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Section I Model 431C
Figure 1-1

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

1-1. DESCRIPTION

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

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

Table 1-1.

Section I
Paragraphs 1-1to 1-5

SECTION 1|
GENERAL INFORMATION

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

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

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

Specifications

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

scale in 5 dB steps.

Accuracy:
+20°C to +35°C:

+1% (100 oW range and above)
+1.5% (30 LW range)
+2% (10 u'W range)

0°C to +55°C:
+3% (all ranges)

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

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

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

Zero Carryover: Less than 1% of full scale when
zeroed on most sensitive range.

Zero Balance: Continuous control about zero point.

DVM Output: 1.000V into open circuit corresponds

to Tull scale meter deflection (1,0 on 0-1 scale)

+0,5%; 1 KQ output impedance, BNC female con-

‘ nector; effect of loading impedance less than
10 M must be accounted for.

Recorder/Leveler Output: With load impedance of
600 ohms or more, output is approximately 1 volt

de at full scale meter deflection. BNC female
connector.

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

RFIL: Meetsall conditions specified in MIL-I-6181D.

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

Dimensions: 7-25/32 in, wide, 6-3/32 in. high,
11 in. deep from front of side rail (190 x 115 x
279 mm).

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

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

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

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

HO01-8401A Leveler Amplifier,

8402B Power Meter Calibrator.
Combining Cases:

1051A, 11-1/4 in. (286 mm) deep

1052A, 16-3/8 in. (416 mm) deep

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

02316-5
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Section I
Tables 1-1 (cont'd) and 1-2

Table 1-1. Specifications (Cont'd)

Model 431C

01. Rechargeable battery installed, provides up to 12
24 hours continuous operation. :

in parallel with front panel input connector.

09. With 10-foot (3050 mm) cable for 1002 or 2009
mount.

10. With 20-foot (6100 mm) cable for 1008 or 2009

Options: 11. With 50-foot (15240 mm) cable for 1002 mount.
With 100-foot (30480 mm) cable for 1002 mount.
02. Rear thermistor mount input connector wired 13. With200-foot (60960 mm) cable for 1008 mount.
21. With 50-foot (15240 mm) cable for 200 mount.
22. With 100-foot (30480 mm) cable for 2002 mount.

mount. 23. With200-foot (60960 mm) cable for 2009 mount.

Table 1-2. Model 431C Thermistor Mounts

hp Type

Coaxial Waveguide Frequency Range Operating Resistance in Ohms

8478B 10 MHz to 18 GHz 200

478A 10 MHz to 10 GHz 200
S486A 2.6 10 3.95 GHz 100
G486A 3.95 to 5.85 GHz 100
J486A 5.3 to 8.2 GHz 100
H486A 7.05 to 10.0 GHz 100
X486A 8.2 to 12.4 GHz 100
M486A 10.0 to 15.0 GHz 100
P486A 12.4 to 18.0 GHz 100
K486A 18.0 to 26.5 GHz 200
R486A 26.5 to 40.0 GHz 200

1-2
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Section II
Paragraphs 2-1 to 2-6

SECTION 11
INSTALLATION

2-1. INITIAL INSPECTION.

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

2-3. RACK MOUNTING.

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

DIVIDER LATCH

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

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

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

DIVIDER ASSEMBLY

\ RETAINER

4|8E-A-8

Figure 2-1. The Combining Case

02316-4
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Section II
Paragraphs 2-7 to 2-8

INSERT DIVIDER, ENGAGING n

TABS IN TOP AND BOTTOM *‘
MOUNTING SLOTS

1
® { s E\ &= e E
TWIST DIVIDER TO VERTICAL t\’

POSITION

®

PUSH IN TO LIMIT

. (==
st || = gpdha =\

Model 431C

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. Steps to Place Instrument in Combining Case

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

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

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

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

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

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

2-7. PRIMARY POWER REQUIREMENTS.

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

CAUTION

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

2-2

o, FILLER PANEL '

| \
o ! O
o o)
o 0
o] O
F O
O O
] 418E-A-17

Figure 2-3. Adapter Frame Instrument Combinations
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©)

ADAPTER
FRAME

== | N k4 ®

® i INSTRUMENT
\% : !

sl o : SPACER
N CLAMP

]
w A
w;/ /

SPACER CLAMP e
RETAINING SCREWS

Figure 2-4. Two Half Modules in Rack Adapter

02316-1

Section II
Paragraphs 2-9 to 2-10

2-9. THREE-CONNECTOR POWER CABLE.

2-10. To protect operating personnel, the National
Electrical Manufacturers' Association (NEMA) recom-
mends that the instrument panel and cabinet be
grounded. This instrument is equipped with a three-
conductor power cable which, when plugged into an
appropriate receptacle, grounds the instrument. The
offset pin on the power cable three-prong connector is
the ground wire. To preserve the protection feature
when operating the instrument from atwo-contact out-
let, use a three-prong to two-prong adapter and con-
nect the green pigtail on the adapter to ground.

2-3



Section III Model 431C

Figure 3-1
J
= e, LINE
P D
\ 431C-A -1
8 10 11 12
1. LINE/CHARGE. Lamplights whenthe POWER 6. MOUNT RES. A three position slide switch
switchis inthe LINE ONor BATTERY CHARGE which sets the power meter to accommodate
position. thermistor mounts of 100 ohm, 200 ohm and
200 ohm balanced operating resistances.
2. POWER. Determines connections to primary -
power sources and the battery charging circuit. 7. ZERO and VERNIER. Sets the meter pointer @
: over the zero mark. The VERNIER control is .
LENE-QEE: Jigtramenkoft. a fine adjustment of the ZERO control setting.
LINE ON: Instrument on. Trickle charge ap-
plied to battery. 8. DVM. A BNC type jack providing an
; output voltage linearly proportional to the meter
BATTERY ON: Instrument on, battery powered. indication. A DC voltmeter with an input im-
BATTERY TEST: Meter indicates battery pedance less than 10 M ohms is required
charge. tominimize introduction of measurementerror
BATTERY CHARGE: Instrument off. Trickle (refer to Paragraph 3-49).
charge applied to-hattery. 9. RECORDER/LEVELER. A BNC type jack pro-
: viding a DC voltage of low source impedance
3. THERMISTOR MOUNT. Accepts thethermis- for a recorder or leveler amplifier.
tor mount cable.
10. In Option 02 instruments a thermistor mount
; connector is wired in parallel with the front
4, CALIB FACTOR. Switch cornpenlsates for the panel connector. Two mounts cannot be con-
Calibration Factor of the thermistor mount. RO O bt
Calibration Factor values from 88% to 100% v
may be set in 1% steps. 11. DC CALIBRATION. This connector permits
a DC input for power meter calibration and DC
5. RANGE. Sets power range; also includes a substitution method of power measurement.
NULL position which, in conjunction with the
adjacent null screwdriver adjustment, ensures 12. LINE VOLTAGE. Selects 115-o0r 230-volt line
that the metering bridge is reactively balanced. operation.
13. Mechanically zeroes meter. Refer
to Figure 3-8.
Figure 3-1. Front and Rear Panel Controls, Connectors, and Indicators
3-0 02316-4
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y Section III
/ Paragraphs 3-1 to 3-13

SECTION 11l
OPERATION

3-1. INTRODUCTION.

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

3-3. The Model 431C is an automatic self-balancing
power-measuring instrument employing dual-bridge
circuits. The power meter is designed to operate with
hp temperature-compensated thermistor mounts such
as the 8478B and 478A Coaxial and 486A Waveguide
series. Power may be measured with these mounts
in 50-ohm coaxial systems from 10 MHz to 18 GHz,
and in waveguide systems from 2.6 GHz to 40 GHz.
Full-scale power ranges are 10 microwatts to 10 milli-
watts and -20 dBm to +10 dBm. Extended measure-
ments may be made to 1 microwatt and to -30 dBm.
The total measurement capacity of the instrument is
divided into seven ranges, selectable by a front panel
RANGE switch.

3-4. ZERO and VERNIER zero-set controls zero the
meter. Zerocarry-over from the most sensitive range
to the other six less sensitive ranges is accurate to
+ 1% . Greater accuracy can be obtained by setting
the zero point onthe particular range tobe used. When
the RANGE switch is in the NULL position, the meter
indicates inherent metering bridge unbalance, and a
front panel NULL screwdriver adjustmentis provided
for initial calibration.

3-5. The CALIB FACTOR switch allows the intro-
duction of discrete amounts of compensationfor meas-
urement uncertainties related to SWR, and measure-
ment errors caused by substitution error and thermis-
tor mount efficiency. The appropriate selection of a
Calibration Factor value permits direct meter reading
of the RF power delivered to animpedance equal tothe
characteristic impedance (Zp) of the transmission line
connecting the thermistor mount to the RF source.
Calibration Factor values are determined from the data
marked on the label of each 8478B, 478A, or 486A
thermistor mount.

3-6. The Model 431C has a DC CALIBRATION jack
on the rear panel that can be used for DC substitution
method of power measurement. DC substitution is an
extension of the power measurement technique nor-
mally used. Through the use of DC substitution, in-
strument error can be reduced from a nominal value
of +1% to +0.18% of reading, or less, depending on the
care taken in procedure and accuracy of auxiliary
equipment.

02316-4

3-7. The MOUNT RES switch on the front panel per-
mits the use of three types of thermistor mounts with
the 431C. Model 486A waveguide mounts can be used
by setting the MOUNT RES switch to the 1002 or 20092
position, depending onthe microwave bandused (refer
to Table 1-2). The 2009 position is used with Model 478A
thermistor mounts and the 2002 BAL position is used
with a balanced thermistor mount such as the 8478B.

CAUTION

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

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

3-9. CONTROLS, CONNECTORS, AND
INDICATORS.

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

3-11. BATTERY OPERATION.

