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C : e ‘ po . -1 Paragraphs 1-1to 1-5

! ) : ! A I | 1
i i . } ‘; . ) . . . . ,::1 !“ AN i

. sEctioNY

,;' . GENERAL INFORMATION I
[ : : ) : ' no. : . :
. / . . . i ) ! ' . v 1 e ey
' i/ ) _ S 5 Lo :
- 1=1. DESCRIPTION C or control systems, or to allow the Power Meter to

' 1-2, The Hewlett-Packard Model 431C Power Meter, e used in a closed-loop Jeveling system. e
with hp temperatore-compensated thermistor mounte, 1-4. INSTRUMENT IDENTIFICATION., The Model

" measures RF (power from 10 microwatts {-20 dBm) to 431C carries aneight-digit serial pumber (000-00000).
+

10 milliwatts (+ 10 dBm) full scale in the 10-MHz to Whenthe SERIALS PREFIXED number on the title page

40-GHz frequency range. Direct reading accuracy of of the manual is the same asthe first threedigits of the
the instrument is 1% of full seale. By selector switch, instrument serial number, the marual applies directly
the instrument normalizesthe power meter reading to to the instrument. For other serial numbers, see the
compensate for the Calibration Factor of a thermistor change sheet enclosed with the manual, © - ’)
. mount used for 2 given measurement, A rechargeable ! I C
nickel-cadmium battery is included with Option0l] in- 1-5. ACCESSORIES. Two accessories are supplied

struments for portable operation, Complete specifi- with
Tie the Model 431C Powe; Meter: a 7.5-foot (2290 mm)
catlons are presented In Table 1-1, detachable power cable and a 5-foot (1520 mm) cahle.

. : ]
1-3. The Model 431C makes provision for using the . that connects a thermistor mount to the instrument.
DC substitution method of measuring RF power and to Thermistor mounts are available (refer to Table 1-2).
assure accuracy of the power meter calibration. Out- . - butnot supplied with the power meter. A rechargeable -
puts are provided for a digital voltmeter readout, per- battery with installationkit is also available, Supplied
manent recording of measurements, operation of alarm and availoble accessorles are listed in Table 1.1, ‘

' LTI . ) i . L i 1 '
Table 1-1. 'Specifications . : i !

t

Power Range: 7 ranges with full-scale readings of DC Calibration Input: ‘Binding posts for calibration
10, 30, 100, and 300 uW, 1, 3, and 10 mW; algo ' of bridge with hp 8402B Calibrutor or p,recise‘dc
calibrated in dBm from -20 dBm to +10 dBm full standards. - o e

_scale in 5 dB steps. ' ' | ‘ o .
RFI: ‘Meets all conditions' specified in MIL-1-618ID,

Py
oy

Accur'ncy: 1% of full scale from +20°C to +35°C,

. i X : K [
+2.5% of full scale from 0°C to +55°C. "Power: 115 or 230 volts 110%, 50 to 400 Hz, 2.5
9 C ' watts.' Optional rechargeable battery provides up _
Calibration Factor Control: 13 position switch nor- to 24 hours continucus'operation. S
| malizes meter reading uz' account for thermisto)r : RS R FLARCI
»mount Callbration-Factor (or Effective Efficiency). Di L e WS
: o b mensions: 7-25/32in. wide, 6-3/32 In, high, 11in.
l?ajn}ge. 100% to 88% §n 1% cteps. - . deep from front of side rail (190 x 165 x 279 mm).

Thermistor Mount: External te'mpernture-compén- i - TP I .
sated thermistor mounts required for operation (hp ' Weight. _Net’ 71b (3,2 kg), 9 1b (4,1 kg} with battery.

47BA and 486A serles listed in Table 1-2), ., - Furnished: 5-ft (1520 mm) cable for hp terr;'pqratur?
Mote. : . L compensated thermistor mounts; 7.5 ft (2290 mm
Meter Movement: Taut-band suspension, individually power cable, NEMA plug. P N

calibrated mirror-backed scales; Milliwatt scale
greater than 4.25 in.(108 mm) long. ‘

[ ¥

Zero Carryover: Less than 0.5% of full scale v'rhen! . field installation, o
zeroed on most sensitive range. ‘ " :

Available: 00415-606 Rechargeable Battery Pack for

5060-0787 Rack Adapter Frame, (holds two instru-

Zero Balance: Continuous gon'troi about zer&:point. ments the side’ of the 431C, e.g., 431C and 415E )
Range below zero %s equivalent:toat least 3% of full | , SWR Meter). b
sedle- U 0 Hol-moia Leveler Amplifier. -,

Voltmeter Output:: With load impedance of 500k ohms 8402B Power Meter Calibrator. |
or more, voltmeter output'is 1,000Vde 10.3% at full : : : - ,

. scpdt? rneper dej!lect!lon.l BNC female connector. Combining Cn/ses: ‘ i )

: : ; L ] A . 1051A, 11-1/4 in. (286 mm) deep.
Rec,orderfL’eveler.Ou;wt: ith load impedance of S :
,.800 ohms or more, output is approximately 1 volt . 10524, 16-3/8 n. (416 mm) deep. .. . :
"'de at full ‘scale ‘meter leflection. BNC female : These Combining Cases accept the small hp module

connector, i ’ instrument for bench use or rack mounting.

D i
o A . ) : S,

’ f
02316-1 I . ; | SO o . 1.1
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o OptionS" ' A : | 11, With Bo-foot (1 5240 mrn) cnhlefor 1009 mourt }
e 1. . Rechargeabxe battery lnstnl!ed prov!des up to ,
-+ | 24 hours continuous operation. - 12, With100-foot (30430 mm)cahlgr?r IIEOOIZ’mEunt[ !} | |
02 Rear thermistor mount input connector wired 13. With200-foot (60960 mm)cable torJIOOQ mounl“" Yy
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damage that may have occurred in transit. Check for

| \1 - the supplied accessories, Electrical performance may

- be tested using the performance (est procedure out- -

" lined in Paragraph 5-5. If there Is'anydamage or de-
+ ficlency, or if electrical performance Is not within
specifications, hnotify the carrier and your nearest

C.se is.shown in Figures 2-1 and 2-2. 'This! case ig
& full-rack width unit which accepts varying combi-
nations of sub-modular instruments. The case itself
is a full-module unit, Itcanbe benchor rack mounted;
@ rack-mounting kit is supplied with the case,

LA

. 1.
Yoo

Sy

H
¥

i . 5 R o ‘ i, - ik [\ i A
.; ! ? ' ‘ii' ! ! ’ 0 ! -) ¥ ' : L - ! i i e |{ ) ! E . |_'f
il Ly o o : A , i 2 " i G FINE ; ' | i
i : " s D [ ' . 'E 1 L 'P_ B N ) : I S | ) )
[ Mod}l 41C I o . . . 07 ‘Beetlon @
: T Y LN oo, 5 T Paragraphs 2-1to 2.6
o TS C R Y R R R B
B . S ' !I r' ' . F o A e PR ' . & R Hity
i A o i L H : : I ' ' i
C g T e : NN Sy ! . L
( B Lo/ "SECTION b .
e g ; i K ! 26 L T | ' [ RN P .o .:F.;l"t .
bl " " INSTALLATION R
.17: . . : N J , k ‘ :, 7'. . . . : o - 1 ,:li_]" | . \I‘ :’l >, , 1
) g e i RS i ' s
E 2-1. IP!I‘ITIAI. !NSPIC!ION. o . *'bench or rack mounted. The hp combining case and ) |
, 2-2_"# Before shipment this [nstrument was Inspected  the adapter frame are specifically ‘°r'th’f-' purpose.
' andifound free otimechanical or electrical defect. As s : poh
. | ' ! . \ | : .
soon as the instrument is unpacked, inspect for any 2-5. COMBINING CASE, The Model 10514 Combining

R

'

’l' Hewlett-Packard Sales and Service Office immediately, k N - : ; _ -
, : : ' .., . . 246, ADAPTER FRAME. The 5060-0797 Adapter
" - e L Fiame is shown in Figure 2-3." The frame accepts a"
. 2-3. IA‘CK MOUNTING, oy ‘ va?iet}j of:sub-modular units in @ manner suitable for
2-4, The Model 431C is narrower than full-rack width, - rack mounting. Sub-modular - units, in combination
This [stermeda”sub-modular” unit. Whenused alone, :  with any riecessary spacers are assembled within the
- the Instrument can be bench mounted. When used in frame, The sub-modular units and the adapter'frame,
- combination with other sub-modular units it may be together forming a complete asselmbly,' can then be
! i : - , ! " ‘ -s 1 4 )
) | , X . / .‘,!‘ i \
} . b Ty . i _ [ ! P
, 1 ) . . -
' L ” ¥ :‘ I ‘_?‘ Pa I }‘i . ' ]
B R I' ' - B
\- ! y ) ¥ y ! : l ;
i 1 ! 1 J ! ’
Y " R ¥ 1 : . . 1 ‘!I ' | B
’ ) } L ! n" . ‘ :}
\ . N 1
e ' )
}
v )
] ; I ' .
. " | )
i I ]
1 ' ) ) ) ..4 .'.
. 1 = J !/} -
1 . A0
: j i
. ; ! t L l
i . ' ' . B} |
by DIVIDER ASSEMBLY v
; ' . 4
(‘ i ', _ ; L R LI o -
et , . DIVIDER LATCH U T TSSRETAIRER! to
PR . " S 7 N o 4IBE-A-D ,
T | Figure 2-1. The Combining Case :* =, )
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LRy Voo e [ I} ) 4 sov) i{{‘ : ; i :
e A S Qi ' W o o
b v A : ; IREE R A ! :{ ; 5 - : SRR N
S L I L TR A SR T T L B 1N
section | S AN S ) S P o4, s 1 Modeldalie
Pl.rngrnphs 2-7 to 2-B I A S S Coho o a ‘
_ INSERT DIVIDER, ENGAGING ' i 3 o
" TABS IN'TOP ALD BOTTOM ' Ve j iy o
y - MOUNTING SLOTS ‘ @ e
TR vy .. 'PUSH RETAINER DOWN S
3 N RERAUN s @ ' }‘\- : e ,
TWIST DIVIDER TO VERTICAL S D T_° n;}nen}sc. i 8 i
.. PosmoN PR y
. 1 . ;’ i i
. |=<i ) . ) 1 1 .
- v :
! ' Jiy I !
i . ) :
lE \ ’) } )
§ ) ) ( @ ‘,', i)
a SLIDE INSTRUMENT ’ .(
I . NTO casaj,r '
H' AE ! ) ] !
. ' " :ﬁ'l h ;|
} i 1 . + l‘i
b 1 .I _]” fl ! . J ‘ r" ' r :J} N
LR L Q)
T J TO SET RETAINER BACK IN v
g PLACE, ENGAGE HOOKS FIRST :
o ON ONE SIOE OF DIVIDER, 1
Co ‘ THEN OH OTHER . .
4 SLIDE LATCH TO LOXX ) : (i
. - DIVIDER : C
‘ _ PUSH RETAINER UP 10 LOCK
o ) N ; I ;
' ‘ | Figure 2-2 Steps to Place Instrument in Combining Case \ A y
-;'.. J o ‘ ' ) , v S . ," i ‘ 0 ' i-‘ l'_= U . : : W
» ‘ ) S B T b ‘
. : . . : . s . m ,;. W
mounted in & standard rack. The sub-modular units . . SRR
cannot be removed individually whenthe adapter frame ‘ ' oo Ty,
is used. Instructions for assembly of the adapter " ‘ i iy ST
frame and sub-modular units are given below.: Refer SRR ; B }‘. oy N
. 1 S # 3y ' '
to Fizure 2-4;, Lo ! FILLER PANEL T S TR
a. Place the -dapter frame on the’ edge ofa bench, N T R S !
'tep 1. ’ , . - “ - ’ i
. H y 1 5 i
‘b. Stack the sub-rpodulnr unita inthefra.me, step 2. o o : . "; AL :
¢. Place the spacercllmpsbetweenme lnstruments, DR | ]| I PURE | B I
'tep 3A i s ¥ ’ i (o] : , O ;r' \ :
d. Place the spacer cllmps on the two end lnstru- . '
ments. Push the combination into the Ir e, step 4. v o [ D o Pt
s - I o ' o ' ta ' LA
-e. Insert’ screws on either side of; :he frame, step b, ; R
5. Tighten untl] the sub-modularunlts are tlght inthe | e T | PO | I & b
!rnzne.~. . C e ‘ ' S | 9 .
e : : _ ; ' ! : AL
2-7. PRIMARY POWIER uoummms. A f — N
2-8. The Model 431C can, be ‘operated from anACor = R L P oy '
DC primary power source. ' The AC source can be - ! T o 1
either 115- or 230-volt, 50 to 400 Hz. The DC source ; C oy B | T o .
is & 24-volt rechargeable battery. The rechargeable g —— ' «
ba.ttery is supplied with Option 01 instruments. I | e i 'l.i o
.-_: | CAUTION E, . ‘_\ R . i | . X > . R - 4 - . J :
For AC operation, set the reu--panel 115- ; L ' ; ' : _ T !
230 volt switch to the proper position before, .. ' Y . '_ oy
,connecting the .power cord to the servlce | ' ' v L
‘outlet. : . ; o - ) Figure 2-3 Adapter Frame lnstrument Combinations, S
; y . ' X . . . F I s ': . L . - . ) \ . I '
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SRR | n "ty Sectlon II
‘ C oy IR } :Para.graphs 2-9 to 2-10
N " B
. L ' 2-9. ‘I'HIII-CON NICTOI POW!I CAILI. {
a 2.10. To prolect operatlng personnel “the Natlonal
. Electrical Manufacturers' Assoclation (NEMA) recom-
0, mends that the: Instrument panel and cabine} be -
" 1) grounded, 'I‘his instrument is equipped with a three-
” ! Jconductor power cable which; when plugged Into an
. . appropriate receptacle, grounds the instrument, The
. ) !l offset pin on the power cable three-prong connector is
@ _ the ground wire, To preserve the protectlon feature
INSTRUMENT .when operatingthe instrument from ntwo-contnctout— :
let, use a three-prong to two-prong adapter and con-
nect the green pigtail on the adapter to ground,
. i - o : ! RN ' )
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' Figire8-1

Bectl

1

onII - . ] .' iﬂ

1.

LINE/CHARGE. Lamp llghts whenthe POWER
switchis Inthe LINE ONor BATTERY CHARGE
position, o : 3 ;
| , ‘ . i
JPOWER Determines connections to primnry

LINE OFF Inetrument off. ) ¥

« 'LINE ON: Instrument on. Trickle charge ap-

... plied to battery. - ‘
: BATTERY ON: Instrument on, blttery powered

‘BATTERY: TEST: Meter indicates battery'
charge. '

i

B I ! : "‘ ‘
: meemsmn MOUNT, Accepts the thermis-
tor mount cable. - :

.| . . . i . .i ._. . ;‘
CALIB FACTOR. Switch compensntee for the
‘Calibration Factor of the thermistor mount.
Calibration Factor values from 88% to 100%
may be set in 1% steps.. '’

; chn.nge applied to battery. L

J

‘RANGE. Sete power ra.nge' I.IIO includes a
NULL position which, in conjunction with the :
adjacent null screwdriver adjustment, ensures
that the metering brldge is reactively balanced.

S

power eonrces and the battery charging circuit. _

. BATTERY CHARGE: Instrumentoff Trickle

-}

.

)

8.

Lok

. 10. In Option 02' instruments a thermistor mount

11

i

12, LINE VOLTAGE Select5115-or230-volt nne

""pedance greater than 500 k ohms is required

: eubstitutlon method of power mensurement.

0 f
: i
HA
L ik
s i
g VT : . "I
\J lllt-l-l ,
' IEI 12

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

ZERO n.nd VERNIER. Sets the meter pointer '-
over the zero mark. The VERNIER control is
R !lne edjuetment of the ZERO controi setting.

DVM 500 K. A BNC type jack provlding an |

output voltage linearly proportional to the meter _
" indication. A DC voltnmieter with an input im-

tominimize introduction of mensurement error
- (refer to Paragraph 3-49)” _ 3 ‘f )
B ' .‘ B o
RECORDER/LEVELER. A BNC typr,jnck pro-
viding a DS voltage of low source .impedance
for R recorder or !eveler amplifier. ' :

i

connector is' wired in parallel with the front
-panel connector. Two mounts cannot be con-

neeted simultaneously ;

bC CALIBRATION This connector permits
& DC Input for power meter calibration and DC

operation. o _ oy

_ Figure 31, Front and Rear Panel Controls, Connectors, and Indicators
i s N . +

: ' 3
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.1 . Beries, .

 Model 431C

.3-!. IN?IODUC‘IFON. _ I
I T 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 technlques, Reeuracy conslderations
" - and-sources of erro; Is available in Application Note
€4, available from any Hewlett-Packard Sales and
L Servlce Office. A

3-3. The Model 431C is an automalic self-balancing
' power-measuring instrument employing dual-bridge
‘cikeuits. The power meter [s designed to operate with
1 hp temperature-compensated thermistor mounts such

‘as the Model 478A Coaxialand Model 486A Waveguide
Power may be measured with these mounts

: in,50-ohm coaxial systems from 10 MHz to 10 GHz,

and in wavegulde sysiems from' 2.8 GHz to 40 GHz.
i, hlll-scale power rongesare 10 mtcrowntts to 10 milli-

- watts and -20 dBm (0 +10 dBth. Extended measure-

. " “, ments may be made.to 1 mtcrowatt and to -30 dBm.
'y 'The 'total measurement capacity of the instrument is

.divided into seven ranges,, selectabie by a front panel
(RANG:. switch. .

/ . . Ce .
i i o R : i
:‘f‘l"il."éé -y 1'{! ! I‘ ot ‘ e

. meter. Zerocarry-overt‘rom the most sensitive range
- ta;the other six less sensitive ranges is accurate to
‘,'_‘§0 5%, Greater zccuracy ¢an be obtained by setting

' : i the zero pointonthe particular range tobe used. When

‘tt .( : " \

T B
: J‘i.},:i

It

U

;- the RANGE switch is in the NULL position, the meter
indlcntes inherent metering bridge unbalance, and a
. ,‘ fron }ba.nel NULL screwdriver adjustment is pr wtded
L fords 1nitia1 c.:altbratlon.l Gy e

ph ‘ ) s
\gr.f" ; mhi 13 St j v
|

urement uncizrtalnties, related to SWR, and measure-

tor,.mout}t efficjency. The appropriate selection of a
\' ‘calibration Fictor valve permitsdirect meter rending -
Jof the RF, pover delt vered toan impedance equal tothe

'}n,: # charactertstlc impedance {Zo) of the transmissfon line
: connecttng the thermistor mount to the RF source. .

~Calihtation Factor values aredetermined from thedata
ﬂ‘narked on the label of each hp Model 478A or 486A
13 } ,thermtstor;mount.
iy )l : .., T
‘l][j ’ .

