. J, 92180 Tru-ConnectorCorp. Peabody, Mass.
83385 Ceniral Screw Co. Chicago, (1. 92367 Elgeet Optical Co Inc. Rochester, N.Y.
83501 Gavitt Wire andCableCao, 92607 Tensolite insulated Wire Co. , Inc.
Div. of Amerace Corp, Brooklieid, Mass. Tarey town, N Y,
Burcoughs Corp. Electronic Tube Div, 92702 IMC Magnetics Corp.  Wesbury Long (sland, N.Y.
Plainfield, N.J. 92966 Hudsan Lamp Co, Kearney, N, }.
83740 Ueion Carbide Corp. Consumer Prod. Div. 93332 Sylvania Electric Prod. Inc.
New York, N.Y, Semiconductor Div Woburn, Mass.
83777 Model Eng and Mfg., fnc Huntington, Ind. 93369 Robbins & Myers Inc Palisades Park, N.)
83821 Loyd Scruggs Co Festus, Mo. 93410 Stevens Mfg. Co Inc Mansfield, Qhio
§3342 Aergnaut ical lnst. & Radio Ca. Lodi, N.f, §3929 G.V. Controls Livingston, N.J.
84171 Arce Electronics Inc. Great Neck, N.Y. 94137 General Cable Corp. Bayonne, N J,
84336 A.J Blesener Co., Inc. San Francisco, Calif, 94144 Raytheon Co Comp. Div. , Ind.
84411 TRW Capaciter Div Dgall ala, Neb, Comp. QOperations Quincy, Mass.
84970 Sarkes Tarzran, Inc Bloomington, ind. 34148 Scientific Electronics Products, Inc
85452 Boonton Molding Company Boonton, N. J. Leveland, Colo.
85471 A, B, Buyd Co. San Francisco, Calif, 94154 Wagner Efect. Corp, Tung-Sol Div. Newark, N.J.
85474 R, M. Bracamonte & Co. SanFranciscn, Cal if. 94197 Curtiss-Wright Corp. Electronics Div.
85650 Koiled Kords, Ing, Hamden, Conn. East Paterson, N_J.
85911 Seamless Rubber Co. Chicago, 11, 34272 South Chester Corp Chester, Pa.
86197 Cliflon Preci sion Products Co. , lac. 34330 Wire Cloth Products, Inc, Bell wood, (11
Clifton Hei ghts, Pa. 94682 Worcester Pressed Aluminum Corp.
BESTY Precis ion Rubber Praducts Corp, Dayton, Ohio Worcester, Mass.
86684 Radio Corp. of Ametica, Electronic 94696 Magnecraft Electric Co Chicage, U1
Comp. & Devices Div. Harrison, K. J, 95023 George A Philbrick Reseatchers, Inc
87034 Marco Industrigs Anaheim, Calif. Boston, Mass,
87216 FPhiteo Corporation (Lansdale Dj vision) 95236 Allies Products Corp Dan ia, Fla.
Lansdale, Pa. 95238 (Continental Connector Corp. Woodside, N, Y.
87413 Western Fibraus Glass Products Co 95263 Leecr aft Mfg, Co. Inc. Long Island, N.Y.
San Franc isco, Calif 95265 National Coil Co Sheridan, Wyo,
87664 Van Walers & Rogers inc. San Franci sco, Calil, 95275 Vitram on, (n¢ Bri dgeport, Conn,
87930 Tower Mfg. Corp. Providence, R. |, 95348 Gordos Corp, Bloomfield, ¥ J.
EB140 Cutler-Hammer, Inc. Lincoln, 1. 95354 Methode Mfg. Co. Relling Meadows, IH.
88220 Gould- Nationa! Batteri es, Inc, St. Paul, Mian, 95566 Amold Engineering Co. Marenge, [t
§8698 General Mills, Inc, Buffalo, N.¥. 95712 Dage Efectric Co., Inc. Franklin, Ind.
89231 GraybatEleciricCo Oakland, Cafif. 95984 Sjemon Mfg. Co. Wayne, Il
85473 G. E Distributiag Corp. Schenectady, N, Y. 95987 WeckesserCo. Chicago, 1H.
By66S United Transformer Co. Chicage, 1 96067 Huggins Laboratories Sunnyvale, Calif.
30173 U5 Rubber Co. Consumer (nd, & Plastics 96095 Hi-Q Div. of Aerovox Corp. Qlean, N. Y.
Prod Ojv Passaic, N.J. 96256 Thordarson -Meissner Inc, Mt Carmet, 1t
30970 Beating Engineering Co. San Franci sco, Calif 96296 Solar Manufacturing Co. Los Angeles, Calif.
91146 ITT Canmnon Fiect, In¢. , SalemDiv.Salem, Mass. 96330 Carllon Screw Co, Chicago, 1.
91260 Coanos Spring Mig. Co. 8an Franc isco, Calif, 96341 Microwave Associates, Inc. Burlington, Mass.
91345 Miller Dial & Nameplate Co El Mante, Cal if. 96301 Excel Transformer Co. Oakland, Calif.

Code
No.

97464
97539
97979
97983

98141
98159
98220

98278
98291
98376
98731

98734

38821
98978

99109
99313
99378
99515
99707

99800
99848
99934
99947

99957

Parts
Manufocturer Address
Indystrial Retai ning Ring Co ltvington, N.J.

Englewood, N.J.
Yonkers, N.Y.

Automatic & Preci sion Mig.
Reon Resistor Corp.
Litton System [nc. Adler-Westrex
Commun. Div. New Rochelfe, N. Y.
R-Troncis, Inc. Jamaica, N. Y,
Rubber Teck, Inc, Gargena, Calif.
Hewlett- Packard Co. , Moseley Div,
Pasadena, Calif.

Microdet, inc. So. Pasadena, Calif,
Sealectro Corp. Mamaroneck, N.Y.
Zero Mfg. Co. Burbank, Calif.
General MillsInc., Electronics Div.

Minneapelis, Minn,
Paeco Div. of Hewlett- Packard Co.

Pale Atto, Calif.
North Hills Etectronics, Inc. Gien Cove, N.Y.

Interpati onal Etec tionic Research Corp.
Burbank, Calif.
New York, N.Y.
Palo Alto, Calif.

Columbia Techni cal Corp.
Varian AssoCiates
Atjee Corp. Winchester, Mass.
Marshalt tnd. , Capacitor Div. Monrovia, Calif.
Contiol Switch Divis ion, Controls Co.

of America El Segunda, Calif,
Delevan Electronics Corp. East Au rora, N. Y.
Wiico Corporation Indianapolis, ind.
Renhrandt, Inc. Boston, Mass.
Hoffman Electroni cs Corp.

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

Newbury Park, Calif,

THE FOLLOWING P VENDORS HAVE NO NUMBER
ASSIGNED IN THE LATEST SUPPLEMENT TO THE
FEDERALSUPPLY CODE FOR MANUFACTURERS

HAND BOOK.
0000F  Malco Tool and Die Los Aagetes, Calif.
0000Z  Willow Leather Produets Corp. Newark, N.J.
000AB ETA England
000BB  Precision Instrument Components Co.
Van Nuys, Calif.
000CS Hewlett- Packard Co. Colorado Springs
Colorado Springs, Colorado
000MM  Rubber Eng. & Development Hayward, Calif.
000NN A “N'' D Mig. Co. San Jose, Calif.
000QQ  Cosltron Dakland, Calif.
000WW  California Eastern Lab. Burlington, Calif,
000YY  S. K. Smith Co. Los Angeles, Calif.
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Section V11
Troubleshooting, Schematics

SECTION VII

TROUBLESHOOTING, SCHEMATICS, AND
COMPONENT LOCATIONS

7-1. INTRODUCTION.

7-2. This section contains troubleshooting instruc-
tions, schematics, and component locations for t h e
power meter. Also included is an overal block dia-
gram that indicates the location of test points in the
instrument.

7-3. Reference designations shown within circuit card
outlines are abbreviated. To find the part in the Parts
List, use the full reference designation. For example,
R6 on the A2 Meter Logic Assembly is listed as A2R6.

7-4. The Schematic Notes ir_Table 7-1 pertain to all
the schematics. Additional notes on the schematics
indicate test conditions, and special information for
use when maintaining the instrument.

7-5. TROUBLESHOOTING.

7-6. [Tanle_7=71is the Overall Troubleshooting chart
for the power meter. Procedures for isolating circuit
malfunctions to specific stages are based on the use
of the HP 8477A Power Meter Calibrator and the cali -
bration procedures if_Section Y. The information
obtained when calibration is attempted is used to
troubleshoot the instrument.

7-7.[Table_7-Z] contains references that direct the
user to the detailed troubleshooting charts,
through 7-11. The detailed charts refer the user to
transistor stages. In a few instances, specific parts
are called out as being possible causes of circuit mal-
function, however, the troubleshooting charts are not
intended to locate specific parts that have faled. They
are intended to locate only malfunctioning stages.

7-8. SCHEMATICS.

7-9. The schematics contain signal routing infer -
mation, nominal voltage levels, and notes that assist
in understanding the circuit. They are laid out to
show electrical operation, and are not int ended as
wiring diagrams.

7-10. Component location photographs next to the
schematic foldouts indicate the physical location of
parts. Test points are also shown, and are marked
on the schematic in the same manner as they are in
the meter.

7-11. Factory selected parts are indicated by an as-
terisk. These are components that generaly are in-
stalled to fulfill circuit operation requirements. They
may be the nominal value, or they may be some value
close to nominal. In any case, if the component fails,
circuit operation should be verified after these com-
ponents are replaced.

7-12. AIAlI AUTO ZERO ASSEMBLY.

7-13. The Auto Zero circuit is encapsulated and must
be replaced as a unit. A solder removing tool, such
as the Soldapullit suction device listed in

is required to remove solder around the leads. After
solder is removed, the unit must be carefully removed
f romthe circuit card in such a manner that the circuits
on the card do not delaminate. After the Auto Zero
assembly is replaced, perform the adjustment pro-
cedure given in[Seciion VI

7-14. TEST CONDITIONS.

7-15. For most tests of circuit operation when trouble-
shooting the instrument, t h e troubleshooting charts
call out control settings. In special cases, notes on
the schematics indicate control settings required to
measure voltage levels in circuits. Generally, t h e
following control settings should be selected, and
changed only as the troubleshooting procedures
indicate:

Raffle........................ .3 mW (-5 dBm)
MOUNT RESISTANCE . . . ... ..200 (Mount installed)
CALIBRATIONFACTOR . ... .o 100
COARSE ZERO . . . . . . turn until meter is at full scale



[Section VIl
Troubleshooting, Schematics

Table 7-1. Schematic Notes

Model 432A

1. Resistance in ohms, capacitance in microfarads unless otherwise indicated.
2. 0 Screwdriver adjustment
O Front panel control
3. D Front panel designation
mo N
t Rear panel designation
JRR——
4., ——--—— Printed circuit card border

wemmmmssmes  Main signal path
———  Secondary signal path

w——emm—emm  Secondary feedback path
5. P/O = part of

6. §C<v—J Wiper moves toward CW when control rotated clockwise

Test point. Number in circle matches number on printed circuit card.

Breakdown diode

A
9. @ Tunnel diode
3

947 denotes white, yellow, violet wire.

ates socket connections and pin numbers.

Wire color code. Numerical color code same as resistor coding. For example,

7-2



HP Model 478A Thermistor Mount

GENERAL INFORMATION

1. INTRODUCTION.

2. The HP Model 478A Coaxial Thermistor Mount
isdesigned for use with HP Model 431 and 432 Power
Meters to measure microwave power from 1puW to
10 mW. Design of the mount minimizes adverse
effects from environmental temperature changes
during measurement. For increased measurement
accuracy, Effective Efficiency and Calibration Fac-
tor are measured for each mount, and at selected
frequencies across the operating range; the results
are marked on the label of the instrument (see

. The Model 478A can be used over
the 10-MHz to 10-GHz frequency range, Through-

THERMISTOR

MOUNT
473A

out the range, the mount terminates the coaxial in-
put in a 50-chm impedance, and has a SWR of not
more than 1. 75 without externa tuning.