3-12. The Model 431C option 01 canoperate from bat-
tery instead of a conventional 115- or 230-volt primary
power source. A rechargeable Nickel-Cadmium bat-
tery is factory installed in Option 01 instruments. The
same battery can be ordered and later installed inthe
basic instrument, thereby modifying the power meter
to the Option 01 configuration. The rechargeable bat-
tery installation kit maybe ordered by hp stock number
00415-606, Option 01 installationinstructions are
given in Appendix I.

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

3-1



Section III
Paragraphs 3-14 to 3-25

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

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

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

3-15. BATTERY STORAGE. Store the battery at or
below room temperature. Extended storage at high
temperatures will reduce the cell charge but will not
damage the battery if the temperature is below 140°F.
Charge the battery after removal from storage and
before using the Model 431C for battery operation.

3-16. OPERATING INSTRUCTIONS.

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

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

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

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

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

Zo available power isthe power a source will de-
liver to a Zg load. Itis dependent on a Zy match con-
dition inwhich the impedance seenlooking into atrans-
mission line is equal to the characteristic impedance
of the line.

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

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

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

3-24. The result of the total mismatch loss uncer-
tainty on the Zg available power level is determined
by algebraically adding the thermistor mount loss to
the uncertainty caused by source and thermistor mount
Zy mismatch SWR. Thus, the Zg available power un-
certainty is (-0.07 dB) + (+0.30 dB), and (-0.07 dB)
+ (-0.28 dB), equal to a range of +0.23 dB to -0.35 dB
or +5.5% to -8.2%. The power delivered by the source
to a Zg load, with source and thermistor mount mis-
match as in this example, would be somewhere be-
tween 0. 23 dB (5.5%) below the maximum power and
0.35 dB (8.2%) above the minimum power actually
entering the thermistor mount.

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

*Detailed analysis of accuracy degradationdue to SWR
in the transmission line is presented in Application
Note 64. The Application Note may be obtained from
any Hewlett-Packard Sales and Service Office.
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ENTERING "
THERMISTOR ]
MOUNT
» -0.29 dB SOURCE
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LOSS (+5.5% TO -8.2%)
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AVAILABLE POWER
Zo AVAILABLE ) N\
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Figure 3-2. Mismatch Power Measurement Uncertainty

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

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

3-28. Ideally, each thermocouple voltage would be
equal in magnitude sothat they cancel withno resultant
effect onthe accuracy of power measurement. In prac-
tice, however, each point of contact does not have iden-
tical thermocouple characteristics, and in addition, the
temperatures at each junction may not be the same.
These differences cause an incomplete cancellation of
the thermoelectric voltages, resulting in a voltage that
causes a thermoelectric effect error. The magnitude
of the error is important when making DC substitution

02316-2

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

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

a. Measure power,

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

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

c. Zero and null power meter.

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

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

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

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

h. Calculate arithmetic mean of the two substitution
powers Py and P9. This mean power includes a cor-
rection for thermoelectric effect error.

+
Power = _13.];2_P2
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3-30. INSTRUMENTATION ERROR. The degree of
inability of the instrument to measure the true substi-
tution audio bias or DC power supplied to the thermis-
tor mount is called power meter accuracy or instru-
mentation error. Instrumentation error of the Model
431C is 2% of full scale, +20°C to +35°C. Instru-
mentation error can be reduced to +0. 16% of reading,
or less, by using DC substitution asdescribed in Fig-
ure 3-9.

3-31. CALIBRATION FACTOR AND EFFECTIVE
EFFICIENCY.

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

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

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

PDC Substituted

Calibration Factor = B wave Incident

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

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

3-4
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3-36. Calibration Factor is applied as a correction
factor to all measurements made without a tuner.
Under this condition, the power indicated isthe power
that would be delivered by the source to a load im-
pedance equal to Zgp. This measured power is called
Zgy available power.

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

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

B
-4.0% TO -8.0%

UNCERTAINTY

Zo AVAILABLE
Y +1%( ] POWER

INSTRUMENTATION
ERROR

N 94% CﬂLIERﬂTIDN<
FACTOR
74

45.5% TO -8.2%
UNCERTAINTY

ON Zo AVAILABLE
POWER

+2.5% TO -I7.2%
TOTAL LIMITS OF
ERROR BEFORE
CORRECTION 19.7%

MAXIMUM POSSIBLE ERROR = I7.2%
STATISTICALLY MOST PROBABLE ERROR =-7.35%

431C-A-11

Figure 3-3. Limits of Error Before Correction
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TOTAL UNCERTAINTY
OF POWER MEASUREMENT
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MAXIMUM POSSIBLE ERROR = 10.2%
STATISTICALLY MOST PROBABLE ERROR = +0.35%

431C -A-12

Figure 3-4. Total Uncertainty After Correction

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

3-39. Figure 3-4 shows the total power measurement
uncertainty after Calibration Factor correction. Note
that the range of uncertainty, 19.7%, is the same as
it was before correction. However, the measurement
uncertainty range has shifted, and is now more sym-
metrical about the Z, available power level.* The
total uncertainty after correction is the algebraic sum
of the instrumentation error (z1%), the accuracy to
which Calibration Factor is determined (+2%), and the
uncertainty on the power actually entering the ther-
mistor mount. After correction, the power measure-
ment uncertainty on the Z, available power is +10.2%
to -9.5%. The maximum possible error is 10.2% (was
17.2%) and the statistically most probably error is
+0.35% (was -7.35%). This is a typical example
showing how the use of Calibration Factor correction
to a measurement of Zg available power not only re-
duces the maximum possible error, but more impor-
tantly, the magnitude of the statistically most probable
error is reduced to very near the Zgy available power
level.

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

p. =P indicated (1 + pspm)2
0 Calibration Factor

Where: Pg = Zg available power
pg = source reflection coefficient
pm = thermistor mount reflection coefficient
_SWR -1
P=SWR+1
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Paragraphs 3-39 to 3-46

3-40. EFFECTIVE EFFICIENCY. Effective Effi-
ciency is the ratio of substituted audio or DC power
in the thermistor mount to the microwave RF power
dissipated within the mount.

Ppc Substituted
Dissipated

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

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

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

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

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

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

'3-46. EQUIPMENT USED FOR DC SUBSTITUTION.

Figure 3-9 shows the instrument setup for a DC
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substitution measurement. The hp Model 8402B Cali-
brator conveniently provides DC power and appropriate
switching to perform DC substitution measurement with
the Model 431C. If the 431C is being used with a bal-
anced 200 ohm thermistor mount, the 8402B must be
used. If the 431C is used with an unbalanced thermis-
tor mount such as hp Model 478A Coaxial or 486A
Waveguide types, the 8402B may be replaced with an
B8402A Power Meter Calibrator.

3-47. Although the DC substitution technique is the
most accurate method of measuring RF power, there
are sources of error that must be considered. The
accuracy of DC substitution depends largely upon:
1) how accurately substituted DC is known, 2) how
precisely the power meter reading is duplicated, and
3) the actual operating resistance of the thermistor.

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

Model 431C

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

3-49. POWER METER DVM OUTPUT MEASURE-
MENT. A digital voltmeter can be connected to the
431C DVM jackto increase resolution of a power meter
reading. This feature provides a convenience to the
operator and allows an easy method of repeating a pre-
cise measurement readout value. Measurementerror
corrections for voltmeter impedance loading must be
made when using a voltmeter to measure the voltage
output of the 431C Power Meter. The DC voltage at
the DVM jack on the rear panel is developed across a
1 k ohm resistor. Therefore, a voltage measurement
made with a digital voltmeter having an input imped-
ance of 500 k ohms will introduce an error of 0.2%. A
digital voltmeter with an input impedance of 10 megohms
will introduce a much smaller error of 0.01%. Correc-
tion percentages should be added to voltmeter readings.

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

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

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

TEMPERATURE g iy
COMPENSATED np MODEL43IC)  LEVELER 1, wo1-gagia
THERMISTOR  f—=]  POWER - LEVELER
MOUNT METER AMPLIFIER
AUXILIARY hp 4T8A4B6A
ARM ?
QUTPUT
AMPLITUDE l
-
ARM
— POWER  [—— DRRECTIOML L2 jon
SOURCE
<—— CONTROL VOLTAGE (NEGATIVE FEEDBACK)

431C-A-4

Figure 3-5. Output Power Leveling
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Figure 3-6. Insertion Loss or Gain Measurement

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

3-53. ADDITIONAL APPLICATIONS.

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

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

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

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

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

TEMPERATURE hpMODEL RECORDER/ ALARM,
LEVELER
ORISR 4310 J2 RELAY PROTELLTIE, 08
MOUNT == o e — | "correcTIVE

AUXILIARY hp 418A,486A DEVICES

ARM 1 431C-A -5
MAIN
RF SOURCE }——] couPLER |AEMJ  1oaD

Figure 3-7. Control System Monitoring
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Figure 3-8

1. Connect thermistor mount and cable to THER-
MISTOR MOUNT connector. Referto Table 1-2
for recommended thermistor mounts and their
frequency ranges.

Meter Mechanical Zero:
a. With instrument turned off, rotate meter

adjustment screw clockwise until pointer
approaches zero mark from the left.

b. Continue rotating clockwise until pointer
coincides with zero mark. If pointer over-
shoots, continue rotating adjustment screw
clockwise until pointeronce again ap-
proaches zero mark from the left.

c. Rotate adjustment screw about three degrees
counterclockwise todisengage screw adjust-
ment from meter suspension.

Note

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

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

CAUTION
To avoid severe damage to the thermistor mount,
be carefulnot to move the MOUNT RES switch while
operating the RANGE switch.

