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Model 431C

Section I
Paragraphs 1-1to 1.5

SECTION |
GENERAL INFORMATION

i-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 scate in the 10-MHz to
40-GHz frequency range. Direct reading accuracy of
the instrument is +1% of full scale. By selector switch,
the instrument normalizes the power meter readingto
compensate for the Calibration Factor of a thermistor
mount used for a given measurement. A rechargeable
nickel-cadmium battery is included with Optiongt 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 gubstitution 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 operationef alarm

Table 1-1.

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

1-4. INSTRUMENT IDENTIFICATION. The Model
431C carries aneight-digit serial number {000 -00000).
When the SERIALS PREFIXED number on the title page
of the manual is the same as the 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-foct {2290 mm)
detachable power cable and a 5-foot (1520 mm) cable
that connecis a thermistor mount fo the instrument.
Thermistor mounts are available (refer to Table 1-2)
but not supplied with the power meter. A rechargeable
battery withinstallationkit is also available. Supplied
and avaitable accessories are listed in Table 1-1.

Specifications

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

Accuracy:

+20°C to +35°C;

+1% (100 p'W range and above)
+1.5% (30 pW range)
2% (10 p'W range)
0°C to +55°C;:
+3% (all ranges)
Calibration Factor Controk 13 position switch nor-
malizes meter reading to account for thermister

mount Calibration Factor (or Effective Efficiency).
Range: 100% to 88% in 1% steps.

Thermistor Mount: External temperature~compen-
safed Thermisfor 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 seale when
zeroed on most sensitive range.

7ero Balance: Continuous control about zero point,

DVM Output: 1.000V into open circait corresponds
To Tall Boale 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
B0 ohms or more, oulput is approximately 1 volt

de at full scale meter deflection. BNC female
connector.

DC Calibration Inpul: Binding posts for calibration
of Dridge wilth hp 84028 Calibrator or precise de
standards,

RFI: Meetsall conditions specifiedin MIL-1-618 1D.

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

Dimensions: 7-25/32 in. wide, 6-~3/32 in. high,
{1 in. decp 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.

Turnished: 5-0f (1520 mm)cablefor hp temperature
compensated thermistor mounts; 7.5 £ (2290 mm)
power cable, NEMA plug.

Available: 00415-606 Rechargeable Battery Pack
for feld installation,

5080-0797 Rack Adapter Frame (holds two lnstru-
ments the size of the 431C, e.g., 431C and 415E
SWR Meter).

H01-8401A Leveler Amplifier.

84028 Power Meter Calibrator.
Combining Cases;

T051A, 11-1/4in. (286 mm) deep

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

These Combining Cases acceptthe smallhp module
instrument for bench use or rack mounting.

02316-5
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Section I Model 431C
Tables 1-1 {cont'd) and 1-2

Table 1-1. Specifications {Cont'd)

Options: 11. With 80-foot (15240 mm) cable for 10082 mount.

01. Rechargeable battery installed, provides up to

. . 12, With 100-foot (38480 mm) cable for 1000 mount.
24 hours continuous operation,

02. Rear thermistor mount input connector wired 13, With 200-foot {60960 mm) cable for 1008 mount.
in parallel with front panel input connector.

09. With 10-foot (3050 mm) cable for 1000 or 2008 21. With 50-~foot {15240 mm) cable for 20082 mount,

mount. 22. With 100-foot (30480 mm) cable for 2002 mount.
10, With 20-foot (6100 mm) cable for 100Q or 2000
mount. 23. With200-foot (60980 mm) cable for 2008 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 GEz 200
S5486A 2.6 to0 3.95 GHz 100
G486A 3.85 to 5. 85 GHz 100
J486A 5.3 to 8.2 GHz 106
H486A 7.05 to 10.0 GHz 100
X436A 8.2t0 12.4 GHz 100
M486A 10.0 to 15.0 GHz 100
P486A 12.4 to 18.0 GHz 100
K4B6A 18.0 to 26.5 GHz 200
R486A 26.5 to 40.0 GHz 200

1-2 02316-4



Model 431C

Section I
Paragraphs 2-1 to 2-8

SECTION il
INSTALLATION

2.1. INITIAL INSPECTION.

2.2. Before shipment this instrument was ingpected
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 fest procedure out-
lined in Table 5-2. If there is any damage or de-
ficiency, or if electrical performance is not within
specifications, notify the carrier and your nearest
Hewlett-Packard Sales and Service Office immediately.

2.3. RACK MOUNTING.

9_4. The Model 431C is narrower than full-rack width.
This istermed a” sub-modular” unit. When used alone,
the instrument can be bench mounted. When used in
combination with other sub-modular units it may he

DIVIDER LATGCH

Figure 2-1.