3. Each mount contains two series pairs of therm-
istors, which are matched to cancel/the effects of
drift with ambient temperature change, Thermal
stability is accomplished by mounting the leads of
all four thermistors on a common thermal conduc-
tor to ensure a common therma environment. This
conductor is thermally insulated from the main
body of the mount so the therma noise or shocks
applied externally to the mount, such as those from
handling the mount manually, cannot significantly
penetrate to disturb the thermistor. This thermal
immunity enables the thermistors to be used in the

8-1



Tablc 1. Specifications

requency Range: 478A: 1 0 MHz to 10 GHz

ount Calibration: Calibration Factor and Effective
Efficiency furnished at six frequencies between 1€
MHz and 10 GHz.

npedance: 50 ohms.

aximum Reflection Cocfficient:
10 to 25 MHz: 0.273 (1.75 SWR., 11.3 dB returr
loss).

25 MHz to 7 GHz: 0.13 (1.3 SWR. 17. 7 dB returr
loss).

7to 10 GHz: 0.2 (1.5 SWR, 14 dB return loss)
perating Resistance: 200 ohms.
ower Range with Model 431 and 432A:1 W to 1(
mw.
aximum Peak Power: 200W.

‘aximum Average Power: 30 mW.

laximum Energy per Pulse: 10 W . ;s for a PRI
21 kHz: 5 W - us for a PRF <1 kHz.

lements: Field-replaceable, thermally balanced

thermistor assembly. Thermistor assembly fielc
adjustable so that full ""zero-set' capability can be
restored in the event of inadvertent overloac
(mount calibration no longer valid).

F Connector: Type -N male. compatible with female
connectors whose dimensions conform to MIL-C-
71 or MIL-C-39012. Brass connector.

utput Connector: Mates with 431 and 432 cables.
Teight: Net. 5 oz (140 g). Shipping. 1 1b (450 g).

Uncertainty of Calibration Factor and Effective
Efficiency Data for 478A

Probable
Sum  Uncertainties (1) Uncertainties (7)
Freq. Cal. Effective ‘Cal. Effective
(GHz) | Factor | Efficiency | Factor | Efficiency
1.0 2.3 2.3 1.1 1.1
3.0 2.8 3.1 1.6 1.6
5.0 3.6 3.5 2.1 2.1
7.0 3.7 4.1 2.1 2.1
8.2 2.8 3.5 1.3 1.3
9.8 2.8 3.1 1.3 1.3
12.4 6.3 4.6 2.1 1.6
15.0 6.3 4.6 2.1 1.6
18.0 6.3 4.8 2.1 1.6

*Includes uncertainty of reference standard and
transfer uncertainty, Directly traceable to NBS,
In addition to the listed uncertainties. add the
following for the indicated 431 ranges: 0. 3 .
0.1 mW, 10,77 : 0.03 mW. :1.57: 0.01 mW.
When using the 432 Power Meter no additional
uncertainties are encountered,

Model 478A

measurement of microwave power down to the micro-
watt region.

4. INCOMING INSPECTION.

5. Inspect the Model 478A upon receipt for mechanical
damage. Also check it electrically: if the mount was
subjected to severe mechanical shock during shipment.
the match between the thermistors may be affected. To
check thermistor match. proceed as descritegimPars
agraphch

6. If any damage is found. inform the carrier and your
nearest HP Sales and Service Office immediately.

OPERATION
7. PRECAUTIONS.
8. MECHANICAL SHOCK

9. DO NOTDROPOR SUBJECT TO SEVERE MECHAN-
ICAL SHOCK. SHOCK MAY DESTROY THE MATCH
BETWEEN THERMISTORS AND INCREASE SUSCEPTI-
BILITY TO DRIFT.

10. BIASING THERMISTORS.
CAUTION

Before connecting the Model 478A to the 431
or 432 Power Meters, set the MOUNT RES
switch to 200-ohm position. CONNECTING
A 200-OHM MOUNT TO A POWER METER
SET FOR A 100-OHM MOUNT CAN RESULT
IN THERMISTOR DAMAGE.

11. MAXIMUM INPUT.

12. The Model 478A 431 and 478A 432 combinations re -
spond to the average RF power applied. The maximum
signal applied to the thermistor mount should not exceed
the limitations for 1) average power, 2) pulse energy
and 3) peak pulse power. Excessive input can perma-
nently damage the Model 478A by altering the match be-
tween the RI" and compensation thermistors (resulting
in excessive drift or zero shift) or cause error in in-
dicated power.

13. AVERAGE POWER. The 478A 431 and 478A 432
combinations can measure average power up to 10 mWw,
To measure power in excess of 10 mW . insert a cali-
brated directional coupler such as one of the HP Model
770 series or 790 series between the mount and the
source. UNDER NO CIRCUMSTANCES APPLY MORE
THAN 30 mW AVERAGE POWER TO THE MOUNT.

14. PULSE ENERGY AND PEAK POWER FOR 478A

432 COMBINATION. For pulses shorter than 250 pus,
energy per pulse must not exceed 10 W-p4s and peak
power should never exceed 200 wsatts. (For example,
a 40 mW, 250 s pulse contains 10 W-us of energy. )
Pulses longer than 250 s are allowed to contain more
encrygy but peak power must not exceed 40 mW. Figures
1 and 2 interpret these limits i graphical form. (For
lack ot space, the mount nameplate lists only a 5 W-1s
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I

) - — 47B8A/43I
478A /432

MAXIMUM ALLOWABLE
INDICATED POWER (MW)

PULSE REPETITION FREQUENCY (kHz)

S
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T |
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=% 5 — ____|
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= 478A/432
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|
MODULATION FREQUENCY (kHz)

Figure 1. Maximum Power Meter Reading vs PRF for
Pulses Shorter than 250 ps -

limit, a rating which applies to the 478A 431 combina
tion. )

15. PULSE ENERGY AND PEAK POWER FOR 478A/
431 COMBINATION. The limitations of this combina-
tion are basicaly the same as the 478A 432 with the
exception that at pulse repetition rates less than 1 kHz,
energy per pulse must not exceed 5 W-Us and peak
power must not exceed 10 mW. These limits are aso

interpreted in Eigures 1] and 2.

16. Square-wave modulation is a specia case of pulse
modulation, and maximum power-meter reading versus
square -wave frequency is illustrated in[Eigure 3] This
figure also holds for sine -wave modulation.

17. In the discussions above, the primary considers-
tion is maximum power or energy, However, for mod-
ulation frequencies less than 100 Hz, the low repetition
frequent y itself causes errors in indicated power. These
errors may be as large as two percent regardless of
range or reading.

PRF> | kHz *

q‘,

*
& L\:‘;l/
Y —— areasan*
PR —— 478A/432

25 50 75 100
DUTY CYCLE (%)

MAXIMUM ALLOWABLE
INDICATED POWER (MW)
o

Figure 2. Maximum Power Meter Readings vs Duty.
Cycle for Pulses Longer than 250 ps

Figure 3. Maximum Power Meter Reading vs Square
and Sine -Wave Frequency

18. When RF is switched by pulse-gating (coaxia solid
state switches), consideration must be given to the RF
energy contained in the switching pulse itself. This
energy must be added to actua RF pulse power when
estimating the RF power dissipated in the ther mister
mount. PIN diode modulators of H P Model 8741A/
8716A Modulators and 8614A/8616A Signal Generators,
however, are not subject to this consideration because
output filtering prevents transmission of modulating
signals.

19. DRIFT PRECAUTION.

20. Thermistors are inherently temperature -sensitive
devices, A cold thermistor mount connected to a warm
piece of equipment, or vice versa, produces rapid drift.
FOR MINIMUM DRIFT ON SENSITIVE RANGES, MAKE
SURE THAT THE MOUNT AND THE EQUIPMENTCON-
NECTED TO IT ARE AT NEARLY THE SAME TEM-
PERATURE BEFORE MAKING A MEASUREMENT.

21. ZERO-SET.

22. It is necessary to electrically zero-set the Model
431/432 Power Meter before making a power measure-
ment. To preserve the same zero reference through-
out the measurement, maintain the same thermal en-
vironment when RF power is applied. Two recommended
set-ups for 431 zero-set up are presented i

and 25. The recommended set-up for zero-set in

the 432 is shown i Paragrapn 30
23. RF POWER TURNED OFF FOR ZERO-SET.

24. There is minimum zero drift when the zero is set
with the RF system connected to the thermistor mount
and the RF power switch off or greatly attenuated by the
generator attenuator, The methods used to switch off
RF output in HP signal generators are listed in[Tablg
[2Z1 After allowing time for the mount to stabilize
thoroughly, follow zero-set procedures in the 431 or
432 Power Meter manual and then turn on the RF source.

8-3



Table 2.

Model 478A

Methods of Switching Off RF Output of Various HP Signal Generators

HP Generator Frequency Rangc

Proedure to Switch 0ff RF Output

Model 606 50kHz to 65 MHz

Increase the generator output attenuation 30 or
more dB

Model 8614A 8616A
Model 614 616

Model 618 620 38 to 7.6 GHz 7 to 11 GHz

800 to 2400 MHz 1800 to 4500 MHz
800 to 2100 MHz 1800 to 4200 MHZ

Release RF pushbutton
Set modulation selector to OFF
Set modulation selector to OFF

Model 608
Modcl 682 687

10 to 480 MHZ 10 to 420 MHz
1to 2 GHz 124 to 18.0 GHz

Set MOD SELECTOR to PULSE . but do not apply
modulation signal to modulation input terminal

Model 612 450 to 1230 MHz

Set MODSELECTOR to PULSE 2, but do not apply
modulation signal to modulation input terminal

Model 690. 8690 1to 20 GHz

Series

Set LINE to STANDBY

25, THERMISTOR MOUNT DISCONNECTED FOR
ZERO-SET.

26. 478A 431. When it is inconvenient to turn off the
RF power in the RF system. connect the Model 478A
mount to the RF system and set RANGE on the Model
431 Power Meter for an approximate midscale read-
ing. When the reading no longer drifts, disconnect the

Note
In the proximity of a high RF field. shield

the disconnected thermistor mount from
possible stray RF pick-up during the zero-

set.
__MODEL 478A
(o T 7
' > «— 10 kHz
| | BlAS
| | FROM
| MODEL
A I 43
| T I
' |<|:520 F % !
| P L C) L C |
- 3 %
: ¢ 1350pF | 460pf] (¢4 |
| 1 RI '
' ST 270 :
MRS |
AT N .
IOkHz | !
- — - - - - J
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Figure 4. Source Impedance Shunt ing One RF Therm
istor Mount

mount from the source, terminate the mount, if neces-
sary, as described imr—Paragraphi29, and then zero-set
the power meter. Immediately reconnect the mount to
the RF source for the power measurement.

27, With the Model 478A mount connected to the RF
system, the source impedance shunts one of the RF
thermistors (see—Figmres 4); when the Model 478A mount
is disconnected, the source impedance is removed.
Unless source impedance is high, this variation in im-
pedance affects the RF bridge 10-kHz feedback loop in
the power meter. and the zero-level setting obtained
with the source disconnected is no longer zero for the
measurement, This error can be eliminated by term-
inating the mount in an impedance which approximately
matches the generator impedance at 10 kHz: the term-
ination should be connected while the mount is discon-
nected (see—Paragraph—26) from the source. Forex-
ample, if the impedance presented by the RF system
to 10 kHz is low (1K ohm or less) terminate the therm-
istor mount in a 50-ohm resistor or a short. On the
other hand. if the impedance.of the RF system at 10 kHz
is high (100 K ohms or more) leave the thermistor mount
unterminated during zero-set.

28. Note that some 10-kHz bias signal is coupled into
the RF transmission system by C2=Fimmre5). If the
RF source output impedance at 10 kHz is 15K ohms or
greater, 10-kHz bias voltage is typically 1.3 V RMS
and could equal 1.5 V RMS. For an RF source output
impedance of 50 ohms at 10 kHz, bias signal voltage is
typically 5 mV RM S,

29. The presence of this 10-kHz hias signal may affeet
solid state RF sources and RF voltmeter measurements,
To minimize or eliminate these effects. use an addi -
tional blocking capacitor at the Model 478A or a high-
pass filter at the RF source output.

30. 478A '432. When it is inconvenient to turn the
R F power off while using the 478A 432 combination
simply remove the mount from the source, and using
the COARSE and FINE ZERO, zero the 432.
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Figure 5. Schematic Diagram of a Model 478A Therm -
istor Mount when Connected to a 431 Power Meter

31. MOUNT CALIBRATION DATA.

32. The calibration points imprinted on the label of
each 478A allow power measurements to be made with
increased accuracy. Values of Calibration Factor and
Effective Efficiency are given at six frequencies between
10 MHz and 10 GHz. The mounts are tested on a swept-
frequency basis to assure accurate interpolation between
calibration points. Calibration Factor and Effective
Efficiency values are traceable to the National Bureau
of Standards to the extent allowed by the Bureau's cal-
ibration facilities.