3. Set RANGE to .01 mW.

4. Set POWER to LINE ON. If instrument is to
be battery operated, rotate POWER to BAT-
TERY ON.

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

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

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

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

Note

Range-to-range zero carryover is less than +1.0%

if the meter has been properly adjusted mechanically

(Step 1 above) and the instrument has been properly

zero-set electrically on its most sensitive range.

For maximum accuracy, zero-set the power meter

on the range to be used.

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

10. Apply RF power at the thermistor mount. Power

is indicated on the meter directly in mW or

dBm.

Figure 3-8. Turn On and Nulling Procedure
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Figure 3-9
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DC sub-
stitution is discussed in Paragraphs 3-44
through 3-52.

Connect the equipment shown above.

Set the 431C Power Meter for normal oper-
ation using the procedure given in Figure 3-8.

Set CALIBRATION FACTOR to agree with
Calibration Factor or Effective Efficiency data
on mount (see Paragraph 3-32). Apply RF
power to mount. Note reading obtained on dig-
ital voltmeter.

Note

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

are used, the digital voltmeter reads directly. If
the .03, .3, or 3 mW power meter ranges are used,
the digital voltmeter reading must be multiplied by
.0316, .316, or 3.16 respectively.

Turn off, or disconnect, the RF source.

Turn on 8402B Calibrator by setting the FUNC -
TION switch to CURRENT OFF; then apply a
substitution current by setting FUNCTION
switch to SUBSTITUTE.

Set CALIBRATION FACTOR to 100%. Turn
8402B CURRENT CONTROL and VERNIER to
duplicate reading obtained in step 3.

Note 8402B VOLTMETER output DVM reading.
On .01,.03,.1 and .3 mW ranges, reading is sub-
stituted current (Ipc) in mA. On other ranges
multiply reading by 10 to obtain Ipc in mA.

10.

11.

12,

DIGITAL VOLTMETER
(REFER TO
PARAGRAPH 3-48)

aBlE-B-a

Disconnect thermistor mount from thermistor
mount cable. Connect thermistor mount cable
between 431C Power Meter THERMISTOR
MOUNT and 8402B Calibrator RESISTANCE
STANDARD connectors.

Set 8402B Calibrator controls as follows:
a. THERMISTOR RESISTANCE . . . +0.5%
b. MOUNT RESISTANCE tocorrespond with
resistance and type of thermistor mount used.

Set 431C Power Meter RANGE switchto NULL.
Rotate THERMISTOR RESISTANCE switch on
8402B Calibrator counterclockwise until the
431C Power Meter changes to a zero reading
from a stable reading greater than zero.

The operating resistance of the detectionther-
mistor (Rq) is the nominal value indicated on
the thermistor mount label plus or minus the
correctionindicated by the setting of the THER-
MISTOR RESISTANCE switch. The percentage
correction is a value in-between the limits set
by the two positions of the THERMISTOR RE-
SISTANCE switch that correspond to the zero
reading and the stable meter reading obtained
in step 10. If desired, the average of these
two values may be calculated and used as the
correction value.

Calculate power in mW from the following
expression:

Power (mW) =

(IDC)24(Rd) (10-3)

Where: IDC = Substitution current inmA (from step7)

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

Figure 3-9. DC Substitution
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Section IV
Paragraphs 4-1 to 4-10

SECTION 1V
PRINCIPLES OF OPERATION

4-1. BLOCK DIAGRAM.

4-2. The Model 431C Power Meter measures micro-
wave power indirectly using two bridge circuits (refer
to Figure 4-1). The detection bridge incorporates a
10-kHz oscillator whose amplitude is determined by
the amount of microwave power heating the thermistors
in that bridge.

4-3. The compensation and metering bridge contains
thermistors that are immersed in the same thermal
environment as those of the detectionbridge. It is fed
the same 10-kHz bias current that flows in the detection
bridge.

4-4, Unbalance in the metering bridge produces 10-
kHz error signal; this, plus 10-kHz bias taken directly
from the oscillator-amplifier, are mixed in the syn-
chronous detector to produce an error-proportional
direct current. Fed back to the metering bridge, dc
power substitutes for the 10-kHz power in heating the
thermistors and drives the bridge toward balance.

4.5, The dc output of the synchronous detector also
operates the meter circuit.

4-6. CIRCUIT DESCRIPTION.

4-7. RF DETECTION BRIDGE (Figure 4-2). The RF
detection bridge and the 10 kHz oscillator-amplifier
are connected in a closed loop (the detection loop) which

provides positive feedback to cause oscillation. The
RF bridge includes thermistor element Ry, the secon-
daries of transformer A1T2, capacitances Cy and Cp,
and the resistive arm consisting of A1IR10 and parallel
resistors selected by the MOUNT RES switch.

4-8. When the power meter is off, thermistor Rq is
at room temperature and its resistance is about 1500
ohms. The bridge is unbalanced. When the power
meter is turned on, a large error signal is initially
applied to the bridge. As this signal heats Ry, its re-
sistance decreases toward the operating value of 100
or 200 ohms and the RF bridge approaches balance.
The 10-kHz feedback diminishes until there is just suf-
ficient power dissipated in the thermistors to maintain
them at the operating resistance.

4.9, Microwave power, applied to the thermistors,
heats them further; this decreases the error signal,
reducing 10-kHz power just enough to balance out the
microwave power.

4-10. The MOUNT RES switch, S1, changes the re-
sistance arm of the RF detection bridge so that the
bridge will function with either a 100 ohm, 200 ohm,
or 200 ohm balanced thermistor mount. The 20002 BAL
position allows the power meter to be operated with
balanced thermistor mounts. When the MOUNT RES
switch is inthis positiontwo equal capacitors are con-
nected in series across the thermistors with their

FEEDBACK
DC FEEDBACK CURRENT
s2(Q-7————————- GENERATOR
ERIQ ’
N , Inc
N /
/ N Jcowpensation] 1oknz 10 kHz
AND  |ERROR| okHz  |ERROR IsyNCHRONOUS | oc | DIFFERENTIAL
METERING AMPLIFIERS DETECTOR AMPLIFIER
7 BRIDGE i
NIC Ve O | TRECORDER/|
i ' 10 kHz LLEYELER
[ THERMISTOR [MOUNT DIFFERENTIAL :
) ? MOUNT RES AMPLIFIER
= 3 Ipc
|
|
DETECTION 10 kHz SQUARING Al
0SCILLATOR CURRENT L2, 4
JB BRIDGE AMPL CIRCUIT SQUARED I oVl
s IFIER GENERATOR | LYY
i <
ICALIBRATION! 1 I
| BByl ol |
S sa(Q ‘% K
- : CALIB
N |OkHz FEEDBACK e L 4 e
e |
Figure 4-1. Block Diagram
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THERMISTOR DETECTION
MOUNT THERMISTOR
TYPE CIRCUIT
MICROWAVE
POWER INPUT
B

1000

UNBALANCED, e
/g1 2000PF
PIN 6
MICROWAVE
POWER INPUT

2000
UNBALANCED 26@%@9'

11Cb
Jl "'1850PF

S./-PTN 6

MICROWAVE
POWER INPUT

mrz&

2000 (SECONDARY)

BALANCED | 2&r v !

1850PF" \]'/ igsopF

i.gllhl ]

RF DETECTION
BRIDGE

Model 431C

= = <L 10kHz
AITIA m'&a
(COMPENSATION 8
METERING

BRIDGE PRIMARY)

P/0
Sl
MOUNT RES

(SWITCHED)

431C-C-3

Figure 4-2. RF Detection Bridge

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

4-11. COMPENSATION AND METERING BRIDGE

CIRCUIT.

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

4-2

of the bridge. The MOUNT RES switch, which is me-
chanically linked to both the RF bridge and metering
bridge, changes meteringbridge reference resistance
from 100 to 200 ohms. When the MOUNT RES switch
is in the 2009 or 20092 BAL position some of the feed-
back current is shunted to ground through R1. This
maintains the I2R function constant when mount resis-
tance is changed from 100 or 200 ohms. The switch
also adds the necessary reactance for each position.

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

02316-1
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4-14, Variations in 10 kHz bias level, initiated in the
RF bridge circuit, cause proportionalunbalance of the
metering bridge, and there is a change in the 10 kHz
error signal (I1g kHz) applied tothe 10 kHz tuned am-
plifiers in the metering loop. These error signalvar-
iations are amplified by three 10 kHz amplifiers, and
rectified by the synchronous detector. From the syn-
chronous detector the DC equivalent (Ipc) of the 10 kHz
signal is returned tothe metering bridge, and is mon-
itored by the metering circuit to be indicated by the
meter. This DC feedback to the metering bridge acts
to return the bridge to its normal, near-balance
condition.

4-15. The reactive components of the metering bridge

Section IV
Paragraphs 4-14 to 4-17

A1L1. Null adjust, C1, is an operation adjustment
and L1 is a maintenance adjustment. Null adjust C1,
is adjusted withthe RANGE switch in the NULL position.
The 10kHz signal is taken at the synchronous detector,
rectified by AICRS8, and read on the meter. The rec-
tified signal contains both reactive and resistive volt-
age components of the bridge unbalance.

4-16. SYNCHRONOUS DETECTOR.