.

it’mmnnmumcmnmcumwmnmk

o:i the rear panel that ¢an be used for DC substitution
1, method of power measurement. DC substitution Is an
{1 extenslon of the power measurement technique nor-
- mally used. - Through the use of DC substitution, in-
strument error can be reduced from a nominal value
of 1% to £0.16% of reading, or less, depending on the
"eare taken in procedure and accuracy of ‘auxiliary
equlpment. “

©02316-1 . '

S!C'I'ION m o -
onunon D

ek 3-4. Z$RO and VE!.NIER zero-get controls zero the’

R The’ CALE' FACTOR switch nllows the intro-.
t ’,",l‘ ductiopot discrete amounts of compensation for meas-

“iinenterrorl'caused by substitution error pnd theymis-

! ', Sectlop I
,‘ Pnragraphs 3-1to 3-13

1

3-7. The MOUNT RES ewttch on the front panel per-
mits the use of three types of thermistor mounts with
.the 431C. Model 486A wavegulde mounts can be used
Ly setting the MOUNT RES switch to the 1000 or 2000

ﬁosltion, depending onthe microwave bandused (refer -

 te'Table 1-2). The 2009 position isused with Model 478A
_ ‘thermistor mounts and the 2002 BAL posltton is used
1 witha balnnced thermistor mount.

3-8. Two output BNC type jacks are provided on the
"rear panel of the instrument, labeled DVM and RE- -
CORDER/LEVELER. The DVM jack provides a volt-
age linearly proportional to the meter current; I volt
equal to full scale meterdeflection. A DVM connected
tothe 431C must have an input impedance greater than

" 1500 k ohms on the range used. The RECORDER/
LEVELER jack furnishes a DC voltage of low source
lmpeda.nce necessary for isolationbetween a recorder

* or leveler amplifier and the metering circult 'of the
power meter, The output voltage is proportional to
the power measured and is offset +40mV orlessfrom
its nominal value; depending on the load impedance.
'This output voltage allows the Model 431C to be used .
in a number of addttional applicatlons {refer to Para-
graph 3-53). . \

3 [
¥

) )
5 1

3- 9. CONTIOIS, CONNICTOIS. AND !
' INDICATORS.

3- 10 The front nnd rear panel controls, connectors, :

and indicators are explained v Figure 3- 1. The des-
criptions are keyed to the corresponding items which

' garding the various settings and uses of the controls,
connectors, andindicators s included inthe applicable
procedures of this section. !

-

3=11. BATTERY OPEIRATION. o
3-12., The Model 431C canbé operated from abattery
instead of a,conventional 115- or 230-volt primary
power source. A rechargeable Nickel-Cadmium bat-

¢ tery isfzctory installed in Option 01 instruments. The
same battery can be ordered and latyr installed inthe

basic instrument, thereby modifying/the power meter:
to the Option 01 con.t‘igurution. The r'echargeable bat-

i

) tery installation kit may be ordered by hp stock number

00415-606.

3-13. OPTIMUM BA‘TTERY 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 Lontinuous battery operation is required for more
than 8 hours, the recharge time should be double the
operating time. Continuous hattery operation is pos-
sible for up to 24 hours but this must be followed by
A prolonged recharge period

; ' 3_1

are indicated on the figure. Further information re-

}‘.
i !
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" Paragraphs 3-14 to 3335 N
2grap! 03-25

3:14;\-\ INITIAL BATTERY USE; Whenthe Model 431C

is to be ‘battery opo'rat%dffor the first time, perform
the following steps: ., - \ oo L ,

\ b 1 . )
'a, Set the POWER siitch 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 poir

of the "BAT CHARGED” area means that the battery
must be charged as deseribed below.

" voltage is equal to 10 times meter scale reading. |

+ by Connect the Mod-1 431C to AC power source. Set
POWER switch to BATTERY CHARGE and charge the
battery unti) a meter pointer indication within the "BAT
CHARGED" region can be obtained as in step a, '’

i 1 y o1
3-15. BATTERY STORAGE.' Storage of the battery
at or below room temperature 'is best. Extended stor-
age at high temperatures, lessthan 80°C (140°F), will
reduce the cell charge but willnot damage the battery,
Charge the battery after removal from storige and

' L T

pointer indication to the'left .,

' : Actual battery
voltage canbe measured onthe.0-3 mWscale. Battery

Model 431C

3-21, In a practical measurement situation, both the
source and thermistor mount have SWR, andthe source

.. Is seldom matched tothe thermistor mount without the

. use of a tuner. The amount of mismatch loss in any
measurement depends on the total SWR present. The
. impedance that the source sees is determined by the

. rctual thermistor mount impedance, the electrical

ength of the line,
of the line, Zo.

3-22. In general, neither the source nor the thermis-
tor mount has 2, impedarce, and the actual impedances
are known only as refiection 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 uncertsinly of power measurement due
to mismatch loss increases with SWR. Limits of mis-

and the characteristic Impedance,

. match loss are generally determined by means of a

chart such as the Ltlismntch Loss Limits charts in
Application Note 64,* - | ,

3-23." An example may explain how imperfect match

o}

1
[ f
b
Il

1

t

t
1

affects the uncertainty of power measurement. A
typical 2, available power measurement situation can
involve a source with an SWR of 1.7 {pg=0.26) and 2
.thermistor mount with on SWR of 1.3 (pp, = 0.13).
Figure 3-2 shows a plot of power levels and mismatch S
power uncertainties that result from source and ther-
mistor mount mismatch, The source 2o mismatch
results in a powerloss of -0.29 dB from the maximum
power that would be delivered by the source to & con-
jugate match, The power level that results from this
loss Is the 2, available power, Thethermistor mount

‘2o mismalch causes e&n additional power loss of
~0.07 dB. However, on the thermistor mount Zg mis-
match loss is an uncertainty resulting from the un-
known phase relationships between the impedances of

the source and thermlslor_mount.. This uncertainty

i5 +0.30 dB to -0.28 dB and can be determined from

the Mismatch Loss Limits charts in Application Note 64.

before using the Mode! 431C for battery operation,
: I. ] | | ‘

J ' 1
U

3-16. OPERATING ms'nuc‘ni'ns. _
" 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' npplro;‘;riate control,
connector, or indicator on the pownleq meter and/or

required auxilia)ry equipment,
; ;

y
t & 1“1'

.' : S .
3-18. MAJOR SOURCES OF ERROR IN
j MICROWAVE POWIR MFASUI!H‘NT.

3-19. A numbélr of factors affect the 'f;welr"all accuracy |

of power measiarement. . Major sources of error are -
- presented Inthe following paragraphs to shawthe cause

and effect of each error, ‘Particular ‘corrections or, ;

‘special measurement techniques can \be ‘determined 3-24, The result of the total mismatch loss uncer-

1

and applled to Improve overall measure ment 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) Thermoelectris effect
error, and 5) Instrumentation error,

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

1] .

Conjugate power isthe maximum available power.
It is dependenton a conjugate match condition in which
the:impedance seen looking towurd 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 impadsnce as
the transmission line. oo ;

"» Zg available power isthe power a source will de-
liver to a Z, load. Ttis dependent on a Z, match con-
dition inwhich the impedance seen lookingintoatrans-
mission line s equal to the characteristic impedance
of the line. ‘ o |

3-2

tainty onthe Zg available power level is determined
by algebraically adding the thermistor mount loss to
the uncertainty caused by source and thermistor mount
Zo mismatch SWR. Thus, the 2, 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 dB (5.5%) below the maximum power and

,0.35 dB (8.2%) above the minimum power actuglly
entering the thermistor mount.

3-25. Power measurementuncertainty caused by mis-
match loss is one source of error to consider when
measuring Z, avallable power without a tuner. A con-
tinuatfon of 3115 example is given In Laragraphs 3-38
through 3-3% to discuss the basic principle of Cali-
bration Factor, correction to a measurement of %o
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,

I}
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'}.26, RF LOSSES AND DC-TO-MICROWAVE SUB-

STITUTION ERROR. RF losses account for the power.

. -entering the thermistor mount but not dissipatedinthe

detection thermistor element. Such losses may be in
the walis of a waveguide mount, the.center conductor

- of a coaxial mount,’ ¢apacitor dielectric, poor con-

nections within thc mount, or due to radiation. DC-

'

to-microwave substitution error is caused by the dif- B

ference inheating effects of the substituted andio 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-miciowave sub-

stitution error are generally combined for the sim-
plicity of nnalylis. , Lo
)1

3-27. THERMOELECTRIC EFFECT ERROR. A mild.
thermocouple exists at each point of contact where the

‘connecting wires jointothe thermistor elements. Each

thermocouple creates a DC voltage, Thus, two ther-
mocouple voltages of opposite relative polarity are
formed, one at each junctionto eachthermistor element.

3-28. Kdeally, each thermocouple voltnge would be
equal In magnitude sothat they cancel with no resultant
effect onthe accuracy of power measurement. In prac-
tice, however, each point of contact does not have {den-
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, resultingin a voltage that
causes a thermoelectric effect error. The magnitude
of the error 18 important when making DC substitution

02316-1 ,
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Figure 3-2. Mismatch Power Mels’ureme;nt Uncertainty o ;

H [ . )
measurements on the 0.1 mW, 0.03 mW, and 0.01 mW
ranges. On other ranges, the eﬁectis negli"ible. For
hp mcunts maximum error introduced by thermoelec-
tric effect is about 0.3 W and {s typically 0.1 pw on
the .01 mw range.

3-29, THERMOELECTRIC EFFECT ERROR COR-

' RECTION. 'Use the following technique to'correct for

thermoelectric effect error.
a.k Measure power. ., . .
b. Connect anhp Model 8402 Power Meter Calibra-

B}

tor to the power meter DC CALIBRATION jack.

1 Note
¥a hnicnced ther Istor mount is being used,
an B402B Callbraior is.required.

e, Zero and null power meter,

d. By DC b\ibstltution {see Figure 3-9), duplicate_
power measurement made in step a. Calculate and

H

'

_record substituted power as Py.

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

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

g- By DC Substitutior, duplicate power measure-

ment made in step a. Cnlculate and record substituted
power as Ps. :

" h. Calculate arlthmetic mean of the two substitution
powers Pj and Py, This mean power !ncludes a cor-
rection for thermoelectric effect error. . "

N - Powergp_li_Pg. e )
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Paragraphs 3-30 to 3-38 . S ¥

, 3-30. INSTRUMENTATION ERROR. The degree of .
". inability of the instrument to measure thetrue gubsti-
tutfon audio bias or DC power supplied tothe thermis-
tor mount s called power meter aécuracy or instru-
, mentation error. Instrumentation error of the Model .
431C is 1% of full scale, +20°C to +35°C. Instru-
; mentation error can be reduced to :0,16% of reading,
' or less, by using DC substitution asdescribed in Fig-
ure 3-8, . B o ;
' 11 . -
3-31. CALIBRATION FACTOR AND EFFICTIVE
*  EFFICIENCY. ‘ '

3-32,. Calibration Factor and Effective Efficiency are

two power ratiosused as correctlonfactorsto inprove

overall accuracy of microwave power measurement.,

The ratios are used underdifferent measurement con-

"+ ditfons. Callbration Factor is used when the ther-

- mistor mount*'is;‘coupled to;the RF source without a

. tuper,’ Callbration Factor corrects for both SWR and

. afine Meleraiyrof the thermistor mount.  Effective Effi-

weféreyls uted whep a tuner matches the source to the

- thermistor mount. Effective Efficlency corrects only
for the Inefficiency of the thermistor mount, :

t i i
I |‘

;' .ance, This impedance, and hence the mount SWR,
‘i remain constant over the major portion of the melro-
", swave band for which the mount is designed to operate, '

. For hp thermistor mountsithis constant SWR is'low;
thus the mismatch ungertainty is small. " Since the
- mount impedance and corresponding SWR deviate sig- .
' . nificantly only at the high and low ends of 2 microwave -
| 'band, it is renerally unnecessaryto use atuner. How- .
- ' ever, A tuner or other effective means of reducing
- mismatch érror is recommended when the source’ SWR
;i I8 high ur when high accuracy is required! To mini-
/' mize mismatch between the source and the thermistor
i ‘mount without the use of a tuner, &'low SWR precision
! attenuator can be inserted In'the transmission line to
Isolate the thermistor mount from the source, Since
o ‘atuner is not often used, Calibration Factor is a more
A [,-' practical term than Effective Efflciency. 1.* _

Py o '

3-34, CALIBRATION FACTOR,. Calibration Factor '

~"'Is the ratio of substitited audio or DC power in the

I

- thermistor mount to the microwave RF povjv,'er incident . A

»upon the mount. \ ,
A P ol : )

1 . |
/" Calibration Factor = £BC &bs"me‘{ )
;, i > uwa\fe; (':J Bﬂ_:. \

Gy
: """ thermistor mount to correct for the following sources
' of error:.1) RF reflected by the mount due to mismateh,

2) RF loss caused by absorption within the mount but
not in the: thermistor element, and 3) PC-to-micro- !
wave substitution error. : ’ i

3-35. The CALIB FACTOR switch on the front panel |
allows rapid power measurementstobe made with im- -

proved accuracy. The switch is set to the Calibration!

Factor value, appropriate tothe frequency of measure«}

.meni;, imprinted on the thermistor mount label, With;

. the proper setting, the 431C compensates for the Cali.!
bration Factor of the thermistor mount. , }
1 : ' ' . F !

34.

, . 3-33. Each thermistor mount has a particular Imped-

"Calibration Factor fs a figure of merit assigned toa

} ‘ "o

T :  Model 431C

3-36. Calibration Factor is applied as a correction
factor to all measurements made without a tuner;

. Under this conditlon, the'power indicated isthe power

. " tation error.
! !

B

that would be delivered by the source to a load im-
pedance equal to Zg. This measured power is called
Zo available power. ' . '
3-37, Calibration Factor'correction, ensures that a
power measurement uncertainty range s 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 rontributed by: 1) Mismatch loss,
2) Calibration Factor uncertainty, and 3) Instrumen-

’ 1 f ) ‘ }
3-33. 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-

tioh Factor correction to a measurement of Z,, avail-

- able power.: Figure 3-3 shows the relationship and

limits of error before correction. A’'scurce 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
84% (accuracy of 22%), the Calibration Factor uncer-
tainty is (-6%) + (22%), or 4% to -8%. The 431C
Power Meter has an Instrumentation error of 1%
{maybe reduced by DC substitution, Figure 3-8), The
slgebraic addition of Calibration Factor, instrumen-
tationand Z,, available poweruncertainties determines
the limits of error before Calibration Factor cor-
rection. In this case, the limite are +2,5% to -17.2%,

i

1
¥

t

o ’ h g i
. ! "
‘ . | | -e0x10-80% [
4 L] (e CALIBRATION)
1 ph ' FACTOR .
I . UNCERTAINTY|" |«
A
Zo AVAILABLE
N y N/ wr % {Y ER
i ! INSTRUMENTATION
| i [455%T0-02% ERROR
; UNCERTAINTY
Sl [ON Zo AVAILABLE
: POWER
)
J ' ,

+2.5% TO-IT2%

?TOTAL LIMITS OF ;
ERROR BEFORE
CORREC’TION nBrY

. MAXIMUM POSSIBLE ERROR = IT.2%
0. STATISTICALLY MOST PROBABLE ERROR »-7.35%

1
¢

' | ‘

. Figure 3-3. Limits of Error Before Correction
. i '

h ' S 02316-1

ANEAn

1

1

R
.

)




Y 1 Y 1

I .. : i . )
Sy ad - : : . ,
ETILT :4 . ; . !

H'ZZ'I. TO -&5‘.
UNCERTAINTY -

' ON PONER
| L FU ru:nmsron [1
/ N\

/
Y v
CALIBRATION{

i . ' Accumc'r

*I%{Y pavA‘VliLABLE

HSTRUNENTA'"W

‘ F410.2% 10 -9.5% )
- | TOTAL UNCERTAINTY .« ¢ .
W;’{)WER MEASUREMENT '

' MAKIMUH POSSIBLE ERROR » 10,2%
STATISTICALLY MO‘T PROBABLE ERROR = 40.33%

TC i

2 T

[ N
y N f )

o ! ! 1 \ ' .
; Figure 13;"' ‘Total Uncertainty After Correction

Before: correction, the maximum posslble error is

17.2% and the statisticnlly mbst probable error ls\

=T 85% o .
3= 39 Fig'ure 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 sbout the Z, available power level.* The

_ totaluncertainty after correction is the algebraic sum

: of the: instrumentation error (:+1%), the accuracy to -
which Calibration Factor is deterimined{: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 typlcal example
showing how the use of Calibration Factor correction
to 2 measurement of Zg available power not only re-
duces the maximum possible error, but more impor-
tantly, the magnitude of the statistically most probable
errolr is reduced to very near the Zp available power
level.

1

o

*The relationship between Indicated power on the 431C
and the Z, available power is given by the !ollowing
. equation:

' p,. = P indicated (1 )2
o Calibration ?ac‘ tor
Where: Py = Zo available power )
, Pg = sOUrce reflection coefficient
1 . pm = thermistor mount reflection coemcient

SWR -1
P)" SWRY1

' 02316-1 S o

. . dissipated within the mount,

N 3 o S ' ! ' i
S ’ - . Secuonm' P
; o ;‘_' Coy Plrlgrnphs 3-39't0 3-46
/'3-40. EFFECTIVE EFFICIENCY. . Effective EffI-
" clency is the ratio of substituted audio or DC power
in the thermistor mount to the microwave RF power

Ppc Substituted . - "
. P) wave Dissipated '

- This power ratio corrects for RF losges and DC-to-
microwave substitutlon error inthe thermistor mount.
It 18 largely independent of the level of input RF power,
When a tuner is used to present elther a conjugate or

. Zo match to the microwave RF source, Effective Ef-
ficiency is to be applied as & correction factor to the

_ power measurement because all of the power incident

" upon tie mount {s absorbed in the mount. The use of
& tuner and application of Effective Efficlency is the
most accurate method of measuring power since gource
and thermistor mount power reflections are eliminated,
and thus, measurement uncertainty due to mismatch
is eliminated. Tuner loss will generally be small,
However, its effects on power measurement can be
corrected for by dividing the indicated power by the
tuner-loss ratlo, power out/power in. y

J-41, Effective Efficiency can be applied as a cor-
rectionfactor tobothconjugate 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 I the power measured is conjugate
available or Z, available, !

3-42. Conjugate 'avallable power is measured: when
the system consisting of the RF source, transmission
line, tuner and therimistor mount is tuned for a maxi-~
mum power level on the 431C. In this application, the
system-mount combinationpresents'a conjugate match
tothe gource, The power measuredisthe actual power
that would be delivered by the source to aconjugale load.

5-43, Z, available power is mensured when a tuner- -
thermistor. mount gomblnatlon is tuned for minimum,
reflection caused by mount mismatch at the frequency |
of interest. The tuner adjustment is madeona re-

.. flectometer or slotted line system, external to the
measurement system used for power measurement.