33. CALIBRATION FACTOR, Calibration Factor is
the ratio of substituted audio or dc power in a thermi-
stor mount to the mierowave RF power incident upon
the mount.

Pdc Substituted

P Incident
wave

Calibration Factor =

34, Calibration Factor is a figure of merit assigned to
a thermistor mount to correct for the following sources
of error: 1} RF reflected by the mount due to mis-
match, 2) RF loss caused by absorption within the mount
but not in the detection thermistor elements. and 3) de -
to-microwave power subst itut ion error. Calibration
Factor is applied as a correction factor to all measure-~
ments made without a tuner. When these factors and
thermoeleectric effect (refer torParaprzptr3d) are taken
into consideration. the power indicated is the power
that would be delivered by the R F source to the char-
acteristic impedance of the transmission line. The
total SWR in the {ransmission line determines a region
of uncertainty about the measured power, This subject
is discussed in Application Note 64. available from any
Héwlett- Packard Sales and Service Of fice.

35. EFFECTIVE EFFICIENCY, Effective Ef ficiency
is the ratio of substituted, audio or dc¢ power in a therm -
istor mount to the microwave RF power dissipated with -
in the mount.

P, Substituted
d¢

jiwave

Effective Efficiency - Dissipated

36. Effective Efficiency corrects for power absorbed
in parts of the mount other than the detection thermis -
tor elements and dc -to~-microwave power substitution
error in the thermistor mount, Effective Eificiency is
applied as a correction factor when a tuner is used to
maltch the thermistor mount {o the transmission line or
RF source. In this case. all of the RF power incident
upon the mount is absorbed in the mount. Since all
power is absorbed in the mount, measurenient uncer -
tainty due to mount SWR is eliminated: however, losses
in the tuner must be considered,

37. CALIBRATION DATA APPLICATION,

.38. When the 478A is used with the Model 43 1 or 432

Power Meters, Calibration Factor or Effective Effi-
ciency corrections can be made by setting a front panel
switch, With the proper setting, the 431 or 432 com ~
pensates for the Calibration Factor or Effective Effi-
ciency in the 478A, If the 478A is used with a power
meter other than the 431 or 432, Calibration Factor or
Effective Efficiency corrections can be made by divid-
ing the measured power by the Calibration Factor or
Effective Efficiency value respectively.

39. THERMOELECTRIC EFFECT.

40, Mount calibration uncertainties given in—Table—h
include inaccuracies caused by thermoelectric effect
error. Calibration Factor uncertainty of =1. 5% and
Effective Efficiency uncertainty of +2, 5° can be main-
tained on the three lowest power ranges of the Model
431 series Power Meters by correcting for the meas-
urement error introduced by thermoelectric effect. An

error correction procedure is given mr—Parapraph—44.

41. A mild thermocouple exists at each point of con-
tact where the connecting wires join to the thermistor
elements. Each thermocouple creates a dc voltage.
Thus, two thermocouple voltages of opposite relative
polarity are formed, one at each junction to each therm -
istor element.

42, Ideally, each thermocouple voltage would be equal
in magnitude so that they cancel with no resultant effect
on the accuracy of power measurement. In practice
however, each point of contact does not have identical
thermocouple characteristics, and in addi tion, the tem ~
peratures 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 substitut ion
measurements on the 0.1 mW. 0. 03 mW and 0. 01 mW
ranges with one of the Model 431 series Power Meters,
On other ranges. the effeet is negligible. Maximum
error introduced by thermoelectric effect is about 0. 3
#W and is typically 0, 1 4W on the 0. 01 mW range.

be perfomed in the AN TSM 55V5 Maint enance

NOTE, Calibration wll
Cal i bration FEquiptnent Shelter.
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43. .THERMOELECTRIC £ FFECT ERROR CORREC-

TION FOR 478A 431 COM BINATION,

44, Use the following technique to correct for thermo-
electric effect error,

a. Measure power,

b. Connect a HP Model 8402 Power Meter Calibra-
tor to the power meter DC CALIBRATION AND SUB-
STITUTION connector.

c. Zero and null power meter.

d. Bydc substitution {refer toprocedurein 431 Man-
ual), duplicate power measurement made in step a.
Calculate and record substituted power as Pj.

e. Reverse connection polarity between the calibra-
tor and power meter,

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

g. Bydc substitution, duplicate lower measurement
macli)e instep a. Calculate and record substituted power
as £2.

h. Calculate arithmetic mean of the two substitution
powers P1 and P2.  This mean power includes a cor-
rection for thermoelectric effect error.

P, +P

B 2
Power = 5

45. THERMOELECTRIC ERROR FOR 478A 432 COM -
BINATION.

46. The thermoelectric errors present in the 431 are
minimized in the 432 since the thermoelectric voltage
is negligible compared with the dc voltage used to bias
the thermistor bridges.

OPERATING PRINCIPLES

47, CIRCUIT DESCRIPTION.

48. Two matched series thermistors are mounted on a
common thermal conducting block, represented by the
shaded rectangle in Eigmre=5aOne pair, marked "'D"
for detection, is mounted between the end of a coaxial
cable and cylindrical cavity. These thermistors are
exposed to incoming RF power which heats them, low-
ering their resistance. The other pair, marked, "C"
for compensation and situated immediately outside the
cavity, is completely shielded from RF. With the 478A
attached to the 431 Power Meter, the detection therm-
istors are part of the metering circuit,

49. With the 478A attached to the 432 Power Meter the
detection thermistors are part of the RF bridge and the
compensation thermistors are part of the compensation
bridge. Since the two pairs of thermistors show the
same thermal environment, any change in temperature
which affects the RF bridge simullaneously affects the
metering bridge : this allows the power meter circuit to
compensate for changes in temperat ure and thus m in-
imize drift,

8-6
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50. During 431 478A operation, sufficient amounts of
dc and 10 kHz bias currents are supplied from the 431
Power Meter to heat the thermistors until their resis~
tances are reduced to approximately 2002 per series
pair. Capacitor C1 offers high impedance to 10 kHz,
but is practically a short to RF. This causes "D to
appear sgries connected to 10 kHz. but parallel con-
nected to’' RF. In this manner, D" appears to the audio
bridge of the 431 Power Meter as a 200 resistance.
but terminates the coaxial cable in 50Q. Capacitor C2
blocks any dc and ‘audio power that may be present in
the incoming signal. and passes only RF power,

51. During 432 operation (see—Figurea6) sufficient
amounts of dc current are supplied from 432 Power
Meter to heat the thermistors until their resistances
are reduced to approximately 2002 per series pair.
Capacitor C1 is practically a short to RF, This causes
"D to appear series connected to the dc bridge, par-
allel connected to RF. In this manner, "'D' appears to
the dc bridge in the 432 Power Meter as a 200Q re-
sistance that terminates the coaxial cable into 50%.
Capacitor C2 blocks any dc and audio power that may
be present in the incoming signal and passes only RF
power,

52, 431 POWER METER DETECTION,

53. Under normal operation, the total power supplied
to heat thermistor pair "D" (seecFigmre==%) consists of
1) RF signal, 2) 10 kHz bias, 3) heat from the environ-
ment, The total power supplied to heat thermistor pair
"C'" consists of: 1) de¢ bias, 2) an equal amount of 10
kHz bias, and 3) heat from the same environment. As
"D" and ""C" are matched thermally, the total amounts
of heat applied to reduce their series resistance equally
must be equal.

54. 432 POWER DETECTION.

55. Under normal operation the total power applied to
heat thermistor pair "D (seeCFigure—8) consists of:
1) RF signal and 2) heat from the environment, The
total power supplied to heat thermistor '""C'' consists
of: 1) dc bias and 2) heat from the same environment.
As"D"and"C'" are matched thermally. the total amounts
of heat applied to reduce their series resistance equally
must be equal.

MAINTENANCE
56. MECHANICAL SHOCK.

57. The Model 478A is a precision instrument. Avoid
dropping or other mechanical shocks. Such shocks can
destroy the match between the thermistors,

58. CHECK ON THERMISTOR MATCH.

59. Match hetween the thermistors may be checked by
comparing the thermistor resistances under simulated
operating conditicns. Equipment required is indicated
infFigure=6a Make connections to the connector at the
rear of the thermistor mount: pins are shown in Figure
6. Note that the small battery in series with the HP
Model 3440 Digital Voltmeter is connected in opposition
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Schematic Diagram of a Model 478A Therm-

istor Mount when Connected to a 432 Power Meter

WARNING

Under no conditions should the mount be
required to carry a current higher than 14

mA,

+
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Figure 7. Check on Model 478A Thermistor Resist-

ance Match

to the power suypply. The value of this bucking voltage
should be such that voltmeter resolution down to 0. 001
volt is obtained. Take readings with switch S connected
to pin 1 and then to pin 3, Thermistor ma tchis satis-
factorv if the two readings do not differ by more than
0. 030 volt. Nonoperating mounts with readings as high
as 0. 150 volt can probably be repaired as outlined in
the succeeding paragraphs.

60. REPAIR.

61. Exceeding the cw or pulse power limit of the Model
478A Thermistor Mount may result in damage such that
the mount will no longer zero on the Model 431 or 432
Power Meter.

62. Before adjusting the mount in any way. make sure
that the mount is the cause of the problem. An open or
short indication. using the checks ir—Paraoraphs9 or
64. means that the mount is not reparable by the pro-
cedures outlined in the follow ing paragraphs. However.
the mount may be nonoperative but still repairable,
Test for this by using the procedures imrParagrapris,
or by connecting the mount to a Model 431 or 432 Power
Meter and a cable which is known to be good. A faulty
cable will not have continuity through the respective
connector pins or may have poor contact in the mount
connector. Poor contact will show as an intermittanc y
or a great deal of noise (visible on the 431 or 432 Meter)
when the cable is gently flexed near the connector end.

Note

The following procedures are set down for
the 431 478A combination. The same pro-
cedures can be used for the 432 except for
the ZERO VERNIER control. These con-
trols on the 431 are replaced by the COARSE
ZERO and FINE ZERO control on the 432,

63. The major difference between the 478A 431 and
478A 432 combination is that the 478A 432 combination
does not use 10 kHz as a biasing factor in the thermi-
stor. All biasing factors in the 432 are from dc sources
therefore, lowering the thermoelectric effect.

64. To troubleshoot a damaged mount, proceed as fol-
lows:

a. Connect mount to Model 431.

b, Set: MOUNTRES . .......... 200 ohm
RANGE . .............. 10 mw
POWER .. ............... ON

c¢. Rotate ZERO from one limit to the other.

65. If meter remains pegged upscale. the thermistor
elements have been damaged. However. it may be POS -
sible to recompensate the thermistors peirParagraphiy
cfifhand 69 and return the mount to operation: otherwise
they must be replaced. In either case. the Effective
Efficiency and Calibration Factor data on the nameplate

are no longer valid (sec—Paragraphii).



(A ¥ poziorIvE

Figure 8. Thermistor Compensation

66. If meter remains pegged downscale, measure re -
sistance between pins 1 and 2, and pins 3 and 4. The
resistance should measure between 1000 and 5000 ohms.
An open or shorted reading indicates the need for re-
placement of the thermistors.

67. If the resistance reading is satisfactory, it may
be possible to recompensate the mount and return it to
service. The drift with temperature changes will be
higher because of the damage to the thermistors, but
it will be possible to zero the meter and to make meas-
urements, The Effective Efficiency and Calibration
Factor indicated on the label will no longer be valid

(seerParagraph—17). There are two adjusting screws.

inside the instrument which permit recompensation
within limits. Most instruments with serials lower than
7663 do not have the adjusting screws at the time of
manufacture, but are modified if the instrument was
sent in for repair after March 1964.

68. Refer tocEigure—81and proceed as follows:

a. Remove the three screws (A).

b. Slide instrument out of its cover.

c. Plug cover into Model 431.

d., Set: MOUNTRES . .......... 200 ohm
POWER . ............. ..., ON

69, If meter is pegged downscale:
Set RANGE to 10 mW.
b. Set ZERO and VERNIER to mid-range.

c. Turn screws (B) clockwise, 1 8 turn alternately.

CAUTION

If there is a sudden jump in meter indica-
tion when advancing either screw, back off
1 8 turn, and donot advance that screw fur-
ther. Check resistance as irPararrapi 66l

If either screw bottoms, do not apply force.

Thermistor replacement—tParagraphi—iil) is

indicated.