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

are balanced with variable capacitor C1 and inductor a linearizing resistance in each of its arms. Two
R2A ZERO TO (FEEDBACK
@) CURRENT)?
r28 O GENERATOR
P/O S| Q
[
1 DC
| < Inc FECOBACK | It | irreenTiAL
I AMPLIFIER
AlTIE GENERATOR =
weconmm} ALQIO AIQB-AIQ9
?nc
AIT3
COMPENSATION A | arcio 0 kH2 e Lo, | STNCHRONOUS
AND {(I = AMPLIFIER I,ngz—'. okt DETECTOR
METERING BRIDGE IOkH = ERROR SIGNAL = SIGNAL 2
LU AIQI-AIQ3 . AICR2-AICRS
<+— |OkHz
FROM
OSCILLATOR
COMPENSATING AMPLIFIER
THERMISTORS AITIA AlQ4-AIQ7
(PRIMARY) L
3R25
TO GROUND VIA
= = RF DETECTION BRIDGE
AIT2A PRIMARY
431C-C-4
Figure 4-3. Compensation and Metering Bridge
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SYNCHRONOQUS
DETECTOR

FROM 10kHz
TUNED —
AMPLIFIER,
Q3
L]
‘
I - e ——
;
i — RECTIFIED
OUTPUT
10kHz ; i
FROM ‘
OSCILLATOR/
AMPLIFIER = = % s = =
(a) -

Model 431C
SYNCHRONOUS
. DETECTOR
—|r- =*+-- ’ - - -
4 10kHz
' SIGNAL
FROM I0kHz H Es CR3
TUNED — [
AMPLIFIER
' CR5
Q3 : ?
sy L |
)
| ! :
¥
¥
f - -
i
| RECTIFIED
¥ —————— |0kHz
10 kHz : T4 QUTPUT
FROM i
OSCILLATOR/
AMPLIFIER B R e
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(b)

Note: E4 is much larger than Eq in order to gate diodes CR2, CR3, CR4, and CR5.

Figure 4-4. Synchronous Detector

10 kHz voltages, designated E3 and E4 in Figure 4-4,
are applied to the bridge; 1) voltage E3, induced inthe
secondary of transformer A1T3, is proportional tothe
metering bridge error signal and is incoming from
10 kHz tuned amplifier Q3; 2) voltage E4, induced in
the secondary of A1T4, is proportional to a voltage
supplied by the 10 kHz oscillator-amplifier. Voltage
E4 is much larger than voltage E3 and switches appro-
priate diodes in and outof the circuit to rectify voltage
E3. Section (a) of Figure 4-4 shows the current path
through diodes A1CR2 and AICR3 for a negative-going
signal. The rectified output istaken at the center taps
of transformers AIT3 and A1T4.

4-18. The synchronous detector operates in the fol-
lowing manner. When the left side of A1T4 is positive
with respect to the right side, as in Figure 4-4(a),
diodes A1CR4 and AICRS5 conduct while diodes A1CR2
and A1ICRS3 are biased off. With the polarities reversed,
as in Figure 4-4(b), the diodes A1CR4 and AICR5 are
biased off. The resultantoutput is a pulsating DC sig-
nal equivalent to the applied 10 kHz error signal. The

4-4

pulsating DC signal isfiltered and applied to differen-
tial amplifier A1Q8 and A1Q9.

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

4-20. FEEDBACK DIFFERENTIAL AMPLIFIER.

4-21. A simplified schematic diagram of the feedback
differential amplifier is shown in Figure 4-5. The
feedback circuit differential amplifier comprises A1Q§
A1Q9 and associated circuitry. Pulsating DC from the
synchronous detector is filtered by A1C19, A1C20, and
A1R35, amplified by A1Q8 and fed toboth the feedback
current-squared generator A1Ql1, and the feedback
current generator A1Q10. Temperature compensation
and low emitter circuit resistance for A1Q10 is pro-
vided by A1Q9. Diode AICRT protects A1Q10 and
A1Q11 from excessive reverse bias when A1Q8 is not
conducting.

02316-4
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+1.3vDC
IZLIFFIEREPJETIAL
MPLI R
AIQ8—AIQ9 %‘““3
FROM AlQ8
SYNCHRONOUS _BC—=
DETECTOR
AICRE—T,:1CR5,
Al $AIR35
AICIS 1. AIR37 CZAERRF?Y AIR39
I Taicar | Gver
TAIC20
AIR36
AIR40
-18VDC
TO FEEDBACK «-DC AICRS TO (FEEDBACK
CURRENT ' & ' . CURRENT)?
GENERATOR GENERATOR
AlGI0 AIR4I AIR56 AlQI
-18VDC -25VDC e
Figure 4-5. Feedback Differential Amplifier
= FROM
< COLLECTOR OF
DIFFERENTIAL
4-22. FEEDBACK CURRENT GENERATOR. AMPLIFIER
AIQ8/AIQ9
4-23. A simplified schematic diagram of the feedback DC BIAS TO e
current generator is shown in Figure 4-6. The DC COMPENSATION +———— AIR40
signal from the differential amplifier is applied to the AN%RN}%'EERING
feedback current generator A1Q10. A1Q10 servestwo o
functions: 1) it completes the metering loop to the FEEDBACK < (FEEDBACK ,
metering bridge, and 2) it operates in conjunction with CURRENT CURRENT)
the first 10 kHz amplifier, A1Ql, and the RANGE GENERATOR GENERATOR
switch to change metering loop gain so that the meter
will read full scale for each power range. Potentiom- AIR56
eter adjustments are provided to accurately set the —0
calibration oneachrange. Diode A1CR6 provides tem-
perature compensation for A1Q10. —W%F—@*P—

t t
g o3l o\ -18VDC  -25VDC
\
P/O
»—w.——y{—om s2

4-24. METER CIRCUIT. pm—yh———0
o 1
4-25. A simplified schematic diagram of the meter r—'\M——y‘—O
circuit is shown in Figure 4-7. The meter circuit in-
cludes feedback current-squared generator AlQll, a T ?": =
squaring circuit, the meter, RECORDER/LEVELER
and DVM jacks, J2 and J4. The purpose of the meter 7
circuit isto converta linear voltage function, propor- FULL 'SCALE
tional tothe square root of applied power, to a square ACCURACY
function so that power may be indicated on a linear POTENTIOMETERS v b
meter scale. The linear voltage function is applied to f
the base of A1Q11 and is converted to a square law _18vDC
function by the squaring circuit in series with A1Q11 )
emitter. Figure 4-6. Feedback Current Generator
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Model 431C
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Figure 4-7. Meter Circuit
4-26. METERING CIRCUIT DIFFERENTIAL
AMPLIFIER.
4-27. The metering circuit RECORDER /LEVELER
output is a voltage of low source impedance necessary LiokHz
for isolation between a recorder or leveler amplifier ;T%hg l
and the metering circuit of the power meter. The iso- {PRIMARY)

lation ecircuit comprises the differential amplifier
A2Q6- A2Q7 and output transistor A2Q8. The voltage
developed across A2R38 for the DVM output is refer-
enced at the base of A2Q6 for comparisontothe voltage
at the RECORDER/LEVELER jack placed on the base
of A2QT7. Anydifferencevoltage creates anerrorvolt-
age that changes the base-emitter bias on A2Q8. A
corresponding change in A2Q8 collector current occurs
and the RECORDER/LEVELER voltage across A2R41
automatically adjusts to maintain the same magnitude
as the DVM reference voltage.

4-28. SQUARING CIRCUIT. A simplified schematic
diagram of the squaringcircuitis shown in Figure 4-7.
The squaring circuit includes diodes AICR9-14, and
resistors A1R42-54. Temperature compensation for
the squaring circuit is provided by A1CRI15.

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

4-6

DETECTION f
THERMISTORS ’ N \ 1
Rq AIT2E
2T
DC [SECONDARY)

IfOI':Hz
c RF DETECTION = To
BRIDGE AlCI4 10 kHz
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721 AMPLIFIER
\ t')/ AlQ4-AlQT
L
AlT2C
(SECONDARY) I
I
J6 |
! P/O MOUNT
By S| RES
& | (SWITCHED)
T
DC
CALIBRATION azic-A-7

Figure 4-8. DC Calibration and Substitution
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Figure 4-9. Power Switch Arrangement

larger currents. Thus, the collector currentof A1Q11
is made to approximate a square law function, and the
meter indicates power on a linear scale.

4-30. ZEROING. The resistance of the Metering
Bridge is never balanced. A small amount of unbalance
must exist toprovide error signal for the operation of
the feedback loop. The Metering Bridge loop circuit
is self balancing anduses DC feedback to rebalance the
closed loop. Resistive balance is set by R2A and R2B
ZERO controls, which are in one leg of the Metering
Bridge. DC offset voltage on the base of A1Q8 deter-
mines the balance point of the close loop. AIR3T,
ZERO CARRYOVER sets the amount of this offset for
about +50 millivolts.

02316-4

4-31. DC SUBSTITUTION.

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

4-33. REGULATED POWER SUPPLY.

4-34. A simplified schematic diagram of the power
supply is shown in Figure 4-9. The power supply op-
erates from either a 115- or 230-volt, 50 to 400 Hz
AC source or from an optional 24 volt, 30 mA re-
chargeable battery. Three voltages and two current
outputs are provided by the power supply. Regulated
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voltages of -18, +1.3, and unregulated -25 VDC operate
the power meter circuits. The current outputs are used
for maintaining atrickle battery charge for recharging
the battery.

4-35. The -18 VDC is regulated by a conventional
series regulator, A2Q1 through A2Q5. The unregu-
lated -25 VDC is developed across A2CR1 and A2CR4.
The +1.3 VDC is taken across the series diodes, A2CR6
and A2CRY7. The -18 VDC supply is adjusted by A2R386.

4-36. POWER SWITCH.

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

Model 431C

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

02316-2
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SECTION V
MAINTENANCE

5-1. INTRODUCTION.

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

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

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

the zero markon the meter scale whenthe instrument
is: 1) at normal operating temperature, 2) initsnor-
mal operating position, and 3) turned off. Set the
pointer asfollows to obtainbest accuracy and mechan-
ical stability:

a. Turn instrument off.

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

c¢. When the pointer is exactly on zero, rotate the
adjustment screw approximately 3 degrees counter-
clockwise. This frees the adjustment screw from the
meter suspension. If the pointer moves during this
step, repeat steps b and c.