" Afterthetuner adjustment, the tuner-thermistor mount' ' .
combination is connected to the transmission line and
RF source on which a power me:tsurement is made,

'3-44. HIGH ACCURACY or POWIR mnsuummr B
USING DC SUBSTITUTION. "

" 3-45, The lnstrumentnuon source of error canbe re-

Effective Efficlency =

¥

}+ duced byusing DC substitution, With precision instru-

ments used i a DC substitution set up,, and carefu!
i| procedure, instriment error can be reduced from'z1%

" of full scale to 20, 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 mource to precisely’ duplicate

: the meter readingobtained in step 1, and 3) calculating
the power from the substituted DC current:and ther-
mistor operating resistance. ) '

3-46. EQUIPMENT USED I-'OR DC SUBSTITUTION
Figure 3-8 shows the instrument setup for. a DC

3-5
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Section O AT 4
Paragraphs 3-47 to 3-52 : ;
: '

' substltution measurement. The hp Model 8402B Cali-

brator conveniently provides DC power and appropriate.
switching to pexrform DC substitution measurement with

- the Model 431C. If the 431C is being usea with 2 bal- |

anced 200 ohm thermistor mount, the 8402B must be
used. If the 431C is used with Rn unbalanced thermis-
tor mount such as hp Model 478A Coaxial or 486A
Wavegulde types, the B402B may be replaced with an
8402A Power Meter Calibrator. , *

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

3-48, SUBSTITUTION, FUNCTION{ MEASUREMENT -
ACCURACY. Voltmeter terminals are located on the
rear panel of the 8402B Calibrator. 'These terminals

..provide a means to monitor the magnitude of calibrator

output-currents by presenting a DC voltage proportional
to the substituted current. For the purpose of calcu-
lating a substituted power, this voltage carrles 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; 1kohms

won 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 differentfal voltmeter does
‘not draw current from the calibrator voltage output
circultry.| For this reason, a differential voltmeter.
'will not introduce measurement error due to loading,
-When using & 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 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 proportiom) to the square of the
substituted current. Twice the voltage uncertainty is
the power uncertainty introduced by the voltmeter.
Therefore, the correction to be appl!ﬁd in the sbove

I
i

Model 431C

. ) T X : \ .
t example is 0.2%. Corrections should be added tovolt-
meter readings'since voltmeter impedance loading
CRUSes voltngp measurements to decrease.

~3-49, POWER METER DVM OUTPUT MEASURE-

MENT.," A digital voltmeter can be connected to the
431C DVM jack to 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. Measurement error

" 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, = voltage measurement
made with, a digital voltmeter having an input imped-

" ance of 500k ohms will introduce an error of 0.2%, A

digital voltmeter with an input impedance of 10 megohms

;will introduce a muchsmallererrorof 0.01%. Correc-

tion percentages should be added to voltmeter readings.

3-50. DETECTION THERMISTOR RESISTANCE,

Steps 8 through 11 of Figure 3-8 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
& power measurement. Theactual operating resistance
of detectionthermistors maydeviate as muchas 10.5%
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 substf-
tution measurement, ' , '

) [
3-51. The hp Model B402B Calibrator provides a con-
venient method of determiningthe detection thermistor
operating resistance. The thermistor mount cable is
rconnected between the 431C Power Meter THERMIS-
TOR MOUNT and 8402B Calibrator RESISTANCE
STANDARD connectors. Bythe THERMISTOR RESIS-
TANCE switch, the 8402B Calibrator substitutes pre-
ciston resistance vaules in place of the thermistor

elements normally In the 431C bridge circults. The

switched resistances provide a method of determininga
osclll_atlonﬁio-oscillation stateof 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 determing when oscillations

1 y i
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cease by notinga change of meter readingtozero, The
operating resistance of the detection thermistor ele-
ment {8 measured by reading the resistance deviation
in percent directly from the switch settlng that causes
oscillations to cense.

3-53. ADDITIONAL APPLICATIONS,

3-54. A discussion of microwave power measurement
applications {s 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 & meter indicationalone. 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 mensurements of
small attenuations.

3-55. OUTPUT POWER LEVELING, Abloékdlngrm
of an output power leveling system is shown In Fig;:
ure 3-5, The power meter is used as an element in 2
control eircuit that maintains a constant power livel
at a particular point in the system. The thermistor

,mount, connected tothe auxiliary arm of n directiona}

coupler, senses a portion of the power incident upon
thedirectionalcoupler. The power meter RECORDER/
‘LEVELER output provides a DC voltage thatis propor-
tional to the power measured at the thermistor mount.
. Thisvoltage canbe directly applied tothe power meter
' leveling Input of one of the hp Model 690 Sweep Oscil~
lators, or to 'lhe input of a leveler amplifier, At the

1

~ Figure 3-6. Insertion Loss or Gain Measurement -

.Iévelermplﬂier, the voltage s compared to an infer- !

.- nal reference, the difference voltage amplified, and

applied s nep.:i se feedback to the amplitude modu-
lation input of th} source. The feedback maintains a
constant. RF power level nt the sampliny point or the
auxilfary arm of the directional coupler. This control
will hold the forward power at the main arm of the

' coupler ata constant level, )

3-56. INSERTION LOSS OR GAIN, Figure 3-6 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, Variatlons in power ampli-

, tude are measured by the power meter asthe frequency

range of Interest is swept by the sweeposcillator. This
i5 a veference measurement and is recorded by the X~
Y recorder. The'device to be tested is then inserted °
between the sweeposcillntor and the thermistor mount.
Power amplitude versus frequency is again measured
mnd recorded. 'The difference between the second
reading and the reference, at any frequency, is the .
insertion loss or gatn of the device at that frequency.

3-57. CONTROL SYSTEM MONITORING. The ar-
rangement of & system to actuate alarmorcontroleir-
cults s shown in Figure 37, A relay circuit can be
connected directly to the RECORDER/LEVELER out-
put. This type of curcuit willprovide & control system

. operated by full-scale magnitude power changes of the

power meter. Small magnitude power change control
can be achfeved through the use of & comparison ref-
erence level and a differential amplifier.. The differ-
ential amplifier output can be connected to the relay
clircuit to actuate the alarm or control circuits. -

: TEMPERATURE RECORDER/ T
copnshtE | | APl | LEVELER ~conmet, |,
THERRISTOR — POWER — RELAY p— PRGTEC“VE OR '
. NOUNT wereR | CORRECTIVE
AUXILIARY hp"l“!&\ DEVICES
ARM X ' 1 4BIE=A =D
) IMAIN
| *F SouRce |—— courer [ARMI: o

Figure 3-7. Control System Monitoring
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1. Connect thermistor mount and cable to THER-
+ MISTOR MOUNT connector, Refer to Table 1-2

for recommended thermistor mounts and their .

~ 1frequency ranges.

"Note - '
When usingan hp Model 478A or other 200 chm un-

banalced coaxial thermistor mount, the power meter -
- should b/ zeroed and nulled with the RF power '
source turned off and connected to the thermistor :

mount. . l'the'RF power source cannot be turned

' off,’ the power meter must bé 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 neceagary

when waveguide mounts such as the hp Model 486A

series orbalanced 200 ohm conxfal mounts are used,

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

Set RANGE to , 01 mW.

2.

3.'

~ 4. et POWER to LINE ON. If instrument is to

be battery operated, rotate POWER to BAT-
TERY ON, : _ 3

¥

! ! i . .
6. Rotate RANGE switchtoNULL and adjust NULL

“If the zero ie set on the most senaitive range. For

. AME=A=-B

Adjust ZERO control
sctle on meter.

!

for 25% to 75%'91 full .

‘screwdriver adjustment (adjrcent to NULL on
RANGE switch) for. minuqum reading.

. , } i
Repeat steps 5 and 6 untll NULL reading is

NIER controls.

] +
'

}

Note

1

i
(
Ji

- within NULL reglon on the meter, =~ ; |,
LI : : B ;:‘:‘ P . B
8. Set RANGE switch to the power rangetobeused,’
' and gero-set the meter with ZERO and VE
) iy

R~
J' Er
J"'i !

Range-to-range zero carryover Is less than 0. 5%

maximum accuracy, gero set the meter onthe range
to be used, . CoT : ) :

9. BSet CALIB FACTOR switch to correspondwith |

(Calibration Factor imprinted on hpthermistor [ @

3

mount label. , I
10. Apply RF power at the thermistor mount. Power

is Indicated on the meter directly fn mW or | . '

dBm- " ) !

3.8 - |

: ‘ C - ll_ll ‘.I- "2-'_.}
. o P o

;

Y

Figure 3-8. Turn On and Nelling Procedurs .- | E ch
| ‘ o ' 02918-1

.
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Model 431C . .

S o ~ Section IV
; © v .. " Figure 3.8

»
I R

© ap84028

! L /
j ‘ PMOWER METER CALIBRATOR ) '
1
J; i ’,———i\ér : ’
vl : R L]
. i it . - . ‘/ 4
: . . [+14 ‘ . POWER .
ot Lanie I CALIBRATIONI, METER VOLTMETER
. INFUT QUTPUT TPUT
, {REAR} (REAR) {REAR]) :

DIGITAL VOLTMETER i/
X {REFER 10O
y - PARAGRAPH S-43) :
s

',lr

Connect the equipment shown’ above. 'DC eub-

e | through 3-52.,, )

N Se', the' 4310 'Power Meter for' normal oper-

v ation using t}‘e procedure given in Flgure 3-8,

. 3. Apply RF power tG he thermistor mount; then‘, !
*  note and record the reading of the power mcter N

o " as indicated by the digital voltmeter. This™

‘I :' 5

]

recorded value is a reference to.be precisely = !
dupllcntedinthe DC substitution measurement, .

t
Al i

* { I the 01, .1, 1, or 10 mw power meter ranges M
, . ‘are used, the gigital,voltmeter reads directly. I

! the ,03, .3 or 3SmW power meter ranges re uaed ’

: the dlgltnl voltmeter reading must be’ multiplled by
o 3 .D316, .316 jor 3.16 respectlvely. P S Y

4. ‘1 'nu'n oH 15 cr dlsconnect, ;the PF source. aa

. Turn on 84025 Calibratorby settlngthe E’UNC— L
‘ TION switch to CURRENT OFF; then upply a
N substitution current by sett:ng FUNCTION '
oy switch to SUBSTITUTE. ! *

lH
Using 8402B Calibrator CURREN"" CONTROL ,
and VERNIER conirols, adjust the’ substim!lon
+. current until the referlence readl:zg oI step 3
is preclaely dupllcated. QL

Note 8402B VQL’I‘METER o-.hput DVM reading
0n.01,.03,.2ard 3 mW ranges, reading is sub-
.+ stituted current (Ihc) In mA: On other ranges '

) ) muitlply readlng b) 10 to obtain IDC in maA,

stltuuon s digcusgsed in Paragrnphs 344"

| K
i -b. MOUNT RESISTANCE to correspond with,

step@ir’ " Y. '84028 Callbrator ‘clockwise until the 431C
y ) Note : ’

Yoy
:’ SN
i

Yoy ' correction isa value in-between the limirs set » ] '

DIGITAL VOLTMETER
(REFER TO
PARAGRAPN 3-48)

, ’ . 3 -
,. ' ) P /
8 Dlsconnect thermistor mou\ﬂ from thermistor | .
. mount cable. Connect thermistor mount cable
between 431C Power Meter THERMISTOR

MOUNT and MOZBJCallbrator RESISTANCE

' /STANDARD connectors. ' R

N I Set 8402B Calibrator controls as follows. S
S &.- THERMISTOR: RESISTANCE e e ot 5%

Y resletn.m:e ;and type of thermistor mount used
10. ‘Set A31C Power Meter RANGE switchto NULL.’
Rotute THERMISTOR' RESISTANCE switch on
| Power Meter changes from'a zero reading to -
‘2 stubie reading greater than zéro, - N ;
The operating resistance of the dete..tlon ther-

', mistor (Rg) is the nominal value, {ndicated on | ’

' ithe thermistor mount label plus or minus the, | .
+'correctionindicated by the setting of the THER-
-+ MISTOR REuISTANCE switch, The percenfage ,:

by|the two positions of the THERMISTOR 'RE- A

j, SISTANCE switck that rorrespond to the zero | "
* reading and the stable meter ‘reading obtained [ '

1 in step 10. If desired,” the average of these -
Ny ,two values may be calcul.ted and used as the

; correction value, ¥ i
' 12.: Calculate power in mW from the following .
." expression: . ’ 3 :
POWE.'I' (mw) = (IDC) (Rd) (10 ) :

Where: Inq = Substitution current lnmA(Irom step?)
' Hq = Operating resistance of the detectlon
P ‘ thermistor {from step'11)’ : :

v, N [ . Lb ¢ |

.
.i’.'r"l
P

3-9

' 3 ioh
} )
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Enpon OPTIONAL BATTERY L s —2avhe e
i ' z | A ! ! 1 o
.
R : 4 | ] : i
v ‘ i
Do | -! l
Figure 4-1. Block Dlagram ' b ,
4-0 ST Lo | [02316-1
' ¥ f ‘ 1 |
‘,_)‘J B . g E
' J ,l , b T




}

' 4-1. OVIRALL nmllmou. . \

42,1 Figure 4-1isa block disgram which shows the
' Model 431C Power Meter with an assoclited thermistor =
" mount.
.thermistor elements, Re and Rq, which are mounted

-

AlT2,

4., When RF power is npplied to thermistor eluun.nt
i Rg,.an amount of 10 kHz power equal to the RF | power

‘Model 431C ', i’

: vy ! j B . 1
C o o
) o '-- PR I

1

15 ’: .)1 )l|

The thermistor mount: contains two sets of'

in an identical therml.l environment with Re isolated

'from applied microwave power, Thermistor elements

Rg'absorb the microwave power applied to the mount

and initiate a power leve} data copversionto a corres- -

ponding meter Indication. Thermistor elements Rp
provide compensation in the inetering eircult to cor-

‘rect for ambient. tempenture changes at !he therm[e-—

tor mount. \, o )

' ! , ; DR t.'

separate fe:dback loops. Regenerative (positive) feed-
back i5'used in'the detection loop; degenerative feed-
back in the meterlng loop. Thermistor elements are
uecd inone arm of each of the self-balancing bridges.
In'the detection loop, the 10 kliz oscillator-amplifier.
supplies enough 10 kiiz, power (Ijg kHx) to blas ther-
mistor element. Ry to the operating resistance waich

‘balances the RF bridge. The same amount of 10 kHz

'

power is also supplied tothermistor element Rc bythe .
nerlee-connected primaries of trpnsformers AlTland

- L
' '
B P
TS .
ooty doty

is removed from thermistor’ element Rg by the self-

; balnnelng actionof the RF bridge. Since the primnrlee

of 'AITI and AI1T2 are serizs-connected, the same

" amount of 10 kH7 power i= also removed. Irom ther-

mistor element Re, thus, the action which balances'

S

1

© the RF bridge unbalances the metering bridge. The
melermg bridge loop autpmatically re-balances by-

stituted DC power-is also equll to the applied RF
power, Instead of metering the feedback current di-

meter acale, an’analog current is derived which Is
proportionalto the square of thefeedback.  Sincs power
is & pqg.are-lawfunction of current, the analog current
thug derived is proportional to RF power, mnlrlng poB-

- sible the use of a linear acl.le on the meter.’ S

J..‘.‘ , N -;'

4-5, 'rhere is llttle drl.(tof the power meter zero point
when .ambient temperature at the thermistor mouht
changes' because ‘of compensating thermistors. For
example, if the amblent temperature at the mount in-

_gubstituting DC power for 10 kkz power, Since'the.
10 khz power equaled the applied RF power, the sub-

1

. creases, R decrease in electrical power to the ther-
mistors is required tohold thuir operating resistances

constant. Thedecrease, for both thermistors, israade

, Rutomatically by the detection loop which reducee

lOkHz power. The nmounlo! DCpower inthe metering
T h ‘ ) ) : S ! H

'02316-1 f‘d

+

1

4-3. 'rhe power meter éircultry lncorpore,tes two -
bridges which kre'made pelf-balancing by means of

t

P
K

‘rectly, which would require the use of a nonlinear g

. nal from. the RF bridge to decvease, Accordingly,

Lo skemoN v | o
R rmuclms or OPIIATION ST

[

R T -“Bection IV
(LI R Plngrlphsnl-lto -10

b . oo \[g'
. . . ¢
i Ly : I

LI I

f
i I [ |

loop rem:ins une!:nnged however, and Bince thls DC
power controls the meter action, the ambient temper-
ature changes do not affect the meter indication. The

., 'compeneation’ cnpability depends upon the match of

", thermistor temperature characteristics. . When ther-
mistor mounts ave built; the thermistors are selected

‘ 'to insure optlmum match of lhormnl charecterlstics.

. Figure 4-2, The RF detection bridge combines with;

'| ' ' , _ . Lo
)

4-6. CIRCUIT DIICIIPTION. S

4-7. RF DETECTION BRIDGE, A elrnpluled sche-
matic diagram of the RF detection bridge is shown in

a high gain 10 kHz tuned amplifier to form a 10 kHz
. ‘oscillator-amplifier. The bridge and amplifier are
connected in & closed loop (the detection loop) which
provides positive feedback to the: Input of the ampli-
. Iler. Thefeedback canses the amplifier. znd essociated
"-bridge circuitry to oscillate. The RF bridge includes
thermistor elements Ry, secondirywindings of trans-
former A1T2,. capacitance represented by Cp and Cp,
and & fixed reslstnnce bridge arm consisting of AIR10

" and parallel reqlstnnces selected by the MOUNT 'RES

switch. , b .
_‘. . Jo N BEFEEE
|

- '4-8, When the power meter is off, thermistor Rd l;

at ambient temperatire and.its resistmce is about
1500 ohms; the RF bridge is unbelnnced. When the
. power meter is iurned an, this: unbalnnce of the RF
bridge causes alarge orror Bignal tobe epplied to the
10 kHz oectl!ntor-ampliﬂer. Consequently, mnxlmum

* 10 kHz bias voltage is applied to the .RF bridge. As

this 10 kHz voltage biases Ry to its operlting resistance’
(100 or 200 ohms) the RF bridge approaches’ a state
of balance and regenere.tlve feedback diminishés until
i -there is just sufficient 10 kB; bias power to hold Rq
atoperating resistance, This conditlon is equlllbrium
for detectlon loop. Lo o 5

. o L H‘ Yo , H

‘ oy

4-9. Wlth nppllcntion of R‘F‘ power, the reslshnce of
thermletoer decreases causingthe regenerative Big-

36 kHz' power diminishes, the thermistor returns to
‘operating resistance and lhe detectionlloop regalns

equll'brlum. ‘

1

' B i
oo 1 . | o ]

4-10, The MOUNT RES switch, Sl. chnnges the re-
sistance arm of the RF detection hridge o that the

"'bridge will function with either a 100 ohm, 200 ohm,’

+ or 200 ohm balanced thermistor mount. The 2000 BAL
position allows the poxer 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 thermietors with their

; H ;
o 1 v . ) 4- l

H



. - . i P . . : J : -

a common point grounded. Identical capacitors are con-
/* . nectedin a similar'manner across A1R10 inthe resis-
tance arm of the RF detectionbridge. All other grounds

. 15 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,

. ‘ b ' o )

1) P

K e . }

i

i ciRculy. R C
Yoh =12, A siinplified schematic diagram of the compen-
' sation and’metering byldge circuit is shown in Fig-
!'ure 4-3. Operation of the metering bridge circuit is
. iy, 8imilarto the RF detection bridge circult, it uses the
.+ ' same principle of self-balancing through a closed loop
" (metering loop). The major difference §s that DC’

" 4-11. COMPINSATION AKID MITERING BRIDOR

. bridge, changes meteringbridge reference resistance nooo
from 100 to 200 ohms.. When the MOUNT RES switch - y e

t

'are removed from the bridge so that the entire bridge _

+ initiated by the RF

. .- rather than 10 kHz power is used to re-balence the -

point is adjusted by the
which constitute one arm

' loop. The resistive.balance
o ZERO and VERNIER controls
. 1

SRS I >

' rfum in the metering circuit.

of the bridge, The MOUNT RES switch, which is me-
chanically linked to both the' RF bridge and metering

is in the 2009 or 20002 BAL position some of the feed-
back current is shunted to ground through R1.. This)
maintains the IZR function constant when mount reais-

‘ e i R I - i SEE R - . LS
:?“,' ! :l}!'( . 1‘ : i l ! L » ‘." ,‘ I ,]ﬁ |‘ 4 - ‘! ! . - “'}7“ " e .
[T 1oy .“”J< \ ) - [T - LA ".‘. T Lo 0 i 4 H R
P LRI g IS T R BN u‘_ “h i s L i : ot P
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, : Figure 4-2. RF Detection Bridge -
; b ‘ o Co e B '
S . : g '

tance 1s changed from 100 or 200 ohms.’ The switch <

lso adds the necessary reactance for each position.
) v J';‘ . ' ’ !