Model 478A

d. When meter pointer rises .trim to zerowith each
adjusting screw.

e. Replace cover and three screws (A). The in-
strument is now operative.

Note

Make sure the three screws in the body of
the thermistor mount are tight when the
mount is put together: this insures quiet op-
eration,

70. If meter is pegged upscale:
a. Set ZERQO and VERNIER to mid-range.

b. Set RANGE to highest position which will not peg
the meter.

c. Turn one of the screws (B) counterclockwise to
obtain a meter reading half that observed in step b.

d. Turn the other screw (B) counterclockwise to zero
the meter. If it is impossible to zero the meter, re-

place the thermistor stParagraph—l).

e. Replace cover and three screws (A). The instru-
ment is now operative.

71. THERMISTOR ASSEMBLY REPLACEMENT PRO-
CEDURE.

Note

After replacement of the thermistor as-
sembly, the Effective Efficiency and Cali-
bration Factor indicated on the label of the
mount are no longer valid (seeParagraph
o).

72. The procedure consists of removing the damaged
thermistor assembly, the printed cirguit assembly and
replacing them with pretested assemblies included in

Table 3. Parts Furnished in Thermistor Assembly
Replacement Kit, HP 00478-600

Qty Description HP Stock No.
1 Thermistor Assembly 478A-95A
1 Etched Circuit Board 478A-65A
1 Resistor, fixed composi- 0684-0271
tion, 2.7 ohms 110
1 4W
1 or 2 | Capacitors, fixed. dipped
mica
*Factory Selected.




Model. 478A

Thermistor Assemibly Replacemen: Kit. HP Stoek No.
00478-600.

3. The replacement assemblies are preotested at the
factory, However. since the operation uof the thermi s-
tor mount depends on  proper installation of the assem-
bly. it may be desirable to check the SWR and effi -
ciency following replacement, The efficiency may be
checked by comparing against a known mount. The
SWR is checked at 9 GHz and 10 GHz, SWR should be
approximately equal at 9 and 10 GHz. and should be
1.5 or less,

Note

In the field, replaceable thermistor as-
sembly connection of the RF thermistors to
the Type N center conduc 1 r ig made by a
bellows, If the bellows does not contact the
center conductor, SWR will be about 2,0 at
10 GHz. The bellows mayv be lengthened
slight ly with a pair of tweezers.

74. The following special tools may be required for
the completion of this procedure:

a. One small screwdriver. 0. 070 tip. suitable for
removing a 00-90 x 1 8 screw.

b. One pair of tweezers.

75. REMOVAL PROCEDURE.

a.Remove three 2-56 x 3 16 screws holding term-
inal shielddEirmre9). Move terminal shicld aside.

CAUTION

Do not break wires connecting printed cir-
cuit assembly to receptacle connector.

b. Loosen locknut and remove 5 16-32 setscrew
from thermistor assembly.

¢. Disconnect the three wires between the printed
circuit assembly and the receptacle connector from the
printed circuit assembly.

d. In early thermistor assemblies there is a 00-90
x 18 screw used to connect the RF Thermistors to the
Type N center conductor. Remove this screw. if pres-
ent. using small screwdriver and tweezers.

e. Remove the three 2-56 x 5 8 inch screws holding
printed circuit and thermistor assemblies to the RF
connector assembly.

{f. Remove printed circuit and thermistor assem-
blies.
2. Remove the three insulator bushings from therm -

istor assembly. This completes the removal of the
damaged assembly.

CONNECTOR
ASSEMBLY
00478-60t

INSULATOR
BUSHING ——— ™.
478A-54A

RESISTOR

270 1/4W*

0684-027!
NO 2 INTERNAL

LOCKWASHER
2190-~0014

RMS 2-56 X 5/8

0520-0035 (NSN}PART OF
RECEPTACLE 1251-0153
CONN
1251-0153 ’

CAPACITORS *
(VALUES SELECTED)

PRINTED CKT BD*

N NSN PART OF
1251-0i53

478A-18

jTERM'NAL SHIELD

-

\ 0570-0007

Figure 9. Model 478A Thermistor Mount Assembly
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FROM © '~

THERMISTO

ASSEMBLY o ke

Figure 10. HP Model 478A Printed Circuit Assy
Wiring

76. INSTALLATION PROCEDURE.

a. Referring to—FEigmre=—1fi. connect the three wires
from receptacle connector to printed circuit assembly.

Note
For strainrelief , the wires should go through
the holes indicated and connect from the

bottom of the printed circuit assembly.

b. Install the three insulator bushings in the therm-
istor assembly.

Model 478A

c¢. Pasg the red wire {rom the thermistor assembly
through the hole indicated im=Figm==0. Do not con-
nect to printed circuit assembly at this time.

d. Mount thermistor and printed circuit assemblies
on RF connector assembly. Use three 2-56 x 5 8 inch
screws apd lockwashers. Screws must be tightened
firmly toiinsure proper bellows contact with the Type
N center conductor.

Note

Printed circuit assembly must be positioned
so it does not cover compensating screws.

e, Connect red and white wires from thermistor as-
sembly to printed circuit assembly.

f. Connect thermistor mount to a HP Model 431.
Check for proper null and zero.

g. If desired, check SWR and efficiency. The Mount
SWR has been adjusted at the factory to be about equal
at 9 GHz and 10 GHz and less than 1.5. The adjustment
is made with the 5 16-23 setscrew which is secured by
a locknut. The setscrew should not be moved unless
SWR is being recalibrated. Efficiency may be checked
by comparing to a known good mount.

CAUTION

To prevent pulling wires out of terminal
connector, secure terminal shield with one
2-56 x3 16 inch screw while making checks.

h., When any testing or recalibration is completed,
secure terminal shield with three 2-56 x 3 16 inch
screws. This completes the Installation Procedure.

77. RECALIBRATION, If recalibration of the mount
is desired. the instrument may be sent to the factory
for repair and recalibration. Any Hewlett - Packard
Sales and Service Office will arrange for such repair.



APPENDIX A

MANUAL CHANGES

BACKDATING

MODEL 432A
POWER METER

Manual Serial Prefixed: 812- Manual Printed: August 1968

MAKE ALL CO IN THIS MANUAL ACCORDING TO ERRATA BELOW, THEN CHECK THE FOLLOWING TABLE FOR YOUR
INSTRUMENT SERIAL PREFIX (3 DIG oR SERIAL NUMBER (B DIG AND MAKE ANY LISTED CHANGE(S) IN THE MANUAL.

. NEWITEM.
SERIAL PREFI(X OR NUMBER MAKE MANWAL CHANGES SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES
812-00201 & above Change 1, 4
840 Change 1, 2, 4
843 Change 1, 2,3,4
CHANGE 1 Change A2R61 and A2R62 to R: FXD 215K OHM 0698-3454
Change A2R36 to R:FXD 1M OHM (683-1055
Change A2C24 to C: FXD 270 PF 0140-0210
Add A2C48 from A3Q38 base to ground. C: FXD 68 PF 0490-0192
CHANGE 2 Add A1R3 between Al pin 11 and +7 Vdc. R: FXD 3 1.6K 0698-3160
Delete A1R43.
CHANGE 3 Add A2C49 between A2 pin 15 and junction of A2R59 and A2R57.
C: FXD 2.2 uf 0180-0197
Add A2R29 between /;7 and the bottom of A2C31.
R: FXD 68.1L2 0757-0397
CHANGE 4 cFigureAt=i, Al-2, Al-3 and Table-AT-T and A1-2 apply to 432A Power

Meters with serial prefix 843 and below.
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Appendix 1 Model 432A

Figure Al1-2. A2 Meter Logic Assembly, Power Supply Component Locations
Al-2



Table Al-1. Reference Designation Index

Appendix 1

n .
D]:iggggti?il & Part No. Description # Note
A2 00432-6002 BUARD ASSY:LOGIC
00432-2002 BOARD: BLANK PC
A2C1 0180-1819 C:FXD ELECT 100 UF +75-10% 50VDCW
A2C2 0180-0229 C:FXD ELECT 33 UF 10% 10VDCW
A2C3 0160-2917 C:FXD CER 0.05 UF +80-20%3 100VDCW
A2C4 0160-2917 C:FXD CER 0.05 UF +80-20% 100VDCW
FACTORY SELECTED PARY

A2C5 0160-2917 C:FXD CER 0.05 UF +80-20% 100VDCW
AZC6- NOT ASSIGNED
A2C20 NOT ASSIGNED
A2C21 0140-0234 C3iFXD MICA 500 PF 1%
A2C22 0140-0234 C:FXD MICA 500 PF 1%
A2023 0180-1746 C:FXD ELECT 15 UF 10% 20VDCHW
A2C24 0140-0198 C:FXD MICA 200 PF 5%
A2C25 0160-0978 C:FXD MICA 1500 PF 1% S00VDCW
A2C26 0160-2930 C:FXD CER 0401 UF +80-20% 100VDCW
A2C27 NOT ASSIGNED
A2C28 0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCW
A2C29 0180-2178 C:FXD ELECT 220 UF 20% 8VDCW
A2C30 0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCHW
A2C31 0180-1940 C:FXD ELECT 33 UF 10% 15VDCH
A2032 0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCW
A2(C33 0180-0197 C:FXD ELECT 2.2 UF 10% 20VDCW
A2 34 0160-2672 C:FXD MY 0.047 UF 5% B80VDCH
A2C35 0180-0197 C:FXD ELECT 2.2 UF 10% 20VDCW
A2C36 0160-2917 C:FXD CER 0.05 UF +80-20% 100VDCW
A2C37 0160-2143 C:FXD CER 2000 PF +80-20% 1000VDCW
A2C38 0160-2917 L3 FXD CER 0.05 UF +80-20% 100VDCHW
A2C39 0160-2265 C:FXD CER 22 PF 5% 500VDCW
A2C40 0180-0249 C:FXD ELECT 33 UF 10% 10VDCW
A2C41 0160-2917 C:FXD CER 0,05 UF +80-20% 100VDCW
A2C42 0180-0106 C:FXD ELECT 60 UF 20% 6VDCW
A2C43 0180-0197 C:FXD ELECT 2.2 UF 10% 20VDCW
A2C44 0180-0291 C:FXD ELECT 1.0 UF 10% 35VDCHW
A2C45 0180-010¢6 C:FXD ELECT 60 UF 20% 6VDCW
A2C46 0150-0059 CzFXD CER 3,3-0.25 PF 500VDCW
A2C47 0160-2930 C:FXD CER 0.01 UF +80-20% 100VDCW
A2C48 NOT ASSIGNED
A2C49 0180-0197 C:FXD ELECT 2.2 UF 10X 20VDCW
A2CR1 1901-0026 DIODE:SILICON 0,.75A 200 PIV
A2CR2 1901-0026 DIODE:SILICON 0.75A 200 PIV
A2ZCR3 1901-0026 DIODE:SILICON 0.75A 200 PV
A2CR4 1901-0026 DIODE:SILICON 0.75A 200 PIV
A2CR5 NOT ASSIGNED

# See introduction to

section VI for ordering

information
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Appendix 1

Table Al-1. Reference Designation Index (Cont’d)