Table 5-1. Recommended Test Equipment

Instrument Type

Critical Specifications

Recommended Model

Frequency: 10 kHz

Resolution: Five digits

Direct Current Power Range: 0.01 to 10 mW hp 8402B
Source Accuracy: 0.1%
Electronic Counter Sensitivity: 4V rms hp 5612A

Accuracy: =0.01% or better

DC Voltmeter

Range: 0.5 to 50 volts DC

hp 3440A with 3443 A plug-in

Accuracy: =0.05% or
Input Impedance: 10 Megohms, floating 3439A/3440A
or 3430A
Ohmmeter Range: 1 ohm to 10 Megohms hp 410B/C
Accuracy: 5% hp 412A
hp 427TA
AC Voltmeter Range: 10 to 100 mV hp 403A/B
Accuracy: +5% hp 427A

Input Impedance: 1 Megohm

Bandwidth: 100 kHz
Accuracy: 5%

Oscilloscope

Input Impedance: 1 Megohm
Sensitivity: 1 mV/division

hp 140A with 1400A and 1402A
plug-in units

Thermistor Mount
thermistor mounts

Refer to Table 1-2 for recommended

hp 84788
hp 478A

hp 486A Series

Decade Capacitor Range: 0.0 to 0.01 uF

Accuracy: 2%

Capacitance per step: 100 pF

General Radio 1419-B

Audio Oscillator Frequency: 10 kHz

Accuracy: 2%

hp 200AB
hp 200CD

02316-4
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5-5. PERFORMANCE TESTS.

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

5-7. ADJUSTMENTS.

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

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

Table 5-2.

Model 431C

other auxiliary equipment. A power plug adapter that
removes the ground connection at the line outlet can
be used to isolate the power meter. Use with catuion
and only where company rules permit.

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

5-11. COVER REMOVAL AND REPLACEMENT.

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

5-13. TOP COVER REMOVAL.

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

Performance Tests

Meter Mechanical Zero:

1. ACCURACY: Refer to Table 1-1 Specifications.

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

b. Continue rotating clockwise until pointer coin-
cides with zero mark. If pointer overshoots,
continue rotating clockwise until pointer once
again approaches zero mark from the left.

c. Rotate adjustment screw about three degrees
counterclockwise to disengage screw mechanism

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

b. Set 8402B Calibrator controls as follows:
FUNCTION. CURRENT OFF
RANGE ; 5 .01 mW
MOUNT RESISTAI\CE to correspondw1th resis-

tance and type of thermistor mount used.

c. Set 431C Power Meter controls as follows:

CALIB FACTOR. . . . . . . . . . . 100%
POWER:: « s mvvmen s emy v o we ON
RANGE . .01 mW

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

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

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

f. Set RANGE (mW) switch on calibrator and

RANGE switch on power meter to 10 mW.

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

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

2. ZERO CARRYOVER: Less than 19 of full
scale when zeroed on most sensitive range.
Procedure

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

b. Set power meter controls as follows:

POWER. s & & 5w o v oo % wr o e o s ON
RANGE. . . T .01 mW
CALIB FACTOR § s ... . 100%

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

¢. Adjust ZERO for 0.00 VDC reading on 10 volt
range of DC voltmeter.
d. Rotate power meter RANGE switchclockwise
through remaining ranges. Reading on DC volt-
meter should remain within 0.00 + .01 VDC on
each range.

3.DVM OUTPUT: 1. 000 VDC into open circuit
corresponds to full scale meter deflection (1.0 on
0-1 scale) £0.5%; 1 K © output impedance, BNC
female connector; effect of loading impedance

less than 10 M © must be accounted for.
Procedure

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

b. Set 8402B FUNCTION switchto CALIBRATE.
Reading on DC voltmeter should be 0.995 to

1.005 VDC, and correspond with full scale meter
reading of power meter.
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PLASTIC FOOT BOTTOM COVER

ASSEMBLY ey

BUTTON

TOP COVER

Figure 5-1.

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

5-14. TOP COVER REPLACEMENT.

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

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

c¢. Replace the two cover retaining screws.
5-15. BOTTOM COVER REMOVAL.
a. Set the tilt stand as shown in Figure 5-1.

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

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

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

02316-4
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TILT STAND

431C=-B-1

SIDE COVER .

Cover Removal

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

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

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

frame (see@, Figure 5-1).

d. Replace the two retaining screws and the rear
foot assembly.
5-17. POWER SUPPLY ADJUSTMENT.

Procedure
CAUTION

Adjustment of the Power Supply
voltage affects instrument
accuracy. K voltages are in
tolerance, do not adjust.

5-3
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a. Connect a DC voltmeter between pinW, XA2 and
ground.

b. Adjust A2R36 for -18.00 x0.92 VDC.

5-18. OSCILLATOR FREQUENCY ADJUSTMENT.
Procedure
a. Connect 100 or 200 ohm thermistor mount to

power meter.
Note

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

termination.

b. Set power meter controls as follows:
POWER . &% 4% 3 % s% s an »m s 0N
CALIB FACTOR . . . o w o ow L00%

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

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

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

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

(2) 200 OHM THERMISTOR MOUNT. Adjust AlL2
for an oscillation frequency of 10.00 £0.01 kHz.

5-19. OSCILLATOR TANK CIRCUIT TUNING.
Note
Adjust only if frequency determing components
are replaced.
Procedure

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

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

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

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

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

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

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

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

i. Install selected value of Al1C22 and reconnect
negative lead of A1C18 to assembly board Al.

5-4
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5-20. ZERO AND VERNIER CONTROL
ADJUSTMENT.

Procedure

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

b. Rotate 431C Power Meter RANGE switch clock-
wise through remaining ranges. Adjust A1R37 to hold
DC voltmeter reading within 0.00 +.01  VDC oneach
range.

5.21, COARSE NULL ADJUSTMENT.
Procedure
100 OHM THERMISTOR MOUNT

a. Connect 100 ohm thermistor mount to power
meter.

b. Connectoscilloscope or ACvoltmeter from AIR55
to ground.

c. Set power meter controls as follows:

POWER. » + + « + + + + « v v+ - « . .ON
RANGE . .01 mW
CALIB FACTOR . . + + + « « « « « . . 100%
MOUNTRES. + « « v v « s « « « - - - 1008

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

e. Mechanically center NULL capacitor, C1.

f. Adjust AI1L1 for a voltage null at AIR55. Fine

adjust NULL capacitor C1 forless than 1.5 volts peak
to peak.

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

h. Rotate power meter RANGE switch clockwise
through remaining ranges. Voltage null at AI1R55
should remain less than 1.5 volts peak to peak.

200 OHM THERMISTOR MOUNT

i. Connect 200 ohm thermistor mount to power
meter.

j. Connectoscilloscope orAC voltmeter from A1R55
to ground.

k. Set power meter controls as follows:

POWER i v v oot % oo oo sii e s i w om0 » O
RANGE . . . . . . . . .01 mW
CALIB FACTOR . . . ‘oW ... . 100%
MOUNTRES. . . . . « v « v v . . . . 2008

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

n. Mechanically center NULL capacitor C1.

0. Select capacitor A1C1 (refer.to Table 5-3) for a
voltage null at A1R55. Fine adjust NULL capacitor
C1 for less than 1.5 wvolts peak to peak.

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

If a null/cannot be obtained, do not select
AlC1 for avalue greater than 1000 pF. In-
crease A1C2 in 50 pF steps, and repeat steps
d through g until limits are met.

5-22. FULL SCALE ACCURACY ADJUSTMENTS.
Note

It may be necessary to adjust the -18 volt supply
slightly to get all ranges within tolerance. Exer-
cise caution when adjusting the -18 volt supply,
as the adjustment of the supply affects instrument
accuracy. Refer to Paragraph 5-17 for supply
tolerance.

Procedure.
a. Measure from M1 negative terminal to ground
using the 3440A/3443A DVM.

b. Measure meter circuit current using a HP 428B
clip-on DC Milliammeter.

c. Adjust ZEROcontrol for 1 mA through the meter
circuit.

d. Maintain 1 mA through the meter circuitry, and
adjust A2R24 for DVM reading of 1,248 +,004 VDC.

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

f. Set 8402B Calibrator controls as follows:

FUNCTION. . . . . . . CURRENT OFF
MOUNT RESISTA;\CE to correspond with resis-
tance and type of thermistor mount used.

g. Set 431C Power Meter as follows:

POWER-. . . SRR PAES R 3w ON
CALIB FACTOR W i W e e 100‘7
MOUNT RES to correspond Wlth resistance and
type of thermistor mount used.

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

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

Section V
Table 5-3

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

Range | 8402B Calibrator |431C Power Meter
(mW) Function Adjust Reading
.01 CURRENT OFF ZERO 0.0

.01 CALIBRATE A2R1 .01 mW
.03 CURRENT OFF ZERO 0.0

.03 CALIBRATE A2R2 .03 mW
.1 CURRENT OFF ZERO 0.0

el CALIBRATE A2R3 .1 mW
.3 CURRENT OFF ZERO 0.0

.3 CALIBRATE A2R4 .3 mW
1 CURRENT OFF ZERO 0.0

1 CALIBRATE A2R5 1.0 mW
3 CURRENT OFF ZERO 0.0

3 CALIBRATE A2R6 3.0 mW
10 CURRENT OFF ZERO 0.0

10 CALIBRATE A2RT 10.0 mW

*(Refer to Para. 3-27 for thermo-electric
error correction on lower ranges.)

Table 5-3. Circuit Requirements for
Factory Selected Parts

Part A i :

Ref. Desig. Circuit Requirements

R25 Full scale deflection of meter M1
when1mA of DC flows through the
combination of the meter and R25.

A1RS6 Selected to set 10 KHz Amplifier
attenuator accuracy over all bands.

A1RT7 Balance of RF detectionbridge when

using a 100 ohm thermistor mount
with no microwave power applied.