J_':‘)

N

4-13. The same 10 kHz power change produced in the -
. RF bridge by RF power also affects the

meteringbridge -
through the series connection of A1T1 and A1T2 pri-
raaries. Although this change of 10 kHz power has
equal effect on both the RF and metering bridges, it is
bridge circuitalone. The metering
bridge cannot control 10kHz 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,  separate, closed DC, I

feedback loop (metering loop) re-establishes equilib-

02316-1
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4-14, Variations

i}

1 g:.;"‘l"i L '-,1'.

in 10 kHz bias lével, Initiated in the
metering bridge, and there is a change in the 10 kHz
exror signal (Iyo kHz) applied tothe 10 kHz tued am-

plifiers in the meteringloop. These error sjgnal var-
iations, are amplified by three 10 kHz amplifiers, and

rectified by the synchronous detector. From the syn- -

chranous detector the DC equivalent (Ing) of the 10kHz
signal is returned tothe meteringbridge, and is mon-

- ltored by the metering clrcuit to be indicated by the'
meter. 'This DC feedback to the,metering bridge acts
"to return'the bridge to its normal, nea
condition., ' ) ' A\ ‘

I
W ¢

4-15. The reactive cdmponel;i_s of ‘the meterlngﬁrldge"

i

|
.

M

\ L

L]

RF bridge circuit, cause proportionalunbalance of the

r-balance

0
"

Section IV
14 to 4-17

A

- ‘
; Pazagraphs 4
! oo . 0o "
AlL1, Null adjust, Cl, is an operation adjustment:
and L1.i8'a maintenance adjustment.  Null adjyst C1,
13 adjusted with the RANGE switch in the NULL posltion,
The 10kHz signal is taken at the synchronous detector, '
.rectified by AICR8, and read on the meter. The rec- ,
 tifled signal contains both reactive and resistive volt.
age components of the bridge unbalance," =~ = "

|
) :

i
Vi S

L
"

© 4-16. SYNCHRONOUS DITECTOR. '
4-17. A Elmpil’.led schematic of t‘hg synchronous de-
tector (s 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 ia

& bridge rectifier which as a rectifier in series with

- )

3]

" iare balanced with variable capacitor C1 and inductor ; @ linear{zing resistance in each of Its arms. Two
. o o ' ' . Y o . oy .
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'10 kHz voltages, designnted E3 und E( in Figure 4-4
are applied to the bridge} 1) voltage EJ, Induced lnthe
secondary of transformer A1T3, is proportlonal tothe '
metering bridge error, signal and {s Incoming from
10 kHz tuned amplifier Q3; 2} voltage E4, induced in
the secondary of A1T4, is proportional to a. voltnge
supplied by the 10 kHz osclllntor-ampliﬂer. Voltage
E4 ismuch larger than voltage E3 and switches appro-
priate diodes in andoutof the circuit to rectify veltage
ES. Sectlon (a) of Figure 4-4 shows the current path
through diodes A1CR2 and A1CRS3 for a negative-going
signal. The rectified output istaken at the center taps
of transformers AITS and A1T4.
L j N
| L n . .
r i hY

4-18. The synchronous detector operates in the fol-
lowing manner. When the , Mt side of ALT4 1s positive
with respect to the right’ oh\e, as In Figure 4-4(a), /
diodes AICR4 and A1CRS cunductwhile diodes AICR2' |
and AICRS3 are biased off. Withthe polarities reversed,

as In Figure 4-4(b), the diodes A1CR4 and AICR5 are
blased off. The resultantcutput is a pulsating DC'sig"

nal equivalent tothe applied 10 kHz error olgoa.l. The conducung A

y

4-4

Cot ) ‘ o .
- Figure 4-4. Synchronous Detector  \ _ ey

pulsating DC signal isﬂltered and npplied to diﬂeren-
ntlal nmpll.!ler Al1Q8 nnd A1QO. o

4-19. The operation of the synchronous delector re- ;

quires an in-phase relationship between E3 and E4.

“The amplitude of E4 must be greater than that of E§
- at all times. . _ ‘ i

b
l ) ; -ll..

4-20. FEEDBACK DIFFERENTIAL AMPLIFIER.

~4-21. 'A simplified schematicdiagram of the feedback
differential amplifier ts shown in Figure 4-5. 'rhe
feedback circuitdifferential amplifier comprises AIQE,
A1Q9 and associated circuitry. Pulsating DC from the |
synchronous detector is{iltered by A1C19, A1C20, and
_ A1R35, ampliiied by A1Q8 and fed toboth thefeedback
current-squued generator A1Q11, and the feedbnck '
" current generator A1Q10. Temperature compensation

1

-and low emitter circuit resistance for A1Q10 is pro-

‘vided by A1Q9., Diode AICRT protecis AIQI0 and
~ Al1Q11 from excesslve reverse blaa when Al1Q8 is not

. L 0281641
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-13. A simpliﬁed schematic dllgrnfn of the feedback L DC BIAS TO o -
current generator is shown in' Figure 4-6. The DC COMPENSATION

signal from the differential amplifier is applied to the
feedback cuirent generator A1Q10. A1Q10 servestwo

functions: 1) it completes the metering loop to the.

metering bridge, and 2) it operates in conjunctionwith
the first 10 kHz amplifier, AlQl, and the RANGE
switch to change metering loop gain so that the meter

‘will rerd full scale for each power range. Potentiom-

eter adjustments are provided to accurately set the

calibration oneachrange. Diode A1CR6 providestem-

perature compensation for A1QI0. . )
T . t ) o . . :; .

"y

4-24. M!l’ll CIICUI'I'. -

" 4.25. A simplified nchematic dlngram of the meter

circuit is shown in Figure 4-7. The meter circuit in-
cludes feedback current-squared generator A1Q11, a
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-:

tional! to applied power, to a square function so that
power may be indicated on a linear meter scale. The

linear voltage functionis applied to the base of AIQIL
- and is converted to s square law functionby the squar-
- ing circult in series with A1Q11 emitter. : ;

- 02316-1° '

5 " : ’ ) : )
B . L )

. AND METERING AIR40

' BRIDGE

1

a FEEDBACK
.+ CURRENT

GENERATOR -
AQ10

*(FEEDBACK
GENERATOR -

NULL

B

-
~18VDE -
X _

PO o
Osz

{tﬁi@ﬁg

FULL SCALE i Q s
ACCURACY . I
POTENTIOMETERS !

apc-h-r

-isvoc :
Figure 4-6. Feedback Current Generator

] | . | 45

' ) RS
TO BASEOF |
CURRENT,s R




Bectlon IV . L P Model 481C
Para.graphs 4-—26 to 429 _ : i KN
S , 1 T
e (FEEDBACK Tz . - | S
PR ~ CURRENT)® | Be? —» ¥ . .
D ~ - GENERATOR . S L
. _FROM ' ' -
ot e . e (VR
U AIQB-AIQ9 } -\ o LEACTOR] 0
PRRRES ; _ : $AZR24 E
o | SQUARINS ciketiT * 1% werer 4 iy S
’ \ ©_| REsisTANCE P

S, 1 ZAIR42 ZAIR43 BAIR44 3AIR4S 55&_!'1146 $AIR4T -

H

My iy

AICRS |AICRID [AICRII |AICRI2 |AICRIS JAICRI4
A .
i

| |
DI

i ' ! 1
) ‘ B . 2!
|.l ! : 1 ! W
e ) - 0o
)

Yy
'

C o : ) -18voe ¢

] ) ¢ i ]

T
! '

4-26. HITIIING CIICUIT DIIIIIINTIAL
< AMPLIFIER. ‘

4-21. The metering cirzuit RECOI!DER/ LEVELER
output is a voltaze of lowsource impedance necessary
for isolation between a recorder or leveler amplifier
and the metering circuit of the power meter, The Iso-
Iation circuit comprises the differential amplifier -
A2Q6- A2Q7 and output transistor A2Q8. The voltage -
developed across AZR38 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 A2¢¥1, Anydifferencevoltage creates anerrorvolt-
xge 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
s the DVM reference voltnge. ‘

4-28. SQUARING CIRCUIT. A simplified schematic
diagramof the squaringcircuitis shown in Figure4-7.
The squaring circult includes diodes AICR9-14, and
resistors AIR42-54. Temperature compensulcn for
the squaring.circult is provided by AICR16. -

4-29. The ,design of the squaring eircuit 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

emlitter resistance to be proportionately greater for , :

‘.'Ie ) . . ]

1 .

J

VW

2azR27

RECORDER/ S
. LEVELER

ek LLEVELER'}
; | R
@""; AZUS-A208 f‘ ,
+ . ' '

3 1 , AICRIS, R2%
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1 ot } !
i : - '
I :T;\ED!_;’ I : ‘,,.
} A )
2A2R38 ! . )
1. b .
i ' 43IC-B-8 gt
] 1 :
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Flgure 4-7. Meter Circuit' © S
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larger currents, Thus, the coueclor currentof AlQlI
is made to approximate a square law function, nnd the
meter indicates power on a linear scale. ,

!

4-30. ZEROING " Perlect balance of the metering

"bridge would mean that no 10 kHz error signal would

be applied to the 10 kHz amplifiers, there would be no
DC feedback from A1Q10, and the metering loop would:
be open. With an open metering loop, zero reference
couldnot be accurately established. Inthe Model 431C
this occurrence is prevented by insuring a closed me-
tering loop even when the ZERO control causes the
meter pointer to deflect down-scale from zero, By

the combined actions of AIR36 and A1R33, the zero

setting of the' meter pointerdoes notcainclde with ab-
solute balance of the metering bridge. A slightunbal-
ance of the bridge is maintained by A1R36, while A1R33
provides a counter -actlon in the feedhack ‘current-,
squared generator, A1Qll, so that the meter can in-
dicate zero even though the metering bridge is not
perfectly balanced.» Res!stor AIR33 also sets the full

. scale mccuracy of the meter.

\ Figure 4-9. Power Swltch Ari-angement

i B
ST anIgegey

i
t

4-31. pC SUISTI?UIION.

4-32. A simplified schematic d!agrnm of the BC Sub-
stitutionand Calibrationcireuit ts shown in Figure4-8. .
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, Inc, is supplied
to the DC CALIBRATION termlna.ls on the rear panel
and adjusted to allow the RF detection bridge to pre-
cigsely duplicate the RF power measurement reading, -
Calculation of DT power from the substituted DC cur-

- reat gives an accurate measure of the unknown Rl-"

microwave power !

4-33. REGULATED POWER SUPPLY.

4-34. A simplified schematic diagram of the power .
supply is shown in Figure 4-8. 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

_ cutputs are provided by the power supply. Regulated

e 4
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Paragraphs 4-35 to 4-37 L

voltages of -18, +1,3, and -25 VDC operate the power
metercircuits, The current outputs areused formain-
taining a trickle battery charge for recharging the
battery. o _ - :
4-35. ‘' The -18 VDC. is regulated by a conventional
geries regulator, A2Ql through A2Q5. The unregu-
lated -25 VDC is developedacross A2CRI1 and A2CR4.
The +1.3 VDC Is taken across the series dlodes, A2CR6
and A2CR7. The -18 VDC supply Is adjusted by A2R36.
. h

4-36. POWER SWITCH, ’

4:37. A simplified schematic diagram of the power
switch arrangement is shown in Figure 4-8. The

i '

i

Model 431C

N ) . t : ";‘ - T
_ 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
s supplied to the battery. Inthe BATTERY ON po-
sition, instrument operation isdependent on the battery,

. In the BATTERY CHARGE position, -26 volts is con-

nected to the battery for recharging. Inthe BATTERY
,TEST position, battery voltage can be measured on
the 0-3 mW scale. Battery voltage is 10 times meter
scale reading. Proper charge of the battery is indi-
cated by a reading within the BAT CHARGED region
on the bottom of the meter face, S :

02316-1




Model 431C

5-). INTRODUCTION.

5-2. This eection provides instructions for perfor-
mance testing, callbration 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 spectfications, 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’

b

SECTIONV
n’ulmmmc!

‘ Bection V
. Paragraphs 5-1 to 5-4

3

1

the zero markon the meter scale whenthe instrument
is: 1) at normal operntlngtemperature. 2) inits nor-

mal operating position, and 3) turned off. Set the -

pointer asfollows to ohtain bestaccuracy and mechan-
lcal stability:

a, Turn lnstrument oH .

b. Rotate the meter mechanicnl adjustment screw

clockwise until the meter pointer is to the leftof zero
and moving up the scale towards zero. Stop when the
pointer is exactly over the zero mark, lI the pointer
overshoots, repeat step b.

¢. .When the pointer {5 exactly on zero, rotate the
adjustment screw approximately 15 degrees counter-
clockwise, This frees the adjustment screw {rom the
meter suspension. If the pointer moves during this
step, - repeat steps b and (-8

Table 5-1. Recommended Test Equipment

Instrument Type '

Critical Specifications '

-1

Recommended Model

Frequency: 10 kHz

Direct Current Power Range: 0.01 to 10 mW' hp 8402B
Source Accuracy: 20.1% S ,
Electronic Counter Sensitivity: 4V rme 1 ' hpesi2A

1

: Accuracy: 10,01% or better
Resolution: Five digits -

DC Voltmeter :

Ra.nge: 0.5t0 50 volts DC ',
Accuracy: 20,05% ' !

Input Impedance: 10 Megohms, floating
Resolution: Three or more digits

hp 3440A with 3443A plug-in -
unit

Input Impedance. 1 Megohm

Ohmmeter Range: 1 ohm to 10 Megohms hp 410B/C
- , Accuracy: 25% hp 412A
, ) hp 427A
AC Voltmeter Range: 10 to 100 mV hp 403A/B" )
' Accuracy: 35% hp 427A ' .

Oscilloscope

" Sensitivity: 1 mV/division

. Bandwidth: 100 kHz
Accuracy: 5%
Input Impedance: 1 Megohm

L plug-in units

hp 140A with 1400A and 1402A

Thermistor Mount

Refer to Table 1-2 for recommended
thermistor mounts

. hp 486A Series

hp 478A

Decade Capacitor Rarge: 0.0 to 0.01 uF General Radio 1419-B
: Capacitance per step 100 pF
Accuracy: 2% @ "
Audio Oscillator Frequency: 10 kHz hp 200AB
Accuracy: 2% . hp 200CD

102316-1
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Secticn V . .
Paragraphs 5-5 to 5-13

5-5. PERFORMANCE TISTS.

H 1 !
‘5=-6. PURPOSE., The procedures listed in Table 5-2
test power meter performance for incoming inspection,
- perlodic evaluatiop, calibration and troubleshooting.
The tests can be performed without aecess to the in-
strument interior, Specifications in Table 1-1 arethe
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.

, 6-8, GENERAL. The followingprocedures 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 malfunctloning due to a circuit faflure.

. 5-8. Toavolderrors due to possible ground loop cur-
rents, isolate the power meter from ground used for

oI

Model 431C

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

- 5-10, Several circuit component parts of the power
meter are selected at the factoryto meet specific cir-
“cult requirements. The factory selected paris are

indicated by an asterisk on the schematic diagrams -

and in the replaceable parts list. . Table -3 lists the
circult 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.

1
b

5-13. TOP COVER REMOVAL. |

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

' I

i
1

o ‘ Table 5-2. Performance Tests -

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

L B 1

f'rocedure _
a. Connect equipment &s shown in Figure 3-9.

‘b, Set 8402B Calibrator controls as follows:

' FUNCTION. . + » CURRENT OFF
RA,NGE‘.----..;----I-U .Olmw

. MOUNT RESISTANCE tocorrespond with resis-
tance and type of thermistor mount used,

L A ]

c. Set 431C Power Meter controls as follows:

CALIBFACTOR. . . . . v » + & » . 100%
POWER- L A LI A e ON
] RANGE' L] » L] » - L] » L] - » L] » .01 mw

. type of thermistor mount used.,

d. Null and zero-set the power meter (refer to
Turn-On and Nulling Procedure, Pigure 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 callbrator with-
in 21% of full sccle. : '

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

controls on power meterto obtainan exact 10mwW
reading.

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

" in 1% of full scale, ; '

g- If necessary, adjust ZERO and YERNIER

MOUNT RES to correspond with resistance and

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

Procedure

8. Connect hp 3440A DC Voltmeter to DVM out-
put jack on rear of 431C Power Meter (refer to.
Paragraph 3-48),

b. Set power meter controls as follows: .
ON

POWER. » » - )) ; L] » " » - " L] L] » L
RMGE. » L » L] L] L » Ll L4 » » » - Iol mw
CALIBFACTOR. . . . .., .. ... 100%

MOUNT RES 1o correspond with resistance and
type of thermistor mount uged. P

¢, Adjust ZERO for 0.000 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 0,000 +.005 VDC on
~ each range.

1

!
?

8. VOLTMETER OUTPUT: 1,000 VDC 20.3% into
500 k ohm or greater load at full scale meter
deflection.

Procedure

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

b, Set 8402B FUNCTION switchto CALIBRATE,
Reading on DC voltmeter should be 0.997 to
1,003 VDC, and correspond with full scale meter
reading of power meter. ]

02316-1
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. PLASTIC FOOT . BOTTOM COVER
assepay - REEAE ,

H
H
1

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

‘514, 'TOP COVER REPLACEMENT.

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

b. Slidethe coverforward allowing its forward edge
to enter the groove In the front panel.

c. Réplace the two cover retaining screws.

© 5-15. BOTTOM COVER REMOVAL.

4. Set the tilt stand as shown in Figure 5-1.

the cover.