D%Zggflglt‘i%; & Part No. Description # Note
A2CR6E 1902-0033 DIODE BREAKDOWN:6.2V
A2CRT 1501-0040 DICDE:SILICON 30MA 30WV
A2CR8 1901-0026 DIODE:SILICON 0.75A 200 PIV
A2CRS NOT ASSIGNED
A2CR10 NUT ASSIGNED
AZ2CR11 1901-0040 DIOBE:SILICON 30MA 30WV
A2CR12 1901-0040 DICDE:SILICON 30MA 30WV
A2CR13 1901-0040 DIODE:SILICON 30MA 30WV
A2CR14 1901-0040 DIODE:SILICON 30MA 30WV
A2CR15 1901-0040 DIGDE:SILICON 30MA 30WV
A2CR 16 1901-0040 DIGDE:SILICON 30MA 30WV
A2CR17 1901-0040 DIODE:SILICON 30MA 30WV
A2CR18 1901-0040 DIUDE:SILICON 30MA 30WV
A2Q1 1854-0071 TRANSISTUR: SILICON NPN
Az2Q2 1854-0062 TRANSISTOR:SILICON NPN 2N1701
A2Q3 1854-0071 TRANSISTOR: SILICON NPN
A2Q4 1853-0012 TRANSISTOR:PNP SILICON 2N2904A
A2Q5 1853-0020 TRANSISTOR: SILICON PNP
A2Q6 1853-0020 TRANSISTOR:SILICON PNP
A2Q7 1853-0020 TRANSISTOR:SILICON PNP
A2Q8 1854-0071 TRANSISTOR:SILICON NPN
A2QS 1854-0003 TRANSISTOR:NPN SILICON
A2Q10 1853-0001 TRANSISTOR:PNP SILICON 30V 900MW
A2Q1ll 1854-0071 TRANSISTOR:SILICON NPN
A2Q12- NOUT ASSIGNED
A2Q19 NOT ASSIGNED
A2G2C 1853-00<0 TRANSISTOR: SILICON PNP
A2Q21 1854-0005 TRANSISTOR:SILICON NPN 2N708
A2Q22 1854-0071 TRANSISTOR:zSILICON NPN
A2ZQ23 1854-0071 TRANSISTOR: STILICON NPN
A2Q24 1854-00065 TRANSISTOR: SILICON NPN 2N708
A2Q25 NUT ASSIGNED
A2Q26 1854-0071 TRANSISTOR:SILICON NPN
A2Q27 1854-0005 TRANSISTOR:SILICON NPN 2N708
A2Q28 1854-0071 TRANSISTOR:SILICON NPN
A2Q29 1854-00171 TRANSISTOR: SILICON NPN
A2Q3C 1854-C071 TRANSISTOR:SILICON NPN
A2Q31 1853-0020 TRANSISTOR:SILICON PNP
A2Q32 1854-0071 TRANSISTOR:SILICON NPN
A2Q33 1853-0020 TRANSISTOR: SILICON PNP
A2Q34 1854-0071 TRANSISTOR:SILICGON NPN
A2Q35 1854-0071 TRANSISTOR:SILICON NPN
A2Q36 1853-001> TRANSISTOR:SILICON PNP 2N3640
A2Q37 1853-0020 TRANSISTOR:SILICON PNP
A2Q38 1854-0071 TRANSISTOR:SILICON NPN
A2Q39 1854-0071 TRANSISTOR: SILICON NPN
A2Q4C 1854-0071 TRANSISTOR:SILICON NPN

# See introduction to [section VI lfor ordering information
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Table Al-1. Reference Designation Index (Cont’d)

Appendix 1

Reference

Designation @& Part No. Description # Note
A2Q41 1853-0020 TRANSISTOR:SILICON PNP
A2Q42 1853-0020 TKANSISTOR: SILICON PNP
A2Q43 1854-0071 TRANSISTOR:SILICON NPN
A2Q44 1854-0071 TRANSISTOR: STLICON NPN
AZR1 0757-C279 R:FXD MET FLM 3.16K OHM 1% 1/8W
A2R2 0683-0685 R:EXD COMP 6.8 OHM 5% 1/4W
A2R3 07157-0835 R:FXD MET FLM 5.81K OHM 1g 1/2W
A2R4 NOUT ASSIGNED
AZRS 0698-3156 R:FXD MET FLM 14.7K OHM 12 1/8W
AZRE 2100-1773 R: VAR WW 1K OHM 102 LIN 1/2W
A2RT 0757-0289 R:FXD MET FLM 13.3K OHM 1% 1/8W
AZRS 0757-C280 R:FXD MET FLM 1K OHM 1% 1/8W
AZRS 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W
AZR10 0698-3441 R:FXD MET FLM 215 OHM 1% 1/8W
FACTORY SELECTED PART
A2R11 0757~0465 R:FXD MET FLM 100K (UHM 1% 1/8W
A2R12 0757- 0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
AZR13 0696-3136 R:FXD MET FLM 17.8K OHM 1% 1/8W
AZR14 0757-0346 R:FXD MET FLM 10 DOHM 1% 1/8W
FACTORY SELECTED PART
A2R15 0757-6442 RIFXDMET FLM 10.0K OHM 1% 1/8W
A2R16 0757-C279 R:FXD MET FLM 3.16K OHM 1% 1/8wW
A2R17 0757-0198 R:FXD MET FLM 100 OHM 12 1/2W
AZR1l8 0698-3401 K3 FXD MET FLM 215 OHM 1% 1/2W
A2R19 NUT ASSIGNED
AZR20 NUT ASSIGNED
A2R21 0698-3156 R:FXD MET FLM 14.7K DOHM 1% 1/8W
A2R22 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2R23 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2R24 0698-3260 R:FXD MET FLM 464K OHM 1% 1/8W
A2R25 0698-3260 R:FXD MET FLM 464K DHM 1% 1/8M
A2R26 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
AZR27 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8BW
A2R28 0698-3156 R:EXD MET FLM 14.7K OHM 1% 1/8W
A2R29- NOT ASSIGNED
A2R31 NOT ASSIGNED
A2R32 0757-0199 K2FXD MET FLM 21.5K OHM 1% 1/8W
A2R33 0T57-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2R34 Q757-0465 R:FXD MET FLM 100K OHM 1% 1/8W
AZR35 0698-3454 R:FXD MET FLM 215K OHM 1% 1/8W
A2R36 0757-0461 R: FXD MEY FLM 68.1K OHM 12 1/8W
A2R37 0757-047C R:FXD MET FLM 162K OHM 12 1/8W
AZ2R38 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
AZR39 0698-3155 R:FXD MET FLM 4,.64K OHM 1% 1/8W
AZR4Q 0698-3155 R:FXD MET FLM 4.64K OHM 13 1/8W
AZ2R41 0757-0465 R:FXD MET FLM 100K OHM 1% 1/8W
A2R42 0757-0461 R:FXD MET FLM 68.1K OHM 1% 1/8W
A2R43 Q757-1094 R2FXD MET FLM 1,47K OHM 1% 1/8W
82R4 4 0757-0461 R:FXD MET FLM 68.1K OHM 1% 1/8W
A2R4S5 0T57-0465 RIFXD MET FLM 100K OHM 1% 1/8W

# See introduction to section VI for ordering

information
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Al-8

# See introduction to

[Secfion _VTlfor ordering

information

Table A1l-1. Reference Designation Index (Cont'd)
D%ifig;i?icoen @& Part No. Description # Note

A2R46 0757-0465 R:FXD MET FLM 100K OHM 1% 1/8W
A2R4T 0757-0461 R: FXD MET FLM 68,1K OHM 1% 1/8W
A2R48 0757-0465 R:FXD MET FLM 100K OHM 1% 1/8W
A2R49 0757-0461 R:FXD MET FLM 68.1K OHM 1% 1/8W
A2R50 0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W
A2R51 0698-3260 Rz FXD MET FLM 464K OHM 1% 1/8W
A2R52 0757-0279 K:FXD MET FLM 3.16K OHM 1% 1/8W
A2R53 0698-3160 R: FXD MET FLM 31.6K DHM 12 1/8W
A2R54 0698-3428 R:FXD MET FLM 14.7 OHM 12 /8W

FACTORY SELECTED PART
A2R55 0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W

FACTORY SELECTED PART
A2R56 0698-3260 R:FXD MET FLM 464K OHM 1% /8W
A2R57 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2R58 0698-3260 R:FXD MET FLM 464K OHM 1% /8W
A2R59 0698-3260 K:FXD MET FLM 464K OHM 13 1/8W
A2R60 0698-0084 R:FXD MET FLM 2.15K OHM 1% 1/8W
A2R61 0698-3260 R: FXD MET FLM 464K OHM 1% 1/8W
A2R62 0698-3260 R: FXD MET FLM 464K OHM 1% 1/8W
A2R63 0698-3260 R:FXD MET FLM 464K OHM 12 1/8W
A2RE4 0757-0439 K:FXD MET FLM 6.81lK OHM 1% 1/8W
A2R65 0757-0442 R: FXD MET FLM 10.0K DOHM 1% 1/8W
A2R66 0757-0461 R:FXD MET FLM 68.1K OHM 1% 1/8W
A2R6T 0698-3160 K:FXD MET FLM 31.6K OHM 1% 1/8W
A2R68 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W
A2R69 0698-34338 R: FXD MET FLM 147 OHM 1% 1/8W
A2RT0 0698-3156 R:FXD MET FLM 14.7K OHM 12 1/8W
A2RT1 0698-3160 R:FXD MET FLM 31.6K OHM 13 1/8W
A2R72 0698-3444 R:FXD MET FLM 316 OHM 12 1/8W
A2RT2 0757-0199 R:FXD MET FLM 21.5K OHM 1% 1/8W
A2RT4 2100-1769 R:VAR WW 50 OHM 1C% LIN 1/2W
A2RT5 0698-44606 R:FXD MET FLM 976 OHM 13 1/8W
A2R76 0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W
AZRTT 0698-3160 R:FXD MET FLM 31.6K OHM 13 1/8W
A2RT8 0811-2277 R:FXDWW 10K OHM 0.,1% 1/40W
A2R79 0811-2277 R:FXD WW 10K OHM 0.1% 1/40W
A2R80 0811-2537 R:FXD WW 5K OHM 0.1% 1/4W
A2R81 0757-0465 R: FXD MET FLM 100K OHM 1% 1/8W

FACTORY SELECTED PART
A2RB2 0757-0401 R:FXD MET FLM 100 OHM 1% 1/8W
A2R83 0698-3441 R:FXD MET FLM 215 OHM I% 1/8W
A2R84 0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W
A2 0360~-0124 TERMINAL :SOLDER LUG




Appendix 1

Table A1-2. Replaceable Parts

& Part No. Description # Mir. Mfr. Part No. TQ
0140-0198 C:FXD MICA 200 PF 5% 28480 | 0140-0198 1
0140-0234 C:FXD MILA 500 PF 1% 28480 | 0140-0234 2
0150-0059 C!FXD CER 3.3-0.25 PF 500VDCW 72982 | 301-000-C0J0-339C 1
0160-0978 C3FXD MICA 1500 PF 1% S500VDCLW 28480 | 0160-0278 1
01l60-2143 CsFXD CER 2000 PF +80-20% 1000VDCW 91418 | TYPE B 1
0160-2265 C:FXD CER 22 PF 5% 500VDCW 72982 | 301-NP0O-22PF 1
0160~2672 C3FXD MY $.047 UF 5% B80OVDCW 28480 | 0160-2672 1
0160-2917 C:FXD CER 0.05 UF +80-20% 100VDCW 84411 | TYPE TA 6
0160-2930 C:FXD CER 0401 UF +80-20% 1C0VDCHW 91418 | TA 5
018G-0106 C:FXD ELECT 60 UF 203 &6VDCHW 28480 | 0180-0106 2
0180-0197 C:FXD ELECT 2.2 UF 10% 20VDCW 28480 | 0180-0197 4
g180-0229 C:FXD ELECT 33 UrF 10% 10VDCW 28480 | 0180-0229 2
0180-0291 C:FXD ELECT 1.0 UF 103 35VDCW 28480 | 0180-0291 1
0180-1746 C:FXD ELECT 15 UF 10% 20VDCW 28480 | 0180-1746 1
0180-1819 C:FXD ELECT 100G UF +75-10% 50VDCW 28480 |(0180-1819 1
0180-1940 C:FXD ELECT 33 UF 10% 15VDCW 56289 | 1090336X9015C2-DYP 1
0180-2178 C:FXD ELECT 220 UF 20% 8VDCwW 56289 | 109D227X0008F2-DYP 1
0360~0124 TERMINAL : SULDER LUG 28480 | 0360-0124 10
0683-0685 RzFXD COMP 6.8 OHM 53 1/74W 01121 |CB6BGS 1
06968- 0084 R:FXD MET FLM 2.15K OHM 1% 1/8NW 28480 | 0698-0084 1
0698-3136 R:FXD MET FLM 17.8K OHM 1% 1/8W 28480 [0698-3136 1
0698-3155 R:FXD MET FLM 4.64K OHM 1% 1/8W 28480 |0698-3155 2
0698~ 3156 R:FXD MET FLM 14.7K OHM 1% 1/8W 28480 | 0698-3156 4
0698-3160 R:FXD MET FLM 31.6K OHM 1% 1/8W 28480 |0698-3160 6
0698~3260 R:FXD MET FLM 464K OHM 1% 1/8W 28480 |0698-3260 9
0698-3401 R:FXD MET FLM 215 OHM 1% 1/72W 28480 |0698-3401 1
06982428 R:FXD MET FLM 14.7 OHM 13 1/8W 28480 |0698-3428 1
0698-3438 R:FXD MET FLM 147 OHM 12 1/8W 28480 |0698-3438 1
0698-3441 R:FXD MET FLM 215 OHM 1% 1/8W 28480 |0698-3441 2
06983444 R:FXD MET FLM 316 OHM 1% 1/8W 28480 |0698-3444 1
0698- 3454 R:FXD MET FLM 215K OHM 1% 1/8W 28480 |(0698-3454 1
0698-4466 RIFXD MET FLM 976 OHM 1% 1/8W 28480 |(0698-4466 1
0757-0198 R:FXD MET FLM 100 DHM 1% 1/2W 28480 (0757-0198 1
0757-0199 R:FXD MET FLM 21.5K OHM 1% 1/8W 28480 [0757-0199 2
Q757-0279 RiFXD MET FLM 3.16K OHM 1% 1/8W 28480 (0757~0279 3
0757-0280 R:FXD MET FLM 1K OHM 1% 1/8W 28480 (0757-0280 3
0757-0289 RiFXD MET FLM 13.3K OHM 1% 1/BW 28480 (0757-0289 1
0757-0346 R:FXD MET FLM 10 OHM 1% 1/8W 28480 [0757-0346 2
0757-0401 RIFXD MET FLM 100 OHM 1% 1/8W 28480 |0757-0401 1
0757-0439 R:FXD MET FLM 6.B1K DHM 1% 1/8W 28480 |0757-0439 1
0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W 28480 |0757-0442 11
0757-C461 R:FXD MET FLM 68.1K OHM 1% 1/8W 28480 |0757-0461 6
0757-0465 R:FXD MET FLM 100K DHM 1% 1/8W 28480 (0757-0465 7
0757-0470 R:FXD MET FLM 162K DOHM 1% 1/8W 28480 |0757-0470 1
Q757-0835 RIFXD MET FLM 6.81K OHM 1% 1/2W 28480 |0757-0835 1
a757-1094% R:FXD MET FLM 1.47K OHM 1% 1/8W 28480 |0757-1094 1
08l11-2217 R:FXD WW 10K OHM 0.1% 1/40W 28480 (0811-2277 2
0811-2537 R:FXD WW SK OHM 0.1% 1/4W 28480 |0811-2537 1
1853-0001 TRANSISTOR:PNP SILICON 30V 900MW 28480 (1853-0001 1
1853-0012 TRANSISTOR:PNP SILICON 2N2904A 04713 |2N2904A 1
1853-0015% TRANSISTOUR:SILICON PNP 2N3640 28480 (1853-0015 1
1853-0020 TRANSISTOR:SILICON PNP 28480 (1853-0020 9
1854-0003 TRANSISTOR:NPN SICICON 28480 [1854-0003 1
1854-0005 TRANSISTOR:SILICON NPN 2NT708 02735 |2NT708 3