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

A1R36 Sets coarse full scaleaccuracy on
allranges with A1R37 centered.
AlC1 NULL capacitor, C1, set near mid-

range for null when using a 200
ohm thermistor mount. Refer to

Range 8402B Calibrator | 431C Power Meter Paragraph 5-21.
(mW) Function Adjust Reading A1C2 NULL capacitor, Cl, set near mid-
range for null when using a 100
.01 CURRENT OFF ZERO 0.0 ohm thermistor mount. Refer to
.01 _|CALIBRATE A2R14 .01 mW Prrageagh 5a1.,
.03 CURRENT OFF ZERO 0.0
.03 |CALIBRATE A2R13 .0 mW A1C3 10 kHz output of oscillator
B CURRENT OFF ZERO 0.0 amplifier, A1Q4-Q7, when using
.1 CALIBRATE A2R12 .1 mW a 100 ohm thermistor mount.
.3 CURRENT OFF ZERO 0.0 Refer to Paragraph 5-18.
-3 CALIBRATE A2R11 -3 mW Al1C4-5 Must be within £1% of same value.
L CURRENT OFF | ZERO [ 0.0 Set 10kHz Oscillator Frequency
1 CALIBRATE A2R10 1 g mW with A1L2 centered.
RRENT OFF ZERO 0.
g gE:]IRBRATE A9R9 g - mil A1C22 : Frequency of 10 kHz for A1T5/
10 CURRENT OFF ZERO 0.0 A1C15 tuned circuit combination.
10 CALIBRATE A2R8 10.0 mW Refer to Paragraph 5-19.
02316-4 5-5
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5-23. TROUBLESHOOTING.

5-24. Refer to Tables 5-T7 through 5-21 for detailed
circuit troubleshooting. Check the fuse. Make a
visual inspectionfor burned, loose, or dirty components
and connections. Oftena visual checkof the instrument
will reveal sources of malfunction with no further
troubleshooting. Do not adjust any internal circuit
controls before a general idea of the troubleis
formulated.

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

Model 431C

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

5-27. The procedure in Table 5-4 employs front panel
controls for isolation of trouble to basic circuits.
Tables 5-7 through 5-12 employ internal circuit indica-
tions for more detailed malfunction analysis.

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

Table 5-4. Front Panel Trouble Isolation

Step Instructions Indication Action or Trouble Circuit
1. a. Connect thermistor mount No meter reading Proceed with step 2

E' gzz l;gl‘\lv%%?) C?I%I i Meter reads below low| Proceed with step 3

d. Adjust ZERO for zero meter e s i

reading, if possible

e. Rotate RANGE from .01 through | 1™t

reads above high scale

10 mW
2. a. Set RANGE to 10 mW No meter reading Proceed with step 3
b. i%‘ilgtRF power to thermistor ™ O oo reading a. Perform ACCURACY performance

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

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

b. Proceed with step 3.

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

Meter reading that
changes with NULL
adjustment

Proceed with step 4

¢. Adjust NULL screwdriver

Meter reading that

Compensation and metering bridge,

adjustment does not change with | 10 kHz amplifier (A1Q1-A1Q3) and
NULL adjustment synchronous detector combination
No meter reading RF detection bridge, and 10 kHz
oscillator-amplifier (A1Q4-A1QT)
combination
Power supply
4. a. Set RANGE to .01 mW Zero Feedback current-squared generator
b. Adjust ZERO for zero meter (A1Q11) and metering circuits
reading < . <
No zero Differential amplifier (A1Q8-A1Q9)
g ?Stat\%RANGE izem a0l fhougy and feedback current generator (A1Q10)
m combination
Zero does not carry- Differential amplifier (A1Q8-A1Q9)
over within specifi- and feedback current-squaredgéenerator
cations (A1Q11) combination
5-6 02316-4
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bridge, metering bridge and synchronous detector have
not failed; and 3) only one basic functional circuit has
failed.

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

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

5-31. DETAILED TROUBLESHOOTING. To assist
detailed troubleshooting, normal-operation waveforms
are given in Figures T-3 and 7-8. Locations of test
points and components are given in Figures 7-2, 7-4,
and 7-6. In addition, normal-operation voltages rela-
tive to chassis ground are provided on the schematic
diagrams for the collector, base and emitter of every
transistor in the instrument. Waveforms and voltage
measurements were made with a thermistor mount
connected, and the instrument nulled, according to in-
structions given in Figure 3-8. The first detailed
troubleshooting checks should be performed in the fol-
lowing order: 1) check for power supply output voltages
of +1.3, -18, and -25 VDC, 2) check at test point 6 to
ensure that the 10 kHz oscillator - amplifier, A1Q4-
A1Q7, has the proper output waveform, 3) check at
test point 2 for correct output of the 10 kHz amplifier,
A1Q1-A1Q3. Forsignal tracing throughthe amplifier
stages, capacitor A1C10 can be disconnected from A1L1
and used as a means to inject a 10 kHz test signal to
the input of the first 10 kHz amplifier, A1Q1.

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

5-33. IN-CIRCUIT TESTING. The common causes of
transistor failures are internal short- and open-cir-
cuits. In transistor circuit testing the most important
consideration is the transistor base-emitter junction.
Like the controlgrid of a vacuum tube, this is the op-
erational control point inthe transistor. This/junction
is essentially a solid-state diode. For the Aransistor
to conduct, the diode must conduct; that i, the diode
must be forward biased. As with simple diodes, the
forward bias polarity is determined by the materials
forming the junction. Use the transistor symbol on
the schematic diagram to determine the bias polarity
required to forward-bias the base-emitter junction.
The A part of Figure 5-2 shows transistor symbols
with terminals labeled. The emitter arrow points
toward the type N material. The other two columns
of the illustration compare the biasing required to
cause conduction and cut-off intransistors and vacuum
tubes. If the transistor base-emitter diode (junction)
is forward -biased, the transistor conducts. If the
diode is heavily forward-biased, the transistor satu-
rates. However, if the base-emitter diode is reverse
biased, the transistor is cut off (no conduction). The
voltage drop across a forward-biased emitter-base
diode varies with transistor collector current. For

02316-1
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example, a germanium transistor has atypical forward
bias, base -emitter voltage of 0.2 - 0.3 volts when
collector current is 1 - 10 mA, and 0.4 - 0.5 volts
when collector current is 10 - 100 mA. In contrast,
forward-bias voltage for silicon transistors is about
twice that for germanium types: about 0.5 - 0.6 volts
when collector current is low, and about 0.8 - 0.9 volts
when collector current is high.

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

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

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

Transistor Cunnect Ohmmater Measure
Type Pos. Neg. Resistance
lead to lead to (ohms)
Small emitter base* 200-500
PNP Signal | emitter collector | 10k-100k
Ger= emitter base* 30 - 50
manium Power
emitter collector | several
hundred
Small base emitter 1k-3k
NPN Signal | collector | emitter very high
silicon (might
read open)
base emitter 200-1000
Power collector | emitter high, often
greater
than 1M
*To test for transistor action, add collector-base
short. Measured resistance should decrease.




Section V Model 431C
Figure 5-2
A.TRANSISTOR BIASING
DEVICE SYMBOL CUT OFF CONDUCTING
PLATE +200V +200V
VACUUM TUBE S -i5v _av ---)
CATHODE =
COLLECTOR +20V +20V
MAIN
N PN TRANSISTOR BASE ov +3V ) CURRENT
(OR-) \ 4
EMITTER = EBE;ER% =
COLLECTOR =20V =20V
ClTRﬁFyE\lNT
PNP TRANSISTOR BASE &3 o )/
- comERs ' L
BASE EMITTER COLLECTOR
INPUT Z 30-50 N 500-1500 N 20-500K N
OUTPUT Z 300-500K Q 30-50K Q 50-1000 Q
VOLTAGE GAIN 500-1500 300-1000 < |
CURRENT GAIN < | 25-50 25-50
POWER GAIN 20-304db 25-40 db 0-20 db
-5V
=15V
% QUTPUT
A o
INPUT OUTPUT
INPUT
= = QUTPUT
= BEI4A-B-8