02316-4

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

2.5. COMBINING CASE. The Model 1051 A Combining
Case is shown in Figures 2-1 and 2.2, This case is
a full-rack width unit which accepts varying combi-
nations of gub-modular instruments. The case itself
is a full-module unit. It canbe benchor rack mounted;
a rack-mounting kit is supplied with the case.

9_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 guitable 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

41BE—-A-8

The Combining Case

2-1




Section H
Paragraphs 2-7 to 2-8

INSERT DIVIDER, ENGAGING N

TABS IN TOP AND BOTTOM  (f ‘ T\ ‘
MOLNTING SLOTS h

C N R \\ PN
t

TWIST DIVIDER TG VERTICAL |

POSITION & kj

®

PUSH IN TO LIMIT

"

@

SLIDE LATCH YO LOCK
DIVIDER

T —

Model 431C

PUSH RETAINER DOWN
TQ REILEASE

®

SLIDE INSTRUMENT
INTG CASE

@

TG 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-meodular 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.

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

¢. Placethe spacer clamps betweern 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-modularunits are tight in the
frame.

2-7. PRIMARY POWER REQUIREMENTS.

2-8. The Model 431C can be operated from an AC or
DC primary power source. The AC gource can be
either 115~ or 230-volt, 50 to 400 Hz. The DC source
is a 24-volt rechargeable battery. The rechargeable
hattery 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
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Figure 2-83. Adapter Frame Instrument Combinations
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SPACER CLAMP | e
RETAINING SCREWS

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

2-9. THREE-CONNECTOR POWER CABLE.

9.10., 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 atwe-contact out-
let, tge 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
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1, LINE/CHARGE. Lamplights whenthe POWER 5. MOUNT RES. A three position slide switch
switeh is inthe LINE ONor BATTERY CHARGE which sets the power meter fo 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 cirecuit. 7. ZERO and VERNIER. Sets the meter pointer
] over the zerc mark. The VERNIER contrel is
LINE OFF: Instrument off. a fine adjustment of the ZERO control setting.
LINE ON: Instrument on. Trickie 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 obhms is required
charge. to minimize introduction of measurement error
BATTERY CHARGE: Instrument off. Trickle (refer to Paragraph 3-49).
charge applied to battery. 9. RECORDER/LEVELER. A BNC type jack pro-
' viding a DC voltage of low source impedance
3. THERMISTOR MOUNT. Accepts the thermis- 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. CAI.“IB ?ACTOR' Sw1tqh cqmpengates for the panel connector. Two mounts cannct be con-
Calibration Factor of the thermistor mount. nected simultaneoust
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 ealibration and DC
5. RANGE. Sets power range; also includes a substitution method of power measurement.
NULL position which, in conjunction with the
adjzcent nmull serewdriver adjustment, ensures 12. LINE VOLTAGE. Selects115-o0r230-volt line
that the metering bridge is reactivelyhalanced. 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




Model 431C

Section IIT
Paragraphs 3-1 to 3-13

SECTION |1l
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 conslderations
and sources of error is available in Applicatlon 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
ag the 8478B and 478A Coaxial and 486A Waveguide
series. Power may be meagured with these mounts
in 50-chm 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 milti-
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 sgix less sensitive ranges is accurate to
4+ 1% . Greater accuracy can be obtained by sefting
the zero point onthe particular rangetobe 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 calibraticn.

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
Calibratior Factor value permits direct meter reading
of the RF power delivered to animpedance equal tothe
characteristic impedance (Zg) 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 technigue nor-
mally used. Through the uge of DC substitution, in-
strument error can be reduced from a nominal value
of +1% to +0.16% of reading, or less, depending on the
care taken in procedure and accuracy of auxiliary
equipment.

02316-4

3.7. The MOUNT RES switch on the front parel per-
mits the use of three types of thermistor mounis with
the 431C. Model 486A waveguide mounts can be used
by setting the MOUNT RES switch to the 100G or 2009
position, depending onthe microwave handused (refer
to Table 1-2). The 2009 position is used with Model 478A
thermistor mounts and the 2000 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 isolationbetween a recorder
or leveler amplifier and the metering circuit of the
power mefer. The output veltage is proportional to
the power measured and is offset +40 mV or lessfrom
its nominal value, depending on the load impedance.
This output voltage aliows 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, andindicatorsis included inthe applicable
procedures of this section.

3-11. BATTERY OPERATION.