# See introduction to  [secfion VI Jor ordering information
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Table A1-2. Replaceable Parts (Cont’d)

& Part No. Description # Mfr. Mfr. Part No. TQ
854-C062 TRANSISTOR: SILICON NPN 2N1701 02735 | 2N1701 1
854-0071 TRANSISTOR: SILICON NPN 28480 | 1854-0071 18
901-€026 DIODE:SILICON 0.75A 200 PIV 28480 | 1901-0026 5
901-0040 DIODE:SILICUN 30MA 30WV 28480 [1901-0040 9
902-0033 DIODE BREAKDUWN: 6.2V 04713 | IN823 1
100-1769 R:VAR WW 50 OHM 10% LIN 1/2W 28480 [2100-1769 1
100-1773 R:VAR WW 1K UHM 10% LIN 1/2W 28480 | 2100-1773 1
0432-2002 BUARD:BLANK PC 28480 [00432-2002 1
0432-6002 BOARD ASSY:LUGIC 28480 [00432-6002 1

A1-10
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APPENDIX A

MANUAL CHANGES
MODEL 432A
POWER METER
Manual Serial Prefixed: 914 Manual Printed: Feb 1969

MAKE ALL CORRECTIONS IN THIS MANUAL ACCORDING TO ERRATA BELOW, THEN CHECK THE FOLLOWING TABLE FOR YOUR
INSTRUMENT SERIAL PREFIX (3 DIGITS) OR SERIAL NUMBER (8 DIGITS) AND MAKE ANY LISTED CHANGE 1IS) IN THE MANUEL

» NEW ITEM.

SERIAL PREFIX OR NUMBER

MAKE MANUAL CHANGES SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES
» | 904, 919 ERRATA
ERRATA:
» [Page 3-3] Paragraph h: Bracket the equation as follows:
1 2 2
P = R [2VCOMP (Vy-Vg) + Vg - V1]

EFFECTIVE EFFICIENCY
[Page 3-7,[Figure 3-3:
Delete the words “slow-blow” from number 1.
Change last sentence of number 7 to read “Output impedance is 1000W. “

[Page 22, [Paragiaph 213
Change "Vogyp = Ve © "Veomp * Vrr'

change the value of the following capacitors,
A1C13 at coIIector and base of A1Q15 to .01 pf.

A1C14 at collector and base of A1Q14 to .01 pf.

»[Page (46, [Fgme [
Change the stock number of Q37 to 1853-0020,

change as follows:
Delete:
AIC13, 0160-2264 C : FXD CER 20 pF 5%, 500 VDCW
A1C14, 0160-2264 C : FXD CER 20 PF 5%, 500 VDCW
Add :
A1C13, 0160-2930 C: FXD CER .01 pf +80-20% 100 VDCW
A1C14, 0160-2930 C : FXD CER .01 pf + 80-20% 100 VDCW

[Table 6-1] change as follows:
R1  2100-2659 R: VAR WW 50K OHM 5% LIN 1
> R1  2100-2849 R: VAR WW 50K OHM 5% LIN 1

[Page 6-12, [Table 6-2] change as follows:
Delete: 0160-2264 C: FXD CER 20 pF 5%, 500 VDCW
Add: 2 to the TQ column for 0160-2930

[Eigure_7-1.] change as follows:

Delete test point 7 from voltage-to-time converter

W (SERIAL PREFIX 904 and below)
W (SERIAL PREFIX 919 and above)

l\)l\)
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[Page 75 [Figure /=71 Assy Al, change as follows:
Delete: 5. 2V from test point 7 and 2.
ADD : 1. 2V for test point 7.
5. 2V for test point 2.

[Page_7-11), [Eigure 7-9] change as follows:
Change the value of A1C13 and A1C14 to .01 pf.

» [Page 7-T3/7-14, Higures 7-TT]and 7-12.
Delet /7-14, Eigures 7-11 and 7-12,
Add %ﬂ-m, fFigures 7-1T1and 7-12 (an attached sheet)
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APPENDIX B

BASIC ISSUE ITEMS LIST

Basic issue items list will be published at a later date,
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APPENDI X C
MAI NTENANCE ALLOCATI ON CHART

Section |. | NTRODUCTI ON
C1.  Ceneral.

This Mintenance Allocation Chart designates overall responsibility for
the performance of nmintenance functions on the identified end item or
component.  The inplenmentation of field maintenance tasks upon this end item
or component will be consistent with the assigned maintenance operations

G2 . Mintenance Functions.
Mai nt enance functions will be limted to and defined as foll ows:

a. Insect To determne serviceabilty of an item by conparing its
physacaé mechani cal and electrical characteristics with established
st andar ds.

b. Test. To verify serviceability and to detect electrical or
nmechanical failure by use of test equipment.

c. Service. To clean, to preserve, to charge and to add fuel, lubricants,
cooling agents, and air, If it is desired that elenments, such as paint-
ing and lubricating, be defined separately, they may be so listed

d. Adjust. To rectify to the extent necessary to bring into proper

operating range

Align. To adjust specified variable elenents of an itemto bring
to optlnun1perfornance

£. galibrate. To determne the corrections to be nade in the readings
of Tnstruments or test equi pment used in preci se measurenment,  Consists of
the comparison of two instruments, ne of which is a certified standard of
known accuracy, to detect and adjust any discrepancy in the accuracy of the
instrument being conpared with the certified standard

_Install. To set up for use in an operational environnent such as
an enplacement, site, or vehicle

h. Replace. To replace unserviceable itens with serviceable like itens.
L Re%air Those mai ntenance operations necessary to restore an itemto

serviceable condition through correction of material ‘damage or a specific
failure. Repair may be acconplished at each category of maintenance.

ci-1



i . Overhaul. Normally, the highest degree of mmintenance perforned by
the Arny in order to minimze time work in process is consistent with
quality and econony of operation. It consists of that maintenancs necessary
to restore an itemto conpletely serviceable condition as prescribed by
mai nt enance standards in technical publications for each item of equipnent.
Overhaul normally does not return an itemto |ike new, zero mleage, or
zero hour condition.

k. Rebuild. The highest degree of material maintenance. It consists
of restoring equipnent as nearly as possible to new conditon in accordance
with original manufacturing standards. Rebutld is performed only when re-
quired by operational considerations or other paramunt factors and then
only at the depot maintenance category. Rebuild reduces to zero the hours
or mles the equipnment, or conponent thereof, has been in use.

L Synbols The uppercase letter placed in the appropriate colum in-
dicates the lowest level at which that particular maintenance function is
to be perforned.

C-3. Explanation of Col ums.

Listed below is an explanation of the colums shown in the maintenance
allocation chart:

a. Column 1, Group Number, Columm 1 lists group numbers, the purpose
of which is to identify conponents, assenblies, subassenblies and nodul es
wi th the next higher assembly.

b.Colum_2, Functional Goup. Colum 2 lists the noun nanes of com
ponents asseblies, subassenblies and nodul es on which maintenance is
aut hori zed.

c. Columm 3, Maintenance Functions. Colum 3 lists the |owest |evel

at which that particular mintenance function is to be perforned.

i Colum 4, Tools and Equipnent. This colum shall be used to specify,
by code, those tools and test equipnent required to performthe designated
function.

e. Colum 5, Remarks. Sel f - expl anat ory.
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Nomenclature of End Item or Component

POWER ME

[ZR P 4324 and THERMISTOR MOUNT HP 473A

SECTION I1 - MAINTENANCE ASSIGNMENT

Maintenance Function

8

E Component Assembl Q .

o I%Oanenclature v o o s ° 3| w| Tools and Equipment Remarks

2 AR IEIEIEIE

[ gi) - e —~

£ o » E = IR ] a [ =

s SHHEEERHEUE

(1) (2) = © e e (L) (s)

1 |POWER METER FIE|F| Pl F) =~ ~| FP{~] ~ Repair and calidra~
tion to be perfornad
in AN/TSM~55Y5
Maintenance Calibra~
tion Equipnant
Shelter,

2 | TIERMISTOR MOTNT FlF| &~ ~ | F |~ Fl| ~1-1-

O M OO
H

EGEND:

$

OPERATOR/CREW
ORGANTZATTONAL MATYT,
DIRECT SUPPORY MAINT,
GENERAL SUPPORT MAINT,
DEPOT MAINT,







APPENDIX D

REPAIR PARTS LIST

D-1. This appendix provides a list of repair parts for maintenance support
of the equipment. The parts along with their descriptions are listed in
bel ow.

D-2. Instructions for ‘requisitioning parts not identified by Federal.
Stock Numbers require the following information be furnished to the Sup-
ply officer:

a. Mnufacturer’s Federal Supply Code Number.

b. Manufacturer’s identification nunber,

c. Manufacturer’s nonencl ature.

d Any other information as listed on parts list that will aid in
ideification of the item being requisitioned.

D-3. If DD Form 1348 is used, fill in all blocks except 4, 5 6 and
Remarks field in accordance with AR 725-50. Conplete Form as foll ows:

a. In Blocks 4, 5 and 6 |list Manufacturer’s Federal Supply Code

Nunber followed by a colon and the Manufacturer’s part nunber.

b Conplete Remarks Field as follows; Nomenclature of the repair
part and any other identification to assist Supply O ficer in procurenent.