Figure 5-2. Transistor Biasing and Operating Characteristics
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Table 5-6
CAUTION
Most ohmmeters can supply enough current or voltage to damage a transistor. Be-
fore using an ohmmeter to measure transistor forward or reverse resistance, check
its open-circuit voltage and short-circuit current output ON THE RANGE TO BE
USED. Open-circuit voltage must not exceed 1.5 volts and short-circuit current
B must be less than 3 mA.
>
Table 5-6. Safe Ohmmeter Range for Transistor Resistance Measurements
Ohmmeter Safe Range(s) ggff; Cekt (S:}:lgitegft Lead
g Color Polarity
Rxlk 1.0V 1 mA
Rx 10k 1.0V 100 pA Red -
EF; 3;?& R x 100 k 1.0V 10 uA Blk -
L R x 1M 1.0V 1A
R x 10M 1.0V 0.1 A
Rx1k 1.3V 0.57 mA
Rx 10k 1.3V 57 LA Red +
hp 410C R x 100 k 1.3V 5.7 pA Blk -
Rx 1M 1.3V 0.5 nA
R x 10M 1.3V 0.05 pA
R x 100 1.1V 1.1 mA
Rx1k 1.1V 110 LA Blk -
hp 410B Rx 10k 1.1V 11 A Red -
R x 100 k 1.1V 1.1 pA
R x 1M 1.1V 0.11 pA
Simpson 260 R x 100 1.6V 1 mA Red +
Blk -
Simpson 269 Rx1lk 1.5V 0.82 mA Blk -
. Red -
Triplett 630 R x 100 1.5V 3.25 mA
Rx1lk 1.5V 325 pA Varies with
Serial Number
Triplett 310 R x 10 1.5V T50 pA
R x 100 1.5V 75 pA
02316-1 5-9
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Table 5-7
Table 5-7. Meter Noise Troubleshooting
a. 431C:
Noisy Meter RANGE . .10 pW
ndlcation THERM RES . .2000
b. Connect 200 ohm thermistor
mount to Power Meter.
Y
Connect Oscilloscope
to A1IR55 (Synchronous
Detector)
Check
AlQ11 - 4 Noise
and No Noise -
Squaring Sync Oscilloscope
Circuit to LINE and check
to see if noise is synched
Place iea i ;
Scope Noise Synched Random Noise in Metering Loop
leads - T : . :
on -18VDC to 60 cps y ¢y Random Noise in Oscillator Loop j
Supply a. Open test point B. Y
o b. Measure A1C18 (+) a. Open test point C
caused by with scope. b. Adjust ZERO for
capacitive on scale reading
coupling. ;
M—?} Ground
Noise in -18V base of [ Noise A4
Supply A1Q8
Y
i Check | Noise
Supply or A1Q8 No
Grounds A1Q9 Y Noise No Noise
Check Y :
A1Q10 Close Test Point C
Check AICR6 Remove Thermistor
A1T2 Noise <8 mV P-P ) Mount
and RF
bridge Ground A1C10 (+)
. Observe AI1Q3
C*I’e*"'k Collector with
218‘; Noise >8 mV P-P scope.
. Check
R2
A1T1 Noi
Syne Det e
B m
v Noise >800mV P-P
Set:
RANGE...10 mW
Check| Noise /]
AlQl [Z30mV PP, Noise >30 mV
Check P-P
AlQ2
5-10
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Table 5-8
Table 5-8. Metering Loop Troubleshooting (1 of 2)
431C
METER PEGS OFF SCALE | 2 RANGE. . ... .10uW
b) THERM RES . . . .200Q
_ METER WONT NULL UNBAL
P
/ Connect 200 ohm Unbalanced
T1
MESLRS WONST ZE5D Thermistor Mount to Power Meter.
Observe 10 kHz
oscillator
output at
Refor A1C18 (+)
to Oscillator
Table | Failure y
259 oscillator
0K
a) Attach the (-)
lead of a 8V
battery to A1Q11 base.
b) Connect (+) to
ground.
431C Meter
Measure reads up or
battery downscale from |
voltage | T
in circuit
431C
Check Meter Reads
AlQ11 < 6V A ~ .57 on
Bomaing r uppermost scale.
, 6V
a) Remove battery
1) Check b) Determine if
squaring meter problem
circuit. exists on all
2) Refer to ranges.
Figure 7-7. ¢) If consistent,
identify sympton
as one of following:
r s l 2 1
a) Meter flips a) Meter is a) Meter pegs a) Meter pegs a) Meter zeros.
from peg upscale insensitive to upscale downscale b) No null.
to peg downscale ZERO control. only only.
as ZERO is adjusted.
|
1 3 Check ampl. a) Connect scope Check Meter a)Connect scop
gain. Refer Ch. A to A1C18(+); loop cireuit for CH. A to A1C18
heck for open i to Table 5- 12 Sync on A. unbalance. (+); Sync on A.
DC feedback path. b) Connect Ch. B b) i‘fgﬂ%ﬂ CHB
Check: AICRS, to A1Q3 collector e :
A1Q10, AITI : ¢) Vary ZERO
¢) Vary ZERO

02316-4 5-11
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Table 5-8 (Cont'd)

Table 5-8. Metering Loop Troubleshooting (2 of 2)

AlQ3 signal -ﬁ ; !

passes through Voltage nulls
a null and to less than
reverses phase 2 mV as COARSE
as COARSE ZERO is varied
No ZERO 1sjvar1ircle.s No | Yes
f ! !
Sync. Detector or Check Measure Diff.
Open CKT in Diff. Amplifier capacitive amplifier A1Q8
metering has an open circuit. balance of for phase shiit.
loop. bridge circuitry. Use procedure
} in Table 5-12.
Ground base of ° °
Connect scope channel A A1Q8. Does < 12 > 12
to +C18 and channel B to MEtbE e i
junction of C10 and R15. pegged upscale? Check Check A1Q8
Vary coarse zero. Does Synchronous circuitry
voltage null and reverse No § ] Yes Detector
phase? If meter Check circuitry
Yes has on Diff.
' scale Ampl.
Open CKT reading, circuit.
in 10 kHz check
amp. Syne.
Detector
No

Possible bridge {
unbalance. Remove ’

test point C and vary
coarse zero. Does
voltage null and
reverse phase.

Yes

Bridge is balanced.
Check feed back CKT.

No

Bridge is
unbalanced.

o £

5-12 02316-4
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Model 431C

Section V
Table 5-9

Table 5-9. 10 kHz Oscillator Troubleshooting ( 1 of 2)

2) Distorted Waveform

3) Wrong Frequency

Y

Isolate the oscillator
from other circuits:

1) Open test point A
2) Unsolder A1C18 (+)

3) Connect 2 1000 1/2 W
Resistor from A1C18 (+)
to Test Point A on the

T2A side

Acceptable
Waveform at A1C18 (+)

Y

1) Close Test Point A

2) Open B, remove the

Wrong Freq. or
no output

Y

Observe 10 kHz 1) 431C
oscillator output at RANGE . . . . .. 10w
A1C18 (+). (Refer t
; (+)_ (Raterda THERM RES , . . 200
Figure 7-3 for UNBAL
waveforms)
2) Connect a 200 § Unbalanced
Thermistor Mount (HP-4T78A)
1 to the Power Meter.
OSCILLATOR
FAILUTE
1) No Output

resistor, and connect
A1C18 (+) to the T1A
side of Test Point B.

1) Close point A,remove the 1000
resistor, and reconnect A1C18 (+).
Open Point B.

2) Connect a 10 kHz signal source
(HP-200CD) to point B on the T1A
Grock A4 w0 | | pccepanse | s
ycir’cuitr = Waveform 3) Connect an Oscilloscope as follows:
y at A1C18 (+) Ch. A - Synchedto10kHz signal source
" Ch. B - Connect to A1C14 (+)
4) Vary 10 kHz amplitude and note if
Check AIT1 Poor Al}C14 (+) signal nulls and reverses
and Metering Waveform phase.
Bridge = at A1C18 (+)
circuitry
" No
Check i % i
RF Bridge
Circuitry "
02316-4 5-13



Section V Model 431C
Table 5-9
Table 5-9. 10 kHz Oscillator Troubleshooting (2 of 2)
1) Connect oscilloscope as follows:
Ch A - A1C14 (+) Synched on A
Ch B - AIC18 (+)
2) Adjust10kHz source as necessary
3) Signal at A1C18 (+) should be
about 15. 2 volts p-p
Check No
10 kHz —-
Oscillator-
Amplifier
“ Yes
Signals at A1C18 (+) should be
in phase.
No
Check frequency
determining Yes
components of
10 kHz Oscillator- \
Amplifier:
A1T5 Refer to Table 5-12 to Check
Al1C15 Amplifier gain. A signal at
AlC22 A1C14 (+) of < 15 mV indicates
low gain,
S
5-14 02316-4
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Model 431C

Table 5-10. Meter Accuracy Troubleshooting

Section V
Table 5-10

Refer to
Table 5-2.

Performance Tests

Full Sicale
Accuracy:

+ 1% of Full Scale
(Steps 1 A-E)

fails to deflect

Symptom:
Known full
scale power

meter full
scale.

|

Adjust
AlR1-14
(Para. 5-22)

|

1) Connect a DVM
(HP-3439 A/3443 A)
to Al Q11 Base

2) Vary COARSE ZERO
until DVM reads
-2.80 VDC

Mete’r Tracking
<#1% of Full Scale
(Steps 1 F-H)

|

Symptom:
Meter meets

full scale
accuracy test,
but fails tracking

accuracy.

Y

|
Zero Carryover
< 1% of Full Scale
(Steps 2A-D )

Symptom:
With meter
zeroed, RANGE
switch moved from
.01 mW to 10 mW
scale, meter ZERO
error becomes
progressively worse.

Check:
1) A1Q10, Q11,
AICRS6

2) Squaring Circuit

voltages
(Figure 7-9)

Meter Does not
read full scale

Meter Reads
full scale +3%

1

Check:

1) Squaring circuit
voltage with
meter zeroed

2) Meter and
output circuits

Check:
1) Voltages across
A1CRS6, A1Q10
(Refer to Fig. 7-17.)

2) A1Q8 gain (Refer
to Table 5-12)

3) Range switch and
resistors

f

Check:

1) A1Q8 bias
circuit, A1R386,
R37.

2) 10 kHz amplifier
attenuator R4-R11

3) See amplifier gain
test for 10 kHz

Q3.

amplifiers Q1, Q2,

02316-4



Section V
Table 5-11

Table 5-11. Power Supply Troubleshooting

Model 431C

*
C SYMPTOMS )
L
b §

¥

i [
1) -18V Supply within Excessive Ripple -18V Supply -18V Supply:
tolerance. on -18V Supply Regulation out of
2) -25V Supply and output. tolerance. (Voltage 1) Ungtable
> 156 mV p-p should remain +.02 VDC 2) Drifting
-1.3V supply out f A2R36 setting)
of tolerance. (10 kHz o © G- 3) Noisy
functioning) Y
" | Foasect oo cecllopoosni [~ Dok
) pin 13.
Check: Check: collector) Voltage: 1) AZz1
A2CR6, A2CRT -19.
R o, 1) A2G3, O4, > -19.5 VDC 2) A2VR3
Q5 for lqg‘gin _— 3) A2C9
: oltage
2) A2R31 Insufficient Within 4) Fg_eclba_?ck
[ Voltage [ Limit regus
1 ; ; a) A2R35, R35,
Check: ) Open test point D R3T
2) Apply -18VDC to
A2CR1, CR2, the A2C6 side of b) A2C6
CR3, CR4 test point D.
* CAUTION: 3) Turn A2R3 full CCW.
Adjust Power Supply Y
only if out of tolerance.
Check the following
voltages:
1) Across A2VR2:
6.1to7.5VDC
2) Across A2VR3
11.1 to 12.3 VDC
Replace: \;?llttzgf:es T
1)) SN e Tolerance
2) A2VR3 Voltage In
Tolerance
1) Measure voltage at A2
pin W (-18V output).
2) Voltage should be 5.0 to 7.0
1) Measure voltages % oo VDC with A2R36 full CCW.
on A2Q3, 4, Q5. -
out of
2) Possible open circuit Telotanes ! \Tfoitagaim
in Differential paee
Amplifier. Check:
1) Differential Amplifier
Resistors.
2) A2Q3 Resistors
3) Gain of:
A2Q3
A2¢QM4
A2Q5

02316-4
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Model 431C

Section V
Table 5-12

Table 5-12. 10 kHz Amplifier Troubleshooting

a.

b.