3_12. The Model 431C option 01 canoperate from bat-
tery instead of aconventional 115~ or 230-volt primary
power source. A rechargeable Nickel-Cadmiam hat-
tery isfactory installed in Option 01 instruments. The
same battery can be ordered and later instailed inthe
basic instrument, thereby modifying the power meter
to the Option 01 configuration. The rechargeable bat-
tery installation kit may be ordered by hp stock number
00415.606. Option 01 installationingtruc tions are
given in Appendix L.

3.13. OPTIMUM BATTERY USAGE. It is recom-
mended that the Model 431C be operated by the battery
for up to 8 hours, fullowed by 16 hours of recharge.
T contimaous batiery operation ls 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.




Section HI
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:

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

b. Connect the Model 431C 1o 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,

2.16. CPERATING INSTRUCTIONS.

3-17. Figure 3-8, Turn-On and Nulling Procedure,
and Figure 3-8, 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
reguired auxiliary equipment.

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

3-18. A number of factors affect the overall accuracy
of power measurement. Major sources of error are
presented in the following paragraphs to showthe 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 scurces of error to con-
gider: 1) Mismatch error, 2} RF losses, 3} DC-to-
microwave substitution error, 4) Thermoelectric effect
error, and 5) Insirumentation error,

3-20. MISMATCH ERROR. The following discussion
uses the terms conjugate power, 7, available power,
conjugate match and mismatch, and Z, match and
mismatch. These basic terms are defined as follows:

Conjugate power is the maximum available power.
It isdependenton a conjugate match condition in which
the impedance seen looking toward the thermistor
mount igthe 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.

Zg available power isthe power a source will de-
liver fo a Z, load. Itis dependent on a Z, match con-
dition inwhich the impedance seen looking into a trans-
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 fothe thermistor mount without the
use of a tuner. The amount of mismaich loss in any
measurement depends on the total SWR present. The
impedance that the source sees is determined by the
actual thermistor mount impedance, the electrical
length of the line, and the characteristic impedance
of the line, Zg.

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

3-23. An example may explain how imperfect match
affects the uncertainty of power measurement. A
typical Z, available power measurement situation can
involve a source with an SWR of 1.7 (pg = 0.26) and a
thermistor mount with an SWR of 1.3 {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 Zg mismatch
results in a powerloss 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 {rom this
loss is the Z o available power. The thermistor mount
Zo mismatch causes an additional power loss of
-0.0% dB. However, on the thermistor mount Zo mis-
match loss is an uncertainty resulting from the un-
known phase relationships between the impedances of
the source and thermistor mount. This uncertainty
is +0.30 dB to -0.28 dB and can be determined from
the Mismatch Loss Limits charts in Application Note 64.

3.24. The result of the total mismatch logs uncer-
tainty on the Zg available power level is determined
by algebraically adding the thermistor mount loss {o
the uncertainty caused by source and thermistor mount
Z o 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 Zo load, with source and thermistor mount mis-
match as in this example, would be somewhere be-
tween 0.23 4B (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-
mateh loss is one source of error to consider when
measuring 7z, avaiiable 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 7,
available power.

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

02318-5



Model 431C Section I
Paragraphs 3-26 to 3-29
CONJUGATE (MAXIMUM) AVAILABLE POWER
MAX [ MUM ] ~0.06 dB MIN. N
POWER CONJUGATE LOSS
ENTERING .
THERMISTOR ¢
MOUNT
-0,29 dB SOURCE
2y MISMATCH $0.23 dB TO -0.35d8
LOSS {(+5.5% TO -8.2%}
UNCERTAINTY ON Z,
AVAILABLE POWER
ZoAVAILABLE \
POWER -0.07 dB (-1.7%) N4
. }THERMlSTOR MT.
WER Zo MISMATCH LOSS A
ENTERING ) l-0364d8
THERMISTOR
MOUNT -0.64d8 MAXIMUM +0.30d8 TO -0.28 dB
CONJUGATE LOSS (472% TO ~6.5%)
UNCERTAINTY ON
POWER ENTERING
THERMISTOR MOUNT
MINIMUM
POWER
ENTERING 1.0.64 48
THERMISTOR
MOUNT

SOURCE SWR = 1.7 (£, = 0.26)

THERMISTOR MOUNT SWR = L3 {Pm =0.13)
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Figure 3-2. Migmatch 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 inthe
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 R¥ 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 game for audio, DC
and RF power. RF logses and DC-to-microwave sub-
stitution error are generally combined for the sim-
plicity of analysis.

3-27. THERMOELECTRIC EFFECT ERROR. A mild
thermocouple exists at each point of contact where the
connecting wires jointothe thermister elements. Each
thermocouple creates a DC voltage. Thus, two ther-
mocouple voltages of opposite relative polarify 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 contactdoes not have iden~
tical thermocouple characteristics, andin addition, the
temperatures at each junction may nct be the same.
These differences cause an incomplete cancellation of
the thermoeleciric 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 effect is negligible. For
hp mounts maximum error introduced by thermoelec-
tric effect is about 0.3 uW and is typically 0.1 W on
the , 01 mW range.