02316-1

b. ‘Remove the two retaining screws at the reir of '

P - . Bection V
. Paragraphs 6-14 to 5-18

TILT STAND

SIDE COVER
; i |

Figure 5-1. Cover Removal

)
"
1
o Yy

e Slide the cover rearward Iﬁr enough to free its
forward edge from the front foot assembly.

d. Tilt the forward edge of the cover upward and

b

Lift the cover from the instrument. »

5-16. BOTTOM COVER REPLACEMENT,

©' &, Set the tilt stand as shown in Figure 511.

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

(see@, Figure 6-1). ‘ ,

c. Slide the cover forward onthe guides so'thag the

- formed portion at the rear of the cover slides overthe

+ two short projections at the rear corner of each side _ ‘
frame (see(3), Figure 5-1). D

' d. Repln'ce the two retaining screws and the rear

foot assembly. : '

5.3
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Pungrnphs 5.17 to 5-18

Table 5-3. Circuit Requirements for
Factory Selected Parts

Part Circuit Requirements

Ref. Desig.
R25 !

Full scale deﬂection, of meter M1

I when 1 mA of DC flows through .
the combination of the meter and
R25.

Balance of RF detectlon bridge
when using & 100 ohm thermistor
mount with no microwave power
applied.

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

- applied.

NULL capacitor, Cl, set near
midrange for null when using a
200 ohm thermistor mount, Refer
to Paragraph 6-20.

NULL capacitor, C1, set near
midrange for null when using

' 100 ohm thermistor mount. Refer
to Paragraph 5-20,

10 kHz oscillation of oscillator

_amplifier, A1Q4-Q7, whenusing
a 100 ohm thermistor mount. Refer
to Paragraph 5-22,

Frequency of 10 kHz for AITS/
AIC15 tuned circuit combination.
. Refer to Paragraph 5-21.

by

) ‘ s

-AIR7 | |
AlR9 |
AlCl

AIC2

AlI.C? I.

AlC22

5.17. POWIER SUPPLY AD.IUSTMIN‘I’.‘ '
Procedure

Note

An ndjustment of the power supply voltnge
may require a readjustment of the full scale
accu;'acy potentlometers (refer to Pa.ra.graph
5-18

a. Connect & DC voltmeter between p!nw XAZ nnd
ground. e

“b. Adjust A2R36 Ior -18 00 20,02 VDC. ,
. )2

5-18. lUll SCALE ACCURACY 'ADJUSTM!NI‘S. !
Procedure. - :
‘B Connect equlpment as 5hown in Flgure 3-9. -

b. Set 8402B Calibrator controls as follows

FUNCTION. . . »'+» » « » » . CURRENT OFF .
MOUNT RESISTANCE to correspond with resis-

tance and type of thermistor mount used.

sl 1 . [

} '
Range B402B Calibrato'n 431C Power Meter
(mW) | Function Adjust Reading
1 .01 | cURRENTOFF | ZERO | 0.0
| .01 | CALIBRATE A2R14 | .01 mW
.03 | CURRENT OFF | ZERO 0.0
.03 | CALIBRATE A2R13 | .03 mw
.1 | cuRRENTOFF | zZERO | 010 .
.1 CALIBRATE ‘A2R12 | .1mW
.,3 ' | CURRENT OFF | ZERO 0.0
.3 CALIBRATE | AZR1l .3 mW
1 CURRENTOFF | ZERO | 0.0
1 . | CALIBRATE | A2R10 | LOmW
3 | currenTOFF | zZERO | 0.0
3 ' | CALIBRATE A2R9 | 3.0mwW
10 | CURRENT OFF | ZERO 6.0
10 | cALIBRATE A2RB - | 10.0 mW

i

¢, Set 431C Power Meter ar follows: ! g

POWER.--...----.-h}-.-.ONM:

CALIBFACTOR ., - ) t.o v v riv » o+ » 100%
‘MOUNT RES to correspond with r f ‘stance drd -
type of thermlstor mount uged.’

' d. Null and zero-set the power mvgter (reter to 'Purn
On and Nulling Procedure, Figure 3-6),

e. 200 OHM THERMISTOR MOUNT, ‘Bet callbrator
and power meter controls and rnnke corresponding

justment o5 listed below. . “,'

f. 100 OHM THERMIS'DOR MOUNT, Setcnlibrator
and power meter controls and made corresponding
ndjustments as listed below.

s

Range | 84028 Calibrator 431C Power Meter |
(mW) { Function Adjust Reading *
.01 | currentoFF | zero | 0.0
.01 | CALIBRATE A2R1 .01 mW
17 :
:,03 | CURRENTOFF | ZERO | 0.0
.03 '| CALIBRATE A2R2 , | .03 mW
.1, | CURRENTOFF | 2zERO | 0.0
1 | CALIBRATE = | A2R3 1 mw
| .3""| cuRRENTOFF: | ZERO | 0.0
‘7] -3 | CALIBRATE ' | A2R¢ 3 mwW
1. | CURRENTOFF | zERO | 0.0
1 CALIBRATE A2R5 1.0 mW
|3 CURRENT.OFF | ZERO |’ 0.0
3 CALIBRATE A2RS 3.0 mW
10 | cCuRRENTOFF'| ZERO | 0.0
10 | CALIBRATE A2R7 10.0 mW
02316-1
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=l o 3/
! II|

&, 'Peiform steps & through c of ZERO CARRY-&

t OVER performe.nce test, Table 5-2, ) )

.’ Rotate 431C Power Meter RANGE switch clock-
wise through remRining ranges. Adjust' AJR37 to hold

" DCvoltieter rendtngwithtn 0.000 40,005 VDC'on each

‘ ﬂnse- ' ri).

}

5-20. ¢OAISI Mlll ADJUSTMENT.
‘ Procedure Lo : _—
100 OHM THERMISTOR. MOUNT

a. Connect 100 ohm thermlstor mount to power
meter,

b, Connect osctlloscope or ACvoltmeter from A1R55

to ground. , i

¢. Set power meter controls as followe'
POWER.................ON
RANGE..--.-‘-------- Dlmw
CALIBFACTOR . . « + +» + + » + » » + 100%
MOUNTRES- L R O T A 1009

d. Adjust ZERO control for an on-eclle meter
reeding. :

e, Mechnnlcatly center NULL cepacltor, Cl.

f. Adjust AIL1 for a voltage null at A1R55. Fine
adjust NULL capacitor C1 forless than 1.6 volts peak
to peak,

g. Set power meter RANGE switch to NULL, end
{ine adjust NULL capacitor C1 fora zero power meter

‘reading. Cl should remain near mechanical center
- of range £10°,

h.' Rotate power meter RANGE ewltch clockwtee
through remaining ranges. Voltage null at AIR55
should remein less than 1.5 volts peak to peak.

200 OHM 'I‘HERMISTOR MOUNT
i. Connect 200 ohm thermtstor mount to power

- meter.

§. Connect oscitloscope orAC voltmetertrom AlRS5
to ground. )

k. Set power metler controls as follows. -
L) L] » ON

3 meR L] - » [ ] [ ] [ 3 » - » . - » » L]
RANGE L) L L] » » » L » * - L] - L2 . Iol mw
CALBBFACTOR . . . .. ... ... .100%
MOUNT RES [ ] L] ] » - » L] L] » » L] » L] - 200“
m. Adjust ZERO control for an on-scale meter :
reading. )

n. Mechanlcllly center NULL capacttor Cl,
o. Select capacitor AIC1 (refer to Table 5- 3) for a

.voltage null at AI1R55, Fine adjust NULL cepacitor

C] for less than 1.5 volts peak to peak.

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

02316-1
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Note b

If 2 null cannot be obtained, do not. eelect -
AlC1 for a value greater than 1000 pF. In-
‘crease A1CR in 50 pF steps, and repeat etep.,
, dthroughg untt) liralts are, met, . '
t )i
s-nt. OSCII.LATOI !ANK tlICUIT 'I’UNING.
X Procedure -

a. Connect 100 or 200 ohm thermlstor mount to
power meter. f

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

¢. Disconnectnegative side of capacitor A1CI8 from
power meter assembly board A1,

d. Connect 200CD Osclllator output and electronic

. counter input between negative lead of capacitor A1C18

and ground.

e. Connect oscilloscope probe between pointof eir-
cuit from which A1C18 was disconnected and ground,

f. Set vertical sensitivity of osctlloscope 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 m frequency of 10.00 20,02 k.Hz Range of AIC22-
300 pF to 8000 pF. , 0

i. Install selected value of A1022 and reconnect
negattve lead of AlIC18 to assembly board Al.

5-22. OSCII.I.A!OI FIIQUINCY ADJUSTM!N‘I’.
Procedure

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

N'ote
Osclilator frequency wtllvery approxtmntely
40,1 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 wavegutde mounts do not require
0 terminetlon _ i

b. Set power meter controls as follows '
POWER.........'...
CALIB FACTOR ., . .
MOUNT RES to correspond to resistance andtype’

of thermistor mount used. .

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

d. Perform the following adjustment that corres-

|
LI T I |

* 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 20,05 kHz Instnll selected value of
AlC3,

! ' 5-5
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(2) 200 OHM THERMIS‘I‘OR MOUNT, Adjust AIL2
%, for an oscllln!ion trequency of 10 00 20, 01 kHz,

- 5-2%. 'IIOUII.ISHOOTING.

5-24. Check the fuse'to ensure that it is not open.
leke & thorough' visunl inspection for burned out or
loose components, loose connections, contaminated
switch contacts or any condition that mny suggest a
source of trouble. ‘

5-25, The first step in trmbleshootlng the 431C is to
isolate the trouble to either the thermlstor mount and
thermistor-mount cable combination or the power
meter, The operating note furnished with hp'thermis-
tor mounts glives a procedure.to check the thermistor
mount. This procedure wil! 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.

1

Model 431C

5-26. 'I"ROUBLE ISOLATION, Circuits iﬁ-the 431C
can be divided into five basic functional units as fol-

lows: 1) RF detection bridge and 10 kHz osclllator-"

amplifier (A1Q4-A1Q1), 2) compensation and metering
bridge, 10 kHz amplifier (A1Q1-A1Q3} and syhchro-
nous detector, 3) differential ampli!lér (A1Q8-A1Q0)
and feedback current generator {(A1Q10), 4) feedback
current-squared generator(AlQll) and metering cire
cu!ts, and 5) power- supply. & )

5- 27. The procedure in Table 5—4 nllows front panel

controls and indications to be used to isolate fajlures:

to particular baslc functional circuits, The procedure
is limited by the extensive use of feedback: mops and
interdependence of.clrcult operation, -

5-28. The following assumptions are made throughout
the front panel trouble isolation procedure; 1)the ther-

+' mistor mount and thermistor-mount cable combination

_ is working properly, 2) transformers inthe detection

' Table 5-4. Front Panel Trouble Isolation

Step Instructlons o " Indh.atlon Action or Trouble Circuit ,
L. #. Connect thermistor mount No meter r. \lgg 'Proceed with step 2
2' g:: gg&%%t& 31& mw. Meter reads below low| Proceed with step 3
' ! scale limit or meter : ! :
d. Adjust ZERO for zero meter reads above high scaJe
reading, - if possible Iimit 8
e. Rotate RANGE from .01 through | . .
10 mW
2. a. Set RANGE to 10 mW No meter reading Proceed with step 3
b. g‘:ﬂi RF power to thermlstor ~ Any meler reading !B, Perl:f‘?i'm ASC(QURAC¥ pfrformancie
. test gure Particular range in-
¢ E:&f er?nfﬂRATf Eb{:?;zdm mW , cl.:racy. check first for improper
ng renge resistance gelected by RANGE
! ' switch (A152), All range inaccuracy
- 10 kHz amplifier (A1Q1-A1Q3) and
feedback current generator (AlQlO)
i | combination or power supply.
"1 b. Proceed with step 3.
3. 'a. 'Remove RF power from. Meter reading that Proceed with step 4
thermistor mount changes with NULL o
b. Set RANGE to NULL adjustment ;
¢. :ﬂijt:l:ttmﬂtl‘ L screwdriver Meter reading that Compensation and metering bridge,
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-A1Q7)
combination .
, ’ Power supply
4. | a. Set RANGEto .01 mW, Zero - Feedback current-squared generator
b. Adjust ZERO for zero meter (A1Q11) and metering clrcuits.
reading
‘ No zero | Differential amplifier (A1Q8-A1Q9)
¢ ?g t;t&WGE from .01 through and feedback current generator (AlQlO} :
A combination
: : ' Zero does not carry- | Differential amplifier (A1Q8-A1Q9)
' _ : : over within speciﬁ- and feedback current-squared generator
: T cations v (A1Q11) combination

1
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b . . : b

bridge, meterlng brldge mdsynchmnouu detector hnve ' e::lmple, a germanlum transistor hna atypical forward

not failed, and 3) onlyone bulcfunctlonnl circnlt has bias, base -emitter voltage of 0,2 - 0.3 volts when
failed, b i+ 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 nllicon transistors is about
twice that for germanium types: about 0.5 - 0.6 volts
when collector current is low, and about 0, 8-0. Bvolts
when collector current is higin

5-34. Figure 6-2, part B, shows simplified versions
of the three basic trajnsisior ecircuits and gives the
 operating characteristics of each. When examining

5-29, Front panel trouble lsoluion is lntendedonlylo ‘
*+  puggest the most probable mnctlonnlc!rcuit failire and
“to glve a general dlrectlon in which to look be!ore
starting a detailed’ troublenhooting procedure..

5-30, It is important that the’ procedures’ listed in
Table 5-4 be performed inthe orderlisted, Each step °
forms the basis on which the indications of & subse- :

‘quent step are anllyzed.‘ ; . atransistor stage, flrstdete.rmlne if the emitter-base
5-31. DBTAILED TROUBLESHOOTING. To nasist diode is bimsed for conrduction (forward -biased) by
detalled tmubleshooting» normal-operationwaveforms : measuring the voltage difference between emitter and
are given in Figores 7-3 and 7-8. Locations'of test  : base.' When using an electronic voltmeter, do not
points and components are given in Figures 7-2,:7-4, ' measure directly between emitt.r and base sincethere
and 7-6, In eddition, normal-operation voltages rela- . may be sufficient loop current between the voltmeter

. tive to chassis ground are provided on the schematic leads to damage the transistor. Instead, measure
"diagrams for the collector, base and emitter of every eachvoltage separately withrespectto a voltnge com-
transistor in the instrument. Waveforms and voltage mon point (e.g., chassis)., I the emitter-base diode
measurements were made with & thermistor mount ., isforward biased, check for amplifier actionby short-
connected, and the {nstrumentnulled, according to in- ,  Ing base to emltter while observing collector voltage,
structions given in Figure 3-8, The first detailed The short circuit eliminates base-emitter blas and
/' trcubleshooting checks should be performedin thefol- should cause the transistor to stop conducting (cut off).

low ingorder: 1) check for power supply output voltages Collector voltage should then shift to near, the supply
of 11,3, -18, and -25 VDC, 2) check at test point 6to, , voltage. Any difference is due to leakage current

ensure thnt the 10 kHz oscil!ator amplifier, A1Q4- through the transistor and, in general, the smaller
Al1Q7, has the proper output waveform, 3)checkat = this current, the better the transistor. If collector
test point 2 for correct output of the 10kHz amplifier, - voltage does not change the transistor has either an

A1Q1-A1Q3. Forsignal tracing throughthe amplifier emitter-collector short clrcuit or emluer-bnse open
stages, capacitor A1C10 canbedisconnectedfrom A1L1 - clrcuit, : i

and used as a means to inject a 10 kHz test signal to 5-35. OUT-OF-CIRCUIT TESTING. Re
- . Remove the tran-
the input of the first 10 kHz Impllfler, A1Q1. sistor from the circuit and use an ohmmeter to meas-

ure internalreslstnnce. Referto Table 5~ 5 for meas-
5- 32 COMPONBNT 'I‘ROUBLE ISOLATION The fol- urement data |

lowing procedures and data are given to aid In deter- . ;! b
mining whether a transistor is operational.’ Tests are : o ' ,
given forboth in-circuit and out-of-circuit transistors ‘ ‘ -

~and should be useful in determining whether a partic- Table 5-5. Out-of-Circult Transistor
ular functional circuit trouble is due to a faulty tran- - Resjstance Measurements -
sistor or an associated component. : v !

/' 533, IN-CIRCUIT TESTING. The common causes of | Transistor
transistor failures are internal short- and open-cir- Type |
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 translstor This junction

" is essentlally a solid-state diode. For the transistor PNP _
-to conduct, the diode must conduct; that is, the diode Ger- emitter | base* - | 30-50
must be forward biased. As with simple diodes, the manium o oo b=
forward bias polarity is determined by the materials emitter | collector | several

}.
!