D-4. Report of errors, omissions and recommendations Eor inproving this
publication by the individual user is encouraged. Reports should be sub-
mtted on DA Form 2028 (Recommended Changes to DA Publications) and for-
war ded direct to Commanding Officer, Frankford Arsenal., ATTN. ANMSWE- SMF-
WB100, Phil adel phia, Pa. 19137.
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Table D-1. Repair Parts List for Power Meter 432A
T - Mfr. |
Federal Total !
Part No, Description Supply Code Mfr, Part No, Qty JL FSN
0140-0198 C:FXD MIJA 200 PF 28480 0140-~0193 1 !
5% !
01400234 C:FXD MIzA 500 PF 17 28480 0140-0234 1 ] 5910=494=5056
0150-0059 C:FXD CER 3.3-0.25 72982 301=000~C0J0~339C 1 !
P¥ 500VDCW '
01500330 C:FXD MY 0,22 UF 28430 0150-0339 1 | 5910~536~5233
109 200YDCW
0150-0973  (:FXD MICA 1500 PF 28480 01.60~-0978 1|
1% 500VDCW \
0160-2143 C:FXD CER 2000 P¥ 91418 Type B 1
+80-20% 1000VDCW
0160-22564 C:FXD CER 20 P¥ 5% 72982 301 =000-30G0~200J 1 5910~318~3758
5007DCW
0160+2265 C:FXD CER 22 PF 5% 72982 301=-NPO=22PF 1
500VDCH
0160-2672 C:FXD MY 0.047 UF 284830 0160-2572 1
5% 80VDCH
0150-2917 C:FXD CER 0,95 UF 84411 Type TA 1
+80~20% 100VDCA
0150-2930 C:FXD CER 9.0l UF 91418 TA 2 5910-194~3910
+80-20% 100VDCH
0160-3043 C:FXD CER 2 X 0.705 562839 29C147A-CDH 1
UF 203 250VAC
01.80-0106 C:FXD ELECT 'TA 60UF 56289 150D4506X000682 1 5910~127-15668
207 5VDCW
0180-0137 C:FXD ELECT 2.2 UF 56289 150D225%9029A2 1
103 20VDCA
0180--0229 C:FXD ELECT 33 UF 28480 0180-0229 1
10% 10VDCW
0130-0291 C:FXD ELECT 1UF 56289 150D105%9035A2 1 5910~931-7055
10% 35VDCA
0130~0374 C:FXD ELECT 10 UF 28430 0180~0374 1 5910-~931-7050
107 20VDCW
180=1746 C:FXD ELECT 15 UF 56239 150D156X9029082 1
109, 20VDCd
0130-1819 C:FXD ELEQT 100 UF 23430 0180~1819 1
+75~10% 50VDCA i
0180-1940 C:FXD ELECT 33 UF 56289 v 109D336X9015C2~ i
107, 15VDCW ! DYP
0180~2178 C:FXD ELECT 220 UF 56239 109D227X0008F2~ 1
207, 3YDCW DYP
0360-0124 TERMINAL:SOLDER LUG 28430 0360-0124 3 5940~993-9338

!
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Table D-1. Repair Parts List for Power Meter 432A (Continued)
Mfr. 1
Federal Total |
Description Supply Code Mfr, Part Wo, Qty FSN
1 |
" 1
0683~0685 R:FXD COMP 5,8 01121 CBA8G5 1 5905-461-8385
OmM 5% 1/4%W
0686~1035 R:FXD COMP 1 MEGOHM 01121 EB 1055 1 5905-577=9667
5% 1/2W
0693-0084 R:FXD MET FLM 2.15K 284830 0633-0084 1 5905-974=6073
O 17 1/3W
0698=3136 R:FXD MET FLM 17.8K 28480 0698-3136 1 5905-891=4247
0M 17 1/3W
0698=3155 R:FXD MET FLM 4,64K 23480 0698~3155 1 i 5905~976-3418
OHM 1% 1/3W
0693~-3156 R:FXD MET FLM 14,7K 28480 0693-3156 1 5905-974=6084
OHM 17 1/8W
0698-3150 R:¥XD MET FLM 31.6K 23480 0698~3160 3 5905=974~56078
omM 1% 1/8W
0693-3250 R:FXD MET FLM 454K 28480 0698-32560 2 5905-998-1809
OHM 17 1/8W
0698~-3401 R:FXD MET PLM 215 28480 0698-3401 1
omM 1% 1/2w
0693~3423 R:FXD MET FLM 14,7 28480 0698~3428 1 5905-891-42383
oM 1% 1/8W
0093~3438  R:FXD MET FLM 147 23480 0698-3438 1 5905-974~6080
OfMM 1% 1/8W
0698~-3441 R:FXD MET FLM 215 28480 0698-3441 1 59953745076
OHM 17 1/8W
0698-3444 1+ R:FXD MET FLM 316 23430 0698=3444 1 5905-974=6074%
OHM 1% 1/8W
0698=3454 R:FXD MET FIM 215K 23430 06983454 1 5905-974=6077
O 17 1/8W
0638~3635 R+FXD MET OX 680 28480 06938-3635 1
OmM 5% 2w
0698~4466 R:FXD MET FLM 976 28480 0698=4466 1
OHM 1% 1/8W
0638~5535~ | R:¥XD MET FLM 880 23430 0698-6635 1
OHM 1% 1/8W
0757=-0138 R:FXD MET FLM 100 28480 0757=-0198 1 5905-830~5188
oM 1% 1/2w
0757-0199 R:FXD MET FIM 21.5K 28480 0757-0139 1 5995-981=7513
OHM 1% 1/8W
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Tabla D-1.

Parit No,

0757-0279
0757-0230
0757-9239
0757-0346

0757=-0401

0757=0416
757=0439
0757=0442

0757-0451

0757-0455
0757-0470
0757-0835

757-10945

08112277

0811-2284
0811=2534%
0811-2535
0811-2535

0811-2537

0811-2533
1120-1497

1420-0062

R: XD M2T FLM 3.15K
OHM 1% 1/8W

R2FXD MOT FLM 1X
OUM 17 1/3W

R:FXD MART FLM 13.3K
OHM 17 1/8W 1

R: FXD MET FiM 10 OO
1% 1/8W

R:FXD MET FLM .00
OHM 1% 1/3W

R:FXD MET FLM 511
OHM 1% 1/8W

R:¥XD MET FLM 6.81K
oM 1% 1/8W

R:FXD MET fLM 10.9K
oMM 1% 1/8%W

R:FXD MET FLM 63,1K
omM 1% 1/8W

R:FXD MaT FLM 100K
oM 1% 1/38W

R:FXD MET 9LM 152K
OMM 1% 1/8W

R:FXD MET FLM 6,81K
OHM 17 1/2W

R:FXD MET FLM 1.47K
OmM 17 1/8W

R:FXD WW 10K OHM
0.1% L/40W

R: FXD WW 1K OWM
0, 1% L/40W

R:@XD WA 31%,3 04M
0.1% 1/40W

R:FXD WW 145,0 OMM
0.1% 1/7400

R:FXD WW 3167 OiM
0,1% 1/400

RIFXD WW 58 OMM
0,1% 1/4%

R:FXD WW 100 OHM
0.1% 1/100 |
METER !

BATTERY : RECHARGEABL
24y

'ederal

wupply Code |

v e e e e i e e

234890
23430
28439
23430

23430

234830
28430
284380

28430

28430
284830
234830
28430

23430

23430
234890
234389
234390

23480

28430
238430

23480

!

[l

’

1

0757-0279
0757-0235
0757=-0239
0757-0346

0757=0401

0757=-0416
0757-0439

0757=0442

0757-0451

0757=0455
0757=0470
0757-0835

757-1394

0811-2277

0811~-2234
0811 =2534%
0811-2535

0811~2535

0811~-2537

| 0811-2533
1120-1497

|
| 14200062
1

Ufr, Part No.

Raepalr Parts List for Power Metar 4324 (Continued)

5905-221=-8310
5905-853~8190
5905-993~1908

5905-998-1306

5905-998~1795

5905-993~1792

5905-089-7577

5905-974=5725

5995-280-3049

5905-317-0530

5905-853~6516



Table D 1.

Part WNo.

1853-0031

1853~)012

1853-0015
1853 ~0020
1854~0003

1854=-0005

1354-0039
18540052
1854-0071
1354-0221

1301-0025

1901 -0040
1902~0033
19020048
2100-1769

2100-1770

2100-1773
2100-1775
2100-2559

2110--0027
2140-0015

Repair Parts List for Power Meter 432A (Continued)

Y Mfr,
Federal Total

Description Supply Code Mfr. Part No. Qty FSN

e e - . |- — i S ——

TRANSISTOR: PHP 28480 1853-0001 2 3961-962-5213
SILICON 30V
900MW

TRANSISTOR : PNP 04713 2829044 1
SILICOW
202904A

TRANSISTOR:S ILICOA 23489 1853~0015 1 5961=927~0845
PNP 2N3640

TRANSISTOR : SILICON 23489 1853=0020 3 5961=904=2549
PNP

TRANSISTOR : MPN 23480 18540003 1 5951 =990=5369
STILICON

TRANS ISTOR : SILICON 02735 N7 08 2
NPN 2N708

TRANSISTOR : SILICON 02735 283053 1 5961=985+9703
2N3053

TRANSISTOR:S ILICON 02735 2N170% 1 5961-082=1617
NPN 2N1701

TRANSISTOR : SILION 23430 1854=0071 7 5961-928~3161
NPX

TRANSISTOR DUAL: 23430 1854=0221 1 5961-835~1837
SILICON NPN

DYODE:SILICON 9,75 28430 1901-0025 3 5961=060-8538
200 PIV

DIODE:SILICON 30MA 23430 1901.-0040 3 5961=965~5917AX1
300V

Dx9n§ BREAKDOWN 04713 1N823 1 5961=103=7417
06,2V

DIODE BREAKDOWN: 28480 1902-0048 1 5961-912-3099
6.81V 5%

R:VAR WW 50 OmM 23430 2100-1769 1 5905~891=4230
10% LIN 1/2W

R:VAR WW 100 OHM 23480 2100~1770 1 5905-891=4229
10% LIN 1/2W

R:VAR WW 1K OHM 23480 2100~1773 1 5905~115-7153YA
10% LIN 1/2W

R:VAR WW 5K Ol 23430 2100-1775 1 5905-228~5990YA
10% LIN 1/2w

R:VAR WW 50X OHM 23482 2100-25659 1
5% LIN 1-1/2W

FUSE:0,125A 250V 75915 312,125 1 6240-402-0401

LAMP: GLOW NEOW 24455 NE 24 1
NE~2H
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Table D-1.

Part No, Description

31002469 SWITCH :ROTARY,
CALIBRRATION
FACTOR

3100-2470 SWITCH:ROTARY,
RANGE

3101-0033 SWITCH:SLIDE DPOT

31010957 SWITCH:TOGGLE DPOT

3101-1180 SWITCH:SLIDE 3POT

3191~1357 SWITCH : MOMENTARY,
FINE ZERO

8120-~0073 CABLE ASSY:POWER
CORD

81201082 CABLE ASSY:5 FT,

THERMISTOR CABLE

Repair Parts List for Power Meter 432A (Continued)

23430

284830
73727

23430
82339

28430

28480

234890

()

3100-2469

3100-2479
6510 C

3101-0957
11L-1920

3101-1357

8120-0073

8120-1082

5930-228-5970



By Order of the Secretary of the Arny:

W C. WESTMORELAND,
Ceneral, United States Arny,
Oficial: Chief of Staff.

KENNETH G W CKHAM
Maj or General, United States Arny,
The Adjutant Ceneral.

DI STRI BUTI ON:

To be distributes in accordance with DA Form 12-37 (qty rqr
Bl ock #201) Operator requirenents for Gun, 20-MV XML63; DA Form

12-40 (qty rqgr Block #168), Operator/Crew requirements for Qun,
20- MM XML67.