3-20, 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 mountis being used,
an 84028 Calibrator is required.

¢. 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 Pp.

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 Po.

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

Power = ﬂi‘z_mgg
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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 Facior and Effective Efficlency are
two power ratiogused as correctionfactorsito improve
overall accuracy of microwave power measurement.
The ratios are used under different measurementcon-
difions. 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 correcis 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 degigned to operate.
For hp thermistor mounts this constant SWR is low;
thug the mismatch uncertainty is small. Since the
mount impedance and corresponding SWR deviate sig-
nificantiy only at the high and low ends of 2 microwave
band, it is generally unnecessaryto use atuner. How-
ever, a tuner or other effective means of reducing
mismaich error is recommended when the source SWR
is high or when high accuracy is required. To mini-
mize mismatch betweenthe source and the thermigtor
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 ratic of substituted audic or DC power in the
thermistor mount to the microwave RF power incident
upon the mount.

P Substituted

Calibration Factor = B, wave Incident

Calibration Factor is a figure of merit assighed to &
thermistor mount to correct for the following sources
of error: 1) R¥ 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 subgtitution error.

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

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 Zo. This measured power is called
Z.p available power.

3-37. Calibration Factor correction engures that a
power measurement uncertainty range ig 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) Calibraticn Factor uncertainty, and 3) Instrumen-
tation error,

3.38. An example of power measurement unceriainty
caused by source and thermistor mount mismaich 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 Zy 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 {-8%) + (22%), or -4% tc -8%. The 431C
Power Meter has an instrumentation error of +1%
{may be reduced by DC substitution, Figure 3-8). The
algebraic addition of Calibration Factor, instrumen-
tation and Z, available poweruncertainties determines
the limits of error hefore Calibration Factor cor-
rection. In this case, the limits are +2.5% to -17.2%.

-40% TO -80%

P 949% CALIBRATION

FACTOR

UNCERTAINTY (
]
Zo AVAILABLE
7z N $1%{ ] POWER
INSTRUMENTATION
+5.5% 70 -8.2% ERROR

UNCERTAINTY
ON Zo AVAILABLE
POWER

+2.5% TO-17.2%
TOTAL LiMiTS OF
ERROQR BEFORE
CORRECTION 19.7%

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

A3C-A1t

Figure 3-3. Limits of Error Before Correction

062316-4



Model 431C

+72% 70 -6.5%
UNCERTAINTY

ON POWER
ENTERING
THERMISTOR
| MOUNT [ i
v y Z, AVAILABLE
Y +2% +1%< § POWER
CALIBRATION INSTRUMENTATION
FACTOR ERROR
ACCURACY

k

> +0.2% TO -9.5%
TOTAL UNCERTAINTY
OF POWER MEASUREMENT

9T %

MAXIMUM POSSIBLE ERROR = 10.2%
STATISTICALLY MOST PROBABLE ERROR = +0.358%

43 -A-iR

Figure 3-4. Total Uncertainty After Correction

Before correction, the maximum possible error is
17.2% and the statistically most probable error is
-1.35%.

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 hefore correction. However, the measurement
uncertainty range has shifted, and is now more sym-
metrical about the Zp available power level.* The
total uncertainty after correction is the algebraic sum
of the instrumentation error (+i%), 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 i1s a typical example
showing how the use of Calibration Factor correction
to a measurement of %, available power not only re-
duces the maximum possible error, but more impor-
tantly, the magnitude of the statisticaliy most probable
error is reduced to very near the Zg 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 + pqpm)2
o Calibration Factor

Where: P, = Zg available power
pg = source reflection coefficient
pm = thermistor mount reflection coefficient
_ 8SWR -1
P=gWR+1

02316-1
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3-40, EFFECTIVE EFFICIENCY. Effective Effi-
ciency is the ratio of substituted audlo or DC power
in the thermistor mount to the microwave RF power
dissipated within the mount.

Effective Efficiency = gm Subitfstﬁgited

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 mateh to the microwave RF source, Eifective 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
mogt accurate method of measuring power since source
and thermistor mount power reflections are eliminated,
and thus, measurement uncertainty due to migsmatch
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. FEffective Efficiency can be applied as a cor-
rection factor toboth conjugate available and Z, avail-
able power measurements. The CALIB FACTOR
switeh 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 i the power measured is conjugate
available or Z, available.