Connect Ohmmeter Measure

 Pos. | Neg. Resistance
lead to | lead to -{ohms)’

Small emitter | base® '200-500 -
Signal | emitter | collector ] 10k-100k

forming the junction, Use the transistor symbol on : hundred .

the schematic diagram to determine the bias polarity _ .

recuired to forward-bias the base-emitter junction. small | DRse emitter | 1k-3k

The A part of Figure 5-2 ghows transistor symbols '|Signal | collector | emitter very high

with terminals labeled. The emitter arrow points NPN ‘ h (might
~ toward the type N material, The other two columns Silicon | read open)

of the {llustration compare the blasing required to

cause conduction and cut-off intransistors and vacuum ' base - | emitter 200-1000
tubes. If the transistor base-emitter diode (junction) ‘ Power '

is forward -biased, the transistor conducts.’ If the collector | emitter | high, often
diode is heavily forward-biased, the transistor satu- N tg}:‘:: tf;[

rates. However, if the base—emitter diode is reverse

biased, the transistor is cut off {no conduction). The

voltage drop across a forward-biased emitier-base :
' diode varies with transistor collector current. For

*To test for transistor action, add collector-base
ghort. Measured resisiance should decrease.
b ] \ i

02316-1 ' ‘ S ‘ . , G L 5-7
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- , A. TRANSISTOR BIASING RN §
. DEVICE ~ SYNBOL CUT OFF CONDUCTING -
! ‘ »200V +2oo\r A |
i _ ! , ’ : i .
| 0 ¢ vacuum Tuse B ~1sv @ -
B | CATHODE ' N
) ‘ }
| | : "
' " ' COLLECTOR . +20V 20V _
. X L ! : : } o uj.m
, NPN TRANSISTOR . BASE oy +.3V4 CURRENT |
L , (OR<) ‘ \ 0
| EMITTER | 8?55& Y |
» COFLEGTOR‘ -20v om0y
o o ' | MAIN
PNP TRANSISTOR | BASE ov , - GURRENT
; ) (OR%) L n\\
' EMITTER: ‘33:;23%
: : 5 b i ' . 7 ; ‘ . T . o , . 1
o B. AMPLIFIER CHARACTERISTICS. . B
| v COMMON.  f - COMMON ' [ - COMMON |
_ CHARACTERISTIC M EMTTER | ' COLLECTOR
NPUTZ ~ 30-s0n 500:1500 0 20-500K 0
QUTPUT 2 | 300-500kn . 30-50K0 ' 50-1000 Q|
VOLTAGE GAIN ' 1500-I500 , 3001000 Co<
CURRENT GAIN < | 25-50 o 2s-5
POWER GAIN © 20-30db 25-40 db . 10-20db
: R ' =I5V
: ‘ 1ov .

ouTPUT

‘ J 3 outeur
} L.
’ t P I
B X o
H L HtA-bR
Figure' 5-2. Transistor Biasing and Operating Characteristics
- ‘
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3 Table 6-6
' . . ’ v
, o - CAUTION : _ '
Most chmmeters can supply enough current or voltage to damage a transistor. Be-
. fore usingan ohmmeter to measure transistor forward or reverse resistance, check
" its open-circbit voltage and ghort-circuit current output ON THE RANGE TO BE
USED, Open-circuit voltage must not exceed 1.5 volts and short-circult current
must be less than 3 mA, . . , o ! "
Table 5-6, BSafe Ohmmeter Range fo‘r.Trnnsisto,r Resistance Measurements '
—_— o Open Ckt Short Ckt Lead :
Ohmmeter : Safe Range(gs) : I
o o | . Voltage Cprrent “Color Polarity
N B s
Rxlk ° L0V 1mA - .
Rx10k ‘ 1.ov 100 pA Red +
ip 4324 . Rx100K ' LoV 10 A Bk -
P ‘RxIM 1.0V 1A :
R x 10M 1,0v: 0.1 uA
: Rx1k L3V | 0.57TmA
: » Rx10k ' 1.3V . BT pA Red +
hp 410C Rx 100k 1.3V 5.7 pA v Blk -
. . Rx1M . 1.3V L '0)5 pA
RxioM = 1.3V 0.05 pA -
JR'X 100 Ly ' Lima o ] . 1
: Rxlk - - 1,1V 110 pA Blk +
hp 410B LU Rx10k, 1.1V 11 pA Red -
‘ Rx100k 1.wv L1 pA . -
L - Rx:IM 1.1V 0.11 pA '
‘| Simpson260 | ' ' Rx 100 1.5V ImA Red +
) \ ‘ ' " “Blk -
Simpson268 |  Rx1k .5V . | o0.82mA | ' Bk .
| ' ' - : o " Red -
Triplett 830 |, Rx100 1L.5v .| 3.25mAa . » .
: Rxlk ' 1.5V ., 325 uA '  Varles with ' 4
- ‘ o Serial Number
Triplett 310 KRx10 * 1,5V 150 pA '
. Rx100 1,5v ¢ 15 A ‘

02316-1
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é-1. IN'I'IODUCI’!ON. o ,

§-2, 'rhls section contains’ information for ordering
replacement parts.’ Table 6-1 llsts parts in Ripha- -
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 Takle 6-1. Table 6-2
lists parts in alpha-numerical order of their hp stock
number and provides the following lnformntlon on ench
part; . '

R, Descrlptlon. ' ;

b. Manufacturerof the part'ina five-digit code'see
list of manufacturers {n Table 6-3.

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

'

) ‘ ]. )

sicTioNvi . 0
. .n_ruct;nul PARTS LT

W Section V)» -

: ' ; ~Parngrnphs 6 1to 6. h

i

- 6=3. OIDIIIHG INIOIMA‘I’ION. o li\,'.
6-4. To obtain replacenient parts, n_ddress order or

Inquiry toyour local Hewlett-Packard Field Office (see . " .
1ist at rear of this manual for addresses).: Identify"

’ parts by thelr Hewlett Packard Btock numbers.

)
: | o

Py

8-5. 'ro obtnln a part that is not listed, lnclude- “ .
a. Instrument mode! number. ' |
b, Instrument serial number.
c. Description of the part.

d. Function and location of the part,

01194-13

02316-1

LI ‘  REFERENCE DESIGNATORS .© ., .- . = (
A "= masembly ; = misc electronic part :’m' - m:hmiulpm g "= terminal board
B = motor . . = fuse i ' » plug . = test point
BT = battery ! L = [ilter Ql = lransimor . = watuum, tube, neon
[ = capacitor ;¥ = iack f R = resistor . bulb, pbotoenll. etc,
cp = coupler ' L = relay 4RT ' = thermistor w - cable _
CR = diode L = inductor oo 8 5 = pwilch - X = socket
g:, = :::! UBI;“" .ﬂl:m) ‘ M = meter T = transformer Y = crystal .
! - ice » ng p . ) f C Y : i
' ABBREVIATIONS | : P P
It R ‘
A = wmperes GE » germanium i NG - noml!r closed lln:so - nm::: ::u.:t m“
'A.F.C. = automatic [ muml GL » glass : NE . _ G - - ‘
AMPL = lﬂpuﬂl: i GRD = ground(ed) NIPL = :hl plate T . RWY = reverse working
| O iEebe L L BT
P . H .= henties NPO. = tive luunro - = slow-blow
B.F.0, = beatir oscillator REX = hexagonal ; ! ?z.-'r.onm?:nhue (8CR - e merew )|
BECU « beryllium copper HG = mercury ) . coefflcient) SE = gelenlum
BE = binder hend HR = hours) " NRFR = notrecommendedfor - SECT = sectiools)
:,‘;‘ - ""“F“' ; , T field replacement - - | gmmn- lltlrlalcum:tur
." ; - . ; = sllicon
BRO - hacrward ware oscillstor IF ; . ermdhtﬂm KSR ,'u""m“,:'{ < TEL ot oer
* impregnited A S L = alide’ :
CCW = counter-clockwise DNen o st . oBD e ordtrludu:ripum CBBL e e
CER = caramlc INS » Insulation{ed) S OR = oval he 88T = stainless stee
ggo = cabinet mount only INT = intermal i ox = oxide . gL oo :E'lt'llrinc .
EF = coefficlent . ] : L ) _ ‘
P =, peak i s
COMP & ot on K , ® Mios 1000 PG n printed cireuit TA . tantalym
" CONN = connector LIN - lne PF = picclarads s 107} ™ = time delay
cP = cadmium platy LX WASH .rm;:“u::r ., - farads 0OTGL ;= lopgle -
CRT = cathode-ray tube LoG . lonmlunlcruptr ;HBRZ: wo:g!nrbrouf 11101. . munum P
. Ior.h > PHL = Phillips - erance
cw v lae Ler * low paes Niter PIV = peak Inverse voluu TRIM [ ,lrlmnﬁn v
' P/O = partol ' TWT »  Leaveling wave b
DEPC = deposited carbon M = millset0"d POLY = plqu"m v 5 microa 10°6-
oo emm METriu D Boinm  BeaT L Dorvama VAR . mriile’
= Ind m - on = .
ELECT = ' slectrolytic METOX « melallic oxide POT = potentiometer VDCW = dc working volts
%‘“’ - :mwnn MFR = mamdactorer ;P - puu:-to-pnk : , - - ‘
- MINAT = miniatyre T L w, = w
' ' : MOM = momentary PWV . n’:& worki*g vollage W " s watts }
r = farads MNTG ‘» mounting RECT = rectifier wIv = working .averse
R « flat bend MY "« "mylar™ . RF . = radiolrequency yoltage
FILH = fllister head - o RHE = pound head | ww = wirewound
XD = fized Vo Ni - m(lo?) S w/0 = without
: R . ‘

6-1
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Tablesl - ' 2 .

! I

.‘; N  Table 6-1, Relerencelbesl@aumhdex o " .

Beacrerce | @ seock No, | ' Description # Cr Note
l N B . Co ' : ' § . ;
0 : ’ o . 3
AL - | ocd31=¢201 BOARD ASSEMBLY: AMPLIFIER &
o ' . L B ! i b )
AlCL - | 0IN0-0198 ' ‘' | CEIFXO MICA 200PF SN Joovocw L ,
) . " FACTORY SELECTED PARTI TYPICAL VALUE GIVEN
Alc2 0160-2201 CIFXD MICA 55 PF 8% , '
‘ 4 | FACTORY SELECTED RART: TYPICAL VALUE GIVEN - |
ALCY 0180-0198 CEFXD MICA 200PF Sx 300VDCE : ,
‘ C FACTORY - SELECYED PARTI TYPICAL VALUE GIVEN . |
AlCH. 0160-0185 CIFXD MICA 2100PF 1K 300VDCW . _ _ .
AlCS 0160-0185 - | CIFXD MICA 2100PF IX JOOVDCW : '
! B B ! R b : 1
AlC6 - | 9180-0116 | CHFXD ELECT TA 6.8 UF i0% 3SvOCW .
ALCT . 101800116 ° CIFXD ELECT TA 6.8 UF 10N 3SvDCH . " ,
AlCe | 0180-0108 CIFXD ELECT TA 60UF 208 &VDCH L |
AICO 0170-0069 CIFXD POLY OsJUF 2§ 5QVDCH ;
AlC10 | 0le0-0l74 CIFXD CER G.4TUF 480-20% 2svDCw . , .
AICLY 0160-0174 [ CIFXD CER OJNTUF +B0-208 25VDCW J
AlC12 0170-0069 . | CYFXD POLY 0.3Ur 2% sovocw )
[ ALC1 . | 0180-0036 . | CIFXD ELECT TA ;.8 UF 108 3SvOCH
AlCL4 0180-01 16 CtFXD ELECT TA 6.8 UF 10N 35VOCW '
AlC1S 0170-0069 ° . | CIFXD POLY Q.1UF 2% s0VDCH
AlC1e 0180-0116 . | CIFXD ELECT TA 6.8 UF 105 3svOCW
AICL7 . | 0180-0116 CIFXD ELECT TA 648 UF 108 3SVDCH Co
AICI8 " ! 01B0-00UD . ‘CSFX0 AL ELECT 20UF SovDCW ;
AIC19 0180-0045 CIFXD ELECT 20UF 25vDew | ¢ CL
AlC20 0180-0085 | CIFXD ELECT 20UF 25VDCW | ;
Ty ‘ [ . '
AlC21 0180-0174 CIFXD CER 0.47UF #+80-20% 25VDCH ' . 3
| asc2a 0180-0159 COFXD MICA JOOOPF 300VDCH . - p
e ! FACTORY SELECTED PARTI TYPICAL VALUE GIVEN - ,
latery 1901-0025 DIOCEJUNCTIONISMA AT SV 100 PIV o '
4| ascra '] 1910-0016 | DIODEIGERMANIUM JOOMA AT 0.85V 6OPIV |
| AICRS | [ 4910-0016 ' | DIODESGERMANIUM JOONA AT 0485V 6OPIV. | S
ALCRY ~|.1910-0010 DIODEYGERMANIUM JOOMA AT 0,85V 60PIV .
AICRS 1910-0016 ' | DIODEIGERMANIUK 100MA AT 0.83V 6OPIV . J
C|AicRe . [ 1901-0450° [ DIODEESILICON | 3 , : |
[ A2CR? 1901-0025 ' | DIODE+JUNCTIONISMA AT IV 100 PIV : '
AlCRS | 1901-0025 DIODE+JUNCTIONSSMA AT 1V 100 IV ', :
AICR9 1901-0450 DIODESSILICON ' .= - .
AICR10 1901-0450 DIODESSILICON \
T ; : o 3 - N ! .
| aseras 1901-0450 ‘' [pIrooEssiLzcon . N : o
| a1emg2 1901-0450 ' | DIODEISILICON : :
{AICRIS | 29010450 OICODESSILICON - . : . i
AICR1Y ;| 1901=-0450 - DIODEESILICON , . . o .
AICRIS 1901-0450' | DIODEISIL JCON' - . ' B
Jawy 9140-0)22 ° COILIVAR 2X 9=20 \HY EACH ' ’ '
All2 . 9140-0122 COILIVAR 2K 9-20 UHY EACH o
JALLY 91300040 INDUCTORSAUDIO : .
AlLS 9110-0040 INDUCTORFAUDIO ] L oo
AlQL 1853-0020 . - | TRANSISTORSILICON PNP o
Al02 ‘| 1858=0078 . | TRANSISTORISILICON NPN 2N3391
A1Q3 © | 1853-0020 TRANSISTORISILICON PNP - !
AR 1854-0071 . | TRANSISTORESILICON NP'{ 2N3391 j
S . ; A E ’ . . 1
O 1 ; , ‘ - ' - |

Y

' : . 2 See list of ﬁbbroviaﬂo:;s in Introduction to this sectic:.
1 S ' .
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Model 431C , )
| o | Table 6-1 |
_ _ . 'Table 6-1, Reference Designation Index '{Cont'd) |
| L |
Degtaion | @ Bock No, Description # | Nate |
: 3 ' +£) ! v
L LA
N . . . t
A0S 1853-00320 | YRANSISTORESILICON PAP )
AlQ6 1854-007) TRANSISTORISILICON NPK 2N3391
A107 18530020 TRANSISTORSSILICON PNP .
AlQs 185320020 ' | TRANSISTORSSILICON PAP o
Al09 1953-0020 TRANSISTORSSILICON PHP R
A1910 1454-0071 TRANSISTORESILICON NPN 2N3391 1.,
Aloll 1854-0071 TRANSISTORSSILICON NPN 2N339) S
AIRL 0811-0066 RIFXD Wy 887 OHM 1N 8/100W. o
ALRZ 0811-0065 RIFXD ¥ 511 OHM 1,08 §/20W - 1
AIRS ! 0811-0065 REFXD WN 511 OWH 1,08 1/20W .
ALRY 0757-0199 REFXD MET FLM 2145K OHM 31N 1/84 5
AIRS 0811=1571 RIFXD 8 189 OKM 0o1b 1/8¥ .
ALRS 0811-1572 RIFXD Ww 255 OWM 0.1% 1/8W '
AIRT 0757-0460 RIFXD MET FLM 61.9K OHM 1N 'L/88 '
FACTORY SELECYED PART+, TYPICAL VALUE a1veN
AlRS 0811-1645 RIFXD WN 202.1 OHN Oe1H §/6W
ALRD 0757-0123 RSFXD MET FLM 34,8K OMM 1R 1/10W ' '
! FACTORY SELECTED PART: TYPICAL VALUE GIVEN '
AIR10 0811-1566 RIFXD ¥W 206 OHM 0c1N 1/8W |
h , .
AlRLL 0757-0417 REEXD MET FLM 562 ONN' 1N 1/8W
AlR12 0757-1094 ReFXD MET FLM 147K OHM 1K /8
AR 0757-0279 RSFXD MET FLW 3.16K OHM 1N /0% .
AlRLG 06980085 REFXD MET FLM 2.61K OHK 1% 1/8K
ALR1S 0757-0440 RIFXD NET FLM 7.50K OWM 1% 1/8%
1 ‘ N
AlRLE 07570279 RIFXD MET FLM 3,18K OHM 1% 1/08
AIRL7 0757-0280 RIFXD MET FLM 1.00K OHM 1K.1/8%
AJRLD 07570440 RIFXD WET FLM 7,50K OHM 1K L/8w .
N 0698-315¢6 RIFXD MET FLM 14,7K OHM 18 /88
AIR20 08v8-3157 ' | REFXD MET FLM 19.6K OWM 1N 1/8w
' N ) . i
ALR21 0698-3187 . RIFXO MET FLM 19.6K OHM 1% 1/8K
AlR22 075720279 | RIFXD MET FLM 3.16K OHM i% 1/84
AlR23 0eva-3438," RIFXO MET FLM 147 OHM LN 1/BW -
ALR24 0757-0465 RIFXD MET FLM 100K OHM 3% 1/8W
AlR2S | 0698-3us2 | ROFXD MET FLM 187K OHM 1% 1/8W
ALR26 | oeos-34u0 RIFXD MET FLK 196 OHM 1% 1/8W |
AtR27 0757-0442 RSFXO MET FLM 10.0K OHM 1K 1/8%
AlR28 06983160 RIFXD MET FLM 31.,6K 1§ 1/8% ,
AlR29 0757-0199 RIFXO MET FLM 21.5K GHM 1% 1/8%
AIRYO | o787-0ukz RIFXD MET FLK 10.0K OHM 1% 1/88 .
AIR31 0757-0280 RIFXD MET FLM 1.00K OWM 1% 1/B8 : "
AIR32 | 075700280 RIFXD MET FLM 1,00K OHM 1% 3/88
AIR33 07570200 RIFXD MET FLM 1.00K OWM 1N 1/8W _
ALRIG UTST-0280 RIFXO MET FLM 1.00K OHM 1K 1/89 =
AIRIS ] oa{,a-ooau | RSFXD MET FLNM 2150 OMN 1N 1/8W
AIR3S 0098-3450 REEXD MET FLM 42.2K OHM 1K 1/@0
AIRI? 2100-0144 REVAR COMP 250K OWM 308 LIN 3/5%. ,
AlR3S ' | oe9s=34a7 RIEXD MET FLM 422 OHM IS 1/8¢
AIR39 ' [o787-0817 RIFXD MET FLM 562 OWM 1% 1,08
AIRNO 0757-0274 RIFXO MET FLM 1.21K ONM IS 1/8% ,
:: Y ’
AlRGL 0698-3449. RIFXD MET FLM 28.7K OHN 1IN L/BW ,
TS N\ ‘ | |
] o Y .
SO B \,
i / ) , . .
} h H .
1 > : }
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 Model 431C