¥odel 4324

TEST POINT MEASUREMENT CONDITIONS AND VOLTAGES

Measurement Conditions

1. .3mw

2. 200 ohm mount

3. 100% CAL FACTOR

4. COARSE ZERQ turned to get full-scale deflection

3. Measurements made with respect to CHASSIS GROUND

Test Point Voltages

Test Point

AlTP1
AITP2
AlITP3
AITP4
AlTPS
AlTPS6
ALTPT
AITPS
AITPY

A2TP1
A2TP2
AITP}
A2TP4
A2TPS
A2TP8
A2TPT
AZTPB
A2TPY
AZTP10

ATTPRL
ATTP2

Voltage
+5.2
+5.2
+2.17
+2.7
+2.7
+2.7
+1.2
-6, 3
+4 mV

Waveform
Waveform
+T Nominal
=13 Nominal
ov
Waveform
Wavelorm
Waveform
Waveform
Waveform

+1 Variable
+1.6 Variable

Notes

RANGE to COARSE ZERQ, meter zerced
Varies from 0 to -13 V under normal operating conditions
Thermistor ground

Figure 7-3
Figure 7-3

Chassis Ground

Al BRIDGE AS5Y | A2 METER LOGIC

YRF

RF
o BRIDGE
N Verf,
THERMISTOR
RF INPUT —» —] &)y
£
£
’
£
i
i =
4
I
!
f
!
!
¢
?
THERMISTOR
MOUNT

Veomp

— 2o

t

[T Yeourvar
LA

| PULSE AMPLITUDE PROPORTIONAL

TO Voomp ~Vrr

\
o ./ COMPENSATION
HRIDGE

4
\Yeomp/

THERMISTOR
{TEMPERATURE
COMPENSATION]

CHOPPER

5 KHz i

RANGE
AMPLIFIER

5KHz
MULTI-

VIBRATQR

|
|
|
|
I
|
|
|
- 4 I
BRIDGE | VRF
AMPLIFIER 1
+ |
|- _ad Veomp
I
I
|
|
|
| 3 SUMMING
| £ CIRCUIT
| Yeowrt Var
[
l q.
|3
L L] _1
|
|
(2
-BRIDGE Veowr |
AMPLIFIER
[FINE ZERD]
foamsE 720 | ‘
AUTO ZERD

VOLTAGE-TO-TIME

CONVERTERo

0

CURRENT
SWITCH

~| p200u

Section VII
Troubleshooting, Schematics

N N

| H | Veome —VRF

1
- L_VCOMP"'VRF

CALIBRATION
FACTOR

—_

4

PULSE WIDTH PROPORTIONAL

—200ps

JUUL

= Veomp +Vrr

T0 Veomp +VRe

LOW-PASS
FILTER

ATA] AUTD IERO

I |
I |
| |
. |
‘ CIRCUIT |
| i
| I

i
i i

Figure 7-1. Bervicing Block Diagram
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Model £3:24A

42,7V . o et

LI S s B e+ B A

ASSY Al

ASSY A2

Figure 7-4. Model 432A Test Point Locations

CHECK CALLBRATION
(USE_HP 8778,
SEE [EI6URE 5-1

. R HRIDGE
CHECK | )
= 06 =T 1m0 26k K- o BsgpeRLy — BAL = (OMPLNSAT 10N BRIDGF
| i wor TRELES 7-3] 7-1
AU ZER0 [TARLE 7-5 ]
WON'T CALTERATE ook
0K THECK Vergp Vo e C
mppnnxmiéwﬂfs b3 EAD = AU TIVLLRATOR
- : N TABLE 7-7
METER DEFLECTS,
e s RECAL I BRATE i . VOLTAGE-TO-
CALIBRATION BAD CHECK WAYEFDRM L-T0-
A TP 7 BA) I
TALE /-10
Aio CHECK
PIWER SUPPLY (O mmme KAV IR
v} "
i TN RETRIE
CHECK Azm o e
| o0 __ POMER SUPPLIES nﬁ—EgEEKP“A;MN
DEFLECTION 4+7¥,-13V e
HOMINALLY) FUFCK " " o
Veorp Vor R RRIDAE &
Azo o o — U W _I—BAD-—-\CDHPE.‘ISAT]DN BRIDGE
i*;";’ﬁ?”””” [ELES 7-3) 7-4
00
INSTAUMENTS ___ PONCR SGPpLY (NSTRUMENT
WITHOUT OPT[ON 0 0K — FUNCTIONS
PROPERLY
YETER [NDICATES CHARGE BATTERY
== "RLCHARGL (e FOR 30 MIRUTES
BATTERY' THEN DISCONNECT 4328 ZRON
LIN MOWEY
T UMECT UATTERY WON'T CafR5
D IS =1y’ L pocy BAT = PIREY SUSHLY
TABLE 7-11
i) e PIVER SH5RLY
TABLE 7-11
Voo Vee.  BRIDEE AMELIFIER
conp, VRF
BAD ( -
O DRRIK
| MEER 432A OVERALL TROUBLESHOOTING
NSy COME, "RF ¢
FOR NOISE ik
*‘10 o POMER SUPPLY
(K e NOISE
(LESS THAN
MV RHS)

AL FOHER SUPPLY
Az o o TRBEE /-1.

Section V1]
Troubleshooting, Schematics

RETURN
(K awwme 70 BEGIKNING
AND RECHECK

CHECK
o= MEFER
CHEE 51 FEPLACE
OK e AVEF D TR
fi2 TR 9
" o CALCBRATLIN FACTOR
BAD e ANPLIF{ R
TIBLE 7-9

4 RARGE_ AYPLIFIER

R IES:

TEST THETRUMENTS REQUIRET:
ASCILLCSCOPE
DIGITAL VOLTHETER

(SEC|TABLE 5-1)

CNSTIUMCHE TCET COWDITIONS
RANGE =0, 3 MA
MOUNT SESTSTANCE: 200%
CALITRATION FACTOR: 100%
Sk 7Gln THFRMISTOR MOONT
AINST COARSE ZERD TOR FULL SLALD
METER UEFLECTLON.

Table 7-2, Owerall Troubieshooting
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Sectitilion VA1l

Troubleshooting, Schematics

MNModel 43252

TABLE 7-3. CHECK R&4.RS.
RF BRIDGE TROUBLESHOOTING 0K REMOTE SHORT R27.R29 =
& 1005 RESISTOR THERMISTOR
CIF. USED)
T e 5 e
3 R Qll = 6.
EMITTER Q15 = 6.0 REPLACE
CHECK VOLTAGE BAD
CONNECT 100 s2 O ON COLLECTOR BAD COMPONENT
RESISTOR TO GRD OF Q10 CHECK Q09.10.15
FROM XAl PIN 3/C (+5 .8V RESISTORS
SHORT AITP3 TO A1TPY BAD g 14
YRF BAD VARY R1S &
MEASURE APPROX., BAT: REPLACE
SOMY VARTIATION BAD
BETWEEN COLLE CTORS CHECK Q1% COMPONENT
OF Ql12A =& Q12B BAD Q13
CHECK C6G.C11.
R1S. =
0K @12 EMITTER
VOLTAGE ¢(—-0.6BV)

NOTE :IF TROUBLESHOOTING

BLE aq
SATION BRIDGE

T A 7
COMPEN

BAD
CHECK BRIDGE
GAIN WITH CALIBRATOR
VYeome BAD e AS OUTLINED IN
ADJUSTMENT
PROCEDURES
Ok

RF BRIDGE FOR ®NOISE.

CHECK G122,

CHECK @14.06

Ok
P/0 A1 TROUBLESHOOTING CMITTER D6 — 6. Sv
EMITTER Q14 = 6,0V
. Ok CHFECK WOLTAGE
70 GROUND PROM XAL BIN 874 — 2T 95 _COLLECTOR
B € - - (= 6.0V
SHORT A1lTPS TO A1ITPE EEEE?&E
VARY R1Z AND MEASURE APPROX. BRAD COMPONENT
SOMYV VARTATION BETWEERN
COLLECTORS OF Q7A 2 QAFB
CHECK BAD REPLACE
BAD o7 .Qs BAD TRANSISTOR
CHECK C11.CH.
OK R15%S
BAD REFPI_ ACE
FAULTY
COMPONENT
CHECK R7?” (2 R3 1M 1002 BAD
APEFRATION 3 REPLACE R1
2 THERMISTOR
CHECK R1
MK
SEF -
AUTO ZERC TROUBLESHOOT

OK TABLE 7-5




Model 432A

TABLE 7-5.
AUTO ZERO CIRCUIT P/0 A1 TROUBLESHOOTING

y  CHOCK UL.62, &

e 55 0C2ATFD
IRC.TRY _
- AFAURE )_TS
WL TIGE T Al 1PT, WKILE
a1 TRy LEFRESS IHG FIHE
L a4, th 70 i
(S400E 7800 o LR BT O ACE
Ol & Eil: == e COSEST 700 1R, e ) e L T
VLT @ TR . ITS REHEL MSELHE.Y 141
INITS 4T T e (2% 5.5
-0 ? Hl; RN Wl AT |
E.c*'j.‘\]i‘gv | st —:n T s g A e
S YES 'E "]_T:F\ 8"; '\'”.hlﬂ[[]’\.'}
TARSE -
R "
[ CHEC
o 63

TABLE 7-6.
CHOPPER P/0 A2 TROUBLESHOOTING

CHECE ok 3CSISI0R & (L1 CAPRCTICR
0 SFWFsH East WHOIE
=3, Wk (S RADAND APTRT OR LU 47

A ClIECE 82772

— 01| 7 TCF e
01

Vo ¥ UL 14288 (. TROUZLESH01 16
p & Ve LS &
i T ST p LLEELE 7T
I AT - BRI T —
4210 @30, 0%
kel

|t

s, 6

SLRVICE FIN': 1= IROCELCS0D7LHG CHOPFLR F0% MiETSL, LLEY CHD
OF [7% & 131 48T &5F 17 NOISE PPRSISIE,

TABLE 7-7.
MULTIVIBRATOR P/0 A2 TROUBLESHOOTING

I

CHECK 821,52y
WRL1.CRZ

BAD ST04AL CHCK RAYEFIRM
B0 021707 e AT [ L FCT(H D e
CUELECIORS 022 & W23

CALCS 177 & 623
b (AT ASERCTATED COLLOCTIR
20 CTRCUTTEY)

TABLE 7-8.
RANGE AMPLIFIER TROUBLESHOOTING

W

(33
Ll UK
— L VOLTAE
"% ek
T} = LTACT
AT 1. ek
S6. Ok MEASIRE CHECK RENGE SWITCH ASS

A TRG '-DC VULTl“\H[ — (] m——

WOAT 07 Al i COLLECTOR CRASETS Wbl

MEASURE
NOLTAGE Al

B L5

ENFTK 536.746
“ BV CHFLK I_'Sf
W Tak THECK 037

37 AL

. [ECK 637
o EGE OBy !
T H3E 52,030

CFECK R3R

b S

937 BASE

| CHECK vaLTas:
W AT G35 COIIFCIR

o

= R0V e (FECR 034,235,053, 357

CHECK 37

[—'L‘Ill RAIE]

<h

2ert10n Vil

Troubleshooting, Schematics

TABLE 7-9.
CALIBRATION FACTOR AMPLIFIER P/0 A2 TROUBLESHOOTING

¢ CHECK
RES.REZ
CRECK WAMEEERY il
AT BASE 0=
1 T
T BT 54 45
o UF"" n.ul..J-_-.JRf'? GAIE 27
P38, SIOULD B C FC4 R 135
) . SHORT SGURAE TRy 7 SGUARE ko '
SIGHAL TK AT &27P7 o CF 038 TG APTRR WANE e we '
B0 A 87 O o ) 4 UL Rl
e T MGLTLYIRARTIR
HERSURD VCT TACFS 3 R
AT WaIF Ok SHIMTE Y0, TAGE '
GIEIDAZTPY (-13V ThE:F Cill & REPLACE
SUPPLYY 3 MEASLRE war, FAULTY OV
WL TRGES S-WH N
WICTAGE [ABLE FiHE & REPLACE ~
pia CRLLTY TOMPOMZH I o VILTARC TAGLE
. UTTL AT - T = & A e ar
alT= RAE OF C3R 70T Wi SOURCE oF £58 197 TP4,
SOIHE [VOLTAGF 1 15 BAD. HECS WITRGE | 15 BADLAEPLACE
L5z 9| - | 136,038,063 .11 L0
RASEL A0 | -+ Y | S ASEY CHASSTS - B | e
WIS o
RS- LRI | 4+, B34 | DS9.MEL. 47, (30 .| d304
ASE G| +5 a7y 3] 5,8 | Ak,
EIEESEIEEY LA

TABLE 7-10.
VOLTAGE-TO-TIME CONVERTER & METER TROUBLESHOOTING

G e CHECK RESISIIRS

LR g RIPISS CAF,
WD Tie DiVIOTR
L MEASIIRE RESLS AL ree- R O
TR -TERMINAL w0 RN
- SETFR T RN
METER READIYG RAL el CHECK. =TH FRE
e e, agp 3 AT 7687
SIAAL AT AZ:PR - CKECK SI6 ] ap MR FSHCTIG
3 POWCR SUPPLY A7 AZTPLL " i
YOLTAGES P CE e e,
HIBMAL
| CECk 515

41 A2TP

yn Al AP T T A U
ortt LT[V T ZRATOR

O KL PRt MILTEYT

A

R0 i TAITTER DAl gy st
TIN50

NATF . I+ 037 e

B, 310 AT T CHECK WL

WL R MOCRRECL.
CHECK
(75 & K

4

LI I,



TABLE 7-1,
POWER SUPPLY TROUBLESHOOTING

HEASURE +7

VOLT SUPPLY s

{AZTRE
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Figure 7-13. A2 Meter Logic Assembly, Power Supply Component Locations
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Figure7-11. A2 Meter Logic Assembly Component Locations
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