3.42, Conjugate available power is meagured 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
gystem-mount combinationpresents a conjugate match
tothe source. The power measured is the actual power
that would be delivered by the scurce to a conjugate load.

3-43. %, 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 transmigsion line and
RF source on which a power measurement is made.

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

3-45. The instrumentation source of error canbe re-
duced by uging 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) applylng 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) caleulating
the power from the substituted DC current and ther-
mistor operating resistance.

$-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 84028 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 chm 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 488A
Waveguide types, the 8402B may be replaced with an
8402A Power Meter Calibrator.

3-47. Although the DC substitution technique is the
most accurate method of measuring RF power, there
are gources 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 a2 means o monitor the magnitude of calibrator
output currents by presenting aDC voltage proportional
to the substituted current. For the purpose of caleu-
lating a substituted power, this voltage carries atotal
uncertainty of 20,12%. 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 voliage isfinite
(100 ohms on 1.0 mW through 10 mW ranges; 1kohms
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 oufput, At null, a differential volimefer does
not draw current from the calibrator voliage output
circuitry., For this reason, a differential voltmeter
wiil 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 infroduced by the voltmeter input impedance.
For example, a digitalvoltmeter with an input imped-
ance of I megohm will introduce a measurement error
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 voitmeter.
Therefore, the correction to be applied in the above

Model 431C

exampleis 0.2%, Corrections should be added tovolt-
meter readings since veoltmeter impedance loading
causes voliage measurements to decrease.

3-45. POWER METER DVM OUTPUT MEASURE.
MENT. A digital voltmeter can be connected to the
431C DVM jacktoincrease regolutionof a power meter
reading. This feature provides a convenience to the
operator and allows an easy method of repeating a pre-
c¢ise measurement readout value. Measurementerror
corrections for voltmeter impedance loading must be
made when using a voltmeter to measure the voliage
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 9.2%. A
digital voltmeter with an input impedance of 10 megohms
will introduce a2 muchsmaller error of .01%. Correc-
tion percentages should be added to voltmeter readings.

3-50. DETECTION THERMISTOR RESISTANCE.
Steps 8 through 11 of Figure 3-89 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 nominal values. For this reason, the actual
operating resistance should be checked. The true
operating resistance must be known in corder to accu-
rately calculate substituted DC power in a DC substi-
tution measurement.

3-51. The hp Mode! 84028 Calibrator provides a con-
venient method of determining the detection thermistor
operating resistance. The thermistor mount cable is
connected between the 431C Power Meter THERMIS-
TOR MOUNT and 8402B Catibrator RESISTANCE
STANDARD connectors. Bythe THERMISTOR RESIS-
TANCE switch, the 84028 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/mo-oscillation state of the 431 C Power Meter.

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

TEWPERATURE RECORDER/
COMPENSATED npMODEL431C|  “EVELER 4, wo01-84014
THERWISTOR p— POWER — LEVELER
HOUNT METER AHPLIFIER
AUXILIARY ho 4T8A 1864
ARM ?
OUTPUT
AMPLITUDE ¢
MODULATION MAIN
INPUT RE eh
: POWER DIRECTIONAL LOAD
e SOURCE COUPLER —
o CONTROL VOLTAGE (NEGATIVE FEEDBACK)
451C-a~4
Figure 3-5. Output Power Leveling
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TEMPERATURE RECORDER/
R HRE COM PENSATED poMODELA3I | SEVSIER 8
sz QI MICRORAYE by Theguision POER 2 INPUTL v RecORDER
OSCILLATOR | — DEVICE | — MOUNT METER
1 ATBA86A
SWEEP X
OUTPUT INPUT
—— —_—

431C-A-6

Figure 3-6. Insertion Loss or Gain Measurement

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

3-53. ADDITIONAL APPLICATIONS.

3.54. A discussion of microwave power measurement
applications is available in Appiication Nute 64, avail-
able from any Hewleti-Packard Sales and Service
office. The RECORDER/LEVELER output aillows 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 RT 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 cireuit that maintains a constant power level
at a particular point in the system. The thermistor
mount, connected tothe auxiliary arm of a directional
coupler, senges 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 measuredat the thermistor mount.
Thig voltage canbe directly appiied tothe power meter
leveling input of one of the hp Model 630 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 negaiive feedback to the amplitude modu-
lation input of the source. The feedback maintaing 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 inio the system
and the thermistor mount is connected directly to the
sweep oscillator output. Variations in power ampli-
tude are measured by the power meter asthe frequency
range of interest is swept by the sweep oscillaior. This
is a reference measurement and ig recorded by the X-
Y recorder. The device to be tested is then inserted
between the sweep oscillator 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, ig the
insertion loss or gain of the device at that [requency.