Table 6-1 . ,
o _ S lele 8-1. Reference Denlmtlm!ndex (Cont'd)
plerence e Stock No, Description # Note
|| .
]
AIRNZ 089854028 RIFXD MET FLM 48.64K OHM 1/2% 1/8W' '
ALRGS 0698-4029 RIFXO MET FLM 53.39K CHM 1/2% 1/ -
ALRNG 0698-4027 [Reexo MeT EL guuEsK orm 1s2n 1saw
ALRMS . 0698-U026 1 RIFXD MET FLM 89,90K OHN 172§ 1/8W
ALRUG 06984025 RIFXD MET FLM 12845K OHM 1/26 3/8W
ALRNT 0698-2024 RIFXD MET ELN 259.6K OHM 1/2% 1/8w '
AlRGD 0698-8023 REFXD MET FLM 130.4X QWM /28 L/78W
ALRGD 0698-0034 RIFXD MET FLM 84.32K OMM 1/28§ 1/8W
ALRSO 0698-4033 RIFXD MET FLM 62.26K, OHM 1/2% 1/8%
‘ALRS} 0698-4032 RIFXD MET FLM 53,225 OHM 1/2% J/8W
AIRS2 06984031 | RIFXD MET FLM #3.25K OMM 1/2% 1788 '
AIRS3 0698-4030 RIFXD MET FLM 40.77K OMM 1/2K 1/8W
AIRSY 0698=-4028 RIFXD MET FLM G8.64K OMN 5/28.1/8W
AIRSS 0757-1094 - RSFXD MET FLM 147X OHM LK 1/88
AlNS6 0698-3489° REFXD MET 'FLM 287K OW i% 1/ee
ALTL 9120-0066 TRANSFORMERIAUDIO L
AiT2 9120-0066 TRANSFORMERSAUDIO A
ALT3 9120-0065 ' | TRANSFORMEKIAUDIO "
ALTS 9120-0065 . | TRANSFORMERSAUDIO
ATS 9100-1677 TRANSFORMERS INPUT.
t ) . . 1
A2 00316009 = | BOARD ASSY.s POWER SUPPLY
AZCY 0180-0138 « | CEFXD ELECT LOQUF =10+100%. GOVOCE
A2C2 0180-0049 CtFXD AL ELECT 20UF SovDCY ‘
A2C3, 0180-0093 CIFXD CER 0.0)UF +80-208 $00VOCH
AzCH '0150-0012 CIFXD CER G.0) UF 208 1000VDCW
| azcs 0160-0174 CIFX0 CER O.47UF +80-208 25V0Ce
A2C6 01800059 CIFXD ELECT 10UF ~10K+100% 25VDCH
A2C? ©180-0)05 CIFXD ELECT SEW{-POLARIZED SOUF 25VDCW
228 0150=0096 CIFXD CER 0«0SUF 100VOCY
AZC9" 0180-0060 | CIFXD ELECT 290UF =10%+100% JVDCH
. ) v L . . . o .
A2CR1 - 1901-0025 | DIODEsJUNCTIONSSMA AT 'LV 100 PIV ‘
AZCR2 " 1901-0025 DIODE+JUNCTIONSSMA AT 1V 100 PIV
AZCRS . 1901-0025 DIODE + JUNCTIONISMA AT 1V' 100 PIV
AZCRU 1901=0025 DIODE»JUNCTIONISMA AT 1V 100 PIV
A2CRS 1910-0016 DIODEIGERMANIUM 10OMA AT 0,85V 60PIV
: ' | I
A2CRG 1901-002¢6 DIUDEISILICON 200 PIV Os5 AMP
A2CR? 19010026 OIODESSILICCN 200 PIV 0.5 AMP
A201 1853-0020 TRANSISTORISILICOR PNP
A202 1850-006& TRANSISTOR IGERMANIUM PNP 2N1183
4203 1853-0020 TRANSISTORESILICON PNP
A204 1854~007) TRANSISTORISILICON NPN znsm
A26S 18540071 TRANSISTORISILICON NPN 2N3391
4206 1054=0071 TRANSISTORISILICON NPN 2N3391
A207 1854-0071 | TRANSISTORUSILICON NPN 2N3301
4208 1853-0020 TRANSISTORESILICON PNP
AaRy 2100-1613 REVAR COMP 2K OMM 208 LIN 1/5W
AZR2 2100-1617 RIVAR COMP 1K OHM 208 LIN 1/5%
AZR3 21001612 RIVAR COMP 500 OWM 20% LIN 1/98
AZRG 2100-1612 RIVAR COMP 300 OwM 20% LIN 1/5#
H 1
J = See list of abbreviations in introduction to this ucﬁoﬁ
6.4 ' ' ' 02316-1



Section VI

02316-1

" Model 431C
C . . , ‘Table 6.1
| L Table 8-1. Reference Designation Index (Cont'd) !
D,“' mca‘ @ Stock No, - ‘ Description # Note
! !

AZRS 2100=1616 RIVAR CONP 200 OWM 20K LIN i/54

A2re 2100-1615 . | RIVAR COMP 300 OHM 20K LIN 1/5& '
A2RY 2100-1615 RSVAR COMP 100 OMM 20% LIN 1/5¢

A2RS 2100-1818 RIVAR COMP 100 OMM 20% LIN 1/8#

A2R9 ) 2100=1615 RIVAR COMP 100 ONM 208 LIN 1/58 :

AZR1O 2100-1616 REIVAR COMP 200 OHM 208 LIN 1/9s

A2RE ) 2100=1612 '~ | RIVAR COMP 500 OkM 20K LIN 1/5¢ .
AZRL2 2100-1612 RIVAR COMP SO0 'OHM 20K LIN 1/58

AZR13 2100-1617 . RIVAR COMP IK OMM 208 LIN J/SW V
YLITY 2100-161) RIVAR COMP 2K OMM 20K LIN 1/5W

aarss | osose3337 RIFXD MET FLN 1.37K OHM i% '1/20 |

AdRLE : 0757-0026 RIFXO MET FLM 2.83K OHM 1% 1/20 .

AZRET? 0757-0436 RIFXD MET FLM 432K OMM 1N 1/8%

A2R18 [ OTST=0440 RIFXD MET FLX 7.50K OHM 1K /88

AZR19 0698-358) RIFXD 'MET FLM 13.7K OHM 1% 1/88

A2RZ0 0757-0453) RIFXD MET FLM 26,3k OHM 15 1/8W

A2R2) 0757-0456 RIFXO MET FLM 83.2K 0W4 1N 1/8n

A2R22 06908-3502 RIFXD MET FLM 812K 'OHM )X 1/8¢

A2R2D 0698-0063 REFXD MET FLAW 5,23 OMM 1N )/8¢

AZR24 2100-1815 RIVAR COMP 100 OHN 208 LIN 1/8w '
A2R25 0757-0399 RIFXD MET FiLM n.s OHM 18 uu

A2R26 NOT ASSIGNED

A2R27 o811~-1562 RIFXD BN B OHM IS )/4Y T

A2R28 0757=0279 RIFXD MET FLM 3.,16X OMM 1B }/88 .

A2R29 0698-3155 RIFXD MET FLM 4640 ONM 1% 1/8

AZR30 L 0608=3132 RIFXD MET FLM 261 OHM 15 1/8W

A2R31 0757=0279 RIFXD MET FLM 3.16X ORM LK 1/84

AJR32 0698-3155 RIFXD MET FLM 4640 OHM 1% 1/8

AZR33 0757-027% REFXD MET FLM 3.16X OMM 3K 1/88

AZR34 0757-0278 REFXD MET FLM 1.78K ONM iK 1/8¥

A2RIS 0757-0482 RIFXD MET FLM 10.0K OMM 15 1/88

AZR36 2100-0182 RIVAR COMP 3,3K OMM 108 LIN O.15W

A2R37 06983155 RIFXD MET FLN 4840 OHM I% 1/8 :

| aan3s 0698-349] REFXD MET FLM 1K OHM Qo1 1/8W ‘

A2R39 0787-0290 RIFXD MET FLM 619K OHM 1IN 1784

A2R40 O787=-0463 RIFXD MET FLM 82.5K 1% 1/8Ww

AZRA} 0757-0441 RIFXD MET FLM 8.25K QWM 1K 1/0W ,

A2R&2 07570180 RIFXD MET FLW “31,6 OMM I8 1/8¥

1 I .

A2RTS 0839-0011 THERMISTOR2 100 OMM 10N ]

A2VR1 19020017 DIODE+BREAKDOBNIG.81V 108 400 ME

A2VR2 .1902=0017 DICDE'BREAKDOUNI6.81V 108 X00 NI

A2VRY | 1902-0018 SEMICON OEVICEIDIOOE SILICON IN941 M1.7V

’ cnassss PARTS

i 0121-0035 CIVAR AIR 7.2+383,7PF & *
c2 0150-011% 1 CIFXD CER 2 X 0.0) UF 208 250VACY

DS1 1850-0048 LAMPINEON

r1 2110-0017 FUSEICARTRIDGE Q.35 AMP SLOW BLOW

Fi : 1400-0004 HOLDERIFUSE POST TYPE 346

J1 ' | 1285=0109 CONNECTOR16 FEMALE CONTACTS

. | TRERMISTOR MOUNT

' ]
#Sullﬂoinbbnvtuﬂomﬁ:lnlroducﬂonlolhhmﬁon
] ' 3 N
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Sectlon VI , '+ Model 431C
Table 8-1 x L ; \ :
& Table 8-1, Reference Denignn.um Index (Cont'd) .
Deatien | @ Sock No, Description # Note
) )
|
v 4 : 1 | :
J2 1250-0003 ' CONNECTORBBNG | ' NEN
. . RECORDER LEVELER IR
J3 1351-0148 CONNECTORIPONER 3 PIN MALE g
Ji 12500003 cenn:ctomnuc :
' DVM )
Js 1251-0189 CONNECTORIS FEMALE conncrs
THERMISTOR MOUNT OPT 2
Jé - CONNECTORSDC CALIBRATION INCLUDES!
' 15810-0006 | BINDING POST ASSEMSLYSBLACK
1510-0007 BINDING POST ASSEMBLYERED -
0340-0006 INSULATORIBINDING POST
0340-0090 INSULATORSBIND ING=-POST DOUBLE i
ML 1120-1101 METER
R1 0698=3uly RIFXD MET FLM 316 OHM 1N L1/8W
R2 2100-0342 RIVAR ¥¥ 10K 10K 800 OMM 10% LIN 2w
R NOT ASSIGKED
RY 0698-3151 RZFXD MET FLM 2.87K OHM 1K 1/8% .
RS 0757-0421 RIFXD MET FLM 825 OHM 1% 1/8W
RS 0698=-3444 | RiFXD MET FLM 316 OHN 1K 1/89
R? 0698-3358 RIFXD MET FLM 23.7K OHM 1% 1/B®
re 0757-0280 REFXD MET FLM 1.00K OHM 1% 1/Be
re 0698=-3uG} RIFXD MET FLM 215 OKM 1% L/8W
R10 07570398 RIFAD MET FLK 75 OHM u 1ew
R1l 0757-0380 RIEXD MET FLW 31+6 QWM 1N 1/89
R12 07570277 RIFXD MET FLM 49.9 OWM 1N 1/8W
R13 0757-0277 RIFXD MET FLM 49,9 OHM 18 )/8W Cr
R 0757=0277 RIFXD MET FLM 49,9 CHM 1% )/8W
R1S 0698-35606 RIFXD MET FLM 53.0 OHM 1N 1/8W
R16 06908-3586 RIFXD MET FLM 53.0 ONM 18 '1/8W ‘
R1? . 0698-3566 RSFXD MET FLM 53.0 OWM 1% 1/8W -
RIS 0757=-0395 REFXD MET FLM 56.2 OHM 1% 1/8W
R1® 0757-0395 REIFXD MET FLM 5642 OHM 1% 1/8% !
R20 0757=0395 REFXD MET FLM 56.2 OHM 1% 3/8W »
R21 0757=-1104 RIFXD MET FLM 60,0 OHM 1% 1/8W
R22 07571104 | RIFXD MET FLM 60.0 OHM 1% 1/8%
R23 0757-1104 RIFXD MET FLM 60,0 OnM 1IN 1/8W
R24 0658-3160 RIFXD MET FLM 3).6K 1K 3/8W w
R25 0698 RESISTOR: FIXED 17.0KOHM=TO INFINITY |
R26 0757-0401 RIFXD MET FLM 100 OHM 1% 1/8W
R27 0757-0401 RIFXD MET FLM 100 OHM 1% i/BW
R28 0698-3160 RIFXD MET FLN 3).06K 1% 1/8%
R29 0698-3404 RIFXO MET FLM 383 OHM 18 1/2¥
R30 0757-0821 RIFXD MET FLM 1.21K OWM 1% 1/2v ;
51 0043 1=6005 SWITCH ASSEMBLYs MOUNT RES INCLUDES Rl
s2 00436002 SRITCH ASSEMBLY+ PANGE INCLUOES: ]
. R4 THRU R1E
3100-1817 SRITCHIROTARY'
53 00431 ~6004 SWITCH ASSEMBLY ¢ POWER INCLUOES:
X ‘R24,R28 THRYU R3®
3100-1820 SWITCHEROTARY
# See lipl of abbrevigtions In introduction 1o this ucﬂon] :
‘ o 02316-1
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Model 431C Section VI
p o o " Table 6-1
_ ‘ © Table 6-1, Reterent_:é Designation Index (Cont'd) _ :
[ Berencs [ @ stock N, * Description # ' Note | i
" - o \r a
54 08431 -6003 SWITCH Asunu- CALIB INCLUOES!
N R Ri2 THRU R23 ,
3100-1818 SRITCHSROTARY ‘
n o 9100-0400 - ' | TRANSFORMERIPORER o
" 00431-4013 | CABLE ASSYITHERMISTOR MO
2 8120-0078 CABLEIPOYER 7oSFT, "“' 3T ,
XAl ’ 125120233 CONNECTORSPC 84 CONTACTS )
XA2 1253-02)3 CONMECTOREPC 44 CONTACTS
' n:sc‘cLLmzous
0370-0064 KNOB , 4
. VERNIER
0370-0067 KNOBIBLK CONCENTRIC 3 lu. 0D 37/6¥INs HOLE ,
- | ZERO
0370-0112 :no:;m.u SAR ¥/ARROY 3/8 IN. 00 176 SHAFY
ov .
, CALIB FACTOR .
: RANGE , : ]
5020-0705 TRIMIMETER
5040-0701 EXTENDERINETER CASE =
; 09431-0004 BRACRET: PANEL o
a GPTION 01
‘ 00415-606 : BATTERY INSTALLATION KIT+INCLUDESI
eT) 1820-0009 anrnnucmnanﬁ.& 20V 1.2504
004 13-006 COVERIBATTERY |
NUTIHEX ST NP 6=32 X 5/16 W/LOCKWASHER

02318-1
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Section VI

Model 431C

Table 6-1 - C | | -
o " Table -1, Reference Designation Index (Cont’ d) . ‘
Destgtion | @ Btock No. Description # : ' Note )
oll_T .
Lt ! . :
1 ' 000-B.-37 \ 1 ) .
¢ | b . ' . . . | ; . ) |
: CABINET PARTS , . ,
1 5060-0703 'FRAME ASSEMBLY o '
2 1490-0032 STANDsTILT, HALF~MODULE o |
3 50400700 HINGE S s
' 5060-0728 FOOT ASSENOLY -mu-uooum L
5 5020701 CABINET SPACER b " ,
| 2370-0018 rscaemss.m SLOT DR 6-32 X 3/8° _ | fo
3 1 %000-0703 COVERsS ! ' ' - :
2370-0020 scnsnss.rn.rmt.ups OR 6-32Z X, 3/16' | 1
7 5060-0720 COVER ‘
| 2570-0006- scm:mss.rn PHILLIPS DR 5-52 X.5/16*
8 Z COVER 1BOTTOM '
2370-001 SCREW1SS rn.mt.ups DR 6-32 X 5/16*
9 00431-0X 03 PANELIREAR
, 2370-0015 scm:mss.rn.su.or DR 6-32 X 3/8%,W/EXT LOCKWASHER
10 00A31~0002 PANEL (FRONT '
2370-0002 . SCREW1SS,FH,SLOT OR 6-32 X' 3/8%

: ' = See list of abbreviations in [ntroduction to this section

02318-1



Sectlon VI

Model 431C i . :
T , ' : ' : Table 6-2
‘ _ ). ‘Table 8-2, Replaceable Parts '
& Stock No, Description# Mfr, ‘Mfr, Part No, TQ
. 1 ’ .
0121=-0035% COIVAR AIR Te2-143.7PF . 20480[0121-0035 I
- 0140-0139 COIFXD MICA 3000PF JOOVDCH QU06Z |ROMIIFI0LGIS '
0140-0198 CtFXD MICA 200PF 55 doovDCw QuOS2 [ROMISF201J3C 2
0150-0012 CiExD GER 0,01 UF 208 10Q0VDCH 56209 29C214A3=H=1030 ! 1.
0150=-0093 CIFXD CER 0.01UF +80-208 100VOCH SL1418|TA 1
0130=-0096 CHFXD CER 0.03uF 100VDCY ) QId N |~TA | . ot 1
0i50-0119 COFXD CER 2 X 0s01 UF 208 250VACE S6289[36C210A 1
016C=0174 CEFXD CER Os47UF ' +80«208 23VDCH 56289 /5C11A )
0160=-0185 CiFXD MICA Z100PF LK 300VDCE ' 182635 lDHZOF!IiF_JC 2
0160-2201 CIFXD MICA 51 PF 35 2.4.? 0le0-2201 i
0170-0069 CIFXD POLY O.1UF 28 3S0VDCH S6209[114PL0OUZRSSD 3
0380=-0045 CeFxD ELECT 20uF 25VDCe 56289 |J0D0206=30-2808=0M] 2|
G180=-0049 CIFXO AL ELECTY 20UF 50VDCY ‘ 56289 30D200G0S0DCOM) 2}
0180=-0059 CIFXD ELECT LOUF ~10R+300% 25vLCH 56289| 3001066025884 1
0180=0080 CIFXD ELECY RODLF 'IOIHOOI JVDCI 56289 30D207G0030CH 3
0l180-0105, CeFX0D ELECT SEMI~-POLARIZED S0UF RSVDCI 56289034114 1
0180-0106 CtFXD ELECT TA &OUF 208 &VOCH 56289 150D606X000602 1
0180-0118 CIFXD ELECT TA 4.8 UF 10s ISVDCH 56209 15005850903502 . | 6
0180-0138 | CIFXD ELECT JO0UF =10+100% &OvVDCW 56289] 036254 g1
0!"0-0086 INSULATORSIBINDING POST 284801 0340-0000 1 i
03“0—0090 INSULATORIBINDING=POST DOUBLE 28480[0340=0090 i
0370=0064 KNOB IVERNIER 20480|0370=-0084 |
0370-0067 KNOBBULK CONCENTAIC 1 INs 0D 17/64INe MOLE 28480/0370=-0087 1
0370=-0112 KNORIBLK BAR W/ARRO® /4 IN. OD L74 SHAFT 2048010370-0112 ¥ 3
0698-0063 REFAD MET FLM 5,23K O'HH N /70 28480 069.-0063 i
'0695-0034 RiFxD NCT FLH 2150 OHM 1% ll.l 2B40010098-0004 1
. 0H98=0085 RIFXD MET FLM 2.,61K OHM IN j/700 20480 0698-0005 1
06%8-3132 | RIFXD MET FLM 261 OMM IN 1/8% 20480 069.-3132 ) 1
Q690=3151 R2IFXD MET FLN 2.87K OHM 1N 1/88 28480]|0696-315) v 1
QG698-3155 RIFXD MET FLM 4640 ONM 1 I‘II 200489 0698=-3185 3.
. ] L i '
0698=-2156 RIFXD MET FLM 14.TK OHM [N 1/8% 20UB0[ 06983158 A '3
0658-3157 RIFXD MET FLM 19.6K OHM IN 1/8» 20480[00698=3157 [ <
06%98-3,58 RIFXD MET FLM Z3:.7K OHM IK 1/8% 19701 |MF5C T=0 |
0698=3140 ReFXD MET FLM 31.6K 1% 1/8W 28480[0698-3180 3
0699'3337 RYFXD MET FLM [37K OnN 3K 1720 2048006983337 1
0698=-3404 RIFXD MET FLM 303 OHM IN 1/2w 208480 0698=3404 1
0690-3438 REFXD MET FLM 137 OHM 15 178 28480 0698-3438 i
0698-3440 RIFXD 'MET FLH 196 OHN IE 1700 28480 |0690=-3410 I}
0698=3u4} RIFXD MET FLM 215 OHM IE 178w 28400|0698-3441 1
0098=34ul RIFXD MET FLM 316 OhM 1K L1780 F{ 'Y T 3T EA T T i
. . . l
0890~ 34d7 RIFXD MET FLM 422 OHM AN 1/80 28480 0098-3447 ) 1
0698=M4p “REFXD MET FLH 28.7X ONN 1§ 1780 28480 | 04983449 2
0898-050 ' RIFXD MET FLM 82.2K OMN IN 1/8w - 28480 0698~3450 1
Q698-3452 RIFXD MET FLM 47K OMM 1N 1/8% 2048006983452 -3
0690=249) RIFXD MET FLM IK OHM Osl8 1/8% 20480 0698=34%1 1
C698=-3548 REFXD' MET FLM 53:0 OHH 1N /8% 206500][06908=3280 3
0498-350) . REFXD MET FLM 13.7K OHM IS 1780 28480 0090-358) 1
08%i=-3502 RIFXD MET FLM 41+2X 0NN IN 1/8W . 20480 0698~3502 i
0698-402) RIFXD MET FLM 130.4K OWM 1/28 L/BW Pl 20480 ub9B-4023 1
0898-4024 REFXD MET FLM 259,6K OHM 1/25% 178w 20480{06908=4024 1
' : ' §
, A
] |
|
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Model 431C