T3 .

NOTE

The following tests gain of the 10 kHz
amplifier circuits.

1. Refer to the schematic diagram, Figure 7-5,
and 7-7 to perform the amplifier gain test.

2. Use the following test equipment:

Wide-Range HP-200CD
QOscillator

Attenuator HP-355D
Qscilloscope Refer to Table 5-1

3. l'h‘oceed as follows:

Open test point C by removing the jumper.
Ground the (+) side of A1C18.
Disconnect the bridge side of A1C10.

Disconnect the collector of A1Q3, and insert
a 5110 ohm resistor from the collector to the
junction of A1R23 and A1C13.

Attachthe 355D Attenuator tothe output of the
oscillator. Set the attenuation to 10 dB.

Connect the oscilloscope to Al1Q3 collector.
Set the 431C RANGE to 10 mW.

Set the oscillator output control to 50. Con-
nect the attenuator outputto the disconnected
side of A1C10.

Adjust oscillator output amplitude until A1Q3
collecter voltage equals 10 volts p-p, or until
the signal just begins to clip, whichever oc-
curs first.

Measure the voltage at the base of A1Q1, and
at the base of A1Q3. Bothvoltages should be
approximately 80 mV p-p.

k. Tocheckamplifier gain on other 431C ranges,

move the RANGE switch and attenuator setting
as in the table below:

(Maintain the oscillator level as setin step i.
above.)

. |Atqs-"
431C RANGE | 355D Atten. | A1Q3-Coll. | Base
10 mW 10 9.6 Vp-p 80 mV p-p
3 mW 20 +25% +25%
1 mW 30
3 mW 40
1 mW 50
.03 mW 60
.01 mW 70

j. Phase Shift Test:

1. Use the test setup described in Step a.

through j. above.

2. Connect a dual trace oscilloscope as

follows:

Channel A .. SYNC on oscillator output
Channel B .. Observe A1Q3 Collector
3. Compare the phase of the signal from the

oscillator with the signal at A1Q3 collector.
Phase shift should not exceed 12 degrees.

02316-4
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Model 431C

Section VI
Paragraphs 6-1 to 6-5

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

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

a. Description.

b. Manufacturer of the part in a five-digit code; see
list of manufacturers in Table 6-3.

c¢. Manufacturer's part number.
d. Total quantity used (TQ column).

6-3. ORDERING INFORMATION.

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

6-5. To obtain a part that is not listed, include:
a. Instrument model number.
b. Instrument serial number.
c. Description of the part.

d. Function and location of the part.

REFERENCE DESIGNATORS

A = assembly "«\ E = misc electronic part MP = mechanical part TB = terminal board
B = motor ) F = fuse P = plug TP = test point
BT = battery FL = filter Q = transistor v = vacuum, tube, neon
C = capacitor J = jack R = resistor bulb, photocell, etec.
CcP = coupler K = relay RT = thermistor W = cable
CR = diode L = inductor s = switch X = socket
DL = delay line M = meter T = transformer Y = crystal
Ds = device signaling (lamp)
ABBREVIATIONS
A = amperes GE = germanium N/C = normally closed RMO = rack mount only
A,F.C. = automatic frequency control GL = glass NE = neon RMS = root-mean square
AMPL = amplifier GRD = ground(ed) NI PL = nickel plate RWV = reverse working
N/O = normally open voltage
; H = henries NPO = negative positive zero 5-B = slow-blow
B.F.0, = beat hjequency oscillator HEX = hexagonal (zero temperature SCR = screw
BRECH = beryllium copper HG = mercury coefficient) SE = selenium
BH = binder head HR = hour(s) NRFR = not recommended for SECT = section(s)
ggs N Ea“dpaﬁs field replacement SEMICON = semiconductor
= brass . = t separately 81 = silicon
BWO = backward wave oscillator IF = intermediate freq NEE :zplai};able : SIL = silver
IMPG = impregnated SL = elida
INCD = in nt PR o
CCW = counter-clockwise INCL - ing?fg:é%c OBD = order by description SPL f spe_ual
= i : i OH = oval head 85T = stainless steel
CER = ceramic INS = insulation(ed) z g _ it o1
CMO = cabinet mount only INT = Snternal OX = oxide R = iepL i ing
COEF = coefficient P . STL i
ggmp - Egmgﬁ;ﬁm K = kilo = 1000 PC = printed circuit TA = tantalum
CONN = connector LIN - u PF = picofarads = 10 D = time delay
inear taper i
CP = cadmium plate B farads TGL = toggle
5 P LK WASH = lock washer PH BRZ = phosphor bronze TI = titanium
CRT = cathode-ray tube LOG = logarithmic taper PHL = Phillips TOL & fhlerance
Sy = elbckwise LEE; = ilow pasafilter PIV = peak inverse voltage TRIM = trimmer
P/O = part of TWT = traveling wave tube
DEPC = deposited carbon M = milli = 1073 POLY = polystyrene U 2 wiereei10-8
DR = drive MEG = meg = 10 PORC = porcelain
MET FLM = metal film POS = position(s) VAR = variable
ELECT™= electrolytic MET OX = metallic oxide POT = potentiometer VDCW = dc working volts
ENCAP = encapsulated MFR = manufacturer PP = peak-to-peak
EXT = external MINAT = miniature PT = point W/ = with
MOM = momentary PWV = peak working voltage W = watts
F = farads MTG = mounting RECT = rectifier WIV = working inverse
FH - flat head MY = "mylar" RF = radio frequency voltage
FILH = fillister head -9 RH = round head Yo =" wirewoung
. & W0 = without
FXD = fixed N nano (10°°) £
01194-11
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Table 6-1
Table 6-1. Reference Designation Index

E)‘e‘gffgﬁi‘}'fgn #¢ Stock No. Description # Note
Al 00431-6018 | BOARD ASSYtAMPLIFIER -
AlC1 0140-0196 CiFXD MICA 20CPF 5% 300VDCwW

5 FACTURY SELECTED PART: TYPICAL VALUE GIVEN
Ta1c2 0160-2201 C!FXU MICA 51 PF 5%

FACTORY SELECTED PART: TYPICAL VALUE GIVEN
ALC3 0140-0198 CiFXD MICA 200PF 5% 300VDCW
FACTORY SELECTED PART: TYPICAL VALUE GIVEN

AlCy 0160-0185 | CtFXD MICA Z10OPF 1% 300VDCW(FACTORY SELECTED PART)
AlCS 0160-0185 C:FXD MICA Z100PF 1% 300VDCW(FACTORY SELECTED PART)
AlC6E 0180-0116 CIFXD ELECT TA 6.8 UF 10% 35VDCW

AlCT 0180-C116 CiFXD ELECT TA 6:8 UF 10% 35VDCW

AlC8 0180-0106 CiFXL ELECT TA 6Q0UF 20% &VDCw

ALCY 0170-0069% CIFXD POLY CGelUF 2% 50VDCHW

A1C10 0160-0174 CtFXD CER Us4T7UF +80=20% 25VDCwW

AlCL11 0160=-0174 CIFXD CER Co47UF +B0O=20% 25VOCW

AlCl2 0170=-00669 CtFXD POLY CelUF 2% 50VDCW

AlC13 0180-C1l16 CIFXU ELECT TA €.8 UF 10% 35vDCW

AlC1y 0180-0116 CiFXD ELECT TA 6.8 UF 10% 35VDCW

AlC15 0170=C066G CiFXD POLY CelUF 2% 50VDCW

AlClée 0180-0116 CiFXD ELECT TA 648 UF 10% 35VDCW

AlCL7 0180=-Cl16 CtFXD ELECT TA 6.8 UF 10% 35VDCW

AlCLl8 0180=-0045 CiFX0 AL ELECT 20UF 50VDCW

AlLCL9 | 0180=0045 CiFXD ELEECT 20UF 25VOCW

AlC20 0180=-0045 | CiFXu ELECT 2QUF 25VDCW

ALC21 0160-0174 CtFXD CER Ce47UF +80-20% 25VDCw

Alc22 0140-015% CIFXU MICA 3000PF 30GVDCW

A1C23 FACTORY SELECTED PART:USED ONLY FOR OPT 23.
ALICR1 1901-0025 DIODE +JUNCTIONSSMA AT 1V 100 PIV

ALCR2 1910=-0016 DIUDE*GERMANIUM 100OMA AT 0,85V 60FIV

AICR3 1910=0016 DIQODE:GERMANIUM 1OOMA AT 0Q.85V 60FIV

ALICRY 1910=-0016 DICDE*GERMANIUM LO00MA AT 0.85V 60FIV

ALCRS 1910=-0016 CIODE'GERMANIUM 1OOMA AT 0,85V 60FIV

AICR6E 1901-0450 DIODESSILICON

A1CR?7 1901=00