3_57. CONTROL SYSTEM MONITORING. The ar-
rangement of a system to actuate alarmor controicir-
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 cutput can be connected to the relay
circuit to actuate the alarm or control circuits,

TEMPERATURE RECORDER/ ALARM,
 COMPENSATED ho UL | LEVELER CONTROL,
THERMISTOR =21 powER LE RELAY }——1 PROTECTIVE,OR
MOUNT WETER CORRECTIVE
AUXILIARY hp 4T84 4854 DEVICES
ARM ? GHLC-A B
MAIN
RF SOURCE f—c—f COUPLER SN i0AD
Figure 3-7. Contrcl System Monitoring
02316-1 3-7
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1. Connect thermistor mount and cable toc THER-
MISTOR MOUNT connector. Referto Table 1-2
for recommendead 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. H pointer over-
shoots, continue rotating adiustment screw
clockwise until pointeronce again ap-
proaches zero mark from the left.

¢. Rotate adjustment screw about three degrees
counterclockwise to disengage screw adjust-
ment from meter suspension.

Note

When using an hp Model 4784 or other 200 ohm un-
balanced coaxial thermistor mount, the power meter
should be zerced and nulled with the RF power
source turned off and connected io 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 ig terminated in the same 10kHz impedance
as that presented bythe 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 uged.

&3
a8 E

FHERMISTOR
MOUNT

i

P

4FC-A-2

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

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 rangetobeused
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) andthe instrument has been properly

zero-set electirically on its most sensitive range.

For maximum accuracy, zero-set the power meter

on the range to be used.

8. BSet 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

3-8
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1. Connect the equipment shown above. DC sub- 8. Disconnect thermistor mount from thermistor
stitution is discussed in Paragraphs 3-44 mount cable. Connect thermistor mount cable -
through 3-52. between 431C Power Meter THERMISTCOR

2. Setthe 431C Power Meter for normal oper- gJ,I(? fNNDTA;S io?li%iliogalibrator RESISTANCE
ation using the procedure given in Figure 3-8. ’

9. Bet 8402B Calibrator controls as follows:

3. Set CALIBRATION FACTOR to agree with a. THERMISTOR RESISTANCE . . +0.5%
Calibration Factor or Effective Efficiency data b. MOUNT RESISTANCE to correspond with
on mount (see Paragraph 3-32). Apply RF resistance and type of thermistor mount used.
f&‘fiﬁ);gmngfgst' Note reading obfained on dig- 10. Set 431C Power Meter RANGE switchto NULL.

) Rotate THERMISTOR RESISTANCE switch on
84028 Calibrator counterclockwise until the
Not 431C Power Meter changes to a zero reading

o from -a stable reading greater than zero.

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

are used, the,digital voitmeter reads directly. H 11 Tl‘ae operating resistance of the de?ectlon ther-

th mistor (Rg) is the nominal value indicated on

e .03, .3, or 3mW power meter ranges are used, c ]
: . the thermistor mount label plus or minus the
the digital voltmeter reading must be multiplied by LN :
0316 .316. or 3.16 respectivel correction indicated by the setting of the THER~
PHORD, L9030, y p ¥ MISTOR RESISTANCE switch. The percentage
: correction is a value in-between the limits set

4, 'Turn off, or disconnect, the RF source. by the two positions of the THERMISTOR RE-

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

6. Set CALIBRATION FACTOR to 100%. Turn correction value.

84028 CURRENT CONTROL and VERNIER to 12, Calculate power in mW from the following
duplicate reading obiained in step 3. expression: 9 5
Power (mW) = UDCI2 (B (10°9)

7. Note 8402B VOLTMETER output DVM reading.
0n.01,.08,.1 and .3 mW ranges, reading is sub- Where; InC = Substitution cerrent inmA {from step )
stituted current (Ipe)in mA, On other ranges R4 = Operating resistance of the detection
multiply reading by 10 to obtain Ipc in mA. thermistor {from step 11)

Figure 3-8,

02316-5
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Section IV
Paragraphs 4-1to 410

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. Tt is fed
the same 10-kHz bias current that flows in the detection
bridge.

4-4. Unbalance in the metering bridge produces 10~
kH2z 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 {o the metering bridge, dc
power substitutes for the 10-kHz power in heating the
thermistors and drives the bridge toward halance.

4-5., The de 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
areconnected in a closed loop (the detection locp) which

provides positive feedback to cause oscillation. The
RF bridge includes thermistor element Ry, the secon-
daries of transformer AIT2, capacitances Cgz and Cy,
and the resistive arm consisting of AIR10 and parallel
resistors selected by the MOUNT RES switch.