Section VI 1 . , )
T‘ble 0‘-2 , ' ) ¢ 1
‘ Table 6-2. Replaceable Parts (Cont'd) " ! :
£ Stock No, Description# . Mfr, Mir, Part No, TQ]
i 1 [ : 4 b 1
) Q698=-4025% RIFXO MET FLM ,528+5K QHM 1728 L/B% 28480 1 0698~4025  §
0498-4026 RIFXD MET FLM §9.90K OHM 1/2K 1/0W 28480 |0098=-4020 1
| O49a=-4027 RSFXD MET FLM o4,85K OHM 1/28 1/89 ' 28480 |00698-4027 i i
Q6984028 ReFXD MET FLM 48.84K OHM )1/28 L/8W 20480 [069B~-4028 ‘ ‘ 2!
C698-4029 | -ROFXD MET FLM 53.39K ONM 1/738 )J/78% 20480 00690~-4029 i
0698-4030 RIFXD MET FLM 40«77TK OHM 1728 L/00 20480]0698-4030 1
06%8=-4031} RIFXD MET FLM 43.2%K OnM 1728 L/8% 28480 |0698=-403] §
0498~4032 RIFXD MET FLM 51.,22K OHM 172% 1/8W. : 20480 0698~-4032 I}
 0698=-H033 RIFXD MET FLM 62.26K OrM 1/2% 1/09 ', 20480 [0698-4035 1
QO98=-404 RIFXD MET FLM 84.32K OHM 1/72% t/aW 20480 | 0698=-4034 1
0757-0123 RIFXD MET FLM J4.8K OHM 1N L/710% 28480/ 0757-0123 ‘3
0737-0180 RIFXD MET FLM 316 OHM 1B 1/89 28480|0757=0)60 )
OT57=0199 RtFX0 MEY FLM' 21.8K OHM % 1/80 284801075 7=0199 2
0757=027T4 RIFXD MET FLM 1.,21K QMM 1B 1/8w 28480[0757=-0274 . 3
0757=0277 RIFXD MET FLM 49.9 OHM 1% L/8% ‘ 28480 (0T5T-0277 3
3 H y H
O757=0£78 RIFXO MET FLM 178K OHM 1K 1/78% 28480 |0TST=-0278 "1
Q757=-0279 RIFXD MET FLM 3.:16K OHM 1K )/00 28480107537=0279 | 3
0757=-0280 RIFXD MET FLM 1.,00K OMM IN L/80 ‘| BIBO[OT5T=0280 é
0757=02%0 RIFXD MET FLM &+19K OHM 1K L/08 28480 (0757=-0290 1
0757=0395 RIFXD MET FLM 56.2 OHM 1k )/88 v .;uao 0757~-0395 ) 3
0757=-0398 RIFXO MET FLM 75 OHN 'Is I/8% 20U480[0757-0398 1§
QT757=-0399 REFXD MET FLM 82:%5 OMM in 1/8% 28480 (07370399 i
0757=0u01 REFXD MET FLM 100 OWM 1% 1/8x . 28480 |0757=0401 2
. OT5T=0417 RiFX0O MEY FLM 562 OKM 1K 1/8% 204800757=0u4L7 a
: 07;7-0“21 RIFXD MET FLM 825 OHM 1N 1/8% 2048010757-0421 , i
! ]
0757=0436 REIFXD MET FLM 4.32K OWHM LB )1/8% 20480 0757~0436 i,
0757=0440 RIFXD MET FLM 7.50K OHM AN /8% = ' 204800757=0440 h
0757=-0u41 RIFXD MET FLM B8,23X OHM IR L/88 ’ ‘ . 2BR801075T=-0u4] 3
0757=0442 RIFXD MET FLM 10.0K OHM IK 1/80 28480 {0757=-0402 3
0757=0431 RIFXD MET FLM 243K OHM IN 1/8) 20480[0757=0451 1
" D757-0u58 i RIFXD MET FLM 43:2K OMM 1IN 1/8% .| 20480)0737=0488 3
0757=0460 "RIFXD MET FLM 819K OHM IN L1/80 : 20480[0757=-0460  §
L OT5T=0483 RiFX0 MET FLM 82.9K 1K )/8W , 284801 0757=0u08) i
0757=04b5 RIFX0 MET FLM 100K OHM & L/8W 2048007570465 1
0757-0021 RIFXD MET FLM 1.21K OHM 1N 1/2¥ 28480 0757-002{1 |}
0757=-0826 RIFXD MET FLM 2.43X OHM 1B L/2% 20480 |0737-0026 |
Q0757=1094 RIFXD MET FLM 347K OHM IK 1780 . 28880 [0757=1094 4
oT3T=1104 RIFXD MET FLM 60.0 OHM 1% 1/8% ; 2848010757=1108 3
OB811«0085 MIFXD ww: 35l OWM 1.08 1/20% 2848010811~0065 2
081 1-0085 RIFXD we 887 OnM 1IN B/100W 9995T |MIA/887=1R 1
ogll-1562 REFXD w9 8 OHM 18 Ll/4W ‘ asudojonli-1562 |
O811=-1566 RIFXD ww 21" OMM 018 1/8% ) 20480083 1=-1540 . ' 1
0811~-157) RIFXD wW 189 OHM Qi )/8¥W 20480|08)1=157): |
2811=1572 RIFXD ww 255 OHM O+1h L/8W P 28480|0011=-1572 R 1
0811~-1643 RiFX0 a9 202+1 OMM 0.l l/0W . i Q8480 |0BLL~5645 \ [}
0839-0011 THERMISTOREI00 OMM 108 ° b ' 33173[20=208 1
1120-3101 " METER ‘ ‘ i 20480(1120-1101 . 1
1250-0083 CONMNECTOR¢BNC o ; i " 294801 1250=-0003 , N
1251=-01u8 CONNECTORIPOWER 3 PIN MALE 1T 60427 |H=10861-2 / 1
1251-0149 CONNECTOR IS FEMALE CONTACTS 02660 |9i=PCeF~=1000 2
i 1
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Bection VI'-

Model 431C ,
: Table 8-2
© Table 6-2, Replaceanle Parts (Cont’'d) 1 ' ]
& Btock No, . Descriptiony - ‘I Mir, Mir, Part No, = [TQ
o i
1251=-0233 CONNECTORIPC G4 CONTACTS 20480 145)-0233 - 1 &
1400=-0084 HOLCERIFUSE POST TYPE JAG 759153482014 ‘ i
1820-0009 DATTERYSRECHARGEABLE 2uy l-?.’alh 20600]1820-0009 ) 1
" 1450-00u48 LAMPINEON ! 28480 1350=-0048 1
1490=0032 STANDITILY MALF=MODULE : 2BUB0 | 1490-0032 1
1510=-0000 BINDING, POST ASSEHBLYIBI.ACK 28480|1310-0006 i
.1510-0007 BINDING POST ASSEMBLYIRED 20480]|1510-0007 i
3850-0004 TRANSISTORIGERMANIUM PNP ZNIIBJ 02735 2N11BY 1
18053-0020 TRANSISTORISILICON PNP 28480 1853=-0020 9
1854=0071 TRANSISTORESILICON NPN ZNII9I 89473 16AT92 9
1901-0025 DIODEJUNCTIONSSHA: AT 1V 100 PlVv 28480]1901-002% 7
1901=0026 DJODEISILICON 200 PlV Q.5 ANP 28480[150})=0026 2
1901=-0450" DIODESSILICON 28480 190)-0uS0 - ]
1902=-0017 DICDE+BREAKDOWNIS.BIV 10BN 40U MW 28480(1902-0017 2
1902=-0018 SEMICON DEVICEIDIODE SILICON INSGL 11.7V . QUTI3|1N9K) |
‘ L
1910=-0016 OIODEIGERNANIUH ‘LOOMA AT D.85V GOPIV 20480|1910=0010 5
<100-0144 RIVAR COMP 250K OMM 308 LIN )/5» 20480|2100=-0144 '
T 2100-0182 RIVAR COMP 3.3K OHM 10N LIN Q.15W 2048012100-0582' 1|
2100=0342 RIVAR w¥ 10K 10% 800 OnM 10N LIN 2w 2048012100042 }
2100-1612 RIVAR COMP 500 OWM 208 LIN '1/5 2B480:2100=10612 [
2106=-1613 RIVAR COMP 2K OHM 20K LIN 1/5m 28480|2100-1613 <
2100=1615% RIVAR COMP 100 OMM 20% LIN 1/5W 1. 28480[2100=1615 ' 5
2100-1616 REIVAR COMP 200 OnM 208 LIN 1/5e 20480]12100=-1616 <
2100-18617 REVAR COMP '« OMM 208 LIN 1/5 | 20480;2100=1617 2|
&310-0017 FUSESCARTAIDGE 0.15 AMP SLOW BLOW ' T5915[313.150 |}
£420=-0001 NUTIHEX ST NP 6~32 X 5/i6 IILOCKIASHER T8180% | 0BON 5
3100-1817 ARITCHIROTARY 25400|3100=-1817 | ‘1
3100-1818 SRITCHIROTARY K0480{3100-1818 1
3100=-1820 SYITCHIROTARY 284803100=-1820 1
5000=-0703 : .COVERISIDE &X11 3N 20480 5000=-0703 T
5000=-0717 COVERINALF=MODULE BOTYOM 20480 5000~-0717  §
-5020=0701 SPACERICABINET ' 28480)5020-0701 ' 1
5020=0705 TllHIHETER 2840} 5020-0708  §
5040=0700 HINGE 20480 5040=0700 3
5040-0701 EXTENDERSMETER CASE 20u80|5040=0701 i
5040-0703 COVERI® X 11 SI1DE 28480 5060-0703 1
5060-0720 COVERIHALF=RECESS TOP 28480 5060-0720 [}
50860-0728 FOOT ASSYIRALF MODULE 20480 5060=-0720 )
8120-0078 CABLE'PQOUER 7.5FT, TOO03 | KHU 14T 1
9100=-0400 TRANSFORMER I POBER 20480191C0=-0400 i
2100=-18677 TRANSFORMERS INPUT | ! 2848019100~1877 1
9110=-0040 INDUCTORIAUDIO 98734 9110=0040 2
9120=-006% TRANSFORMER I AUDIO ! 28480 [9120-0088 H
9120-0006 TRANSFORMERIAUD]IO ! 20480 |9120=0066 T 2
140-0122 COILAVAR 2X 9-20 UHY EACH 20400 9140-0122 a
. . B 1
004 )3=~006 COVERIBA"EIY ' 20480 100413=-006 i
00U 15806 BATTERY INSTALLATION Kl? 20080 |00N13-000 1
00ud1=6001 © | BOARD ASSEMBLY» AMPLIFIER : 20480 [00431-8001 |}
00431=-0002 - PANEL + - FRONT . | 28480 [00431=-0002 }
00u31=0003 PANEL+ REAR 20480 |00431=-0003 1

¥
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Bectlon VI | : Modet 431C
T.bl’ 6-2 . . o . ' : . l! ' X
| © ! /Table 6-2. " Replaceshle Parts (Cont'd) o .
& Stock No, Description # Mir. Mir. PartNo,  [Tq | . .- ) ;
! o :" ; ‘ I | . o

QOU31~000% - - |\ ERACKETs PANEL 20480 |00431=0008 1 b

'oou33~6002 SWITCH ASSEMBLYS, le 20480 |00u3L~0002 }

00u31-8004 SRITCH ASSEMBLY+ POVER 20480 100431~-8004 H

00u31-60Q03 SUITCH ASSEMBLYs CALID 28480 [00431-400) 1

00431 =6009 BOARD ASSY.s POWER SUPPLY : 28480 00“31-‘90’ }

OORDI=6011 | CABLE ASSYITHERMISTOR MOUNT 5 FT. - 28480 00431-0011 \

! \
' , 1
)
] i
; ' !
’ t l 1
‘-. | ! i
| | S N o |
) ! ) | o )
1 | ! \
FY !
]
' ! \ ;P !
i
A )
i B -1
% See list of abbrevictions In introduction to this section b
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‘ . TABLE 6-3, o , .
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: . Sectlon VIl
Parngrnphs 7-1to 7-7

- . sEcroNwn L

o scumnnc omoums

7.1. INTRODUCTION. |
7-2. Schematic presentations in this manual show
electrical circuit operation and are not intended to
serve as wiring diagrams.
which _apply to the schematic diagrams. .

v

e

7-3. Some switch and circuit board assemblies 2re |

shown In part on different pages.: To find & specific
instrument component, refer to'the "REFERENCE
DESIGNATIONS' box which appearson each schematic
diagram. Reference designations within assemblies
are abbreviated. The full designation includesthe as-
sembly on which the component is mounted, and the

individual component designation. For example, Re-;

sistor Rl mountzd on Assembly Al has the complete
reference designation of AIR1, Certain parts are not
included on assemblies, and are classified as chassis

+ parts.’ Chassis parts are assigned only the reference

deslgnatlon shown on the schematic diagram.

7-4. 'I'his section also contains information on com-
ponent and test point locations within the Instrument,
Figure 7-4 showsthe Power Meter Assembly, Al, and

+

Figure 7-1 lists notes

[ . ; ! +

Figure 7-68 shows the Power Supply Assembly, A2,
) Figure 7-2 ghows switch component locntlons.
g |

- 5, Figures'l-a nnd 7.8 lllustrate normnl-operatlon
waveforms obtalned at test points I through 6. Normal-

~* operation voltages are given on the schematic dia-

grams, adjacent to t!ic:‘pointrof measurement. All
- voltages and wayefcrms were taken with the instru-
ment zerced and wulled and a 200 ohm thermistor
mount connected {n accordance with Figure 3-8, Turn.-
On and Nulling Procedure. Full scale voltage meas-
- urements were made by settingthe meter to full scale
deflection with the ZERO control

1

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

7-7. Component procurement information a.nd specu’ic
component descriptions are 'included in’ Section VI.
Refertopage 6-1 tor information on howto order parts.

YA , i

H
1

1. Resistanceinohms, capaoltance Inmicrofarads
' .unless otherwise indicated. pF indicates pico-
farads, equivalent to mtcro-mlcrofarads. ‘

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

kS ©
+ O

Screwdriver adjustment.
Panel control.

F===-n

1

5. L_._g Rear panel designation.
8. [ ] Front panel designation.
7, Voltage regulator (breakdown) diode., :

1 ' V . ] N R
8. 4 Indicates plug-in socket number, .
S>> mtentenpug
n . }'; ;
f. — e e Cirenit aes'ernbly borderline.
{
/

P10, ve—— ‘oo feedbachz signal. RS
T e e 10 kHZ feedback signal.
-\ e w emmes 10 kHz error signa.l

. ¥

Wire color is ltandard color code

; : (MIL-STD-68)). Firstnumber iden-

a tifies ground color, second number
identifies 'wide stripe, third number
identifies narrow stripe. E.g., 947
denotes white ground, yellow wide
stripe, violet narrow stripe.

1.

Factory selected part: typicatvalue:
‘shown. Refer to Table 5-3 for cir-
_cuft requiréments that determine
part values. ‘

12.’ - 3

02316-1
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1.

Section VII
Figure 7.2

N
o
[+ 4

$3
. POWER SWITCH

43I1C

MOUNT RESISTANCE
SWITCH

A-T

Figure 7-2. Switch Component Locations
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COLLECTOR AlQ3
lOkHz AMPLIFIER

QUTPY
FULL SCALE METER

COLLECTOR Alu3
10kHz AMPI'SlFIER
ZERO METER

)’I ON DEFLECTION
SWEEP: 50|u ow SWEEP; 80ps/DIV
SENSITIVITY: 0.8V/DIV, SENSITIVITY: O,2v/DIV
BASE AIQ:I | BASE AJQS

IOkHz DRIVER INPUT
SWEEP: 20ps/Dlv

SENSITIVITY:
\ 20 mV/DIV

10kHz Q5C-AMP
‘ INPUT
SWEEP; 50us/0IV

SENSITIVITY'
omv/DI

BASE AIQ6,A1Q7 |

10kHz EMITTER
FOLLOWER INPUT

SWEEP: 20us/DIV

'

EMITTER A1Q6,AlQ7

I0kHz EMITTER
FOLLOWER OUTPUT

'SWEEP: 2Cus/DIV

SENSITIVITY: : SENSITIVITY:
) 5V/D|V ’ D 43IC-A~8 5v/DIWV
1 1 \\
. .‘ Figure 7-3, . Assembly Al anel‘orms ; 5
I‘ \ ) . v \.\
.. - R R T2 T u oo N

4:-!'!5-; l By

‘l'q-'n. ' amp Qi0

\ \ \“"*1"""ﬁ""n'sf 1

Q8

Qs

T4

o . o ' " 43C-A=10
o " Figure 7-4, Power Meter Assembly Al '

;\' , i 8 . i ' '
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: 451G ~A =0

] \ : :
-1 B
, ‘ i-‘lguré 7-6. . Power Supply Assembly A2 !
! ' 1
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, ! 0
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.Model 431C

COLLECTOR A2G1,A202
REGULATOR INPUT
SWEEP: Sms/DIV

SENSITIVITY: 0.5V/DIV
431C-A-8

i
¥

i
T
1!

. f‘igure 7-8. Power Supply Waveform

3
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 Model 431C

APPENDIX | o
OPTION OV Rt

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

Al-2, OPTION 01 INSTALLATION PROCEbURE.

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

'h. Remove top and bottom instrument covers, .

c. Referto Figure Al-1 which shows the bnttery,
cover disassembled from the battery. Install the bat-

tery -and battery cover from the bottom of the instru-
ment into the top chassis. Note that the battery is
installed so that the two battery terminals are toward
the top and front of the instrument.

d. Secure the battery in place with Iour retaining

nuts, o
CAUTION . =~

Be careful not to short the batteryterminals;

battery cell damage may result.

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

02316-1

‘- S Appendix I
Paragraphs Al-fr_:g Al.2
\ ¢ . . i

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

1 I

' BATTERY . \ o

BT)

éATTERY
"COVER

AR BB

Figure Al-l. Battery and Battery Cover Assembly

Al-1