4-8, When the power mefer is off, thermistor Ry 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 Rg, its re-
gistance 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 io 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, 81, 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 2009 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-
rected in series across the thermistors with their

DC FEEDBACK ch%JERDRBEANCTﬁ
sa(rg—m—————— - GENERATOR
Q) / I
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N /!
N /
G- ~ _| COMPENSATION] (OkHz 10%Hz .
AND ERROR {0kkiz | ERROR RSyRCHRONOUSE “Dc i DIFFERENTIAL
METERING AMPLIFIERS DETECTOR AMPLIFIER
BRIDGE 12
MICROWAVE i (RECORDER /!
ower O, - PEeveER
THERMiSTOR] | MOUNT 10 xHz DIFFERENTIAL :
> ? HOUNT RES Ipc AMPLITIER
= i
3
BETECTION 10 xHz SQUARING i
Ji4
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P ‘ AMPLIFIER GENERMTOR | 1 Y LEW{J
ICALIBRATION! i
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Figure 4-1. Block Diagram
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Figure 4-2. RF Detection Bridge

comimon point grounded. Identical capacitors are con-
nectedin a similar manner across AIR10 inthe resig-
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
REF input point to the balanced thermistor mount.

4-11. COMPENSATION AND METERING BRIDGE
CIRCUIT.

4-12. A simpiified schematic diagram of the compen-
gsation and metering bridge circuit is shown in Fig-
ure 4-3. Operation of the metering bridge circuit is
gsimilarto the RF detection bridge circuit. It uses the
same principle of self-balancingthrough a cliosed 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 contrels which constitute one arm

4-2

of the bridge. The MOUNT RES switch, which ts 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 2008 or 200Q BAL position some of the feed-
back current is shunied to ground through R1. This
maintains the I2R function constant when mount resis-
tance is changed from 1G0 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 R¥ power also affects the metering bridge
through the series connection of A1T1 and A1TZ 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 contrel 10kHz bias power, but the 10 kHz
biag power does affect the metering circuit. Once a
change in the 10 kHz bias power has affected (unbal-
anced) the metering bridge, a separate, cloged 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
evror signal (I1g kHz) applied tothe 10 kHz tuned am-
plifiers in the metering loop. These error signal var-
iations are amplified by three 10 kHz amplifiers, and
rectified by the synchronous detector. From the syn-
chronous detector the DC equivalent {Ing) of the 10kHz
signal is returned tothe metering bridge, and i mon-
itored by the metering circuit to be indicated by the
meter. This DC feedback to the metering bridge acts
to return the bridge fo its normal, near-balance
condition.

4-15. Thereactive components of the metering bridge

Section IV
Paragraphs 4-14 to 4-17

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

4.1, 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
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Figure 4-3. Compensation and Metering Bridge
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Figure 4-4. Synchronous Detector

10 kHz voltages, designated E3 and E4 in Figure 4-4,
are applied to the bridge; 1) voltage E3, induced inthe
secondary of transformer A1T3, is proportional tothe
metering bridge error signal and is incoming from
10 kHz iuned amplifier Q3; 2) voltage E4, induced in
the secondary of Al1T4, is proportional to a voltage
supplied by the 10 kHz oscillator-amplifier. Voliage
E4 is much larger than voltage E3 and switches appro-
priate diodes in andoutof the circuit to rectify voltage
E3. Section (a} of Figure 4-4 ghows the current path
through diodes A1CR2 and A1CR3 for a negative-going
signal. The rectified output istaken atf the center taps
of transformers A1T3 and A1T4.

4-18. The synchronous detector operates in the fol-
lowing manner. When the left side of A1T4 is positive
with respect to the right side, as in Figure 4-4{a),
diodes AICR4 and AICRS conduct while diodes AICR2
and A1CR3 are biased off. Withthe polarities reversed,
as in Figure 4-4(b), the diodes AICR4 and A1CRS are
biased off. The resultantoutput is a pulsating DC sig-
'nal equivalent tothe applied 10 kHz error signal. The

4-4

pulsating DC signal isfiltered and applied to differen-
tial amplifier ATQ8 and A1Q9.

4-19. The operation of the synchronous detector re-
guires 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§
A1QS and agsociated circuitry. Pulsating DC from the
synchronous detector isfiltered by A1C19, A1C20, and
A1R35, amplified by A1Q8 and fed toboth the feedback
current-gquared generator AIQL1, and the feedback
current generator AiQl0. Temperature compensation
and low emitter circuit resistance for A1QI10 is pro-
vided by A1Q9. Diode AICRYT protects AIQI0 and
A1QI11 from excessive reverse bias when A1Q8 is not
conducting.
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4-22. FEEDBACK CURRENT GENERATOR CAMPLIFIER
TEEe < : AIQB/AIQS
4-23. A simplified schematic diagram of the feedback oC BIAS TO Tye
current generator is shown in Figure 4-6. The DC COMPENSATION strm—————ssssonerrmy AIRGO
signal from the differential amplifier is applied to the “N%é"}%‘g’?'m
feedback current generator Al1Q10. AIQI0 servestwo 10 BASE OF
functions: 1) if completes the metering loop to the FEEDCBACK < (FEEDBACK ,
metering bridge, and 2) itoperates in conjunction with CURRENT CURRENT}
the first 10 kHz amplifier, A1Q1, and the RANGE GENE%TGR GENERATOR
switch to change metering loop gain so that the meter '
will read full scale for each power range, Potentiom~ R56
eter adjustments are provided to accurately set the 0
calibration oneachrange. Diode AICR6 provides tem-
perature compensation for A1QILO0. —'\M-‘—)f&—‘——‘—o*‘\o—
¢ Y ~18VDC  -25VDC
y
P/O
4%'—%———@‘0 OSZ
[RANGE]
4-24. METER CIRCUIT. A0
R o Cd
4-25. A simplified schematic diagram of the meter v—w—‘)‘d—-——‘o
circuit is shown in Figure £-7. The meter circuit in-
cludes feedback current-squared generator AIQ1l, a v 7‘5‘“‘“ O
squaring circuit, the meter, RECORDER/LEVELER ‘ ;
and DVM jacks, J2 and J4. The purpose of the meter
circuit isto convert a linear voltage function, propor- FULL VSCALE
tional tothe square root of applied power, to a square ACCURALY
function so that power may be indicated on a linear POTENTIOMETERS PN
meter scale. The linear voltage function is applied to

the base of A1Q1l and is converted to a squarelaw
function by the squaring circuit in series with A1Q11
emitter.

02316-2
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A4-26. METERING CIRCUIT DIFFERENTIAL
AMPLIFIER,

4-27. The metering circuit RECORDER,/ LEVELER
ocutput is a veltage of low source impedance necessary Liowns
for isolation between a recorder or leveler amplifier roM l
and the metering circuit of the power meter. The iso- (PRIMARY)
laticn circuit comprises the differential amplifier -Agsgﬁm“

AZ2Q6-A2QT and output transistor A2Q8. The voltage
developed across AZR38 for the DVM output is refer-
enced at the base of A2Q6 for comparisoniothe voliage
at the RECORDER/LEVELER jack placed on the base
of A2Q7. Anydifferencevoltage creates anerror volt-
age that changes the base-emitter bias on A2Q8. A
corresponding change in AZQ8 collector current oceurs
and the RECORDER/LEVELER voltage across AZR41
automatically adjusts to maintain the same magnitude
as the DVM reference voltage.

4-28. SQUARING CIRCUIT. A gimplified schematic
diagram of the squaring circuit is shown in Figure4-7.
The squaring circuit includes diodes ATCRS-14, and
resistors AiR42.54. Temperature compensation for
the squaring circuit is provided by AICRI5.

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

4-6
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larger currents. Thus, the collector current of A1QL1
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 amountof 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 veltage on the base of A1Q8 deter-
mines the balance point of the close loop. AIR37,
ZERO CARRYOVER sets the amount of this offset for
about +50 millivolts,

02316-4
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Power Switch Arrangement

4-31. DC SUBSTITUTION,

4-32. A simplified schematic diagram of the DC Sub-
stitution and Calibration circuitis shown in Figure 4-8.
A block diagram of the auxiliary equipment required
to perform DC substitution is presented in Figure3-9
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.
Caleulation 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 voliages and two current
outputs are provided by the power supply. Regulated

4.7
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voltagesof -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 A2CRI1 and AZCR4.
The +1.3 VDC is taken across the series diodes, AZCR6E
and A2CR7. The -18 VDC supply is adjusted by A2R36.

4-36. POWER SWITCH,

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

4-8

Model 431C

POWER switch has five positions: LINE OFF, LINE
ON, BATTERY ON, BATTERY TEST, and BATTERY
CHARGE. In the LINE ON position the instrument
operates from the conventional line voltage. If a re-
chargeable battery has been installed, atrickle charge
is supplied to the battery. Inthe BATTERY ON po-
sition, instrument operation is dependent onthe battery.
In the BATTERY CHARGE position, -25 volts is con-
nected to the batteryfor recharging. Inthe BATTERY
TEST position, battery voliage can be measured on
the 0-3 mW scale. Battery voliage 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




